Analyzing Factors that Influence Success and Failure of Conservation Practice: A MultiScale Study

by

Jessica Gruber

A thesis submitted in partial fulfillment
of the requirements for the degree of
Master of Science
Department of Environmental Science, Policy and Geography
College of Arts and Science
University of South Florida Saint Petersburg

Co-Major Professor: Bamali Dixon, Ph.D.
Co-Major Professor: Richard Mbatu, Ph.D.
Rebecca Johns-Krishnaswami, Ph.D.

Date of Approval:
March 22, 2016

Keywords: holistic matrix, measurement rubric, rule based systems, additional and
multiplicative functions, multiple criteria analysis, percentage analysis
Copyright© 2016, Jessica Gruber

DEDICATION

This thesis is dedicated to my daughter, Elizabeth, whose curiosity, tenacity, and
affection for books inspires me every day.
"J'IIC'1/1(1/'(' that
JJ/()}'('

f>fuc /',\

\'OIi

1·011 read

'// f!.O

the 111nn·things
/Jr S"11ss

ro11

1ril!k11m1·7/w more tlwr

\'OIi

/('(Im. the

ACKNOWLEDGEMENTS
I would like to extend a thank you to everyone who helped me complete my
thesis.
Dr. Dixon, thank you for pushing me to think outside of the box, or should I say
off the tracks of my linear thinking train. You knew I was a doer, and I want to believe
that I succeeded in meeting and even exceeding your expectations of what I could
accomplish.
Dr. Mbatu, thank you for always supporting me. Your assistance and point of
view was crucial in helping me choose areas to focus on.
Dr. Johns-Krishnaswami thank you for your editing prowess, without you there
would be too many these and this and far too many commas to make an effective
argument.
Thank you to the Geospatial Analytics lab for providing me the opportunity to go
to regional and national conferences to present my preliminary work.
Mom and dad, I would like to thank you for my strong work ethic.
Liza and Kimberly, thank you for your encouragement and support during
conferences, classes, and teaching. I am grateful to you both for helping me stay focused
on my goals during major life events.
Finally, I am extremely thankful for Ron Gruber, I simply could not do this
without you. Thank you for letting me have long days and late nights with my computer
while you entertained Elizabeth.

TABLE OF CONTENTS
LIST OF FIGURES ....................................................................................................... xv
LIST OF TABLES .................................................................. ....................................... xx
ABSTRACT ................................................................................................................ xxvi
CHAPTER ONE INTRODUCTION ............................................................................. 1
1.1 Background ..................................................................................................... 1
1.2 Problem Statement .......................................................................................... 4
1.3 Need for Research .................................................. ......................................... 5
1.4 Objectives ......................................................................................................... 5

1.5 Research Question .......................................................................................... 6
1.6 Hypotheses ....................................................................................................... 6
CHAPTER TWO LITERATURE REVIEW ................................................................ 8
2.1 Background on Conservation and Definition of Success and Failure ........ 8
2.2 Need for Holistic Approach .......................................................................... 11
2.3 Proposed Holistic Evaluation Factors ......................................................... 14
2.3.1 Environmental Factors .................................................................. 15
2.3.1.1 Environmental Health ....................... .............................. 15
2.3.1.1.1 Soil Quality ......................................................... 16
2.3.1.1.2 WaterQuality ...................................................... 17
2.3.1.1.3 Species Index ....................................................... 19
2.3.1.2 Habitat Fragmentation and the Edge Effect .................. 21
2.3.1.3 Habitat Gap Analysis ....................................................... 23

2.3.2 Institutional/Policy Factors ........................................................... 25
2.3.2.1 Government Policy ........................................................... 25

2.3.2.2 Local Government Organizations ................................... 27
2.3.2.3 Non-Governmental Organizations .................................. 28
2.3.2.4 Management Plans .......................................................... 30
2.3.2.5 Funding .......................................................................... .. 32
2.3.3 Social/Cultural/Economic

Factors ................................................ 33

2.3.3.1 Population Change .......................................................... 33
2.3.3.2 Urban Pressure ................................................................ 35
2.3.3.2.J Major Development Projects .............................. 36
2.3.3.2.2 Encroachment .......................................... ...........39
2.3.3.2.3 Agriculture ............................ ........................... ...40
2.3.3.3 Local Participation ........................................................... 42
2.3.3.4 Cultural Edge Effect ........................................................ 45
2.3.3.5 Restoration ....................................................................... 47
2.3.3.6 Tourism ............................................................................. 49
2.3.4 Conflict Factors .............................................................................. 51
2.4 Proposed Evaluation Rubric ........................................................................ 54
2.4.1 Percentage Analysis .......................................................... ............. 55
2.4.2 Multi-Criteria

Analysis ................................................................. 57

2.4.3 Additional and Multiplicative Functions ..................................... 59
2.4.4 Rule Based System ......................................................................... 63
2.4.5 Summary of Analysis ......................... ............................................ 67
2.5 Role of Space in Conservation ..................................................................... 68
2.5.1 Use of GIS ....................................................................................... 68
2.5.2 Use of Remote Sensing ................................................................... 70

CHAPTER THREE METHODOLOGY

.................................................................... 72

3.1 Selection of Park and Study Areas .............................................................. 72
3.2 Data Layers and Sources ..................................................................... ......... 76
3.3 Data Selection and Processing ..................................................................... 77
3.4 Rubric Development and Applications ....................................................... 84
3.4.1 Percentage Analysis ....................................................................... 84
3.4.2 Multiple Criteria Analysis ............................................................. 85
11

3.4.3 Additional and Multiplicative Functions ................................. .... 86
3.4.4 Rule Based System .......................................... ............................... 90
3.5 Comparative Analysis ....................... ............................................................ 95 '
3.5.1 Local Scale Definition ............. ....................................................... 96
3.5.2 Regional Scale Definition .............................................................. 97
3.5.3 Global Factor Definition ................................................................ 97

CHAPTER FOUR CASE STUDIES .................................. ......................................... 98
4.1 Central America Case Studies ..................................................................... 98
4.1.1 Costa Rica Case Study .................................... ............................... 98
4.1.1.1 Methods ................................................. ........................... 99
4.1.1.1.1 Selection of Park and Study Areas ..................... 99
4.1.1.1.1.1 Guanacaste National Park ............... .100
4.1.1.1.1.2 Talamanca Range-La Amistad
National Park ............. ....................... .101

4.1.1.1.2 Data Layers and Sources ...................... ........... 102
4. 1.1. 1.3 Spatial Representation ..................................... 103
4.1.1.1. 4 Data Selection and Processing ........................ 104

4.1.1.2 Rubric Development and Applications .......................... 106
4.1.1.2.1 Percentage Analysis ......................................... 106
4.1.1.2.1.1 Guanacaste ........................................ 106

4.1.1.2.1.1.1 Environmental Factors ...... 106
4.1.1.2.1.1.2 Institutional Factors ........... 107
4.1.1.2.1.1.3 Social Factors .................... 108
4.1.1.2.1.1.4 Conflict Factors ................. 109
4.1.1.2.1.2 Talamanca ......................................... 110

4.1.1.2.1.2.1 Environmental Factors ...... 110
4.1.1.2.1.2.2 Institutional Factors ........... 110
4.1.1.2.1 .2.3-Social Factors .................... 112
4.1.1.2.1.2.4 Conflict Factors ................. 114
4.1.1.2.2 Multiple Criteria Analysis ................................ 114
iii

4.1.1.2.3 Additional and Multiplicative Functions ......... 115
4.1.1.2.4 Rule Based System ........................................... 115
4.1.1.3 Results and Discussion .................................................. 115
4.1.1.3.1 Percentage Analysis ......................................... 115
4.1.1.3.2 Multiple Criteria Analysis ................................ 118
4.1.1.3.3 Additional and Multiplicative Functions ......... 119
4.1.1.3.4 Rule Based System ........................................... 123
4.1.1.3.5 Discussion ........................................................ 123
4.1.1.4 Conclusions .................................................................... 125
4.1.2 Panama Case Study ..................................................................... 126
4.1.2.1 Methods .......................................................................... 128
4.1.2.1.1 Selection of Park and Study Areas ................... 128
4.1.2.1.1.1 Coiba National Park .......... ................. 128
4.1.2.1.1.2 Darien National Park .......................... 129

4.1.2.1.2 Data Layers and Sources ................................. 130
4.1.2.1.3 Spatial Representation ..................................... 132
4.1.2.1.4 Data Selection and Processing ........................ 133
4.1.2.2 Rubric Development and Applications .................. ........ 134
4.1.2.2.1 Percentage Analysis ......................................... 134
4.1.2.2.1.1 Coiba .................................................

134

4.1.2.2.1 .1.1 Environmental Factors ........ 134
4.1.2.2.1.1.2 Institutional Factors ............ 135
4.1.2.2.1.1.3 Social Factors ...................... 136
4.1.2.2.1.2 Darien ................................................

138

4.1.2.2.1.2.1 Environmental Factors ...... 138
4.1.2.2.1.2.2 Institutional Factors ........... 139
4.1.2.2.1.2.3 Social Factors .................... 140
4.1.2.2.1.2.4 Conflict Factors ................. 141
4.1.2.2.2 Multiple Criteria Analysis ................................ 141
4.1.2.2.3 Additional and Multiplicative Functions ......... 142
4.1.2.2.4 Rule Based System ........................................... 142
iv

4.1.2.3 Results and Discussion .................................................. 143
4.1.2.3.1 Percentage Analysis ......................................... 143
4.1.2.3.2 Multiple Criteria Analysis ................................ 145
4.1.2.3.3 Additional and Multiplicative Functions ......... 146
4.1.2.3.4 Rule Based System ........................................... 150
4. 1.2.3.5 Discussion ........................................................ 150
4.1.2.4 Conclusions .................................................................... 152
4.2 Mekong Valley Case Studies ...................................................................... 153
4.2.1 Mekong Valley Case Study ......................................................... 153
4.2.1.1 Methods ............................................ .............................. 155
4.2.1.1.1 Selection of Park and Study Areas ................... 155
4.2.1.1.1.1 Lower Mekong Dry Forest
Ecoregion ........................................... 156
4.2.1.1.1.2 Greater Annamites Ecoregion .......... 157
4.2.1.1.1.3 Phong Nha-Ke Bang National
Park .................................................... 158

4.2.1.1.2 Data Layers and Sources ................................. 159
4.2.1.1.3 Spatial Representation ..................................... 161
4.2.1.1.4 Data Selection and Processing ........................ 163
4.2.1.2 Rubric Development and Applications .......................... 164
4.2.1.2.1 Percentage Analysis ......................................... 164
4.2.1.2.1.1 Lower Mekong Dry Forest.. .............. 164

4.2.1.2.1.1.1 Environmental Factors ...... 164
4.2.1.2.1.1.2 Institutional Factors ........... 164
4.2.1.2.1.1.3 Social Factors .................... 166
4.2.1.2.1.1.4 Conflict Factors ................. 167
4.2.1.2.1.2 Greater Annamites ............................ 168

4.2.1.2.1.2.1 Environmental Factors ...... 168
4.2.1.2.1.2.2 Institutional Factors ........... 168
4.2.1.2.1.2.3 Social Factors .................... 170
4.2.1.2.1.2.4 Conflict Factors ................. 171
V

4.2.1.2.1.3 PhongNha-Ke Bang ......................... 171

4.2.1.2.1.3.1 Environmental Factors ...... 171
4.2.1.2.1.3.2 Institutional Factors ........... 172
4.2.1.2.1.3.3 Social Factors .................... 173
4.2.1.2.1.3.4 Conflict Factors ................. 174
4.2.1.2.2 Multiple Criteria Analysis ................................ 175
4.2.1.2.3 Additional and Multiplicative Functions ......... 175
4.2.1.2.4 Rule Based System ........................................... 176
4.2.1.3 Results and Discussion ................................... ............... 176
4.2.1.3. 1 Percentage Analysis ......................................... 176
4.2.1.3.2 Multiple Criteria Analysis ................................ 178
4.2.1.3.3 Additional and Multiplicative Functions ......... 180
4.2.1.3.4 Rule Based System ........................................... 184
4.2.1.3.5 Discussion ........................................................ 185
4.2.1.4 Conclusions .................................................................... 187

4.3 Africa Case Studies .................................................. ................................... 188
4.3.1 Cameroon Case Study ................................................................. 188
4.3.1.1 Methods .......................................................................... 190
4.3. 1.1.1 Selection of Park and Study Areas ................... 190
4.3.1.1.1.l Congo Basin Ecoregion .................... 190
4.3.1.1.1.2 Dja Faunal Reserve .......................... 191
4.3.1.1.1.3 Sangha Tri-National Park ................. 192

4.3.1.1.2 Data Layers and Sources ....................... .......... 193
4.3.1.1.3 Spatial Representation ..................................... 196
4.3.1.1.4 Data Selection and Processing ........................ 197
4.3.1.2 Rubric Development and Applications .......................... 197
4.3.1.2.1 Percentage Analysis ............. ............................ 197
4.3.1.2.1.1 Congo Basin ...................................... 198

4.3.1.2.1.1.1 Environmental Factors ...... 198
4.3.1.2.1.1.2 Institutional Factors ........... 198
4.3.1.2.1.1.3 Social Factors .................... 200
vi

4.3.1.2.1.1.4 Conflict Factors ................. 201

4.3.1.2.1.2 Dja Faunal Reserve ........................... 201
4.3.1.2 .1.2.1 Environmental Factors ...... 201
4.3.1.2 .1.2.2 Institutional Factors ........... 202
4.3.1.2.1.2.3 Social Factors .................... 203
4.3.1.2.1.2.4 Conflict Factors ................. 204

4.3.1.2.1.3 Sangha Tri-National.. ........................ 204
4.3.1.2.1.3 .1 Environmental Factors ...... 204
4.3.1.2 .1.3.2 Institutional Factors ........... 205
4.3.1.2.1.3.3 Social Factors .................... 206
4.3.1.2 .1.3.4 Conflict Factors ................. 207
4.3.1.2.2 Multiple Criteria Analysis ..................... ........... 207
4.3.1.2.3 Additional and Multiplicative Functions ......... 208
4.3.1.2.4 Rule Based System ........................................... 208
4.3.1.3 Results and Discussion .................... .............................. 209
4. 3.1. 3.1 Percentage Analysis ......................................... 209
4.3.1.3.2 Multiple Criteria Analysis ............................. ... 212
4.3.1.3.3 Additional and Multiplicative Functions ......... 213
4.3.1.3.4 Rule Based System ........................................... 218
4.3. 1.3.5 Discussion ....................................... ................. 219
4.3.1.4 Conclusions .............. ...................................................... 221
4.3.2 Senegal Case Study ........................................................... ........... 222

4.3.2.1 Methods ........... ................. ........................... ................... 223
4.3.2.1.1 Selection of Park and Study Areas ................... 224

4.3.2.1.1.1 Djoudj National Bird Sanctuary ...... .224
4.3.2. 1.2 Data Layers and Sources ................................. 225
4.3.2.1.3 Spatial Representation ............... ...................... 226
4.3.2.1.4 Data Selection and Processing ........................ 227
4.3.2.2 Rubric Development and Applications .......................... 228
4.3.2.2.1 Percentage Analysis ......................................... 228

4.3.2.2.1.1 Djoudj ............................................... 229
vu

4.3.2.2.1.1.1 Environmental Factors ...... 229
4.3.2.2.1.1.2 Institutional Factors ........... 229
4.3.2.2.1.1.3 Social Factors .................... 230
4.3.2.2.1.1.4 Conflict Factors ................. 232
4.3.2.2.2 Multiple Criteria Analysis ................................ 232
4.3.2.2.3 Additional and Multiplicative Functions ......... 232
4.3.2.2.4 Rule Based System ........................................... 233

4.3.2.3 Results and Discussion .................................................. 233
4.3.2.3.1 Percentage Analysis ......................................... 233
4.3.2.3.2 Multiple Criteria Analysis ................................ 234
4.3.2.3.3 Additional and Multiplicative Functions ......... 236
4.3.2.3.4 Rule Based System .................... ....................... 238
4.3.2.3.5 Discussion ........................................................ 238

4.3.2.4 Conclusions .................................................................... 239
4.3.3 Tanzania Case Study ................................................................... 241

4.3.3.1 Methods .......................................................................... 242
4.3.3.1.1 Selection of Park and Study Areas ................... 242
4.3.3.1.1.1 Coastal East Africa Ecoregion .........243
4.3.3.1.1.2 Kilimanjaro National Park ................ 244
4.3.3.1.1.3 Serengeti National Park .................... 245
4.3.3.1.2 Data Layers and Sources ................................. 246
4.3.3.1.3 Spatial Representation ..................................... 248
4.3.3.1.4 Data Selection and Processing ........................ 249

4.3.3.2 Rubric Development and Applications .......................... 250
4.3. 3.2. 1 Percentage Analysis ......................................... 250
4.3.3.2.1.1 Coastal East Africa ........................... 251
4.'3.3.2.1.1.1 Environmental Factors ...... 251
4.3.3.2.1.1.2 Institutional Factors ........... 252
4.3.3.2.1.1.3 Social Factors .................... 253
4.3 .3.2.1.2 Kilimanjaro ....................................... 254
4.3.3.2.1.2.1 Environmental Factors ...... 254
viii

4.3.3.2.1.2.2 Institutional Factors ........... 254
4.3.3.2.1.2.3 Social Factors .................... 255
4.3.3.2.1.2.4 Conflict Factors ................. 256
4.3.3.2.1.3 Serengeti ........................................... 257
4.3.3.2.1.3.1 Environmental Factors ...... 257
4.3.3.2.1.3.2 Institutional Factors ........... 258
4.3.3.2.1.3.3 Social Factors .................... 259
4.3.3.2.1.3.4 Conflict Factors ................. 260
4.3.3.2.2 Multiple Criteria Analysis ................................ 261
4.3.3.2.3 Additional and Multiplicative Functions ......... 261
4.3.3.2.4 Rule Based System ........................................... 262

4.3.3.3 Results and Discussion .................................................. 262
4.3.3.3.1 Percentage Analysis ......................................... 262
4.3.3.3.2 Multiple Criteria Analysis ................................ 266
4.3.3.3.3 Additional and Multiplicative Functions ......... 267
4.3.3.3.4 Rule Based System ........................................... 272
4.3.3.3.5 Discussion ........................................... ............. 273

4.3.3.4 Conclusions .................................................................... 275
4.3.4 Zimbabwe Case Study .......................... ....................................... 276

4.3.4.1 Methods .......................................................................... 278
4. 3. 4.1.1 Selection of Park and Study Areas .................... 278
4.3.4.1.1.1 Mana Pools National Park ................ 278
4.3.4.1.1.2 Victoria Falls National Park ............. 279
4.3.4.1.2 Data Layers and Sources ................................. 280
4.3.4.1.3 Spatial Representation ..................................... 282
4.3.4.1.4 Data Selection and Processing ........................ 282

4.3.4.2 Rubric Development and Applications .......................... 283
4.3.4.2.1 Percentage Analysis ......................................... 283
4.3.4.2.1.1 Mana Pools ........................................ 284
4.3.4.2.1.1.1 Environmental Factors ...... 284
4.3.4.2.1.1.2 Institutional Factors ........... 284
ix

4.3.4.2.1.1.3 Social Factors .................... 285
4.3.4.2.1.2 Victoria Falls ..................................... 286
4.3.4.2.1.2.1 Environmental Factors ...... 286
4.3.4.2.1.2.2 Institutional Factors ........... 287
4.3.4.2.1.2.3 Social Factors .................... 288
4.3.4.2.1.2.4 Conflict Factors ................. 289
4.3.4.2.2 Multiple Criteria Analysis ................................ 289
4.3.4.2.3 Additional and Multiplicative Functions ......... 289
4.3.4.2.4 Rule Based System ........................................... 290
4.3.4.3 Results and Discussion .................................................. 290
4.3. 4.3.1 Percentage Analysis ......................................... 290
4.3.4.3.2 Multiple Criteria Analysis ................................ 293
4.3.4.3.3 Additional and Multiplicative Functions ......... 294
4.3.4.3.4 Rule Based System ...................................... ..... 298
4.3.4.3.5 Discussion ........................................................ 299
4.3.4.4 Conclusions .................................................................... 300
4.4 Developed Region Case Study .................................................................... 301
4.4.1 United States Case Study ............................................................ 301
4.4.1.1 Methods .......................................................................... 303
4.4.1.1.1 Selection of Park and Study Areas ................... 303
4.4.1.1.1. l Carlsbad Caverns National Park ...... .304
4.4.1.1.1.2 Chihuahuan Desert Ecoregion .......... 305
4.4.1.1.1.3 Glacier Bay National Park ................ 306
4.4.1.1.1.4 Grand Canyon National Park ........... 307
4.4.1.1.1.5 Great Smoky Mountains
National Park ..................................... 308
4.4.1.1.1.6 Hawaii Volcanoes National
Park ................. ................... ................ 309
4.4.1.1.1. 7 Mammoth Cave National Park ......... 310
4.4.1.1.1.8 Northern Great Plains
Ecoregion ........................................... 311
4.4.1.1.1.9 Olympic National Park ..................... 312
X

4.4.1.1.1.10 Redwood National Park. ................ .313
4.4.1.1.1.11 Waterton Glacier
International Peace Park ................... 314
4.4.1.1.1.12 Yellowstone National Park ............. 315
4.4.1.1.1.13 Yosemite National Park. ................. 316
4.4.1.1. 2 Data Layers and Sources ................................. 317
4.4.1.1.3 Spatial Representation ..................................... 330
4.4.1.1.4 Data Selection and Processing ........................ 332
4.4.1.2 Rubric Development and Applications ................................... 333
4.4.1.2.1 Percentage Analysis ......................................... 333
4.4.1.2.1.1 Carlsbad ............................................ 333
4.4.1.2.1.1.1 Environmental Factors ...... 333
4.4.1.2.1.1.2 Institutional Factors ........... 335
4.4.1.2.1.1.3 Social Factors .................... 336
4.4.1.2.1.1.4 Conflict Factors ................. 337
4.4.1.2.1.2 Chihuahuan ....................................... 337
4.4.1.2.1.2.1 Environmental Factors ...... 337
4.4.1.2.1.2.2 Institutional Factors ........... 339
4.4.1.2.1.2.3 Social Factors .................... 340
4.4.1.2.1.2.4 Conflict Factors ................. 341
4.4.1.2.1.3 Glacier Bay ....................................... 341
4.4.1.2.1.3.1 Environmental Factors ...... 341
4.4.1.2.1.3.2 Institutional Factors ........... 342
4.4.1.2.1.3.3 Social Factors .................... 343
4.4.1.2.1.4 Grand Canyon ................................... 344
4.4.1.2.1.4.1 Environmental Factors ...... 344
4.4.1.2.1.4.2 Institutional Factors ........... 345
4.4.1.2.1.4.3 Social Factors .................... 347
4.4.1.2.1.4.4 Conflict Factors ................. 348
4.4.1.2.1.5 Great Smoky Mountains ................... 348
4.4.1.2.1.5.1 Environmental Factors ...... 348
xi

4.4.1.2.1.5.2 Institutional Factors ........... 351
4.4.1.2.1.5.3 Social Factors .................... 352
4.4.1.2.1.5.4 Conflict Factors ............. .... 354

4.4.1.2.1.6 Hawaii Volcanoes ............................. 355
4.4.1.2.1.6.1 Environmental Factors ...... 355
4.4.1.2.1 .6.2 Institutional Factors ........... 356
4.4.1.2.1.6 .3 Social Factors .................... 358

4.4.1.2.1.7 Mammoth Cave ................................. 359
4.4.1.2.1.7.1 Environmental Factors ...... 359
4.4.1.2.1.7.2 Institutional Factors ........... 361
4.4.1.2.1. 7.3 Social Factors .................... 362

4.4.1.2.1.8 Northern Great Plains ....................... 363
4.4.1.2 .1.8.1 Environmental Factors ...... 363
4.4.1.2.1.8.2 Institutional Factors ........... 365
4.4.1.2.1.8.3 Social Factors .................... 366
4.4.1.2.1.8.4 Conflict Factors ................. 367

4.4.1.2.1.9 Olympic ............................. ................ 368
4.4.1.2.1 .9.1 Environmental Factors ...... 368
4.4.1.2.1.9.2 Institutional Factors ........... 370
4.4.1.2 .1.9.3 Social Factors .................... 371
4.4.1.2.1.9.4 Conflict Factors ................. 372

4.4.1.2.1.10 Redwood .................................. ....... 373
4.4.1.2.1.10 .1 Environmental Factors .... 373
4.4.1.2 .1.10.2 Institutional Factors ......... 375
4.4.1.2.1.10.3 Social Factors .................. 376
4.4.1.2.1.10.4 Conflict Factors ............... 379

4.4.1.2.1.11 Waterton .......................................... 379
4.4.1.2.1.11.1 Environmental Factors .... 379
4.4.1.2.1.11.2 Institutional Factors ......... 380
4.4.1.2.1.11.3 Social Factors .................. 380

4.4.1.2.1.12 Yellowstone .................................... 381
Xll

4.4.1.2.1.12.1 Environmental Factors .... 381
4.4.1. 2. 1.12. 2 Institutional Factors ......... 384
4.4.1.2.1.12.3 Social Factors .................. 385
4.4.1.2.1.12.4 Conflict Factors ............... 387
4.4.1.2.1.13 Yosemite ......................................... 387

4.4.1.2.1.13.1 Environmental Factors .... 387
4.4.1.2.1.13.2 Institutional Factors ......... 389
4.4.1.2.1.13.3 Social Factors .................. 391
4.4.1.2.1.13.4 Conflict Factors ............... 392
4.4.1.2.2 Multiple Criteria Analysis ................................ 392
4. 4.1.2.3 Additional and Multiplicative Functions ......... 393
4.4.1.2.4 Rule Based System ........................................... 393
4.4.1.3 Results and Discussion .................................................. 394
4.4.1.3.1 Percentage Analysis ......................................... 394
4.4.1.3.2 Multiple Criteria Analysis ................................ 400
4.4.1.3.3 Additional and Multiplicative Functions ......... 402
4.4.1.3.4 Rule Based System ........................................... 416
4.4.1.3.5 Discussion ........................................................ 417
4.4.1.4 Conclusions .................................................................... 419

CHAPTER FIVE COMPARATIVE ANALYSIS .................................................... 421
5.1 Comparative Analysis .................................................................................

421

5.1.1 Local Factor Analysis .................................................................. 421
5.1.1.1 Central America Study Locations .................................. 421
5.1.1.1.1 Costa Rica ........................................................ 421
5.1.1.1.2 Panama ............................................................ 423
5.1.1.2 Mekong Valley Study Locations .................................... 424
5.1.1.2.1 Mekong Valley ................................................. 424
5.1.1.3 Africa Study Locations ................................................... 425
5.1.1.3.1 Cameroon ......................................................... 426
5.1.1.3.2 Senegal ............................................................. 427
5.1.1.3.3 Tanzania ........................................................... 428
xiii

5.1.1.3.4 Zimbabwe ......................................................... 429
5.1.1.4 United States Study Locations ....................................... 430
5.1.1.4.1 United States ................................ .................... 430

5.1.2 Regional Factor Analysis .............................................................432
5.1.2.1 Central America ............................................................. 432
5.1.2.2 Mekong Valley ................................................................ 435
5.1.2.3 Africa ....................... ................. ...................................... 436
5.1.2.4 United States ................................................................... 439

5.1.3 Global Factor Analysis ................................................................ 441
5.2 Comparison of Traditional and Proposed New Rubric ...........................452
5.2.1 Percentage Analysis .....................................................................457
5.2.2 Multiple Criteria Analysis ...........................................................458
5.2.3 Additional and Multiplicative Functions ...................................459
5.2.4 Rule Based System .......................................................................460
CHAPTER SIX CONCLUSIONS .............................................................................461
REFERENCES CITED ..............................................................................................479
APPENDICES ............................................................................................................. 551
Appendix A: Initial Literature Review Database ..........................................552
Appendix B: Literature Review Database ......................................................555
Appendix C: Rule Based System .....................................................................682
ABOUT THE AUTHOR ................................................................................END PAGE

xiv

LIST OF FIGURES

Figure 1: Charismatic mega species utilized as conservation organization logos ............. 12
Figure 2: Gap analysis step outline ............... .............................. ....................................... 24
Figure 3: Example of a) trapezoidal fuzzy membership function and b) fuzzy IFTHEN rules bases with fuzzy matrix ................................................................ 65
Figure 4: Spatial representations of international conservation organization data ......... ...74
Figure 5: Spatial display of selected study areas .............. ................. ................................ 75
Figure 6: Concept map showing factor selection process ..................................... ............. 78
Figure 7: Costa Rica case study matrix containing the initial factors identified
from the factor selection process .......................................................... .............79
Figure 8: Mekong Valley case study matrix containing refined factors from the
factor selection process ..................................................................................... 80
Figure 9: Working model of the proposed holistic evaluation matrix ............... ................ 81
Figure 10: Concept map of percentage analysis approach ................................................. 85
Figure 11: Four general steps to create a knowledge base for the rule based
system ......................................................................................... ................... ....90
Figure 12: Concept map for the nested analysis processes ................................................ 94
Figure 13: Spatial display of Costa Rica with Costa Rica's conservation efforts ............. 99
Figure 14: Spatial display of Guanacaste in Costa Rica .............................. .................... 100
Figure 15: Spatial display ofTalamanca in Costa Rica .............................. ..................... 101

xv

Figure 16: Spatial display of Panama with Panama's conservation efforts ..................... 127
Figure 17: Spatial display of Coiba in Panama ................................................................ 129
Figure 18: Spatial display of Darien in Panama .............................................................. 130
Figure 19: Spatial display of the Mekong Valley Region and associated
conservation efforts ......................................................................................... 155
Figure 20: Spatial display of the Lower Mekong Dry Forest ecoregion ......................... 156
Figure 21: Spatial display of the Greater Annamites ecoregion ..................................... .157
Figure 22: Spatial display of Phong Nha-Ke Bang in the Mekong Valley ..................... .158
Figure 23: Spatial display of Cameroon with Cameroon's conservation efforts ............ .189
Figure 24: Spatial display of the Congo Basin ecoregion ............................................... .190
Figure 25: Spatial display ofDja Fauna! in Cameroon ................................................... .191
Figure 26: Spatial display of the Cameroonian portion of Sangha Tri-National. ............ 192
Figure 27: Spatial display of Senegal with Senegal's conservation efforts .................... .223
Figure 28: Spatial display ofDjoudj in Senegal. ............................................................. 225
Figure 29: Spatial display of Tanzania with Tanzanian conservation efforts .................. 242
Figure 30: Spatial display of the Coastal East Africa ecoregion ..................................... 243
Figure 31: Spatial display of Kilimanjaro National Park in Tanzania ............................. 244
Figure 32: Spatial display of Serengeti National Park in Tanzania ................................. 245
Figure 33: Spatial display of Zimbabwe with Zimbabwe's conservation efforts ............ 277
Figure 34: Spatial display of Mana Pools in Zimbabwe .................................................. 279

xvi

Figure 35: Spatial display of Victoria Falls in Zimbabwe ............................................... 280
Figure 36: Spatial display of the United States and the United States conservation
efforts ............................................................................................................... 303
Figure 37: Spatial display for Carlsbad Caverns National Park in the United
States ...............................................................................................................

305

Figure 38: Spatial display of the Chihuahuan Desert ecoregion ...................................... 306
Figure 39: Spatial display of Glacier Bay National Park in the United States ................ 307
Figure 40: Spatial display of the Grand Canyon National Park in the United
States ...............................................................................................................

308

Figure 41: Spatial display of Great Smoky Mountains National Park in the United
States ..................................................................... .......................................... 309
Figure 42: Spatial display of Hawaii Volcanoes National Park in the United
States ...............................................................................................................

310

Figure 43: Spatial display of Mammoth Cave National Park in the United States ......... .311
Figure 44: Spatial display of the Northern Great Plains Ecoregion ................................. 312
Figure 45: Spatial display of Olympic National Park in the United States .................... .313
Figure 46: Spatial display of Redwood National and State Parks in the United
States ...............................................................................................................

314

Figure 47: Spatial display of Waterton-Glacier International Peace Park in the
United States .................................................................................................... 315
Figure 48: Spatial display of Yellowstone National Park in the United States ............... 316
Figure 49: Spatial display of Yosemite National Park in the United States .................... 317
Figure 50: Overall percentage analysis results for Central America .............................. .433
Figure 51: Additional and multiplicative function results for Central America ............. .434
XVII

Figure 52: Percentage analysis results for Mekong Valley ............................................ .435
Figure 53: Additional and multiplicative function results for Mekong Valley ............... 436
Figure 54: Percentage analysis results for Africa ........................................................... .438
Figure 55: Additional and multiplicative function results for Africa ............................. .439
Figure 56: Percentage Analysis results for the United States ........................................ ..440
Figure 57: Additional and multiplicative function results for the United States ............ .441
Figure 58: Overall multiple criteria results, total occurrence of factors, represented
by a word cloud ............................................................................................... 445
Figure 59: Total occurrence of overall positive factors identified from multiple
criteria analysis, represented by a word cloud ............................................... .446
Figure 60: Total occurrence of overall negative factors identified from multiple
criteria analysis, represented by a word cloud ............................................... .446
Figure 61: Total occurrence of overall neutral factors identified from multiple
criteria analysis, represented by a word cloud ............................................... .447
Figure 62: Overall percentage analysis results ................................................................ 447
Figure 63: Overall environmental scores ......................................................................... 449
Figure 64: Overall institutional scores ............................................................................. 449
Figure 65: Overall social scores ...................................................................................... .450
Figure 66: Overall conflict scores .................................................................................... 450
Figure 67: Overall total scores ......................................................................................... 451
Figure 68: Degree of success definition for all study sites ............................................. .452
Figure 69: Local factors identified for Costa Rica .......................................................... .462
XVlll

Figure 70: Local factors identified for Panama .............................................................. .463
Figure 71: Local factors identified for the Mekong Valley ............................................ .463
Figure 72: Local factors identified for Cameroon ........................... ............................... .464
Figure 73: Local factors identified for Senegal. .......................... ................................... .464
Figure 74: Local factors identified for Tanzania .......................... .................................. .465
Figure 75: Local factors identified for Zimbabwe .......................................................... .465
Figure 76: Local factors identified for the United States ................. ............................... .466
Figure 77: Regional factors identified for Central America ............................................ 467
Figure 78: Regional factors identified for the Mekong Valley ....................................... .468
Figure 79: Regional factors identified for Africa ........................................................... .468
Figure 80: Regional factors identified for the United States .......................................... .469
Figure 81: Global factor .................................................................................................. .469

xix

LIST OF TABLES

Table 1: Data layer information used for the determination and display of study
site locations ............................................................................................ ............ 73
Table 2: Generic sources for the holistic factors data layer ........ :...................................... 76
Table 3: Summary table of literature review. Justification for use of factors in
holistic matrix ........... .......................................................................................... 83
Table 4: Assigned weights for identified factors .......................................... ..................... 88
Table 5: Generic rating table for study sites ...................................................................... 89
Table 6: Rule bases created for the four-variable model for redefining success ............... 92
Table 7: Sources data for Guanacaste .............................................................................. 102
Table 8: Source data for Talamanca ................................................................................ 103
Table 9: Data layer sources for Costa Rica .................................................. ................... .104
Table 10: Percentage Analysis results for the two Costa Rica study sites ....................... 117
Table 11: Multiple criteria results for the two Costa Rica study sites ............................. 119
Table 12: Rate assignment table for Guanacaste ............................................................. 121
Table 13: Rate assignment table for Talamanca .. ........................................................... .122
Table 14: Rule bases for the two Costa Rican study locations ........................................ 123
Table 15: Sources data for Coiba ..................................................................................... 131
Table 16: Source data for Darien ..................................................................................... 132
Table 17: Data layer sources for Panama ........................................................................ 133
Table 18: Percentage Analysis results for the two Panama study sites ........................... 144
xx

Table 19: Multiple criteria results for the two Panama study sites .................................. 146
Table 20: Rate assignment table for Coiba ...................................................................... 148
Table 21: Rate assignment table for Darien ..................................................................... 149
Table 22: Rule bases for the two Panama study locations ........................ ....................... 150
Table 23: Sources data for Lower Mekong Dry Forest Ecoregion .................................. 159
Table 24: Source data for Greater Annamites Ecoregion .... ........................................... .160
Table 25: Source data for Phong Nha-Ke Bang National Park. ...................................... 161
Table 26: Data layer sources for Mekong Valley ....................................... .................... . 162
Table 27: Percentage Analysis results for the three Mekong Valley study sites ............ .177
Table 28: Multiple criteria results for the three Mekong Valley study sites ................... 179
Table 29: Rate assignment table for Lower Mekong Dry Forest.. ................................... 181
Table 30: Rate assignment table for Greater Annamites ................................................. 182
Table 31: Rate assignment table for Phong Nha-Ke Bang .............................................. 183
Table 32: Rule bases for the three Mekong Valley study locations . ............................... 185
Table 33: Source data for Congo Basin Ecoregion ............................................... .......... .193
Table 34: Source data for Dja Faunal. ....................... ...................................................... 194
Table 35: Source data for Sangha Tri-National. ............................ ................................. .195
Table 36: Data layer sources for Cameroon .................................................. .................. 196
Table 37: Percentage Analysis results for the three Cameroon study sites .................... .210
Table 38: Multiple criteria results for the three Cameroon study sites ............................ 213
Table 39: Rate assignment table for Congo Basin ................................................ .......... .215
Table 40: Rate assignment table for Dja Faunal. ............................................................. 216
Table 41: Rate assignment table for Sangha Tri-National.. ............................................. 217
XXl

Table 42: Rule bases for the three Cameroon study locations ......................................... 219
Table 43: Sources data for Djoudj ................................................................................... 226
Table 44: Data layer sources for Senegal. ....................................................................... 227
Table 45: Percentage Analysis results for the Senegal study site .................................... 234
Table 46: Multiple criteria results for the Senegal study site .......................................... 235
Table 47: Rate assignment table for Djoudj .................................................................... 237
Table 48: Rule bases for the Senegal study location ....................................................... 238
Table 49: Sources data for Coastal East Africa .............................................................. .246
Table 50: Source data for Kilimanjaro ............................................................................. 247
Table 51: Source data for Serengeti ................................................................................. 248
Table 52: Data layer sources for Tanzania ...................................................................... 249
Table 53: Percentage Analysis results for the three Tanzania study sites...................... .264
Table 54: Multiple criteria results for the three Tanzania study sites ............................. .267
Table 55: Rate assignment table for Coastal East Africa ............................................... .269
Table 56: Rate assignment table for Kilimanjaro ................................... ......................... 270
Table 57: Rate assignment table for Serengeti ................................................................ 271
Table 58: Rule bases for the three Tanzania study locations .......................................... .273
Table 59: Sources data for Mana Pools ........................................................................... 281
Table 60: Source data for Victoria Falls .......................................................................... 281
Table 61: Data layer sources for Zimbabwe .................................................................... 282
Table 62: Percentage Analysis results for the two Zimbabwe study sites ....................... 292
Table 63: Multiple criteria results for the two Zimbabwe study sites ............................. 294
Table 64: Rate assignment table for Mana Pools ............................................................. 296
xxii

Table 65: Rate assignment table for Victoria Falls .......................................................... 297
Table 66: Rule bases for the two Zimbabwe study locations ......................................... .298
Table 67: Sources data for Carlsbad Caverns ................................................. ................ .318
Table 68: Sources data for Chihuahuan Desert ................................................................ 319
Table 69: Sources data for Glacier Bay ............................................................... ............ 320
Table 70: Sources data for Grand Canyon ... ......................................................... .......... .321
Table 71: Sources data for Great Smoky Mountains ....................................................... 322
Table 72: Sources data for Hawaii Volcanoes ...................................... ........................... 323
Table 73: Sources data for Mammoth Cave .................................................................... 324
Table 74: Sources data for Northern Great Plains ........................................................... 325
Table 75: Sources data for Olympic .. ..................... .............................................. ........... 326
Table 76: Sources data for Redwood .............................................................................. .327
Table 77: Sources data for Waterton ........................................ ....................................... 328
Table 78: Sources data for Yellowstone .......................................................................... 329
Table 79: Source data for Yosemite .............................................................. ................... 330
Table 80: Data layer sources for the United States ......................................................... .331
Table 81: Percentage Analysis results for the thirteen United States study sites ............ 395
Table 82: Multiple criteria results for the thirteen study sites ........................................ .401
Table 83: Rate assignment table for Carlsbad ................................................................ .403
Table 84: Rate assignment table for Chihuahuan ......................................... .................. .404
Table 85: Rate assignment table for Glacier Bay ........................................................... .405
Table 86: Rate assignment table for Grand Canyon ............................... ........................ .406
Table 87: Rate assignment table for Great Smoky Mountains ........................................ 407
XXlll

Table 88: Rate assignment table for Hawaii ................................................................... .408
Table 89: Rate assignment table for Mammoth Cave ................. .................................... .409
Table 90: Rate assignment table for Northern Great Plains ........................................... .410
Table 91: Rate assignment table for Olympic ................................................................. .411
Table 92: Rate assignment table for Redwood ................................... ............................ .412
Table 93: Rate assignment table for Waterton ................................................................ .413
Table 94: Rate assignment table for Yellowstone .......................................................... .414
Table 95: Rate assignment table for Yosemite ........ ....................................................... .415
Table 96: Rule bases for the thirteen United States study locations ............................... .416
Table 97: Local factors identified for Costa Rica ....................................................... .....422
Table 98: Local factors identified for Panama ................................................................ .423
Table 99: Local/Regional factors identified for Mekong Valley .................................... .425
Table 100: Local factors identified for Cameroon ........................................................... 426
Table 101: Local factors identified for Senegal.. ............................................................ .427
Table 102: Local factors identified forTanzania ............................................................ .428
Table 103: Local factors identified for Zimbabwe ...... .................................................... 429
Table 104: Local/regional factors identified for the United States ................................. .431
Table 105: Regional factors identified for Central America .......................................... .433
Table 106: Regional factors identified for Africa ........................................................... .437
Table 107: Regional comparisons to aid in the identification of globally important
factors ................................................................................................................ 442
Table 108: Side by side comparison of the traditional measurement rubric and the
proposed holistic rubric classifications ............................................................ .455
Table 109: Percentage of change to the definition of success based on change
from traditional measurements ..................................................... ................... .470
xxiv

Table 110: Research questions and results summary table ............................................. .471
Table Al: Initial literature review for Costa Rican parks ................................................ 552
Table A2: Literature review database for Costa Rica ...................................................... 555
Table A3: Literature review database for Panama .......................................................... .561
Table A4: Literature review database for the Mekong Valley ........................................ 570
Table A5: Literature review database for Cameroon ...................................................... .581
Table A6: Literature review database for Senegal. .......................................................... 590
Table A7: Literature review database for Tanzania ......................................................... 595
Table A8: Literature review database for Zimbabwe ...................................................... 606
Table A9: Literature review database for the United States ............................................ 613
Table AlO: Rule bases created for knowledge base ........................................................ 682

XXV

ABSTRACT

Many conservation efforts around the world have been unsuccessful in attempting
to rectify the loss of biodiversity, habitat and overall destruction of the natural
environment. Criteria for conservation success have primarily been measured in terms of
biological factors such as the amount of biodiversity, wildlife or area conserved.
Conservation efforts that include local participation have been correlated with higher
degrees of conservation success, which are not shown through traditional conservation
measurements. Therefore, there is a need to develop a rubric with a ranking and
classification system that will incorporate a holistic approach including interdisciplinary
environmental, institutional, socio-economic, conflict and traditional biological factors in
determining success and/or failure. This study aims to expand traditional criteria used to
measure the success or failure of conservation attempts by identifying additional factors
that significantly influence conservation outcomes, and incorporating them into a revised
rubric for redefining conservation success. In addition, the study compares and contrasts
factors that lead to the success and/or failure of land conservation efforts on a local,
regional and global scale. Current literature recognizes the need for the incorporation of
factors including environmental, political/institutional , social/cultural/economic and
conflict-related in the holistic rubric. The application of the holistic rubric comprises a
nested analytical tool utilizing techniques from percentage analysis, multiple criteria
analysis, additional and multiplicative functions and rule based systems. The proposed
holistic rubric was applied to twenty nine case studies that were identified as successful

xxvi

using the traditional rubric in an effort to redefine conservation success and determine
factors that are significant locally, regionally and globally. The holistic framework (that
combined traditional factors with additional factors) redefined success and failure for the
parks studied here. The majority of conservation efforts received a lower degree of
success although traditional measurements ranked them as successful (82% received
lower scores and 17% remained the same or higher). Comparing the results of the nested
analysis, local, regional and global factors became apparent. Local factors were
considered to be highly variable, while regional factors were less variable, but still
dependent on local conditions . Local factors in Costa Rica were very similar between the
two parks with 16 of the 18 applicable factors in common while Panama's local factors
had similar patterns of local factors varying only in the conflict category. Mekong
Valley's three parks had 14 similar local factors out of 16 (Lower Mekong Dry Forest
and Greater Annamites) and 17 (Phong Nha-Ke Bang) applicable factors. Local factors in
Cameroon showed a more variable pattern with 12 of the 16 applicable factors being
analogous. Senegal, having only one park, displayed no patterns for local factors. In
Tanzania, 14 of the 15 (Coastal East Africa) and 17 (Kilimanjaro and Serengeti)
applicable factors were considered common. Local factors in Zimbabwe were highly
variable as Mana Pools had the least amount of applicable variables. The United States,
with the greatest number of parks, showed the most variability in local factors. The
amount of applicable factors ranges from 12 to 18, with only 6 of the factors
demonstrating similarities. Local and regional differences aid in highlighting changes in
culture, government, habitat and social habitats between all the case study locations that
were not apparent in traditional measurements. Globally significant factors were
xx.vu

narrowed down to two factors, water quality and logging, highlighting influences that are
habitually ignored in traditional measurements of conservation success. To truly define
conservation success, holistic factors need to be included in the rubric, however, in spite
of acknowledgement of additional factors they have not been incorporated in the
traditional measurement of success because there is a lack of evaluative framework to
allow for easy adaptation of complex variables. The rubric developed and used in this
research is an integrative and adaptive approach which offers a tool/methodology that is
transferable to different geographical areas where it can be customized to be applied to
various conservation efforts. This rubric also allows for local knowledge to be
incorporated easily and helps to delineate important factors for conservation success in
local areas.
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CHAPTER ONE INTRODUCTION

1.1 Background
Conservation projects are established to protect and manage the environment to
reduce loss of biodiversity (Sodhi, Butler, Laurance & Gibson, 2011 ). Traditionally the
criterion used to measure conservation success or failure is based on biological factors
(Mascia et al., 2003; Margoluis, Stem, Salafsky & Brown, 2009; Salafsky, Margoluis,
Redford & Robinson, 2002; Margules & Usher, 1981). Biological factors include
changes in the amount of targeted conserved species, biodiversity (Gerber, DeMaster &
Roberts, 2000; Sodhi & Ehrlich, 2010; Sodhi, Butler , Laurance & Gibson, 2011) or total
area conserved (Stoll-Kleemann et al., 2006; Sodhi, Butler, Laurance & Gibson, 2011).
However, conservation efforts are not simply a matter of biological concern;
environmental, political, social, and conflict pressures also have strong influences on the
outcome of conservation. These other factors can pose threats to, or enhance,
conservation but are not addressed using current criteria (Margoluis, Stem, Salafsky &
Brown, 2009; Salafsky , Margoluis, Redford & Robinson, 2002; Mascia et al., 2003;
Lempinen & Brown, 2007; Stoll-Kleemann et al., 2006; Brooks, Franzen, Holmes, Grote
& Mulder, 2006; Salafsky & Margoluis, 1999).
Successful conservation is acknowledged as the achievement of positive , sitespecific, conservation goals (Sodhi, Butler, Laurance & Gibson, 2011; Stoll-Kleemann et
al., 2006; Lempinen & Brown, 2007; Sodhi & Ehrlich, 2010). Using this definition of
success and only utilizing biological factors for measuring success (Mascia et al., 2003)
1

may not be conclusive enough to accurately analyze whether a conservation project will
be a success or failure (Margoluis, Stem, Salafsky & Brown, 2009). To truly determine
the overall success of conservation efforts, the synergistic effect of additional factors
must be considered (Margoluis, Stem, Salafsky & Brown, 2009). Studies have shown that
when conservation projects incorporate local participation and non-governmental
organizations (NGOs), for example, there is a higher correlation of conservation success
(Agrawal & Gibson, 1999; Hackel, 1999; Thakadu, 2005). NGOs help to facilitate local
investment in conservation and provide financial assistance (Struhsaker, Struhsaker &
Siex 2005). However, the involvement of locals and NGOs is not accounted for through
traditional conservation measurements. Therefore, a new definition of success is needed
in combination with new criteria to identify and measure diverse factors impacting
conservation success or failure (Weber & Rabinowitz, 1996; Thakadu, 2005).
Many conservation efforts around the world have been unsuccessful in attempting
to rectify the loss of biodiversity, habitat and overall destruction of the natural
environment (Sodhi, Butler, Laurance & Gibson, 2011). Conservation attempts are
derailed by human populations encroaching on conservation buffer zones ( de Noronha
Vaz, Caetano & Nijkamp, 2011) where illegal logging and poaching, to sustain local
livelihoods, takes place and degrades the environment (Foster et al., 2003). Natural
habitats are also being taken over by increasing agricultural lands (Sayer et al., 2012),
commonly seen by remote sensing techniques which detect changes to land use over
time, leading to wildlife aversion in the area causing a drop in biodiversity (Gill, Norris

& Sutherland, 2001; Rudel et al., 2005). To address the problems influencing
conservation, it is important to understand the factors that go into successful conservation
2

efforts as well as unsuccessful conservation efforts (Salafsky, Margoluis, Redford &
Robinson, 2002). While biological factors have customarily been used to measure
success through changes in biodiversity (Gerber, DeMaster & Roberts, 2000; Sodhi,
Butler, Laurance & Gibson, 2011) or area conserved (Stoll-Kleemann et al., 2006; Sodhi,
Butler, Laurance & Gibson, 2011), they may not be definitive enough to evaluate the
reasons behind the success or failure of conservation efforts (Mascia et al., 2003;
Margoluis, Stem, Salafsky & Brown, 2009). In order for a conservation program to be
truly successful, it will need to incorporate the implementation and synergy of
interdisciplinary fields. In contrast to a strictly biological approach, these supplementary
interdisciplinary fields address certain political, socio-economic, cultural, and conflict
factors (Hackel, 1999). Therefore, there is a need to develop new criteria that will
incorporate a more holistic approach, including these additional integrative factors as
well as traditional biological factors, in redefining conservation success (Weber &
Rabinowitz, 1996; Thakadu, 2005). Utilization of a new rubric will help to determine the
level of influence that different factors have on conservation efforts. When the rubric is
applied along with geographic information system (GIS) applications, spatial displays
can be used to inform policy decision makers of significant influences impacting
conservation efforts.
This research addresses multiple scales of conservation, from local to global
efforts. Local conservation efforts will consist of comparing two or more conservation
projects within a country while regional efforts refer to larger, transboundary areas, such
as the Mekong Valley. In addition, global conservation efforts identified within the study
areas will then be compared to detect patterns of highly influential factors. Comparisons
3

are drawn from identifying the conservation practices of ten countries; Costa Rica,
Panama, Cambodia, Laos, Vietnam, Cameroon, Senegal, Tanzania, Zimbabwe, and the
United States. All applicable land conservation efforts will be identified along with
factors influencing conservation, such as, environmental, institutional/policy,
social/cultural/economic and conflict factors . The factors influencing each conservation
effort will be categorized as applicable or non-applicable to the conservation effort which
will then be further categorized by the type of influence; positive, negative, or neutral.
The influence of applicable factors will then be identified as local, regional, or global.
The different factors will then be incorporated into holistic criteria to enhance our
understanding of factors that lead to successful conservation for future attempts.
Based on previous research, many of the factors incorporated into the holistic
matrix have been acknowledged, yet they have not been used to change traditional
measurement standards. The static approach of the traditional measurements may stem
from a lack of an integrated tool to bring together the factors in a coherent manner, as
determining the influence of different factors is a convoluted process. The proposed
holistic rubric, used in conjunction with a clearly defined set of additional factors, can be
used as a flexible tool to describe conservation success and delineate significant factors
that impact conservation efforts around the world.

1.2 Problem Statement
Traditionally, only biological factors have been used to measure conservation
success or failure and to address problems of conservation; however, traditional factors
may be too limiting to fully address non-biological problems. Hence, new criteria are
required to address the overall factors that influence conservation success. In order to
4

understand what makes a project successful in the long term, this research will
incorporate new proposed holistic factors within new evaluation criteria to identify
factors behind success and failure to generate new conservation goals.

1.3 Need for Research
Numerous problems have surfaced in recent decades due to the loss of
biodiversity, habitat and wildlife, and the overall destruction of the natural environment
(Sodhi, Butler, Laurance & Gibson, 2011). To begin addressing these problems,
consistently successful conservation efforts dealing with wildlife and land preservation
are necessary (Salafsky, Margoluis, Redford & Robinson, 2002). Traditional biological
factors have primarily been used to measure conservation success and failure; however,
adhering to these biological goals has not brought about reliable or successful
conservation practices (Mascia et al., 2003; Margoluis, Stem, Salafsky & Brown, 2009).
There is a need to incorporate additional factors for a more holistic approach to
conservation efforts to address environmental, institutional, social and conflict issues
(Salafsky, Margoluis, Redford & Robinson, 2002; Mascia et al., 2003; Stoll-Kleemann et
al., 2006; Brooks, Franzen, Holmes, Grote & Mulder, 2006; Lempinen & Brown, 2007;
Margoluis, Stem, Salafsky & Brown, 2009; Sodhi & Ehrlich, 2010).

1.4 Objectives
The objective of this thesis is to expand traditional criteria used to measure the
success or failure of conservation attempts by identifying additional factors that
significantly influence conservation outcomes, and incorporating them into a revised
rubric for redefining conservation success. Criteria will be based on correlating positive
influences with more successful conservation and negative influences with less
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successful, or failed, conservation attempts. Neutral and non-applicable influences will
also be identified, defined and ranked as a standardization mechanism. This will be
accomplished through (1) the analysis of environmental, political, socio-economic,
cultural, and conflict factors that contribute to the success and failure of conservation
projects, and (2) the analysis of land conservation efforts from local to worldwide
projects , including national parks and reserves, to compare the factors which contribute to
their success and failure and to determine factors that are common across scales.
Furthermore, this research will spatially integrate analysis for policy recommendations
and apply a new proposed holistic rubric to determine success and/or failure for the
selected conservation efforts.

1.5 Research Question
Are traditional biological measurements good enough to truly measure
conservation success? Are certain key factors more important for the success or failure of
a conservation project? If so, which? How can holistic factors be applied to conservation
efforts to contribute to success? Will current ranking of successful conservation change
when the new holistic rubric is applied? Can the inclusion of additional holistic factors
increase the ability to redefine success and/or failure of conservation projects?

1.6 Hypotheses
There are specific factors that will need to be addressed across conservation
practices to increase the rate of success. Traditional factors are just not comprehensive
enough to truly measure success based on an expanded definition incorporating a clearly
defined set of holistic factors influencing conservation . fu order for a conservation
program to be successful in achieving long term success, it will need to incorporate the
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implementation and synergy of disciplinary fields and address certain socio-economic,
cultural and political factors. Therefore, the hypothesis for this project is: conservation
efforts that can be classified as a "success" when using traditional factors alone may not
receive the same classification when a holistic rubric is applied.

7

CHAPTER TWO LITERATURE REVIEW

2.1 Background on Conservation and Definition of Success and Failure
Anthropogenic development through exploitative resource extraction and land

conversion from natural habitat for human use is rapidly increasing the loss of habitat,
biodiversity and wildlife (Sodhi, Butler, Laurance & Gibson, 2011). Destruction observed
in the Amazon Rainforest results in large areas of habitat loss through clearing, leading to
a huge loss of species annually (Pickrell, 2006). Other biodiverse countries such as
Honduras, the Philippines and Haiti have followed suit and have been nearly deforested
at an alarming rate with the impact visible on Google Earth (McDermott, 2009; Defries
et al., 2007). Logging to extract palm oil has increased habitat loss in Borneo, causing a
major decline to the orangutan population. Loss of orangutans and other threatened
species, also victim to the illegal international pet trade, diminish wildlife biodiversity.
Additionally, amphibian populations have been devastated with 1/3 of species already
extinct due to the influence of human development mainly through pollution and habitat
loss and fragmentation (Pickrell, 2006).

In response to increasing degradation and destruction of the natural environment,
conservation projects have been established in many countries with the goal of increasing
either the size of protected areas for habitat preservation or protecting and enhancing the
population of a targeted species (Naughton Treves, Holland & Brandon, 2005; Brooks,
Franzen, Holmes, Grote & Mulder, 2006; Stoll-Kleemann et al., 2006; Lempinen &
Brown, 2007; Phuc, 2009; Sodhi, Butler, Laurance & Gibson, 2011; Mace, 2014). In
8

order to meet these goals, projects are generally modeled around two different types of
conservation approaches: direct or indirect. A direct approach attempts to restore or
maintain the environment (Stoll-Kleemann et al., 2006) by supporting conservation goals
through setting aside specific areas for preservation and limiting or removing human
influence, or basing conservation efforts around the increase of one specific species,
regardless of other species or habitat needs (Press, Doak & Steinberg, 1996). The
indirect approach aims to reduce or avoid threats to biodiversity (Stoll-Kleemann et al.,
2006) through preventative measures such as conservation education and community
involvement.
The majority of conservation projects utilize the direct approach because it takes
less time and effort to establish conservation projects using broad conservation goals that
also act as indicators for conservation success or failure (Kapos et al., 2009).
Conservation efforts are typically considered successful using a traditional measurement
rubric in which site specific conservation goals are achieved: an increase in the amount of
protected area or an increase to a targeted species (Stoll-Kleemann et al., 2006; Lempinen

& Brown, 2007; Sodhi, Butler, Laurance & Gibson, 2011; Stem, Margoluis, Salafsky &
Brown, 2005). Traditional determinations of success can be misleading because
measuring success through simplistic biological criteria fails to capture significant threats
influencing the conservation of habitat and wildlife in distinct areas (Washburne, 1982;
Stern, 1992; Ferraro, 2001; Ferraro & Pattanayak, 2006; Fielding, 1997).
Even when a conservation project is traditionally considered successful,
degradation may actually be continuing due to other factors that have not been addressed
in typical assessments (Salafsky, Margoluis, Redford & Robinson, 2002; Endangered
9

Species International, n.d.; Habitat Loss, n.d.). Degradation is commonly observed
through increased destruction of natural landscape from human encroachment and
development of agricultural land. Changes to natural landscapes can increase soil erosion
potential, causing a decrease in habitat functionality leading to lower biodiversity.
Reductions in habitat functionality increase pressure on conservation areas from local
populations in the form of illegal settlement and poaching. An example of encroachment
can be observed in Nicaragua, where protected areas have been established for the
conservation of many species, notably jaguars. Jaguars require connectivity of habitat and
the ability to move and breed with jaguars in different areas. Establishment of protected
areas in Nicaragua began on a positive note but conservation areas are now subject to
encroachment due to agricultural development and roads. Even small pushes around
protected areas have caused problems for jaguars by limiting the connectivity of their
habitat. Panthera, a big cat conservation group, has noted that local community attitudes
towards conservation are extremely influential and a negative outlook of conservation
can hinder efforts (Chain, 2015). However, attitudes oflocal populations are generally
not addressed during the establishment of reserves or amid the determination of
conservation success or failure.
Continued environmental degradation can also come in the form of substantial
increases to the needs of protected species. For example, the bumphead parrot fish listed
on the International Union for the Conservation of Nature's (IUCN) Red List, is
considered a threatened species. After decades of protection, bump head parrotfish have
made a comeback near Palmyra Atoll, an uninhabited volcanic island surrounded by
coral. The problem? Bumpheads eat coral, and lots of it, and where these fish are
10

thriving, coral reef is being destroyed. A similar example is the case of elephant
conservation in Kruger National Park, South Africa. Protected from poaching, elephant
populations have burgeoned and caused unforeseen environmental consequences.
Elephants have large habitat needs which are not being met with available land in the
park, so large patches of savanna landscape have been depleted. Bare savanna landscape
can no longer support the habitat needs of many other species including impalas, giraffes,
kudus, and a variety of birds and bugs. According to traditional measurements, efforts on
behalf of Palmyra Atoll bumphead parrotfish and Kruger elephant protection have been
successful; however, destruction to the environment points to failure (Vaidyananathan,
2015). The traditional measurement and definition of success is too limiting to truly
determine whether a conservation project is a success or failure (Mascia et al., 2003;
Meijaard, 2009). Therefore, new holistic criteria, including environmental, political,
socio-economic and conflict factors, must be incorporated into our assessment of
conservation projects in order to more thoroughly and accurately determine their
effectiveness and to accurately identify barriers and opportunities for successful
conservation.
2.2 Need for Holistic Approach
Conservation efforts cannot truly be deemed a complete success or failure without
an efficient and objective measurement rubric that accounts for all factors influencing the
project (Parrish, Braun & Unnasch, 2003; Gerber, DeMaster & Roberts, 2000; Gotelli &
Colwell, 2001). Currently, the majority of measurements only identify and quantify some
of the environmental influences and completely ignore additional factors that may have
an impact on conservation efforts. Traditional measurement rubrics have been based on
11

biological factors using conventional conservation goals increases in the amount of
species conserved and/or the amount ofland protected as indicators (Mascia et al., 2003;
Margoluis, Stem, Salafsky & Brown, 2009; Salafsky, Margoluis, Redford & Robinson,
2002; McLellan, 2002; WWF conserves our planet, habitats, & species like the Panda &
Tiger, n.d.).
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Figure 1: Charismatic mega species utilized as conservation organization logos.
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The most recognized indicator for biological success is an increase in the
population of a targeted species. Guidelines for choosing a specific species for
conservation is usually based on whether they are considered an "umbrella" species, a
species with extensive habitat needs that encompass the habitat needs of other species. fu
addition, these species tend to be charismatic mega-species that are relatable and pique
human interest to aid in the process of raising funds for conservation. Additionally,
charismatic mega-species are often utilized as symbols for large environmental
conservation organizations; an example would be the use of an elephant tusk for the
Convention of International Trade in Endangered Species (CITES) (Figure 1). Megaspecies, however charismatic they may be, might not be the most sensitive to habitat or
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environmental changes which may lead to declines in biodiversity even while the
population of the target species increases (Brooks, Franzen, Holmes, Grote & Mulder,
2006; Sodhi, Butler, Laurance & Gibson, 2011; Stoll-Kleemann et al., 2006; Lempinen &
Brown, 2007; Butchart et al., 2010; Environmental conservation work in the USA, n.d.).
By overlooking additional influences within a habitat there may be false positives in
determining overall conservation success, as seen through successful bumphead
parrotfish protection that has in tum damaged threatened coral reefs in the Palmyra Atoll
(Vaidyananathan, 2015).
Similarly, protecting specific areas of land has long been a common approach for
local conservation. Identifying areas to protect involves ascertaining and distinguishing
unique areas and biodiversity "hotspots" which contain an abundance of vulnerable
species. The amounts of protected areas generally increase through ear-marked funding
from global donors to protect specific areas of land. This may increase the size of
protected areas and thereby satisfy the donors; however, many of the protected areas may
not actually harbor the targeted species, or the area may be too small to be effective. In
addition, protected areas, once designated, may simply not be monitored; hence, no real
data about the impact of the protected area is available. While increasing protected areas
may look successful on paper, an additional serious problem is ongoing encroachment
from increased human presence by squatters and poachers, and increasing urbanization
(Brooks, Franzen, Holmes, Grote & Mulder, 2006; Sodhi, Butler, Laurance & Gibson,
2011; Stoll-Kleemann et al., 2006; Lempinen & Brown, 2007; Brechin, Fortwangler ,
Wilshusen & West (Eds.), 2003; Brooks, 2004; Opdam, Verboom & Pouwels, 2003).
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While narrowly defined measurements of biological success continue to be used
to inform policy and decision making, conservation projects still fail to meet their
objectives because this traditional model ignores the reality of the complex interaction
between biological systems and the socio-economic systems in which conservation
efforts exist. Traditional indicators used by natural scientists are important for
understanding population structure but they provide only a limited and superficial
measurement of conservation success (Gerber, DeMaster & Roberts, 2000). In contrast to
the biological approach, social scientists recognize that humans play a role in
conservation and measure the economic well-being and empowerment of a community as
well as public involvement in respect to conservation (Brooks, Franzen, Holmes, Grote &
Mulder, 2006). Many researchers have noted that engaging local participation in
conservation efforts has been correlated with increased conservation success. Therefore,
social scientists conjecture that determining overall conservation success requires
additional parameters to account for other influences that may have an impact on
conservation projects (Lundquist & Granek, 2005; Parrish, Braun & Unnasch, 2003;
Wilson, McBride, Bode & Possingham, 2006; Brown, 2002). A new holistic rubric that
addresses all influences impacting conservation projects including environmental,
institutional, social, and conflict factors is urgently needed to address ongoing habitat and
biodiversity loss.

2.3 Proposed Holistic Evaluation Factors
In order to adequately assess and evaluate the effectiveness of land and species
based conservation efforts, the following four categories of factors will be brought
together into a proposed holistic matrix; environmental, political/institutional,
14

social/cultural/economic, and conflict-related. Traditional measurement criteria have
been retained and is encompassed within the category of environmental factors.
Additional factors included within the proposed holistic matrix were identified in
previous research as influences commonly neglected by the traditional approach to
conservation.
2.3.1 Environmental Factors
2.3.1.1 Environmental Health
Measuring environmental health is an important step to defining the status of a

habitat by determining its ability to function properly. Environmental health is often
difficult to define because its measurement relies on identifying and assessing multiple
features and gauging their influence on the natural environment. To begin assessing
environmental health, a set of parameters from various disciplines that are associated
with healthy environments is needed. Once this initial "healthy" state is defined,
differences in each environment can be compared to identify features that are detrimental
to, or support a healthy environment. While there may be countless elements that can be
used to define a healthy environmental state, for this study, three main parameters will be
used; soil quality, water quality and a species index (Stokols, 1992; Schaeffer, Herricks &
Kerster, 1988). Healthy ecosystems provide a multitude of services to both human and
non-human populations and without efficient functionality of ecosystem services, the
health of the environment will diminish. Diminishing health in turn undermines
ecosystem services, in a continuing downward spiral, triggering a decline in the health of
other species.
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2.3.1.1 .1 Soil Quality
Soil quality is the ability of soil to perform necessary functions for intended use
while sustaining biodiversity and supporting a sustainable environment. Soil erosion or
displacement of soil (Lal & Singh, 1998) can occur through natural and/or artificial
processes (Bojo, 1996). Natural processes include soil movement from wind and water,
while artificial processes such as land conversion can be more complex and have the
potential to exponentially speed up natural erosion processes. Devoid of healthy soils,
habitats cannot function properly and will begin to deteriorate, losing the ability to
support a healthy amount of biodiversity.
I

When land is converted from natural habitat for anthropogenic uses, it may
become vulnerable to drying and subject to soil, wind and water erosion. One major type
of land conversion is agricultural development which can cause non-productive yields by
increasing vulnerability from dry soils leading to erosion (Pimentel et al., 1995). Large
areas subject to soil erosion could lead to soil degradation, where detrimental processes
lower the productivity of the land to where it cannot function properly (Zimmerer, 1993;
Pimentel et al., 1995; Bojo, 1996; Rousseau, Deheuvels, Arias & Somarriba, 2012).
These processes are both biological, through soil carbon sequestration and changing soil
biodiversity, and chemical, via soil acidification and salinity (Oldeman, 1994). One
major cause of biological and chemical degradation is the aforementioned agricultural
development because natural landscape is removed and replaced by crops or livestock.
Conversion to agriculture also introduces foreign soil, fertilizers, and pesticides which
dry soils leading to acidification and increased salinity with continual use (Ducourtieux,
Laffort & Sacklokham, 2005).
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Soil erosion and degradation are prominent worldwide and can become
compounded together leading to malnutrition or food shortages which can then lead to a
vicious cycle of increased conversion and vulnerability (Zimmerer, 1993; Pimentel et al.,
1995; Bojo, 1996). This is a cause of major environmental concern due to lack of
understanding of soil processes (Zimmerer, 1993). Scant information is available on
certain soil erosion processes because the focus has mainly been on how water is
involved in soil erosion, though it has been cited as an important area for future research
(Bojo, 1996). There is also a lack of will in some governments, particularly in less
developed countries, to effectively address the issue as well as a lack of funding for
research. For example, the Bolivian government did not support soil conservation during
the Cochabamba erosion crisis because they relied on other agencies (for example,
United States consultants) to address the issue. After two decades of neglecting to
establish a soil conservation policy, the Bolivian government blamed the "backwardness"
of rural populations for soil erosion and degradation in the area (Zimmerer, 1993).
Understanding the changes that reduced soil quality presents to natural environments is
vital to protecting biodiversity. Identifying influences impacting soil quality in specific
places and under specific circumstances will help improve conservation assessment and
aid in setting guidelines for future conservation projects.
2.3.1.1.2 Water Quality
Water quality has a variable definition within different contexts due to multiple
factors with the potential to influence its quality. For this study, water quality parameters
will be based on the chemical and biological content of water where high water quality
correlates to few pollutants as identified in available water quality reports of the selected
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conservation areas. Over the years there has been increased apprehension about the
deteriorating quality of water because of contamination (Karr & Dudley, 1981). It is a
major environmental concern because water is essential for life to thrive and low quality,
highly polluted water has adverse effects for both humans and wildlife (Glennon, 2004).
Including water quality in the measurement of environmental health is important to
determine the functionality of habitats.
Many pollutants associated with lower water quality have anthropogenic sources,
such as urban runoff and agriculture. Urban runoff is primarily composed of wastewater
drainage and storm water runoff. Drainage systems collect and transport detritus,
generally from city centers and high traffic areas, to another area for processing and
purifying. While this system aids in maintaining water quality there are instances of
system failure resulting in flooding and overflow which may concentrate pollution at the
runoff site. Additionally, in many parts of the world, waste water systems are intrinsically
linked to water quality, where poor sanitation is the main source of water pollution.
Inadequate or non-existent sanitation systems cannot clear away human waste and can
contaminate water systems, deteriorating the health of the area (Moe & Rheingans,
2006).
Agriculture introduces fertilizers and pesticides into the water system from runoff.
Agricultural fertilizers and pesticides have the potential to seep into ground water causing
contamination of drinking water (Karr & Dudley, 1981; Tong & Chen, 2002). Water
quality tends to decline with increases in human population due to the need for increased
urban growth and agriculture. In an effort to combat this contamination, buffer zones
have been introduced in conservation areas to try and maintain the health of the area.
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Buffers zones are typically located at the border of conservation areas to limit the influx
of fertilizers and pesticides in order to maintain the water quality necessary for
ecosystems to support life and protect biodiversity (Muscutt, Harris, Bailey & Davies,
1993; Tong, 2002).
Clean water is essential for proper ecosystem functionality, and without healthy
ecosystems protected species and habitats cannot thrive. Declining water quality can be a
slow and unnoticed process that progressively weakens ecosystem health and endangers
the success of conservation projects. The addition of water quality will help to bolster the
measurement rubric in determining ecosystem health and overall conservation success.
2.3.1.1.3 Species Index
In order to accurately assess the impact of conservation efforts on individual
species, an accurate catalog of existing species must be created. However, species
surveys are often impossible to implement in vast areas or in areas with scant resources
(Flieshman, Murphy & Brossard, 2000). When ground trothing a survey of species is not
possible, a species index can be used to calculate biodiversity in an area. A species index
is used typically in ecology to facilitate the definition of high or low biodiversity areas
(Simberloff, 1998; Wiens et al., 2009). Use of a species index will assist in the
development of a more comprehensive assessment of conservation to determine success
and/or failure.
Simpson's Diversity Index is the most prominently used species index, which
calculates the biodiversity of a particular habitat utilizing both species richness and
species evenness. Species richness is based on the amount of different species that are
present while species evenness is based on the relative abundance of each species present
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(Hunter & Gaston, 1988). Higher levels of species richness and evenness correlate to
higher levels of diversity within the habitat. Indications of diversity levels are then used
in the identification of biodiversity "hot spots" or areas of concern (Simberloff, 1998;
Wiens et al., 2009).
Depending on the type of conservation effort and data collection methods, three
different but closely related variations of the Simpson's Diversity Index may be used to
determine levels of biodiversity. Simpson's Index (D) and Simpson's Index of Diversity
1-D measure the probability that two randomly chosen individuals are from either the
same or different species, respectively. Simpson's Reciprocal Index 1/D measures the
number of species in an area with the higher value representing greater diversity.
Variations of the species index are often used interchangeably based on the amount of
information available for each project depending on funding, time and level of training
when completing the index (Hunter & Gaston, 1988; Keylock, 2005; Simpsons Diversity
Index, n.d.).
To truly indicate an intact and healthy habitat, native species highly adapted to the
particular habitat should be present in abundance in addition to high levels of biodiversity
indicated by a species index (Flieshman, Murphy & Brossard, 2000). Low levels of
biodiversity may not be represented when only an increase in the amount of targeted
species is used as a conservation goal to indicate success. Underrepresentation of species
biodiversity may, in fact, indicate a failed conservation attempt, even when the targeted
species population is increasing. Hence, the complexity of biodiversity may mislead
evaluators and lead to a failure to identify significant problems in an ecosystem or
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protected area. An expanded conservation measurement rubric will be able to address and
mitigate similar problems identified in different conservation efforts.

2.3.1.2 Habitat Fragmentation and the Edge Effect
In addition to factors that indicate a healthy ecosystem, another overlooked
environmental process that can undermine conservation efforts is habitat fragmentation.
Habitat fragmentation can be described as the process of disconnection from resources,
and the cutting off of indigenous species from their natural habitats, which causes the
emergence of isolated patches of landscape (McKee, Sciulli, Fooce & Waite, 2004;
Brooks, Franzen, Holmes, Grote & Mulder, 2006). Disconnection happens both naturally,
by geological features such as rivers or mountains, and anthropologically, through the
process of fragmentation by urbanization which occurs in order to accommodate
increases in human population growth (McKee, Sciulli, Fooce & Waite, 2004;
McKinney, 2002). Fragmentation breaks up habitats that are vital to maintaining
biodiversity and misrepresenting disconnections in habitat can thwart conservation efforts
leading to declines in both species and habitat biodiversity.
The majority of fragmentation is due to developmental land conversion for
agricultural growth or logging activities and, in recent decades, road construction.
Agricultural conversion and logging transforms large patches of natural landscape,
cutting off and destroying natural resources which leads to increased disconnection and
begins the process of habitat isolation (Noel, Ouellet, Galois & Lapointe, 2007). Further,
fragmentation and the amount of isolated patches have increased through road
construction due to the placement of streets and roadways (Hance, 2011). An example of
large scale landscape evolution and transformation from development can be seen in the
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Amazon Rainforest. Clearing land for local agriculture started the process of
fragmentation; logging soon followed. Roads were built to ease the transport of timber
and other resources out of the Amazon region. Vast tracks of once lush rainforest are
now cleared and developed (Butler, 2009). Devastating road construction plans do not
stop in the Amazon; in 2011 Indonesia had plans to build a 40 foot wide road that cut
through Kerinci Seblat National Park (Bettinger, 2014). The proposed road would
effectively fragment the landscape and further threaten countless endangered species
including Sumatran tigers, Sumatran rhinos, and the ground cuckoo (Hance, 2011).
Moreover, Bandipur Tiger Reserve in India is already fragmented by established
highways, where many species are victim to speeding cars. A new proposed railway
system would lead to further mortality while chipping away at protected habitats. Even
with the knowledge that road and rail construction would put a strain on the environment
and fragment the habitat, governments still demand linear infrastructure (Gubbi &
Dasgupta, 2014). Landscape transformations and the process of fragmentation breaks up
continuous areas of habitat utilized by local species and can result in decreases to
biodiversity and changes in species population structure. Land conversion for
anthropogenic use may promote the deterioration of natural habitat, depleting areas
available for wildlife and increased fragmentation can intensify species segregation
(Abbitt & Scott, 2001).
Areas of heavy fragmentation, whether natural or anthropogenic, can suffer
significantly from edge effects, described as an abrupt shift between two contrasting
habitat types. To get an idea of what this means, think of Central Park in New York City.
Central Park is a lush green park completely surrounded by urban development, namely
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skyscrapers. There is no exchange of resources between the conflicting habitats and it is
exceedingly difficult, if not impossible, for any plant species to exist outside of the park
boundaries. Smaller fragmented areas (Fahrig, 2003) have the potential to become fully
engulfed within the edge completely degrading the natural environment. Generally, edges
can form beside the border of agricultural land, logging patches, and along stretches of
road. Edges may have detrimental effects on the natural landscape, including but not
limited to: pollution from agricultural fertilizers and pesticides, soil erosion, loss of
functional habitat and the introduction of invasive species (McKee, Sciulli, Fooce &
Waite, 2004).
Due to fragmentation and species disconnection from vital resources, it has
become extremely important to identify appropriate areas for conservation efforts. Many
countries have established natural parks and biological reserve areas, and in some cases
land has been set aside for the creation of greenways to counteract the damage caused by
construction for transportation. Protected areas are established in an effort to try to limit
the amount of fragmentation from urban and human population growth in an area
(Seams, 1995). Eventually, efforts to protect species or vulnerable habitats are hindered
due to the lack of available space and the looming threat of future human population
growth (Brooks, Franzen, Holmes, Grote & Mulder, 2006). The proposed holistic matrix,
which acknowledges that fragmentation is a problem for biodiversity maintenance, may
aid in slowing the fragmentation of habitats.

2.3.1.3 Habitat Gap Analysis
In addition to identifying overlooked environmental processes and to aid in
expanding the traditional measurement rubric, information from habitat gap analyses will
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be applied where available. The Convention on Biological Diversity (CBD) defines
habitat gap analysis as an assessment to show the degree to which protected areas meet
protection goals set by a nation or a region to represent biodiversity (Figure 2). This type
of assessment has the ability to detect three major types of gaps; representation,
ecological and management. First , representation gaps occur when there is no occurrence
of a particular species in a protected ecosystem. Second, ecological gaps occur when the
habitat inside of a protected ecosystem is insufficient to maintain lasting biodiversity.
Lastly, management gaps describe areas where protection exists but management is
insufficient (Ecological Gap Analysis, n.d.; Scott et al., 1993).
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If not acknowledged, all three types of gaps can have detrimental effects on
conservation projects, preventing major conservation goals of increased protected land
and biodiversity from being obtained (Simberloff, 1998). If representation and ecological
gaps are not identified and addressed , even basic conservation goals cannot be met due to
the lack of biodiversity. Management gaps are not traditionally identified but can have a
major impact on conservation success or failure based on how the project is run.
Management can either strengthen conservation with diligent monitoring and
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maintenance or serve to highlight flaws that are present within a feeble administration.
Addressing shortcomings identified in protection goals through the utilization of habitat
gap analysis can be the first step in determining where to use available resources to
reduce current and future gaps.

2.3.2 Institutional/Policy Factors

2.3.2.1 Government Policy
Governance, or the type of governmental system in place for decision-making,
can have a huge impact on environmental policy. The development of governmental
policies are founded in the basic principles and objectives declared by the government for
regulatory measures. Well-developed and clear ecological policies that are continuously
regulated are essential to conservation and the creation of sound environmental policies
(Gerber, DeMaster & Roberts, 2000; Kaphengst, 2014). Government commitment to,
involvement in, and legitimate authority in the eyes of the people to enforce,
environmental protection policies are paramount for conservation success.
Creating effective conservation policies relies on an interested and stable
government body. An absence of interest can plague conservation projects suffering
under a lack of managerial oversight and lack of support (Stoll-Kleemann et al., 2006;
Beierle, 1999). Negligence of conservation policies can cause natural resources to be
overutilized to the point of degradation. Deficient support is just as damaging and could
possibly delay or deplete funding for conservation projects (Lundquist & Granek, 2005).
Governmental instability, whether political or security related, can severely affect
how conservation projects are established, managed and/or protected (Lundquist &
Granek, 2005; Struhsaker, Struhsaker & Siex 2005; Leftwich, 1993). Political instability
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lowered biodiversity in Bwindi Impenetrable National Park, Uganda, Africa due to a lack
of enforcement of conservation policies. Instability in Uganda caused a decline in
revenue from tourism; without revenue, patrols of conservation areas were eliminated,
leaving them open to illegal resource extraction (Muhumuza & Balkwill, 2013). Support
for conservation efforts is often linked to political agendas and can suffer in the presence
of conflicting interests or parties (Stoll-Kleemann et al., 2006). Conflicting interests
often involve an economic incentive, and may result in the use of force, such as in the
case of police intervention in Javanese forestry to "control discontent" oflocal forest
villagers (Peluso, 1993). Instability can also make governance unpredictable and
conservation efforts are generally not considered a priority while the governing body
recovers (Beierle, 1999; Lundquist & Granek, 2005; Struhsaker, Struhsaker & Siex 2005;
Stoll-Kleemann et al., 2006; McNeely, 1988).
The perpetuation of successful conservation projects in the long term depends
upon the establishment of effective government policy. Additionally, without adequate
support for environmental policy, conservation may fail. Sufficient support requires an
interested and stable government able to sustain and enforce an environmental agenda.
On the other hand, conservation efforts cannot wait for governmental change on a
national scale in certain regions around the world. Instead, we can better understand how
specific governmental structures, attitudes and capabilities can influence conservation
outcomes in specific ways in specific places. An understanding of how government
policy may impact conservation is needed in order to plan for long term success.
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2.3.2.2 Local Government Organizations
Once a conservation policy is established, local government organizations are
responsible for its enforcement. Local government organizations are the administrative
bodies for small geographic areas primarily consisting of states, counties, towns or cities.
Organizations of this type are responsible for making decisions and passing laws at the
local level, the lowest level of government (Press, Doak & Steinberg, 1996). How local
governmental agencies are organized, either into ministries or government councils,
depends upon the importance placed on different objectives by the home country. One of
the primary roles of local government is to provide leadership through officers and
institutions. Local governments are entrusted to protect and maintain habitats by
devolving power to local institutions (Brockington, 2007).
Local government's role in environmental conservation is primarily to make
decisions on where to use conservation funding. However, failure is often observed if
local government is weak and inefficient. Inefficiencies mainly stem from poor relations
with local communities, which may lead to little to no support for conservation policies
(Brockington, 2007). Conflict over border delineation of biological reserves and parks is
often indicative of a lack of support for local government by the resident population.
Local populations are more likely to push conservation boundaries to use natural
resources that are supposed to be protected as seen in Nicaragua. Nature reserves,
established for jaguar protection, are often impinged upon by local farmers to expand
agricultural areas . Creation of boundaries without the inclusion of the local community
has created conflict and indifference to conservation policy. Lisanne Petracca, geospatial
analyst with Panthera, has described the area as a "land of lawlessness and resource
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exploitation" due to the blatant encroachment onto protected lands. Changing the
attitudes of the local population towards conservation has been acknowledged as one of
the first steps to improving the outlook on jaguar protection (Chain, 2015).
To improve relations and to aid in environmental preservation, local government
organizations need to support community participation and decision making in relation to
environmental conservation. Supporting local communities through involvement in the
formation of conservation policies may help to ameliorate conflict. Holistic measurement
should include the type of influence local government organizations have over
conservation policies to help determine the effectiveness of local government
enforcement.

2.3.2.3 Non-Governmental Organizations
A variety of Environmental Non-Governmental Organizations (ENGOs) are often
utilized in an effort to bolster conservation and bring awareness to conservation policy.
Non-Governmental Organizations (NGOs) are non-profit, voluntary groups organized at
local, national or international levels. The purpose of a generic NGO is difficult to define
because they "defy classification" due to their complexity and the various arenas in
which they are present (Meyer, 1995). However, many NGOs can be categorized,
whether local or international, by their focus.
Environmental NGOs (ENGO) are groups that focus specifically on
environmental issues. ENGOs are often partnered with international agencies and
national governments to aid in the promotion of conservation efforts {Levine, 2002). At
the international level, ENGOs have facilitated an increase in an NGO's role in public
service and mainstream politics (Jepson, 2005). ENGOs have also begun to shape
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conservation agendas for the developing world because these organizations are seen as an
alternative recipient to development aid by the World Bank, as opposed to local
governments and communities. Once development aid money is received, it is then used
to promote community-based conservation programs (Levine, 2002).
Community-based conservation stems from NGOs' support of local communities
by providing a platform for the community which is utilized to raise awareness of local
environmental concerns (Agrawal & Gibson, 1999; Struhsaker, Struhsaker & Siex 2005;
Frazier, 2006). NGOs are also able to provide financial backing by directing finances for
conservation, traditionally through the allocation of funds to preserve areas of land
(Ferraro, 2001). Nevertheless, community based conservation can sometimes hinder
conservation efforts when faith is placed in the regenerative capabilities ofNGOs, as
opposed to checks and balances through the inclusion of local institutions. Interference
can cause the outcome of conservation efforts to be contradictory to what local groups
actually need (Agrawal & Gibson, 1999) and can widen inequalities between institutions
and local people (Levine, 2002). Progress in conservation can also be slow and erratic
even with increasing support and investments from interested parties. Due to this slow
process, organization stakeholders may not want to wait for a shift in environmental
policy or improvements in conservation and may decrease support before any positive
changes can occur (Jepson, 2005). Decisions by NGOs to prioritize specific kinds of
conservation, such as land acquisitions rather than support of the management and
maintenance of conservation areas already established or obtained, can also be
problematic for overall conservation efforts (Press, Doak & Steinberg, 1996).

29

Non-governmental organizations can be important to conservation because of
their ability to back local communities and to operate on a global scale (Agrawal &
Gibson, 1999). However, NGOs can also hinder conservation through interference with
community rights and the political process (Jepson, 2005) . A deeper understanding of
the often complex relationship between NGOs and local communities, and how particular
types of relationships either encourage or deter conservation, is imperative.
2.3.2.4 Management Plans
In addition to the work of NGOs, conservation management plans are sometimes
used to support and enforce conservation policies. A management plan is a document
that sets guidelines for establishing specific conservation projects (Abbitt & Scott, 2001;
Store & Kangas, 2001). Generally these plans include the significance of conservation,
conservation requirements, and management policies to help set the direction for future
area use (Kerr, 2000; Wilhere, 2002). The overall goal of management plans is to identify
appropriate conservation strategies for different types of conservation approaches,
commonly habitat and/or wildlife protection. Strategies utilized tend to be flexible and
easily changed depending on what is required for each specific conservation project's
goals. Management plans may help or hinder conservation policies depending upon the
strategies used for their creation and how they are implemented.
While management plans can be utilized to establish conservation policies, lack of
funds, lack of direction, and a lack of training can render management plans ineffective
and even negatively impact conservation (Heritage Act 1977, 1977). Creation of plans,
often based on trial and error, lead to incremental changes at a high cost. With a chronic
shortage of conservation funds, attempts to begin projects are hampered (Wilhere, 2002).
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The ongoing debate between government agencies, environmental consultants, parks
management, or different combinations of these organizations, regarding who can
actually prepare a plan for conservation management and decide guideline contents can
seriously derail plan direction (Kerr, 2000), which impedes attempts to actually create a
plan. Finally, a lack of trained conservation professionals can deter the acceptance and
implementation of plans once created.
Conservation management plans that are initiated, when development processes
are not understood by those creating the plan, can lack fortitude and hinder conservation
efforts. Weak understanding of plan creation leads to the application of feeble
management over diverse conservation efforts. Ineffective plans can also derail
conservation policies because they are either too rigid to be universal or too flexible to
impose regulations. For example, the Endangered Species Act (ESA) of 1973, written to
protect endangered wildlife, was extremely rigid and did not allow for compromise.
Officials were reluctant to enforce the strict laws that made normally lawful activities
illegal and landowners were apprehensive towards policies that would penalize them for
owning land utilized by an endangered species after all other habitat had been destroyed
(Wilhere, 2002). However, if used properly through the establishment of specific goals
and having a balance between flexibility and rigidity, management plans can be a vital
tool for the promotion of conservation best-practices in the attempt to protect endangered
wildlife and critical conservation areas (Abbitt & Scott, 2001; Store & Kangas, 2001).
Holistic measurement of conservation plans will need to track whether a
management plan has been established. If a plan has been established the matrix will
measure how well it has been enforced. Tracking by conservation effort will also
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determine if specific management plans are efficient and effective or weak and low
quality in a case by case basis. How well a conservation management plan is conceived,
established, and implemented will aid in the determination of what guidelines are
necessary for long term conservation success.

2.3.1.5 Funding
Contribution of money earmarked specifically for conservation purposes is
essential for obtaining critical habitat areas, providing conservation professional training,
development of effective management plans, and monitoring and maintenance of habitats
and wildlife (Press, Doak & Steinberg, 1996; Balmford & Whitten, 2003; Brooks,
Franzen, Holmes, Grote & Mulder, 2006). Generally, three main stakeholder groups
contribute to conservation funding; the local community, the national community and the
global community (Balmford & Whitten, 2003; Balmford et al., 2002). The involvement
and commitment of stakeholders can be vital to the success or failure of a conservation
project.
Local communities are composed of a group of individuals sharing the same
environment whose interactions usually include commonalities in belief systems,
resources and values. Having the support of local communities is indispensable when
trying to raise money for conservation awareness (Press, Doak & Steinberg, 1996;
Balmford & Whitten, 2003). Local communities have the ability to foster compassion for
local critical habitats which may persuade other people, communities and/or
organizations to donate to maintain the environment. The national community includes
commercial interests and persons outside of the local community (Press, Doak &
Steinberg, 1996) and has the capability to appeal to a larger audience about
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environmental concerns more readily than local communities. Governments, businesses,
NGOs, and concerned individuals make up the global community with powerful actors in
the global arena having the ability to raise funds without the necessity of being adjacent
to chosen conservation projects (Balmford & Whitten, 2003; Waldron et al., 2013).
Even with all these stakeholders, there are a multitude of underfunded projects
around the world (Barrett & Arcese, 1995; Balmford & Whitten, 2003) because the funds
available are either not sufficient or are used for inappropriate conservation objectives
(Ferraro & Pattanayak, 2006). Most organizations raise funds in order to obtain additional
land for a protected area or to protect a specific mega-fauna species. Development of
competent management, training of conservation professionals, monitoring and
maintenance of existing conservation, or enforcement of environmental policies, though
important, are often overlooked and underfunded (Brooks, Franzen, Holmes, Grote &
Mulder, 2006). Yet, without these additional elements, conservation often fails. A lack of
training and development of proficient individuals leads to an inability to follow even the
simplest management plan no matter how effective, which in tum, leads to failed
conservation initiatives (Balmford & Whitten, 2003). The ability to track where funds are
appropriated, and to understand how fundraising for conservation is successful in certain
situations but not in others, and why, is important to the process of facilitating long term
conservation success.

2.3.3 Social/Cultural/Economic Factors
2.3.3.1 Population Change
Changing human populations can wreak havoc on the natural environment
through habitat appropriation and destructive resource use. Population change refers to
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changes in the number of individuals within a population; this change can be observed as
either an increase or decrease. Generally, human population change occurs as an increase
which is termed as growth. Population growth, while ordinarily slow and expanding over
time, can occur rapidly with an influx of individuals as a result of immigration which
places strain on the economy and environment. McKee, Sciulli, Fooce & Waite (2004)
suggest that disparities in socio-economic claims influence how and why human
population growth occurs in certain areas.
Rapid changes to human population can have a negative impact on adjacent
natural environments and disrupt natural ecosystem functions due to an increase or
decrease in human population density (Abbitt, Scott & Wilcove, 2000; Gill, Norris &
Sutherland, 2001; McKee, Sciulli, Fooce & Waite, 2004). Increases to human population
density around natural habitats have been correlated with species avoidance of the area,
leading to lowered biodiversity and species endangerment (Abbitt & Scott, 2001; Gill,
Norris & Sutherland, 2001 ). Growing human population density can also increase the
use of natural resources, deterring the functionality of the ecosystem and lead to a further
reduction of wildlife populations (Gill, Norris & Sutherland, 2001; McKee, Sciulli, Fooce

& Waite, 2004 ).
Assessing the rate of human population growth can be used to estimate
environmental threats to the area through an evaluation of how changing human
population density impacts biodiversity. Natural environments are generally managed and
conserved in the attempt to limit human population growth in specified areas (Abbitt &
Scott, 2001; Gill, Norris & Sutherland, 2001; McKee, Sciulli, Fooce & Waite, 2004)
especially those at risk for biodiversity loss (McKee, Sciulli, Fooce & Waite, 2004).
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Conservation measurement should recognize the impact of unabated population increases
which may lead to decreases in natural habitats and biodiversity hotspots (McKee,
Sciulli, Fooce & Waite, 2004). Further, to aid in making preemptive changes to
conservation policy, an understanding of what causes rapid changes in human growth
rates is essential. Changes to human populations adjacent to conservation efforts should
be tracked to assist in the evaluation of possible threats posed by such trends.
2.3.3.2 Urban Pressure
Rapid growth of human populations intensifies the need for an increase of urban
centers which can be detrimental to natural environments through land conversion for
anthropogenic pursuits. Urban pressure, usually characterized as a growth of cities and
towns due to both larger populations and an increase in economic growth (Breuste, 2004)
can have a considerable impact on ecosystems globally (de Noronha Vaz, Caetano &
Nijkamp, 2011 ), though the impact of urban pressure may be less apparent in countries
with established conservation projects set up to protect natural areas. Conversely, low
public or governmental interest in the absence of conservation efforts can have a negative
effect on maintaining natural areas (Breuste, 2004). Urban pressure in underdeveloped
countries is commonly associated with more degraded natural ecosystems due to the
increased influence of government instability and fewer resources for sustainable
development (de Noronha Vaz, Caetano & Nijkamp, 2011; Pezzey, 1992; Paul, 1987;
Sustainable Development, n.d.). Many underdeveloped countries introduce major
development projects in an attempt to relieve pressure from urban population density and
anthropogenic progress takes precedent over environmental concerns (Blom, Sunderland
& Murdiyarso, 2010). Pressure on conservation areas is also observed through increases
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in encroachment that may have deleterious effects on the natural landscape.
Additionally, agricultural growth to support an ever-growing populace (de Noronha Vaz ,
Caetano & Nijkamp, 2011) amplifies pressure on natural habitats from urbanization.
Detracting from the importance of urban pressure consequences on the environment and
failure to include pressure in conservation policy can hinder long term conservation
success.

2.3.3.2 .1 Major Development Projects
Large scale infrastructure projects established to advance economic development
and human welfare have a large environmental cost. In less developed countries (LDCs)
there is enormous pressure to begin development projects, moving from rural production
to industrial economies, to support growing human populations. The United Nations
Development Programme (UNDP) defines development as an "approach that links policy
planning and programming, for promoting results based management, instating quality
safeguards, monitoring and evaluating impact and equally learning from failures and
successes (HDRO Outreach, n.d.)." To preserve natural habitat and limit the loss of
biodiversity, LDCs must learn to balance environmental concerns with development
projects. Given that many LDCs face severe problems of hunger, lack of employment and
inadequate services for their populations, balancing environmental costs with
development is a highly-charged issue.
Construction of dams and transportation infrastructure are some of the major
development projects altering large amounts of natural landscape that can negatively
impact the environment, particularly in LDCs. Hydroelectric dams are generally
established to provide power and fresh drinking water for large populations as well as a
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method for irrigation for agriculture. However, dams alter water patterns that can be
damaging to the natural environment through water logging and/or raising the water table
which hinders habitat functionality (Baijal & Singh, 2000; Singh, 1990; Bolt & Brune,
1989; Dhawan, 1989). For example, China's Three-Gorges Dam on the Yangtze River
modifies natural nutrient cycling patterns dependent on river flows. Nutrients normally
flow from the river into crucial fishing grounds of the East China Sea supporting a large
amount of productivity, but with dam construction, natural patterns are disrupted which
significantly reduces downstream flow (Chen, 2000). Flow interference introduces
fragmentation of habitats adjacent to the dam and subjects them to edge effects with the
creation of water reservoirs. Species begin to migrate upland as water levels rise and this
changes species interactions and increases competition for habitat. Installation of dams
on the Yangtze River has depleted the habitat available for rare and endangered species,
including the Yangtze River dolphin, located only in its namesake river (Wu, Huang,
Han, Xie & Gao, 2003).
Construction for transportation infrastructure is generally initiated to ease passage
of resources, mainly timber, from long distances. Nevertheless, construction can
introduce habitat fragmentation, increase traffic to formerly isolated areas (Wilkie, Shaw,
Rotberg, Morelli & Auzel, 2000; Maki, Kalliola & Vuorinen, 2001; Breuste, 2004;
Gandy, 2008), and negatively impact wildlife (Baofa, Huyin, Yili, Le & Wanhong,
2006). Loss of forest cover in the Peruvian Amazon is linked to the intensification of road
development for the removal of timber and other forest resources. Iquitos, a Peruvian
city, shows an increase in deforestation rates contiguous to the lquitos-Nauta road with
continuous settlement (Maki, Kallio la & Vuorinen, 2001 ). In the Congo Basin, roads are
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constructed specifically for use in logging and exploitative forest resource extraction
(Wilkie, Shaw, Rotberg, Morelli & Auzel, 2000). High logging road densities have been
described throughout the basin leading to gaps in canopy cover {Laporte, Stabach,
Grosch, Lin & Goetz, 2007). Deforestation (Allen & Gould, 1986; Deacon, 1994), habitat
fragmentation for indigenous species, and human settlement are some of the identified
consequences of increased road construction in Africa (Allen & Barnes, 1985; Clark,
Poulsen, Malonga & Elkan Jr, 2009). Passing through Kekexili Nature Reserve, China's
Qinghai-Tibetan road and railway system has begun to fragment wildlife populations and
alpine grassland. Mortality from traffic collisions and destruction of habitat adversely
affect large mammal populations, generating concern for endangered species.
Passageways were introduced at various points along road and railways, however,
success depends on wildlife changing ingrained behaviors to use them (Baofa, Huyin,
Yili, Le & Wanhong, 2006).
Development projects are still needed in order to support growing populations;
however, to decrease impacts on conservation, newly implemented projects should show
some environmental awareness. Integrated Conservation and Development Projects
(ICDPs) have been represented as a process that brings conservation and development
together (Barrett & Arcese, 1995). When preservation of biodiversity is a priority, ICDPs
are utilized to empower local and indigenous people by including them in the process of
project development. Invested local populations may try to limit future negative impacts
by initiating sustainable development techniques as opposed to continuing the cycle of
large destructive projects (Blom, Sunderland & Murdiyarso, 2010).

38

Advancement through a variety of development projects to support growing
populations comes with high environmental costs. This is not to say that development
should come to a screeching halt, rather, awareness of what development may do to
conservation efforts needs to be increased. Understanding that there is a need for
development projects but having an awareness of environmental concerns may be the
first step towards beginning sustainable development. Impacts of major development
projects on different conservation projects should be included in an expanded
measurement rubric to help introduce protocol needed to avoid major environmental
degradation and foster long term conservation success.
2.3.3.2.2 Encroachment
Human encroachment onto natural habitats can spell disaster for species
biodiversity through destruction of the environment. Encroachment generally refers to an
intrusion beyond acceptable boundaries. Pressure from urban growth can cause humans
to trespass upon natural environments and, in extreme cases, preserved areas. Human
encroachment usually happens in high poverty areas where there is little enforcement of
laws and policies, particularly conservation policies, and where borders may not be
clearly delineated (Barrett & Arcese, 1998).
Complications with border delineation follows human migration out of heavily
populated urban areas into areas that are less dense near the borders of biological reserves
and conservation areas (Evans, 1999; Cincotta, Wisnewski & Engelman, 2000).
Additionally, migration may also occur into areas that neighbor indigenous reserves,
where areas act as buffer zones to neighboring conservation due to the area being
sustainably developed. Adjacent areas can often become inhabited by squatters, and
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illegal settlers can intensify environmental strain through increased use of natural
resources and utilization of sustenance gardens. There is also a greater chance of conflict
between squatter communities and indigenous populations over the use of natural
resources (Evans, 1999; Jacoby, 2014; UNESCO, n.d.; WWF - Endangered Species
Conservation, n.d.). As resources become scarce, the borders of conservation areas are
often violated and poaching can become a common occurrence. Poaching can be
described as the illegal seizure of wild flora and fauna. Conservation areas can suffer
from poaching usually in the form of fishing and the hunting of wildlife for sustenance
(Hilborn et al., 2006; Milner-Gulland & Leader-Williams, 1992). Pilfering of flora and
fauna can cause declines to biodiversity and deterioration of the natural environment
(Mane!, Berthier & Luikart, 2002; Archie & Chiyo, 2012).
Encroachment into conservation areas can have disastrous consequences if
borders are not strictly delineated and enforced. When poaching is in response to
poverty, local policies must be adjusted to assist local populations in meeting subsistence
needs without resorting to illegal encroachment onto conservation areas. Once the
borders are compromised by squatters through poaching (Evans, 1999); it may be
difficult to restore biodiversity adjacent to conservation boundaries, leading to the
increased possibility of edge effects. Measurement of the influence of encroachment on
various conservation efforts will help to define the overall impact of urban pressures on
the environment within an expanded rubric.
2.3.3.2.3 Agriculture
Agricultural impacts leading to environmental degradation have been mentioned
numerous times due to the interconnected nature of agricultural development for
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anthropogenic advancement. With continually growing populations there is a major
demand for an increase of agricultural lands (Sayer et al., 2012). While arguably
agriculture is needed to support ever-increasing human populations, it can lead to major
consequences for the natural environment, particularly in regard to water scarcity
(Rijsberman, 2006) and contamination from agricultural runoff, soil erosion, and habitat
fragmentation.
Agricultural irrigation has the potential to deviate local water sources to support
both field and livestock needs. Divergence from natural water patterns reduces water
available for endemic species and natural habitat functionality which can diminish
environmental health downstream. The second largest river in China, the Yellow River
(Huang He), suffers from excessive water withdrawal for irrigation which has caused the
fluvial plain to shrink resulting in a dry river bed downstream for months out of the year
(Liu & Xia, 2004). Irrigation increases the risk oflocalized drought (Fu & Chen, 2000)
which may increase the potential for dry soil and erosion. Soil erosion and degradation,
mentioned earlier, decreases the functionality of the land (Pimentel et al., 1995) which
becomes insufficient for conservation due to poor environmental health. Excessive
siltation and soil salinity of Mesopotamia, which reduces soil productivity, is just one
example of the detrimental impacts of agricultural irrigation on conservation (Khan,
Tariq, Yuanlai & Blackwell, 2006).
Increases in agricultural land conversion to combat the impact of erosion may
lead to declines in natural resources through the process of cutting down natural
landscape possibly expanding the instance of habitat fragmentation (McKee, Sciulli,
Fooce & Waite, 2004; Brooks, Franzen, Holmes, Grote & Mulder, 2006). Fragmentation
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on a large scale causes a disconnection from natural resources and the emergence of
isolated patches of habitat that also suffer from edge effects (Fahrig, 2003) and a loss of
species biodiversity due to species avoidance of the area. Lastly, in an attempt to limit
habitat fragmentation, fertilizers and pesticides have been used to obtain higher yields on
smaller amounts of land which can do even more harm because of the erosion and
pollution runoff potential. In some areas, chemicals used for farming have been detected
in local water sources and due to the potential for seepage into groundwater, pollution
pose a threat to the vast surrounding areas as well (Breuste, 2004; UNESCO, n.d.).
Agricultural pollution further deteriorates habitat functionality by destroying
environmental health and making it difficult for natural processes to rehabilitate
neighboring lands. Conservation areas adjacent to farms with poor soil and water quality
are at risk of declining biodiversity, undermining protection efforts.
The demand ·for increases in agricultural land conversion may stem from a
misconception that cultivation improves nature (Breuste, 2004) but in reality a cultivation
is in direct conflict with the preservation of natural habitats (Sayer et al., 2012).
Agricultural cultivation may in fact damage areas of surrounding natural habitat because
of negligent regulations and the need to sustain large populations. Understanding the
potential impact of agriculture on conservation is necessary for the creation of guidelines
required to avoid the potentially detrimental effects.

2.3.3.3 Local Participation
Many researchers have noted that participation in, and support of, conservation
efforts from local populations have been correlated with increased conservation success
(Agrawal & Gibson, 1999; Hackel et al 1999; Thakadu, 2005). Local attitudes towards
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conservation and preservation of natural habitats can have a huge influence on the
outcome of conservation as well as the effectiveness of conservation policy enforcement
(Agrawal & Gibson, 1999). In an effort to save wildlife and slow down environmental
degradation, many conservation efforts have begun to use community-based conservation
strategies, giving local people the chance to decide what land-use changes occur (Hackel,
1999).
For community-based conservation to be successful, local attitudes towards
conservation must be positive . The type of relationship local populations have with the
environment can be influenced by a variety of issues. Conservation attempts are
considered in a more favorable light when the population is more affluent with higher
levels of education (Alexander, 2000). High levels of environmental education are
prominent in Costa Rica and in turn most conservation attempts are seen as positive and
supportive of the natural habitats (Evans, 1999). Inclusion of local populations in the
development process for conservation areas also empowers communities to become
stakeholders of the environment, leading to increased awareness of potential
environmental threats and improved enforcement of mutually founded policies. The
Community Baboon Sanctuary in Belize originated as a community owned, protected
area aimed at protecting black howler monkeys and establishing an ecotourism market.
Members of this community now have a more favorable view of the environment and
generally consider restrictions on land-use to not have negative impacts as many people
have become attached to the local howler populations (Alexander, 2000).
However, in areas of low economic opportunity, local attitudes toward
conservation are generally more negative with conservation of the environment seen as
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an enemy to progress (Agrawal & Gibson, 1999), especially if there are problems with
benefit distribution to local communities. Growing poverty and urbanization in Africa
limits the effectiveness of community-based conservation as people expect indefinite
financial incentives to abstain from exploitative resource use (Hackel, 1999). Negative
perceptions towards conservation rise from poor relationships between locals and those
responsible for the management of protected areas (Alexander, 2000; Brockington, Igoe

& Schmidt-Soltau, 2006) . Displacement of local populations from newly established
protected areas also causes a pessimistic view of conservation and the environment.
Eviction of indigenous peoples has transpired to protect the environment from
anthropogenic influences, often such eviction is politically motivated. Brockington, Igoe
and Schmidt-Soltau (2006) note several instances where national prerogatives, both
economic and social, have motivated displacement. Economically driven by tourism,
NGOs present in Ethiopia, Mozambique and Tanzania ousted local populations in the
name of the African Parks Foundation and the George Adamson Wildlife Preservation
Trust. Similarly, indigenous highland forest dwellers in Thailand were removed due to
conflicts with farmers seeking to protect agricultural profits. Botswana's modernist
government evicted local populations due to an intolerance of indigenous lifestyles.
Additionally, during the socialist period of Tanzania, local populations were resettled
away from protected areas into collective villages (Brockington, Igoe & Schmidt-Soltau,
2006). Reduced or nonexistent access to resources from forceful removals increases the
instance of poaching and disregard for conservation policies by populations adjacent to
protected areas.
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Investment and inclusion of local communities in conservation efforts is vital for
the success of such efforts. Many researchers agree that local participation can have a
profound positive influence on the result of conservation attempts although it is not
traditionally measured (Agrawal & Gibson, 1999; Hackel, 1999; Garibaldi & Turner,
2004; Thakadu, 2005) . Accounting for whether local participation is effectively utilized
in conservation should be included in a holistic measurement rubric to determine whether
attempts are truly successful.

2.3.3.4 Cultural Edge Effect
Edge effects, normally a term used to define an abrupt shift between two
contrasting habitat types, can also be applied to social situations to describe distinct
cultural bodies. Cultural edges can be applied to specific social groups involved in the
interchange of diverse knowledge and sometimes conflicting values {Turner, DavidsonHunt & O'Flaherty, 2003) with reference to a shared environment. Turner et al. (2003)
suggest that cultural edges are similar to ecological edges in that they provide a continual
means of exchange between different cultures. Cultural edge effects may ultimately be
positive or negative in regard to conservation goals.
Positive exchange of information, goods and services can occur at cultural edges.
Traditionally, the trade of goods and services consisted of edible products, and hunting
and fishing knowledge and techniques. Moreover, cultural edges can also help bring
awareness to the destruction of the environment through recognition of different
ecological, governmental, economic, and social factors previously neglected {Turner,
Davidson-Hunt & O'Flaherty, 2003; Garibaldi & Turner, 2004) . The interchange of
conservation knowledge among different social groups is an important aspect oflocal
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participation for the maintenance of biodiversity. For example, aboriginal communities in
Canada situate themselves on ecological edges to gain the benefits of environmental
interchanges and access to different resources. Cultural exchanges can also involve the
sharing of management techniques for conservation of resources (Turner, Davidson-Hunt

& O'Flaherty, 2003), such as sharing ideas on sustainable development to maintain
species biodiversity.
Cultural edges developed over differences in ideology, belief systems, or cultural
practices can cause conflicting ideas with regard to ecological maintenance. For
example, indigenous communities near Talamanca International Park, Costa Rica are in
conflict with immigrating populations over the use of local resources. Squatters have
increased strain on the environment through poaching and extractive resource use on land
that has been sustained for generations by local people (Evans, 1999). Ameliorating local
conservation conflict requires differences to be understood and overcome. Finding a
starting point for communication between discrete cultures may involve the use of
cultural keystones species. Cultural keystone species are generally wildlife species that
are extremely important to cultural traditions and hold a high place in ceremonies and
narratives. Species are often representative of communities and can be used to stimulate
an interchange of conservation ideas and to soften cultural disparities . For instance, the
Katzie, a First People of British Columbia, Canada, have previously relied on wapato, a
starchy vegetable, for generations. Introduction of the table potato, along with the
draining and development of wetland areas where the species grew, has drastically
changed the community structure of the Katzie. Garibaldi & Turner (2004) suggest that
recognition of the wapato as a keystone species for the Katzie may help promote wetland
46

restoration through reestablishment of the cultural significance of the wapato. Using a
culturally important species to begin a conversation for restoration or conservation may
be important in the promotion and success of conservation efforts.
Understanding the role that cultural edge play in the environment is important in
the promotion and maintenance of biodiversity and natural habitats. Identifying local
factors that may previously have been neglected by traditional standards may help to
highlight underrepresented environmental declines. Cultural edges should be included in
expanded conservation measurement standards to ensure the legitimacy of local
conservation success.

2.3.3.5 Restoration
Acquisition of land for conservancy through the creation of parks and reserves is
generally thought of as a successful conservation practice (Young, 2000). The addition of
acreage for newly established, as well as existing conservation efforts, can aid in the
attempt to maintain species biodiversity and reduce habitat loss. However, the
accumulation ofland alone does not necessarily solve the problem of environmental
destruction. Newly acquired areas may be lacking in environmental health and
functionality due to prior use, and may require restoration efforts to regain functionality
(Balmford & Whitten, 2003; Wiens et al., 2009). Occasionally, land obtained for
conservation is degraded following years of land use change for anthropogenic purposes
such as urban development, agriculture, and other unsustainable activities . Restoration,
according to the Society for Ecological Restoration, is the process of reversing
degradation to rehabilitate land, reestablishing ecological balances (SER, n.d.; Ecological
Restoration, n.d. ). The process of restoration is complex and can be accomplished
47

passively, through succession of vegetation, or actively, over artificial establishment of
foliage (Benayas, Bullock & Newton, 2008) with diverse areas requiring different
restoration processes.
Young (2000) reported that restoration is generally botanically based and focused
more on the reestablishment of basic plant species within an area and less on animal
population rehabilitation. Guanacaste National Park, Costa Rica is committed to the
restoration of tropical dry forest through the process of natural colonization, a passive
approach to restoration. The reforestation plan consists of controlled fires to reduce the
influence of jaragua, an invasive plant species commonly used for hay, to support natural
seed dispersal of patterns (Moline, 1999). Once the forest is on the path to restoration
other plant and wildlife species can begin migration into the area, increasing biodiversity.
A more active restoration approach is modeled in African botanic gardens through tree
planting. Reforestation activities were performed in Kenya and Uganda utilizing
indigenous species, in contrast to other African efforts using non-native species.
Indigenous plants were used in the restoration efforts in the hope that they will aid in
supporting biodiversity and help to restore water supply (African Projects, n.d.; BGCI:
Botanic Gardens Conservation International, n .d.).
Even the best laid plans for restoration may not bring back the same ecosystem
functions previously located in the area. Natural habitats may be protected from further
detrimental land use changes, but through the creation of biological reserves and parks
these areas also undergo changes to become useful for human recreation (Press, Doak &
Steinberg, 1996). Restoration planners must also contend with the conservation mindset
that typically relies on the importance of a zoological approach for restoration (Young,
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2000). Zoological methodology, based on increasing the population of charismatic
megafauna (Gerber, DeMaster & Roberts, 2000; Sodhi, Butler, Laurance & Gibson,
2011), is an extremely common conservation goal, but can actually be counterproductive
to the needs of the environment (Young, 2000). Restoration may not be entirely feasible
or realistic in areas of extreme change or if market forces prevent positive benefits of
preservation because there may be more incentive for resource extraction as opposed to
conservation (Press, Doak & Steinberg, 1996; Balmford & Whitten, 2003). For example,
Costa Rican efforts may be derailed if the cost of restoration begins to surpass budgeted
amounts or if the economy falters and results in timber harvests for money (Moline,
1999).
While restoration may be significant for the reestablishment of ecological
balances, it can be unrealistic if restoration is needed during economically unstable
periods. The final outcome of restoration efforts will need to be tracked to identify the
type of impact, positive or negative, that restoration has on conservation. Restoration
costs must be accounted for when new areas are added to conservation projects.
Discounting the potential influence of rehabilitation efforts can stymie advances realized
for long term conservation success.

2.3.3.6 Tourism
Tourism typically entails travel to an attraction outside of normal environments
for a limited duration. Conventional tourism has been shown to have detrimental impacts
on natural areas due to increased use, human encroachment, and the development of
amenities for tourist populations. Alternatives to mass tourism, such as ecotourism,
wildlife tourism, natural area tourism etc., have been developed to try and limit the
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environmental impact of tourism (Kiper, 2013). Ecotourism is focused on observing
unique wildlife and exotic natural habitats that are often endangered, which helps to
increase conservation awareness and aids in supporting local communities. Expanding
the measurement rubric to include identification of the type of tourism and the impact it
has on different conservation efforts is crucial to determining success or failure.
Ecotourists often visit critical habitat areas that need to be protected, with the
increased revenue helping to support further conservation efforts. Revenue earned may
enable countries to expand conservation efforts by utilizing tourism as a tool for
educating tourists about irreplaceable wildlife and habitats to aid in conserving
biodiversity (Kiss, 2004). Farrell & Runyan (1991) reported that if revenue is shared with
indigenous communities, local populations are encouraged to have a functioning
relationship with the natural environment. Newly empowered local communities tend to
become invested stakeholders and are thereby more inclined to uphold and enforce
policies that protect and maintain the biodiversity of unique habitats. They are
incentivized by the hope that expansion of conservation success will guarantee future
revenue payments (Farrell & Runyan, 1991). Communities that have been traditionally
marginalized by conservation policies for the establishment of biological reserves and
national parks could now aid in future policy development (Walpole & Goodwin, 2000).
While helping to spread awareness about the importance of preserving
biodiversity, ecotourism can also have a deleterious influence on conservation because
ecotourism is still tourism, which is revenue-based and susceptible to corruption (Kiper,
2013). Exploitation of conservation efforts can manifest as increased human intrusion and
accommodations that cater to tourists neglect to address and ameliorate the potential
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impacts and negative influences on natural habitats (Balmford & Whitten, 2003).
Interference from increased human populations can irreversibly damage ecologically
vulnerable areas, introducing habitat loss and fragmentation within protected areas
(Kiper, 2013). Accommodations and increased infrastructure may also attract a larger
tourist population and put unnecessary pressure on environments that may not be
reversible (Wells, 1997; Kiss, 2004; Johannesen & Skonhoft, 2005; Kiper, 2013).
Ecotourism also comes with a hefty travel price tag; most ecotourists must travel
extensive distances. In doing so, they consume large quantities of fossil fuel that might
cause damage in the long term to the already fragile habitats they plan to observe.
Mass tourism alternatives are identified in many established conservation areas
around the world to promote environmental awareness with ecotourism as the main
component. Ecotourism can shed positive light on conservation efforts through increased
awareness or it can cause damage to conservation success via environmental strain and
the potential for habitat modification. The ability to recognize how different types of
tourism can impact the environment is vital for setting future directives for lasting
conservation success and for the improvement of conservation success or failure
measurement.

2.3.4 Conflict Factors
Protected areas and species biodiversity are also at risk when exposed to various
conflict conditions . Conflict or serious disagreements are a consequence of anthropogenic
pressures. Different conflict types can arise from various causes ranging from
international conflict over disparate ideals, local conflict over illegal squatter populations,
to conflicts over limited resources . Conflict in conservation is generally caused when
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two or more parties in disagreement are convinced that one party is using resources at the
expense of another (Tjosvold, 2006).
Conflict over resources can occur when there are limited or a complete loss of
resources, such as land, food, or water. Conflict may be the result of the loss of one
resource or different combinations of many different resources. Loss of land can be the
result of overdevelopment, increased anthropogenic growth, or war. Similar factors are
at the root of loss of food and water, along with additional environmental factors.
Waning resources can spell disaster for conservation efforts because groups may fight
over limited remaining resources, consequently putting more stress on the environment
(Kuzdas, 2012). Along with the fighting there can be an increase in poaching and illegal
seizures within conservation areas due to a lack of enforcement and monitoring. This type
of conflict, if not reconciled, can lead to increased animosity that expands beyond a lack
of resources.
Conflict over conservation issues can also be a symptom of international
fragmentation. Fragmentation occurs with dissimilarities in values, culture, language,
belief systems, and/or leadership. One such example is that of Talamanca International
Park, a park focusing on conservation that spans the border between Costa Rica and
Panama. The park management styles of these two countries are dissimilar and a
divergence in ideology makes implementing the same conservation policies throughout
the entire park difficult. Fragmentation, coupled with conflict, might also be considered a
cultural edge effect and is usually settled through mediation and through discerning the
similarities in each policy (Evans, 1999). However, in other instances, similar issues may
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be combined with additional conflicts, such as conflict over resources, which may lead to
progression in the fragmentation of nations.
Fragmentation of nations, like habitat fragmentation, can lead to a disconnect
between peoples which may lead to physical combat. Large scale disagreements, that
escalates to include physical combat between nations or groups of people result in war.
Regional and local areas may also be subject to disagreements that result in physical
fighting. When two parties are at war and actively fighting, ecological concerns are
usually not deemed a priority and natural resources can be squandered during combat.
Attempts at conservation are often seen as futile until the conflict has ended (Balendra,
2007).
A considerable consequence of international, regional or local conflict is the
refugee state. The threat of violence or persecution during periods of war may cause
persons to flee their home or country thereby creating a refugee population. Refugee
settlements increase the stress placed on the environment and perpetuate a vicious cycle
of conflict over resources. Attempts to alleviate pressure are often ineffective until the
threat of violence has ended or the refugees move on to other areas (Evans, 1999;
Redpath et al., 2013).
Conflict, along with environmental, institutional/policy, and
social/cultural/economic factors, can impact conservation efforts and influence the
outcome, the success or failure, of conservation projects. Ecosystem services, soil and
water quality, and a species index, all aid in attempts to define environmental health .
Combined with a determination of habitat fragmentation, these factors can assist in the

53

efforts to measure the influence of environmental factors on conservation efforts. It is
critical to recognize that governmental policies and local organizations can change the
pace of conservation for better or worse. Additionally, outside influences not traditionally
measured, such as human encroachment, logging, major development projects,
agriculture, local participation, and tourism (by no means an all-inclusive list) have all
been shown to influence the outcome of conservation efforts. Traditional conservation
measurement factors simply do not account for the complex reality in which conservation
projects are developed and implemented. It is necessary to build upon and increase the
traditional measurement rubric to truly measure the outcome of conservation efforts with
the hope of aiding policy development in the future (Jacobson & Duff, 1998; Fransson,
1999; Mascia et al., 2003; Lundquist & Granek, 2005; Thakadu, 2005). By combining
the factors identified here into a more holistic rubric and set of indices, it will be possible
to measure and track the interaction and impact of multiple social, cultural, institutional
and political factors on conservation projects worldwide. A clearer and more detailed
picture of the patterns of conservation success and failure will be possible.

2.4 Proposed Evaluation Rubric
Once all additional factors with the potential to influence conservation efforts
have been identified within the proposed holistic matrix, analysis to determine true
conservation success and/or failure can begin. To extrapolate the effectiveness of
applying additional factors into the measurement of conservation success, four successive
analysis processes will be followed; percentage analysis, multi-criteria analysis,
additional and multiplicative functions, and a rule based system. Nested analysis allows
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for metadata information to be built up at each step ensuring quality control of the
analysis.

2.4.1 Percentage Analysis
Percentage analysis will help to determine how much of an influence each factor,
within the environmental, political, social, and conflict categories, has on conservation.
Conducting a percentage analysis on applicable conservation efforts within each case
study area is the first step in the new proposed holistic rubric to determine if a
conservation project is truly a success or failure when all factors that influence
conservation are accounted for. Percentage analysis is the process ofreducing a sequence
of related amounts, such as sales numbers or chemical mass amounts, into percentages
using a common base number (Financial Analysis Primer - Introduction, n.d.; Percentage
Analysis (Cost Analysis), n.d.; Knapp, Allen, Berra & Edison, 2010). Calculation of
percentage analysis can be done using a simplified percent equation:

% of x event

event of x

= ----total events

x 100

Variations of percentage analysis are routinely used in finance and chemistry to compare
companies or component chemicals, respectively, through the evaluation and comparison
of collected data to determine the relative size of, or change, in items. Additionally,
social analysts use percentage analysis in the determination of the relative importance of
social and economic variables. Using this idea, percentage analysis can be utilized to
assess conservation efforts by replacing sales numbers or chemical component masses
with factors applicable to what is being measured.
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A good example of the use of percentage analysis in conservation studies is the
evaluation of old growth forest for the northern spotted owl and marbled murrelet. The
Forest Ecosystem Management Assessment Team {FEMAT) used percentage analysis to
evaluate the value of forests and forest ecosystems to determine sufficient old-growth
habitat needed for the northern spotted owls and marbled murrelets. To attain a common
denominator for inventory and classification seven categories of forest types were used.
A classification system was then set up to define forest values using the specified criteria,
seven forest value categories, for analysis of satellite imagery. Once forest values were
obtained in the field through percentage analysis, a biological assessment for habitat
sufficiency in different forest levels was then possible (Forest Ecosystem Management
Assessment Team (US), 1993).
Brown and Reed (2000) also used percentage analysis to evaluate forest values to
obtain public opinion on forest policy. How the public valued forests was determined
through the use of a questionnaire asking participants to allocate a set amount of funds
between thirteen different forest value definitions. Percentage analysis was conducted for
the thirteen definitions to identify the most influential definition of forest value; with the
highest percentage indicating those definitions that carry the most weight in public
opinion. The relationship between participants and selected forest values were then
categorized to determine if there was a significant relationship between how the public
values forests and forest policy decisions. The thirteen values were further evaluated to
identify them as either instrumental or non-instrumental in the decision making process
before being reclassed into a smaller number of categories (Brown & Reed, 2000).
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Based on the previous work of evaluating forest values, an altered form of
percentage analysis will be used to evaluate and compare the type of influence that
particular factors have on conservation efforts. The first step is to determine whether
factors are applicable or non-applicable, i.e. do they exist, within the parameters of the
case study area similar to the assessment by Brown and Reed (2000) of instrumental or
non-instrumental forest values. Applicable factors, within the four categories provided by
the proposed holistic matrix, will be characterized by their type of influence on specified
conservation as positive, negative, or neutral. Toe simplified percent equation will then
be used for each category of factors to compare the relative influence factors have on
each conservation effort. Hence, percentage analysis will allow the development of an
overall picture of the patterns of success and failure of conservation.
2.4.2 Multi-Criteria Analysis
The evaluation and narrowing down of factors that contribute to long term

conservation project success and/or failure can be identified through the use of multicriteria analysis (Carver, 1991), also interchangeable with the term multiple criteria
analysis. Multi-criteria analysis will be used to determine what factors used within the
proposed holistic rubric will have the greatest impact on conservation efforts locally,
regionally, and globally and therefore should be included in the establishment of new
conservation efforts. The results from multiple criteria analysis will identify what factors
may have a global impact on conservation and will be most important to address
immediately to ensure long term conservation success. Targeting the most influential
factor in a specific place can assist policy makers in advancing conservation efforts.
Targeting will also assist in the identification of factors that influence regional and local
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conservation that should be addressed on a case by case basis . Multiple criteria analysis is
a tool used to evaluate complex problems for the purpose of decision making (Anselin,
Meire & Anselin, 1989). In conservation , multiple criteria analysis can be utilized for
planning and site evaluations because it assists in organizing content from both a
"bottom-up" and "top-down" perspective (Anselin, Meire & Anselin, 1989; Turpie, 1995;
Schroeder & Lambert, 2011 ).
Turpie (1995) used multiple criteria analysis evaluation techniques in the attempt
to prioritize conservation sites for waterbird populations. The technique involved ranking
estuaries as priority through multiple criteria indices utilizing the combination of
different factors, with lower scores correlating to lower conservation values. To identify
locations for conservation only South African estuaries with large waterbird populations
(500 or more) were used. All appropriate estuary locations underwent single criteria
analysis of four factors; diversity, abundance, rarity, and conservation status . Once each
location had been ranked for each factor, multiple criteria analysis was used to narrow
down possible locations for priority conservation. To identify the top 10 estuaries Turpie
(1995) used two different combinations of the single criteria ranks; (I) rarity and
conservation status and (2) rarity and abundance. Factors chosen for multiple criteria
analysis were based on factors that were identified to be important to waterbird
conservation, rarity being the most influential. Estuaries with higher ranked conservation
factors were cited for their importance to waterbird populations and were considered
priority sites to protect.
Metropolitan Planning Organizations (MPOs) have also used multiple criteria
analysis to analyze the influences on policy planning. For the MPO project identified by
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Schroeder & Lambert (2011), analysis was scenario-based and involved selecting
scenarios, policies and criteria for evaluation to create policy impact scores. Different
combinations of identified factors resulted in diverse impact scores for each scenario.
Impact scores obtained were used to define the robustness of policies, with the
acknowledgement that the more robust a policy, the more effective it will be. Policies
identified as robust can then be relied upon to aid in the decision making process for
regional planning (Schroeder & Lambert, 2011).
The determination of global influences on conservation requires that multi-criteria
analysis be nested within the results of percentage analysis. Completion of percentage
analysis will enable factors common to all, or a majority of study locations, to be
identified. Multiple criteria analysis will employ all factors previously determined as
applicable. Applicable factors will be combined to find the total occurrence of each
factor. Results will be analyzed to determine factors with the highest number of
occurrences within the highest number of study locations. Factors that have a high
occurrence in both parameters will be considered global influences that should be
considered for the establishment of all new and rehabilitation of existing, conservation
policies. A high number of occurrences in a lower number of study locations will be
considered regional, while factors that only occur in one study location will be considered
as local influences. Regional and local influences should be considered during the
establishment of conservation policies in relevant areas.

2.4.3 Additional and Multiplicative Functions
Additional and multiplicative functions build upon and expand percentage and
multiple criteria analysis to aid in the determination of which category or categories of
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factors are the most influential on conservation efforts. According to number theory,
multiplicative functions are arithmetical functions that can be viewed as a sequence of
complex numbers with all positive integers defined by a complex-valued function, such
as, the arithmetic function.f{ab) =f{a)j{b), which is considered multiplicative when
gcd( a,b)= 1. Outside of number theory the function .f{ab) =.f{a) .f{b) holds for all
arguments a and b and is considered multiplicative (Multiplicative Functions, n.d.).
Multiplicative functions are commonly applied through multiple criteria decision making
(MCDM) and vulnerability indices for many diverse disciplines (Toth, n.d.; Wilson et al.,
2005). MCDM models are developed using discipline-specific parameters to define
weights and rates of different factors processed by linear addition, commonly seen in the
DRASTIC approach to determine soil vulnerability at different scales (Aller, Bennet,
Lehr, Petty & Racket, 1985; Mitra, Scott, Dixon & McK.immey, 1998). Vulnerability
indices are also regularly used to measure the amount of exposure to some element
calculated as a composite of multiple quantitative indicators. Permutations of the
vulnerability index, through the use of specific quantitative indicators, have been utilized
in probability measurement for diverse research applications, from soil scientists to
economists (Pratt, Kaly & Mitchell, 2004; Toth, n.d.). Modifications to the index
approach will aid in the determination of true conservation success by converting the
proposed holistic matrix into multiplicative functions to determine a ranking system for
the categories of factors. Overall rankings for each factor can then be processed by linear
addition to delineate the probability of success or failure of conservation efforts at
different scales.
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Use of the DRASTIC approach in MCDM is prolific in the determination of
aquifer or soil vulnerability. DRASTIC is composed of seven parameters to create the
equation:

where D is depth to groundwater, R is net recharge, A is aquifer media, S is soil media, T
is topography (slope), I is impact ofvadose zone media, C is hydraulic conductivity,
subscript R is rate of evaluated area, and subscript W is importance or weight for the
parameter. Rates and weights are used for the creation of a numerical ranking system for
the assessment of groundwater pollution potential. Weights are based upon a relative
weight scale from 1 to 5 where the more significant factors have higher scores. Assigned
weights are constants but can differ depending upon the index being used, either
DRASTIC or Pesticide DRASTIC. Ratings are based upon a variable scale and will
differ based upon the composition of the factor at different locations. Results of a
computation of the DRASTIC equation will identify groundwater areas vulnerable to
contamination (Aller, Bennet, Lehr, Petty & Racket, 1985; Dixon, 2005).
An Environmental Vulnerability Index (EVI) manual was created by Pratt, Kaly

& Mitchell (2004) as a MCDM model for organizations to utilize in an effort to
understand the importance of sustainable development as well as environmental
resilience and vulnerability. The manual identifies different categories of indicators that
represent a country's vulnerability to damage. Hazard indicators include meteorological
events, geological events, anthropogenic events, climate change and sea-level rise with
various amounts of sub indicators. Indicators are categorized by Weather & Climate,
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Geology, Geography, Resources & Services, and Human Populations. Each of the
indicators are mapped on a relative vulnerability scale ranging from 1 to 7 where a lower
score reflects higher resilience to the effect of damaging events. An EVI results in the
creation of a country profile which includes an EVI rank of vulnerability (Pratt, Kaly &
Mitchell, 2004).
European economists have also used a simplified MCDM model to aid in the
prediction of currency crises in Central Europe. Toth (n.d.) built upon the World
Economic Outlook report which produced a vulnerability index for several countries
using three variables. Variables were expanded and separated into good signals and bad
signals. Once separated, signals were assigned weights based on various criteria. The
index was then applied to Central European countries in an effort to identify the
probability of a rise or fall in currency. Based on the expanded variables, the index was
able to signal a currency crisis successfully (Toth, n.d.).
Determining the potential success of conservation efforts begins with building
upon and validating the results of percentage analysis and multiple criteria analysis by
using a modified form of an MCDM index. All factors, including non-applicable factors,
will be used to create matrices, separated by factor category. Using single factors
weights, overall factor category weights will be delineated. Rationale for weighting will
be based upon quantitative analysis to determine the importance of factors to the overall
success of conservation efforts. Factors will be assigned a linguistic score; High,
Moderate or Low, where High represents the factors with the greatest significance on
success and a relationship type; positive, neutral, or negative. Weightings will be
considered constant over all study sites. Ratings for each individual conservation effort
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will be obtained by a similar process; however, ratings will be based on data obtained for
the specified study site as opposed to overall. Weight and rate scores will be further
processed by linear addition into a redefined success (RS) equation:

where E is environmental factors, I is institutional/policy factors, S is
social/cultural/economic factors, C is conflict factors, subscript R is the relative rating for
the evaluated area, and subscript W is weight or importance of the parameter for overall
conservation. Results from the new equation will aid in the determination of the
significance that a category factor has on conservation and will assist in delineation of
factors that have the potential to increase or decrease conservation success. Application
of the new equation on different study locations will contribute to redefining conservation
success.
2.4.4 Rule Based System
Traditional logic has two variables, either/or, true or false (Boolean logic), which

can be limiting when trying to describe vague or complex ideas (Yen & Langari, 1999;
Harris, 2000; Mukaidono, 2001; Bergmann, 2008; Cheung, Pitcher & Pauly, 2005) such
as the uncertainty inherent in the determination of conservation success. The use of rulebased systems will help to generalize the classical two-value logic approach to apply
reasoning in uncertainty through the creation and application of rule bases within an
expert, or knowledge-based system. Rule-based systems utilize IF-THEN rule statements
formulated as conditional statements. A basic example of rule bases is as follows:

if x is A then y is b
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where A and B represent linguistic values defined by ranges x and y, respectively.
Generally, the first part of the statement, the if-part, is referred to as the antecedent or
premise, an interpretation that returns a single number. The then-part is referred to as the
consequent or conclusion which results in an assignment to the output variable. Within
the IF-THEN rule, "is" can be used in two entirely different ways, whether used as the
antecedent or the consequent. The input to the IF-THEN rule is generally the current
value for the antecedent's input variable and the output is the entire set. Clarification of
the set is performed in order to assign one variable to the output or consequent.
Interpreting the IF-THEN generally involves two distinct parts: evaluation and
application. First, the antecedent needs to be evaluated or defined by universes of
discourse. Second, application results in an assignment of the consequent, also referred to
as implication. Traditional two-value, or binary logic, IF-THEN rules are simple. If the
premise is true, then the conclusion is true. Changing restrictions on the rule, for
example, expanding the antecedent into a more complex conditional statement, also
changes the consequent. If the antecedent is true to some degree, then the consequent is
also true in the same degree.
The rules can also be manipulated to have multiple parts for the antecedent, where
all parts of the antecedent are simultaneously calculated and resolved to a single output
for the consequent. Additionally, the consequent can be manipulated to have multiple
parts, with all parts of the consequent equally affected by the antecedent. A general
outline in the creation of rule base systems includes defining the input, creating the rule
bases, encoding the rule base, and then applying by the implication method. In general,
one rule alone is not effective enough to cover all conditions; two or more rules are
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needed to cover more conditions (Yen & Langari, 1999; Bergmann, 2008, Foundations of
Fuzzy Logic, n.d.; Models for Inexact Reasoning, n.d.). Overall, rule based systems aid in
removing ambiguity (Harris , 2000). The addition of rule bases systems to the proposed
holistic rubric will help to reduce subjectivity by allowing degrees of success . Rule
based system results will allow success to be redefined as shades of gray, stepping away
from traditional black or white descriptions.
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Figure 3: Example of a) trapezoidal fuzzy membership function and b) fuzzy IF-THEN
rules bases with.fuzzy matrix (Bilkent University, 2010).
Rule based system type approaches are commonly used in control systems. A
common example is observed in how an air conditioner makes adjustments. Air
conditioners adjust the temperature of the room according to predefined target values. A
rule based system checks the temperature to determine if it falls within the target
temperature and gives a control command accordingly (Yen & Langari, 1999; Bilkent
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University, 2010). The approach depends on IF-THEN rules, as well as additional
functions, to define which parameters to control (Figure 3). Bilkent University presents
the rules as a membership function seen in Figure 3a. Once the inputs are defined, IFTHEN rules are applied based upon information provided in the matrix (Figure 3b ). Once
all rules have been applied, the results are combined as final results. In the control system
for an air conditioner, the temperature is consequently adjusted (Bilkent University,
2010).
Another example of the application of the rule based system is the interpretation
and assignment of service and tip. Service is used as the antecedent variable, with inputs
defined as poor, good and excellent. The consequent or output variable is the tip, defined
as cheap, average and generous. Three IF-THEN statements were created and applied in
the assignment of the tip.

RULE 1: if the service is poor then the tip is cheap
RULE 2: if the service is good then the tip is average
RULE 3: if the service is excellent then the tip is generous
Application of the rules creates an assignment based on the interpretation of the input
variables (Foundations of Fuzzy Logic, n.d.).
Building upon percentage analysis and multiple criteria analysis, and nested
within the MCDM approach, rule based systems will be used for redefining success based
upon the conditions needed for conservation success. Utilizing the weights and rates
assigned by the MCDM index, input and output sets will need to be created for category
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factors. Rule bases resulting from the use of IF-THEN statements will need to be created
from identified relationships of variables used in the factor categories. A four-input
variable model will be developed within an expert or knowledge based approach to test
whether groups of factors are critical for predicting conservation success. There is
inherent uncertainty when defining success due to the very subjective nature of the idea.
Rule based systems, using degrees of success in conservation efforts, can aid in making
the determination of conservation success more objective and less ambiguous.

2.4.5 Summary of Analysis
A clearly defined set of holistic factors that influence conservation and a new
holistic evaluation rubric are necessary to redefine the definition of conservation success.
Traditional factors and measurement criteria use a very narrow definition of success that
is not comprehensive enough to truly define success, given the massive amount of
research showing that other factors have a role in conservation (Margoluis, Stem,
Salafsky & Brown, 2009; Salafsky, Margoluis, Redford & Robinson, 2002; Mascia et al.,
2003; Lempinen & Brown, 2007; Stoll-Kleemann et al., 2006; Brooks, Franzen, Holmes,
Grote & Mulder, 2006). Different classifications for the application of holistic factors
enable conservation efforts to focus on factors that may be hindering conservation.
Traditional biological factors alone do not identify outside influences on conservation
that are detrimental to environmental health and biodiversity (Mascia et al., 2003;
Margoluis, Stem, Salafsky & Brown, 2009).
The use of successive analysis methods to redefine success diminishes the
inherent uncertainty in the linguistic definition and the path to success becomes clearer.
The different analyses methods when used alone are not conclusive enough to see the
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whole picture, hence the need for nested analyses. Percentage analysis determines the
type of influence that factors have on conservation but cannot be used to determine true
success. Local, regional and global factors can be identified with multiple criteria
analysis; however, without knowing which factors are more important for conservation,
multiple criteria analysis cannot be used to define success. Additional and multiplicative
functions define the role of factors to conservation success as factor weights, but
linguistic uncertainty in weight assignment may not allow for significant differences
between study locations. Rule based systems, through an expert or knowledge based
system, diminishes linguistic uncertainty and provides a crisp definition of success.
Success will be redefined using rule based systems because the mathematical analysis can
make linguistic uncertainty clear with conditional IF-THEN rules. Nested analyses to
redefine success will become a tool that can be modified and applied to other areas.

2.5 Role of Space in Conservation
Displaying the spatial relationship of identified holistic factors that influence
conservation efforts can be very important in the verification of the results of the new
evaluation rubric and to make future policy recommendations. Multi-scale studies enable
the spatial relationship of different factor influences to be compared locally, regionally or
globally. Use of different spatial applications assists in illustrating the differences
between study locations; geographic information systems and remote sensing .

2.5.1 Use of GIS
Geographically referenced data is often used in conservation efforts to assess the
extent of protected areas and the locations of targeted species. Using Geographic
Information Systems (GIS) data can be spatially represented to analyze patterns and to
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aid in the determination of conservation success or failure. GIS can be a toolbox, an
information system or information science depending upon what the application is being
used for. GIS toolboxes are used to process and analyze information; as an information
system, GIS is used to extract information; and, GIS is used as information science
through writing code or developing methods. The purpose of GIS is to analyze
geographically referenced data which can explain dispersal patterns to be used as
justification in the decision making process. Results from analysis can then be used to
aid in the process of policy recommendations and the prediction of future policy
consequences (Clarke, 2002; Campagna, 2005).
Many different types of analysis can be processed by GIS applications (Store &
Kangas, 2001; Zeller & Rabinowitz, 2011) including, but not limited to, monitoring the
environment and conservation management over many different scales (Martin, 2000).
Using the multi-layer capabilities of the system, an "ideal habitat" layer for restoration or
protection can be produced through computation of known variables. GIS using multicriteria analysis techniques to rank ecological indicators (Carver, 1991; Geneletti, 2004)
and coupled with socio-economic data, could aid in spatially displaying data for use in
policy recommendations in an attempt to limit ecological concerns (Martin, 2000;
Geneletti, 2004).
GIS aids in decision making processes by showing how spatial reasoning can be
utilized through spatially represented data. Analytical applications in GIS can be applied
to conservation outcome measurement to show the relationship between competing
factors that influence the success or failure of these conservation projects (Martin, 2000).
Features can then be presented in the form of thematic maps. Through GIS analysis,
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trends that were not apparent by just looking at tables and figures, seem to 'jump" off the
page . Having a good visual map can help people see where problem areas are, and assist
in creating solutions.
Information from different scales such as local, regional and global, can also be
represented through GIS within the same map. Having such diverse data represented
together is convenient for displaying variables that may be neglected on smaller scales.
GIS will be utilized in this study for the creation of thematic maps to aid in the
identification of conservation efforts on a global scale. Thematic maps of the ten
countries will also be created to determine the level of conservation within each study
site.
2.5.2 Use of Remote Sensing
Data used in spatial reasoning can come from a variety of sources, but in relation

to changes over time in conservation, data is generally obtained through remote sensing.
The ability to display changes to the landscape over time is helpful in determining where
conservation efforts have been successful or where future efforts should be focused. The
data collected from remote sensing is most often used to monitor changes over time.
Remote sensing (RS) can be defmed as the measurement or acquisition of information of
property, of an object or phenomenon, or to detect electromagnetic energy, by a recording
device that is not in physical contact with the object or phenomenon under study (Jenson,
2000; Turner et al., 2003; Wiens et al., 2009). This normally translates into a targeted
object of interest sensed by a satellite over some distance by electromagnetic radiation

(EMR).
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Remote sensing data can be used in conjunction with a GIS system to measure
changes in the amounts of electromagnetic energy in an area, an example being the
detection of the amount of forest cover over time. Data obtained through RS techniques
can then be displayed as visual photos or as a thematic map within GIS (Jenson, 2000).
Frequently, RS is utilized to determine the status and distribution of biodiversity in an
area where a species index is not feasible (Turner et al., 2003) helping to save limited
funds (Turner et al., 2003; Wiens et al., 2009). Protected areas can also be assessed
through remote sensing to determine changes in the landscape on multiple scales.
Monitoring aided by RS can help to determine potential areas for conservation or
potential problems with existing conservation efforts (Wiens et al., 2009). Spatially
displayed data in maps and remotely sensed data can be invaluable in monitoring the state
of the biosphere and geosphere, and can provide needed information to calibrate and test
models of environmental systems (Huggett, 1993; Persic & Ocloo, 2011). Data obtained
through RS will be utilized to reinforce the results of an extensive literature review of
conservation factors.
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CHAPTER THREE METHODOLOGY

3.1 Selection of Park and Study Areas
Selection of parks began with a metadata analysis of international conservation
organizations through literature review and website analysis. A list of twenty five
conservation organizations was compiled from a web search using the keywords
"International Conservation Organizations." Organizations were then narrowed down for
further analysis based upon the type of conservation, consistency of management, and
international standing. First, land conservation efforts are preferential as building blocks
in the creation of the proposed holistic rubric. Geographical analysis cannot be performed
on species that have the ability to migrate out of the area as such migration has potential
to delude the influence of outside factors, so organizations that focused on wildlife or
marine efforts were excluded. Second, only organizations with consistent management
throughout the organization were considered to ensure a standardized definition of
success within all regions. Finally, international standing is required for a multi-scale
study; the organization must be present in many diverse regions to perform a holistic
analysis. International standing was determined through the creation of a database,
though an Excel spreadsheet, that itemizes countries of operation by year of induction for
each selected international conservation organization.
Mapping the database began with adding the countries of operation (by year)
spreadsheet to a basic world base map projection. The Excel file was joined to the
shapefile to add conservation organization information to each applicable country. Once
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joined , a query was performed to indicate which country participated in each particular
conservation organization. Each organization's countries of operation were spatially
displayed to aid in the determination of international reach (Figure 4). Based upon the
three aforementioned parameters , two international conservation organizations were
chosen to be used in the standardization of the traditional conservation measurement
rubric. Standardization provided a baseline for comparison between the traditional and
proposed holistic measurement rubrics for the determination of conservation project
success and/or failure and to redefine the definition of conservation success. 1) United
Nations Educational, Scientific and Cultural Organization (UNESCO) focused on the
preservation of world heritage sites (UNESCO, n.d.; World Heritage List, n.d.) and 2)
World Wildlife Fund (WWF) focused on priority species and priority places and efforts
to halt the degradation of biodiversity (WWF - Endangered Species Conservation , n.d .).

Table I: Data layer information used for the determination and display of study site
locations.
Data Layer
World Base Map
BirdLife International
CITES
International Union for Conservation of Nature
RAMSAR
United Nations Educational, Scientific and Cultural
Organization
World Wildlife Fund

Source
USFSP Geospatial Analytics Lab
htto://www.birdlife.orgt
httn://www.cites.org/
huos://ic.fsc.orlu'index.htm
httn://www.ramsar.om/
httn://en.unesco.org/
httll://wwf.oanda.org/

Criterion used for the selection of international conservation organizations was
drawn from various sources (Table 1). Pertinent information about the countries of
operation and when conservation efforts by these organizations began, were taken from
the website of each organization identified by the initial web search. Boundary
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information for study site conservation efforts was obtained from the website of Protected
Planet.
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Figure 4: Spatial representations of international conservation organization data.
Study area selection was contingent upon the presence of at least one of the two
selected international organizations; UNESCO and WWF (Figure 4). Additionally, to
ensure that diverse conservation efforts would be included in the multi-scale analysis,
dissimilar regions were singled out: Central America, Southeast Asia, and Africa. Each
selected country represents local conservation efforts within the different regions.
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Comparison of the three diverse regions embodies the global scale. Costa Rica and
Panama were selected in the Central American region; Costa Rica was chosen as
representative of a "model" conservation state with Panama serving as an example of an
alternative Central American conservation style. The Mekong Valley was selected in
Southeast Asia, containing Cambodia , Laos, and Vietnam, because the area is considered
to be a huge biodiversity hotspot. To represent Africa and to encompass different types
of African conservation efforts, Cameroon, Senegal, Tanzania and Zimbabwe were
chosen . Furthermore, as a comparison between developing countries and developed
countries, the United States' conservation efforts were also selected for analysis (Figure
5).

Location of Study Areas

Figure 5: Spatial display of selected study areas (Gruber, 2015).
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3.2 Data Layers and Sources
Table 2: Generic sources for the holistic factors data layer .
Data Layer
Category
Environmental

Data Layer

Source

Environmental Health

Stokols, 1992; Schaeffer, Herricks & Kerster, 1988

Soil Quali ty

Zimmerer, 1993; Pimentel et al., 1995; Bo io, 1996

Water Quality
Species Index
Habitat
Fragmentation/Edge
Effect
Habitat Gap Analysis
Institutional/Policy
Government Polic y
Local Government
Or2anizations

Ecolo.eical Gap Anal ysis, n.d.; Scott et al., 1993
Beierle, 1999; Gerber, DeMaster & Roberts, 2000; Lundquist
& Granek, 2005; Struhsaker, Struhsaker & Siex 2005; StollKleemann et al., 2006
Press, Doak & Steinber e., 1996; Brockin mon, 2007

Encroachment
Agriculture

UNESCO, n.d.; Breuste, 2004 ; Sayer et al., 2012

Management Plan
Fundin 1t
Pooulation Chan2e
Urban Pressure
Major Development
Pro jects

Cultural EdJ.te Effect

Agrawal & Gibson, 1999; Hackel et al 1999; Thakadu, 2005;
Brockin f!;1
on, faoe & Schmidt-Soltau, 2006
Turner, Davidson-Hunt & O'Flaherty, 2003; Garibaldi &
Turner, 2004

Restoration

SER, n.d.; Young, 2000; Balmford & Whitten, 2003; Benayas,
Bullock & Newton, 2008; Wiens et al., 2009

Tourism

Farrell & Runyan, 1991; Walpole & Goodwin, 2000;
Balmford & Whitten, 2003; Kiss, 2004; Kiper, 2013

Local Partici pation

Conflict

Fahrig, 2003; McKee, Sciulli, Fooce & Waite, 2004; Brooks,
Franzen, Holmes, Grote & Mulder, 2006

Agrawal & Gibson, 1999; Levine, 2002; Jepson, 2005; Meyer,
1995; Struhsaker, Struhsaker & Siex 2005
Kerr, 2000; Abbitt & Scott, 2001; Store & Kangas, 2001;
Wilhere, 2002
Press, Doak & Steinberg, 1996; Balmford & Whitten, 2003;
Brooks, Franzen, Holmes, Grote & Mulder, 2006
Abbitt & Scott, 2001; Gill, Norris & Sutherland, 2001;
McKee, Sciulli, Fooce & Waite, 2004
Breuste, 2004; Blom, Sunderland & Murdiyarso, 2010; de
Noronha Vaz, Caetano & Nijkamp, 2011
HDRO Outreach, n.d .; Barrett & Arcese, 1995; Baijal &
Singh, 2000; Wilkie, Shaw, Rotberg, Morelli & Auzel, 2000 ;
Maki, Kalliola & Vuorinen, 2001; Breuste, 2004
UNESCO, n.d.; WWF- Endangered Species Conservation,
n.d .; Barrett & Arcese, 1998; Mane), Berthier & Luikart,
2002; Hilborn et al., 2006

Non-Governmental
Organizations

Social/Cultural/
Economic

Karr & Dudley, 1981; Muscutt, Harris, Bailey & Davies,
1993; Glennon, 2004; Moe & Rheingans, 2006
Simberloff, 1998; Flieshman, Murphy & Brossard, 2000;
Wiens et al. 2009

Conflict Over Resources
International
Fragmentation

Kuzdas, 2012

International Conflict

Evans, 1999

Local/Re gional Conflict

Balendra, 2007

Tjosvold, 2006
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Background information collected for the identified factors was used to produce a
list of generic sources for each factor (Table 2). Generic sources were then used for
validation of the holistic factors. Case study data sources for factors are not included here
because the sources will change with changing locations.

3.3 Data Selection and Processing
In order to examine the impacts of different factors on conservation success, four
categories of factors, identified through metadata analysis, were used for delineation.
Determination of proposed holistic factors followed a process outlined by Figure 6. The
development of the holistic matrix began with the identification of initial factors from
previous research, which has indicated that local participation and the presence ofNGO's
can influence the outcome of conservation practices. Initial factors were applied to a case
study, resulting in a case study matrix. The additional factors that were incorporated into
the matrix were validated through an extensive literature review process. Then, study
locations were changed and the initial case study matrix was applied to a new location to
begin another case study, again resulting in a case study matrix followed by literature
validation. Each case study results in a case study matrix because different factors surface
within different locations. The final proposed holistic matrix was developed after the
factor identification process was completed for all study locations.
The overall approach includes traditional factors as well as additional identified
and validated factors that influence the outcome of conservation efforts. For instance,
Costa Rica served as the pilot study for the establishment of initial factors beginning with
an assessment of two UNESCO parks; Area de Conservacion Guanacaste (Guanacaste)
and Talamanca Range-La Amistad Reserves (Talamanca). The first step was to pull
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background information about the two sites from the UNESCO website. The search
yielded a State of Conservation report for Talamanca, that identifies specific factors
negatively affecting the site: ground transport infrastructure; land conservation; livestock
farming/grazing of domesticated animals; water infrastructure; hydroelectric dams near
property in Panama; encroachment; housing; urban pressure; poaching/hunting; possible
oil exploitation; a need to review the boundaries; oil and gas; and, poor quality of a
management plan/system. Once identified, the factors were organized into categories:
Environmental, Institutional/Political, and Social/Cultural/Economic (Figure 7).

Case
Study
Matrix

Final

Initial Factors

from Previous

Literature
Validation

Case Study

Research

Proposed
Holistic
Matrix

Change
study
location

Figure 6: Concept map showing factor selection process.

At the conclusion of each case study location, an extensive literature review was
conducted to collect data for verification of previously identified and additional factors.
For example, to both verify the presence of the outside factors identified and to begin to
determine the type of influence for data processing, an extensive literature review was
performed on the Costa Rica case study locations, Guanacaste and Talamanca. Collected
data was organized by country and conservation effort in a literature review database.
The literature review began with a web search utilizing additional factors and the selected
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parks as keywords, for example "habitat fragmentation Guanacaste." Evans (1999),
Sanchez-Azofeifa, Daily, Pfaff & Busch (2003), Jansen (1983), Boza (1993) and About
Talamanca, Costa Rica (n.d.) were utilized to verify the presence of additional factors for
both Costa Rican parks. Additionally, Stonich (1999) along with Costa Rica (n.d.) and M
(2013) were used to verify the presence of factors in Guanacaste. The metadata for the
initial literature review for Costa Rica, using Guanacaste and Talamanca as study
locations, are located in Appendix A.
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Figure 7: Costa Rica case study matrix containing the initial factors identified from the
factor selection process.
Following the same outline above, the additional factors within the Costa Rica
case study matrix were then applied to the Mekong Valley case study to test the method
of factor identification for comprehensiveness. The Mekong Valley region has three
major conservation areas utilizing the management of both UNESCO and WWF; Lower
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Mekong Dry Forest Ecoregion (Lower Mekong Dry Forests Ecoregion Action
Programme, 2008), Greater Annamites Ecoregion (WWF in the Greater Mekong region,
n.d.), and Phong Nha-Ke Bang National Park (Phong Nha-Ke Bang National Park, n.d.).
Again, organization websites were used to provide the initial information about WWF's
Lower Mekong Dry Forest and Greater Annamites ecoregions and UNESCO's Phong
Nha-Ke Bang National Park. Metadata was compiled from the initial search and coupled
with an extensive literature review on the three parks. Each conservation effort was
processed by the factor identification method to develop the Mekong Valley case study
matrix (Figure 8). The factors identified for the Mekong Valley case study matrix were
then applied to an expanded literature review for further validation.

Refined Proposed
Holistic Evaluation
Facton

Traditional Evaluation
Factors

!
Biological
Factors

•

•

•

4Wl!IID1llf
~
Conserved
Amguntof
Land
Co111enm

Social/Cultural/
Economic Factors

I
•

•
•

Environmental Health
-Soll Erosion and
Degradation
-Water Quality
-Biodiversity
Habitat Fra gmentation
Habitat Ga p Anah •sis
and EdgeEffect

• UrbanFragmentation
Traditional

•
•

Mana gement Plan
IntematjQllal

Organizations
•
•

Local Government
organizations
Ggyernment Pglicy

• fwldiw:.

• Bate11C
Pgp111ation
Qww

• UrbanPressure

•
•

-Development
Projects
-Encroachment
Agriculture
Soeial/Cu1tural Edge

Etf.w
-Landuse
Change
-Social Poacher

• Il!!u:i!m
Overall Approach

Figure 8: Mekong Valley case study matrix containing refined factors from the factor
selection process.
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Within the two case studies different factors emerged as having an impact on
conservation success. As more case study locations are processed, the matrix has the
ability to change dynamically to be reevaluated and modified and to reflect additional
information. Each case study location resulted in the development of a new matrix
because new factors emerged based upon different cultural practices for the different
locations and the diverse ecosystems present.
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Figure 9: Working model of the proposed holistic evaluation matrix.

Factors used in the working model of the proposed holistic matrix (Figure
9) were based upon information collected for the case studies which included a literature
review and website analysis. The holistic matrix is expanded from both the Costa Rica
and Mekong Valley case study matrices encompassing all identified factors that influence
conservation in the two locations. Changes to the matrix included, further development of
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environmental factors to account for a larger variety of influences . Institutional/policy
factors and social/cultural/economic factors were clarified and re-categorized to bolster
efficacy. A new category, Conflict Factors, was added to account for another identified
type of influence on conservation projects that was addressed in the generic literature
review of factors.
A literature review database was created in tandem with the proposed holistic
matrix to encompass and organize all collected data. The database, created in Excel, was
organized into an overall literature review, specific study site data, and rubric calculation
data. Overall literature review data contains metadata on all study locations and source
data. Information on the ten countries selected for the study locations was organized by
country, sorted by conservation effort and the rubric data was organized by type of
analysis. During the process of data collection, the type of influence that factors had on
conservation efforts- positive, negative or neutral- was determined and recorded into the
database. The relationship that factors played in conservation was determined by looking
for keywords within literature that classified factors by positive, neutral or negative
influence. Words such as "damaging", "harmful", "deleterious", "destructive", and
"detrimental" provided overtones of negative influences while the words "support",
"maintain", "improve", "recover", "show progress", "sustain" and "aid" were associated
with more positive influences on conservation efforts. The database was then used in the
application of the new proposed holistic rubric. In addition to the database, a summary
table {Table 3), describing the relationship of generic factors to conservation, was created
and used for justification of inclusion in the study.
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Table 3: Summary table of literature review. Justification for use of factors in holistic
matrix.
Factor
Category

Factor

Relationship to Conservation Success

Environmental

Environmental
Health

Provides essential ecosystem services that are used by all species in the
area.
Proper soil functioning is needed to maintain proper functioning of
ecosystem services. Poor soils in an area can degrade environmental
health and cause species avoidance .

Soil Quality

Institutional/
Policy

Water Quality

Good water quality is essential for all species to thrive . It aids in
maintaining environmental health and essential ecosystem services.

Species Index

High levels of biodiversity correlate to a high level of environmental
health . Underrepresentation , such as high number of species but low
amounts, can represent failed attempts that fail to identify significant
problems within ecosystems.

Habitat
Fragmentation
and Edge Effect

Damaging to border integrity and cuts off indigenous species from
natural resources . Edge effects stem from heavy fragmentation creating
an abrupt shift between two contrasting habitat types.

Habitat Gap
Analysis

Identifies gap in conservation efforts: 1) Species 2) Habitat and 3)
Management.

Government
Policy

Aids in the creation of conservation policy when governments are
committed, invested and have legitimate authority to enforce policies.

Local
Government
Organizations

Main body to create and enforce conservation policies locally.

NonGovernment
Organizations
Management
Plans

Funding
Social/Cultural/
Economic

Population
Change
Urban Pressure

Major
Development
Projects

Encroachment

Aids in establishment of conservation policies and seen as alternative to
development aid (by WHO) to aid with community based conservation.
But, NGOs can also widen inequalities and conservation policies can be
contradicto ry to what is needed .
Creates guidelines for conservation management. Must be both flexible
to cover a wide range of issues but rigid enough to actually enforce the
plans .
Essential for the establishment of conservation efforts, obtaining land,
monitoring, maintenance, training and development of management
plans . Funds need to be used appropriately to meet all conservation
needs. not j ust traditional eoals.
Growing populations put stain on the environment and disrupts natural
ecosystem functions.
Growth of cities and towns puts pressure on the environment. More
apparent in less developed countries (LCD) without established
conservation policies .
Large scale infrastructure; dams, logging and roads. Dams change large
amounts of landscape and disturb natural water processes. Logging is
extractive resource use and increases habitat fragmentation. Roads
increase habitat fragmentation and edge effects with increased human
populations utilizing the road. Not all development is the same; some
local development can help to ease pressure on the environment and will
need to be evaluated on a case by case basis.
Human populations increasing along the edge of conservation or natural
habitats increase the use of natural resources putting strain on the natural
environment. Squatters arrive in the area for easier access to resources
and can even poach within conservation area borders.
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Table 3 (Continued): Summary table of literature review . Justification for use of factors
in holistic matrix.

Agriculture

Local
Participation
Cultural Edge

Effect
Restoration
Tourism
Conflict

Changes large tracts oflandscape by removing natural landscape. Increases
vulnerability to erosion because the topsoil dries. Degrades soil quality
that can move into conservation areas. The use of fertilizers and pesticides
to increase yield cause water and soil pollution. Fertilizers and pesticides
can even seep into groundwater and contaminate a large area.
Investment of local populations for conservation areas. Positive attitudes
towards conservation bolster support of conservation initiatives. Negative
attitudes can thwart conservation because local populations do not see
conservation as necessary or wanted in the area.
Cultural edges create a mean of exchange of information, goods and
services . It also provides a starting point for communication in instances of
conflict.
Helps return some natural functionality to degraded areas .
Alternatives to mass tourism ; ecotourism, nature tourism, helps to raise
awareness of critical habitats and brings money into the area. Although,
large tourist populations can hinder conservation efforts.

International
Fragmentation

Disconnection of countries due to differences of value, heritage, or culture .
Can tum physical, represented as war. Conservation not a priority.

International
Conflict

Large conflicts stemming from local/regional conflict. Conservation not a
priority.
Refugees are a consequence of war. Fleeing their homes from fear of
persecution or violence refugees' move into other areas putting strain on
the environment . Conservation not a priori tv.

Refugee State
Local/Regional
Conflict

Conflict stemming from conflict over resources can spill over into a
conflict over values. Conservation not a priority.

Conflict Over
Resources

Stems from a lack of resources; water, food, or land. Overuse of natural
resources can put a strain on the environment. Conflict when one party
thinks another party is using resources at another expense. Conservation
not a priori w.

3.4 Rubric Development and Applications
3.4.1 Percentage Analysis
The first analysis method included in the holistic evaluation rubric is percentage
analysis, with the basic outline displayed in Figure 10. To begin, the holistic matrix was
applied to each case study and identified factors were initially categorized as either
applicable or non-applicable. Use of the term "non-applicable" indicates that no
information was readily available for a particular conservation effort or regional area or
the factor was not present at the location. Applicable factors were then further
characterized as positive, neutral or negative. Determination of influence was based on an
extensive web search using keywords for park name or regional area and specific factor.
Once the influence type was delineated, the information was put into the percent analysis
equation. Each factor was processed by the same method. After the factors within a

factor category were processed, the results were run through the percent analysis
equation:

%of xevent

event of x

= -----x
total events

100

where the total number of specific instances will be divided by the total number of factors
for that category. Each factor category resulted in summary percentages for nonapplicable factors and positive, neutral and negative influences. An overall percentage
analysis score was also determined for each study location.

ldentifl~d
Factor

Figure 10: Concept map of percentage analysis approach.
3.4.2 Multiple Criteria Analysis
Multiple criteria analysis was run for all conservation efforts after the completion
of percentage analysis, utilizing the identified applicable factors. First, the occurrence of
applicable factors from all study sites was combined to find the total occurrence of each
factor. Then, applicable factors were separated by factor category and added together
using the following equations:
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S

= f(nvn2

... n.n)

where E represents environmental factors, I represents institutional/policy factors, S
represents social/cultural/economic factors and C represents conflict factors. Categorized
factors were then organized by the amount of total occurrence and occurrence within
study sites; where factors with higher scores represent more prominent or significant
influences.
3.4.3 Additional and Multiplicative Functions
The multiple criteria decision making (MCDM) approach was used to expand
upon percentage analysis and multiple criteria analysis. MCDM approaches can be
subject to decision makers' opinion during variable selection and characterization due to
the subjective nature of variable preferences and estimation of characterization. To
maintain objectivity, parameters for factor selection were stringent. The factor selection
process relied upon multiple case studies, over many scales, and an extensive literature
review. The importance of factors, and sub factors, for overall conservation success were
determined utilizing the information collected for the literature review. Each factor was
assigned a linguistic value of high, moderately high, moderate, moderately low or low
based upon the role of the factor to conservation success; an assignment of high denotes
that the factor is necessary for success when having a positive influence on conservation
efforts (Table 4). Individual factor weights were then averaged by category:
environmental, institutional/policy, social/cultural/economic, conflict and traditional.
Linguistic values were then given a numerical assignment to reflect the overall factor
category weight, to be used in linear addition. Higher weight, and consequently higher
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numerical assignment, indicated a larger role of the category to successful conservation.
Having an inverse relationship with conservation success, conflict factors were assigned a
low weight because they should be non-existent or extremely limited for conservation
efforts to be successful. To reinforce the inverse relationship, the conflict category was
assigned a moderate weight for the role in conservation, with the numerical assignment
represented by a negative number. If conflicts were present within a selected study
location, the overall score would be lower.
Rate assignments were based on individual study locations and were done on a
case by case basis (Table 5). Each factor was assigned a linguistic rate value based upon
the results from percentage analysis. Factors with a positive influence on conservation
efforts were given a linguistic value assignment of "high" and negative influences on
conservation were assigned a linguistic value of "low." Neutral and non-applicable
factors were excluded from rate assignment because the factors had little to no bearing on
conservation success within the specific location.
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Table 4: Assigned weights for identified factors.

Cateeorv
Environmental

Factor
Environmental

Health

Sub factor
Soil Quali ty

High

Water Quality

High

Species Index

Hil!h

Habitat
Fragmentation and
Ed ReEffect
Habitat Gap
Analvsis
Institutional/
Policy

Social/Cultural/
Economic

Moderatel y Hiltli

Traditional

Hi.l!h

Mana gement Plans

Moderatel y High

Fundin l!

Hi.1t
h

Po pulation Change
Urban Pressure

High

High

s

Moderately
Hie:h

4

Moderate

3

Moderate

-3

Hie.h

5

Moderatel y Hiltli

Major
Development
Projects

High

Encroachment

High
Hil!h

Local Partici pation
Cultural Edge
Effect

Moderatel y High

Restoration

Moderate

Tourism
International
Fra gmentation
International
Conflict

Moderate

Increase in species
Increase in
conservationareas

Numerical
Assienment

High

Government Polic y
Local Government
Or,ganizations
Non-Government
Organizations

Refu !!,ee State
Local/Regional
Conflict
Conflict Over
Resources

Weieht

Him

Agriculture

Conflict

Relationship to
Conservation
Success

Moderate

Low
Low
Low
Low
Low
High
Hii!h
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Table 5: Generic rating table for study sites.
Cate 1w rv

Factor

Sub factor

Environmental

Environmental
Health

Soil Oualitv

Rate

Overall
Rate

Numerical
Assif nment

Overall
Wei e:ht

Linear
Addition

Water Quality
Soecies Index

Institutional/
Policy

Social/
Cultural/
Economic

Habitat
Fragmentation
and Ed_g
e Effect
Habitat Gap
Analysis
Government
Policv
Local
Government
Organizations
Non-Government
Organizations
Management
Plans
Funding
Population
Change
Urban Pressure

5

4

Major Development
Projects
Encroachment
Amiculture

Local
Particioation
Cultural Edge
Effect
Restoration
Tourism
International
Fragmentation
International
Conflict

Conflict

Traditional

Refugee State
Local/Regional
Conflict
Conflict Over
Resources
Increase in
species
Increase in
conservation
areas

3

-3

5

Total

Weight and rate scores within each location were further processed by linear
addition into a redefined success (RS) equation:
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RS

= EwR + lwR + SwR + CwR + TwR

RS= (S)ER

+ (4)/R + (3)SR + (3)CR + (S)TR

where E is environmental factors, I is institutional/policy factors, S is
social/cultural/economic factors, C is conflict factors, and Tis traditional factors. Similar
to the DRASTIC approach, the subscripts R and W represent rate and weight of factors,
respectively. Numbers included in the third equation represent overall category weight
assignments to demonstrate that the values are constant for all study locations. Once rate
assignments were allocated for individual study locations, numeric weight and rate scores
were processed through linear addition to obtain a total score for conservation success.
The total score, based on linear addition, was obtained by the multiplication of the weight
and rate assignment for each category, followed by the addition of all categories for a
total score.
3.4.4 Rule Based System
Further processing of conservation weights and rates to redefine success was
performed using rule based system techniques to avoid uncertainty in assigned linguistic
scores. Expert based, or knowledge based, systems were used for data reasoning through
a collection of rule bases. Multi-conditional reasoning is required to encompass all four
factor categories into a collection of rules to create a knowledge base.

Identify and Define
Linguistic Variables

Create Rules

Encode Rule
Base

Evaluate and Tune
the System

Figure 11: Four general steps to create a knowledge base for the rule based system.
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General steps used for the creation of the rule based systems are displayed in
Figure 11. Development of the knowledge base began with determining the linguistic
range of the five factor categories. Based upon information gathered from percentage
analysis; environmental, institutional/policy, and social/cultural/economic factors
linguistic range were defined using the type of influence characteristic- positive, neutral
or negative. The category of conflict factors was defined as either absent or present.
Traditional factors were assumed to be constant and defined as success. Acquiring rule
information began with the mathematical function:
S

= f(E,/,S,C)

E

= {positive,

neutral, negative}

I

= {positive,

neutral, negative}

S

= {positive,

neutral, negative}

C = {absent, present}
T
S

= {High.Moderately

= {success}

High,Moderate,Moderately

Low,Low, Very Low}

where S represents success, E represents the environmental universe, I represents the
institutional/policy universe, S represents the social/cultural/economic universe, C
represents the conflict universe and T represents the traditional universe, where each
universe contains specific sets of linguistic values.
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Rules were then structured to connect various conservation conditions, i.e. sets of
linguistic values, to success conclusions. Conditional statements were utilized, which are
modifications of the general IF-THEN rule format:

Rule 1: IF A is X1 ANDBis X1 THEN C is Y1
Rule 2: IF A is X2 ANDBis X2 THENC is Y2
Rule 3: IF A is

Xn

ANDBis

Xn

THENC is Yn

where A and B are variables with X as conditions and C is Y n is the conclusion. Based
upon five inputs and one output, a total of 54 (3 x 3 x 3 x 2 x 1) rules were developed to
examine each permutation of input combinations that describe potential conservation
conditions. Completed rules are located in Appendix C. A rule base table (Table 6) was
created to summarize and display the four inputs used to determine the success output.
Table 6: Rule bases created for the four-variable model for redefining success.
Environmental

In:eut
Institutional/Po lie ~

Output
Social/Cultural/Economic

Conflict

Success

Positive

Positive

Positive

Absent
Present
Absent
Present
Absent
Present
Absent
Present
Absent
Present
Absent
Present
Absent
Present
Absent

High
Moderately High
Moderately High
Moderately High
Moderately High
Moderate
Moderately High

Neutral
Negative
Neutral

Positive
Neutral
Negative

Negative

Positive
Neutral

Moderate
Moderate
Moderate
Moderate
Moderately Low
Moderate
Moderate
Moderate
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Table 6 (Continued): Rule bases created for the four variable model for redefining
success.

Negative

Present

Moderately Low

Absent

Moderately Low
Low

Present
Neutral

Positive

Positive
Neutral
Negative

Neutral

Negative

Positive

Moderate

Positive

Absent

Moderate

Present

Moderately Low

Neutral

Absent

Moderately Low

Present

Moderately Low

Negative

Absent

Moderately Low

Present

Low

Absent

Moderately Low

Present

Moderately Low

Absent

Moderately Low

Present

Low

Negative

Absent

Low

Present

Low

Positive

Absent

Moderate

Present

Moderately Low

Neutral

Absent

Moderately Low

Present

Moderately Low

Positive

Positive
Neutral
Negative

Negative

Moderate
Moderate
Moderate

Negative
Neutral

Absent
Present

Moderately High

Absent
Present

Neutral

Negative

Absent
Present

Positive
Neutral
Negative

Moderately Low

Absent

Moderately Low

Present

Low

Absent

Moderately Low

Present

Low

Absent

Low

Present

Low

Absent

Low

Present

Very Low

Absent

Low

Present

Low

Absent

Low

Present

Very Low

Absent

Very Low

Present

Very Low

The rule base was encoded for each individual study location, building upon the
results of the preceding analyses. The conditional rules were applied to each study
location and matched with a rule base to delineate the degree of success. The addition of
study sites from diverse areas allows the knowledge based system to be evaluated and
adjusted accordingly. The nested analysis process results in a crisp definition of success
(Figure 12).
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Figure 12: Concept map for the nested analysis processes.
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3.5 Comparative Analysis
At the conclusion of all of the case studies, a comparative analysis was done to
determine what factors, if any, were applicable at local, regional and global scales. The
local scale, for this research, is defined at the country level. All conservation efforts
present within the specified country were compared to tease out what factors commonly
influence local conservation efforts. Any commonalities were categorized as having
either a negative or positive overall influence on conservation efforts. One exception to
the country level definition oflocal conservation was the Mekong Valley. The Mekong
Valley's conservation efforts are so closely intertwined that local and regional efforts
were essentially identical for the selected study locations.
Four diverse regions were described with study area selection: Central America,
Mekong Valley, Africa, and the United States. Central America was defined by
conservation efforts located in Costa Rica and Panama. The Mekong Valley, though also
considered local, was comprised of conservation efforts spanning Cambodia, Laos, and
Vietnam. The region of Africa was described by Cameroon, Senegal, Tanzania and
Zimbabwe's conservation efforts. The United States, though only one country, was
considered a region in itself due to the amount of conservation efforts included in
analysis. Factors that were identified as locally similar were used to define factors
important to the region. The local factors were compared side by side to identify
similarities for the region. Again, common factors were categorized into overall positive
or negative influences.
Factors that were determined to be applicable in each specific region could then
be used for a comparison between regions. Factors from each of the four regions were
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compared side by side to measure regional commonalities. Similar factors were further
categorized by type of influence on conservation efforts. Once all regions were compared
against each other, all four regions were compared together to determine if there were
any globally important factors.
3.5.1 Local Scale Definition
Costa Rican local factors were defined by a comparison between Guanacaste and
Talamanca. Panama's local factors were identified through a comparison between Coiba
and Darien. Lower Mekong Dry Forest Ecoregion, Upper Annamites Ecoregion and
Phong Nha-Ke Bang were compared to identify local factors for the Mekong Valley.
Cameroon's local factors were defined by a comparison between the Congo Basin
Ecoregion, Dja Faunal, and Sangha Tri-national. Senegal consisted of only one study
location so the local factors were identified within Djoudj. Coastal East Africa Ecoregion,
Kilimanjaro and Serengeti were compared to identify local factors in Tanzania.
Zimbabwe parks, Mana Pools and Victoria Falls, were compared to define local factors
for the country. For the local factors within the United States, thirteen study locations
were compared; Carlsbad Caverns National Park, Chihuahuan Desert Ecoregion, Glacier
Bay National Park, Grand Canyon National Park, Great Smoky Mountains National Park,
Hawaii Volcanoes National Park, Mammoth Cave National Park, Northern Plains
Ecoregion, Olympic National Park, Redwood National Park, Waterton International
Peace Park, Yellowstone National Park, and Yosemite National Park. Due to the inherent
diversity of thirteen parks in differing environments, there were no factors similar enough
to be identified as local in the United States. To use this area for further analysis for
regional and global comparisons, majority factors were used. Any factor that was
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identified as similar in six or more study locations was considered a locally important
factor.
3.5.2 Regional Scale Definition
The Mekong Valley and the United States, due to the former having such
intertwined conservation efforts and the latter's sheer number of study locations, have
identical local and regional efforts which, having already been described above, will not
be recited again. Costa Rica and Panama's local factors were compared side by side to
identify similar factors that influence the Central American region. Four countries were
used to describe the African region: Cameroon, Senegal, Tanzania, and Zimbabwe . As a
region, Africa was determined to have only one truly similar factor that influences
conservation; poaching . Other factors were also considered important to this region so a
majority was again utilized to further analysis. Any factor that was identified as similar in
four or more study locations, and having an influence on conservation in at least two of
the four local study areas or countries, was considered a regionally important factor.
3.5.3 Global Factor Definition
The four regional scales; Central America, Mekong Valley, Africa and the United
States, were compared to determine global influences on conservation efforts . In addition
to a comparison between all four regions, each region was also compared against one
another. Similar regional factors were identified for Central America vs. Mekong Valley,
Central America vs. Africa, Central America vs. United States, Mekong Valley vs.
Africa, Mekong Valley vs. United States, and Africa vs. United States.
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CHAPTER FOUR CASE STUDIES

4.1 Central America Case Studies
4.1.1 Costa Rica Case Study
Costa Rica's National Park system, National System of Conservation Areas
(SINAC), has been hailed as a model system for other nations (Evans, 1999; Seager,
2008). A well-established national park system, coupled with additional ecological
conservation efforts, boosts Costa Rica's reputation as an exceptional environmentally
aware nation. Costa Rica topped the list as the greenest country in the world in 2009
(Seager, 2008). Costa Rica had no national parks listed in 1970, but by 1980 had more
parks that any other country in Central America (Evans, 1999). The creation and
utilization of SINAC, along with other governmental institutions, may have facilitated in
the swift proliferation of national parks. Today, 28% of the country is specified as
legally protected in a mixture of different conservation types; national parks, forest
reserves , zonas protectoras, biological reserves, national wildlife refuges, indigenous
reserves and other areas. Known for immense biodiversity, Costa Rica is a popular
location for ecotourism. Using ecotourism as a platform., Costa Rica's economy has
begun to move away from traditional pursuits of agriculture and exploitative resource
extraction, although the impact of tourism on the natural environment is controversial.
Diversification of the economy has resulted in Costa Rica becoming one of the more
affluent Latin American countries with a highly favorable ranking in the Human
Development Index (UNDP Human Development Report, 2012).
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Figure 13: Spatial display of Costa Rica with Costa Rica's conservation efforts.
4.1.1.1 Methods
4.1.1.1.1 Selection of Park and Study Areas
Based on set parameters for selection, Guanacaste National Park and Talamanca

Range-La Amistad National Park were designated for analysis of Costa Rican
conservation efforts (Figure 13). Both projects were established primarily for land
conservation through UNESCO. Additionally, using UNESCO World Heritage Forest
Protection indicators, a traditional rubric for measuring success, both parks are
considered successful.
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4.1.1.1.1.1 Guanacaste National Park
Guanacaste National Park is a UNESCO World Heritage site whose date of
inscription is 1999 (Figure 14). Guanacaste covers 147,000 hectares and encompasses
diverse ecosystems, both terrestrial and marine. Located in the northeastern corner of
Costa Rica, Guanacaste contains many different forest types including one of the largest
dry forest habitat tracts in Central America. The dry forest is home to numerous species

including rare and endangered species such as the Central American tapir (Area de
Conservaci6n Guanacaste, n.d. ).
Guanacaste
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Figure 14: Spatial display of Guanacaste in Costa Rica.
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4.1.1.1.1.2 Talamanca Range-La Amistad National Park
Talamanca Range-La Amistad National Park, split between Costa Rica and
Panama, is also a UNESCO World Heritage site with a date of inscription in 1983 (Figure
15). Talamanca consists of 570,045 hectares with over half the park located within Costa
Rican territory. The border ofTalamanca is home to several indigenous peoples that help
to maintain biodiversity in numerous ecosystems. The habitat located in this area is
primarily tropical lowland rainforest and cloudforest with other forest types mixed in,
montane and oak forest (Talamanca Range-La Amistad Reserves/ La Amistad National
Park, n.d.).
Talamanca
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Figure 15: Spatial display of Talamanca in Costa Rica.
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4.1.1.1.2 Data Layers and Sources
Case study source data was collected through literature review and website
analysis. Factors that were non-applicable in either Guanacaste or Talamanca are
excluded from the source data table. Source data for the two Costa Rican locations is
shown in the tables below; Guanacaste (Table 7) and Talamanca (Table 8).
Table 7: Sources data for Guanacaste.
Data Layer Category
Environmental

Data Layer

Source

Soil Duality

Costa Rica, n.d.; Area de Conservaci6n Guanacaste, n.d .

Water Quality

Costa Rica, n.d.

Species Index
Habitat
Fragmentation/Edge
Effect

Funding

Area de Conservaci6n Guanacaste, n.d.; M, 2013a
Area de Conservaci6n Guanacaste, n.d.; Janzen, 1983a;
Chapman 1988; Janzen , 1988; Sanchez-Azofeifa, Daily,
Pfaff & Busch, 2003
Costa Rica n.d.; Boza, 1993; Evans, 1999; Campbell, 2002 ;
Liverman, 2004
Costa Rica, n.d.; Area de Conservaci6n Guanacaste, n.d.;
Seligson, 2002
Area de Conservaci6n Guanacaste, n .d.; Boza, 1993;
Evans, 1999
Area de Conservaci6n Guanacaste , n.d.; Brown & Bird
2010; M, 2013a
Area de Conservaci6n Guanacaste, n .d.; Boza, 1993;
Evans, 1999

Po pulation Change

Evans, 1999; Stonich, 1999

Urban Pressure
Major Development
Proiects

Costa Rica, n.d.
Area de Conservaci6n Guanacaste, n.d.; Stonich, 1999

Institutional/Policy
Government Policy
Local Government
Organizations
Non-Governmental
Organizations
Mana gement Plan

Social/Cultural/Economic

Conflict

Encroachment

Area de Conservaci6n Guanacaste, n.d.; Stonich, 1999

Aiuiculture

Area de Conservaci6n Guanacaste, n.d .; Klose, 2012

Restoration

Tourism

Janzen , 1988; Moline , 1999; Janzen, 2000
Area de Conservaci6n Guanacaste, n.d.; Boza, 1983;
Chase, Lee, Schulze & Anderson, 1998; Stonich, 1999;
Hearne & Salinas, 2002; Ross & Wood, 2010

Conflict Over Resources

Klose, 2012; Kuzdas, 2012; Lopez, 2014

Local/Re gional Conflict

Evans, 1999; Stonich, 1999; Klose, 2012

International Conflict

Dyer, 2013
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Table 8: Source data for Talamanca.
Data Layer Category

Data Layer

Environmental
Soil Duali ty
Water Duali ty
Species Index
Habitat
Fragmentation/Edge
Effect
Institutional/Policy

Government Polic y
Local Government
Organizations
Non-Governmental
Organizations
Mana gement Plan
Fundin g

Social/Cultural/Economic

Population Chan ge
Major Development
Pro iects
Encroachment

Agriculture
Local Partici pation

Conflict

Tourism
Local/Regional
Conflict
Conflict Over
Resources
International Conflict

Source
Talamanca Range-La Amistad Reserves / La Amistad
National Park, n.d.
About Talamanca, Costa Rica, n.d .; Jordan , Sagastizabal &
Ankerson, 1999; Black, 2012
Talamanca Range-La Amistad Reserves / La Amistad
National Park, n.d.
Janzen, 1983b ; Evans, 1999; Sanchez-Azofeifa , Daily, Pfaff
& Busch, 2003
Boza, 1993; Evans, 1999; Campbell, 2002; Liverman , 2004
Talamanca Range-La Amistad Reserves/ La Amistad
National Park, n.d. ; Selii son, 2002
Talamanca Range-La Amistad Reserves/ La Amistad
National Park, n.d.; Boza, 1993; Evans, 1999
Talamanca Range-La Amistad Reserves / La Amistad
National Park, n.d. · Brown & Bird 2010
Talamanca Range-La Amistad Reserves/ La Amistad
National Park, n.d. Boza, 1993
Evans , 1999
About Talamanca, Costa Rica, n.d.; Talamanca Range-La
Amistad Reserves / La Amistad National Park, n.d.; Jordan,
Sagastizabal & Ank erson, 1999; McLame y & Mafia, 2007
Talamanca Range-La Amistad Reserves / La Amistad
National Park, n.d.; Jordan, Sagastizabal & Ankerson , 1999
Talamanca Range-La Amistad Reserves/ La Amistad
National Park, n.d.; Jordan, Sagastizabal & Ankerson, 1999;
Dahl quist et al., 2004 ; Cohen & Lindell , 2005;
About Talamanca, Costa Rica, n.d.; Lynch, 2004
About Talamanca, Costa Rica, n.d.; Talamanca Range-La
Amistad Reserves / La Amistad National Park,n.d.; Boza ,
1993; Jordan, Sagastizabal & Ankerson , 1999; Hearne &
Salinas, 2002; Lynch, 2004
Ramirez, n .d.; Dahl quist et al., 2004; Sarma, 2014
Duran & Marnez , 2014
Jordan , Sagastizabal & Ankerson , 1999

4.1.1.1. 3 Spatial Representation
The world base map was imported into ArcMap and zoomed in around the region

of Central America. Selection by Attribute query was performed on the world base map
to identify the boundary of Costa Rica and the data was exported as a new layer, named
Costa Rica. The shapefiles for Costa Rican conservation areas were downloaded and
imported into ArcMap from Protected Planet. All conservation areas were spatially
displayed as a layer, named Costa Rica conservation areas. Selection by Attribute query
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was performed on the Costa Rica conservation areas to identify the two Costa Rican
UNESCO study sites and the data was exported as new individual layers, named
Guanacaste and Talamanca, respectively. All layers were turned on and spatially
displayed.
Reference country information was obtained from the Geospatial Analytics Lab at
the University of South Florida St. Petersburg (USFSP). Boundary information for all
conservation efforts in Costa Rica were obtained from Protected Planet. Data obtained
from Protected Planet also contained boundary information for the two UNSECO study
sites in Costa Rica (Table 9).
Table 9: Data layer sources for Costa Rica.

Data Layer
World Base Map
Guanacaste National Park
Talamanca Range-La Amistad National Park
Costa Rican Conservation Areas

Source
USFSP Geospatial Analytics Lab
hlli)://www.12
rotected12lanet.net/
htlQ://www.12
rotected12
lanet.net/
htt12://www.12
rotected12
lanet.net/

4.1.1.1. 4 Data Selection and Processing
Development of the Costa Rican analysis began with the identification of study

sites that fit the selection parameters. Only two conservation efforts in Costa Rica were
based primarily on land conservation through UNESCO, an international conservation
organization which provided a traditional measurement rubric for determining
conservation success. Background information was then gleaned from The Green
Republic: A conservation history of Costa Rica (Evans, 1999). Data on the status of
conservation and the factors influencing conservation were gathered to begin selection of
the factors in the creation of a holistic measurement rubric . Once the additional factors
were identified, a web search was completed using factors and study site names as
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keywords. Any information pertaining to the Guanacaste or Talamanca regions was
input into the literature review database for use in the proposed rubric. During the
collection of information, the type of influence that the factors had on conservation was
also determined and recorded into the database. The database was then used in the
application of the new proposed holistic rubric.
Literature was sourced from Google Scholar and USFSP Library services. Using
the two study locations as keywords, i.e. "Guanacaste National Park" or "Talamanca
Range-La Amistad National Park," a search was performed using park name. Peer
reviewed journal articles were downloaded into Google Drive for future processing.
Articles were selected based upon the contents of the abstract, verifying it would be
useful to the overall research. Once all applicable literature was selected, each article was
analyzed to determine what factors were present in the article and what type of influence
present factors had on the conservation effort. After analysis of the scholastic literature, a
web analysis was performed on each study location to identify any grey literature related
to the park. The web analysis was more restrictive and utilized additional keywords. Each
park was coupled with a factor description to narrow down the search results i.e.
"Guanacaste National Park soil quality." Metadata included in the web analysis met
specific parameters, websites needed to provide some sort of grey literature, for example,
news articles and policy or regulation information. Sites designed to increase tourism
were excluded because the information was deemed to be biased and to not provide an
accurate reflection of the true influence of different factors on conservation efforts. All
the information collected from the above literature and web analysis was input into a
literature review database.
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4.1.1.2 Rub ric Development and Applications
4.1.1.2.1 Percentage Analysis
Percentage analysis of Costa Rican parks followed the procedures outlined above
in which metadata analysis was performed utilizing the literature review database. The
literature review analysis was utilized to determine what type of influence each factor had
on the specific conservation effort. All data was combined into an Excel spreadsheet and
Guanacaste and Talamanca conservation efforts were sorted by category factor, then
sorted by sub factors (Appendix B).
4.1.1.2.1.1 Guanacaste

4.1.1.2.1.1.1 Environmental Factors
The environmental health ofGuanacaste National Park, described through the sub
factors soil quality, water quality and species index, was described through web analysis.
Soil quality conditions were described as "poor" by Area de Conservaci6n Guanacaste
(n.d.) and Costa Rica (n.d.). Water pollution was considered to have a negative influence
on Guanacaste's conservation efforts by Costa Rica (n.d.) due to pollution from different
sources, including hydropower construction. The species index in the area was generally
referred to as positive by Area de Conservaci6n Guanacaste (n.d.) and M (2013a).
Guanacaste was described as an area with over 7000 plants species, 900 vertebrate
species, and 41000 invertebrate species (Area de Conservaci6n Guanacaste, n.d.).
Habitat fragmentation in the Guanacaste area was described in both literature and
web analysis. Janzen (1983a) stated that the smaller areas of the park were subject to
edge effects. Chapman (1988) and Janzen (1988) both noted that habitat fragmentation
had a negative influence on the conservation efforts of Guanacaste. However, Area de
Conservaci6n Guanacaste (n.d.) and Sanchez-Azofeifa, Daily, Pfaff & Busch (2003)
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reported that the recent incorporation of buffer zones, in relation to earlier reports and
papers, was beneficial and created geographic isolation of the area, which lessened the
impact of edge effects on habitat fragmentation.
4.1.1.2.1.1.2 Institutional Factors
Government policy on the environmental practices of Costa Rica is generally
thought to have had a positive influence on conservation efforts. Evans (1999) and Costa
Rica (n.d.) describe how the "Green Growth Strategy" of Costa Rica's government is
beneficial to conservation efforts by increasing economic growth while preventing
environmental degradation. Campbell (2002) reinforced the "Green Growth" sentiment
commenting on the growth of tourism within environmental governance, which provided
monetary growth in the area. Additionally, during the literature analysis, Boza (1993) and
Liverman (2004) mentioned it was a critical time to enforce minimum requirements of
environmental policies to aid in maintaining the environment.
Local government organizations were described as having a more positive
influence on Guanacaste's conservation efforts by Costa Rica (n.d.) and Area de
Conservaci6n Guanacaste (n.d.). However, Seligson (2002) mentioned there is possibility
of a breakdown in the Costa Rican support system for environmental legislation. Failure
of the governmental support system has the potential to derail many conservation efforts

in the country.
Non-governmental organizations were noted as having a positive influence on
Guanacaste National Park by Boza (1993), Evans (1999) and Area de Conservaci6n
Guanacaste (n.d.). Literature described NGOs in the area as supportive of community
based conservation efforts and as a fmancial resource. While there are over fifty local
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NGOs active in Costa Rica, only four are considered environmental. The four NGOs,
along with a handful of international environment NGOs, help to support the country's
conservation efforts (Worldwide NGO Directory, n.d.). Boza (1993) reported that
Guanacaste National Park also has sufficient funding. Funding was primarily diversified,
specifically through payments of environmental services described by Area de
Conservaci6n Guanacaste (n.d.).
Management plans for the Guanacaste area were seen as generally positive with
Brown & Bird (2010) citing management plans as successful in attempts to tackle
tropical deforestation. Area de Conservaci6n Guanacaste (n.d.) described management
plans for Guanacaste as "quality" plans that were integrated within park operations. M
(2013a) also supported the claims of positive influences from management plans on
Guanacaste's conservation efforts stating that the plans aid in maintaining biodiversity.
4.1.1.2.1.1.3 Social Factors
Stonich (1999) and Evans (1999) defined the population change around
Guanacaste National Park as having a negative influence. Human populations in the area
are increasing, putting strain on the park. The sub factors including major development
projects, encroachment, and agriculture, describe the influence of urban pressure, a
consequence of increasing populations, around Guanacaste National Park. Major
development projects in the area are delineated by Area de Conservaci6n Guanacaste
(n.d.) as logging, hydroelectric dams and road construction, all which have a negative
influence on Guanacaste's conservation efforts. Stonich (1999) supports the claim of
negative influence from development projects. A negative influence from encroachment
is defined as hunting and fishing as well as poaching by Stonich (1999) and Area de
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Conservaci6n Guanacaste (n.d.). Agriculture in the area is also seen to have a negative
influence as it causes deforestation (Klose, 2012), and the deviation of water and
pollution (Area de Conservaci6n Guanacaste, n.d.) from pesticides. Janzen (1988),
Moline (1999) and Janzen (2000) all cite restoration attempts to combat the harmful
influences of urban pressure. Restoration in the Guanacaste area, although repeatedly
described as passive, is generally noted as having a positive influence on Guanacaste's
conservation efforts.
Tourism in the Guanacaste area was considered to have varied impacts on
conservation. Boza (1993), Campbell (2002), Hearne & Salinas (2002), Hearne (2002),
and Ross & Wood (2010) describe a positive influence of tourism through the attraction
of investment and economic growth, which helps to promote less destructive behavior.
Investment in the area helps to curb the desire to clear the land for more agricultural or
industrial pursuits. Area de Conservaci6n Guanacaste (n.d.) and Chase, Lee, Schulze &
Anderson (1998) describe a more neutral influence because a growing tourist population
puts strain on ecotourism management which, if left uncorrected, will lead to
environmental devastation. Stonich (1999) described increased tourism as having a
negative impact on Guanacaste's conservation efforts through heavy tourist traffic and
visitor accommodations. Overall, tourism was considered to have a neutral influence on
conservation efforts in Guanacaste.

4.1 1.2.1.1 4 Conflict Factors
The Guanacaste region is subject to different conflict sources, which has had a
negative influence on conservation. There is a border conflict between the Guanacaste
region and Nicaragua which has resulted in deforestation and an overexploitation of
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resources, as cited by Evans (1999) Klose (2012) and Dyer (2013). A shortage of water
has also been reported in the area, leading to conflicts over resources in the Guanacaste
area as well (Klose, 2012; Kuzdas, 2012; Lopez, 2014).
4.1.1.2.1.2 Talamanca
4.1.1. 2.1. 2.1 Environmental Factors
Talamanca National Park's environmental health was described through the sub
factors soil quality, water quality and species index and was similarly explored through
literature and web analysis. Soil quality was described through Talamanca Range-La
Amistad Reserves I La Amistad National Park (n.d.) as "good." Jordan, Sagastizabal &
Ankerson (1999) and Black (2012) detail water pollution from agricultural sources.
Waste management measures for water quality are also described as negative influences
on Talamanca's conservation from About Talamanca, Costa Rica (n.d.). The species
index for Talamanca, noted by Talamanca Range-La Amistad Reserves I La Amistad
National Park (n.d.) as 15,900 different plant species or 90% of Costa Rica's known plant
species, is a positive influence . In addition, habitat fragmentation was described as a
negative influence in Talamanca by Janzen (1983b) and Sanchez-Azofeifa, Daily, Pfaff

& Busch (2003). However, the recent incorporation of buffer zones, not mentioned in
earlier literature, has had a more positive influence on Talamanca's conservation efforts.
4.1.1.2.1.2.2 Institutional Factors
Costa Rica's environmental practices are commonly described as positive
influences towards conservation. General government policy initiatives are detailed by
the "Green Growth Strategy." Costa Rica's strategy was considered advantageous
because steps are taken to prevent environmental degradation of different conservation
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efforts while increasing economic growth through diversification (Evans, 1999). Part of
this strategy is the diversification and growth of the tourism industry, providing revenue
and resources to protect the environment (Campbell, 2002). Furthermore, Boza (1993)
and Liverman (2004) stated that it was a critical time to enforce the minimum
requirements of the strategy to aid in maintaining the environment for future generations.
The local government organizations near Talamanca were considered to have a
positive influence on the areas conservation. Talamanca is supported by local institutions
from Costa Rica and Panama, where a joint declaration warrants cooperation from both
countries (Talamanca Range-La Amistad Reserves/ La Amistad National Park, n.d.).
However, Seligson (2002) suggested that interruptions of the Costa Rican environmental
legislation support system may have a lasting impact on conservation for the region.
Non-governmental organizations operating in Talamanca were reported as aiding
in community based conservation efforts. Worldwide NGO Directory (n.d.) reported that
there are four local environmental NGOs working in Costa Rica . Major international
NGOs are also active in the region. Boza (1993), Evans (1999) and Talamanca Range-La
Amistad Reserves/ La Amistad National Park (n.d.) all described non-governmental
organizations as having a positive influence on Talamanca National Park.
Overall, management plans for Talamanca were considered to have a neutral
influence on conservation efforts. Conflicting descriptions of the area's management
plans were given by Brown & Bird (2010) and Talamanca Range-La Amistad Reserves/
La Amistad National Park (n.d.). Brown & Bird (2010) considered the management plans
to be successful because certain goals were met in the attempt to tackle tropical
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deforestation. However, Talamanca Range-La Amistad Reserves/ La Amistad National
Park (n.d.) described management plans as being of"poor quality," or not likely to meet
conservation goals, even if the plans were integrated within park management operations.
Funding was also considered to have a neutral influence on conservation efforts in
Talamanca due to conflicting reports. Boza (1993) described a positive influence of
funding through participation in the Global Environmental Facility. Conversely,
Talamanca Range-La Amistad Reserves/ La Amistad National Park (n.d.) reported that
there is insufficient funding available from UNESCO and other NGOs to effectively
support such a large area.
4.1.1.2.1.2.3 Social Factors
Population change around Talamanca was described by Evans (1999) as having a
negative influence on Talamanca's conservation attempts. The population change
generally refers to an influx of illegal settlement near the border and within indigenous
people's land. Urban pressure, as a result of increasing populations is defined by major
development projects, encroachment and agriculture factors. Major development projects
in the Talamancan region are reported as hydroelectric dams (About Talamanca, Costa
Rica, n.d.; Talamanca Range-La Amistad Reserves/ La Amistad National Park, n.d.;
Jordan, Sagastizabal & Ankerson, 1999; Mclarney & Mafia, 2007), roads (About
Talamanca, Costa Rica, n.d.; Talamanca Range-La Amistad Reserves/ La Amistad
National Park, n.d.; Jordan, Sagastizabal & Ankerson, 1999), oil and gas extraction and
logging (Talamanca Range-La Amistad Reserves/ La Amistad National Park, n.d.). The
different active projects in the area have had a negative influence on conservation.
Encroachment from squatters and indigenous people's reserves, specifically the Ngobe112

Bugle (Talamanca Range-La Amistad Reserves/ La Amistad National Park, n.d.; Jordan,
Sagastizabal & Ankerson, 1999) exceeded the carrying capacity in the Talamancan
region and putting strain on the area's conservation efforts. Agriculture is described as a
negative influence on Talamanca's conservation with pollution as a consequence of
pesticides (Talamanca Range-La Amistad Reserves/ La Amistad National Park, n.d.;
Dahlquist et al., 2004), diversion of water and cattle grazing (Talamanca Range-La
Amistad Reserves/ La Amistad National Park, n.d.). Cohen & Lindell (2005) also
described how destructive agricultural practices increased habitat fragmentation and
separated native species from forest habitat.
Lynch (2004) has described a positive influence from grassroots organizations
that have been helpful in reversing the negative influence that agriculture has had on the
region . Increased local participation through the involvement in grassroots organizations
and other groups has aided conservation efforts in Talamanca. However, About
Talamanca, Costa Rica (n.d.) reported poor participation in the area, potentially lowering
the effectiveness of local participation.
Tourism in the Talamanca region has been determined to have varying influences
on conservation efforts from different sources, with the overall influence considered to be
neutral. Tourism was reported to be a positive influence by Boza (1993), Jordan,
Sagastizabal & Ankerson ( 1999) and Hearne & Salinas (2002) because it helps to attract
funding for the park. Talamanca Range-La Amistad Reserves / La Amistad National
Park, n.d. and Lynch (2004) described tourism as a double-edged sword because with
increased tourism, there is the possibility of increased strain on the Talamancan
environment, even with awareness programs in place. About Talamanca, Costa Rica
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(n.d.) described tourism in a negative light for the Talamancan region due to increased
traffic in the area.
4.1.1.2.1.2.4 Conflict Factors
Two main sources of conflict have been identified in the Talamancan region that
has had an impact on conservation efforts. Duran & Marnez (2014) and Sarma (2014)
describe a conflict over water resources from the Sixaola River which has led to
increased social tension. Conflict is also present between local indigenous populations
and non-indigenous settlers (Ramirez, n.d.; Dahlquist et al., 2004). Dahlquist et al. (2004)
noted that indigenous populations feel as though they are being marginalized by
incoming settlers. Increased social tension and fighting over resources have a negative
impact on Talamanca's conservation efforts.
4.1.1.2.2 Multiple Criteria Analysis
Results of the Costa Rican percentage analysis were input into the multiple
criteria database. Multiple criteria analysis utilizes only applicable factors in summation
to aid in the identification of more significant factors, or factors with a more global
influence. Two multiple criteria analyses were conducted; 1) overall multiple criteria with
no delineation of type of influence and 2) positive and negative influences were separated
to determine the significant factors. For both analyses, factors and sub factors that were
applicable, or present in a study location, are assigned a numerical value of one. If a
factor was not mentioned in literature and/or not noted to influence conservation in any
way, it was assigned a numerical value of zero. The second analysis, accounting for type
of influence, was recorded but not utilized until comparative analysis.

114

4.1.1.2.3 Additional and Multiplicative Functions
Weight assignment, based on the overall role of the factor on conservation,

previously completed, was applied to all study locations. Rate assignment, based solely
on Costa Rican factors, was built upon the results from percentage analysis and multiple
criteria analysis. Factors that were non-applicable or had a neutral influence on
conservation were excluded from the rate assignment step because the factors have little
bearing on the overall outcome of conservation efforts at the specific locations. A rate of
"high" was assigned to factors that had a positive influence, while a rate of "low" was
assigned to factors that had a negative influence. An overall linguistic rate was assigned
to each factor category based on the average rate of the individual factors. A numerical
rate corresponding to the overall linguistic rate was assigned for each factor category.
The numeric rate and overall weight assignments were then multiplied for each category
and processed by linear addition to delineate a total score.
4.1.1.2.4 Rule Based System
Building upon the results of the preceding analyses, rule bases were applied to the

two Costa Rican parks. Rule bases created within the expert system were matched by the
type of influence that category factors had on conservation. Once rule bases were applied
each park was assigned a degree of success.
4.1.1.3 Results and Discussion
4.1.1.3.1 Percentage Analysis
Percentage analysis for Guanacaste and Talamanca shows variable degrees of

positive, neutral, and negative influences (Table 10). Overall, Guanacaste has 33.33% of
the applicable factors impact the park in a positive manner and 50.00% of factors have a
negative influence, rounded out with 16.67% of neutral influences. Non-applicable
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factors in Guanacaste account for 21.74% of the identified factors. Talamanca's overall
applicable factors represent influences of 27.78% positive, 44.44% negative and 27.78%
neutral, with 21.74% of the factors non-applicable to the park. The results for percentage
analysis were broken down by applicable and non-applicable factors within the factor
categories of environmental, institutional/policy, social/cultural/economic and conflict
factors with an overall percentage analysis score.
The percentage analysis results of the Costa Rican parks from the application of
the holistic rubric, demonstrate that the parks may be less successful than the standard
measurement of success suggets. Both parks had higher percentages of negative
influences over positive influences, which were not indicated by traditional
measurements. However, the percentages are not significant enough to determine if
Guanacaste will be more successful than Talamanca. Further analysis is needed to truly
define success based upon the clearly defined set of holistic factors.
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Table 10: Percentage Analysis results for the two Costa Rica study sites.
Factors

Guanacaste Applicable Factors

Environmental

80.00%
Positive

NegatJ\'e

50.00%

25.00%

'"0(

Positive

Negative

80.00%

0.00%

Positive

Negati\'e

16.67%

66.67%

Conflict

Positive

Negative

50.00%

25.00%
100.00%

.,

Positive

Negative

j.,.

40.00%

0.00%

25.00%
Of

.,,

75.00•lo
Positive

Negative

16.67%

66.67%

40.00%

60.00%
Positive

Negative

IH.

0.00%

100.00%

11..

Overall

80.00%

(J.00%

75.00%

Social/Cultural/Economic

~·

20.00%

~

~·

0.00%

r·

"

~·

25.00%

,.

40.00%

60.00%
Positive

Negative

11•

0.00%

100.00%

'4

21.74%

78.26%

Talamanca NonApplicable
Factors

Talamanca Applicable
Factors

21l.00'Yu

100.00%

Institutional/ Policy

Guanacaste NonApplicable Factors

21.74%

78.26%

Positive

Negative

, 111

Positive

Negative

;ll

33.33%

50.00%

•'

27.78%

44.44o/e

7
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4.1.1.3.2 Multiple Criteria Ana lysi s
Multiple criteria analysis, using the applicable factors from percentage analysis ,
does not account for the type of influence that factors have on conservation. Individual
factors within each study site were combined with present factors that were assigned a
one and absent factors assigned a zero. Overall, the two study sites had similar factors
present, provided in the results table for multiple criteria analysis (Table 11). The
environmental and institutional/policy factors were the same, either both present or both
absent. Given that the parks are close in relative proximity and reside within the same
country , this is not surprising. There were only a few factors; local participation,
restoration , local/regional conflict and conflict over resources, that impacted only one of
the .parks.
Local factors can be determined from the preliminary totals, however, regional
and global factors cannot be delineated with information from only the two Costa Rican
parks. From the preliminary totals, Guanacaste and Talamanca are both influenced by 18
factors. However, there is no way to determine, just by looking at the total number of
factors that influence each park, which park is more successful. Using only multiple
criteria analysis, success cannot be defined for either park as there is no determination of
how important the different factors may be to conservation. Further refinements of
analyses are needed in order to define success using the holistic factors.
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Table 11: Multiple criteria results for the two Costa Rica study sites.
Factor

Sub factor

Guanacaste Talamanca Prelimina ry Total

Environmental Health

Soil Quali ty

I

1

2

Water Quality

1

1

2

Species Index

I

I

2

Habitat Fragmentation and Edge
Effect

1

1

2

Habitat Ga p Anal ysis

0

0

0

Government Polic y

I

1

2

Local Government Or ganizations

1

I

2

Non-Go vernm ent Or ganization s

I

1

2

Mana gement Plans

1

1

2

Fundin g

I

I

2

1

I

2

Major Development
Proj ects

1

I

2

Encroachment

I

I

2

Agriculture

1

I

2

Local Partici pation

0

1

1

Cultural Ed ge Effect

0

0

0

Restoration

1

0

1

Tourism

I

1

2

International Fra gmentation

0

0

0

International Conflict

I

1

2

Refue ee State

0

0

0

Local/Re gional Conflict

1

1

2

Conflict Over Resources

1

1

2

Total

18

18

Po oulation Chan ge
Urban Pressure

4.1.1. 3. 3 Additional and Multiplicative Functions
Using the results from percentage analysis and multiple criteria analysis , rate

assignments can be determined for Guanacaste and Talamanca. The presence of factors
and the type of influence those factors have on the conservation efforts were applied to
the rate assignment table. Factors that had a neutral influence or were non-applicable in
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the study location were disregarded. Guanacaste (Table 12) had a moderate
environmental rating, a high institutional/policy rating, a moderately low
social/cultural/economic rating, a low conflict rating and high traditional rating.
Talamanca (Table 13) had the same rates for all categories except in the environmental
category, which had a moderately high rating. When comparing factor category weight
and rate assignment, both parks demonstrate different numerical assignments . However,
since weight is based on a factor's overall role in conservation, and rates are assigned on
a case by case basis local factors can be variable and inverse to overall weight patterns.
When numerical assignments are processed by linear addition, Guanacaste received a
score of 58 and Talamanca received a score of 68. While the scores suggest that
Talamanca may be more successful than Guanacaste, the scores are not significantly
different enough to assign a definition of success. Therefore, analysis methods need to be
refined again to define true success using a clearly defined set of holistic factors.
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Table 12: Rate assignment table for Guanacaste .
Cate eorv
Environmental

Institutional/ Policy

Social/Cultural/
Economic

Factor

Sub factor

Rate

Environmental Health

Soil Quali ty

Low

Water Duality

Low

Species Index

Hi gh

Local Government
Organizations
Non-Government
Organizations

Conflict

Traditional

Total Relative
Wei ghts & Rate

Numerical
Assirmment

Overall
Weight

Weight*
Rate

Moderately
Low

2

5

10

High

5

4

20

Moderately
Low

2

3

6

Low

1

-3

-3

Hi lili

5

5

25

High
High

Mana _gement Plans

High

Fundim r

Hi lili

Population Chan ge

Low

Urban Pressure

Overall Rate

Major Develo pment Projects

Low

Encroachment

Low

Agriculture

Low

Restoration

High

International Conflict

Low

Local/Re gional Conflict

Low

Conflict Over Resources

Low

Increase in species
Increase in conservation
areas

Hi l!h
Hi l!h

58
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Table 13: Rate assignment table for Talamanca.
Cateeory
Environmental

Institutional/ Policy

Social/Cultural/
Economic

Factor

Sub factor

Rate

Environmental Health

Soil Quality

High

Water Quality

Low

Soecies Index

Hi2.h

Local Government
Organizations
Non-Government
Organizations

Conflict

Traditional

Total Relative
Weights & Rate

Numerical
Assi enment

Overall
Weieht

Weight*
Rate

Moderately
High

4

5

20

High

s

4

20

Moderately
Low

2

3

6

Low

1

-3

-3

Hie.h

s

5

25

High
High

Population Chan ge
Urban Pressure

Overall Rate

Low
Maj or Develo pment Pro iects

Low

Encroachment

Low

Aw iculture

Low

Local Partici pation

High

International Conflict

Low

Local/Re gional Conflict

Low

Conflict Over Resources

Low

Increase in soecies
Increase in conservation
areas

Hiith
Hitl

68
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4.1.1.3.4 Rule Based Sy stem
Information collected from the three previous analytical methods was

incorporated into the expert/knowledge based system. The knowledge based system was
used to develop a total of 54 rule bases. Rule bases were developed using different
combinations of linguistic definitions, i.e. positive, neutral, and negative, from three
factor categories; environmental, institutional/policy, and social/cultural/economic, in
addition to the linguistic definition of present or absent from conflict factors. Rule
conditions, written as IF-THEN statements, were matched to the two Costa Rican study
sites (Table 14) assuming that the traditional factors were constant, defined as "success."
Conservation success for Guanacaste with neutral environmental factors , positive
institutional/policy factors, negative social/cultural/economic factors, and conflict present
was defined as MODERATELY LOW. Conservation success for Talamanca with
positive environmental factors, neutral institutional/policy factors, negative
social/cultural/economic factors, and conflict present was defined as MODERATELY
LOW.
Table 14: Rule bases for the two Costa Rican study locations.
Study Site

Rule Base

Guanacaste

IF (Environmental is Neutral) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN
Degree of success is MODERATELY LOW

Talamanca

IF (Environmental is Positive) AND (Institutional/Policy is Neutral) AND
(Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN
Degree of success is MOD ERA TEL Y LOW

4.1.1.3. 5 Discussion
The culmination of the nested analysis gave a crisp definition of conservation

success for the two Costa Rican parks, Guanacaste and Talamanca. As additional study
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locations are processed by the nested analysis, the rule bases will be evaluated to
eliminate outliers and tune the system. The rule base system, established through the
creation of a knowledge base, was able to provide a clear definition to conservation
success for individual study locations.
In a country known for conservation, green initiatives in government, and an
impressive ecotourism industry, conservation success is not always guaranteed.
Influences outside the traditional approach have a huge impact on conservation efforts,
and Costa Rica may not be as green as currently reported. The Costa Rican governmental
policies towards conservation are considered positive and supportive of increased
conservation. However, other factors such as conflict and social pressures were
considered to be a negative influence on conservation, hindering success. Conflict with
border nations and over resources slows progress of conservation efforts and takes away
time, energy, and money that could be used elsewhere. Pressure from urban development
and increased ecotourism also contributes to lower degrees of conservation success for
both of Costa Rica's parks. Hydropower dams, logging, and road development modifies
ecosystems away from their natural state, chips away at the environment and increases
habitat fragmentation. Poaching around the border of the parks increases species
avoidance, and coupled with illegal settlement and squatters on park land, furthers
fragmentation. Limited access to resources as a result of increased agricultural plots also
contributes to habitat fragmentation and poor environmental health. Ecotourism was
considered a controversial factor in Costa Rica, dually raising awareness while having the
potential to damage the environment from an increase in tourist traffic. Pressures from
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increased populations, even if only for a short time, impede the country's ability to
recuperate quickly from environmental damage.
Negative influences within Guanacaste and Talamanca, not acknowledged by
traditional standards of increased land and target populations, lead to a moderately low
degree of success for both parks. In the analytical process, the major difference between
Guanacaste and Talamanca was identified within the environmental and institutional
categories. Poor soil quality reported in Guanacaste was reflected by a moderately low
rate and a neutral definition assignment. Talamanca, with better soil quality, supported a
moderately high rate and a positive definition assignment. Insufficient funding and poor
quality management plans identified in Talamanca resulted in a higher neutral influence
for the park's institutional/policy category, and a neutral definition assignment, compared
to Guanacaste's positive definition assignment. While the parks differed on soil quality,
funding, and management plans, the majority of other identified factors were similar.
Accounting for the influence of additional holistic factors, Guanacaste and Talamanca
were considered to have a much lower definition of success than traditional
measurements.
4.1.1.4 Conclusions
The traditional measurement rubric based on biological factors is just not good

enough to truly measure conservation success. Both parks are considered a success by
UNESCO World Heritage Forest Protection indicators; however, when the holistic
factors were applied to conservation efforts through the use of expanded evaluation
criteria, utilizing nested analysis processes, the determination of success changed. Certain
key factors may be more important for the determination of conservation success or
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failure but it is not clear when using only the two study locations. Further analysis
utilizing multi-scale locations is needed, though environmental and institutional/policy
factors seem important based upon the Costa Rica case study. Guanacaste and
Talamanca received a moderately low degree of success based upon the interaction of
environmental and institutional/policy factor categories. To determine how holistic
factors can be applied to conservation and contribute to redefining success, multi-scale
analysis is needed. Based upon results from the Costa Rica case study, the use of a clearly
defined set of holistic factors, coupled with nested analysis for the holistic evaluation
rubric, changed the current ranking of the two conservation efforts, but additional multiscale analysis is needed for verification. Using the traditional rubric, Guanacaste and
Talamanca are ranked as successes; application of the new rubric changed the rankings to
a moderately low degree of success for both study locations.
To determine if inclusion of holistic factors increase the ability to define success
and/or failure of conservation projects, further multi-scale analysis is needed. However,
illustrated in the Costa Rica case study, the use of interdisciplinary factors within
expanded evaluation criteria were necessary to truly determine success in addition to
biological factors. Many different factors from a variety of interdisciplinary fields were
shown to have some sort of influence on conservation efforts that are generally not
accounted for through the use of traditional biological factors.
4.1.2 Panama Case Study
Panama, the southernmost country of Central America, is best known for forming
a land bridge between North America and South America (Figure 16). The isthmus is
home to a variety of species from both continents and acts as a middle ground between
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the two (Panama, n.d.). Along with Costa Rica, Panama boasts one of the highest
amounts of overall diversity of flowering plants in the Neotropics (Gonzalez, Schulte,
Schmidt & Zizka, 2011; Panamawild, 2015). Even with high levels of species endemism,
Panama still suffers from many environmental issues including water pollution from
agricultural run-off, tropical rainforest deforestation, and land degradation, all of which
have impacts on the Panama Canal. To combat environmental degradation, Panama is
party to many international agreements to protect its natural resources: biodiversity,
climate change, desertification, endangered species, environmental modification, tropical
timber, and wetlands, among others (The World Factbook Panama, n.d.).
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Figure I 6: Spatial display of Panama with Panama's conservation efforts.
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Panama's economy relies upon the services sector which includes banking,
logistics, insurance, flagship registry, operation of the Panama Canal, container ports and
tourism (The World Factbook Panama, n.d.). To preserve its natural resources Panama
has begun to create national and regional partnerships that integrate the tourism and
conservation sectors. Integration provides economic and ecological advantages and its
utilization of the tourist industry to attract patrons to exotic biodiversity resources (Ayala,
1997; Jackiewicz & Craine, 2010).

4.1.2.1 Methods
4.1.2.1.1 Selection of Park and Study Areas
Coiba National Park and Darien National Park were designated for analysis of
Panama's conservation efforts based upon parameters for selection, namely as UNESCO
parks. Both parks are considered successful using UNESCO World Heritage Forest
Protection indicators, a traditional rubric for measuring success. Additionally, both parks
were established primarily for land conservation through an international NGO.
4.1.2.1.1.1 Coiba National Park
Coiba National Park is a UNESCO park with an inscription year of 2005 (Figure
17). The 270,145 hectare park is located on the southwest coast of Panama (Coiba
National Park and its Special Zone of Marine Protection, n.d.). Formerly the site of a
penal colony, human activity has been restricted since 1919 resulting in minimal human
settlement (Boyero & DeLope, 2002; Blaustein, 2007). Declared a park in 1991 (Steinitz
et al., 2005), the length and size of the island, along with the marine habitat, allows for
the protection of a large part of the ecosystem needed to sustain the high level of
biodiversity identified in the area (Coiba National Park and its Special Zone of Marine
Protection, n.d.). While the marine habitat is an important part of this park, the tropical
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moist forest habitat will be the sole focus of this research to be comparable to other study
locations.
Coiba
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Figure 17: Spatial display of Coiba in Panama.

4.1.2.1.1.2 Darien National Park
Darien National Park is located in the Darien Province of Panama and is seen as a
land bridge between North and South America (Figure 18). The UNESCO Park,
(inscription year 1981) is 575,000 hectares and is the largest protected area in Panama,
and one of the largest protected areas in Central America. Habitats in the Darien Province
vary widely ranging from lowland and upland tropical forests to mangroves and swamps
to sandy beaches. An exceptional amount of mammals are endemic to the area and the
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park provides a home for critically endangered, endangered, threatened and vulnerable
species (Darien National Park, n.d.).
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Figure 18: Spatial display of Darien in Panama.

4.1.2.1.2 Data Layers and Sources
Source data on the case studies was accumulated during metadata analysis.
Literature review and website analyses were utilized for metadata collection. Nonapplicable factors in either Coiba or Darien are excluded from the source data table. The
tables below display the source data for the two Panama study locations: Coiba (Table
15) and Darien (Table 16).
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Table 15: Sources datafor Coiba.
Data Layer Category
Environmental

Data Laver

Source

Soil Oualitv

M, 2010a
M, 201 0a; Borrell, Cantos, Pastor & Aguilar, 2004 ; Camilli,
Pizarro & Camilli, 2008
Coiba National Park and its Special Zone of Marine
Protection n.d.; Aguado & San Martin , 2004 ; Gutierrez et
al., 2005; Steinitz et al., 2005; Guzman & Breed v, 2012

Water Quali ty

Species Index
Habitat
Fragmentation/Edge
Effect
Institutional/Policy

Government Policy
Local Government
Organizations
Non-Governmental
On!anizations

Mana gement Plan

Social /Cultural/Economic

Fundin g
Major Development
Pro jects

Encroachment
Agriculture
Local Partici pation

Tourism

Coiba National Park and its Special Zone of Marine
Protection n.d.
Steinitz et al., 2005
Steinitz et al., 2005; Kursar, 2007
Coiba National Park and its Special Zone of Marine
Protection n.d.
M, 2010a ; Coiba National Park and its Special Zone of
Marine Protection n .d.; Guzman, Guevara & Breedy, 2004;
Blaustein , 2007
M, 20 I 0a; Coiba National Park and its Special Zone of
Marine Protection n.d.
Coiba National Park and its Special Zone of Marine
Protection n.d.; Steinitz et al., 2005
Coiba National Park and its Special Zone of Marine
Protection n.d.; Lopez, Cladera, San Martin, Laborda &
Aguado , 2002; Steinitz et al., 2005 ; Blaustein, 2007; Edgar
et al., 2011
Coiba National Park and its Special Zone of Marine
Protection n.d.; Bo vero & DeLo oe, 2002
Dalton , 2004
Coiba National Park and its Special Zone of Marine
Protection n.d.; Boyero & DeLope , 2002; DominiciArosemena & Wolff, 2006 ; Schloegel, 2007
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Table 16: Source data for Darien.
Data Layer Cate gory

Data La yer

Source

Environmental

Soil Quali ty

Herrera-MacB rvde & ANCON , n.d.

Water Quali ty

Herrera-MacB rvde & ANCON , n .d.; L, 2014
Darien National Park, n.d.; Wege, 1996; Ayala, 1997;
Nelson , Harris & Stone, 1999; Casado, 2001 ; Pipoly &
Ricketson , 2005 ; Gonzalez, Schulte, Schmidt & Zizka ,
2011; Bala !lller, 2012

Species Index
Habitat
Fragmentation/Edge
Effect
Institutional/Policy

Government Policy
Local Government
Organizations
Non-Governmental
Or ganizations

Herrera-MacBryde & ANCON, n.d. ; Casado, 2001
Ayala, 1997; Grauel & Putz, 2004 ; Suman, 2007; Gonzalez,
Schulte, Schmidt & Zizka, 2011
Lewis, 1996;M,2008a

Mana gement Plan

M, 2008a

Fundin g

Tourism

M, 2008a
Darien National Park , n.d.; Jukofsky , 1991; Korten , 1994;
Ayala, 1997; Ankerson, 1999; Weitzner, 2000; Nelson &
Geoghegan, 2002; Grauel & Putz, 2004
Darien National Park, n.d.; Jukofsky, 1991; Wege, 1996;
Ayala, 1997; Nelson & Geoghegan , 2002; Suman, 2007;
Bala £Uer, 2012
Darien National Park, n.d.; Murawski & Hamrick, 1992;
Wege, 1996; Ayala, 1997; Weitzner, 2000; Nelson &
Geo ghegan, 2002;
Darien National Park, n.d. ; Lewis , 1996; Weitzner, 2000;
Grauel & Putz, 2004
Wege , 1996; Ayala, 1997; Casado , 2001; Jackiewicz &
Craine , 2010

Local/Re gional Conflict

Jukofs ky, 1991

Social/Cultural/Economic
Major Development
Pro iects

Encroachment

A griculture
Local Partici pation

Conflict

Darien National Park , n.d.; Wege, 1996; Ayala, 1997;
Kursar et al., 2007

4.1.2.1.3 Spatial Representation
ArcMap was used in the spatial representation of Panama. The world base map
was imported into the program and the region of Central America was identified and
zoomed in on. A Selection by Attribute query was performed, identifying the boundary of
Panama which was then exported as a new layer, named Panama. Panama's conservation
area data was downloaded and imported into ArcMap from Protected Planet as
shapefiles. The shapefile containing all conservation areas was spatially displayed and
named Panama Conservation Areas. To identify the two UNESCO study sites, a
Selection by Attribute query was performed on the Panamanian conservation areas and
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the data was exported as new individual layers, named Coiba and Darien respectively,
which were then spatially displayed along with the previously downloaded data.
The source data for the world base map was obtained from the Geospatial
Analytics Lab USFSP. Protected Planet provided boundary information on all
conservation efforts related to Panama. Information for the two UNESCO study sites in
Panama was also acquired from Protected Planet (Table 17).
Table 17: Data layer sources for Panama .
Data Layer
World Base Ma p
Coiba National Park
Darien National Park
Panama Conservation Areas

Source
USFSP Geospatial Analytics Lab
httg://www.grotectedQlanet.net/
httg://www.QrotectedQlanet.net/
htt:2://www.grotectedQlanet.net/

4.1.2.1.4 Data Selection and Processing
Analysis of the Panama conservation efforts began with identification of study
locations that fit the selection parameters of land conservation and easily identifiable
management within an international organization. There were two parks in Panama,
Coiba and Darien, that met the aforementioned parameters. Information pertaining to the
two parks was initially retrieved from the UNESCO website for background on
conservation in the area. Metadata was then collected on the status of conservation and
additional factors influencing the two parks. Information on Coiba and Darien was put in
a literature review database to act as reference in the application of the proposed holistic
evaluation rubric. The reference information was categorized by park, factor and type of
influence.
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Google Scholar™ and USFSP Library Services were utilized as the main source
for collecting metadata about Panama and the factors influencing Panama's conservation
efforts . Using the keywords "Coiba National Park" and "Darien National Park" as the
search parameters in Google Scholar, journal articles with relevant conservation
information were identified and downloaded into Google drive for processing. Each
article was analyzed to ascertain pertinent information about applicable factors within
Coiba and Darien. Information was also collected from a website analysis to bolster
findings and address any factors that may not have been recognized in a scholastic
search. Due to the amount of information available, the website analysis was more
restrictive, using the study site name as well as the particular factor being analyzed. All
information collected was recorded in the literature review database (Appendix B).
4.1.2.2Rubric Development and App lications

4.1.2.2.1 Percentage Analysis
Metadata analysis was carried out using the literature review database for
Panama's parks, beginning with analysis of papers from the literature review and analysis
of websites. The type of influence that each factor had on specific conservation efforts
was determined by suggestive language and input into percentage analysis equations.
Data collected for analysis of Coiba and Darien conservation efforts was compiled into
an Excel spreadsheet, arranged by park, then by category factor (Appendix B).
4.1.2.2.1.1 Coiba
4.1.2.2.1.1.1 Environmental Factors
A literature review and website analysis was utilized to define the environmental
health of Coiba National Park based on soil quality, water quality, and species index of
the area. Soil quality is considered to have a neutral influence on Coiba National Park
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because of the composition of the soil. M (2010a) described the soil composition as
volcanic rock with limestone overlaid by patches of sedimentary soils. Borrell, Cantos,
Pastor & Aguilar (2004) reported that the water quality in Coiba National Park was
subject to pollution from organochlorides, or agricultural pesticides. However, Coiba
National Park and its Special Zone of Marine Protection (n.d.) noted productive local
waters within the park. Coiba National Park has one of the most diverse ecosystems in
Central America. Steinitz et al. (2005) and Guzman & Breedy (2012) consider this area to
be a biodiversity hot spot. The number of endemic species (Aguado & San Martin, 2004)
identified in the park strengthens the claim that the species index is a positive influence
on Coiba National Park. With strict delineation and incorporation of a buffer zone around
the park, habitat fragmentation was determined to have a positive influence on Coiba's
conservation by Coiba National Park and its Special Zone of Marine Protection (n.d.).

4.1.2.2.1.1.2 Institutional Factors
Coiba National Park was declared a national park by executive orders in 1991, a
designation that can also be repealed by executive order. At the time of this study,
government policy related to Coiba was determined to have a neutral influence on
conservation (Steinitz et al., 2005). However, the executive order declaration of its
designation, easily repealed in the same fashion, has the potential to lead to total park
failure if the government chooses to reverse its earlier position.
Local government organizations were considered to have a more positive
influence on Coiba National Park than the overall government policy for Panama.
Steinitz et al. (2005) details a legislative action from 2001 which brought the park under
the authority of local entities instead of national entities. Kursar et al. (2007) noted that in
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the newly established conservation area of Coiba, different programs in Panama have
initiated direct conservation efforts to support the natural ecosystem. In addition, there
are many different non-governmental organizations active in Coiba, one being UNESCO,
which support local and national organizations in the maintainance of conservation
efforts in Coiba (Coiba National Park and its Special Zone of Marine Protection, n.d.).
Management plans for Coiba National Park were considered to have a positive
impact on conservation according to M (2010a) because the plans restrict development
and place ecotourism as a priority in the area. However, management plans developed in
1996 have not been updated according to Guzman, Guevara & Breedy (2004). A more
comprehensive management plan is needed to deal with what has been described in
Coiba National Park and its Special Zone of Marine Protection (n.d.) as the absence of
clear regulations relating to the property .
Funding for Coiba's conservation efforts was considered to be insufficient.
UNESCO and other private sectors provided funding for basic management, but not
much beyond that (Coiba National Park and its Special Zone of Marine Protection, n.d.).
M (201 0a) reported that funding is inadequate to control the pressure put on by logging
companies, peasant settlement and tourism.
4.1.2.2.1.1.3 Social Factors
Urban pressure, in the form of major development projects, encroachment and
agriculture, had conflicting influences depending upon the source. Steinitz et al. (2005)
stated that the Coiba area is largely untouched by development, which would be a
positive influence on the conservation effort. However, Coiba National Park and its
Special Zone of Marine Protection (n.d.) described plans for construction of a naval base
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that would most certainly be a negative influence on conservation in the area.
Encroachment in the area, according to Blaustein (2007), is minimal due to the island's
recent history as a penal colony. Conversely, Lopez, Cladera, San Martin, Laborda &
Aguado (2002) note that while there is currently no human encroachment, past activity
has reduced the size of the conservation area. Coiba National Park and its Special Zone of
Marine Protection (n.d.), Steinitz et al. (2005) and Edgar et al. (2011) all describe illegal
fishing in the area, which has led to increased encroachment and has a negative influence
on Coiba National Park's conservation attempts. The influence of agriculture in Coiba
National Park is also reported in conflicting ways. Boyero & DeLope (2002) describe a
lack of alteration from agriculture due to low human activity in the area, while Coiba
National Park and its Special Zone of Marine Protection (n.d.) reports an increased
presence of cattle. Conflicting reports have close temporal proximity, so these factors will
need to be reevaluated as more information becomes available. Overall, major
development projects and agriculture were considered to be neutral influences on Coiba's
conservation due to the conflicting reports; however, encroachment was determined to be
a negative influence due to the amount of illegal fishing reported.
Local participation was determined to be a positive influence for conservation
efforts by Dalton (2004). Local populations are intimately connected to conservation
efforts in the area and their efforts serve as a model for other parks. Increased
involvement in the environmental affairs of Coiba National Park will aid in the
recognition of any potentially negative influences in and around the park.
The impact of tourism on the conservation efforts of Coiba National Park has an
overall neutral influence. While there has not been much alteration to the island (Boyero
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& DeLope, 2002), the amount of tourists and the equipment used for recreation poses a
problem (Coiba National Park and its Special Zone of Marine Protection, n.d.). DominiciArosemena & Wolff (2006) and Schloegel (2007) caution that the explosive growth of
tourism in the area can pose problems for the future if the current, less developed,
tourism industry is not expanded to create a more sustainable industry that educates
tourists on environmental conditions and sets regulations for proper use of environmental
services .
4.1.2.2.1.2 Darien
4.1.2.2.1.2.1 Environmental Factors
The environmental health of the Darien region was analyzed by describing the
soil quality, water quality and a species index . Both soil quality and water quality were
described by Herrera-MacBryde & AN CON (n.d .). Soils were considered to be
comprised of clay and park boundaries protect one third of the Darien Province
watershed. However, L (2014) describes the water quality in the area as questionable.
Soil and water quality were determined to have a neutral influence on the conservation
efforts of Darien National Park based upon the reported conditions. The species index of
Darien National Park shows a more positive influence on the conservation efforts in the
area. High endemism was identified for species in the area by a number of sources
(Darien National Park, n.d.; Wege, 1996; Ayala, 1997; Nelson, Harris & Stone, 1999;
Casado, 2001; Pipoly & Ricketson, 2005; Gonzalez, Schulte, Schmidt & Zizka, 2011;
Balaguer, 2012). A high level of species endemism suggests that the environment is rich
enough to support multiple species.
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Habitat fragmentation in the Darien Provence was determined to be caused by
logging roads (Kursar et al., 2007), habitat loss due to agriculture and cocaine plantations
(Wege, 1996) and border delineation conflicts with Colombia (Darien National Park,
n.d.). Fragmentation was described as a negative influence to the conservation efforts in
Darien National Park. However, Ayala (1997) notes that a large section ofrain forest
within the park remains undisturbed and the recent establishment of buffer zones and
regrowth (Kursar et al., 2007) have helped to lessen the impact of habitat fragmentation
within the park, if not on the border.
4.1.2.2.1.2.2 Institutional Factors
Government policy in the area was considered unstable by Casado (2001) due to
the militaristic control that the country has suffered under. However, conservation efforts
may fair better because, according to Herrera-MacBryde & ANCON (n.d.), the national
government has made protecting natural areas a priority this results in a determination
that government policy has a neutral influence on conservation. Local government
institutions have formal authority over conservation efforts in the Darien Provence
(Suman, 2007). The National Environmental Authority of Panama, a local institution, has
provided support for conservation efforts (Gonzalez, Schulte, Schmidt & Zizka, 2011)
along with the Panamanian Environmental Ministry (Grauel & Putz, 2004). Active
engagement and support from local institutions was considered to have a positive
influence on conservation in Darien.
Many different NGOs operate in Darien National Park, providing equipment and
maintenance support (Lewis, 1996; M, 2008a). NGOs were considered to have a positive
influence on Darien. M (2008a) described the objective of the management plans in
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Darien National Park as strictly protecting the core. Management plans were considered
to have a positive influence on the conservation efforts of Darien National Park. The
different NGOs active in the park are also able to maintain funding for park operations
which generates a positive influence on the park's conservation efforts.
4.1.2.2.1.2.3 Social Factors
Urban pressure has had a negative influence on Darien National Park
conservation efforts, mainly in the form of major development projects, encroachment
and agriculture. Logging efforts in the area (Weitzner, 2000), both legal and illegal
(Jukofsky, 1991), though not always large scale have resulted in discontinuous forest
gaps (Grauel & Putz, 2004). The proposed Pan American Highway is a huge threat to
Darien National Park conservation. The Highway project has been rejected many times,
but the possibility of construction is always looming (Darien National Park, n.d.; Korten,
1994; Ankerson, 1999; Nelson & Geoghegan, 2002; Grauel & Putz, 2004). Ayala (1997)
has described encroachment into Darien National Park as unplanned and uncontrolled.
Squatters are continually chipping away at the park habitat (Jukofsky, 1991; Suman,
2007) which has led to a rise in overhunting and poaching in the area (Wege, 1996;
Ayala, 1997). Changes to the number of inhabitants can drastically change resource use
patterns and result in loss of tropical rainforest (Darien National Park, n.d.; Suman,
2007). Agricultural practices in the area are usually slash and burn which, if not changed,
can lead to an unsustainable agricultural industry (Darien National Park, n.d.; Murawski
& Hamrick, 1992, Ayala, 1997; Weitzner, 2000; Nelson & Geoghegan, 2002). Pollution

of the environment by deficient agricultural practices is caused by pesticides used to
control the cocaine plantations that have been popping up in the area (Wege, 1996).
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Local participation in the conservation efforts ofDairen National Park was
determined to have an overall positive influence. Local communities want to promote
sustainable logging efforts (Grauel & Putz, 2004) and find alternatives to slash and bum
agriculture (Weitzner, 2000). Darien National Park (n.d.) has also noted that community
involvement in the region is necessary for the future of resource management practices.
Tourism in the Darien Province is generally low due to a lack of roads and. easy
access to the park (Casado, 2001) resulting in a poor tourist industry (Wege, 1996).
Ecotourism would be beneficial in raising awareness of the critical habitat in the area but
it can also put pressure on local communities (Ayala, 1997; Jackiewicz & Craine, 2010).
Presently, tourism was considered to have a neutral influence on Darien National Park,
but this could change quickly if there is a large boom in tourism without increased
industry development.

4 1.2.2.1.2.4 Conflict Factors
Jukofsky (1991) reported local conflict near Darien National Park where a
member of an indigenous tribe was shot while trying to defend his land. Problems have
arisen between squatters and indigenous peoples over land rights and access to resources.
Local conflict in the area points to problems with encroachment and a lack of
enforcement from local institutions. Local conflicts are considered to have a negative
influence on Darien.

4.1.2.2.2 Multiple Criteria Analysis
Factors applicable to Panama's conservation efforts were entered into an Excel
spreadsheet for multiple criteria analysis. The analysis utilizes a summation of the
applicable factors for the identification of globally important factors. The first multiple
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criteria analysis performed accounted for only the occurrence of applicable factors
through a binary system of I for presence and Ofor absence. Factors were considered
non-applicable, or absent, if the factor was not mentioned in literature and/or not noted to
influence conservation in any way. A second analysis was done to account for positive
and negative influences, which was then separated for easier presentation of the
significant positive and negative influences that were identified.
4.1.2.2.3 Additional and Multiplicative Functions
Additional and multiplicative functions employed weight and rate assignments for
each factor category. The overall role of factors on conservation was the basis of weight
assignment, which was completed previously. Rate assignments were more specific to
Panama's parks, which were determined through percentage analysis and multiple criteria
analysis results. Non-applicable and neutral factors were excluded from the process of
rate assignment due to having smaller impacts on the outcome of conservation in specific
locations. Since only positive and negative influences were considered for rate
assignment, a rate of "high" and "low" were used to describe the type of influences. Once
all the factors had been rated, an overall rate was assigned for each factor category, with a
numerical rate corresponding to the linguistic assignment. The predetermined weight and
measured rate were multiplied together for each category, then processed by linear
addition, culminating in a total score for each park.
4.1.2.2.4 Rule Based System
The two parks in Panama were analyzed by rule bases, which were built using the
results of the three preceding analyses. A knowledge based system was utilized to create
the IF-THEN rules predicting different iterations of conservation success, written as
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conditional statements. The application to the rules bases resulted in an assignment of the
degree of success for each park in Panama.
4.1.2.3 Results and Discussion
4.1.2.3.1 Percentage Analysis
Applicable factors for Coiba and Darien showed variable degrees of influence

having a positive, neutral or negative influence (Table 18). Factors applicable to Coiba's
conservation account for 60.87% of the identified factors. Of the applicable factors,
28.57% impacted the park positively, 21.43% negatively and 50% neutrally . Conversely,
Darien had more applicable factors with 69.57% of the identified factors having some
sort of influence on the park. Overall, Darien's factors were considered to have 43.75%
positive, 25.00% negative and 31.25% neutral influences. The percentage analysis results
are represented by breaking down factors into applicable and non-applicable categories,
then by type of influence within one of the four factors categories: environmental,
institutional/policy, social/cultural/economic and conflict. Factors within the categories
were combined to give an overall percentage analysis score reflecting the type of
influence on the study area. A variety of influences were demonstrated for the identified
factors on both parks. A comparison between the two parks using the overall percentage
analysis scores, suggests that Darien may be more successful than Coiba due to a higher
percentage of positive influences and a similar amount of negative influences . However,
the presence of neutral factors and different percentages for non-applicable factors make
a concrete determination of success more difficult. The use of percentage analysis on a
clearly defined set of holistic factors does not provide a significantly different result, so
further analysis is needed to truly define success.
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Table 18: Percentage Analysis results for the two Panama study sites.
Factors

Coiba Applicable Factors

CoibaNonApplicable Factors

80.00%

20.00%

Environmental
Positive

Negative

50.00%

0.00%

Institutional/ Policy

"':

100.00%

Darien Applicable Factors
80.00%
Positive

Negative

50.00%

0.00%

0.00%

Negative

..,,

Positive

Negative

. 20.00%

40.00%

litl

80.00%

0.00%

62.50%

37.50%

Positive

Negative

..,

20.00%

20.00%

•r:

Conflict

0,00'1/D
Negative

wt,

0.00%

100.00%

....

Overall

Negative

28.57%

21.43%

Positive
20.00%

tit

1H

0.00%

~·
=•

Negative

~,

40.00%

NI

40,00o/D

37.50%

60.00%

Positive

Negative

lit

0.00%

100.00%

IU

39.13%

60.87%
Positive

62.S0%

100.00%

Positive

il l

100.00%

Positive

Social/Cultural/Economic

Darien NonApplicable
Factors
20.00%

69.57%

30.43%

Positive

Negative

-,,

43.75%

25.00%

!'
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4.1.2.3.2 Multiple Criteria Analysis
Using the applicable factors from percentage analysis, a multiple criteria analysis

was performed on the parks in Panama. The presence of identified factors was recorded
using a binary method where a present factor was assigned a one and the absence of a
factor was assigned a zero. Multiple criteria analysis was not used to define the type of
influence that applicable factors had on conservation. For the two parks in Panama, Coiba
and Darien had similar factors present in three of the four categories (Table 19). Factors
were either both present or both absent for the environmental, institutional/policy and
social/cultural/economic categories. International conflict and local/regional conflict were
determined to impact only one park, Darien.
The preliminary totals for multiple criteria analysis were used to determine locally
relevant factors but in order to identify regional or global factors, more data from
additional case studies are needed. Coiba and Darien were determined to be influenced by
14 and 16 factors, respectively. However, even with the identification oflocal factors, the
difference in the amount of applicable factors is not significant enough to determine
which park's conservation efforts are more successful. Without knowing how important
the different factors may be to conservation, success cannot be defined for either park.
However, the primary difference in applicable factors between the two parks is the
conflict category that suggests that there are obstacles to overcome in order to obtain long
term success in Darien. Multiple criteria analysis cannot be used alone to define success
in conservation without further refinements to the analysis process; therefore, the addition
of holistic factors is suggested.
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Table 19: Multiple criteria results for the two Panama study sites.
Coiba

Darien

Preliminary Total

Factor

Sub factor

Environmental Health

Soil Quality

1

1

2

Water Quality

1

1

2

Species Index

I

1

2

Habitat Fragmentation and Edge
Effect

1

1

2

~abitat Gap Anal ysis

0

0

0

Government Polic y

1

1

2

Local Government Orl!anizations

1

1

2

iNon-Govemment OrJ?anizations

I

1

2

Mana gement Plans

1

1

2

Fundin g

I

I

2

0

0

0

Major Development
Pro jects

I

1

2

Encroachment

1

1

2

Agriculture

I

1

2

Local Partici pation

I

I

2

Cultural Edge Effect

0

0

0

Restoration

0

0

0

Tourism

1

1

2

International Fra gmentation

0

0

0

International Conflict

0

I

1

Refu l!ee State

0

0

0

Local/R egional Conflict

0

1

1

Conflict Over Resources

0

0

0

Total

14

16

Population Chan J?.
e
Urban Pressure

4.1.2.3.3 Additional and Multiplicative Functions
Rate assessment for each factor within the two parks was determined using the
results from percentage analysis and multiple criteria analysis. The rate, in combination
with a predetermined weight for factor categories, was used to define success by
additional and multiplicative functions. The type of influence that present factors have on
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conservation was allocated to the rate assignment table. Positive and negative influences
were assigned high and low rates while neutral and non-applicable influences were
excluded from analysis. Coiba (Table 20) had a high environmental rating, moderately
low institutional/policy rating, moderate social/cultural/economic rating, absent conflict
rating and high traditional rating. Darien (Table 21) had the same environmental and
traditional rating, but that is where the similarities end. Darien also had a high
institutional/policy rating, moderately low social/cultural/economic rating, and a low
conflict rating. Local factors were determined to be variable which was reflected by rate
assignment on a case by case basis. Because weights are assigned by the overall role of a
factor on conservation, when comparing factor category weights and rate assignment, the
results were different numerical assignments, Coiba received a score of 67 and Darien
received a score of 73. Due to the higher score, it appears that efforts in Darien may be
more successful than those in Coiba; however, the scores are not significantly different
enough to truly define success. To accurately define true success based upon a clear set of
holistic factors, analysis methods will need to be fine-tuned.
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Table 20: Rate assignment table for Coiba.
Catee-orv

Factor

Sub factor

Rate

Environmental

Environmental Health
Habitat Fragmentation and Edge
Effect

Species Index

High

Institutional/ Policy

Social/Cultural/
Economic

Local Government Organizations

High

Management Plans

Low

Funding

Low

Urban Pressure
Local Partici pation

Conflict
Traditional

Total Relative
Weil!hts & Rate

Hi gh

Encroachment

Numerical
Assienment

Overall
Wei2ht

Hi l!h

5

5

25

Moderately
Low

2

4

8

Moderate

3

3

9

Absent

0

-3

0

HilUl

5

5

25

Overall Rate

Weight*
Rate

Low
High

Conflict
Increase in species

High

Increase in conservation areas

High

67

148

Table 21: Rate assignment table for Darien.
Catee.o rv
Environmental

Institutional / Policy

Factor

Sub factor

Rate

Environmental Health
Habitat Fragmentation and Edge
Effect

Species Index

Hi gh
High

Local Government Organizations
Non-Government Organizations

High

Mana gement Plans

High

Urban Pressure

Hi rrh
Encroachment

Low

Agriculture

Low

Local Partici pation

High

Conflict

International Conflict

Low

Local/Re gional Conflict

Low

Traditional

Increase in species

Hi clt

Increase in conservation areas

High

Total Relative
Wei ghts & Rate

Numerical
Assi e:nment

Overall
Wei e:ht

Weight*
Rate

Hi l!b

5

5

25

Hieb

5

4

20

Moderately
Low

2

3

6

Low

I

-3

-3

High

5

5

25

Hi clt

Fundin c.
Social/Cultural/
Economic

Overall Rate

73
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4.1.2.3.4 Rule Based System
The expert or knowledge based system used for the rule based portion of analysis
was built upon the results from the three previous analyses. Results data was incorporated
into the development of rule bases. A total of 54 rule bases were established by using all
possible iterations of the linguistic definition of the four factor categories. Environmental,
institutional/policy and social/cultural/economic categories gave a positive, negative or
neutral linguistic definition while the conflict category's linguistic definition was either
present or absent. The rule bases were presented as IF-THEN statements, or conditions.
Panama's study locations were matched to rule base conditions (Table 22) which assumes
that the traditional factors definition, successful, is constant. The degree of conservation
success for Coiba with positive environmental factors, neutral institutional/policy factors,
neutral social/cultural/economic factors, and absent conflict was defined as
MODERATE. The degree of conservation success for Darien with positive
environmental factors, positive institutional/policy factors, neutral
social/cultural/economic factors, and present conflict was also defined as MOD ERA TE.
Table 22: Rule bases for the two Panama study locations.
Study Site

Rule Base

Coiba

IF (Environmental is Positive) AND (Institutional/Policy is Neutral) AND
(Social/Cultural/Economic is Neutral) AND (Conflict is Absent) THEN Degree
of success is MODERATE

Darien

IF (Environmental is Positive) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Neutral) AND (Conflict is Present) THEN Degree
of success is MODERATE

4.1.2.3.5 Discussion
A crisp definition for conservation success was determined for the two parks in
Panama, Coiba and Darien, at the conclusion of the nested analysis. The knowledge
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based system gave a clear definition of the degree of conservation success for individual
study locations. As the system is tested through additional case studies, the nested
analysis method and rule bases will be evaluated to tune the system, removing any
outliers.
Panama's location, acting as a land bridge between the American continents, puts
the country in an interesting position. The area is subject to unique environmental
pressures with a large diversity of species funneling into the country from the north and
south, especially in Darien, located in the southernmost part of the country on the border
of Colombia. As an island, Coiba faces different challenges to conservation than Darien,
with one of the more notable differences being that no conflict was identified as having
an influence on conservation efforts. Analysis of the two parks suggests that Darien
receives more support from institutional/policy factors, specifically NGOs, management
plans and funding. While NGOs were present in both parks, in Darien, the NGOs were
reported to provide funding and equipment for conservation efforts that was not described
in Coiba. A lack of proper equipment and lack of a comprehensive management plan for
Coiba erodes the advantage of having no conflict present in the area. Funding between
the two parks diverged, closely tied to the presence and activities ofNGOs in the parks.
In Coiba, where NGO activity is less robust a lack of available funding to cover the
pressure of fishing tourism and an influx of peasant settlers, is a concern.
Further, differences in the two parks may stem from their histories. Historically,
Coiba was part of a penal colony with few, if any, human disturbances on the island
reported. Modest alteration from urban pressure through development gives Coiba a
higher rate for the social/cultural/economic category than Darien, at a moderate rate.
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Slash and bum agriculture, cattle ranching and increased pesticide use contributes to
Darien's moderately low rate for the social/cultural/economic category. However, even
with differences in the institutional/policy category and urban pressures, the definition
assignment for the two parks is the same at a moderate degree of success. Relatively
positive environmental conditions described for the Panama study locations aid in
maintaining a higher degree of success for the identified conservation efforts. Although
there is a moderate degree of success in Panama, a number of influences that are not
included in the traditional measurements of success, but are identified in the holistic
rubric, were reported to have varying degreed of impact on the country's conservation
efforts. This suggests that the traditional measurements misrepresent how successful
conservation efforts are in Panama.
4.1.2.4 Conclusions
Both parks in Panama are considered a success based on UNESCO World
Heritage Forest Protection indicators. However, when the holistic factors were applied to
conservation efforts through the use of expanded evaluation criteria, utilizing a nested
analysis method, the determination of success changed. This change reinforces the claim
that the traditional measurement rubric, which is based solely on biological factors, is not
good enough to truly measure conservation success. A clearly defined set of holistic
factors was identified as having an impact on conservation efforts within the two study
locations. While certain key factors may be important in determining the success or
failure of conservation, they were not apparent with a limited sample size. An expansion
of the analysis to include multi-scale locations is needed to highlight the key factors,
though institutional/policy and conflict factors seem to be important based on the Panama
case study. Differences were determined for the two above-mentioned categories,
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although Coiba and Darien were both considered to have a moderate degree of success. A
multi-scale analysis is also needed to determine how holistic factors can be applied to
conservation analysis and contribute to redefining success. The Panama case study,
utilizing a clearly defined set of holistic factors, coupled with an expanded evaluation
rubric with nested analysis, resulted in a change of success ranking. While the traditional
rubric rated Coiba and Darien as successful conservation efforts, the application of the
new rubric changed the ranking to a moderate degree of success for both locations. While
this is true for the two Panama case studies, it will need to be verified by additional multiscale analysis.
Many different factors from a variety of interdisciplinary fields were shown to
have some sort of influence on conservation efforts that are generally not accounted for
through the use of traditional biological factors. As illustrated by the Panama case study,
the use of holistic factors within expanded evaluation criteria, in addition to biological
factors, were necessary to truly determine success for conservation efforts. However, to
fully determine if the inclusion of additional holistic factors increases the ability to define
success and/or failure of conservation projects, further multi-scale analysis is needed.

4.2 Mekong Valley Case Studies
4.2.1 Mekong Valley Case Study
The Mekong Valley is a biodiversity hotspot in Southeast Asia that contains the
Mekong River (Figure 19). The Mekong River drains an area of795,000 km 2 and spans
across many different environments, from dense rainforests to savannahs (Gilmour, Van
San & Tsechalicha, 2000). An impressive number of species, along with a few rare
species only located within the Mekong River basin, have utilized the diverse
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environments to make a home there. The valley is traditionally referred to as two separate
parts, the Upper Mekong and the Lower Mekong valleys. The entirety of the Mekong
Valley's vast area encompasses many different countries; Cambodia, Laos, Myanmar,
Thailand, Viet Nam and part of southern China (Mekong River, n.d.). For the purposes
of this project only three countries, Cambodia, Laos and Viet Nam, which lie adjacent to
one other and encompass the majority of the Mekong River, will be included. Cambodia
is bordered by Thailand, Laos (Lao Peoples Democratic Republic) and Viet Nam and
contains the majority of the Lower Mekong valley plain at 181,035 km 2 • It is suggested
that Cambodia, based purely on plant diversity, is one of the richest countries of the
world (Bugna, 2002a). Laos (Lao Peoples Democratic Republic), a land-locked country,
is surrounded by Cambodia, China, Myanmar, Thailand and Viet Nam and has a variety
of forest types that cover approximately 40% of the country's 236,800 km 2 (Bugna,
2002b). Viet Nam is bordered by Cambodia, China and Laos and covers 329,566 km 2 •
One of the 16th most biologically diverse areas, a title bestowed by the World
Conservation Monitoring Center, the country also boasts a long coastline, 3260 km, with
many marine habitats (Rambaldi, Bugna & Geiger, 2001). The interconnectedness of
countries in the Mekong Valley has led to economic cooperation within the region.
Countries bound to the Mekong River have formed the Greater Mekong Subregion
(GMS) (Greater Mekong Subregion (GMS), 2014) and includes all three focus countries.
GMS was established to inventory and aid in the distribution of resources for the
economic sustenance and growth of the region (Asian Development Bank, n.d.).
Economic and social growth has been notable since the 1980s.
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Figure 19: Spatial display of the Mekong Valley Region and associated conservation
efforts.

4.2.J.1 Methods
4.2.1.1.1 Selection of Park and Study Areas
The Mekong Valley area was selected for analysis based upon the parameters set
forth in the section on methodology previously outlined. Within the Mekong Valley area
three study sites were chosen: Lower Mekong Dry Forest Ecoregion, Greater Annamites
Ecoregion, and Phong Nha-Ke Bang National Park. The World Wildlife Fund
established the ecoregions of Lower Mekong Dry Forest and Greater Annamites
Ecoregion primarily for land conservation. The third study location established for land
conservation was Phong Nha-Ke Bang National Park, a UNESCO World Heritage site.
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The two ecoregions are considered to be in the early stages of development, but exhibit
the potential for success using WWF biological criteria. In addition, Phong Nha-Ke Bang
is considered a successful park, but the parameters were based on the UNESCO World
Heritage Forest Protection indicators.
4.2.1.1 .1.1 Lower Mekong Dry Forest Ecoregion
Lower Mekong Dry Fore st Eco region
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Figure 20: Spatial display of the Lower Mekong Dry Forest ecoregion.
The Lower Mekong Dry Forest ecoregion consists of the largest tract of
continuous dry forest in the world, along with semi-evergreen forests and seasonally wet
grasslands and ponds (Figure 20). The ecoregion covers an area over 12 million hectares
with 62,500 km 2 of continuous dry forest. The majority of this ecoregion is located in
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Cambodia and is considered undiscovered (Lower Mekong Dry Forests Ecoregion Action
Programme, 2008).
4.2 .1.1.1.2 Greater Annamites Ecoregion
The Greater Annamites Ecoregion is comprised of evergreen forest and rivers and
streams that contribute to the major tributaries of the Mekong River (Figure 21). Forests
in the Greater Annamites area include dry coastal forests and wet montane forests. The
WWF ecoregion covers over 23 million hectares and sea-level is 2500 m at its highest
peak. Of the region's 23 million hectares, 3 million are protected (WWF in the Greater
Mekong region, n.d.).
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Figure 2 I: Spatial display of the Greater Annamites ecoregion .
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4.2.1.1.1.3 Phong Nha-Ke Bang National Park
Phong Nha-Ke Bang National Park is a UNESCO World Heritage site that
contains tropical dense forest, primary and secondary forests and savannah (Table 22).
The park, with an inscription date of 2003, covers 85,754 ha and is located within Viet
Nam. Different management zones divide the park into thirds; 3,411 ha is committed to
administrative service, 17,449 ha are for ecological recovery, and 64,894 ha are dedicated
as strictly protected. Phong Nha-Ke Bang is home to the oldest karst ecosystem in the
world providing a very complex landscape for protection (Phong Nha-Ke Bang National
Park, n.d.).
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Figure 22: Spatial display of Phong Nha-Ke Bang in the Mekong Valley.
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4.2.1.1.2 Data Layers and Sources
A literature review and website analysis performed on the three study locations

was assembled as metadata to be used during analysis. The case study source data is
comprised of data identified for applicable factors in the Lower Mekong and Greater
Annamites ecoregions and Phong Nha-Ke Bang National Park. Non-applicable factors
are excluded from the source data table. The three tables that follow represent the source
data for Lower Mekong {Table 23), Greater Annamites (Table 24) and Phong Nha-Ke
(Table 25).
Table 23: Sources data for Lower Mekong Dry Forest Ecoregion.
Data Layer Cate gory

Data La yer

Environmental
Soil Quality
Water Quali ty

Institutional/Policy

Species Index
Habitat
Fragmentation/Edge
Effect

Chaudhu ry, 2009; Sodhi et al. 2010

Government Polic y

Management Plan

Bul!.lla, 2002a; Chaudh ury, 2009 ; Sodhi et al., 2010
Sen, n.d.; Gilmour, Van San & Tsechalicha, 2000 ;
Rambaldi, Bugna & Geiger, 2001; Ducourtieux, Laffort &
Sacklokham, 2005; Chaudhu rv. 2009 ; Ogletho roe, 2009
Lower Mekong Dry Forests Ecoregion Action Programme ,
2008; Rambaldi, Bugna & Geiger, 2001; McElwee, 2012;
Sunderland, Saver & Hoang (Ed .). 2012
Lower Mekong Dry Forests Ecoregion Action Programme,
2008,Bu gna,2002a

Fundin e

McElwee, 2012

Urban Pressure

Chaudh ury, 2009
Lower Mekong Dry Forests Ecoregion Action Programme,
2008; Chaudhury, 2009; Sunderland, Sayer & Hoang (Ed .),
2012
Lower Mekong Dry Forests Ecoregion Action Programme ,
2008
Clouded Leopards, n.d.; Ducourtieux , Laffort &
Sacklokham, 2005; Chaudhury, 2009; Sodhi et al., 2010;
Sunderland, Saver & Hoan.e(Ed .), 2012
Gilmour, Van San & Tsechalicha , 2000; Ducourtieux,
Laffort & Sacklokham, 2005

Local Government
Organizations
Non-Governmental
Organizations

Social/Cultural/Economic

Source
Lower Mekong Dry Forests Ecoregion Action Programme,
2008
Lower Mekong Dry Forests Ecoregion Action Programme,
2008; Kongmeng, Larsen & Van Duyen, 2013

Major Development
Proj ects
Encroachment

Agriculture
Local Partici pation
Tourism

Lower Mekong Dry Forests Ecoregion Action Programme,
2008; Sodhi et al., 2010

Local/Regional Conflict

Chaudhurv, 2009
The people of Lower Mekong Dry Forests, n.d .; Gilmour,
Van San & Tsechalicha, 2000

International Conflict

The oeoole of Lower Mekon g Drv Forests , n.d.

Conflict
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Table 24: Source data for Greater Annamites Ecoregion.
Data Layer Category

Data Layer

Source

Environmental

Soil Ouali ty

WWF in the Greater Mekon g region, n.d.

Water Quali ry

WWF in the Greater Mekon g region, n .d.
WWF in the Greater Mekong region, n.d .; Chaudhury, 2009;
Sodhi et al., 2010

Species Index
Habitat
Fragmentation/Edge
Effect
Institutional/Policy

Non-Governmental
Ore.anizations

Bugna, 2002b; Chaudh ury, 2009; Sodhi et al., 2010
WWF in the Greater Mekong region, n.d.; Ngoun, 2012;
Gilmour, Van San & Tsechalicha, 2000; Rambaldi, Bugna
& Geiger, 2001; Ducourtieux, Laffort & Sacklokham, 2005;
Ogletho rpe, 2009; Chaudhu ry, 2009
WWF in the Greater Mekong region, n.d.; Rambaldi, Bugna
& Geiger, 2001; McElwee, 2012; Sunderland, Sayer &
Hoan e. (Ed. }, 2012

Mana izement Plan

0 2letho me, 2009

Fundin 2
Major Development
Pro iects

McElwee, 2012
WWF in the Greater Mekong region, n.d.; Chaudhury, 2009;
Sunderland , Saver & Hoan g (Ed. ), 2012

Encroachment

Local Partici pation

WWF in the Greater Mekon R:rewon, n.d.
WWF in the Greater Mekong region, n.d.; Ducourtieux,
Laffort & Sacklokham, 2005; Chaudhury, 2009; Sodhi et al.,
2010; Sunderland, Sayer & Hoan J!.(Ed.), 2012
Gilmour, Van San & Tsechalicha, 2000; Ducourtieux,
Laffort & Sacklokham, 2005

Restoration

WWF in the Greater Mekon g region, n.d .

Tourism
Local/Regional
Conflict

Chaudh ury, 2009
WWF in the Greater Mekong region, n.d.; Ngoun, 2012;
Gilmour, Van San & Tsechalicha, 2000; Bugna, 2002b

Government Polic y

Local Government
Organizations

Social/Cultural/Economic

Agriculture

Conflict

WWF in the Greater Mekon g rel(ion, n.d.; Sodhi et al., 20 I0
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Table 25: Source data for Phong Nha-Ke Bang National Park.
Data Layer Cate gory

Data Layer

Source

Environmental

Soil Qualiiy

Phong-Nha-Ke Ban g National Park, n.d.

Water Quali iy

Phon g-Nha-Ke Ban g National Park, n.d.

Species Index
Habitat
Fragmentation/Edge
Effect

M, 2008f;Chaudhury , 2009

Institutional/Policy

Government Polic y

Mana ,gement Plan

Chaudh ury , 2009; Sodhi et al., 2010
Phong-Nha-Ke Bang National Park, n.d.; Gilmour, Van
San & Tsechalicha, 2000; Rambaldi , Bugna & Geiger ,
200l;Oglethorpe , 2009
Phong-Nha-Ke Bang National Park, n.d .; Rambaldi,
Bugna & Geiger, 2001 ; McElwee, 2012; Sunderland,
Sayer & Hoan g (Ed.), 2012
Phong-Nha-Ke Bang National Park, n.d.; M, 2008f;
Ogletho rpe, 2009

Local Government
Organizations
Non-Governmental
Organizations

Social/Cultural/Economic

Phon a-Nha-Ke Ban J?National Park , n.d.; Ha, 2006

Fundin g

Phon J?-Nha-Ke Ban g National Park, n.d .; McElwee, 2012

Po pulation Chan ge
Major Development
Pro iects

M,2008f
Phong-Nha-Ke Bang National Park, n.d .; Chaudhury,
2009

Encroachment

Agriculture

Sodhi et al., 2010 ; Ha , 2006
Gilmour, Van San & Tsechalicha, 2000; Chaudhury,
2009 ; Sunderland, Sayer & Hoang (Ed.) , 2012; Sodhi et
al., 2010

Restoration

Phon g-Nha-Ke Ban g National Park, n.d .

Tourism

Local/Re itional Conflict

Hubner , Phon g & Chau , 2014; Chaudhurv , 2009
Phong-Nha-Ke Bang National Park , n.d .; MAG - Find out
about the good work that the Mines Advisory Group do in
this area, n.d.

International Conflict

Gilmour, Van San & Tsechalicha, 2000

Conflict

4.2.1.1.3 Spatial Representation
To create a spatial representation of the Mekong Valley, the world base map was

downloaded into the ArcMap program. The Mekong Valley region was located through a
Selection by Attribute query, using a search for Cambodia, Laos and Vietnam. Data
retrieved during the search was exported as a new layer and named Mekong Valley. Data
on the different conservation efforts in the region was downloaded for each of the three
countries from Protected Planet. Additionally, the Terrestrial Ecoregions of the World
shapefile was downloaded from worldwildlife.org. Once imported into ArcMap, the three
country conservation shapefiles were spatially displayed as a three layers: Cambodia
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conservation areas, Laos conservation areas and Vietnam conservation areas. The
ecoregions were identified and displayed by use of the Selection by Attribute query on
the Terrestrial Ecoregions of the World and the data was exported as new layers: Lower
Mekong Dry Forest and Greater Annamites. Phong Nha-Ke Bang was identified and
selected from the Vietnam conservation areas' shapefile before being exported and added
to the map. Once all data was selected, exported and added to the map, all layers were
turned on for spatial display.
The world base map was acquired from the Geospatial Analytics Lab at USFSP,
which provided the boundary information for the three countries in the Mekong Valley:
Cambodia, Laos and Vietnam. Boundary information for the ecoregions was obtained
from the Terrestrial Ecoregions of the World shapefile to aid in the identification of the
two WWF study sites: Lower Mekong Dry Forest Ecoregion and Greater Annamites
Ecoregion. Conservation effort boundaries within the Mekong Valley were obtained from
Protected Planet and included the boundary information for Phong Nha-Ke Bang, the
UNESCO study site (Table 26).
Table 26: Data layer sources for Mekong Valley.
Data Layer
World Base Map
Lower Mekong Dry
Forest Ecore gion
Greater Annamites
Phong Nha-Ke Bang
Mekong Valley
Conservation Areas

Source
USFSP Geospatial Analytics Lab
hllJ1://www.worldwildlife.or g/Qublications/terrestrial-ecore e:ionsof-the-world
httQ://www. worldwildlife. or~ Qublications/terrestrial-ecore cionsof-the-world
h t lg_://www. grotected ~lanet.net/
hrtn://www. nrotected nlanet.net/
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4.2.1.1.4 Data Selection and Processing
The identification of the Mekong Valley study sites was the first step towards
analyzing the region's conservation efforts. Based on the previously identified selection
parameters, three study locations were chosen. Lower Mekong Dry Forest and Greater
Annamites represented land conservation efforts by the World Wildlife Fund, an
international conservation organization with consistent management. The third study
location, Phong Nha-Ke Bang, was selected as a UNESCO park, another international
conservation organization which provided a traditional measurement rubric for
determining conservation success. Initial background information was obtained from a
web analysis ofWWF and UNESCO. Information about the status of conservation efforts
and any additional factors that influence these effects were accumulated to begin analysis
with the holistic measurement rubric. Metadata was amassed through the use of a
literature review and web analysis . Peer-reviewed journal articles were selected based
upon relevance to the particular study location being researched with a connection to
conservation. After a literature search, a web analysis was completed to incorporate any
additional information. The web analysis utilized the study site name along with one of
the additional identified factors to help narrow down the results. All information
collected was input into a literature review database where it was categorized by study
location , factor , and type of influence on conservation. Additional notes compiled during
metadata analysis were also recorded within the database to be used during application of
the nested analysis methods in the holistic rubric.
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4.2.1.2 Rubric Development and Applications
4.2.1.2.1 Percentage Analysis
Percentage analysis of the Mekong Valley study locations used the methodology
detailed in the preceding section. Analysis methods utilized the literature review
database. Metadata was scrutinized to identify the type of influence that applicable
factors had on the three Mekong Valley conservation efforts. The information collected
was compiled into an Excel spreadsheet for organization by study location, and then
sorted by category and factor (Appendix B). The type of influence was also recorded into
the percentage analysis equation for further processing.
4.2.1.2.1.1 Lower Mekong Dry Forest
4.2.1.2.1.1.1 Environmental Factors
The environmental health of Lower Mekong Valley ecoregion was defined based
upon three sub-factors: soil quality, water quality and a species index. Analysis of the
sub-factors was performed via literature and web analysis. Pollution from gold mining
cause negative influences on both soil and water quality identified by Lower Mekong Dry
Forests Ecoregion Action Programme (2008). The species index was considered to have a
neutral influence on the ecoregion's conservation efforts. Chaudhury (2009) detailed the
number of species on the IUCN's red list in the Lower Mekong ecoregion, while Sodhi et
al. (2010) described high species richness and endemism in the area. Habitat
fragmentation was considered to have a negative influence on the Lower Mekong Dry
Forest ecoregion due to a high rate of deforestation (Sodhi et al., 2010) and habitat loss
(Lower Mekong Dry Forests Ecoregion Action Programme, 2008).
4.2.1.2.1.1.2 Institutional Factors
Governmental policy for the Lower Mekong Dry Forest ecoregion, which
includes Cambodia, Laos and Viet Nam, was considered to have a negative influence on
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conservation efforts. Bugna (2002a) described the political climate as intense with natural
resources being heavily degraded and no support from the national government. The
national governments were also considered to be ineffective (Chaudhury, 2009) with
Sodhi et al. (2010) reporting that governmental corruption was rampant in the area.
Local government organizations were described as having a more neutral
influence on conservation. Gilmour, Van San & Tsechalicha (2000) and Ducourtieux,
Laffort & Sacklokham (2005) described the area as subject to political instability and
lacking guidelines for forest use and protection. Conversely, Rambaldi, Bugna & Geiger
(2001) reported the use of a protected area system for the Lower Mekong habitat.
MOSAIC (Management of Strategic Areas for Integrated Conservation), a local
government organization, was described by Oglethorpe (2009) as a start to environmental
protection. Chaudhury (2009) also reported some connection with local institutions for
forest protection.
Non-governmental organizations were determined to have a positive influence in
the ecoregion because NGOs contributed to and supported community based
management of the forest (Sunderland, Sayer & Hoang (Ed.), 2012). There are over 1,000
registered NGOs that help to draft laws, give a voice to the poor, and provide technical
assistance for management and protection of forest areas (Sunderland, Sayer & Hoang
(Ed.), 2012), thus playing a key role in Lower Mekong Dry Forest protection (Lower
Mekong Dry Forests Ecoregion Action Programme, 2008; Rambaldi, Bugna & Geiger,
2001; McElwee, 2012; Sunderland, Sayer & Hoang (Ed.), 2012).
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Management plans, written with the assistance ofWWF, were considered to have
a positive influence on conservation efforts. WWF helped to establish innovative
approaches to management by including ecotourism development (Lower Mekong Dry
Forests Ecoregion Action Programme, 2008), which improved management capabilities
(Bugna, 2002a). Payments for environmental services was described by McElwee (2012)
as the source of funding for the Lower Mekong Dry Forest ecoregion, but was
determined to have a neutral influence on conservation efforts in the area, simply due to
the need for more funding.

4.2.1.2.1.1.3 Social Factors
Urban pressure, as the result of rapid development, was considered to have a
negative influence on conservation efforts in the Lower Mekong ecoregion. Urban
pressure is defmed as major development projects, encroachment and agriculture. The
majority of major development projects are described as instances of logging (Lower
Mekong Dry Forests Ecoregion Action Programme, 2008; Chaudhury, 2009; Sunderland,
Sayer & Hoang (Ed.), 2012). Logging and resource extraction have caused the high rate
of deforestation and habitat fragmentation (Lower Mekong Dry Forests Ecoregion Action
Programme, 2008; Sodhi et al., 2010) especially within Laotian forests (Sunderland,
Sayer & Hoang (Ed.), 2012). Dam construction was also reported as major development
project that had a negative influence in the Lower Mekong ecoregion with 77 identified
dam projects (Sunderland, Sayer & Hoang (Ed.), 2012). Encroachment, in the form of
illegal hunting and fishing and the exploitative wildlife trade, was considered to have a
negative impact on conservation efforts. Agriculture was determined to be very
destructive (Chaudhury, 2009) in the Lower Mekong ecoregion due to slash and bum
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practices (Ducourtieux, Laffort & Sacklokham, 2005) and the rapid production rate
needed to meet the needs of a growing population (Sodhi et al., 201 0; Sunderland, Sayer
& Hoang (Ed.), 2012). Rapid production is generally in the form of increased land
conversion as land loses productivity and nutrients over time (Lower Mekong Dry
Forests Ecoregion Action Programme, 2008; Sunderland, Sayer & Hoang (Ed.), 2012).
Local participation was considered to have a positive influence on conservation
efforts in the Lower Mekong ecoregion with the implementation of the new Forestry Law
(Gilmour, Van San & Tsechalicha, 2000; Ducourtieux, Laffort & Sacklokham, 2005).
Ecotourism, a heavy source of local income, was determined to have a positive influence
on conservation efforts (Chaudhury, 2009). Both local participation and tourism were
considered to be positive influences on conservation efforts; however, they have not been
established long enough to reverse the negative impact of urban pressure.

4.2.1.2.1.1.4 Conflict Factors
A web analysis revealed that conflict in the Lower Mekong Valley ecoregion
influenced conservation efforts negatively. Civil unrest, described as a spillover from the
conflict in Vietnam, was identified by Lower Mekong Dry Forests Ecoregion Action
Programme (2008) as international conflict. Regional conflicts were described by
Gilmour, Van San & Tsechalicha (2000) as conflicts over potential dam construction.
Gilmour, Van San & Tsechalicha (2000) and The people of Lower Mekong Dry Forests
(n.d.) also described some conflict over regulations within the ecoregion. Local conflict
was also identified by Lower Mekong Dry Forests Ecoregion Action Programme (2008)
as "war over political ideologies" and the human vs. animal conflict.
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4.2.1.2.1.2 Greater Annamites
4.2.1.2.1.2.1 Environmental Factors
The environmental health of the Greater Annamites ecoregion is defined by soil
quality, water quality and a species index. A literature review and web analysis was
utilized to define the identified sub-factors. Soil and water quality were both impacted by
pollution in the region, primarily from gold mining. (WWF in the Greater Mekong
region, n.d.). Seasonal erosion of soil was also identified as having a negative influence
on conservation efforts (WWF in the Greater Mekong region, n.d.). Chaudhury (2009),
Sodhi et al. (2010) and WWF in the Greater Mekong region (n.d.) reported on the species
index in the Greater Annamites. Sodhi et al. (2010) and WWF in the Greater Mekong
region (n.d.) described high species richness and endemism for the region, which
reinforces the claim that the area is a biodiversity hotspot. However, Chaudhury (2009)
determined that species contributing to the biodiversity in the area were also on the
IUCN's red list, which may indicate some problems in the area. The species index was
considered to have a neutral influence on the ecoregion's conservation efforts due to the
conflicting reports. While the green corridor for the Greater Annamites was considered a
success, a high rate of deforestation is still rampant in the region (Sodhi et al., 2010). The
amount of habitat fragmentation and habitat loss (WWF in the Greater Mekong region,
n.d.) in the Greater Annamites was considered to be a negative influence on conservation
efforts.
4.2.1.2.1.2.2 Institutional Factors
Laos, Vietnam and a small portion of Cambodia are contained within the Greater
Annamites ecoregion. Each country was considered to have an influence on
governmental policies in the area. Government policy for the Greater Annamites was
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considered to have a negative influence on conservation efforts. The political climate of
the area was described as intense with no support given by the national governments
while natural resources are being heavily degraded (Bugna, 2002b ). Chaudhury (2009)
and Sodhi et al. (2010) also reported that the governments of the three countries were
ineffective due to corruption at the highest levels of government.
A more neutral influence was determined for local government organizations
within the Greater Annamites ecoregion. The area is subject to instability and the
government lacks an outline for formal duties and rights of forest use or protection
(Gilmour, Van San & Tsechalicha, 2000; Ducourtieux, Laffort & Sacklokham, 2005). On
the other hand, many different local government institutions were considered active in the
region: FLMEC (Forests of the Lower Mekong Ecoregion Complex), Ministry of
Agriculture and Rural Development (MARD), Ministry of Natural Resources and
Environment (MONRE), and MOSAIC, among others. The different institutions aid in
environmental protection (WWF in the Greater Mekong region, n.d., Oglethorpe, 2009).
Rambaldi, Bugna & Geiger (2001) also reported that a protected area system was utilized
in the region for conservation efforts.
Community based management of the forest was supported by the numerous nongovernmental organizations present in the Greater Annamites ecoregion (Sunderland,
Sayer & Hoang (Ed.), 2012). Over 1,000 registered NGOs play a key role in forest
protection efforts by contributing to legislation for conservation (WWF in the Greater
Mekong region, n.d.; Rambaldi, Bugna & Geiger, 2001; McElwee, 2012; Sunderland,
Sayer & Hoang (Ed.), 2012). NGOs also give a voice to marginalized peoples and
provide technical assistance for the management and protection of forest areas
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(Sunderland, Sayer & Hoang (Ed.), 2012). NGOs were considered to have a positive
influence on conservation efforts for the area.
Management plans were written with the assistance of local government
organizations, namely MOSAIC, which were considered to have a positive influence on
conservation efforts. Local participation benefited the Greater Annamites area and had a
positive influence on conservation (Oglethorpe, 2009). However, funding was determined
to be slightly insufficient. Payments for environmental services were described by
McElwee (2012) as the main source of funding. Due to the constant need for more
funding, a neutral influence on conservation was determined for the area.

4.2.1.2.1.2.3 Social Factors
Rapid development of the Mekong Valley contributed to increased urban pressure
in the Greater Annamites ecoregion. Urban pressure, defined by major development
projects, encroachment and agriculture was determined to have a negative influence on
conservation efforts. Dam construction was determined to have a damaging impact on
conservation efforts in the Greater Annamites by changing the natural flow of the
surrounding habitat. Logging was also considered to be a major problem. The Laotian
forests were especially vulnerable to logging practices (Sunderland, Sayer & Hoang
(Ed.), 2012). As alluded to above, the high rate of deforestation and habitat fragmentation
was a consequence oflogging pressures (WWF in the Greater Mekong region, n.d.;
Chaudhury, 2009; Sunderland, Sayer & Hoang (Ed.), 2012). The exploitative wildlife
trade, which defined encroachment for the Greater Annamites, was considered to have a
negative impact on conservation efforts (y.lWF in the Greater Mekong region, n.d.) by
species avoidance patterns. The destructive practices of slash and bum agriculture were
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identified for the Greater Annamites ecoregion (Ducourtieux, Laffort & Sacklokham,
2005). While it may be necessary to provide for growing populations (Sodhi et al., 201 0;
Sunderland, Sayer & Hoang (Ed.), 2012), rapid land conversion practices take away vast
areas of natural habitat. The land also loses nutrients over time and lowers overall
productivity (WWF in the Greater Mekong region, n.d.; Chaudhury, 2009; Sunderland,
Sayer & Hoang (Ed.), 2012).
The recently implemented Forestry Law was considered to have a positive
influence on conservation efforts in the Greater Annamites ecoregion by increasing local
participation (Gilmour, Van San & Tsechalicha, 2000; Ducourtieux, Laffort &
Sacklokham, 2005). In the Greater Annamites, ecotourism is the main source of income
for local populations. Tourism was determined to have a positive influence on
conservation efforts (Chaudhury, 2009) because it aids in the investment by local
populations in the environment.
4.2.1.2.1.2.4 Conflict Factors
Conflict in the Upper Annamites was determined to be at the local and regional
level. Regional conflict was described by Ngoun (2012) as tension at the border between
Cambodia and Thailand. Gilmour, Van San & Tsechalicha (2000) described local conflict
as a conflict over resources within the ecoregion. Local conflict was also identified by
WWF in the Greater Mekong region (n.d.) as human vs. animal conflicts.
4.2.1.2.1.3 Phong Nha-Ke Bang
4.2.1.2.1.3.1 Environmental Factors
Phong Nha-Ke Bang's environmental health is defined through three sub-factors:
soil quality, water quality and a species index. Phong Nha-Ke Bang National Park (n.d.)
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described the soil quality of Phong Nha-Ke Bang as having a negative influence towards
conservation efforts in the area due to siltation and erosion. Water quality was also
reported to have a negative influence on Phong Nha-Ke Bang National Park (n.d.) due to
its pollution from a number of different sources. The species index was considered to
have a neutral influence on the conservation efforts. M (2008f) reported a high number of
plants and animal species located in the area while Chaudhury (2009) detailed the amount
of species in the park identified on the IUCN's red list. Habitat fragmentation was
considered to have a negative influence on Phong Nha-Ke Bang due to habitat loss (Ha,
2006) and isolation, leading to resource extraction (Phong Nha-Ke Bang National Park,
n.d.).

4.2.1.2. l.3.21nstitutional Factors
Governmental policy for the Phong Nha-Ke Bang National Park, located
exclusively in Viet Nam, was considered to have a negative influence on conservation
efforts. The Vietnamese government's conservation policies were determined to be
ineffective (Chaudhury, 2009). Sodhi et al. (2010) also reported on rampant
governmental corruption in the region. Local government organizations in Viet Nam
were considered to have a positive influence on conservation. Rambaldi, Bugna & Geiger
(2001) reported the use of a protected area system for the park that was managed by
MOSAIC (Oglethorpe, 2009). A law enforcement system was also implemented to aid in
resource management (Phong Nha-Ke Bang National Park, n.d.). However, Gilmour, Van
San & Tsechalicha (2000) stated that in Phong Nha-Ke Bang, local institutions encourage
the planting of fast growing trees, which has the potential to reduce resource extraction
but also has the potential to change the natural dynamic of the forest.
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Non-governmental organizations were considered to have a positive influence on
conservation efforts because they support national conservation efforts and provide law
enforcement to the park (Phong Nha-Ke Bang National Park, n.d.). Different NGOs give
considerable support to the park and play a key role in forest protection (Phong Nha-Ke
Bang National Park, n.d.; Rambaldi , Bugna & Geiger, 2001; McElwee, 2012;
Sunderland, Sayer & Hoang (Ed.), 2012). NGOs also support the park through payments
for environmental services (McElwee, 2012). UNESCO was specifically identified as a
source of funding for the park, helping to supplement payments for environmental
services (Phong Nha-Ke Bang National Park, n.d.). While the park had more than one
source of funding, the continual need for more revenue led to the determination that
funding had a neutral influence on conservation efforts.
4.2.1.2.1.3.3 Social Factors
During web analysis, M (2008f) reported that the region around Phong Nha-Ke

Bang has a rapidly growing population steeped in poverty . This has led to increased
pressure on the natural resources in the area, a negative influence on conservation efforts.
Urban pressure was described as a negative influence in the area due to rapid
development and human population growth . A literature and web analysis was performed
for major development projects, encroachment and agriculture, and three sub-factors that
define urban pressure. Major development projects were determined to have a neutral
influence on conservation efforts. Logging (Phong Nha-Ke Bang National Park, n.d.;
Chaudhury, 2009) and road construction (Phong Nha-Ke Bang National Park, n.d.) were
reported as negative influences leading to habitat fragmentation. Conversely, Phong NhaKe Bang National Park (n.d.) reported that waste collection measures and a series of
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embankment and ditch systems were being developed. The preventative systems help to
reduce the influx of pollutants to the park. Encroachment, in the form of illegal hunting
and wildlife trade was considered to have a negative impact on conservation efforts (Ha,
2006; Sodhi et al., 2010). Agriculture was determined to be a neutral influence on
conservation efforts in the park. A rapid growth in agriculture and the need for increased
production has put pressure on the area (Chaudhury, 2009; Sodhi et al., 2010;
Sunderland, Sayer & Hoang (Ed.), 2012). However, Gilmour, Van San & Tsechalicha
(2000) reported that some agricultural land is operated by cooperatives which promotes
the use of agro-forestry and lessens the impact upon natural environments.
Phong Nha-Ke Bang has been the site of different restoration attempts, which
have included tree planting and the maintenance of naturally recovered vegetation (Phong
Nha-Ke Bang National Park, n.d .). Benefitting from the positive influence of restoration
efforts, tourism of the Phong Nha-Ke Bang National Park was determined to have a
positive influence on conservation efforts. Chaudhury (2009) reported that ecotourism is
a major source of local income, and encourages local populations to invest in the local
environment. However, Chaudhury (2009) also reports that a lack of visitors to the area
has to potential to derail conservation due to a lack of awareness and dips in revenue.
4.2.1.2 .1.3.4 Conflict Factors
Conflict in Phong Nha-Ke Bang was determined to have a negative influence on
conservation efforts in Viet Nam. In the Mekong Valley area, increased production
pressures have led to resource over-exploitation and international conflict over resource
use in the area (Gilmour, Van San & Tsechalicha, 2000). Local conflict has been
identified in the area as human vs. animal conflict (Phong Nha-Ke Bang National Park,
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n.d.) and the lingering impacts of the war 40 years ago with heavy contamination (MAG Find out about the good work that the Mines Advisory Group do in this area, n.d.).
4.2.1.2.2 Multiple Criteria Analysis
Multiple criteria analysis of the Mekong Valley area required that the factors
applicable to the area's conservation be entered into a multiple criteria database where
the summation of all factors allows for the identification of significant factors. The type
of influence was not recorded here, as the analysis method consisted of a binary system.
Factors applicable to the Mekong Valley study sites were given a value of one, while the
absence of a factor was given a value of zero. An assignment of zero was dependent upon
no relevant information being located for the specific factor within the study location.
The breakdown in the types of influences, mainly positive or negative, was considered a
secondary analysis method used for comparative analysis.
4.2.1.2 .3 Additional and Multiplicative Functions
Additional and multiplicative functions analysis was developed that employed
results from percentage analysis and multiple criteria analysis to aid in rate assignment. A
weight and rate assignment was given for each category for use in linear addition, which
multiplies the weight and rate of each factor and then adds each factor together to
determine a total score. Factor category weight, which was accomplished during initial
methodology, is based upon a factor's overall role in conservation efforts. To attain a rate
assessment for the three Mekong Valley study locations, percentage analysis and multiple
criteria analysis results were utilized. For applicable factors that were considered to have
a positive influence on conservation, a rate assignment of "high" was given, while
applicable factors considered to have a negative influence were assigned a rate of "low."
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Neutral influences and non-applicable factors were disregarded because the factors were
considered to have little bearing on the success or failure of the specific conservation
efforts. Once a linguistic rate was assigned for each factor category, a numerical rate was
assigned to delineate an overall score by linear addition of overall factor category weight
and rate numerical assignments.
4.2.1.2.4 Rule Based System
The final step in the holistic evaluation rubric was a rule based system, which was
contingent upon the results of the preceding nested analyses. A set of rule bases,
developed within the knowledge based system, was applied to the three Mekong Valley
study locations. A degree of success was assigned once the rule bases were applied.
4.2.1.3 Results and Discussion
4.2.1.3 .1 Percentage Analysis
The results for Mekong Valley's three study sites, though close in proximity,
exhibit varying degrees of influence and applicable factors (Table 27). Broken down
between the four factor categories as applicable and non-applicable factors, in addition to
type of influence, the percentage analysis results are displayed as overall percentage
scores. Non-applicable factors accounted for 30.43% of the total factors for the Lower
Mekong Dry Forest and Greater Annamites, while Phong Nha-Ke Bang had fewer factors
that were determined to be non-applicable, accounting for 26.09% of the total factors. Of
the applicable factors, Lower Mekong had 31.25% that impact the park positively,
56.25% negatively and 12.50% neutrally. The overall applicable factors of the Greater
Annamites were represented as 43. 75% positive, 50.00% negative and 6.25% neutral
influences. Phong Nha-Ke Bang's results were 29.41 % positive, 52.94% negative and
17.65% neutral influences.
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Table 27: Percentage Analysis results for the three Mekong Valley study sites.
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Lower Mekong Applicable
Factors
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Based upon the results of percentage analysis, the variable results for the overall
percentage scores suggest that the study locations in the Mekong Valley may not be as
successful as the traditional measurement of success claims. Nevertheless, a comparison
of the overall percentages is not significant enough to determine which site would have a
higher success ranking. Overall percentage scores imply that the Greater Annamites
ecoregion, with the highest percentage of positive influences and the lowest percentage of
negative influences, is the more successful study location in the Mekong Valley.
However, the overall percentages were too close to display a significant difference
between the three study areas. Use of a clearly defined set of holistic factors in
percentage analysis gives more information about the overall difference in conservation
success within specific study sites but it is not enough to truly define success without
further analysis.
4.2.1.3.2 Multiple Criteria Analysis
Building upon the results of percentage analysis, applicable factors were
identified for multiple criteria analysis. The type of influence that factors have on
conservation was not accounted for in the results as factors were assigned either a one or
zero to represent presence or absence, respectively. The three study locations had similar
results for the environmental and institutional/policy categories while outcomes for
social/cultural/economic and conflict categories were inconsistent (Table 28). However,
within the social/cultural/economic and conflict categories, there were some similar
patterns present. Urban pressure, tourism and local/regional conflict factors were
analogous for all three study sites. Two of the three parks shared similarities in the factors
present; Lower Mekong and Greater Annamites shared the presence of local
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participation, Greater Annamites and Phong Nha-Ke Bang both had restoration factors
present, and Lower Mekong and Phong Nha-Ke Bang had international conflict factors in
common. Additionally, Phong Nha-Ke Bang was influenced by population change that
was not indicated for the other two parks in the area.
Table 28: Multiple criteria results for the three Mekong Valley study sites.
Lower
!Greater
MekODI!: IAnnamites

Phone

Preliminary
Total

Factor

Sub factor

Environmental Health

Soil Quality

I

I

I

3

Water Ouali tv

I

I

1

3

Soecies Index

I

I

I

3

Habitat Fragmentation and
Edge Effect

I

I

I

3

Habitat Gap Anal ysis

0

0

0

0

Government Polic y
Local Government
OrJ:!
anizations
Non-Government
Orl!anizations

I

I

1

3

I

I

I

3

1

1

1

3

Mana i:ement Plans

1

1

1

3

Fundin g

I

1

I

3

0

0

1

I

Major Development
Proj ects

1

1

1

3

Encroachment

1

1

1

3

Aim culture

1

1

1

3

Local Partici pation

1

I

0

2

Cultural Edge Effect

0

0

0

0

Restoration

0

1

1

2

ITourism

1

1

1

3

International Fra)!mentation

0

0

0

0

International Conflict

1

0

1

2

Refu gee State

0

0

0

0

Local/Re i:!ional Conflict

1

I

1

3

Conflict Over Resources

0

0

0

0

Total

16

16

17

Po pulation Change
Urban Pressure
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From the preliminary totals, local and regional factors for the Mekong Valley
conservation efforts can be determined due to the proximity of the three study locations.
However, globally important factors are not readily apparent. Lower Mekong and Greater
Annamites are both influenced by 16 factors and Phong Nha-Ke Bang is influenced by 17
factors. While the number of applicable factors differ the difference is not significant
enough to determine a success ranking. Use of multiple criteria analysis alone does not
make allowances for the inherent differences of factors or their levels of importance to
overall conservation efforts. Further analysis is needed to determine true success based
upon the holistic factors as no real determination can be made with the use of multiple
criteria analysis alone.

4.2.1.3.3 Additional and Multiplica tive Functions
Percentage analysis and multiple criteria analysis results were used in the creation
of site-specific rate assignments for the Mekong Valley. Additional and multiplicative
functions utilized weight and rate assignments to define success based upon a total score
calculated by linear addition. Lower Mekong (Table 29) had a moderately low
environmental rating, a moderately high institutional/policy rating, a moderately low
social/cultural/economic rating, a low conflict rating and a high traditional rating.
Greater Annamites (Table 30) had the same rates in all categories except in the
social/cultural/economic category, which was determined to be moderate. Phong Nha-Ke
Bang (Table 31) has the same rating as the Lower Mekong in every category. Rate
assignment varied depending upon local factors, but following the exclusion of neutral
and non-applicable factors, the three Mekong Valley study locations were determined to
be extremely similar .
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Table 29: Rate assignment table for Lower Mekong Dry Forest.
Cate l!ory
Environmental

Institutional/ Policy

Social/Cultural/
Economic

Conflict

Traditional

Total Relative
Weights & Rate

Factor

Sub factor

Rate

Environmental Health

Soil Ouali tv

Low

Water Ouality

Low

Soecies Index

Hil!h

Habitat Fragmentation and Edge
Effect

Low

Government Polic y

Low

Non-Government Or ganizations

High

Mana ttement Plans

Hil!.h

Urban Pressure

Major Development
Pro iects

Low

Encroachment

Low

Am culture

Low

Local Partici oation

High

Tourism

Hil!h

International Conflict

Low

Local/Re gional Conflict

Low

Increase in species

High

Increase in conservation areas

Hill'h

Overall Rate

Numerical
Assi 2nment

Overall
Wei2ht

Weight*
Rate

Moderately
Low

2

5

10

Moderately
Hi gh

4

4

16

Moderately
Low

2

3

6

Low

1

-3

-3

Hi2h

5

5

25
54
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Table 30: Rate assignment table for Greater Annamites .
Cate200
Environmental

Institutional/ Policy

Social/Cultural/
Economic

Conflict
Traditional

Total Relative
Weights & Rate

Factor

Sub factor

Rate

Environmental Health

Soil Quali ty

Low

Water Oua lity

Low

Soecies Index

Hil::h

Habitat Fragmentation and Edge
Effect

Low

Government Polic y

Low

Non-Government Organizations

High

Mana gement Plans

High

Urban Pressure

Major Development
Pro iects

Low

Encroachment

Low

Am.culture

Low

Overall Rate

Numerical
Assilmment

Overall
Wei2ht

Weight*
Rate

Moderately
Low

2

5

10

Moderately
High

4

4

16

Local Partici pation

High

Restoration

Hi2h

Tourism

High

Moderate

3

3

9

Low

1

-3

-3

Hi11.
h

5

5

25

Local/Re gional Conflict

Low

Increase in species

High

Increa se in conservation areas

Hiith

57
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Table 31: Rate assignment table for Phong Nha-Ke Bang.
Cateeory
Environmental

Institutional/ Policy

Social /Cultural/
Economic

Conflict

Tradit ional

Total Relative
Wei ghts & Rate

Factor

Sub factor

Rate

Environmental Health

Soil Quali ty

Low

Water Oualitv

Low

Species Index

High

Habitat Fragmentation and Edge
Effect

Low

Government Polic y

Low

Local Government Organizations

High

Non-Government Organizations

High

Fundin g

High

Po pulation Chan ge

Low
Encroachment

Low

Agriculture

Low

Restoration

HilUI

International Conflict

Low

Local/Re gional Conflict

Low

Increase in species

High

Increase in conservation areas

Hi11
h

Overall Rate

Numerical
Assi enment

Overall
Weieht

Weight*
Rate

Moderately
Low

2

5

10

High

4

4

16

Moderately
Low

2

3

6

Low

I

-3

-3

High

5

5

25

Moderately

54
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Differences were slight when comparing the total scores of the three parks. Lower
Mekong and Phong Nha-Ke Bang each received a score of 54 and Greater Annamites
received a score of 57. Since the rate assignments were close for the entire Mekong
Valley area, it makes sense that the score were very similar. The higher score of 57 for
Greater Annamites suggests that the other two parks are less successful. However, the
total scores were so close that there was not a significant enough difference to assign
different success rankings for each of the three parks. Further clarification of analysis
methods is needed to truly define success based upon a clear set of holistic factors.
4.2.1.3.4 Rule Based System
Results from the three previous nested analyses were consolidated to aid in the
development of the expert, or knowledge, based system. To account for all possible
iterations, a total of 54 rule bases were written for all combinations of the linguistic
definition of the four factor categories. Linguistic definitions of positive, negative and
neutral were used for the environmental, institutional/policy and social/cultural/economic
categories. The conflict category was defined as either present or absent. Since the
traditional factors were considered to be a constant with a definition of "success" they
were not included in the IF-THEN statements for the establishment of the rule bases. The
three Mekong Valley study locations were paired with the corresponding rule base
conditions to give a definitive degree of success (Table 32). First, the degree of
conservation success for Lower Mekong with negative environmental factors, positive
institutional/policy factors, negative social/cultural/economic factors, and conflict present
was defined as LOW. Second, the degree of conservation success for Greater Annamites
with negative environmental factors, positive institutional/policy factors, neutral
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social/cultural/economic factors, and conflict present was defined as MOD ERA TEL Y
LOW. Lastly, the degree of conservation success for Phong Nha-Ke Bang with negative
environmental factors, positive institutional/policy factors, negative
social/cultural/economic factors, and conflict present was defined as LOW .

Table 32: Rule bases for the three Mekong Valley study locations.
Study Site

Rule Base

Lower
Mekong

IF (Environmental is Negative) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN
Degree of success is LOW

Greater
Annamites

IF (Environmental is Negative) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Neutral) AND (Conflict is Present) THEN Degree
of success is MODERATELY LOW

Phong

IF (Environmental is Negative) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN
Degree of success is LOW

4.2.1.3.5 Discussion
The culmination of the nested analysis gave a crisp definition to conservation
success for the three Mekong Valley study locations: Lower Mekong, Greater Annamites,
and Phong Nha-Ke Bang. As additional study locations are processed by the nested
analysis method , the rule bases will be evaluated to eliminate outliers and fine-tune the
system. The knowledge based system was able to give a clear definition to conservation
success for individual study locations with the use of IF-THEN rules.
The Mekong Valley is considered a biodiversity hotspot with hundreds of flora
and fauna species located in the area. Further analysis, utilizing a holistic matrix of
factors , demonstrates that high species diversity is not enough to have truly successful
conservation. A lack of, or willingness to, understand how different factors interact to
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change the environmental health of an area demonstrates how ineffective current
conservation approaches in the area are. All three study locations in the Mekong Region
recorded negative influences overall for environmental factors due to the pollution of soil
and water resources and exploitative resource extraction that contributes to habitat
fragmentation.
Government corruption, masked by pro-environmental policies, is displayed by
social factors. Different governmental sectors ignore environmental policies to give an
advantage to development and timber companies. An increase in agriculture to feed a
poor and growing human population decreases natural habitat available for the wide
diversity of species in the region. Along with destructive development, social factors
continue to display a negative influence upon conservation, described by a lack of local
participation and restoration efforts. The ambiguous nature of the government's
environmental policies and the apathy of local people hinder conservation efforts.
Conservation efforts in the Mekong Valley are extremely similar due to their
proximity and analogous environments. The social/cultural/economic category exhibited
the greatest amount of difference for the three study locations. Greater Annamites had a
neutral influence overall for this category leading to a neutral definition assignment,
while Lower Mekong and Phong Nha-Ke Bang had an overall negative influence,
corresponding to a negative definition assignment. The Mekong Valley was determined
to have a moderately low to low degree of success, which can be considered far from
successful, even failing. By relying on an outdated approach to conservation, the area is
at risk for more degradation by anthropogenic influences culminating from pollution and
land use changes for agriculture and development.
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4.2.1.4 Conclusions
Traditional measurement standards suggest that conservation efforts in the three
study locations of the Mekong Valley are successful; however, when a clear set of
holistic factors is utilized in addition to the traditional biological factors, this is not the
case. The use of biological factors alone cannot account for additional influences that
may impact conservation, so any success rating does not define true conservation success
in the area. Certain key factors within the identified set of holistic factors may have a
stronger influence on conservation success than others. Social/cultural/economic factors
seem more important for the three study areas in the Mekong Valley. However, only local
and regional factors were readily apparent. A multi-scale analysis with different locations
worldwide is needed to identify key factors that have global significance. Holistic factors
were applied to conservation success measurement with the use of an expanded
evaluation rubric, which included a nested analysis method. Expanding the rubric and
factors to address previously ignored influences, aid in redefining success for
conservation. Based upon the results provided by the Mekong Valley case study, the
rankings of the three conservation efforts changed. Rather than a determination of
success or failure, the three conservation efforts were defined by degrees of success. The
Greater Annamites Ecoregion was ranked as having a moderately low degree of success,
while the Lower Mekong Dry Forest and Phong Nha-Ke Bang were ranked as having a
low degree of success. A difference in social/cultural/economic factors accounts for the
difference between the three study locations. Although additional multi-scale analysis is
needed for verification, application of the new rubric and holistic factors identified
problems with conservation that are not apparent when using the current standard
definition of success.
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Changes to the success rankings of the three Mekong Valley study locations
strengthen the argument that the inclusion of additional factors in the measurement of
success aids in the ability to define true success. Further analysis on a multi-scale level is
needed for confirmation; however, many different factors proved to have some sort of
influence on Mekong Valley's conservation efforts are ignored by traditional
measurements. The use of interdisciplinary factors within a holistic evaluation rubric
results in contradictory definitions, showing the need to include more than just biological
factors in analysis.

4.3 Africa Case Studies
4.3.1 Cameroon Case Study
Cameroon, located in West Central Africa, has been described as a miniature
Africa because it encompasses all the major African climate features present on the
continent: desert, rain forest, savannah, coast and mountains (A WF Reiterates 'No Go'
Policy in World Heritage Sites, 2015)(Figure 23). The country has also been referred to
as the "hinge of Africa" due to its unique geographic location (Agency, C., Fund, W., &
Department, U., 2012), and contributes to the area's high concentration of biodiversity,
the second highest concentration on the continent. Cameroon is also home to an active
volcano, Mount Cameroon, which is the highest mountain in sub-Saharan West Africa
(Agency, C., Fund, W., & Department, U., 2012).
The economy of Cameroon is dependent on commodity exports with crude
petroleum comprising 40% of the country's total exports. Other products include
aluminum, raw and roasted cocoa beans, gold, and raw cotton (AWF Reiterates 'No Go'
Policy in World Heritage Sites, 2015). Cameroon has favorable agricultural conditions
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and some oil resources which places Cameroon on the top 10 list for highest GDP's in
sub-Saharan Africa (A WF Reiterates 'No Go' Policy in World Heritage Sites, 2015;
Agency, C., Fund, W., & Department, U., 2012; Cameroon, n.d.).
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Figure 23: Spatial display of Cameroon with Cameroon's consen,ation efforts.
Even though Cameroon has one of the best commodity economies in sub-Saharan
Africa, it still encounters problems that plague underdeveloped countries (Agency, C.,
Fund, W., & Department, U., 2012). The area is subject to resource extraction through
logging and poaching of bushmeat. Exploitative resource use threatens wildlife and
increases the risk of habitat destruction (WCS Cameroon, n.d.; AWF Reiterates 'No Go'
Policy in World Heritage Sites, 2015).
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4.3.1.1 Methods
4.3.1.1.1 Selection of Park and Study Areas
Following the parameters for selection, Congo Basin Ecoregion, Dja Fauna}

National Park, and Sangha Tri-National Park were designated for analysis of Cameroon's
conservation efforts. The Congo Basin Ecoregion was established for land conservation
through WWF and the conservation effort is considered successful. Dja Faunal National
Park and Sangha Tri-National Park were both established primarily for land conservation
through UNESCO . Using UNESCO World Heritage Forest Protection indicators, a
traditional rubric for measuring success, both parks are considered successful.
4.3.1.1.1.1 Congo Basin Ecoregion
Congo Basin Ecoregion
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Figure 24: Spatial display of the Congo Basin ecoregion.
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The Congo Basin Ecoregion spans across six African countries: Cameroon,
Central African Republic, Democratic Republic of the Congo, Republic of the Congo,
Equatorial Guinea, and Gabon (Figure 24). The ecoregion covers 200 million hectares
(Congo Rainforest and Basin, n.d.) and comprises the second largest contiguous
rainforest in the world (Congo Basin: The Green Heart of Africa, n.d.). Many different
plant and animal species are located in the ecoregion and 30 percent of the 10,000 plant
species are unique to the area (Congo Rainforest and Basin, n.d.).
4.3.1.1 .1.2 Dja Fauna! Reserve
Oja Faunal
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Figure 25: Spatial display of Dja Fauna! in Cameroon.

Dja Faunal Reserve is the site of the largest and best protected rainforests in
Africa (Figure 25). The reserve is almost completely surrounded by the Dja River, which
191

has enabled 90% of the area to remain undisturbed. Oja was founded in 1950; also a
UNESCO park with an inscription year of 1987. The park covers 526,000 hectares, and is
home to several globally threatened species; western lowland gorilla, chimpanzees, and
the forest elephant. Furthermore, local populations of pygmies are allowed to hunt in the
traditional manner within the reserve (Oja Faunal Reserve, n.d.; Dja Faunal Reserve Cameroon, n.d.).
4.3.1.1.1.3 Sangha Tri-National Park
Sangha Tri-national
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Figure 26: Spatial display of the Cameroonian portion of Sangha Tri-National.

Sangha Tri-National Park encompasses three contiguous national parks at the
meeting point of three different countries: Lobeke National Park, Cameroon; OzangaNdoki National Park, Central African Republic; and Nouabale-Ndoki National Park,
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Republic of Congo (Figure 26). Sangha Tri-National Park is a UNESCO park located in
the north-western Congo Basin with an inscription year of 2012. The park area totals
750,000 hectares with an additional 1,787,950 hectares dedicated as a buffer zone to
encompass the landscape of a future property, the Dzanga-Sange Forest Reserve. The
three State Parties have committed to joint management of the park, which is seen as an
indispensable permanent requirement (Sangha Tri-National, n.d.).
4.3.1.1.2 Data Layers and Sources
Table 33: Source data for Congo Basin Ecoregion.
Data Layer Category

Data Layer

Source

Soil Quali ty

Ngongo, Muzinya, Baert & Van Ranst , n.d .; Gaillardet ,
Dupre & Allegre 1995

Water Quali ty

UNEP , 2010 ; Dupre, Gaillardet, Rousseau & Allegre, 1996

Species Index
Habitat
Fragmentation/Edge
Effect

Congo Rainforest and Basin, n.d.

Haddad , 2015

Government Polic y
Local Government
Ortrnnizations
Non-Governmental
Or.e:anizations

REDD in Cameroon , n.d.; Nasi, Billand & van Vliet, 2012
Congo Rainforest and Basin , n.d .; The Forests of the Congo
Basin : A Prelimin ary Assessment, 2005 ; Ovono, 2005
The Forests of the Congo Basin: A Preliminary Assessment,
2005 ; Wilkie, Carpenter & Zhan g, 2001

Mana J1;
ement Plan

Nasi , Billand & van Vliet, 2012
Wilkie & Carpenter, 1999c, Wilkie , Carpenter & Zhang
2001 ; Ovono, 2005
Fa, Currie & Meeuwig, 2003; Wilkie et al., 2005, Blake et
al., 2007
Congo Rainforest and Basin, n.d.; Wilkie , Shaw, Rotberg ,
Morelli & Auzel, 2000; Wilkie et al., 2005; Ndoye &
Tieguhong , 2004 ; Perez et al., 2005 ; Oyono , 2005 ; Blake et
al., 2007; Nasi, Billand & van Vliet, 2012
Congo Rainforest and Basin, n.d.; Wilkie & Carpenter,
1999b; Fa, Currie & Meeuwig, 2003 ; Nasi , Billand & van
Vliet, 2012
Meh, 2011; Land Use and Agriculture in the Congo Basin,
n.d .

Environmental

Institutional/Policy

Fundin g
Social/Cultural/Economic
Population Chan ge

Major Development
Proj ects

Encroachment
Al!Ticulture
Local Partici pation

Conflict

Tourism

Congo Rainforest and Basin , n.d ., Ovono , 2005
Wilkie, Shaw, Rotberg, Morelli & Auzel , 2000; Wilkie ,
Carpenter & Zhang, 2001; Ndoye & Tieguhong, 2004;
Wilkie et al., 2005

Local Conflict

Oyono, 2005
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Table 34: Source data for Dja Fauna/.
Data Layer Cate gory

Data Layer

Source

Soil Quality

M, 2012a ; Arlet & Molleman, 2007; Peh, Sonke, Lloyd,
Quesada & Lewis, 2011

Water Quali ty

Dj a Faunal Reserve , n.d .

Species Index
Habitat
Fragmentation/Edge
Effect

Sonke & Couvreur, n.d.

Environmental

Institutional/Policy

Government Polic y
Non-Governmental
Organizations
Management Plan
Fundin g

SociaL'Cultural/Economic
Population Chan ee

Major Development
Pro jects

Encroachment
Al?liculture
Local Partici pation
Conflict

Cultural Ed ge Effect
Local/Regional
Conflict
Conflict Over
Resources

Dj a Faunal Reserve , n.d.; M, 2012a
Nason 2'0 & Gabsa, 2000
Sitename :-Dj a Fauna! Reserve , n.d.
Dja Faunal Reserve, n.d.; M, 2012a; Sitename:-Dja Fauna!
Reserve, n .d.; Muchaal & Ngandj ui, 1999
Sitename:-D j a Fauna) Reserve, n.d.
Dja Fauna! Reserve , n.d.; Muchaal & Ngandjui, 1999;
Dupain, Guislain, Nguenang, De Vleeschouwer & Van
Elsacker, 2004
Dja Fauna! Reserve , n.d.; M, 2012a; Sitename :-Dja Fauna!
Reserve , n.d.; Muchaal & Ngandjui , 1999; Dupain, Guislain,
Nguenang, De Vleeschouwer & Van Elsacker , 2004; Arlet &
Molleman, 2007
Dja Faunal Reserve , n.d.; M, 2012a; AWF Reiterates 'No Go'
Policy in World Heritage Sites, 2015; Muchaal & Ngandjui ,
1999; Dupain, Guislain, Nguenang, De Vleeschouwer & Van
Elsacker , 2004;Arlet & Molleman, 2007; Oyono, 1998
D ia Faunal Reserve n .d.; Chen, 2015; O yono, 1998
Sitename:-Dja Fauna) Reserve, n.d .; Dupain , Guislain ,
N e;uenan e, De Vleeschouwer & Van Elsacker, 2004
M,2012a
BBC News, 2015
Samndon g & Vatn, 2012
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Table 35: Source data for Sangha Tri-National.
Data Layer Cate gory

Data Layer

Source

Environmental

Soil Oualirv

Chupezi, Ingram & Schure, 2009
Sangha Tri-National Landscape, 2006; Chupezi, Ingram &
Schure, 2009

Water Quali ty
Species Index
Habitat
Fragmentation/Edge
Effect
Institutional/Policy

Government Policy
Local Government
Orl!.aJliz.ations
Non-Governmental
Organizations

Man agement Plan

Laporte & Lin, 2003; Hansen et al., 2008; Sayer et al., 2012
IUCN , n.d.c ; Sangha Tri-National Landscape , 2006; Fay,
1997; Endamana et al ., 2010
Sangha Tri-National Landsca pe, 2006; Fay, 1997
IUCN, n.d.c; Sangha Tri-National Landscape , 2006; Fay,
1997; Tieguhong & Zwolinski, 2008; Stephenson &
Ntiamoa-Baidu, 2010

Major Development
Projects

Fay, 1997; Tieiruhon g & Zwolinski, 2008
Sangha Tri-National , n.d.; Gillespie et al., 2009; Fund, 2012;
Sangha Tri-National Landscape, 2006; Fay, 1997; Laporte &
Lin, 2003; Weinbaum , Nzooh, Usongo & Latituri, 2007;
Clark, Poulsen, Malonga & Elkan Jr, 2009; Endamana et al.,
2010; Sayer et al., 2012

Encroachment

Saneha Tri-National, n.d.; Fund, 2012; Joiris, 1998

Fundin g
Social/Cultural/Economic

Conflict

IUCN,n .d.c

Agriculture

Sayer et al., 2012

Local Partici pation

IUCN , n.d.c· Fav, 1997; Breuer & Mavin l!a, 2010

Cultural Edge Effect

Tiemihon l! & Zwolinski , 2008

Tourism
Local/Regional
Conflict

Tiel!Uhong & Zwolinski, 2008

Refugee State

Fund,2012

Sangha Tri-National, n.d.; Fund, 2012

Source data for the case study locations in Cameroon was compiled during
metadata analysis. Literature review and website analyses were utilized for metadata
collection. Non-applicable factors in the Congo Basin Ecoregion, Dja Faunal and Sangha
Tri-National are excluded from the source data table. The above tables display the source
data for the three Cameroon study locations; Congo Basin Ecoregion (Table 33), Dja
Faunal (Table 34) and Sangha Tri-National (Table 35).
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4. 3 .1.1. 3 Spatial Representation
To create a spatial representation of Cameroon, the world base map was

downloaded into the ArcMap program. The country of Cameroon was located through a
Selection by Attribute query. Data retrieved during the search was exported as a new
layer, named Cameroon. Data on the different conservation efforts in the country was
downloaded from Protected Planet. Additionally, the Terrestrial Ecoregions of the World
shapefile was downloaded from worldwildlife.org. Once imported into ArcMap, the
country conservation shapefiles were spatially displayed as Cameroon conservation areas.
The ecoregion was identified and displayed by use of the Selection by Attribute query on
the Terrestrial Ecoregions of the World shapefile and the data was exported as a new
layer, Congo Basin Ecoregion. Dja Faunal and Sangha Tri-National were identified and
selected from the Cameroon conservation areas shapefile before being exported and
added to the map. Once all data was selected, exported and added to the map, all layers
were turned on for spatial display.
Table 36: Data layer sources for Cameroon.

Data Layer
World Base Map
Congo Basin
Ecore lrion
Dja Faunal National
Park
Sangha Tri-National
Park
Cameroon
Conservation Areas

Source
USFSP Geospatial Analytics Lab
htt p://www. worldwildlife. orn/ publications/terrestrial-ecore gionsof-the-world
http://www. protected planet.net/
ht lo://www. orotected olanet.net/
http://www. protected planet.net/

The world base map used as reference information was acquired from the
Geospatial Analytics Lab at USFSP, which provided the boundary information for
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Cameroon. Boundary information for the ecoregion was obtained from the Terrestrial
Ecoregions of the World shapefile to aid in the identification of the WWF study sites,
Congo Basin Ecoregion. Conservation effort boundaries within Cameroon were obtained
from Protected Planet which included the boundary information for Dja Faunal and
Sangha Tri-National, the UNESCO study sites (Table 36).
4.3.1.1.4 Data Selection and Processing
Development of Cameroon's analysis began with identification of all study sites

that fit the selection parameters. Three conservation efforts in Cameroon were selected
based primarily upon land conservation through UNESCO and WWF, international
conservation organizations which provide a traditional measurement rubric for
determining conservation success. Literature and website metadata were collected and
input into the literature review database for use in the proposed rubric. During the
process of collecting information, the type of influence that factors have <?nconservation
was also determined and recorded in the database. The database was then used in the
application of the new proposed holistic rubric.
4.3.1.2 Rubric Development and Applications
4.3.1.2.1 Percentage Analysis
Metadata analysis to identify data for percentage analysis was executed with the

use of the literature review database for Cameroon's parks, beginning with analysis of
papers from the literature review and an analysis of websites. The type of influence that
each factor had on specific conservation efforts was determined and input into percentage
analysis equations. Data collected for analysis of the Congo Basin Ecoregion, Dja Faunal
and Sangha Tri-National conservation efforts was compiled into an Excel spreadsheet,
arranged by park, then by category factor (Appendix B).
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4.3.1.2.1.1 Congo Basin

4.3.1.2.1.1.1 Environmental Factors
The environmental health of the Congo Basin ecoregion is defined by soil quality,
water quality and a species index. Soil quality within the ecoregion was considered to
have a neutral influence on conservation efforts because soil in the Congo Basin was
considered to be relatively good, thick soil (Gaillardet, Dupre & Allegre, 1995), but with
an erosion hazard (Ngongo, Muzinya, Baert & Van Ranst, n.d.). Congo Rainforest and
Basin (n.d.) reported that there are numerous legacy species in the area, along with
10,000 species of tropical plants, which have a positive influence on conservation. Water
quality was determined to have a neutral influence on conservation in the Congo Basin.
Dupre, Gaillardet, Rousseau & Allegre (1996) reported that streams had high mobility so
there was low suspended load; however, UNEP (2010) reported that there is a high
potential for pollution from copper mining in the area.
Habitat fragmentation in the Congo Basin ecoregion was considered to be a
consequence of deforestation. Haddad et al. (2015) reported that roads in the area have a
terrifying effect on the habitat of the Congo Basin. Extensive habitat loss from roads has
a negative influence on the conservation efforts of the Congo Basin ecoregion.

4.3.1.2.1.1.2 Institutional Factors
Government policy in Cameroon was considered to have a negative influence on
conservation efforts within the Congo Basin ecoregion. Nasi, Billand & van Vliet (2012)
reported that there is a separation of responsibilities in the government that has led to a
lack of involvement. REDD in Cameroon (n.d.) reported that the government is partnered
with conservation and forest management but is more committed to efforts that drive
economic growth.
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A neutral influence was determined for local government institutions near the
Congo Basin ecoregion. Oyono (2005) reported that decentralization of the forest
management to local institutions provide benefits to local populations. Sustainable
management of the forest and the protection of wildlife is the result of collaboration
between six governments and communities (Congo Rainforest and Basin, n.d.). However,
The Forests of the Congo Basin: A Preliminary Assessment (2005) reported that there is a
lack of cohesiveness between local government institutions that may derail conservation
efforts.
Similar to government policy and local government institutions, nongovernmental institutions were determined to have a neutral influence on conservation
efforts in the Congo Basin ecoregion. Wilkie, Carpenter & Zhang (2001) reported that
there are numerous NGOs in the area, but they are not necessarily transparent. Money
raised by NGOs may not always be allocated correctly. Additionally, The Forests of the
Congo Basin: A Preliminary Assessment (2005) reported that while the presence of
global NGOs in the area is significant, local NGOs lack the capacity to make a
meaningful impact on conservation.
Inadequate funding for the Congo Basin ecoregion was considered to be a
negative influence on conservation efforts. Wilkie & Carpenter (1999c) and Wilkie,
Carpenter & Zhang (2001) reported that there are budget constraints for the ecoregion
and reports of the actual value of funds for the area are inconsistent. Claims of funding
corruption and misappropriation were supported by reports from Oyono (2005).
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4.3.1.2.1.1.3 Social Factors
A rapidly growing human population around the Congo Basin ecoregion was
determined to have a negative influence on conservation efforts. The effects of increasing
populations are shown through urban pressure (Blake et al., 2007). Urban pressure is
defined for the Congo Basin ecoregion by using three sub-factors: major development
projects, encroachment, and agriculture. Overall, the sub-factors had a negative influence
on conservation efforts in the Congo Basin. Industrial logging, which also includes
logging roads, severely fragments the environment (Congo Rainforest and Basin, n.d.;
Wilkie, Shaw, Rotberg, Morelli & Auzel, 2000; Wilkie et al., 2005; Ndoye & Tieguhong,
2004; Perez et al., 2005; Oyono, 2005; Blake et al., 2007; Nasi, Billand & van Vliet,
2012). Encroachment in the Congo Basin is described as hunting bushmeat and the illegal
wildlife trade (Congo Rainforest and Basin, n.d.; Wilkie & Carpenter, 1999a; Wilkie &
Carpenter, 1999b; Fa, Currie & Meeuwig, 2003; Nasi, Billand & van Vliet, 2012).
Agriculture in the area is difficult to define (Land Use and Agriculture in the Congo
Basin, n.d.; Meh, 2011) but plays a major role in forest depletion.
Local participation was considered to have a positive influence on conservation
efforts in the Congo Basin ecoregion. Oyono (2005) reported that a new and innovative
community management exists to combat forest exploitation within the community
forests. Congo Rainforest and Basin (n.d.) describes how local communities are
empowered to aid in conservation efforts.
Overall, tourism was determined to have a neutral influence on conservation
efforts in the Congo Basin ecoregion. Ndoye & Tieguhong (2004) and Wilkie et al.
(2005) describe how fees from tourism can be embraced as a viable economic
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development option for the area. Conversely, Wilkie, Shaw, Rotberg, Morelli & Auzel
(2000) and Wilkie, Carpenter & Zhang (2001) describe tourism as potentially
underfunded with an unknown tourist infrastructure that can lead to environmental
devastation.

4.3.1.2.1.1 4 Conflict Factors
A literature analysis revealed that conflict in the Congo Basin ecoregion has
influenced conservation efforts negatively. Oyono (2005) reported that a lack of access
by local communities to forestry benefits causes conflict within the community. Older
groups have begun to feel marginalized due to the lack of access to resources (Oyono,
2005).
4.3 .1.2.1.2 Dja Faunal Reserve

4.3.1.2.1.2.1 Environmental Factors
The environmental health of the Dja Faunal Reserve is defined using three subfactors: soil quality, species index, and water quality. Soils in the area are described as
poor in nutrients (Peh, Sonke, Lloyd, Quesada & Lewis, 2011) and fragile (M, 2012a).
Arlet & Molleman (2007) described a drop in soil fertility following a decline in the
cooperative efforts of local villagers. Sonke & Couvreur (n.d.) described a positive
influence resulting from the species index of the area, as it is reported that 90% of the
reserve is relatively untouched. Dja Faunal Reserve (n.d.) reported that the water quality
ofDja Faunal Reserve has had a negative influence on conservation efforts due to the
poor condition of the water infrastructure.
Habitat fragmentation was considered to have a neutral influence on Dja Faunal
Reserve. M (2012a) reported that the reserve is essentially undisturbed. However, there
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are instances of industrial agriculture in the buffer zone of the reserve (Dja Faunal
Reserve, n.d.).
4.3.1.2.1.2.2 Jnstitutional Factors
The governmental policy of Cameroon for Dja Faunal Reserve is seen as a

"dormant" policy. The presence of environmental policies for the country does not seem
to provide any protection for the environment (Nasong'o & Gabsa, 2000). The lack of
protection provided by the government was considered to have a negative influence on
Dja Faunal Reserve's conservation efforts. In contrast, non-governmental organizations
were determined to have a positive influence on Dja Faunal's conservation efforts.
According to the IUCN World Report there are many different NGOs active in the area
that support Dja Faunal's daily operations (Sitename:-Dja Faunal Reserve, n.d.).
The management plans established for Dja Faunal Reserve were determined to
have a negative influence on the area's conservation efforts. Dja Faunal Reserve (n.d.)
and M (2012a) describe the area's management plans and monitoring as inadequate,
lacking approval and implementation. Muchaal & Ngandjui (1999) reported that the area
lacks the necessary management plans to uphold and enforce anti-poaching policies
within the area. Additionally, IUCN expressed concern about staff training and
development in the area (Sitename:-Dja Faunal Reserve, n.d.).
The IUCN World Report also stated that there are funding concerns for Dja
Faunal Reserve. The national financial resources are insufficient to fully support the
reserve (Sitename:-Dja Faunal Reserve, n.d.). Concerns over a lack of funding were
determined to have a neutral influence on conservation efforts in that area.
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4.3.1.2.1.2.3 Social Factors
Muchaal & Ngandjui (1999) and Dupain, Guislain, Nguenang, De Vleeschouwer
& Van Elsacker (2004) have reported an increase in human populations near Dja Faunal
Reserve. However, Dja Fauna! Reserve (n.d.) reported that 90% of the area remains
undisturbed at the moment. Reports of increased human populations were considered to
have a negative influence on conservation efforts in the area.
Urban pressure, defined by three sub-factors: major development projects,
encroachment, and agriculture, has had a negative influence on the conservation efforts in
Dja Faunal Reserve. Commercial logging and logging roads have depleted the forests
along the boundary of the reserve which has led to negative edge effects (M, 2012a;
Muchaal & Ngandjui, 1999; Dupain, Guislain, Nguenang, De Vleeschouwer & Van
Elsacker, 2004; Arlet & Molleman, 2007). The Mekin Dam is another development
project that has had a negative influence on Dja Faunal's conservation efforts (Sitename:Dja Faunal Reserve, n.d.) by changing the natural flow of the water system.
Encroachment on the reserve was mainly described through the presence of hunting and
the poaching of bushmeat (Oja Faunal Reserve, n.d.; M, 2012a, AWF Reiterates 'NO
GO' policy in World Heritage Sites, 2015; Oyono, 2005; Muchaal & Ngandjui, 1999;
Dupain, Guislain, Nguenang, De Vleeschouwer & Van Elsacker, 2004; Arlet &
Molleman, 2007; Thompson, 2014). Oja Faunal Reserve (n.d.) also reported some
agriculture and forest encroachment as a consequence of growing human populations.
Agriculture in the area was considered a negative influence due to the effects of
destructive slash and bum methods that are used to clear the land (Oyono, 2005), along
with the devastation caused by livestock grazing within the reserve (Oja Fauna! Reserve,
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n.d.). Additionally, Chen (2015) reported that the water quality of the reserve has a
negative correlation to an increase in agroforestry.
The cultural edge effect near Dja Faunal Reserve was considered to have a neutral
influence. M, 2012a reported that some local populations are permitted to hunt using
traditional methods. In addition, local participation for Dja Fauna} was determined to be a
positive influence on the areas conservation efforts. IUCN World Report has stated that
the reserve has the potential to become a major site of education and training (Sitename:Dja Fauna! Reserve, n.d.). Dupain, Guislain, Nguenang, De Vleeschouwer & Van
Elsacker (2004) reported that the potential for local participation is high; the community
just needs to collaborate.

4.3.1.2.1.2.4 Conflict Factors
Conflict near the Dja Faunal Reserve has had a negative influence on the area's
conservation efforts. There are conflicts over forest resources; a lack of resources has led
to local conflicts (Samndong & Vatn, 2012). In addition, BBC News (2015) has reported
that there are threats of kidnapping and incursions by Boko Haram militants as a result of
a conflict with Nigeria.
4.3.1.2.1.3 Sangha Tri-National

4.3.1.2.1.3.1 Environmental Factors
Sangha Tri-National's environmental health was determined using three subfactors: soil quality, species index, and water quality. The soil quality of the area was
determined to have a negative influence on conservation efforts due to pollution from
mining (Chupezi, Ingram & Schure, 2009). IUCN (n.d.c) reported a decent species mix
for biodiversity, which has had a positive influence on conservation efforts. Water quality

204

in the area was considered to have a negative influence due to scarcity (Sangha TriNational Landscape, 2006) and pollution from mining (Chupezi, Ingram & Schure,
2009). Habitat fragmentation was also determined to have a negative influence on Sangha
Tri-National's conservation efforts because the area is being fragmented slowly by
logging (Laporte & Lin, 2003; Hansen et al., 2008; Sayer et al., 2012).

4.3.1.2.1.3.2 Institutional Factors
Local government institutions were determined to have a neutral influence on
Sangha Tri-National's conservation efforts. Endamana et al. (2010) reported weak and
ineffective governmental institutions in the area. However, Fay (1997) and Sangha TriNational Landscape (2006) reported that the park was under the purview of the Ministries
of Water and Forests in all three countries which suggests a more invested local
government. Moreover, non-governmental organizations support local government
organizations and were considered to have a positive influence on Sangha Tri-National
because of their presence in the area (Sangha Tri-National Landscape, 2006; Fay, 1997).
Sangha Tri-National Landscape (2006), Tieguhong & Zwolinski (2008b), and
Stephenson & Ntiamoa-Baidu (2010) all reported that management plans for the park
were insufficiently developed. Poorly developed plans lack effective and accountable
financial management to support the conservation efforts in Sangha Tri-National. IUCN
(n.d.c) stated that management plans are critical to effective conservation in the area
while Fay (1997) reported that management plans can be implemented once a reserve is
established. Overall, management plans were considered to have a negative influence on
conservation efforts due to poor planning.
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Sangha Tri-National's funding situation was determined to have a neutral
influence on conservation efforts. Fay (1997) implied that funding was sufficient for
Lobeke, the Cameroonian portion of the park. However, Tieguhong & Zwolinski (2008a)
stated that there was inadequate funding available to the entire area.

4.3.1.2.1.3.3 Social Factors
Major development projects, encroachment, and agriculture define urban pressure
for Sangha Tri-National Park. Overall, the three sub-factors had a negative influence on
conservation efforts in the area. Major development projects consist mainly of logging
and the construction of logging roads to move forest resources out. Logging and road
infrastructure limit the amount of available habitat for animal species living in the forest
(Sangha Tri-National, n.d.; IUCN, n.d.c; Sangha Tri-National Landscape, 2006; Fund,
2012a; Fay, 1997; Laporte & Lin, 2003; Weinbaum, Nzooh, Usongo & Laituri, 2007;
Clark, Poulsen, Malonga & Elkan Jr, 2009; Gillespie et al., 2009; Endamana et al., 2010;
Sayer et al., 2012). Hunting and poaching define encroachment in the Sangha TriNational area (Sangha Tri-National, n.d.; Fund, 2012b). Hunters from local communities
poach, mainly bushmeat, along the border of conservation areas (Joiris, 1998). Sayer et
al. (2012) reported agricultural movement into forests around Sangha Tri-National.
The cultural edge effect shown through differences in income between villages
and households has had a negative influence on conservation. Communities with fewer
economic opportunities often rely heavily on forest resources obtained through poaching
(Tieguhong & Zwolinski, 2008a). On the other hand, local participation in the area entails
a presence in local schools (Breuer & Mavinga, 2010) and integration oflocal
communities into natural resource management activities (IUCN, n.d.c) to help promote
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conservation. Improved participation has had a positive influence on conservation in the
Sangha Tri-National area (Fay, 1997).
Tourism in the Sangha Tri-National Park was determined to have a positive
influence on conservation efforts. Revenue received for the tourism industry is used to
intensify forest conservation (Tieguhong & Zwolinski, 2008b ). Increased money could be
used to purchase land for the purpose of preservation as well as to support park
operations.

4.3.1.2.1.3.4 Conflict Factors
The civil war between Sudan and the Democratic Republic of Congo has had a
negative influence on the conservation efforts of Sangha Tri-National. Political instability
has led to a flood of transnational refugees, putting pressure on the environment (Fund,
2012a). In addition, Sangha Tri-National (n.d.) has reported local conflict due to of civil
unrest.

4.3.1.2.2 Multiple Criteria Analysis
Multiple criteria analysis of the Cameroon study locations required that factors
applicable to the area's conservation be entered into a multiple criteria database where
the summation of all factors allowed for the identification of significant factors. The type
of influence was not recorded here, as the analysis method consisted of a binary system.
Factors detennined to be non-applicable to Cameroon's study sites were given a value of
zero, while the presence of a factor was given a value of one. An assignment of zero was
dependent upon no relevant information being identified for the specific factor within the
study location. The breakdown in the types of influences, mainly positive or negative,

207

was considered a secondary analysis process where the recorded data was utilized for
comparative analysis.
4.3.1.2.3 Additional and Multiplicative Functions
Weight assignment, based on the overall role of a factor on conservation, was
previously completed and applied to all study locations. Rate assignment, based solely on
Cameroon's factors, was built upon the results from percentage analysis and multiple
criteria analysis. Factors that were non-applicable, or had a neutral influence on
conservation, were excluded from the rate assignment step because the factors were
considered to have little bearing on the outcome of conservation efforts at the specific
locations. A rate of "high" was assigned to factors that were determined to have a
positive influence, while a rate of "low" was assigned to factors that were determined to
have a negative influence. An overall linguistic rate was assigned to each factor category
by using the average rate of the individual factors. A numerical rate, corresponding to the
overall linguistic rate, was assigned for each factor category. The numeric overall rate
for each category and overall weight assignments were then processed by linear addition
to delineate a total score.
4.3.1.2.4 Rule Based System
hnplementation of the established rule bases for the three study locations in
Cameroon was done with the creation of IF-THEN rules using the results of the three
preceding analyses. An expert based system was utilized to create the rules that predict
different iterations of conservation success and written as conditional statements. The
application of the rules bases resulted in an assignment of the degree of success for each
park in Cameroon.
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4.3.1.3 Results and Discussion
4.3.1.3 .1 Percentage Analysis
Cameroon's three study sites, though close in proximity, show varying degrees of
influence from different factors (Table 37). Broken down between the four factor
categories as applicable and non-applicable factors in addition to the type of influence,
percentage analysis results are displayed as overall percentage scores. Non-applicable
factors accounted for 30.43% of the total factors for all three sites: Congo Basin
Ecoregion, Dja Faunal and Sangha Tri-National. Of the applicable factors, Congo Basin
has 12.50% of the factors impacting the park in a positive manner, 56.25% in a negative
manner and 31.25% in a neutral manner . Dja Faunal's overall applicable factors represent
18.75% positive, 62.50% negative and 6.25% neutral influences. Sangha Tri-National
had 31.25% positive, 62.50% negative, and 6.25% neutral influences overall.
Based upon the results of percentage analysis, the overall percentage scores were
determined to be variable and suggest that the study locations in Cameroon may not be as
successful as the traditional measurement of success claims. Nevertheless, a comparison
of the overall percentages is not significant enough to determine which site would have a
higher success ranking. Based upon the overall percentage scores it is implied that
Sangha Tri-National, with the highest percentage of positive influences, is the most
successful study location in Cameroon. Use of a clearly defined set of holistic factors in
percentage analysis gives more information about the overall difference in conservation
success within specific study sites, but it is not enough to truly define success without
further analysis.

209

Table 37: Percentage Analysis results for the three Cameroon study sites.

Factors

Congo
Basin
Ecoregion
NonApplicabl
e Factors
20.00%,

Congo Basin Ecoregion
Applicable Factors

Environmental

80.00%

Positiv
e
25.00%
Institutional/ Policy

Negative
25.00%

Social/Cultural/Economi

I

Ill

Positiv
e
16.67%

60.00%

Conflict

66.67%
20.00%

Positiv
e

Negative

0.00%

100.00
%

Overall

25.00%

•

""
,

:=

69.57%

Positiv
e

Negative

811.00%

Ill

I

Negative
50.00%

Negative
66.67%

Ill

Negative

0.00%

100.00
%

t

IH

25.00%

I

...
6(1.00%
IJI

I
111'1

Negative

;

Negative
25.00%

Negative
66.67%

Ill

20.00%
ill
I

UI

25.00%
UI
I

HI

40.00%

Positiv
e

Negative

0.00%

100.00
%

30.43%
VI

75.00%

.

·11,

75.00%

Positiv
e
33.33%

Ill

Negative

80.00%

Positiv
e
50.00%

ul

69.57%

Positiv
e

80.00%

20.00%

40.00%

Positiv
e

30.43%
IJI

50.00%

I

75.00%

Positiv
e
16.67%

Ill

Negative

Sangha
TriNational
NonApplicabl
eFactors
20.00%

Sangha Tri-National
Applicable Factors

Positiv
e
25.00%

U'

80.00%

Positiv
e
25.00%

Negative

Negative

20.00%

().00%

75.00%

C

80.00%

Positiv
e
25.00%

111

100.00%

Positiv
e
0.00%

Dja Faunal Applicable
Factors

Dja
Faunal
NonApplicabl
e Factors

69.57%

Positiv
e

Negative

60.00%
ttl
I

Ml

.,

30.43%

'
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4.3.1.3.2 Multiple Criteria Analysis
Multiple criteria analysis, using the applicable factors from percentage analysis,
does not account for the type of relationship that factors have on conservation. Individual
factors within each study site were combined with the present factors assigned a one and
absent factors assigned a zero. Overall, the three study sites had only one similar
category of factors present, environmental, as seen in the results table for multiple criteria
analysis (Table 38). Non-governmental organizations, management plans, and funding
were all identified for the three parks: only Dja Faunal and the Congo Basin had
government policy factors present and only Sangha and the Congo Basin had local
government organizations present. All three study sites had urban pressure and local
participation present for social/cultural/economic factors. However, population change
was only present in Dja Faunal and the Congo Basin, the cultural edge effect was present
in Dja Faunal and Sangha Tri-National, and tourism was only present in Sangha TriNational and the Congo Basin. Local/regional conflict was present in all three parks, with
the impacts from the refugee state present in only Sangha Tri-National and a conflict over
resources present in Dja Faunal.
Local factors can be determined from the preliminary totals; however, regional,
and global factors cannot be delineated with information from only the three Cameroon
study sites. From the preliminary totals, the Congo Basin, Dja Faunal and Sangha TriNational area are all influenced by 16 factors, though not the same factors. However,
there is no way to tell, just by looking at the total number of factors that influence each
park, which park is more successful. Using only multiple criteria analysis, success cannot
be defined for either park because there is no determination of how important different
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factors may be to conservation. Further refinements of analyses are needed to define
success using the holistic factors.
Table 38: Multiple criteria results for the three Cameroon study sites.
Factor

Sub factor

Congo
Basin

nja
IF'aunal San1?
ha Preliminary Total

Soil Ouali ty

1

1

1

3

Water Quali ty

1

1

1

3

Soecies Index

1

1

1

3

Habitat Framnentation and Ed ge Effect

1

1

1

3

!Habitat Ga p Anal ysis

0

0

0

0

Government Polic y

1

1

0

2

Local Government Or ganizations

1

0

1

2

Non-Government Or ganization s

1

1

1

3

!Management Plans

1

I

1

3

Fundin g

1

1

1

3

Environmental Health

1

I

0

2

Major Development
Pro iects

1

I

1

3

Encroachment

I

1

1

3

Agri culture

1

1

1

3

!Local Parti cipation

1

1

1

3

Cultural Ed 2e Effect

0

1

1

2

Restoration

0

0

0

0

Tourism

1

0

1

2

International Fra 1nnentation

0

0

0

0

International Conflict

0

0

0

0

Refu )!ee State

0

0

1

1

~ocaI/Re gional Conflict

1

1

1

3

Confli ct Over Re sources

0

1

0

1

Total

16

16

16

Po pulation Chan ite
Urban Pressure

4.3.1.3.3 Additional and Multiplicative Functions
Rate assessment for each factor within the three study locations was determined

using the results from percentage analysis and multiple criteria analysis. The rate, in
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combination with a predetermined weight for factor categories, was used to define
success by additional and multiplicative functions. The type of influence that present
factors had on conservation was allocated to the rate assignment table. Positive and
negative influences were assigned high and low rates, respectively, while neutral and
non-applicable influences were excluded from analysis. Congo Basin (Table 39) had a
moderate environmental rating, a low institutional/policy rating, a moderately low
social/cultural/economic rating, a low conflict rating and a high traditional rating. Dja
Fauna! (Table 40) and Sangha Tri-National (Table 41) had a moderately low
environmental rating, a moderately low social/cultural/economic rating, and a low
conflict rating. Dja Faunal had a moderately low institutional/policy rating, while Sangha
Tri-National had a moderately high rating for the same category. Local factors were
determined to be variable which was reflected by rate assignment on a case by case basis,
while assignment of weights are dependent upon the overall role of a factor on
conservation. When comparing factor category weight and rate assignment, both parks
demonstrate different numerical assignments; Congo Basin received a score of 47, Dja
Faunal received a score of 46, and Sangha Tri-National received a score of 54. Receiving
the highest score for the Cameroon study locations, it is suggested that Sangha TriNational may be more successful than the Congo Basin ecoregion and Dja Faunal;
however, the scores are not significantly different enough to truly define success. To
accurately define true success based on a clear set of holistic factors, analysis methods

will need to be fme-tuned.
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Table 39: Rate assignment table for Congo Basin.
Category
Environmental

Institutional/ Policy

Social/Cultural/
Economic

Factor

Sub factor

Rate

Environmental Health
Habitat Fragmentation and Edge
Effect

Species Index

High

Government Polic v

Low

ManMement Plans

Low

Fundin g

Low

Pooulation ChanJ?e
Urban Pressure

Conflict
Traditional

Total Relative
Weights & Rate

Low

Overall Rate

Numerical
Assi enment

Overall
Weieht

Weight*
Rate

Moderate

3

5

15

Low

l

4

4

Low
Major Development
Pro iects

Low

Encroachment

Low

Agriculture

Low

Local Partici pation

Hil!h

Moderately
Low

2

3

6

Local/Re gional Conflict

Low

Low

l

-3

-3

Increase in species

High

Increase in conservation areas

Hil!h

Hil!h

5

5

25

47
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Table 40: Rate assignment table for Dja Fauna/.
Cate2ory
Environmental

Institutional/ Policy

Social/Cultural/
Economic

Conflict

Traditional

Total Relative
Wei!!hts & Rate

Factor

Sub factor

Rate

Environmental Health

Soil Qualit y

Low

Water Oualitv

Low

Species Index

High

Government Policy
Non-Government
Organizations

Low

Management Plans

Low

Urban Pressure

High
Major Development
Pro iects

Low

Encroachment

Low

Agriculture

Low

Local Partici pation

High

Local/Re gional Conflict

Low

Conflict Over Resources

Low

Increase in species

High

Increase in conservation areas

High

Overall Rate

Numerical
Assi1mment

Overall
Wei2ht

Weight*
Rate

Moderately
Low

2

5

10

Moderately
Low

2

4

8

Moderately
Low

2

3

6

Low

1

-3

-3

High

5

5

25

46
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Table 41: Rate assignment table for Sangha Tri-National.
Catel!On'
Environmental

Institutional/ Policy

Social/Cultural/
Economic

Conflict

Traditional

Total Relative
Weights & Rate

Factor

Sub factor

Rate

Environmental Health

Soil Quality

Low

Water Quality

Low

Soecies Index

High

Habitat Fragmentation and Edge
Effect

Low

Local Government Organizations

High

Non-Government Orl!anizations

Hil!h

Management Plans

Low

Urban Pressure

Major Development
Projects

Low

Encroachment

Low

Agriculture

Low

Local Partici pation

Hil!h

Cultural Ed ge Effect

Low

Tourism

High

Refugee State

Low

Local/Re gional Conflict

Low

Increase in species

High

Increase in conservation areas

High

Overall Rate

Numerical
Assi enment

Overall
Weieht

Weight*
Rate

Moderately
Low

2

5

10

Moderately
High

4

4

16

Moderately
Low

2

3

6

Low

1

-3

-3

High

5

5

25
54
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4.3.1.3.4 Rule Based System
Results from the three previous nested analyses were consolidated to aid in the
development of the expert, or knowledge, based system. To account for all possible
iterations, a total of 54 rule bases were written for all combinations of the linguistic
definition for the four factor categories. Linguistic definitions of positive, negative and
neutral were used for the environmental, institutional/policy and social/cultural/economic
categories. The conflict category was defined as either present or absent. Since the
traditional factors were considered to be a constant, being defined as a "success," they
were not included in the IF-THEN statements for the establishment of the rule bases. The
three study locations in Cameroon were paired with the corresponding rule base
conditions to provide a definitive degree of success (Table 42). First, the degree of
conservation success for the Congo Basin with neutral environmental factors, negative
institutional/policy factors, negative social/cultural/economic factors, and conflict present
was defined as LOW. Second, the degree of conservation success for Dja Faunal with
negative environmental factors, negative institutional/policy factors, negative
social/cultural/economic factors, and conflict present was defined as VERY LOW.
Lastly, the degree of conservation success for Sangha Tri-National with negative
environmental factors, positive institutional/policy factors, negative
social/cultural/economic factors, and conflict present was defined as LOW.
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Table 42: Rule bases for the three Cameroon study locations.
Study Site

Rule Base

Congo
Basin

IF (Environmental is Neutral) AND (Institutional/Policy is Negative) AND
(Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN
Degree of success is LOW

DjaFaunal

IF (Environmental is Negative) AND (Institutional/Policy is Negative) AND
(Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN
Degree of success is VERY LOW

Sangha TriNational

IF (Environmental is Negative) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN
Degree of success is LOW

4.3.1.3.5 Discussion
The culmination of the nested analysis gave a crisp definition to conservation

success for the three Cameroon study locations: Congo Basin, Dja Faunal, and Sangha
Tri-National. As additional study locations are processed by the nested analysis method,
the rule bases will be evaluated, outliers eliminated to fine-tune the system. The
development of the knowledge based system through the establishment of rule bases was
able to give a clear definition to conservation success for individual study locations.
Cameroon's parks and ecoregions are vulnerable to negative influences that are
not addressed by traditional measurements of success. With the second highest
concentration of biodiversity on the continent, Cameroon's conservation efforts are
considered successful. However, conflict, social pressures, ambiguous institutional
support and present environmental conditions contradict this determination. Conflict in
the country stems from reduced access to resources and political instability. Additionally,
Sangha Tri-National is vulnerable to a civil war between Sudan and the Democratic
Republic of Congo which is compounded by an influx of transnational refugees.
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A rapid surge in human populations, either from expanding local populations or
an influx of migrants who are mired in poverty, puts pressure on the natural environment
as evidenced in the development activities of the Congo Basin and Dja Faunal. The
pressure for increased development and agricultural production is high in order to
improve living conditions in general. To gain a better quality oflife, local populations
would rather use conservation land for production rather than protection. This type of
environmental outlook has resulted in conflicts with local wildlife and habitat
fragmentation caused by deforestation and unregulated development. Industrial logging ,
and the installation of logging roads, has resulted in the destruction of an enormous
expanse of forest in and around the three study locations. While commercial logging is
prohibited on preserved land, logging companies in Dja Faunal were encouraged by the
government to clear the forests near the park boundary. Clearing land along the boundary
introduces the remaining forest to edge effects and reduces the amount of land available
to native wildlife. Moreover, agricultural production encroaches on cleared land and
makes the area vulnerable to erosion and pollution, further degrading the area. Pollutants
from agriculture and development deteriorate environmental health by reducing soil and
water ecosystem services.
In the studied literature, governmental policies towards conservation were often
cited as dormant, or a lack of involvement was described. Weak and ineffective policies
can easily derail conservation attempts. A lack of positive governmental regulations and
high social pressures for economic growth hinder successful conservation efforts and lead
to continued degradation of the environment.
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Discounting the impact of identified holistic factors leads to inaccurate
conclusions about the state of conservation in Cameroon. Using the traditional
measurements of conservation success, the impact of devastating habitat fragmentation,
poor environmental health, overwhelmingly negative urban pressures and conflict are left
out of the determination. Utilization of the holistic matrix lowers the degree of success to
low, and very low in Dja Faunal. Failing to consider all possible factors that influence
conservation efforts only distorts the determination of true conservation success.
4.3.1.4 Conclusions
The traditional measurement rubric based on biological factors alone is just not

good enough to truly measure conservation success. The three study sites in Cameroon
are considered a success by UNESCO World Heritage Forest Protection indicators and
WWF's traditional parameters; however, when the holistic factors were applied to
conservation efforts through the use of expanded evaluation criteria, utilizing a nested
analysis method, the determination of success changed. Certain key factors may be more
important for the determination of conservation success or failure but it is not clear using
only the three study locations. Further analysis utilizing multi-scale locations is needed,
though environmental and institutional/policy factors seem important based upon the
Cameroon case study. The Congo Basin ecoregion and Sangha Tri-National received a
higher degree of success than Dja Faunal, defined as having a very low degree of success.
The two parks had fewer negative environmental and institutional/policy factor categories
than Dja Faunal, with negative influences assigned to all factor categories. To determine
how holistic factors can be applied to conservation and contribute to redefining success,
multi-scale analysis is needed. Based on the results from the Cameroon case study, the
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use of a clearly defined set of holistic factors coupled, with nested analysis processes
within the holistic evaluation rubric, changed the current ranking of the three
conservation efforts, but additional multi-scale analysis is needed for verification. Using
the traditional rubric, the Congo Basin ecoregion, Dja Fauna! and Sangha Tri-National
are ranked as successful conservation efforts. However, after the new rubric was applied,
the rankings changed to low and very low degrees of success.
To determine if the inclusion of the additional holistic factors increases the ability
to define success and/or failure of conservation projects, further analysis on multiple
scales is necessary. However, as illustrated in the Cameroon case study, the use of
interdisciplinary factors within expanded evaluation criteria was critical to truly
determine success. Many different factors from a variety of interdisciplinary fields were
shown to have some sort of influence on conservation efforts that are generally not
accounted for through the use of traditional biological factors.
4.3.2 Senegal Case Study
Senegal is the westernmost country on the coast of Africa and is considered to
have one of the most comprehensive conservation systems on the continent (Figure 27).
Most of the principal ecosystems are represented by some sort of national park or reserve
to protect over 8% of the country's landscape (Conservation, 2013). Senegal is also
considered one of Africa's model democracies (Senegal country profile, 2015) and has a
long history of stable government (Senegal - Lonely Planet, n.d. ).
The economy in Senegal is highly dependent upon agriculture as the primary
source of rural income. Other economic activities in Senegal include fisheries, tourism,
construction, and mining. Senegal's exports are comprised of phosphate mining, fertilizer

222

production, agricultural products and commercial fishing. Along with traditional pursuits
Senegal also relies upon donor assistance and remittance from Senegalese peoples who
live abroad (The World Factbook Senegal, n.d.).

Senegal
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Figure 27: Spatial display of Senegal with Senegal's conservation efforts.
Environmental issues are still apparent in the country, even with its
comprehensive system for protected areas. Periodic droughts during the dry season
(December to April) have intensified desertification and soil erosion. A dependence on
agricultural production has increased deforestation and put pressure on natural
environmental systems. Overgrazing, overfishing and poaching have also been reported
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as a threat to wildlife populations (The World Factbook Senegal, n.d., Conservation,

2013).
4.3.2.1 Methods
4.3.2.1.1 Selection of Park and Study Areas
Djoudj National Bird Sanctuary was designated for analysis of Senegal's
conservation efforts based on the parameters for selection, namely as a UNESCO park.
The park is considered successful using UNESCO World Heritage Forest Protection
indicators, a traditional rubric for measuring success. Additionally, Djoudj National Bird
Sanctuary was established primarily for land conservation of the area's wetlands through
an international NGO.
4.3.2.1.1.1 Djoudj National Bird Sanctuary
Located along the Senegal River delta, Djoudj National Bird Sanctuary is a park
that spans over 16,000 hectares (Figure 28). Djoudj National Bird Sanctuary protects
wetlands that are vital for many bird species that live in the area or migrate from other
parts of the globe. The sanctuary is situated on a vast basin of impermeable halomorphic
soils in the Senegal River Delta, which form the saline flats that the birds utilize. The
Sahelian type savannah is dominated by spiny bushes, tamarisk, and acacias. As a
UNESCO park, the sanctuary has an inscription year of 1981 (Djoudj National Bird
Sanctuary, n.d.).
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Djoudj

Figure 28: Spatial display of Djoudj in Senegal.
4.3.2.1.2 Data Layers and Sources
Metadata was collected through a literature review and website analysis that was

performed on the single study site in Senegal. The case study source data is comprised of
data that describes the applicable factors identified in Djoudj National Bird Sanctuary.
Non-applicable factors are excluded from the source data table as no data was collected.
The following table represents the source data for Djoudj (Table 43).
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Table 43: Sources data for Djoudj.
Data Layer Category

Data Layer

Environmental
Soil Quali ty
Water Quali ty

Institutional/Policy

Species Index
Habitat
Fragmentation/Edge
Effect
Local Government
Organizations
Non-Governmental
Organizations

Mana gement Plan

Social/Cultural/Economic

Fundin !!"
Major Development
Projects
Encroachment
Agriculture
Local Partici pation
Restoration
Tourism

Conflict
Local Conflict

Source
Djoudj National Bird Sanctuary, n.d.; Magin, n.d.; IUCN &
World Herita ge Centre, n.d.
M, 2008b; IUCN & World Heritage Centre, n.d.; Fall, Hori,
Kan & Diop, 2003
Djoudj National Bird Sanctuary, n.d.; Birdlife International,
2010; IUCN & World Heritage Centre, n.d.; Diop & Hill ,
2009
Layer : Protected Areas (ID: 1), n.d. ; Birdlife International,
2010
Layer: Protected Areas (ID: 1), n.d.; M, 2008b; Chiusano,
Coudel, Devautour, Soulard & Hubert, 2010
IUCN, the International Union for Conservation of Nature,
n.d .
Djoudj National Bird Sanctuary , n.d.; IUCN & World
Heritage Centre, n .d.; Layer: Protected Areas (ID: I), n.d.;
Fall, Hori, Kan & Diop, 2003; Chiusano, Coudel,
Devautour, Soulard & Hubert, 2010
Djoudj National Bird Sanctuary , n.d .; IUCN & World
Heritage Centre, n.d. ; Ly, Bishop , Moran & Dansokho,
2006
Djoudj National Bird Sanctuary, n.d.; M, 2008b; Fall, Hori,
Kan & Dio p, 2003; DeGeo ites, 2006
Djoudj National Bird Sanctuary , n.d.; M, 2008b; IUCN &
World Herita ge Centre, n.d. ; Fall , Hori, Kan & Diop, 2003
Djoudj National Bird Sanctuary, n.d.; Magin, n.d.; IUCN &
World Herita ge Centre, n.d.; Fall, Hori, Kan & Dio p, 2003
Zeppel, n.d.; Chiusano, Coudel, Devautour, Soulard &
Hubert , 2010
Ly, Bisho p, Moran & Dansokho, 2006
Fall , Hori, Kan & Diop, 2003; Ly, Bishop, Moran &
Dansokho, 2006
Fall, Hori, Kan & Diop, 2003; Ly, Bishop, Moran &
Dansokho, 2006; Chiusano, Coudel, Devautour, Soulard &
Hubert, 2010

4.3.2.1.3 Spatial Representation
The world base map was imported into ArcMap and zoomed in around Africa.
The Selection by Attribute query was performed on the world base map to identify the
boundaries of Senegal and the data was exported as a new layer, named Senegal. The
shapefiles for Senegal's conservation areas were downloaded and imported into ArcMap
from Protected Planet. All conservation areas were spatially displayed as a layer, named
Senegal's conservation areas. The Selection by Attribute query was performed on
Senegal's conservation areas to identify the Senegal UNESCO study site and the data
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was exported as a new individual layer, named Djoudj. All layers were turned on and
spatially displayed.
Reference country information was obtained from the Geospatial Analytics Lab
USFSP. Boundary information for all conservation efforts in Senegal were obtained
from Protected Planet. Data obtained from Protected Planet also contained boundary
information for the UNSECO study site in Senegal (Table 44).
Table 44: Data layer sources for Senegal.

Data Layer
World Base Map
Djoudj National Bird Sanctuary
Senegal Conservation Areas
Senegal Factors

Source
USFSP Geospatial Anal ytics Lab
httQ://www.grotected glanet.net/
h ttg://www .grotectedglanet.net/
data

4.3.2.1 .4 Data Selection and Processing
Analysis of Senegal's conservation efforts began with identification of study

locations that fit the selection parameters of land conservation, and that represent easily
identifiable management within an international organization. There was only one park in
Senegal, Djoudj, which met these parameters. Information pertaining to the park was
initially retrieved from the UNESCO website for background on conservation in the area.
Metadata was then collected on the status of conservation and on the additional factors
that influence the park. Information on Djoudj was put into a literature review database to
act as reference in the application of the proposed holistic evaluation rubric. The
reference information was categorized by park, then sorted by factor and by type of
influence.
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Google Scholar and USFSP Library Services were utilized as the main source for
collecting metadata about Senegal and the factors that influence Senegal's conservation
efforts. Using the keywords, "Djoudj National Bird Sanctuary," as the search parameter
in Google Scholar, journal articles with relevant conservation information were identified
and downloaded into Google Drive for processing. Each article was analyzed for
pertinent information about the applicable factors within Djoudj. Information was also
collected in a website analysis to bolster findings and to address any factors that may not
have been recognized in the scholastic search. Due to the amount of information
available, the website analysis had to be more restrictive. The study site name, as well as
the particular factor being analyzed, was used to narrow down relevant results. All
information collected was recorded in the literature review database (Appendix B).
4.3.Z.2 Rubric Development and Applications

4.3.2.2.1 Percentage Analysis
A percentage analysis of Senegal's study location was performed using the
methodology detailed in the previous methodology section. Analysis methods utilized the
literature review database which contained metadata collected from the literature review
and website analysis. Metadata was scrutinized to identify the type of influence that
applicable factors had on Djoudj National Bird Sanctuary. The information collected was
compiled into an Excel spreadsheet for organization by study location, by category, and
factor (Appendix B). The type of influence was also recorded into the percentage analysis
equation for further processing.
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4.3 .2.2.1.1 Djoudj
4.3.2.2.1.1.1 Environmental Factors
Soil quality, species index, and water quality define the environmental health of

Djoudj National Bird Sanctuary. Overall, the three sub-factors were determined to have a
negative influence on conservation efforts in the area. Soils in the park were considered
to have high salinity (Djoudj National Bird Sanctuary, n.d.; IUCN & World Heritage
Centre, n.d.; Magin, n.d.) and were prone to erosion events (Magin, n.d.). Many of the
species identified in the area were considered to be invasive species that exploit the area's
resources away from native species (Djoudj National Bird Sanctuary, n.d.; IUCN &
World Heritage Centre, n.d.; BirdLife International, 2010; Diop & Hill, 2009). Low water
availability was correlated to the construction of dikes and dams in the area (M, 2008b)
and excessive water withdrawal (Fall, Hori, Kan & Diop, 2003). Fall, Hori, Kan & Diop
(2003) reported the presense of pollution from agricultural sources and IUCN & World
Heritage Centre (n.d.) determined that the water management system was not operational
and lacked basic monitoring. The main environmental concern ofDjoudj is habitat
fragmentation. Fragmented habitats were determined to be the result of agricultural and
development activity in the area (Layer: Protected Areas (ID: 1), n.d.; BirdLife
International, 2010).
4.3.2.2.1.1.2 Institutional Factors
The National Parks Service of the Ministry for the Protection of Nature, one of

the local institutions at work in the Djoudj area, was considered to have a positive
influence on conservation (M, 2008b ). Local institutions were described as decentralized
and Djoudj was considered to be one of the most guarded sanctuaries in the world (Layer:
Protected Areas (ID: 1), n.d.). Chiusano, Coudel, Devautour, Soulard & Hubert (2010)
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reported that local populations have resisted some forms of governance, but overall the
local institutions were determined to have a positive influence on conservation efforts.
Further, based on information from the IUCN World Report, NGOs were considered to
have a positive influence on conservation efforts in Djoudj due to their presence in the
area (IUCN, the International Union for Conservation of Nature, n.d.).
Management plans were considered to be lacking for Djoudj, as monitoring
efforts are lacking and management capacity is poor, (Djoudj National Bird Sanctuary,
n.d.) as well as poor visitor management (IUCN & World Heritage Centre, n.d.).
However, the management plans for Djoudj were considered "good" for West Africa
(Layer: Protected Areas (ID: 1), n.d.) and were reported to be on track to settle the water
level issues through management (Fall, Hori, Kan & Diop, 2003). Chiusano, Coudel,
Devautour, Soulard & Hubert (2010) described management plans as an important tool, if
used correctly, to enhance communication between the government and the people and
the power struggle between oflegality and legitimacy. Overall, management plans were
considered to have a neutral influence on conservation efforts. Nevertheless, a chronic
lack of sustained funding for Djoudj has had a negative influence on conservation efforts
(Djoudj National Bird Sanctuary, n.d.; IUCN & World Heritage Centre, n.d.; Ly, Bishop,
Moran & Dansokho, 2006) limiting the potential of conservation improvements through
management plans.
4.3.2.2.1.1.3 Social Factors
Urban pressure in Djoudj is described through three sub-factors: major
development projects, encroachment, and agriculture. Overall, sub-factors have a
negative influence on conservation efforts in the area. Dam construction is a major
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development project that has disturbed the natural flow of the river, and has caused
stagnant water upstream and drying downstream (Djoudj National Bird Sanctuary, n.d.;
M, 2008b; Fall, Hori, Kan & Diop, 2003; DeGeoges & Reilly, 2006). Hunting (Djoudj
National Bird Sanctuary, n.d.; IUCN & World Heritage Centre, n.d.), poaching (M,
2008b; Fall, Hori, Kan & Diop, 2003) and overgrazing (M, 2008b) defined encroachment
around the park. Agricultural practices described as having a destructive influence in the
area consist of animal husbandry (Djoudj National Bird Sanctuary, n.d.; Magin, n.d.;
IUCN & World Heritage Centre, n.d.; Fall, Hori, Kan & Diop, 2003), irrigation (Fall,
Hori, Kan & Diop, 2003) and the use of agricultural chemicals (Djoudj National Bird
Sanctuary, n.d.). Magin (n.d.) reported a shift in animal husbandry from native species to
cattle, which has degraded the environment further.
Local participation has increased the awareness of environmental issues in the
area (Zeppel, 2006). However, there is such poor participation (Chiusano, Coudel,
Devautour, Soulard & Hubert, 2010) that local participation was determined to have a
neutral influence on conservation efforts. Conversely, the restoration of wetlands in the
area was considered an immediate success (Van Leeuwen, 2015) and therefore a positive
influence on conservation efforts in Djoudj.
Tourism was determined to have a neutral influence on conservation efforts
because, while tourism brings in revenue, the local populations are not the benefactors
(Fall, Hori, Kan & Diop, 2003). Ly, Bishop, Moran & Dansokho (2006) reported that a
recent rise in admission prices increased the amount of revenue for the park. However,
tourists are expecting improvements in park services to come from the increased
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admission rather than through increased environmental protection efforts or through
payments to local populations.
4.3.2.2.1.1.4 Conflict Factors
Local conflicts were determined to have a negative influence on conservation
efforts in Djoudj. Fall, Hori, Kan & Diop (2003) and Ly, Bishop, Moran & Dansokho
(2006) describe local conflict as confrontations with different ethnic groups that have
been driven off the land to create park land. Some of these groups were forced off the
land illegally (Fall, Hori, Kan & Diop, 2003). Conflict also exists between the traditional
authority of the land and the management authority of the park. Such conflicts can derail
conservation attempts (Chiusano, Coudel, Devautour, Soulard & Hubert, 2010).
4.3.2.2.2 Multiple Criteria Analysis
Senegal's factors were input into the preliminary multiple criteria database until
the globally relevant factors of all twenty nine study sites could be determined. Multiple
criteria analysis utilizes only the applicable factors. The type of relationship, positive or
otherwise, that factors have on specific conservation (determined in percentage analysis)
is not recorded here. Factors and sub-factors that are applicable, or are present in a study
location, are given an assignment of one. If a factor was not mentioned in literature,
and/or not noted to influence conservation in any way, it was given an assignment of
zero.
4.3.2.2.3 Additional and Multiplicative Functions
Additional and multiplicative functions employed weight and rate assignments for
each factor category. The overall role of factors on conservation was the basis of weight
assignment, which was previously completed in the methodology section. Rate
assignments are considered more specific to Senegal's park, and were determined
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through percentage and multiple criteria analysis results. Non-applicable and neutral
factors were excluded from the process of rate assignment due to their insignificance on
the outcome of conservation. Since only positive and negative influences were considered
for rate assignment, ratings of "high" and "low" were used to describe the type of
influences. Once all the factors were rated, an overall rate was assigned for each factor
category, with a numerical rate that corresponds to the linguistic assignment. The
predetermined weight and calculated rate were multiplied together for each category, and
then processed by linear addition to derive the total score for each park.
4.3.2.2.4 Rule Based System
The final step in the holistic evaluation rubric was application of a rule based

system, contingent upon the results of the preceding nested analyses. A set of rule bases,
developed within the knowledge based system, was applied to the single Senegal study
location. A degree of success was assigned once the rule bases were applied.
4.3.2.3 Results and Discussion
4.3.2.3.1 Percentage Analysis
Percentage analysis for Djoudj shows varying degrees of positive and negative

influences for each factor category (Table 45). Overall, Djoudj has 20.00% of applicable
factors that impact the park in a positive manner and 60.00% of factors that result in a
negative influence and is rounded out by neutral influences totalling 20.00%. Nonapplicable factors in Djoudj account for 34.78% of the identified factors. The results for
percentage analysis have been broken down by applicable and non-applicable factors
within factor categories that include environmental, institutional/policy,
social/cultural/economic and conflict factors with an overall percentage analysis score.
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Table 45: Percentage Analysis results for the Senegal study site.
Factors

Djoudj Applicable Factors

Djoudj NonApplicable
Factors

Environmental

80.00%

20.00%

Positive

Negative

I

0.00%

100.00%

ll

Institutional/ Policy

25.00%

80.00%

Positive

Negative

50.00%

25.00%

Social/Cultural/Economic

I

25.00%

75.00%

Positive
16.67%
Conflict

Negative
50.00%

I

I

20.00%

Positive

Negative

0.00%

100.00%

.

34.78%

65.22%

Overall

80.00%

Positive

Negative

•I

20.00%

60.00%

l

Percentage analysis results of the park in Senegal demonstrate that the park may
be less successful than the standard measurement of success implies. However, the
percentages are not significant enough to determine if Djoudj will be successful. Further
analysis is needed to truly define success based upon the clearly defined set of holistic
factors.

4.3.2.3.2 Multiple Criteria Analysis
Using the applicable factors from percentage analysis, a multiple criteria analysis
was performed on the park in Senegal. The presence of identified factors was recorded
using a Boolean method where a present factor was assigned a one and an absent factor
was assigned a zero. Multiple criteria analysis was not used to define the type of
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influence that applicable factors had on conservation. Since Senegal has only one park,
all factors present were considered as local factors, as seen in the results table below
(Table 46).
Table 46: Multiple criteria results for the Senegal study site.
Factor

Sub factor

Environmental Health

Soil Quali ty

1

1

Water Qualit y

1

1

Species Index

1

1

Habitat Fra~mentation and Edge Effect

1

1

Habitat Gap Analysis

0

0

Government Polic v

0

0

Local Government Organizations

1

1

~on-Government Organizations

1

1

Management Plans

1

1

Fundin g

1

1

Population Change

0

0

Major Develo pment Pro jects

1

1

Encro achment

1

1

Aizriculture

1

1

Local Partici pation

1

1

Cultural Edge Effect

0

0

Restoration

1

1

Tourism

I

1

International Fral!Jllentation

0

0

International Conflict

0

0

Refugee State

0

0

Local/Re gional Conflict

1

1

Conflict Over Resou rces

0

0

Total

15

Urban Pressure

Dioudi

Prelimina ry Total

The preliminary totals for multiple criteria analysis were used to determine locally
relevant factors, but in order to identify regional or global factors, more data from other
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case studies is necessary. It was determined that Djoudj is influenced by 15 factors, but as
it is the only park in the area, only so much data can be extracted from this total. Even
with the identification of local factors, stating the amount of applicable factors is not
significant enough to determine if the park would be successful. Without knowing how
important different factors may be to conservation, success cannot be defined for the
park. Multiple criteria analysis alone cannot be used to define success in conservation
without further refinements to the analysis process that enabe the use of holistic factors.
4.3.2.3.3 Additional and Multiplicative Functions
Percentage analysis and multiple criteria analysis results were used in the creation
of site-specific rate assignments for Djoudj. Additional and multiplicative functions
utilized weight and rate assignments to defme success based on a total score calculated by
linear addition . Djoudj (Table 47) had a low environmental rating, a moderately high
institutional/policy rating, a moderately low social/cultural/economic rating, a low
conflict rating and a high traditional rating. When numerical assignments were processed
using linear addition of the multiplication of weight and rate assignments, Djoudj
received a score of 49. Rate assignment varied depending upon local factors, but again,
with only a single park represented in the area, a comparison of scores was impossible
without information from additional case studies. Further clarification of analysis
methods, in addition to the inclusion of multi-scale case studies, is needed to truly define
success based on a clear set of holistic factors.
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Table 47: Rate assignment table for Djoudj.
Cateeo~
Environmental

Institutional/ Policy

Social/Cultural /
Economic

Conflict
Traditional

Total Relative
Wei .,hts & Rate

Factor

Sub factor

Rate

Environmental Health

Soil Quali ty

Low

Water Qualit y

Low

Species Index

Low

Habitat Fragmentation and Edge
Effect

Low

Local Government Organizations

Hi rn

Non-Government Organizations

Hi !!h

Fundin l!

Low

Urban Pressure

Major Development
Pro jects

Low

Encroachment

Low

AAriculture

Low

Overall Rate

Numerical
Assienment

Overall
Weil!ht

Weight*
Rate

Low

l

5

5

Moderately
Hiclt

4

4

16

Restoration

High

Moderately
Low

2

3

6

Local/Re gional Conflict

Low

Low

l

-3

-3

Increase in species

Hicll

Increase in conservation areas

High

Hi gh

5

5

25
49
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4.3.2.3.4 Rule Based System
Information collected from the three previous analysis methods was incorporated
into the expert/knowledge based system. The knowledge based system was used to
develop a total of 54 rule bases. Rule bases were developed using different combinations
oflinguistic definitions, i.e. positive, neutral, negative, from three factor categories:
environmental, institutional/policy, and social/cultural/economic, in addition to the
linguistic definition of present or absent from conflict factors . The traditional category
definition was "success" which was considered a constant, and was excluded from the IFTHEN rule bases. Rule conditions were matched to the Senegal study site (Table 48)
where the degree of conservation success for Djoudj, with negative environmental
factors, positive institutional/policy factors, negative social/cultural/economic factors,
and conflict present, was defined as LOW .
Table 48: Rule bases for the Senegal study location.
Study Site

Rule Base

Djoudj

IF (Environmental is Negative) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN
Degree of success is LOW

4.3.2.3.5 Discussion
The culmination of the nested analysis gave a crisp definition to conservation
success for the park in Senegal, Djoudj. As additional study locations are processed by
the nested analysis methods, the rule bases will be evaluated to eliminate outliers and
fine-tune the system. The rule based system was able to give a clear definition to
conservation success for the individual study location.
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Senegal is considered to have one of the more stable governments in Africa, and
combined with a comprehensive network of conservation areas, Djoudj should be
successful. Nevertheless, application of the holistic matrix and expanded rubric suggests
otherwise. An important bird area, Djoudj, is dominated by wetland habitat that is
extremely vulnerable to anthropogenic presence. Urban pressure in the area contributes to
the systematic collapse of the wetlands through fragmentation, pollution and salinization
of soils. Dam construction alters the natural flow of the river, which, when coupled with
logging and habitat removal for agriculture, causes massive habitat fragmentation.
Fragmentation is a major environmental concern for the park, not only because of a loss
of habitat, but it opens the park up to invasive species. Agriculture also introduces
pollutants and pesticides to local water sources and dries out the land once natural habitat
has been removed, leading to soil salinization and desertification. Poor environmental
conditions and social pressures unacknowledged by traditional measurements thwart
Djoudj 's conservation efforts which results in a low degree of success. Persistent reliance
on an obsolete measurment rubric for determining conservation success consistently leads
to an overestimation of success and an undervaluation of additional factors that impact
the park.
4.3.2.4 Conclusions
Senegal's park was considered a success based upon UNESCO World Heritage
Forest Protection indicators. However, when the holistic factors were applied to
conservation efforts through the use of expanded evaluation criteria, utilizing a nested
analysis process, the determination of success changed drastically. This change reinforces
the assertion that the traditional measurement rubric, based solely on biological factors, is
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just not good enough to truly measure conservation success. A clearly defined set of
holistic factors used in analysis identified additional factors as having an impact on
conservation efforts within Djoudj. While certain key factors may be important in
determining the success or failure of conservation, they were not apparent with a limited
sample size. Expanding the analysis to include multi-scale locations is needed to
highlight globally relevant key factors. Environmental and social/cultural/economic
factors seem to be important based on the case study in Senegal, however, with only one
park representing the area, this determination was difficult to make. In addition, multiscale analysis is necessary in the determination of how holistic factors can be applied to
conservation and contributes to redefining success. The Senegal case study, utilizing a
clearly defined set of holistic factors, coupled with an expanded evaluation rubric that
utilizes a nested analysis process, resulted in a change of success ranking. While the
traditional rubric rated Djoudj as a successful conservation effort, the application of the
new rubric changed the ranking to a low degree of success. While this is true for the
Senegal case study, it will need to be confirmed by additional multi-scale analysis.
Many different factors from a variety of interdisciplinary fields were shown to
have some sort of influence on conservation efforts that are generally not accounted for
through the use of traditional biological factors. As illustrated by the Senegal case study,
the use of interdisciplinary factors within expanded evaluation criteria, in addition to
biological factors, were necessary to truly determine success for conservation efforts.
However, further multi-scale analysis is needed to fully determine if the inclusion of
additional holistic factors increases the ability to redefine success and/or failure of
conservation projects.
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4.3.3 Tanzania Case Study
The African Wildlife Foundation has called Tanzania the jewel of East Africa

(Figure 29). Located on the east coast of Africa, Tanzania is the largest country in the
region spanning a variety of diverse habitats including savannah, submontane agroforest,
montane forest, coastal forest, mangroves and alpine bogs. The lowest and highest points
of Africa are located within Tanzania at Lake Tanganyika and Mt. Kilimanjaro,
respectively (WCS in Tanzania, n.d.; Tanzania, n.d.).
The main economic activity in Tanzania is agriculture, which also accounts for
85% of its exports. Growth of Tanzania's economy is a result of the extraction of gold
and other minerals. A robust tourism industry has also helped to boost the economy.
Ecotourism in the country has grown due to Tanzania's unique environments and a high
density of plant and animal species. To help grow the tourism industry, almost a third of
the country is protected by diverse conservation efforts (Mniwasa & Shauri, 2001).
Tanzania also suffers from many environmental problems as a consequence of the
increased human activities and development of the area. Grazing and unsustainable range
management chips away at natural habitats. Tourism and urban centers contribute to
pollution of local water sources. Sewage systems near the coast dump waste directly into
the ocean. The environment is also vulnerable to poaching and illegal wildlife
exploitation (Mniwasa & Shauri, 2001).
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Figure 29: Spatial display of Tanzania with Tanzanian conservation efforts.
4.3.3.1 Methods
4.3.3.1.1 Selection of Park and Study Areas
Study locations in Tanzania were selected for analysis based upon the parameters
set in the preceding methodology section. Within Tanzania, three study sites were chosen
as representatives for analysis: Coastal East Africa, Kilimanjaro and Serengeti. World
Wildlife Fund established the ecoregion of Coastal East Africa primarily for land
conservation. The other two study locations, Kilimanjaro and Serengeti, were established
for land conservation as UNESCO World Heritage sites. Coastal East Africa is
considered a success using WWF biological criteria and Kilimanjaro and Serengeti are
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considered successful parks, using the UNESCO World Heritage Forest Protection
indicators.
4.3.3.1.1.1 Coastal East Africa Ecoregion
Coastal East Africa
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Figure 30: Spatial display of the Coastal East Africa ecoregion.
Coastal East Africa encompasses a variety of habitats along the coasts of
Tanzania, Kenya and Mozambique (Figure 30). The coastal forests, savannah woodlands
and mangroves are home to an abundant amount of wildlife. The entire area spans over
11 million hectares with the entire lower halflocated within Tanzania's borders. The
coast of Tanzania also has some of the highest rates of poverty documented worldwide,
which, if left unchecked, could severely impact conservation efforts as people try to
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protect and use local resources (Kelman & Burgess, n.d.; Coastal East Africa, n.d.;
Eastern Africa Coastal Forests-A

Global Ecoregion, n.d.).

4.3.3.1.1.2 Kilimanjaro National Park
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Figure 31: Spatial display of Kilimanjaro National Park in Tanzania.
Kilimanjaro National Park was established in 1973 and became a UNESCO park
with an inscription year of 1987 (Figure 31 ). Encompassing the Kilimanjaro peaks, the
park contains the highest point in Africa at 5895 m. The park is comprised of the
mountain above the tree line and covers 75,575 hectares. Kilimanjaro National Park
protects the largest free standing volcanic mass in the world, along with five main
vegetation zones: savannah bushland, submontane agroforest, montane forest belt,
subalpine moorland and alpine bogs. The area is densely populated by the Chagga
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people, who poach forest resources for household and medicinal products. The montane
forest under the Kilimanjaro Forest Reserve is now included as a buffer zone to the park
to relieve some of the pressure taking place on the park's boundaries (Kilimanjaro
National Park, n.d.).
4.3.3.1.1.3 Serengeti National Park
Serengeti
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Figure 32: Spatial display of Serengeti National Park in Tanzania.
The Serengeti National Park covers 1.5 million hectares of savannah with an
inscription year of 1981 into UNESCO and is contiguous with the Ngorongoro
Conservation Unit that encompasses 528,000 hectares (Figure 32). The park protects an
area of biological diversity that houses four globally threatened species: black rhinoceros,
elephant, wild dog and cheetah. The entire ecosystem is considered intact with no
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barriers, such as fences, to hamper animal migration of wildebeests, gazelles, and zebra
in the area. The park lives under the threat of transport infrastructure, which may cut the
park in half (Serengeti National Park, n.d.).
4.3.3.1.2 Data Layers and Sources
Case study source data was collected during metadata analysis through an
extensive literature review and website analysis. Factors that were non-applicable in the
Coastal East Africa ecoregion, Kilimanjaro or Serengeti are excluded from the source
data table, as no data was available. Source data for the three Tanzanian locations is
shown in the tables below: Coastal East Africa (Table 49), Kilimanjaro (Table 50) and
Serengeti (Table 51).
Table 49: Sources data for Coastal East Africa.
Data Layer Cate gory

Data Layer

Source

Soil Ouali ry

CEPF, n.d.; Kelman & Burgess, n.d.; Parker, n.d.; Lal &
Singh, 1998; Sileshi et al., 2007

Environmental
Water Quality

Species Index
Habitat
Fragmentation/Edge
Effect
Institutional/Policy

Government Policy
Local Government
Organizations
Non-Governmental
Or~anizations
Management Plan
Fundin l!:

Social/Cultural/Economic
Pooulation Change
Major Development
Pro iects

OyuJ!i, Thieme & Brown, n.d.; Lal & Singh, 1998
Fund, 2014; Oyugi, Thieme & Brown, n.d.; CEPF, n.d.;
Kelman & Burgess, n.d.; Parker, n.d.; Burgess, Hales,
Ricketts & Dinerstein, 2006; Burgess et al., 2007
Fund, 2014; CEPF, n.d.; Younge, Negussie & Burgess,
2002; Burgess, Hales, Ricketts & Dinerstein, 2006;
Bur gess et al., 2007; Sileshi et al., 2007
Youn ge, Ne ,:,;u
ssie & Bur gess, 2002; Mueo, 2006
Kelman & Burgess, n.d.; Mugo, 2006
Mu l!o,2006
Obura, 2005; Burl!;ess et al., 2007
Gachanja, 2010; Moore, Balmford, Allnut & Burgess,
2004; B~ess et al., 2007
Fund, 2014; CEPF, n.d.; Parker, n.d.; Lal & Singh, 1998;
Bur gess, Hales, Ricketts & Dinerstein, 2006

Agriculture

Kelman & Burgess, n.d.; Mugo, 2006
Fund, 2014; Kelman & Burgess, n.d.; Obura, 2005;
Mugo,2006; Burgess et al., 2007
Parker, n.d., CEPF, n.d.; Lal & Singh, 1998; Burgess,
Hales, Ricketts & Dinerstein, 2006; Mugo & Ong, 2006;
Sileshi et al., 2007

Local Partici pation

German et al., 2007

Tourism

Obura, 2004

Encroachment

246

Table 50: Source data for Kilimanjaro.
Data Layer Category
Environmental

Data Layer

Source

Soil Ouali ty

Kolbe & Wheat, n.d.; Newmark , 2003

Water Quali ry

Kiliman j aro National Park, n.d. ; Hem p; 2006; Noe, 2003
Kilimanjaro National Park , n.d.; IUCN , n.d.b; Newmark,
1996; Hemo; 2006; Noe, 2003

Soecies Index
Habitat
Fragmentation/Edge
Effect
Institutional/Policy

Newmark, 1993; Newmark ; 1996

Government Polic v
Local Government
Organizations
Non-Governmental
Organizations

Noe, 2003

Mana gement Plan

M, 2013b; IUCN, n.d.b

Fundin g

M, 2013b
M, 2013b; IUCN , n.d.b; Newmark, 1993; Newmark,
Manyanza, Gamassa& Sariko, 1994; Newmark, 1996,
Noe, 2003; Newmark , Leonard , Sariko & Gamassa, 1993

Social/Cultural/Economic
Population Chan l!,e
Major Development
Pro jects

Kess y, 1998; Wade, 2003 ; Noe , 2003
M, 2013b; Kessy, 1998

Encroachment

Newmark & Hou gh, 2000 ; Hem p, 2006
Kilimanjaro National Park , n.d.; M, 2013b; Kessy, 1998 ;
Newmark, 1996; Noe, 2003

Agriculture

Newmark, 1996; Noe, 2003

Local Partici pation

Newmark, 1993; Noe, 2003

Restoration

NEMC,2006
Kilimanjaro National Park , n.d .; M, 2013b; IUCN, n.d.b ;
Kess v, 1998; Wade & EaJ?les, 2003
Naughton-Treves, 1997; Newmark, Manyanza, Gamassa &
Sariko, 1994;Noe , 2003

Tourism
Conflict
Local/Re gional Conflict
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Table 51: Source data for Serengeti.
Data Layer Cate gory

Data La yer

Environmental
Soil Quali ty

Water Quali ty

Species Index
Habitat
Fragmentation/Edge
Effect
Habitat Gap Anal ysis
Institutional/Policy
Government Polic y
Non-Governmental
Or_ganizations

Mana eement Plan
Funding
Social/Cultural/Economic
Population Chan ge
Major Development
Pro jects

Encroachment
A in-iculture
Local Participation

Conflict

Tourism
Local/Regional
Conflict
Conflict Over
Resources

Source
Serengeti National Park, n.d.; Belsky, 1984; Ruess & Seagle,
1994; Anderson, Richie & McNaucltton, 2007
Serengeti National Park, n.d.; Serengeti National Park Tanzania, n.d.; Belsky, 1984; Grove, 1993; Gereta &
Wolanski, 1998; Gereta, 2004
Serengeti National Park, n.d.; M, 2012b; Serengeti National
Park - Tanzania, n.d.; Belsky, 1986; Kaltenbom, Nyahongo
& Tingstad, 2005; Anderson, Richie & McNau ghton, 2007

Belskv, 1987; Holmern, Nyahon .i:o & R0skaft, 2007
van Breugel, Kindt, Lilleso & van Breugel, 2015; Sritharan,
2009
Zimmermann, 2012; Kaltenbom, Nyahongo & Tingstad,
2005
Seren_geti National Park - Tanzania, n.d.
M, 2012b; Serengeti National Park -Tanzania, n.d.; Belsky,
1986; Grove, 1993; Kaltenbom, Nyahongo & Tingstad,
2005; Kaltenbom, Bj erke, Nyahon go & Williams, 2006
Serengeti National Park - Tanzania, n.d.
M, 2012b; Grove, 1993; Loibooki, Hofer, Campbell & East,
2002; Kaltenbom, Nyahongo & Tingstad, 2005; Holmem,
Nyabongo & R0skaft, 2007
Serengeti National Park,n.d.; Serengeti National Park Tanzania, n.d.
Serengeti National Park, n.d.; M, 2012b; Serengeti National
Park - Tanzania, n.d.; Holmem, R.0skaft, Mbaruka, Mkama
& Muya, 2002; Loibooki, Hofer, Campbell & East, 2002;
Kaltenbom, Nyahongo & Tingstad, 2005; Kaltenbom,
Bjerke, Nyahongo & Williams, 2006
M,2012b
M, 2012b; Grove, 1993; Loibooki, Hofer, Campbell & East,
2002
M, 2012b; Serengeti National Park - Tanzania, n.d.; Wade &
Eagles, 2003; Kaltenbom, Nyahongo & Tin gstad, 2005
Serengeti National Park-Tanzania, n.d.; Holmem,
Nyahon go & R0skaft, 2007
Grove, 1993

4.3.3.1.3 Spatial Representation
ArcMap was used in the spatial representation of Tanzania and its corresponding
conservation efforts. The world base map was imported into the program and the region
of Africa was identified and zoomed in on. A Selection by Attribute query was
performed, identifying the boundary of Tanzania, which was then exported as a new
layer, named Tanzania. Tanzania's conservation area data was downloaded and imported
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into ArcMap from Protected Planet as shapefiles. To display the ecoregion, the Terrestrial
Ecoregions of the World shapefile was downloaded from worldwildlife.org, which was
then used to identify and export the boundary layer for Coastal East Africa . The shapefile
containing all conservation areas was spatially displayed and named Tanzania
Conservation Areas. To identify the two UNESCO study sites, a Selection by Attribute
query was performed on Tanzania's conservation areas and the data was exported as new
individual layers, named Kilimanjaro and Serengeti, respectively, which were then
spatially displayed along with the previously downloaded data.
The source data for the world base map was obtained from the Geospatial
Analytics Lab USFSP. Protected Planet provided boundary information on all
conservation efforts related to Tanzania. Coastal East Africa's boundary information was
obtained from the Terrestrial Ecoregions of the World shapefile. Information for the two
UNESCO study sites in Tanzania was acquired from Protected Planet {Table 52).
Table 52: Data layer sources for Tanzania.

Data Layer
World Base Map
Coastal East Africa
Ecoregion
Kilimanjaro National
Park
Serengeti National
Park
Tanzania Conservation
Areas

Source
USFSP Geospatial Analytics Lab
htto ://www.worldwildlife.o rn/oublications/terrestrial-ecore gionsof-the-world
httn ://www. orotected olanet.net/
httn://www. nrotect ednlanet.net/
httn://www. orotected nlanet.net/

4.3.3.1 4 Data Selection and Processing
The identification of applicable study sites in Tanzania was the first step towards

analyzing the country's conservation efforts. Based upon the previously identified
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selection parameters, three study locations were chosen. The Coastal East Africa
ecoregion represented land conservation efforts by the World Wildlife Fund, an
international conservation organization with consistent management. The other two study
locations, Kilimanjaro and Serengeti, were selected as UNESCO parks as an international
conservation organization which provided a traditional measurement rubric for
determining conservation success. Initial background information was obtained from a
web analysis of the WWF and UNESCO websites. Information about the status of
conservation and any additional factors that influence conservation were accumulated to
begin analysis using the holistic measurement rubric. Metadata was amassed through the
use of a literature review and web analysis. Peer-reviewed journal articles were selected
based on relevance to the particular study location being researched , along with
information pertaining to conservation. After a scholastic literature search, a web analysis
was completed to incorporate any additional information. The web analysis utilized the
study site name, along with one of the additional identified factors, to help narrow down
the results. All information collected was input into a literature review database, where it
was categorized by study location, then sorted by factor and then by type of influence on
conservation. Additional notes compiled during metadata analysis were also recorded
within the database to be used during the application of nested analysis methods in the
holistic rubric.
4.3.3.2 Rubric Development and Applications
4.3.3.2.1 Percentage Analysis
Percentage analysis of the three parks in Tanzania followed the procedures
outlined above where metadata analysis was performed utilizing the literature review
database. To begin, papers from the literature review database were analyzed, which
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aided in the determination of what type of influence each factor had on the specific
conservation effort. All data was combined into an Excel spreadsheet with the Coastal
East Africa ecoregion, Kilimanjaro, and Serengeti conservation efforts sorted by category
factor, then by sub-factors (Appendix B).
4.3.3.2.11 Coastal East Africa

4.3.3.2.1.1.1 Environmental Factors
The environmental health of the Coastal East Africa ecoregion is defined by soil
quality, species index, and water quality. The ecoregion's soils are described being of
poor quality (CEPF, n.d.; Kelman & Burgess, n.d., Parker, n.d.) and are impacted by land
degradation (Lal & Singh, 1998; Sileshi et al., 2007). Additionally, Sileshi et al. (2007)
describes the area as having declining soil structure that is prone to erosion. The poor
soils in the area have a negative influence on conservation efforts. The species index was
considered to have a positive influence in the ecoregion. There are numerous reports of
high biodiversity (CEPF, n.d.; Kelman & Burgess, n.d.) and a high concentration of
endemic species in the area (Oyugi, Thieme & Brown, n.d.; Fund, 2014; Parker, n.d.;
Burgess, Hales, Ricketts & Dinerstein, 2006; Burgess et al., 2007). Water quality for the
ecoregion was considered to have a negative influence on the area's conservation efforts
due to the indiscriminant use of agrochemicals (Lal & Singh, 1998) and high abstraction
and irrigation rates (Oyugi, Thieme & Brown, n.d.).
There is natural fragmentation of the Coastal East African forest; however, human
activities have increased the rate of habitat loss (Fund, 2014). Vast amounts of forest
have been cleared for agricultural pursuits and roads which has led to further
fragmentation of the area (CEPF, n.d.; Younge, Negussie & Burgess, 2002; Vincent &
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Binkley, 1993; Burgess, Hales, Ricketts & Dinerstein, 2006; Burgess et al., 2007; Sileshi
et al., 2007). Sileshi et al. (2007) suggested that agroforestry could link some of the
fragmented areas of the coastal forest, though no follow-up reports were identified.
Habitat fragmentation, accelerated by anthropogenic pressure, has had a negative
influence on conservation in the ecoregion.

4.3.3.2.1.1.2 Jnstitutional Factors
The governmental policy in Tanzania was considered to have a neutral influence
on conservation efforts. The determination was based upon the report of participation in
forest workshops (Younge, Negussie & Burgess, 2002) but a lack of resources for
monitoring habitats (Mugo, 2006). Local government institutions were also determined to
have a neutral influence, because even though a strategic framework has been established
(Mugo, 2006); a lack of resources has delayed full implementation (Kelman & Burgess,
n.d.).
Mugo (2006) reported that NGOs were present and active in the ecoregion,
although no specific numbers were given. NGOs were considered to have a positive
influence on conservation efforts. However, management plans for the Coastal East
Africa ecoregion were considered to have a neutral influence due to the area's
participatory management (Obura, 2005), but inadequate operational capacity (Burgess et
al., 2007). Long-term funding is lacking for the ecoregion (Burgess et al., 2007), which
has had a negative influence on conservation efforts. Even with innovative funding
sources being sought (Gachanja, 2010; Moore, Balmford, Allnutt & Burgess, 2004),
funding falls short and leads to lower operational capacity.
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4.3.3.2.1.1.3 Social Factors
The area of Coastal East Africa is heavily settled and the growth is expected to

continue with no signs of stopping (Parker, n.d .). The rapid increase of human
populations over the past few years has had a negative influence on conservation efforts
(CEPF, n.d.; Lal & Singh, 1998; Burgess, Hales, Ricketts & Dinerstein, 2006). Urban
pressure from the increase in human populations can be defined through three subfactors: major development projects, encroachment, and agriculture. The three subfactors have had a negative influence on conservation efforts in the Coastal East Africa
ecoregion. Logging is the major development project (Kelman & Burgess, n.d.) but has
proven to be unsustainable (Mugo, 2006). Mugo (2006) reported that logging roads have
a negative impact in the area as they contribute to habitat fragmentation. There is
encroachment from settlement (Mugo, 2006), farming (Fund, 2014), fishing (Obura,
2005) and poaching of forest resources (Kelman & Burgess, n.d.; Burgess et al., 2007).
Slash and burn clearing for agriculture has been extremely destructive (Sileshi et al.,
2007). Along with the destructive clearing practices, agricultural land expansion
continues in order to meet the needs of a growing population (Parker, n.d ., CEPF, n.d.;
Lal & Singh, 1998; Burgess, Hales, Ricketts & Dinerstein, 2006; Mugo, 2006).
Social factors were less apparent in the ecoregion; only small impacts from local
participation and tourism were documented. Due to a lack of engagement (German et al.,
2007), local participation was seen as having a neutral influence on the conservation
efforts of Coastal East Africa. Tourism within the ecoregion was considered to have a
negative influence on conservation efforts because unregulated tourism was reported as
damaging to the natural habitat (Obura, 2005).
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4.3.3.2.1.2 Kilimanjaro
4.3.3.2.1.2.1 Environmental Factors
Soil quality, species index, and water quality are used to define the environmental
health around Kilimanjaro National Park. The Kilimanjaro area was described as having
very fertile soils due to volcanic activity (Kolbe & Wheat, n.d.; Newmark, 1993), which
has a positive influence on conservation efforts. The species index was considered to
have a neutral influence on conservation efforts because, while there is high biodiversity
(Newmark, 1996; Hemp, 2006) and endemism (IUCN, n.d.b) in the area, there are also
invasive species (Kilimanjaro National Park, n.d.). Additionally there is a lack of species
data for the park because no ecological surveys have been performed (Noe, 2003).
Pollution of water resources (Kilimanjaro National Park, n.d.) and drought (Hemp, 2006;
Noe, 2003), as reported for water quality, were determined to have a negative influence
on conservation efforts in the Kilimanjaro area. Fragmentation of habitats has resulted in
habitat "islands" (Newmark, 1996) and a loss ofresources from upland habitats
(Newmark, 1993). Habitat fragmentation was determined to have a negative influence on
Kilimanjaro's conservation efforts.
4.3.3.2.1.2.2 Institutional Factors
Governmental policy for Kilimanjaro was considered to have a neutral influence
on conservation efforts because there was no wildlife policy in effect until 1998. Before
the creation of the wildlife policy, the government used colonial law to increase
economic growth, which privatized traditional land used by the Maasai, the indigenous
peoples of the region (Noe, 2003). The Maasai had been land stewards for years before
the government took away their traditional lands (Noe, 2003). There are many
institutional stakeholders in the Kilimanjaro area that collaborate on the fate of the habitat
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(Kessy, 1998; Wade, 2003; Wade & Eagles, 2003). As local institutions continue to take
land away from the Maasai (Noe, 2003), local government institutions were determined
to have a neutral influence on conservation.
In addition, management plans were reported to be inadequate for the park. The
manpower and equipment available were considered to be insufficient to manage
Kilimanjaro's conservation efforts (M, 2013b; IUCN, n.d.b). Therefore, management
plans were considered to have a negative influence. However, M (2013b) reported that
Kilimanjaro no longer receives government subsidies because the parks funding is selfsufficient which has a positive influence on the area's conservation efforts.
4.3.3.2.1.2.3 Social Factors
The area surrounding Kilimanjaro is heavily populated by Chagga people (M,

2013b) whose population is increasing (IUCN, n.d.b; Newmark, 1993; Newmark,
Manyanza, Gamassa & Sariko, 1994; Newmark; 1996, Noe, 2003). The growing human
population puts a strain on the environment and is considered to have a negative
influence on Kilimanjaro's conservation efforts. Increasing human populations results in
increased urban pressure, defined through major development projects, encroachment,
and agriculture. Logging was identified as the major development project in the area
which has a negative influence on conservation in Kilimanjaro (Hemp, 2006). Newmark

& Hough (2000) reported that ICDP's were tried in the area, but either the project failed
to meet, or there was little progress in obtaining, their objectives. Encroachment is seen
in the area by poaching (Kessy, 1998; Newmark, 1996) and illegal use of protected forest
for medicinal or household purposes (M, 2013b; Noe, 2003). There are also signs of
encroachment as land use changes, from forest to settlements (Kilimanjaro National Park,
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n.d. ), which have had a negative influence on conservation efforts. Increases in the
amount ofland used for agriculture were reported in the area (Noe, 2003). Increases in
agricultural land created habitat "islands" where species were cut off from natural
resources (Newmark, 1996). Agriculture was determined to have a negative influence on
conservation in the Kilimanjaro area.
Newmark (1993) reported that there were local initiatives that called for
protection in the form of a wildlife corridor. However, local people did not see the value
of conservation so began to use the land to increase agricultural fields to supplement
income levels (Noe, 2003; Gibson & Marks, 1995). Conflicting values for conservation
has led to the determination that local participation has a neutral influence on
conservation efforts in the area. There have also been some restoration attempts on
damaged ecosystems that have enjoyed slightly more success than local participation.
Restoration attempts of Kilimanjaro National Park were considered to have a positive
influence on conservation efforts (NEMC, 2006).
Tourism in Kilimanjaro raises revenue (Kessy, 1998) to support the park (IUCN,
n.d.b). However, tourism has also put pressure on the environment with demands for
access development (Kilimanjaro National Park, n.d.) and improvement of tourism
facilities (Wade & Eagles, 2003). The fact that the park was developed with tourism in
mind (M, 2013b) has led to the determination that tourism has a neutral influence on
conservation in Kilimanjaro.
4.3.3.2.1.2.4 Conflict Factors
Local conflict around Kilimanjaro is perceived as a human vs. animal conflict

(Newmark, Manyanza, Gamassa & Sariko, 1994; Naughton-Treves, 1997; Naughton,
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Rose & Treves, 1999; Noe, 2003). Human vs. animal conflicts stem from human
populations having crops ruined by local animal populations, making it difficult to get
local populations invested in the protection of wildlife. The local conflict has had a
negative influence on conservation efforts in the area.
4.3.3.2.1.3 Serengeti

4.3.3.2.1.3.1 Environmental Factors
The environmental Health of the Serengeti is defined through three sub-factors:
soil quality, species index, and water quality. Serengeti has diverse soils (Belsky, 1984;
Ruess & Seagle, 1994) that are reported to be both fertile and infertile (Anderson, Richie

& McNaughton, 2007). Soils are also impacted by drought conditions (Serengeti National
Park, n.d.). The dynamic soil conditions are considered a neutral influence on
conservation efforts. The species index for the area is considered to be a neutral influence
on conservation efforts, because, while there is a high concentration of animals (M,
2012b) and endemic species (Serengeti National Park, n.d.; Belsky, 1986), there is also
environmental pressure in the form of (Kaltenbom, Nyahongo & Tingstad, 2005),
invasive species (Serengeti National Park - Tanzania, n.d.) and fences (Anderson, Richie

& McNaughton, 2007), that suppress species richness. Water quantity is intricately linked
to water quality in the area (Gereta & Wolanski, 1998). Water in the Serengeti is a
limiting factor (Belsky, 1984), with much of the water extracted for consumption
(Serengeti National Park, n.d.) and even less water readily available during the dry season
(Serengeti National Park -Tanzania, n.d.; Gereta, Mwangomo & Wolanski, 2004) for
essential environmental services. While there is an impressive water management system
in place (Grove, 1993), water quality is considered to have a negative influence on
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conservation efforts in the Serengeti area due to the limited amount available (Belsky,
1984).
Habitat fragmentation from road construction produces severe edge effects in the
Serengeti area (Belsky, 1987). Growing human populations also contribute to
fragmentation of habitats, particularly the habitats of large carnivores due to land use
changes to increase agricultural lands (Holmern, Nyahongo & R.0skaft, 2007). Habitat
fragmentation was determined to have a negative influence on conservation efforts in the
Serengeti. Habitat gap analyses were performed to identify environmental gaps within
conservation (Van Breugel, Kindt, Lilles0 & van Breugel, 2015; Sritharan, 2009). The
habitat gap analysis was determined to be negative because there was no mention of plans
to close the gaps, only that gaps were present in the area.
4.3.3.2.1.3.2 Institutional Factors
Government policy in relation to Serengeti was considered to have a positive
influence on conservation because Kaltenborn, Bjerke, Nyahongo & Williams (2006)
reported that the government formally acknowledged the value of wildlife and
preservation of said wildlife. The park is maintained by the governments of both
Tanzania and Kenya to promote conservation of the area (Zimmermann, 2012). However,
there is insufficient regional and international collaboration for non-governmental
organizations; therefore NGOs were considered to have a negative influence on
conservation in the Serengeti.
Management of the Serengeti is considered to be one of the best in Africa by
Serengeti National Park - Tanzania (n.d.). Management plans were developed to
reconcile the need for human development (M, 2012b ), although Kaltenborn, Bjerke,
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Nyahongo & Williams (2006) suggested that there needs to be increased inclusion of
community needs. The general management plans of the park take into consideration
agriculture, livestock (Belsky, 1986) and water management (Grove, 1993). Management
plans were considered to have a positive influence on conservation in the Serengeti
(Kaltenbom, Nyahongo & Tingstad, 2005). In addition to well-developed management
plans, sufficient funding from tourism was also considered to have a positive influence on
conservation. The Tanzania National Parks Authority (TANAPA) is able to raise enough
revenue from visitors to Serengeti National Park to fund conservation in the area
(Serengeti National Park -Tanzania, n.d.).

4.3.3.2.1.3.3 Social Factors
Human populations around Serengeti National Park are increasing rapidly
(Kaltenbom, Nyahongo & Tingstad, 2005). The growing populations have impacted
water abstraction rates (Grove, 1993) and put pressure on the natural environment (M,
2012b; Loibooki, Hofer, Campbell & East, 2002; Holmem, Nyahongo & R0skaft, 2007).
Therefore, population changes were considered to have a negative influence on
conservation efforts.
Increasing human populations lead to urban pressure in the form of major
development projects, encroachment and agriculture. Urban pressure overall was
considered to have a negative influence on conservation efforts in the Serengeti.
Serengeti National Park (n.d.) reported two major development projects in the area,
potential dam construction and ground/air transport infrastructure construction. Road
construction was also described by Serengeti National Park-Tanzania

(n.d.), along with

proposed changes to tourism infrastructure. The development projects are comprised of
259

large land use changes and contribute to habitat fragmentation. Poaching (Serengeti
National Park, n.d.; M, 2012b; Serengeti National Park-Tanzania, n.d.; Kaltenbom,
Bjerke, Nyahongo & Williams, 2006) and illegal hunting of bushmeat (Holmem,
R0skaft, Mbaruka, Mkama & Muya, 2002; Loibooki, Hofer, Campbell & East, 2002;
Kaltenbom, Nyahongo & Tingstad, 2005) define encroachment in the Serengeti region.
In addition, M (2012b) describes agriculture in the area as encroaching upon Serengeti's
park boundaries. Agriculture also contributes to habitat fragmentation through increased
land use changes.
Local participation in Serengeti's conservation efforts was considered to have a
positive influence. Grove (1993) reported that local officials had control of water
management as well as the authority to decide laws and punishments. Local communities
were given the rights to manage wildlife (M, 2012b) which has led to increased
participation of community conservation. Communities have begun to get involved with
goals for local education to spread environmental awareness to a younger generation
(Loibooki, Hofer, Campbell & East, 2002).
Tourism in the Serengeti is vital to the national economy (Kaltenbom, Nyahongo

& Tingstad, 2005). The tourism industry brings in much needed revenue {M, 2012b;
Serengeti National Park - Tanzania, n.d.) for the park. The Serengeti is a niche market for
tourism (Wade & Eagles, 2003) and has a positive influence on conservation in the area.
4.3.3.2.1.3.4 Conflict Factors
Holmem, Nyahongo & R0skaft (2007) and Serengeti National Park- Tanzania
(n.d.) report that there is local conflict in Serengeti National Park, mainly in the form of
human vs. animal. The conflict has turned to lethal control over large carnivores.
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Additionally, Grove (1993) reported that there is conflict over water resources in the area
due to limited availability. Both types of conflict have a negative influence on
conservation efforts.
4.3.3.2.2 Multiple Criteria Analysis
Factors applicable to Tanzania's conservation efforts were entered into an Excel
spreadsheet for multiple criteria analysis. The analysis utilizes a summation of the
applicable factors for the identification of globally important factors. The first multiple
criteria analysis perfonned accounted for only the occurrence of applicable factors
through a Boolean system which assigned numbers based on presence, 1 or absence, 0.
Factors were considered non-applicable, or absent, if the factor was not mentioned in
literature and/or not noted to influence conservation in any way. A secondary analysis
was done to account for positive and negative influences, which was then separated for
easier presentation of significant positive and negative influences that were identified.
4.3.3.2.3 Additional and Multiplicative Functions
Additional and multiplicative function analysis was developed employing results
from percentage analysis and multiple criteria analysis to aid in rate assignment. A
weight and rate assignment was given for each category, for use in linear addition, which
multiplies the weight and rate of each factor category and then adds each category
together to calculate a total score. Factor category weight, which was established during
initial methodology, is based upon a factor's overall role on conservation efforts. To
attain a rate assessment for the three study locations in Tanzania, percentage analysis and
multiple criteria analysis results were utilized. For applicable factors that were considered
to have a positive influence on conservation, a rate of "high" was assigned, while
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applicable factors considered to have a negative influence were assigned a rate of "low."
Neutral influences and non-applicable factors were disregarded during analysis because
the factors were considered to have little bearing on the outcome of the specific
conservation efforts. Once a linguistic rate was assigned for each factor category, a
numerical rate was assigned to delineate an overall score by linear addition.
4.3.3.2.4 Rule Based System
Building upon the results of the preceding analyses, rule bases were created and
applied to the three Tanzanian parks. Rule bases generated within the expert system were
matched by the type of influence that category factors had on conservation. Once rule
bases were applied, each park was assigned a degree of success.
4.3.3.3 Results and Discussion
4.3.3.3.1 Percentage Analysis
Applicable factors for the Coastal East Africa ecoregion of Kilimanjaro and
Serengeti showed variable degrees of influence having a positive, neutral or negative
influence (Table 53). Factors that are applicable to Coastal East Africa's conservation
account for 65.22% of the identified factors. Of the applicable factors, 20.00% impacted
the park positively, 60.00% negatively and 20.00% neutrally. Conversely, Kilimanjaro
and Serengeti had more applicable factors with 73 .91% of the identified factors having
some sort of influence on each park. Despite a similarity in the percentages of applicable
factors, Kilimanjaro and Serengeti had different overall percentages for the type of
influence that factors had on conservation. Overall, Kilimanjaro's factors were
considered to have 23.53% positive, 47.06% negative and 29.41 % neutral influences,
while Serengeti had 29.41 % positive, 58.82% negative and 11.75% neutral influences
from applicable factors. The percentage analysis results are represented by breaking
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down factors into applicable and non-applicable categories, then by type of influence
within one of the four factor categories: environmental, institutional/policy,
social/cultural/economic and conflict. Factors within the categories were combined to
give an overall percentage analysis score that reflects the type of influence on the study
area.
Variable influences were demonstrated for the identified factors on all three study
locations. A comparison between the parks using the overall percentage analysis scores
suggests that Serengeti may be more successful than the other two study sites due to a
higher percentage of positive influences. A concrete determination is difficult to
determine since the percentage of negative influences is also relatively high and due to
the presence of neutral factors and different percentages of non-applicable factors.
Utilization of percentage analysis on a clearly defined set of holistic factors does not
provide a significantly different result between the three study locations, so further
analysis is needed to truly rank and define success.
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Table 53: Percentage Analysis results for the three Tanzania study sites .
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4.3.3.3.2 Multiple Criteria Analysi s
Building upon the results of the percentage analysis, applicable factors were
identified for multiple criteria analysis . The type of influence that factors have on
conservation was not accounted for in the results, as factors were assigned either a one or
zero to represent presence or absence, respectively. The three study locations had similar
results for the environmental , institutional/policy, and social/cultural/economic factor
categories (Table 54). The presence oflocal government organizations were reported for
Coastal East Africa and Kilimanjaro, while restoration efforts were only determined for
Kilimanjaro and habitat gap analysis was only reported in Serengeti. The influence of
conflict factors were the most varied with local/regional conflict found in Kilimanjaro
and Serengeti, conflict over resources found in Serengeti and no conflict reported for the
Coastal East Africa ecoregion.
From preliminary totals, local factors from Tanzania's conservation efforts can be
determined due to the proximity of the three study locations. However, more significant
regional and global factors were not readily apparent. Coastal East Africa was influenced
by 15 factors, while Kilimanjaro and Serengeti were each influenced by a total of 17
factors . While there is a difference in the amount of applicable factors, the slight
difference between the three study sites is not significant enough to determine a success
ranking . Use of multiple criteria analysis alone does not make allowances for the inherent
differences of factors or their levels of importance to overall conservation efforts.
Further analysis is needed to determine true success based on the holistic factors.
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Table 54: Multiple criteria results for the three Tanzania study sites.
Costa) East
Africa

Preliminary
Kilimanjaro Sereneeti Total

Factor

Sub factor

~nvironmental Health

Soil Ouality

1

1

1

3

Water Quali ty

1

1

1

3

Species Index

1

I

I

3

Habitat Fragmentation and
Ede:e Effect

1

1

1

3

Habitat Gap Anal ysis

0

0

1

1

Government Polic y
Local Government
Or ganizations
Non-Government
Organizations

1

1

1

3

1

1

0

2

1

1

1

3

Management Plans

1

1

1

3

Fund ing

1

I

1

3

1

1

1

3

Major Development
Projects

1

I

1

3

Encroachment

1

1

1

3

Agriculture

1

1

1

3

Local Partici pation

l

l

1

3

Cultural Ed ge Effect

0

0

0

0

Restoration

0

I

0

1

Tourism

I

I

1

3

International Fragmentation

0

0

0

0

International Conflict

0

0

0

0

Refugee State

0

0

0

0

Local/Re gional Conflict

0

1

1

2

Conflict Over Resources

0

0

I

1

Total

15

17

17

Population Change
Urban Pressure

4.3.3 .3.3 Additional and Multiplicative Functions
Information built upon percentage analysis and multiple criteria analysis was used

to create rate assignments for Coastal East Africa, Kilimanjaro, and Serengeti . Factors
that had a neutral influence or were non-applicable in the study location were
disregarded. Coastal East Africa (Table 55) had a moderately low environmental rating,
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a moderately high institutional/policy rating, a low social/cultural/economic rating, an
absent conflict rating and a high traditional rating. Kilimanjaro (Table 56) had a
moderately low environmental rating, a moderately high institutional/policy rating, a
moderately low social/cultural/economic rating, a low conflict rating and a high
traditional rating. Serengeti (Table 57) had a low environmental rating, a moderately high
institutional/policy rating, a moderately low social/cultural/economic rating, a low
conflict rating and a high traditional rating. When comparing factor category weight and
rate assignment, the three parks demonstrate different numerical assignments. However,
since weight is based upon a factor's overall role in conservation, and rates are assigned
on a case by case basis, local factors can be variable and inverse to overall weight
patterns. When numerical assignments were processed by linear addition of the
multiplication of weight and rate assignments, Coastal East Africa and Kilimanjaro both
received a score of 54, and Serengeti received a score of 49. While the scores suggest that
Coastal East Africa and Kilimanjaro may be more successful than Serengeti, the scores
are not significantly different enough to rank the parks or assign a definition of success.
Therefore, analysis methods need to be refined again to define true success using a
clearly defined set of holistic factors.
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Table 55: Rate assignment table for Coastal East Africa.
Cate e:o ry
Environmental

Institutional /
Policy

Social/Cultural/
Economic

Factor

Sub factor

Rate

Environmental Health

Soil Quali ty

Low

Water Qualitv

Low

Species Index

High

Habitat Fragmentation and Edge
Effect

Low

Government Policy

High

Non-Government Organizations

Hi l!h

Fundin l!

Low

Population Chan t:e
Urban Pressure

Conflict
Traditional

Total Relative
Wei.l!hts & Rate

Overall
Wei2ht

Weight*
Rate

2

5

10

Hi!!h

4

4

16

Overall Rate

Moderately
Low

Numerical
Assi e:nment

Moderately

Low
Major Development
Pro jects

Low

Encroachm ent

Low

Al!,riculture

Low

Tourism

Low

Low

1

3

3

Conflict

Absent

Null

0

-3

0

Increase in species

High

Increase in conservation areas

High

Hi11:h

5

5

25
54
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Table 56. Rate assignment table for Kilimanjaro.
Cateeory
Environmental

Institutional/ Policy

Social/Cultural/
Economic

Conflict
Traditional

Total Relati ve
Wei l!lits & Rate

Factor

Sub factor

Rate

Environmental Health

Soil Quali ty

Hieb

Water Quali ty

Low

Habitat Fragmentation and Edge
Effect

Low

Non-Government Oraanizations

Hi gh

Mana gement Plans

Low

Fundin g

Hi gh

Urban Pressure

Major Development
Pro iects

Low

Encroachment

Low

Agriculture

Low

Overall
Wei2ht

Weight*
Rate

2

5

10

Hil!h

4

4

16

Overall Rate

Moderately
Low

Numerical
Assi2nment

Moderately

Restoration

Hii:h

Moderately
Low

2

3

6

Local/Re gional Conflict

Low

Low

I

-3

-3

Increase in species

Hicl1

Increase in conservation areas

High

High

5

5

25

54
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Table 57: Rate assignment table for Serengeti.
Cateeone
Environmental

Institutional/ Policy

Social /Cultural/
Economic

Factor

Sub factor

Rate

Environmental Health
Habitat Fragmentation and Edge
Effect

Water Qualit y

Low

Conflict

Traditional

Total Relative
Weights & Rate

Numerical
Assi enment

Overall
Wei2ht

Weight*
Rate

Low

Habitat Gap Anal ysis

Low

Government Polic y

High

Non-Government Organizations

Low

Mana gement Plans

High

Fundin g

Hi cli

Po oulation Chan l!e
Urban Pressure

Overall Rate

Low

1

5

5

Moderately
Hicli

4

4

16

Moderately
Low

2

3

6

Low

1

-3

-3

High

5

5

25

Low
Major Development
Pro iects

Low

Encroachment

Low

A griculture

Low

Local Partici pation

Hi gh

Tourism

Hi gh

Local/Re cional Conflict

Low

Conflict Over Resources

Low

Increase in species

High

Increase in conservation areas

High

49
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4.3.3.3.4 Rule Based System
The expert or knowledge based system used for the rule based system portion of
analysis was based upon the results from the three previous analyses. Results data was
incorporated into the establishment of rule bases. A total of 54 rule bases were developed
by using all possible iterations of the linguistic definition of the four factor categories.
Environmental, institutional/policy and social/cultural/economic categories gave a
positive, negative or neutral linguistic definition, while the conflict category had a
linguistic definition of present or absent. The rule bases were presented as IF-THEN
conditional statements. Tanzania's study locations were then matched to rule base
conditions (Table 58) which assumes that the traditional factors definition, as successful,
is constant. The degree of conservation success for Coastal East Africa, with negative
environmental factors, positive institutional/policy factors, negative
social/cultural/economic factors, and absent conflict, was defined as MODERATELY
LOW. The degree of conservation success for Kilimanjaro, with negative environmental
factors, positive institutional/policy factors, negative social/cultural/economic factors,
and present conflict, was defined as LOW. The degree of conservation success for
Serengeti with negative environmental factors, positive institutional/policy factors,
negative social/cultural/economic factors, and present conflict, was also defined as LOW.
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Table 58: Rule bases for the three Tanzania study locations.
Study Site

Rule Base

Coastal East
Africa

IF (Environmental is Negative) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Negative) AND (Conflict is Absent) THEN
Degree of success is MODERATELY LOW

Kilimanjaro

IF (Environmental is Negative) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN
Degree of success is LOW

Serengeti

IF (Environmental is Negative) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN
Degree of success is LOW

4.3.3.3.5 Discussion
The culmination of the nested analysis gave a crisp definition to conservation
success for the three Tanzania parks: Coastal East Africa, Kilimanjaro, and Serengeti. As
additional study locations are processed by the nested analysis, the rule bases will be
evaluated to eliminate outliers and to fine-tune the system. The creation of rule bases,
through the knowledge based system, was able to provide a clear definition to
conservation success for individual study locations.
Often referred to as the jewel of east Africa, Tanzania boasts many diverse
habitats along the highest and lowest elevations in Africa. Conservation efforts in
different parts of the country are reported as successful conservation of pristine
landscape, where traditional conservation success measurements overlook many of the
influences that are present in the area. Application of the holistic matrix identified
numerous factors that were considered to have an impact on conservation success that
were previously ignored and changed the definition of success. Many of the added factors
were found to have a negative influence, thereby reducing the effectiveness of the
country's conservation efforts.
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Inadequate management plans were described for Coastal East Africa and
Kilimanjaro and long-term funding issues were reported in the Coastal East Africa
ecoregion. Nevertheless, Tanzania's governmental policies towards the environment and
conservation were determined to be generally positive. The Tanzanian government,
through the establishment of the Tanzania National Park Authority (TANAPA), supports
conservation efforts. However, support from the government is not enough to guarantee
successful conservation, especially when negative environmental and social influences
are frequently reported for the parks.
Degraded environmental conditions stem from poor water quality and
exaggerated habitat fragmentation. Water abstraction and pollution are a consequence of
heightened agricultural practices in an attempt to provide sustenance for a growing
human population near the Zimbabwe parks. Abstraction of water also contributes to
periodic droughts in the area, which limits resources available for both human and
wildlife species. Drought also limits available water for natural ecosystem services and
has impacted soil quality in Serengeti. Poor environmental health inhibits the amount of
food produced in the area and leads to encroachment on conservation areas to obtain
needed resources. Conservation areas are seen in a negative light as native wildlife is
blamed for failing crops or pest infestation, resulting in human vs. animal conflict.
Habitat fragmentation from logging and expanding agriculture was also reported for all
three study locations in Tanzania. Exploitative logging practices have cleared large tracts
of land, creating habitat islands that fail to support natural communities. Failing to
include a holistic matrix of factors for Tanzania's parks seriously misrepresents the
condition of conservation. With degrees of success ranging from low to moderately low
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using the holistic approach, it becomes obvious that traditional measurements of success
that consider the area's conservation efforts as successful miss essential dynamics that
influence those efforts.
4.3.3.4 Conclusions
Traditional measurement standards consider the three study locations in Tanzania

to be successful; however, when a clear set of holistic factors is utilized in addition to the
traditional biological factors, this measurement changes. The use of biological factors
alone cannot account for the additional environment and social/cultural/economic
influences that may impact conservation, so any success rating does not define true
conservation success in the area. Certain key factors within the identified set of holistic
factors may have a stronger influence on conservation success than others.
Institutional/policy and conflict factors seemed more important for ranking the three
study areas in Tanzania due to differences in local government organizations and cultural
habits. However, only local factors were readily available. A multi-scale analysis
utilizing different locations worldwide is needed to identify key factors that have more
regional or global significance. Holistic factors were applied to conservation success
measurement using an expanded evaluation rubric, which included a nested analysis
method. Expanding the rubric to address previously ignored influences has aided in
redefining success for conservation. Based upon the results provided by Tanzania's case
study, the current ranking of the three conservation efforts changed. Rather than a
definition of either success or failure, the three conservation efforts were defined by
degrees of success. The Coastal East Africa ecoregion received a higher degree of
success (moderately low) compared to Kilimanjaro and Serengeti, defined by a low
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degree of success. The conflict factor category accounts for the difference between the
three study locations. Although additional multi-scale analysis is needed for verification,
application of the new rubric and holistic factors identified problems with conservation
that were not apparent using the traditional measures.
Changes to the ranking of the three study locations in Tanzania strengthens the
argument that the inclusion of additional factors in the measurement of success aids in the
ability to define true success. Further analysis on a multi-scale level is needed for
confirmation; however, many different factors have repeatedly proved to have some sort
of influence on Tanzania's conservation efforts that are not acknowledged by traditional
measurements. The use of interdisciplinary factors within a holistic evaluation rubric
resulted in contradictory definitions and reflects a need to include more than just
biological factors during analysis.
4.3.4 Zimbabwe Case Study
Representing conservation efforts for southern Africa, Zimbabwe is home to

picturesque yet rugged landscapes (Figure 33). Much of the country is located between
two rivers, the Zambezi and the Limpopo, and is comprised of remote terrain. Tropical
and hardwood forests are located between the mountains and grasslands of Zimbabwe.
One of the more prominent features in the country is Victoria Falls, one of the world's
largest waterfalls (Zimbabwe, n.d.).
Mining and agriculture dominate the economic activities of Zimbabwe, but recent
declines in harvests, investments and revenues have slowed economic growth. Low
growth and the unrestricted printing of money have caused major problems for
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Zimbabwe. Hyperinflation, brought on by poor regulation, has had lasting effects on
investment in the country (The World Factbook Zimbabwe, n.d.).
Resource limitations, in the form of seasonal drought, have caused water and food
security issues. Lack of resources and growing poverty has led to other environmental
issues, mainly massive deforestation for fuel and resource extraction. Deforestation has
sped up soil erosion, ruining farmland and increasing food insecurity. Conservation of
Zimbabwe's natural resources is imperative to the maintainance of wildlife and to the
protection of human interests as well (Zimbabwe, n.d.).
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Figure 33: Spatial display of Zimbabwe with Zimbabwe's conservation efforts.
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4.3.4.1 Methods
4.3.4 .1. 1Selection of Park and Study Areas
Based upon previously fixed parameters for selection, Mana Pools National Park

and Victoria Falls National Park were designated for analysis of Zimbabwe's
conservation efforts. Both projects were established primarily for land conservation
through UNESCO. Furthermore, using UNESCO World Heritage Forest Protection
indicators, a traditional rubric for measuring success, both parks are considered
successful .
4.3.4.1.1.1 Mana Pools National Park
Mana Pools National Park is located near a contiguous area of protected zones
that covers an area of 676,600 hectares, with 219,600 hectares dedicated to Mana Pools
(Figure 34). The area boasts dramatic landscapes with ongoing geological processes that
follow the former channels of the Zambezi River showing a clear pattern of seasonal
plant and river succession due to erosion and deposition events. Since the inception of the
Kariba Dam there have been some regulating effects of alluvial deposits. Poaching of
black rhinos in the area has been an incessant problem, even with an inscription year of
1984 into UNESCO. Problems with poachers have effectively stopped efforts to reintroduce a rhino population after the forced removal of the remaining black rhinos for
safekeeping (Mana Pools National Park, Sapi and Chewore Safari Areas, n.d.).
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4.3.4.1.1.2 Victoria Falls National Park
Victoria Falls National Park is the site of the world's greatest sheet of falling
water (Figure 35). The park is also known as Mosi-oa-Tunya, meaning "the smoke that
thunders," which describes the steam that rises up from water falling off the 108 m
vertical drop. The waterfall spans 1,709 m wide, is 915 m above sea level and is
comprised of national parks in both Zimbabwe and Zambia. Zimbabwe contributes 2,340
hectares to the protection of the waterfall. Furthermore, the park incorporates an
important bird nesting area. The site has an inscription year of 1989 into UNESCO and
has become a huge draw for tourists (Victoria Falls - Zimbabwe and Zambia, n.d.).
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Victoria Falls
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Figure 35: Spatial display of Victoria Falls in Zimbabwe.
4.3.4.1.2 Data Layers and Sources
A literature review and website analysis performed on the two study locations in
Zimbabwe was assembled as metadata to be used during analysis. The case study source
data is comprised of data amassed from the identification of applicable factors in the
Mana Pools and Victoria Falls National Parks. Non-applicable factors were excluded
from the source data table, as no data was collected. The following two tables represent
the source data for Mana Pools {Table 59) and Victoria Falls {Table 60).
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Table 59: Sources data for Mana Pools.
Data Layer Cate gory

Data Layer

Environmental
Soil Ouali tv

Institutional/Policy

Species Index
Local Government
Or1?:
anizations
Non-Governmental
Or iranizations

Mana gement Plan
Social/Cultural/Economic

Po pulation Change
Major Development
Pro jects
Encroachment
Agriculture
Tourism

Source
Mana Pools National Park, n.d.a; Mana Pools National Park,
n.d.b; Guy, 1981; Dunham, 1989; Dunham, 1991
Mana Pools, n .d.; Dunham, 1989; Cumming et al., 1997;
Harare, 1998; M, 2008e
Parks Support, n.d.
State of Conservation Report for the Mana
Park, Sapi and Chewore safari areas world
n.d: Parks Suooort, n.d.
State of Conservation Report for the Mana
Park, Sapi and Chewore safari areas world
n.d.; Parks Suooort, n.d.; Attwell, 1970

Pools National
heritage property ,
Pools National
heritage property,

Mana Pools, n.d.; Cummin g et al., 1997; Fenton et al., 1998
Mana Pools National Park, Sapi and Chewore Safari Areas,
n.d.
Habitat and Wildlife Protection, n.d.; Fenton, Swanepoel ,
Brigham, Cebek & Hicke y, 1998
Cumming et al., 1997; Fenton, Swanepoel, Brigham, Cebek &
Hickev, 1998
Mana Pools National Park, Sapi and Chewore Safari Areas,
n.d.; Parks SuoDOrt, n.d .; Dieke, 2000

Table 60: Source data for Victoria Falls.
Data La yer Category

Data Layer

Environmental
Soil Oualitv
Water Ouali l v
Species Index
Habitat
Fragmentation/Edge
Effect
Institutional/Policy

Government Polic y
Local Government
Or !!anizations
Mana gement Plan
Fundinl!:

Social/Cultural/Economic
Po pulation Chan ee
Major Development
Proj ects
Encroachment
Agriculture

Conflict

Tourism
Local/Regional
Conflict
International Conflict

Source
M, 2012c; Victoria Falls - Zimbabwe and Zambia, n.d. ;
Balon 1974
Mosi-oa-Tunya / Victoria Falls, n.d.; M, 2012c; IUCN, n.d .d;
Victoria Falls - Zimbabwe and Zambia, n.d.; Rao, 2006
Victoria Falls - Zimbabwe and Zambia, n.d.; Payne, Hustler,
Sljemstedt, Sefc & Sorenson, 2002

Victoria Falls - Zimbabwe and Zambia n.d.
M 2012c; Du ffv 1997
M 2012c: Rao, 2006
Mosi-oa-Tunya / Victoria Falls, n.d.; M, 2012c; Victoria
Falls - Zimbabwe and Zambia, n .d.; IUCN, n .d.d; Rao, 2006
M, 2012c; IUCN, n.d.d
Mosi-oa-Tunya / Victoria Falls, n.d.; IUCN, n.d.d; Victoria
Falls - Zimbabwe and Zambia, n.d.
IUCN n.d.d; Victoria Falls - Zimbabwe and Zambia n.d.
Lindse y et al., 2014
M, 2012c; Victoria Falls - Zimbabwe and Zambia, n.d.;
Payne Hustler Stjernstedt, Sefc & Sorenson 2002
Mosi-oa-Tunya / Victoria Falls, n.d.; M, 2012c; IUCN, n .d.d;
Victoria Falls - Zimbabwe and Zambia, n.d.; Borges,
Carbone, Bushnell & Jaeger, 2011; Rao, 2006; Dieke, 2000;
Duffy, 1997; Laver, Wetzels & Beherns , 2001; McGregor ,
2003; Mkono, 2012 Lindsey et al., 2014
Bor e.es Carbone. Bushnell & Jaeger 2011
Elephant Monitorin g and Conflict Mitigation n.d.
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4.3.4.1.3 Spatial Representation
ArcMap was used to in the spatial representation of Zimbabwe. The world base
map was imported into the program and the country of Africa was identified and zoomed
in on. A Selection by Attribute query was performed, identifying the boundaries of
Zimbabwe which was then exported as a new layer, named Zimbabwe. Different
conservation areas were located in Zimbabwe from data that was downloaded and
imported into ArcMap from Protected Planet as shapefiles. The shapefile, containing all
conservation areas, was spatially displayed and named Zimbabwe Conservation Areas.
To identify the two UNESCO study sites, a Selection by Attribute query was performed
on the conservation areas in Zimbabwe and the data was exported as new individual
layers, named Mana Pools and Victoria Falls, respectively, which were then spatially
displayed along with the previously downloaded data.
The source data for the world base map was obtained from the Geospatial
Analytics Lab USFSP. Protected Planet provided boundary information on all
conservation efforts related to Zimbabwe. Information for the two UNESCO study sites
in Zimbabwe was also acquired from Protected Planet (Table 61).
Table 61: Data layer sources for Zimbabwe.
Data Layer
World Base Map
Mana Pools National Park
Victoria Falls National Park
Zimbabwe Conservation Areas

Source
USFSP Geospatial Analytics Lab
htt Q://www ..QrotectedQlanet.net/
httQ://www.Qrotectedplanet.net/
httQ://www.Qrotectedplanet.net/

4.3.4.1.4 Data Selection and Processing
Development of Zimbabwe's analysis began with identifying study sites that fit
the specified selection parameters. Only two conservation efforts in Zimbabwe were
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based primarily on land conservation through UNESCO, an international conservation
organization, which provided a traditional measurement rubric for determining
conservation success . Data on the status of conservation, and the factors that influence
conservation, were gathered to begin the selection of factors in the creation of a holistic
measurement rubric. Once the additional factors were identified, a web search was
completed using factors and study site names as keywords to limit the search parameters.
Any information pertaining to Mana Pools or Victoria Falls was input added to the
literature review database for use in the proposed rubric. During the process of collecting
information, the type of influence that factors had on conservation was also determined
and recorded in the database. The database was then used in the application of the new
proposed holistic rubric.
4.3.4.2 Rubric Development and Applications
4.3.4.2.1 Percentage Analysis
A percentage analysis of Zimbabwe's study locations used the methodology

detailed in the preceding section. Analysis methods utilized the literature review
database, which contained information collected for metadata analysis and was
comprised of a scholastic literature review and website analysis. Metadata was
scrutinized to identify the type of influence that applicable factors had on the two
Zimbabwe conservation efforts. The information collected was then compiled into an
Excel spreadsheet for organization by study location, sorted by category, and then by
factor (Appendix B). The type of influence was also identified and recorded into the
percentage analysis equation for further processing.
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4.3 .4.2.1 1 Mana Pools
4.3.4.2.1.1.1 Environmental Factors
The environmental health of Mana Pools is defined by two applicable sub-factors:
soil quality and species index. Water quality was not included in the definition of
environmental health because no supporting documentation was available. Overall, the
two sub-factors have a neutral influence on conservation efforts in the area. Dunham
(1991), Mana Pools National Park (n.d.b) and Mana Pools National Park (n.d.a) reported
that the soil in the area was considered to be good quality, enriched, soil. However, the
soil was also described as prone to erosion due to grazing (Guy, 1981) and acidic in areas
that tend to flood (Dunham, 1989b). Mana Pools (n.d.) reported that there is a decent
amount of wildlife in the area, especially during the dry season because the pools offer
natural resources later in the season (Dunham, 1989a; Harare, 1998). However, species
richness was considered to be under pressure due to the high densities of elephant
populations (Cumming et al., 1997).
4.3.4.2.1.1.2 Institutional Factors
The Zimbabwe Parks and Wildlife Management Authority was determined to
have a positive influence on conservation as a local government institution (Parks
Support, n.d.). Additionally, many different local and global non-governmental
organizations were considered to be active in the area (State of Conservation Report for
the Mana Pools National Park, Sapi and Chewore safari areas world heritage property,
n.d.). NGOs provide material support to Mana Pools conservation efforts (Parks Support,
n.d.). NGOs were designated as a positive influence on conservation due to their
assistance in park operations.
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Management plans were determined to have a neutral influence on conservation
efforts in Mana Pools. Even though rigorous and effective management plans (Attwell ,
1970) have been created to supplement a 10 year management plan (Parks Support, n.d .),
there has been no implementation and therefore renders the plan is essentially ineffective
(State of Conservation Report for the Mana Pools National Park, Sapi and Chewore safari
areas world heritage property, n.d.). Support for planning needs is necessary for the
creation and implementation of effective management plans .
4.3.4.2.1.1.3 Social Factors
Both human and elephant populations have been increasing in the Mana Pools
area (Cumming et al., 1997). The growth of human populations (Fenton et al., 1998) has
increased external pressure on the park but, at such a remote location, the growing
populations have not had the same impact on environmental resources as a more urban
area would (Mana Pools, n.d.). At present, population change was considered to have a
neutral influence on Mana Pools conservation efforts.
Major development projects, encroachment and agriculture are the sub-factors
present in Mana Pools that contribute to defining urban pressure. All three sub-factors
were determined to have a negative influence on conservation efforts overall (Mana Pools
National Park, Sapi and Chewore Safari Areas , n.d.). Mining was the major development
project identified for the area and has a negative impact on Mana Poolsfrom resulting
pollution. Encroachment is felt in the area through poaching (Habitat and wildlife
protection, n.d.) and urbanization (Fenton et al., 1998). With increased settlement, land
around the park is being converted for agricultural use at the subsistence level (Cumming
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et al., 1997). The expansion of agricultural activity (Fenton et al., 1998) has had a
negative impact on conservation.
Mana Pools is considered one of the top four tourist destinations in Zimbabwe
and has a well-developed tourism infrastructure (Dieke, 2000). However, Parks Support
(n.d.) stated that uncontrolled tourism, even under the guise of bringing environmental
awareness to the area, can have a huge impact on conservation. Updates to major tourist
accommodations have recently put pressure on the area's natural resources (Mana Pools
National Park, Sapi and Chewore Safari Areas, n.d.). Tourism was considered to have a
neutral influence on conservation due to the pressure that increased visitation has on the
area.
4.3.4.2.1.2 Victoria Falls

4.3.4.2.1.2.1 Environmental Factors
Soil quality, water quality, and a species index define the environmental health of
Victoria Falls. A variety of soil types were identified in the area - shallow basalt, Aeolian
soils and sandy alluvium (M, 2012c) - that contribute to the unique makeup of the falls
area. Natural erosion processes have changed the location of the falls by almost 100 km
away from their original location (Balon, 1974). However, it is land pollution from tourist
and municipal waste (Victoria Falls -Zimbabwe and Zambia, n.d.) that designats soil
quality as having a negative influence on conservation. Water quality is also tainted by
tourist activities (Mosi-oa-Tunya / Victoria Falls, n.d.; IUCN, n.d.d; Victoria Falls Zimbabwe and Zambia, n.d.; Rao, 2006), and coupled with drought (Mosi-oa-Tunya /
Victoria Falls, n.d.), led to the determination that water quality is a negative influence on
conservation in the area. The species index indicated that invasive species, such as the
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water hyacinth, have usurped native habitat and resources (Victoria Falls - Zimbabwe and
Zambia, n.d.). Native species in the area were also considered to have an impact on
natural habitats through grazing practices (Payne, Hustler, Stjemstedt, Sefc & Sorenson,
2002) which led to a determination that the species index has a negative influence on
conservation in the area. The Victoria Falls area is also subject to negative influences of
habitat fragmentation on conservation due to the transportation infrastructure which
includes road and rail construction (Victoria Falls - Zimbabwe and Zambia, n.d.).
4.3.4.2.1.2.2 Institutional Factors
Zimbabwe's governmental policies for the environment were determined to have
a neutral influence on conservation in Victoria Falls. The park is governed by the
National Parks' policy and regulations (M, 2012c), but Duffy (1997) reported that
Victoria Falls was a recalcitrant partner in the relationship. Additionally, the Zimbabwe
Department of National Parks and Wildlife Management works in the area to promote
conservation of park resources (Rao, 2006). This organization has specific policy
documentation for the Victoria Falls-Matetsi complex (M, 2012c) that contributes a
positive influence of local government institutions on conservation in the area.
While there are joint management plans between Zambia and Zimbabwe for
Victoria Falls (Mosi-oa-Tunya / Victoria Falls, n.d.; M, 2012c) , management plans are
considered constrained for the park. A small budget (Victoria Falls - Zimbabwe and
Zambia, n.d.) and joint integrated management (IUCN, n.d.d) limit the management of
the park and leadins to only small improvements (Rao, 2006). Constraints of management
plans in the area have had a negative influence on conservation efforts. In addition,
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insufficient funding and limited staff (M, 2012c; IUCN, n.d.d) were also determined to
have a negative influence on conservation for Victoria Falls.
4.3.4.2.1.2.3 Social Factors
Near Victoria Falls there has been uncontrolled development (Mosi-oa-Tunya /
Victoria Falls, n.d.) and urban growth (Victoria Falls -Zimbabwe and Zambia, n.d.) due
to a rapidly growing population without the necessary planning (IUCN, n.d.d). Human
population changes have had a negative influence on conservation efforts in the area.
Urban pressure from population growth is described by major development projects,
encroachment, and agriculture. A hydro-electric power station was constructed to provide
power to the increasing human population, but the water abstraction necessary puts
pressure on the environment (IUCN, n.d .d; Victoria Falls - Zimbabwe and Zambia, n.d.).
Victoria Falls - Zimbabwe and Zambia (n.d .) has also reported that Batoka Gorge Dam
has had a negative influence on conservation for Victoria Falls in addition to the power
station due as it limits the water available for natural water processes . Poaching, which is
representative of encroachment, was reported by Victoria Falls - Zimbabwe and Zambia
(n.d.) and Lindsey et al. (2014) and has a negative influence on conservation.
Agricultural practices in the area consist mainly of cattle grazing (M, 2012c; Victoria
Falls - Zimbabwe and Zambia, n.d.; Payne , Hustler, Stjernstedt , Sefc & Sorenson, 2002)
which has a negative influence on conservation efforts in the Victoria Falls area.
Tourism for Victoria Falls was determined to have a neutral influence on
conservation . Dieke (2000) reported that Victoria Falls is a hugely popular tourist site,
which can help raise awareness and revenue. Tourism infrastructure is well-developed
but needs to be evaluated for the growing ecotourism market before uncontrolled tourism
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development seriously impacts the area (Mosi-oa-Tunya I Victoria Falls, n.d.; M, 2012c;
IUCN, n.d.d; Borges, Carbone, Bushell & Jaeger, 2011; Victoria Falls - Zimbabwe and
Zambia, n.d.; Rao, 2006; Duffy, 1997; Laver, Wetzels & Behrens, 2001; McGregor,
2003; Mkono, 2012; Lindsey et al., 2014).

4.3.4.2.1.2.4 Conflict Factors
Conflict has also been reported in the Victoria Falls area of Zimbabwe. The
human vs. animal conflict is representative of the local conflict (Elephant monitoring and
conflict mitigation, n.d.). The park is also subject to international conflict with Zambia in
competition for tourism revenue (Borges, Carbone, Bushell & Jaeger, 2011 ). The sources
of conflict have had a negative influence on conservation efforts in the area.

4.3.4.2.2 Multiple Criteria Analysis
The applicable factors to Zimbabwe's conservation efforts were entered into an
Excel spreadsheet for multiple criteria analysis. The analysis utilizes a summation of the
applicable factors for the identification of globally important factors. The first multiple
criteria analysis performed accounted for only the occurrence of applicable factors
through a Boolean system where an assignment of one was given for the presence of a
factor and an assignment of zero for the absence of a factor. Factors were considered nonapplicable, or absent, if the factor was not mentioned in metadata and/or not noted to
influence conservation in any way. A second analysis was done to account for positive
and negative influences, which was then separated by type of influence for easier
identification and the presentation of significant positive and negative influences.

4.3.4.2.3 Additional and Multiplicative Functions
Weight assignment, based upon the overall role of a factor on conservation, was
previously completed and applied to all study locations. Rate assignment, based solely on
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Zimbabwe's factors, expanded upon the results from percentage analysis and multiple
criteria analysis. Factors that were non-applicable or had a neutral influence on
conservation were excluded from the rate assignment step because the factors were
considered to have little bearing on the outcome of conservation efforts at the specific
locations. A rate of "high" was assigned to factors that had a positive influence, while a
rate of "low" was assigned to factors that had a negative influence. An overall linguistic
rate was assigned to each factor category by taking the average rate of the individual
factors. A numerical rate, corresponding to the overall linguistic rate, was assigned for
each factor category. The numeric rate and overall weight assignments were then
processed by linear addition in the calculation of a total score.
4.3.4.2.4 Rule Based System
The final step for the holistic evaluation rubric was a rule based system, which
was contingent upon the results of the preceding nested analyses. A set of rule bases,
developed within the knowledge based system, was applied to both study locations in
Zimbabwe. A degree of success was assigned once the rule bases were applied.
4.3.4.3 Results and Discussion
4.3.4.3 .1 Percentage Analysis
The applicable factors for Mana Pools and Victoria Falls showed varying degrees
of influence having a positive, neutral or negative influence, as well as varied amounts of
applicable factors (Table 62). Factors applicable to Mana Pool's conservation account for
only 43.48% of the identified factors. Of the applicable factors, 20.00% impacted the
park positively, 30.00% negatively and 50% neutrally. Conversely, Victoria Falls had
more applicable factors with 65.22% of the identified factors having some sort of
influence on the park. Overall, the factors applicable to Victoria Falls were considered to
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have 6.67% positive, 73.33% negative and 20.00% neutral influences. The percentage
analysis results are represented by breaking down factors into applicable and nonapplicable categories, then by type of influence within one of the four factors categories:
environmental, institutional/policy, social/cultural/economic and conflict. Factors within
the categories were combined to give an overall percentage analysis score reflecting the
type of influence on the study area.
Influences varied for the identified factors on both parks, which also presented
highly variable applicable factor percentages. A comparison between the two parks, using
the overall percentage analysis scores, suggests that Mana Pools may be more successful
than Victoria Falls due to a higher percentage of positive influences and far fewer
negative influences. However, Mana Pools had fewer applicable factors, which may have
contributed to the difference in overall percentages. The presence of neutral factors and
the differing percentages of non-applicable factors make a concrete determination of
success more difficult, although Victoria Falls was considered to have only one factor
with a positive influence. An overwhelming percentage of negative factors, over 70%,
suggest that Victoria Falls National Park is not very successful. However, further analysis
is still needed to truly define success, as a concrete definition cannot be made with only
the utilization of percentage analysis on a clearly defined set of holistic factors.
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Table 62: Percentage Analysis results for the two Zimbabwe study sites.
Factors

Mana Pools Applicable Factors

Mana Pools NonApplicable Factors

40.00o/.

60.00%

Environmental

Victoria Falls Applicable
Factors
80.00%

Positive

Negative

1111

Positive

Negative

0.00%

0.00%

I.I~

0.00%

75.00%

Institutional/ Policy

40.00%

60.00%
Positive
66.67°/.,

Social/Cultural/Economic

Ill

Positive

Negative

0.00%

I'

25.00%

50.00%

37.50%

62.50%

Positive

Negative

II

Positive

Negative

0.00%

60.00%

t,

0.00%

80.00%

Conflict

100.00%

0.00%

01

80.00%

Negative

62.50%

~,

20.00%
Ill

11:

~·

60.00%

Negative

-<OII

Positive

Negative

~,

0.00%

0.00%

110

0.00%

100.00%

~

Overall

43.48%

56.52%

37.50%

Ill

40.00%

Positive

1

Victoria Falls
Non-Applicable
Factors
20.00%

65.22%

34.78%

Positive

Negative

11111

Positive

Negative

Ut

20.00%

30.00%

tlCI

6.67%

73.33%

itt
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4.3.4.3.2 Multiple Criteria Analysis
Multiple criteria analysis, using the applicable factors from percentage analysis,

does not account for the type of relationship that factors have on conservation. Individual
factors within each study site were combined, where present and absent factors were
assigned a one and zero, respectively. Overall, the two study sites had dissimilar factors
present (Table 63); a few overlapping factors present were soil quality, water quality,
local government organizations, population change, urban pressure, and tourism. A
species index, habitat fragmentation, government policy, funding, international conflict
and local/regional conflict were reported only for Victoria Falls. Conversely, Mana Pools,
with far fewer factors present, reported the presence of non-governmental organizations
not present for Victoria Falls.
Local factors can be determined from the preliminary totals; however, regional
and global factors cannot be delineated with information from only the two Zimbabwe
parks. From the preliminary totals, more factors were identified as having an influence
on the conservation of Victoria Falls (15 factors) as opposed to 10 factors for the Mana
Pools National Park, but without knowing the role of the factor on conservation, very
little can be determined. There is also no way to tell, by just looking at the total number
of factors that influence each park, which park is more successful. Using only multiple
criteria analysis, success cannot be defined for either park because there is no
determination of how important different factors are to conservation. Further refinements
of the analyses are needed to define success using the holistic factors.
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Table 63: Multiple criteria results for the two Zimbabwe study sites.
Victoria
Mana Pools Falls

Prelimina ry Total

!Factor

Sub factor

Environmental Health

Soil Ouality

I

I

2

Water Quali ty

I

I

2

Species Index

0

I

I

Habitat Fra2mentation and Ed2e Effect

0

I

I

Habitat Gao Anal ysis

0

0

0

Government Poli cy

0

1

I

Local Government Or2anizations

1

1

2

Non-Government Or 1tanizations

I

0

I

Mana 2ement Plans

I

1

2

Fundin g

0

1

I

Po oulation Change

I

I

2

Major Devel opment Projects

I

I

2

Encroachment

1

I

2

Agriculture

1

I

2

IT.ocal Partici pation

0

0

0

Cultural Ed 2e Effect

0

0

0

Restoration

0

0

0

Tourism

1

I

2

International Fral!lilentation

0

0

0

International Conflict

0

1

I

RefuJ?ee State

0

0

0

tocal/Re gional Conflict

0

I

I

Conflict Over Resources

0

0

0

Total

10

15

Urban Pressure

4.3.4.3.3 Add itional and Mult iplicative Functions
Percentage analysis and multiple criteria analysis results were used in the creation
of site-specific rate assignments for Zimbabwe's study sites. Additional and
multiplicative functions utilized weight and rate assignments to define success based
upon a total score calculated by linear addition. Mana Pools (Table 64) had an absent
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environmental rating, a high institutional/policy rating, a low social/cultural/economic
rating, an absent conflict rating and a high traditional rating. Victoria Falls (Table 65)
had a low environmental rating, a moderately low institutional/policy rating, a low
social/cultural/economic rating, a low conflict rating and a high traditional rating. Rate
assignment varied based upon local factors, and the two parks in Zimbabwe were
considered to be very different, especially following the exclusion of neutral and nonapplicable factors. There was a large disparity of total scores between the two parks,
when numerical assignments are processed by linear addition of the multiplication, Mana
Pools received a score of 48 and Victoria Falls received a score of 38. The higher score of
48 for Mana Pools suggests that Victoria Falls is less successful. However, the total
scores were not considered to have a significant enough difference to assign different
success rankings for the two parks. Further clarification of analysis methods is needed to
truly define success based upon a clear set of holistic factors.
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Table 64: Rate assignment table for Mana Pools.
Cateeor:v
Environmental
Institutional/ Policy

Factor

Sub factor

Environmental

Absent

Local Government Organizations

Hi gh

Non-Government Orl!anizations
Social/Cultural/
Economic

Conflict
Traditional

Total Relative
WeiJ?:hts& Rate

Rate

Hi ith

Overall
Rate

Numerical
Assil!:nment

Overall
Weil!:ht

Weight*
Rate

Null

0

5

0

Hi gh

5

4

20

Major Development
Proj ects

Low

Encroachment

Low

Agriculture

Low

Low

1

3

3

Conflict

Absent

Null

0

-3

0

Increase in species

Hi ch

Increase in conservation areas

Hi gh

High

5

5

25

Urban Pressure

48

296

Table 65: Rate assignment table for Victoria Falls.
Cate e:o rv
Environmental

Institutional/ Policy

Social/Cultural /
Economic

Factor

Sub factor

Rate

Environmental Health

Soil Quality

Low

Species Index

Low

Habitat Fragmentation and Edge
Effect

Low

Local Government Or ganizations

High

Mana gement Plans

Low

Fundin g

Low

Po oulation Chan ge
Urban Pressure

Conflict

Traditional

Total Relative
Wei ghts & Rate

International Conflict

Overall Rate

Numerical
Assi e:nment

Overall
Wei2ht

Weight*
Rate

Low

I

5

5

Moderately
Low

2

4

8

Low

I

3

3

Low

I

-3

-3

High

5

5

25

Low
Major Development
Pro iects

Low

Encroachment

Low

A griculture

Low
Low

Local/Re gional Conflict

Low

Increase in species

Hi gh

Increase in conservation areas

Hi gh

38
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4.3.4.3.4 Rule Based System
The expert or knowledge based system used in the rule based system to construct
a conditional IF-THEN statement, was based upon the results from the three previous
analyses. Results data was incorporated into the development of rule bases, where a total
of 54 rule bases were established by using all possible iterations of the linguistic
definition of the four factor categories. Environmental, institutional/policy and
social/cultural/economic categories gave a positive, negative or neutral linguistic
definition, while the conflict category's linguistic definition was either present or absent.
The rule bases were presented as IF-THEN statements, or conditions. Zimbabwe's study
locations were matched to the rule base conditions (Table 66) which assumes that the
traditional factors definition of successful is constant. The degree of conservation success
for Mana Pools with neutral environmental factors, positive institutional/policy factors,
negative social/cultural/economic factors, and absent conflict was defined as
MOD ERA TE. The degree of conservation success for Victoria Falls with negative
environmental factors, negative institutional/policy factors, negative
social/cultural/economic factors, and present conflict was defined as VERY LOW.
Table 66: Rule bases for the two Zimbabwe study locations.
Study Site

Rule Base

Mana Pools

IF (Environmental is Neutral) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Negative) AND (Conflict is Absent) THEN
Degree of success is MODERATE

Victoria
Falls

IF (Environmental is Negative) AND (Institutional/Policy is Negative) AND
(Social/CulturaVEconomic is Negative) AND (Conflict is Present) THEN
Degree of success is VERY LOW
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4.3.4.3.5 Discussion
The culmination of the nested analysis gave a crisp definition to conservation

success for the two Zimbabwe parks, Mana Pools and Victoria Falls. As additional study
locations are processed by the nested analysis, rule bases will be evaluated to eliminate
outliers to and fine-tune the system. The knowledge based system was able to give a clear
definition to conservation success for individual study locations.
The two parks in Zimbabwe, though similarly located along the border of
Zimbabwe and Zambia, were determined to be very different. Mana Pools had far fewer
influences on the park, so there were fewer instances of the negative influences that seem
to plague Victoria Falls. While mutual influences, such as environmental health and
urban pressure, play a key role in each park, Victoria Falls was influenced by far more
factors.
Additional factors influencing Victoria Falls were determined to have a supremely
negative influence as described in all areas of analysis. Percentage analysis showed
overwhelmingly negative influences on Victoria Falls. As the top tourist spot in
Zimbabwe, Victoria Falls is considered successful, primarily due to the Falls being intact,
but with outside pressures this may change very soon. The transportation infrastructure
has bisected the park and contributs to habitat fragmentation of Victoria Falls.
Infrastructure development to accommodate increasing tourism has also put pressure on
the natural environment and tourist waste has contributed to the problem of water
pollution. Conflict was also reported in Victoria Falls as competition between park
management of Zambia and Zimbabwe and conflicts between human and wildlife for the
use of resources. For Victoria Falls, negative influences were identified in every factor
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category. Mana Pools, located in a more remote part of the country, had fewer negative
influences, represented by a more positive institutional category although the social
category did describe some negative influences.
Without some sort of intervention or management plan that has contingencies for
anthropogenic pressures, conservation efforts are hindered in Zimbabwe, specifically
near Victoria Falls. Even with fewer applicable factors and absent categories for
additional and multiplicative functions, Mana Pools still managed to outscore Victoria
Falls. This determination suggests that there are holistic factors at work in the area that
are not currently addressed by traditional standards.
4.3.4.4 Conclusions
The traditional measurement rubric based upon biological factors is just not good
enough to truly measure conservation success. Both parks are considered a success by
UNESCO World Heritage Forest Protection indicators; however, when the holistic
factors were applied to conservation efforts through the use of expanded evaluation
criteria and utilization of a nested analysis method, the determination of success changed.
Certain key factors may be considered more important for the determination of
conservation success or failure, but it is not clear using only a limited number of study
locations in Zimbabwe. Further analysis that utilizes locations identified on multiple
scales is needed, though differences within the environmental, institutional/policy and
conflict factor categories seem important based upon the Zimbabwe case study. Mana
Pools received a higher degree of success ( defined as moderate), than Victoria Falls,
which was defined at a very low degree of success. Mana Pools had more positive
influences described in environmental, institutional/policy and conflict factor categories
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that were not represented in Victoria Falls. To determine how holistic factors can be
applied to conservation and contribute to redefining success, multi-scale analysis is
needed. Based upon results from the Zimbabwe case study, the use of a clearly defined
set of holistic factors, coupled with nested analysis for the holistic evaluation rubric,
changed the current ranking of the two conservation efforts. However, additional multiscale analysis is still needed for verification. Using the traditional rubric Mana Pools and
Victoria Falls are ranked as successful conservation efforts, while the application of the
new rubric changed the ranking to a moderate degree of success and very low degree of
success, respectively.
To determine if the inclusion of additional holistic factors increase the ability to
define success and/or failure of conservation projects, further multi-scale analysis is
needed. However, as illustrated in the Zimbabwe case study, the use of interdisciplinary
factors within expanded evaluation criteria is necessary to truly determine success in
addition to biological factors. Differences between the two parks were not apparent using
traditional standards, although almost all of the additional factors had a negative
influence on Victoria Falls. In short, many different factors from a variety of
interdisciplinary fields were shown to have some sort of influence on conservation efforts
that are, again, generally not accounted for through the use of traditional biological
factors.

4.4 Developed Region Case Study
4.4.1 United States Case Study
The United States, included to represent an example of a developed country's
conservation efforts, is party to many different protection and conservation organizations
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(Figure 36). The concept of conservation or protection of natural resources began in the
late 1800s with hunting regulations which, overtime, expanded to include the designation
of national parks and reserves (North America, n.d.; United States. National Park Service,
n.d.a) . Many renowned international non-governmental organizations are actively utilized
to further the idea of conservation, not just in the United States, but worldwide. In
addition to the National Park system, the United States' environmental agenda
encompasses a variety of mandates for the management and operation of public lands.
Having an assortment of directives is advantageous considering that public lands are used
for a variety of purposes: preservation, conservation and use for profit (The Bureau of
Land Management: Who We Are, What We Do, 2012).
The economy of the United States is highly diversified and the most
technologically advanced in the world. Managerial, professional, and technical
occupations, along with sales and office occupations make up more than one half of the
labor force of the United States. As the world's third largest country, in size and
populations (The World Factbook United States, n.d. ), the United States is home to a
plethora of diverse environmental habitats ranging from deserts and prairie grasslands,
woodlands and boreal forests, to wetlands and contrasting coastlines (Can you draw your
bioregion? Examples ofbioregional maps, n.d.). Each type ofbioregion requires specific
management to oversee protection operations . With such diverse conservation efforts it is
hard to have a one size fits all management plan (The World Factbook United States,
n.d.).
Major environmental concerns stem from an industrious economy: air pollution,
water pollution, water scarcity and desertification. Burning fossil fuels emit carbon
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dioxide, pollutes the air and results in acid rain. Fertilizer and pesticide runoff lead to
water pollution and is a consequence of agricultural production. The over-abstraction of
water for anthropogenic uses has limited the available water supply in parts of the
country and has resulted in desertification of these areas (The World Factbook United
States, n.d. ).
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Figure 36: Spatial display of the United States and the United States conservation efforts.

4.4.1.1 Methods
4. 4.1.1.1 Selection of Park and Study Areas
The United States was selected for analysis based upon the parameters set in the

methodology section. Within the United States, thirteen study sites were chosen as
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representatives for analysis: Carlsbad Caverns National Park, Chihuahuan Desert
Ecoregion, Glacier Bay National Park, Grand Canyon National Park, Great Smoky
Mountains National Park, Hawaii Volcanoes National Park, Mammoth Cave National
Park, Northern Plains Ecoregion, Olympic National Park, Redwood National Park,
Waterton International Peace Park, Yellowstone National Park, and Yosemite National
Park. World Wildlife Fund established the ecoregions of Chihuahuan Desert and
Northern Great Plains primarily for land conservation. The other study locations
established for land conservation were Carlsbad Caverns National Park, Glacier Bay
National Park, Grand Canyon National Park, Great Smoky Mountains National Park,
Hawaii Volcanoes National Park, Mammoth Cave National Park, Olympic National Park,
Redwood National Park, Waterton International Peace Park, Yellowstone National Park,
and Yosemite National Park, members of UNESCO as World Heritage sites. The two
ecoregions are considered to be successful using WWF biological criteria. In addition, the
eleven UNESCO parks were also considered to be successful, but parameters were based
upon the UNESCO World Heritage Forest Protection indicators.
4.4.1.1.1.1 Carlsbad Caverns National Park
Carlsbad Caverns National Park, located in New Mexico, is a UNESCO park with
an inscription year of 1995 (Figure 3 7). The park is famous for large cavernous areas full
of unique geological formations. The karst landscape consists of over 80 recognized
caves with more than 100 lime stone caves. Geological processes that create the
formations are on-going, though establishment is slow. Bats migrate around the mouth of
the cave and can be seen in a mass exodus near sunset. Above the underground
formations, three internationally threatened species are identified in the vegetation: Sneed
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pincushion cactus, Lee pincushion cactus and Lloyd's hedgehog cactus (Carlsbad
Caverns National Park, n.d.).
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Figure 3 7: Spatial display for Carlsbad Caverns National Park in the United States.
4.4.1.1.1.2 Chihuahuan Desert Ecoregion
The Chihuahuan Desert is one of the most biologically diverse arid regions in the
world (Hogan & Fund, 2014) and the largest desert in North America (Chihuahuan
Desert, n.d.)(Figure 38). The desert is sheltered from the influence of other arid regions,
such as the Sonoran Desert, due to its proximity to the Sierra Madres mountain range
(Hogan & Fund, 2014). The desert stretches from the southwest United States into central
Mexico and encompasses the Rio Grande/Bravo watershed (Chihuahuan Desert, n.d.).
Increasing human populations have put pressure on Chihuahuan Desert through an
increase of water use and habitat destruction by cattle grazing (Hogan & Fund, 2014).
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Chihuahuan Desert Ecoregion
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Figure 38: Spatial display of the Chihuahuan Desert ecoregion.
4.4.1.1.1.3 Glacier Bay National Park
Glacier Bay National Park is a UNESCO park with an inscription year of 1979
(Figure 39). The park is part of the largest non-polar icefield in the world and is
comprised of a complex assortment of glaciers and high peaks. Much of the property can
be categorized within one of five distinct habitats: marine, coastal forest, montane, subalpine and alpine tundra. The property transitions from the northern interior to coastal
biogeoclimate zones to create the characteristic ice and glacier fields and high mountain
scenes (Kluane /Wrangell-St.Elias/

Glacier Bay/ Tatshenshini-Alsek, n.d.).
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Glacier Bay National Park

Figure 39: Spatial display of Glacier Bay National Park in the United States.
4.4.1.1.1.4 Grand Canyon National Park
Grand Canyon National Park was first protected as a forest reserve in 1893 where
hunting, lumber extraction and mining activities continued (Figure 40). The area was
upgraded to a game reserve ( 1906), then a national monument ( 1908), before its
designation as a national park in 1919. In 1979, Grand Canyon National Park was
inscripted into UNESCO as a World Heritage Location . The Grand Canyon was carved
out of rock by the Colorado River to create a 1.5 km deep gorge that is 445 km long over
eons. The geological history of the horizontal strata can be retraced over 2 billion years
(Grand Canyon National Park, n.d.).
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Grand Canyon National Park
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Figure 40: Spatial display of the Grand Canyon National Park in the United States.
4.4.1.1.1.5 Great Smoky Mountains National Park
Great Smoky Mountains National Park is a major North American refuge for
temperate flora and fauna (Figure 41 ). The UNESCO Park has an inscription year of
1983 and covers over 200,000 hectares with 16 peaks over 1829 m. Great Smoky
Mountains has no permanent inhabitants and only about 240 people living in the buffer
zone, leaving much of the area for animal inhabitants. The park is home to more than
3,500 different plant species and has the greatest diversity of salamanders in the world.
Great Smoky Mountains, named for the fog hanging around the area, is vulnerable to air
pollution due to the thin atmosphere created by the high elevation (Great Smoky
Mountains, n.d.).
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Figure 41: Spatial display of Great Smoky Mountains National Park in the United States.
4.4.1.1.1.6 Hawaii Volcanoes National Park
Volcanic eruptions are constantly changing the landscape of Hawaii Volcanoes
National Park, inscripted into UNESCO in 1987 (Figure 42). Mauna Loa, at 4,170 m, and
Kilauea, at 1,250 m, are two of the most active volcanoes in the world and are located in
Hawaii Volcanoes National Park. Lava flow from the eruptions serves as an example of
island building. There are five major ecosystems: subalpine, montane seasonal, montane
rainforest, sub-montane seasonal and coastal lowlands. Placement of ecosystems varies
with altitude and is dictated by the climate gradient from tropical humid to alpine desert
(Hawaii Volcanoes National Park, n.d.).
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Figure 42: Spatial display of Hawaii Volcanoes National Park in the United States.
4.4.1.1.1.7 Mammoth Cave National Park
Located in Kentucky, Mammoth Cave National Park presetves the world's
longest known cave system (United States. National Park Service, 2016o)(Figure 43).
Mammoth Cave National Park has an inscription year of 1981 for UNESCO (Mammoth
Cave National Park,n.d.). Over 400 miles of cave systems have been explored in the area
(United States. National Park Service, 20 l 60), and reinforces the claim that the park
comprises the largest network of natural caves and underground passageways on Earth
(Mammoth Cave National Park,n.d.).
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Figure 43: Spatial display of Mammoth Cave National Park in the United States.

4.4.1.1.1.8 Northern Great Plains Ecoregion
The Northern Great Plains is an extensive ecoregion that covers large spans
including the states of Montana, North Dakota, South Dakota, Nebraska, and Wyoming,
in additional to a bit of Saskatchewan and Alberta in Canada (The Great Plains,
n.d.)(Figure 44). Open grassland and native prairie vegetation in the area is key to the
support of millions of bison, elk, and pronghorn antelope (Cooperation, 2013). The
Northern Great Plains prairie habitat is one of only four remaining temperate grasslands
in the world (The Great Plains, n.d.). Prairie habitat is suitable for agricultural production,
and over time, the landscape has changed to reflect this transition from prairie to
rangeland and wheat/com/soybean fields (Cooperation, 2013).
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Figure 44: Spatial display of the Northern Great Plains Ecoregion.
4.4.1 .1.1.9 Olympic National Park
Olympic National Park, inscripted into UNESCO in 1981, is located in the
northwest comer of the state of Washington (Figure 45). The mountains of the park are
isolated due to its location, sandwiched between the Pacific Ocean and the Puget Sound
(Olympic National Park, n.d.). The park covers 404,000 hectares and protects several
unique ecosystems including glacier-capped mountains and old-growth forests (United
States. National Park Service, 2016cc).

312

Olympic National Park

I -

c '

....
.....
\.

r ·-- --

.)

-- -

•

-

......

Dettt inUS

0~

0o....
- -Can)al

,_ ... ,

,,,,/

_,,,
-·

---~
---lnUS
---

, ,,;---•

•

...

c7--

r- 1-~

- -~

11u1.-1

....

•
•

- --R- -1""-

Figure 45: Spatial display of Olympic National Park in the United States.

4.4.1.1.1.10 Redwood National Park
Redwood National Park, located within the coastal mountains of California, is
home to the tallest and most impressive trees in the world (Figure 46). Vegetation in the
area is predominantly comprised of coastal redwood forest with 15,800 hectares of old
growth forest left and 20,800 hectares cut over. The UNESCO Park, inscription year
1980, was established against the will of local populations, whose main source of revenue
was timber extraction (Redwood National and States Parks, n.d.).
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Figure 46: Spatial display of Redwood National and State Parks in the United States.
4.4.1.1.1.11 Waterton Glacier International Peace Park
Waterton-Glacier International Peace Park (Waterton) was created in 1932
through the combination ofWaterton Lakes National Park, Alberta, Canada and Glacier
National Park, Montana, United States (Figure 47). The park is located along the
continental divide and includes peaks of 2,500 m. Alpine, prairie, forest, and glacier
features dominate the area. In 1995 the park was inscripted into UNESCO to protect the
area's natural resources (Waterton Glacier International Peace Park, n.d.).
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Figure 47: Spatial display of Waterton-Glacier International Peace Park in the United
States.
4 .4 .1.1.1.12 Yellowstone National Park
Located in a seismically-active region of the Rocky Mountains, Yellowstone
National Park contains approximately half of the world's known geothermal features,
with over 10,000 examples (Figure 48). In addition, the park includes 300 geysers (twothirds of the total amount of the geysers in the world), by far the largest concentration in
one area. The UNESCO Park, inscripted in 1978, covers nearly 900,000 hectares with
650,000 hectares of forest area on the Yellowstone Plateau. The dominate vegetation is
lodge pole pine with an average elevation of2,000 m (Yellowstone National Park, n.d.).
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Figure 48: Spatial display of Yellowstone National Park in the United States.
4 .4.1.1.1.13 Yosemite National Park
Yosemite National Park is located on the west slope of the Sierra Nevada
Mountains (Figure 49). The UNESCO Park, with an inscription year of 1984, has
elevations ranging from 600 to 4,000 m above sea-level. The main feature of the park is a
tilted granite area. There are also "hanging valleys," waterfalls, cirque lakes, polished
domes, moraines and U-shaped valleys (Yosemite National Park, n.d.). Suppression of
natural fires in the area has changed the natural productivity and park managers have
recently reintroduced prescribed fires to manage the natural ecosystem (United States.
National Park Service, n.d.cc).
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Figure 49: Spatial display of Yosemite National Park in the United States.
4.4.1.1.2 Data Layers and Sources
Source data on the case studies was accumulated during metadata analysis. An
extensive literature review and website analyses were utilized for metadata collection.
Non-applicable factors, where no data was available in any of the thirteen United States
study sites, were excluded from the source data table. The tables below display the source
data for the study locations in the United States; Carlsbad Caverns National Park (Table
67), Chihuahuan Desert Ecoregion (Table 68), Glacier Bay National Park (Table 69),
Grand Canyon National Park (Table 70), Great Smoky Mountains National Park (Table
71), Hawaii Volcanoes National Park (Table 72), Mammoth Cave National Park (Table
73), Northern Plains Ecoregion(Table 74), Olympic National Park (Table 75), Redwood
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National Park (Table 76), Waterton International Peace Park (Table 77), Yellowstone
National Park (Table 78), and Yosemite National Park (Table 79).
Table 67: Sources data for Carlsbad Caverns.
Data Layer Cate gory

Data Layer

Environmental
Soil Quali ty

Water Quality

Species Index
Habitat
Fragmentation/Edge
Effect

Pate, 1999

AirQuali rv

United States. National Park Service, 2016d
United States. National Park Service, 2016f; Hamilton-Smith,
2001; United States. National Park Service, 2011
Huppert, 1995; Bailey , 2001; United States. National Park
Service 2011

Government Polic y
Local Government
Orl!llllizations
Non-Governmental
Or ganizations

Mana gement Plan
Fundin g
Major Development
Pro iects
Encroachment

Conflict

Sitename:-Carlsbad Caverns National Park, n.d.

Habitat Gao Anal ysis
Institutional/Policy

Social/Cultural/Economic

Source
United States. National Park Service, 2016b; United States
De partment of A m culture, 1971; Carlsbad Caverns, n.d.
Burger & Pate, 2001; Vulnerability of Carlsbad Cavern, New
Mexico to pollution from human activities at the surface,
1997; SWCA Environmental Consultants, 2007; HamiltonSmith, 2001; Hunter, Northup, Dahm & Boston, 2004; United
States . National Park Service, 2016e
Carlsbad Caverns National Park, n.d.; Sitename:-Carlsbad
Caverns National Park, n.d.; M, 2009a; United States.
National Park Service, 2016c; Carlsbad Caverns National
Park Animals, n.d .; Barr Jr & Reddell, 1967; Thies & McBee,
1994; Hamilton-Smith, 2001; Krupa, 2002; Gray, 2008 ;
Barrows et al., 2013; Griffin, Grav, Lyles & Northu p, 2014

Badman, 2013; Hamilton-Smith, 2001; Beem, 2009
Carlsbad Caverns National Park, n.d.; Sitename:-Carlsbad
Caverns National Park, n.d.; M, 2009a; United States.
National Park Service, 2016f; Ernst, Schrader & Lopez, 2007;
Griffin, Gra v, Lyles & Northu p, 2014
Sitename:-Carlsbad Caverns National Park, n.d.; United
States. National Park Service, 2016 g
Carlsbad Caverns National Park, n .d.; Sitename:-Carlsbad
Caverns National Park, n.d.

A griculture

Carlsbad Caverns National Park, n .d.
Carlsbad Caverns National Park, n.d.; Sitename :-Carlsbad
Caverns National Park, n.d.

Local Partici pation

Lowrie & Greenbe ~ , 2001

Restoration

Tourism

Hamilton-Smith, 2001
Sitename :-Carlsbad Caverns National Park, n.d .; United
States. National Park Service, 2016g; Hamilton-Smith, 2001;
Novey & Hall, 2007; Houseal, Bourque, Welsh & Wenger ,
2014; Griffin, Gray, Lyles & Northup, 2014; Carlsbad
Caverns National Park , n.d.

Local Conflict

United States . National Park Service 2016a
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Table 68: Sources data for Chihuahuan Desert.
Data Layer Catego ry

Data Laver

Environmental

Soil Quality

Water Qualit y

Species Index
Habitat
Fragmentation/Edge
Effect
Institutional/Policy
Government Polic y
Local Government
Organizations
N(ln-Govemmental
Organizations

Social/Cultural/Economic

Hogan & Fund, 2014; Meffe & Vrijenhoek, 1988; Curtin,
Sa yer & Lane, 2002
Chihuahuan Desert Rapid Ecoregional Assessment (REA),
2015
Hogan & Fund, 2014; Dinerstein et al., 2011; 2015 Southwest
Climate Summit Conveners, n.d .
Levandoski, n.d.

Mana ~ement Plan

Curtin, Sayre & Lane, 2002; Richie 2009

Fundin 2

Levandoski, n.d.; About Us n.d.

Population Chan ge
Major Development
Projects

Gutzwiller & Barrow Jr, 2001; Curtin Sa yre & Lane. 2002

Agriculture

Curtin, Sayre & Lane, 2002
Hogan & Fund, 2014; Gutzwiller & Barrow Jr, 2001; Curtin,
Sayre & Lane, 2002; Housman, Powers, Collins & Belnap,
2006
Hogan & Fund, 2014; Schlesinger, Raikes, Hartley & Cross,
1996; De Soyza, Whitford, Herrick, Van Zee & Havstad,
1998; Drewa & Havstad, 2001; Curtin, Sayre & Lane, 2002;
Housman, Powers, Collins & Belna p, 2006; List et al., 2007

Local Partici pation

Curtin Savre & Lane, 2002

Restoration
Conflict Over
Resources

Curtin Savre & Lane, 2002

Encroachment

Conflict

Source
Housman, Powers, Collins & Belnap, 2006; Peterjohn &
Schlesinger, 1991; Schlesinger, Raikes, Hartley & Cross,
1996; De Soyza, Whitford, Herrick, Van Zee & Havstad,
1998; Reynolds, Kemp & Tenhunen, 2000; Drewa &
Havstad, 2001; Bhark& Small, 2003; Curtin, Sayre & Lane,
2002; Muldavin, Moore, Collins, Wetherill & Lightfoot,
2008; Moorhead & Revnolds, 1991
Hogan & Fund, 2014; Chihuahuan Desert, n.d.; Kemp, 1983;
Fisher, Zaic, Cunningham & Whitford, 1988; Bhark & Small,
2003· Muldavin, Moore, Collins, Wetherill & LiRhtfoot, 2008
Hogan & Fund, 2014; Chihuahuan Desert Rapid Ecoregional
Assessment (REA), 2015; Heske, Brown & Mistry, 1993;
Heske, Brown & Mistry 1994; Hernandez & Barcenas, 1996;
Meffe & Vrijenhoek, 1988; Gutzwiller & Barrow Jr, 2001;
Hernandez, Gomez-Hinostrosa & Barcenas, 2001

Barry, 2012
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Table 69: Sources data for Glacier Bay.
Data Layer Cate~orv

Data Layer

Environmental

Soil Qualitv

Water Quali ty

Soecies Index
Habitat
Fragmentation/Edge
Effect
Institutional/Policy

Government Polic y
Local Government
Organizations

Managemen t Plan
Social/Cultural/Economic

PoP11
lation Chan l!;e
Major Development
Proiects

Source
United States. National Park Service, n.d.b; KellerLynn,
2009 ; Sidle & Milner, 1989; Bormann & Sidle, 1990; Hallet,
Hunter & Bogen, 1996; Williamson et al., 2001; Wieczorek,
Geist, Motyka & Jakob, 2007; Cowan et al., 2010
M, 2008c ; United States. National Park Service, n.d.c;
Nagorski, Neal & Brabets , 2013 ; Sidle & Milner , 1989;
Williamson et al., 2001
Kluane / Wrangell-St. Elias / Glacier Bay/ TatshenshiniAlsek, n.d.; M, 2008c; Flory & Milner , 2000; Milner et al.,
2000 ; Williamson et al., 2001 ; Mathews & Pendleton, 2006;
Arimitsu, Piatt, Romano & Douglas, 2004; Gelatt et al.,
2004; Womble et al., 2010

Williamson et al., 2001
M,2008c
M, 2008c; KellerL vnn, 2009
Kluane / Wrangell-St. Elias / Glacier Bay/ TatshenshiniAlsek, n.d.; M, 2008c; United States . National Park Service,
n .d.c; Manning, Johnson & Kamp, 1996; Mathews &
Pendleton, 2006; Gelatt et al., 2004
M 2008c
M, 2008c; KellerL vnn. 2009

Encroachment

M, 2008c

AltTiculture

KellerL ynn, 2009

Restoration

KellerLvnn , 2009

Tourism

M, 2008c; KellerL ynn, 2009
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Table 70: Sources data for Grand Canyon.
Data Layer Category

Data Laver

Environmental

Soil Ouali ty

Water Quali ty

SDecies Index
Habitat
Fragmentation/Edge
Effect

Institutional/Policy

Habitat Ga p

Hall, 1981; Fule & Laughlin, 2007
Modeling Wildlife Habitat Corridors in the Greater Grand
Staircase-Escalante Ecos ystem. 2010

Air Qualit y

Ashbau gh, Malm& Sadeh. 1985: Davis & Gav. 1993

Government Policy
Local Government
Organizations

Johnson & Carothers, 1987
Colorado River Management at Grand Canyon National
Park, 2009
M, 201 la; United States. National Park Service, n.d.g;
Colorado River Management at Grand Canyon National
Park, 2009; Underhill, Xaba & Borkan, 1986; Johnson &
Carothers, 1987; White & Vankat, 1993; Moore & Huffman,
2004
Grand Canyon GRCA Report, n.d.; United States. National
Park Service, n.d.f
Hereford, Fairlye, Thompson & Balsom, 1993; Johnson &
Carothers, 1987; Kearsley, Schmidt & Warren, 1994
United States. National Park Service, 2016h; Cole, 1990;
White & Vankat, 1993; Mast & Wolf, 2004

Mana gement Plan

Social/Cultural/Economic

Fundin g
Major Development
Proj ects
Ami culture
Local Partici pation

Tourism

M 201 la; United States. National Park Service, n.d.l!.
Mathis, Theobald, Busco & Makarick, 2015; Cole, 1990;
Mast & Wolf, 2004; Baker, 2006: Fule & Laul!hlin, 2007
M, 201 la; Cole, 1986; Cole, 1990; Stockwell, Bateman &
Ber ger, 1991; Kearsle v. Schmidt & Warren 1994

Local Conflict

Dou ehe11v& Rinl!., 2011

Restoration

Conflict

.

Source
M, 201 la; United States. National Park Service, 2016h;
Hereford, Fairlye, Thompson & Balsom, 1993; Webb,
Pringle, Reneau & Rink, 1984; Cole, 1986; Cole, 1990;
Kearsley, Schmidt & Warren, 1994; Moore & Huffman,
2004
United States. National Park Service, n.d.e; Tunnicliff &
Brickler, 1984; Feds Urged to Suspend Grand Canyon
Uranium Mine to Protect Water, Wildlife and People, n.d. ;
Hall, 1981
United States. National Park Service, n.d.e; Johnson &
Carothers, 1987; White & V ankat, 1993; Mast & Wolf,
2004; Moore & Huffman, 2004
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Table 71: Sources data for Great Smoky Mountains.
Data Layer Cate gory

Data La yer

Source

Environmental

Soil Quali tv

Water Quali tv

Species Index
Habitat
Fragmentation/Edge
Effect
Habitat Gap Anal ysis
AirOualitv
Institutional/Policy

Government Polic y
Local Government
Orl!anizations
Non-Governmental
Organizations

Mana gement Plan

Fundin e
Social/Cultural/Economic

Po pulation Chan J?.
e
Major Development
Proj ects
Encroachment

Chaini, Chen, Johnson & Wu, 2015
M, 2009b; United States. National Park Service, 2016k;
Renfro, 2015
Code of Federal Regulations Title 36. Cha pter 1, 2014
Great Smo ky Mountains Regional Greenwa v Council, 2015
Appalachian Landscape Conservation Cooperative, n.d.;
Friends of the Smokies, n.d .
M, 2009b; Harmon , 1982; Hammitt , Dulin & Wells, 1993;
Leung & Marion , 1999a; Leung & Marion, 1999b; Nolfi ,
2011 ; Clark, van Manen & Pelton, 2002 ; Welch, Madden &
Jordan, 2002; Renfro , 2015
United States. National Park Service, n.d.i; Senator Lamar
Alexander and ARC Announce Great Smoky
Mountains/Cherokee National Forest Gateways Initiative,
2008
M 2009b
Great Smoky Mountains, n.d.; Silsbee & Larson, 1982;
Silsbee & Larson, 1983; Callaway, Clebsch & White, 1987;
Pyle, 1988; Nolfi, 2011; Renfro, 2015
M,2009b;P yle, 1988;Nolfi , 20ll
Great Smoky Mountains , n.d .; Campbell & Johns, n.d. ;
Callawa y, Clebsch & White, 1987· Pyle, 1988; Nolfi, 2011
M, 2009b ; United States. National Park Service, n.d.j;
Webster Jenkins & Rock. 2005

Al!ticulture
Restoration
Local Partici pation

Tourism

Friends of the Smokies, n.d.
Great Smoky Mountains, n.d.; M, 2009b; Senator Lamar
Alexander and ARC Announce Great Smoky
Mountains/Cherokee National Forest Gateways Initiative,
2008; United States Department of Agriculture, Natural
Resources Conservation Service , 2009; Bratton, Hickler &
Graves, 1979 ; Hammitt, Dulin & Wells , 1993; Leung &
Marion, 1999b ; Nolfi, 2011 ; Dye & Shaw, 2007

Local Conflict

Sin ger & Bratton , 1980

'
Conflict

M, 2009b; United States Department of Agriculture, Natural
Resources Conservation Service, 2009 ; Bratton, Hicl<ler &
Graves, 1979 ; Callaway, Clebsch & White , 1987; Leung &
Marion, 1999a; Leung & Marion , 1999b; Nolfi, 2011; Renfro,
2015
M, 2009b ; United States . National Park Service, 2016k; Cruz,
2011; Bratton, Hickler & Graves , 1979; Silsbee & Larson ,
1982; Silsbee & Larson, 1983; Nolfi, 2011 ; Renfi:o, 2015; S,
2012
M, 2009b; United States. National Park Service, 2016i; Larson
& Moore, 1985; United States Department of Agriculture,
Natural Resources Conservation Service , 2009; Lacki &
Lancia, 1986; Callaway, Clebsch & White, 1987; Farnsworth
& Simons, 1999; Webster, Jenkins & Rock, 2005; United
States. National Park Service, 2016j; United States. National
Park Service, n.d.j ; Welch, Madden & Jordan, 2002
M, 2009b ; United States. National Park Service, n.d .h;
Campbell & Johns, n.d.; Pyle , 1988; Farnsworth & Simons,
1999; Simons, Farnsworth & Shriner , 2000
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Table 72: Sources data for Hawaii Volcanoes.
Data Laver Category

Data Laver

Environmental
Soil Quali ty
Water Quality

Species Index
Habitat
Fragmentation/Edge
Effect

Institutional/Policy

Van Riper III, van Riper, Goff & Laird, 1982; Vitousek,
Loopc & Stone, 1987

Habitat Gap Anal ysis

Loooe, 1994; Leopold & Hess, 2013

Air Quallty

Michaud, Kruoits kv, Grove & Anderson, 2005

Government Polic y
Local Government
Organizations
Non-Governmental
Or 11:
anizations

United States. National Park Service, 2016m; Stewart, 2013

Mana gement Plan
Social/Cultural/Economic

Source
Hawaii Fact Sheet, 1999; Matson, 1990; Aplet, Anderson &
Stone, 1991; Vitousek, Walker, Whiteaker & Matson, 1993;
Vitousek, 1994; United States. National Park Service, 20161
Hawaii Fact Sheet, 1999; HA VO Public Affairs Specialist,
2014
M, 2009c; Hawaii Fact Sheet, 1999; United States. National
Park Service, n.d.k; Santos, Kageler, Gardner, Cuddihy &
Stone, 1992; Spatz & Mueller-Dombois, 1973; Van Riper III,
van Riper, Goff & Laird, 1982; Vitousek, Loope & Stone,
1987; Vitousek, Walker, Whiteaker, Mueller-Dombois &
Matson, 1987; Loh & Tunison, 1999; Mueller-Dombois &
Whiteaker, 1990; Vitousek, 1996; Aplet, Anderson & Stone,
1991; Stone, Smith & Tunison (Eds), 1992; Mack &
D'Antionio, 1998; Wetterer, 1998; Tunison, 1992; Tunison &
Stone, 1992; Tunison, D'Antonio & Loh, 2000; Ainsworth &
Kauffman, 2010

Hawaii Fact Sheet, 1999
Sitename:-Hawaii Volcanoes National Park, n.d.
Hawaii Volcanoes National Park, n.d.; M, 2009c; Sitename:Hawaii Volcanoes National Park, n.d.; Santos, Kageler,
Gardner, Cuddihy & Stone, 1992; Tunison & Stone, 1992;
Loh & Tunison, 1999; Mack & D' Antionio, 1998; Tunison,
1992

Fundin iz
Major Development
Projects

Da vton, 2008; United States. National Park Service, n.d.l

Encroachment

Sitename:-Hawaii Volcanoes National Park, n.d.
Hawaii Volcanoes National Park, n.d.; Hawaii Fact Sheet,
1999

Agriculture
Local Partici pation
Restoration
Tourism

Hawaii Volcanoes National Park, n.d.

Sitename:-Hawaii Volcanoes National Park, n.d.
United States. National Park Service, 20161; Loh & Tunison,
1999; Tunison, 1992
Sitename:-Hawaii Volcanoes National Park, n.d.; Heggie,
2005
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Table 73: Sources data for Mammoth Cave.
Data Layer Cate gory

Data Layer

Environmental
Soil Quali ty

Water Quali ty

Species Index
Habitat
Fragmentation/Edge
Effect

Institutional/Policy

Social/Cultural/Economic

AirQuali ry
Local Government
Ornanizations
Non-Governmental
Omanizations

Source
M, 2008d; Groves & Meiman, 2005; Reinhart, Royo, van
der Putten & Clay, 2005
M, 2008d; United States. National Park Service, 20160;
Nature; Meiman, 1991; Meiman, 2006; Ryan & Meiman,
1996; Shafer, 1999; Algeo; 2004; Groves & Meiman, 2005
Mammoth Cave National Park, n.d.; M, 2008d; Poulson,
Lavoie & Helf , 1995; Poulson, Lavoie & Helf, 1995; Fei,
Schibi g & Vance, 2007
Kentucky Department of Fish & Wildlife Resources, n.d.;
Watson,2005;Shafe~ 1999
United States. National Park Service, 20160; Wotawa &
Trainer, 2000; Zhao & Hopke, 2006
M, 2008d; Shafer, 1999; United States. National Park
Service,2016n
Mammoth Cave National Park,n.d.

Mana~ement Plan

M, 2008d; United States. National Park Service, 20160

Fundin 2

Mammoth Cave National Park,n.d.

Population Change

M,2008d

Urban Pressure

Mammoth Cave National Park, n.d.
Mammoth Cave National Park, n.d.; M, 2008d; Kennedy &
Watson, 1997; Algeo, 2004; Grubbs & Taylor, 2004; Smith
& Olson, 2007
M, 2008d; Watson , 2005; Thompson, Van Manen,
Schlarbaum & DePo y, 2006
M, 2008d; United States. National Park Service, 20160;
Hall & Pi e.cin, 2001; Algeo, 2004

Major Development
Pro iects
Restoration
Tourism
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Table 74: Sources data for Northern Great Plains.
Data Layer Category

Data Layer

Environmental

Soil Oualitv

Water Quali ty
Species Index
Habitat
Fragmentation/Edge
Effect
Institutional/Policy

Habitat Gap
Local Government
Organizations
Mana gement Plan

Social/Cultural/Economic
Population Change
Major Development
Proj ects
Encroachment

Al!:riculture
Local Partici pation

Conflict

Restoration
Conflict Over
Resources

Source
Black, Brown, Halvorson & Siddoway, 1981; Kehew &
Lord, 1986; Aase & Pikul, 1995; Hall, Leavitt, Quinlan,
Dixit & Smol, 1999; Kochy & Wilson, 2001; Derksen,
Anderson, Blackshaw & Maxwell, 2002; Liebig, Tanaka &
Wienhold, 2004
U.S . Environmental Protection Agency, 2000; Wienhold,
Trooien & Reichman, 1995; Hall, Leavitt, Quinlan, Dixit &
Smol , 1999; Yu & Ito, 1999; Fritz, Ito, Yu, Laird &
En 25trom, 2000; Samson , Knopf & Ostlie, 2004
Sorenson, Goldberg, Root & Anderson, 1998; Chrisitan &
Wilson, 1999; Martin, 2001
The Great Plains, n.d.; Kochy & Wilson, 2001; Higgins,
Naugle & Forman, 2002 ; Samson, Knopf & Ostlie, 2004
Forrest et al., 2004
Samson, Knopf & Ostlie 2004
The Great Plains, n.d.; Hall, Leavitt, Quinlan, Dixit & Smol,
1999; Samson. Knoo f & Ostlie, 2004
Hall, Leavitt, Quinlan , Dixit & Smol, 1999; Kochy &
Wilson,2001
The Great Plains, n.d.
The Great Plains, n.d.
NALDC, Frank, 1995; Hall, Leavitt, Quinlan, Dixit & Smol,
1999; Windels, 2000; Entz et al., 2002; Frank, Tanaka,
Hofmann & Follett, 1995; Higgins, Naugle & Forman, 2002 ;
Frank, 2002; Liebi11.
, Tanaka & Wienhold, 2004
The Great Plains, n.d.
Higgins, Naugle & Forman, 2002; Samson, Knopf & Ostlie,
2004
Water Shortal?e - Conservation Institute 2013
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Table 75: Sources data for Olympic.
Data Layer Category

Data Layer

Environmental

Soil Ouali tv

Water Quali ty

Soecies Index
Habitat
Fragmentation/Edge
Effect
Habitat Gap Anal ysis
Air Quali ty
Institutional/Policy

Government Polic y
Local Government
Or l!anizations
Non-Governmental
Or eanizations

Management Plan
Funding
Social/Cultural/Economic

Conflict

Source
McCreary, McCreary & Raver, 1975; Fonda, 1974; Cole,
1987; Henderson, Peter , Lesher & Shaw , 1989; Kane,
Pregitzer & Burton , 2003 ; Cory, Green & Pregitzer, 2004;
Van Pelt, O'Keffe, Latterell & Naiman, 2006 ; Beschta &
Ri pple, 2008
Olympic National Park , n .d.; M, 2011 b; Endangered and
Threatened Species, n.d.; United States. National Park
Service, n.d.n; United States. National Park Service, n.d .o;
Cory, Green & Pregitzer , 2004 ; Sheibley , Foreman, Moran &
Swarzenski, 2012
Olympic National Park, n .d .; M, 201 lb; United States.
National Park Service, 2016p; United States. National Park
Service, n.d.m; Washington; McKee, LaRoi & Franklin,
1982; Sedell, Bisson, June & Speaker, 1982; Kanouse, 1947;
Pfitsch & Bliss, 1985; Cole , 1987; Henderson, Peter, Lesher
& Shaw, 1989; Trudell & Edmonds, 2004 ; McNu ltv, 2009
Endangered and Threatened Species, n.d.; Bell & Bliss, 1973;
Cole, 1987; Frenzel, Witmer & Starkey, 1990; McKay &
Terich, 1992
Dvornich, n.d .; Morzillo et al., 2012
Frenzel, Witmer & Starkey, 1990; Harmon, Baker , Spycher &
Greene , 1990; Davidson et al., 1985
M, 2011 b; Henderson, Peter, Lesher & Shaw, 1989
United States. National Park Service, n.d.ee ; Federal and
Local Government Partners. n.d .
Links to Wilderness OO?anizations (NGOs), n.d.
M, 2011 b; United States . National Park Service, 2016q;
Sedell , Bisson, June & Speaker, 1982; Wetzel & Fonda,
2000;Ma ynes,2016
United States. National Park Service, n.d .p; Washington's
National Park Fund , n.d.; Cantwell , 2014 ; Narayanan , 2014

Urban Pressure
Major Development
Pro iects

Mills, Fredrickson & Moorehead, 1993

Encroachment
Restoration

Greller & Service, 1974 · Beschta & Ripple, 2008
United States . National Park Service, n.d .q; United States.
National Park Service 2016r Manes, 2009

Tourism

Bell & Bliss, 1973

Local Conflict

United States. National Park Service, 2015 ; Johnson, 2015

M, 2011 b; Bell & Bliss, 1973; Schonewald-Cox & Bayless,
1986

326

Table 76: Sources data for Redwood.
Data Layer Category

Data La yer

Environmental

Soil Ouali tv
Water Quali ty

Species Index
Habitat
Fragmentation/Edge
Effect
Habitat Gap Analysis

Northern California coastal forests, n.d.; George & Brand,
2002; Herbert & Golightly, 2006

Agriculture

FRAP, n.d.; Noss, 1999
United States. National Park Service, n.d .s; Hudson, 1978;
Agee, 1980; Sax, 1980; Walker, 1984; Shafer, 1999
United States . National Park Service, 2016u; Levey, 2013;
State of the CCAs Report 2006; Walker, 1984
M, 2008g; United States. National Park Service, 2016v;
State of the CCAs Report, 2006; Parks;Bonnicksen & Stone,
1985; Taylor, 2000; California Department of Parks and
Recreation, 2000
Buck-Ezcurra (Ed.), 2011; Agee, 1980; Walker, 1984;
DeForest & Portland 1999
Redwood National and State Parks, n.d.; M, 2008g; Northern
California coastal forests, n.d.; The Threats to the Redwoods,
n.d.; State of the CCAs Report, 2006; Hudson, 1978; Agee,
1980· Made i & Ozaki , 1996; Conrad, 1997· Fritshcle. 2009
The Threats to the Redwoods, n.d .; Herbert & Golightly,
2006
State of the CCAs Report, 2006; The Threats to the
Redwoods, n.d.; Agee 1980· Bossard & Rej manek, 1994

Cultural Edge Effect

Soarks 1995

Local Partici pation

Sparks 1995· A1ree 1980
M, 2008g; United States. National Park Service, n.d.t;
Middle Fork Lost Man Creek Forest Restoration, n.d.; Agee,
1980; Taylor, 2000; Switalski, Bissonette, DeLuca, Luce &
Madej, 2004; Chittick & Keyes, 2007; Fritschle, 2008;
Fritschle, 2009

Institutional/Policy
Government Polic y
Local Government
Organizations

Mana gement Plan
Fundin g
Social/Cultural/Economic
Major Development
Pro iects
Encroachment

Restoration
Conflict

Source
United States. National Park Service, n.d.t; United States.
National Park Service, n.d.r; Zinke, 1964; United States
Department of Agriculture, Natural Resources Conservation
Service, 2008; Hudson, 1978; Agee, 1980; Madej & Ozaki,
1996
Hoffinan et al., 2005; Wallitner & McClosky, 2014 ; Woods,
1980; Madej & Ozaki, 1996
M, 2008g; United States. National Park Service, 2016s;
United States. National Parle Service, 2016t; Sugihara, Reed
& Lenihan, 1987; Gough, Jackson & Sacklin, 1988; Bossard,
1991; Brakensiek, 2002

Tourism
Conflict Over
Resources

Al!ee. 1980· Walker, 1984

Local Conflict

Agee, 1980; DeForest & Portland, 1999

Hudson, 1978
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Table 77: Sources data for Waterton.
Data Layer Cate gory

Data La yer

Source

Environmental

Soil Quali iy

NPCA , n.d.

Water Quality

NPCA,n.d.
Waterton Glacier International Peace Park, n.d.; M,
2008h; NPCA, n.d .; Post & Johnston, 2002
Waterton Glacier International Peace Park, n.d.; NPCA,
n.d. ; PCIA, 2011

Species Index
Habitat
Fraim,entation/Ed ge Effect
Institutional/Policy

Social/Cultural/Economic

Warburton-Lee, 1999; Petursson, Vedeld & Vatn, 2013

Government Polic y
Local Government
Organizations

PCIA, 2011; Petursson, Vedeld & Vatn, 2013

Management Plan

M, 2008h; PCIA, 2011; Eide, 2011

Urban Pressure
Major Development
Proj ects

Waterton Glacier International Peace Park, n.d.
NPCA,n.d.

Encroachment

NPCA,n.d.

Cultural Ed ge Effects

PCIA, 2011; Bole y & Nickerson, 2009

Local Particiuation

PCIA, 2011; Bole y, 2009

Tourism

Liu, Yang & Xie, 2006; Boley & Nickerson , 2009
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Table 78: Sources data for Yellowstone.
Data Layer Category

Data Layer

Environmental

Soil Quality

Water Quali ty

Species Index
Habitat
Fragmentation/Edge
Effect
Institutional!Policy

M, 2010b; Johnson, Hernandez, Sands & Bekker, 2010;
Arnold & Koel, 2004; Mattson, Knight & Blanchard, 1987

Habitat Gap Anal ysis

Department of Parks . Recreation and Tourism, 2014

Government Polic y
Local Government
Organizations

United States. National Park Service, 2016x

Manai::ement Plan
Fundin g
Social/Cultural/Economic
Major Development
Proj ects

United States. National Park Service, 2016 v
Yellowstone National Park, n.d.; M, 2010b; Mattson, Knight
& Blanchard, 1987; Dobson & Meagher, 1996; Fritts et al.,
1997; Ripple & Beschta, 2003; White, Treanor, Wallen,
Lewis & Date, 2008; Scott, 2012; United States. National
Park Service, 2016z; Johnson, Hernandez, Sands & Bekker,
2010
Yellowstone Park Foundation n.d: Regan 2013
Yellowstone National Park, n.d.; M, 2010b; Johnson,
Hernandez, Sands & Bekker, 2010; Mattson , Knight &
Blanchard 1987

Restoration

M, 20 I Ob; Arnold & Koel 2004
United States. National Park Service, n.d.v; Fritts et al., 1997;
Rioole & Beschta. 2003· Wilmers; 2003· Fortin et al. 2005

Tourism

Yellowstone National Park n.d.

Local Conflict

Yellowstone - National Wildlife Federation, n.d.

Agriculture

Conflict

Source
Rodman, Shovic & Thoma, 1996; Redman, Litvintseva,
Sheehan, Henson & Rodriguez, 1999; Boswell, 2010; Meyer
& Wellsi, 1992; Frank & Evans, 1997; Frank & Groffman,
1998; Tracy & Frank, I 998
Yellowstone National Park, n.d.; M, 2010b; Quinn & Miller,
1997; Miller, Clark & Wright, 2004; Stauffer & Thompson,
1984; Arnold & Koel, 2004; United States. National Park
Service 2016w
Yellowstone National Park, n.d.; M, 2010b; United States.
National Park Service, n.d.u; Habitat Destruction, n.d.; Bear
Encounters, n.d.; Mattson, Knight & Blanchard, 1987; Frank
& McNaughton, 1992; Barns, Fundyga, Jeffries & Pace, 1994;
Reysenbach, Wickam & Pace, 1994; Turner, Romme &
Gardner, 1999; Fouke et al., 2000; Laundre, Hernandez &
Altendorf , 2001; Mao et al., 2005; Ripple & Beschta, 2003
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Table 79: Source data for Yosemite.
Data Layer Category

Data Layer

Environmental

Soil Quali ty

Water Quali ty

Species Index
Habitat
Fragmentation/Edge
Effect
Habitat Ga o
AirOuali ty
Institutional/Policy

Government Policy
Non-Governmental
Organizations

Mana gement Plan

Social/Cultural/Economic

Funding
Major Development
Projects
Agriculture
Restoration
Tourism

Conflict
Local Conflict

Source
United States Department of Agriculture, Natural Resources
Conservation Service, 2007; Parker, 1989; Anderson &
Carpenter, 1991; Madej, Weaver & Hagans, 1994; Wieczorek
& Jager, 1996; White, 2007
United States. National Park Service, n.d .x; Water in
Yosemite National Park, n.d. ; 2014 Consumer Confidence
Report, 2014; Clow, Mast & Campbell, 1996; Guarin &
Taylor, 2005; Lutz, van Wagtendonk & Franklin, 2010
M, 2010c; United States. National Park Service, n.d.w;
Wildlife of Yosemite National Park,n.d.; Underwood , Klinger
& Moore, 2004; Knapp, 2005; Knapp, Hawkins, Ladau &
Mcclory, 2005; White, 2007; Rip ple & Beschta, 2008
M, 2010c ; Wildlife ofYosemite National Park, n.d.; Yosemite
National Park - Nature, n.d.
Leun g, Bi gsby & Kollar, 2011
M, 2010c ; United States. National Park Service, n.d.y; Carrico
et al., 2005
United States. National Park Service, n.d.bb
Yosemite National Park. n.d
M, 2010c; United States. National Park Service, n.d.cc;
United States. National Park Service, 2016aa; United States.
National Park Service, 2016bb; Harms, 1980; van
Wagtendonk, 1981; Vale, 1987; Madej, Weaver & Hagans,
1994; Wieczorek et al., 2000; Van Wagtendonk & Root,
2003; Lackey & Ham, 2004; Underwood, Klinger & Moore,
2004; Newman, Manning, Dennis & McKonly, 2005; White;
2007; Scholl & Taylor, 2010
United States. National Park Service, n.d.z; United States.
National Park Service, n.d.aa
White, 2007
Yosemite National Park, n.d.; Vale, 1987; Anderson &
Caroenter 1991
United States. National Park Service, n.d.dd; Madej, Weaver
& Hagans, 1994
M, 2010c; Bowie, Hunt & Allen Jr, 1988; Newman, Manning,
Dennis & McKonl y, 2005
Rogers, 2014; Harms, 1980; Lackey, 2003; Lackey & Ham,
2004

4. 4.1 I. 3 Spatial Representation
The world base map was imported into ArcMap and zoomed in around the United

States. The Selection by Attribute query was performed on the world base map to
identify the boundaries of the United States and the data was exported as a new layer,
named United States. The shapefiles for the United States conservation areas were
downloaded and imported into ArcMap from Protected Planet. All conservation areas
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were spatially displayed as a layer, named United States conservation areas. A Selection
by Attribute query was performed on the United States conservation areas to identify the
eleven UNESCO study sites located in the United States and the data was exported as
new individual layers, named Carlsbad, Glacier Bay, Grand Canyon, Great Smoky
Mountains, Hawaii Volcanoes, Mammoth Cave, Olympic, Redwood, Waterton,
Yellowstone, and Yosemite, respectively. WWF data for the ecoregions was downloaded
from Worldwildlife.org as the Terrestrial Ecoregions of the World shapefile, and a
Selection by Attribute query was performed to identify the two WWF ecoregions. The
data was then exported as new individual layers, named Chihuahuan and Northern
Greater Plains respectively. All layers were turned on and spatially displayed (Table 80).

Table 80: Data layer sources for the United States.
Data Layer
World Base Map
Carlsbad Caverns National Park
Chihuahuan Desert Ecoregion
Glacier Bay National Park
Grand Canyon National Park
Great Smoky Mountains National
Park
Hawaii Volcanoes National Park
Mammoth Cave National Park
Northern Great Plains Ecoregion
Olympic National Park
Redwood National Park
Waterton National Park
Yellowstone National Park
Yosemite National Park
United States Conservation Areas

Source
USFSP Geospatial Analytics Lab
httQ://www.grotectedglanet.net/
hllQ://www.worldwildlife.orgt'gublications/terrestrialecoreQions-of-the-world
httg://www.grotectedQlanet.net/
htlQ://www.12
rotected11
lanet.net/
htto://www.orotectednJanet.net/
htl Q:/ /www.Qrotectedglanet.net/
httQ:/ /www .grotectedglanet.net/
httQ://www.worldwildlife.orgt'gubli cations/terrestrialecorel!ions-of-the-world
htt'f1_
://www.grotectedglanet.net/
htt,e://www.grotectedglanet.net/
httn ://www .protectedglanet.net/
httg://www.grotectedglanet.net/
httg://www.Qrotected12
lanet.net/
htm://www.Qrotected12
Ianet.net/
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Reference country information was obtained from the Geospatial Analytics Lab
USFSP. Boundary information for all conservation efforts in the United States were
obtained from Protected Planet. Data obtained from Protected Planet also contained
boundary information for the eleven UNSECO study sites in the United States. Data
related to the Terrestrial Ecoregions of the World was obtained from Worldwildlife.org
and was used for boundary information for the two WWF study sites.
4.4.1.1.4 Data Selection and Processing
The identification of the United States study sites was the first step towards
analyzing the country's conservation efforts. Based upon the previously identified
selection parameters, thirteen study locations were chosen. Chihuahuan Desert Ecoregion
and Northern Great Plains Ecoregion represent land conservation efforts by the World
Wildlife Fund, an international conservation organization with consistent management.
The other eleven study locations were selected as UNESCO parks, which is also an
international conservation organization that uses a traditional measurement rubric in the
determination of conservation success. Initial background information was obtained
through a web analysis ofWWF and UNESCO. Information regarding the status of
conservation and any additional factors that influence conservation were accumulated to
begin the analysis using the holistic measurement rubric. Metadata was amassed through
the use of a literature review and web analysis. Peer-reviewed journal articles were
selected based on relevance to the particular study location being researched and that was
considered relevant to conservation initiatives. After a literature search, a web analysis
was completed to incorporate any additional information. The web analysis utilized the
study site name along with one of the additional identified factors to help narrow the
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results. All information collected was put into a literature review database, where it was
categorized and sorted by study location, factor, and the type of influence on
conservation. Additional notes compiled during metadata analysis were also recorded
within the database for use during application of the nested analysis methods in the
holistic rubric.
4.4.1.2 Rubric Development and Applications
4.4.1.2.1 Percentage Analysis
Metadata analysis was executed with the use of the literature review database for

the United States' study sites, beginning with an analysis of papers from the literature
review and the website analysis. The type of influence that each factor had on specific
conservation efforts was determined and input into percentage analysis equations. Data
collected for analysis of Carlsbad Caverns National Park, Chihuahuan Desert Ecoregion,
Glacier Bay National Park, Grand Canyon National Park, Great Smoky Mountains
National Park, Hawaii Volcanoes National Park, Mammoth Cave National Park,
Northern Plains Ecoregion, Olympic National Park, Redwood National Park, Waterton
International Peace Park, Yellowstone National Park, and Yosemite National Park
conservation efforts was compiled into an Excel spreadsheet, arranged by park, then by
category factor (Appendix B).
4.4.1.2.1.1 Carlsbad
4.4.1.2.1.1 .1 Environmental Factors
The environmental health for Carlsbad Caverns National Park is defined by three

sub-factors: soil quality, species index, and water quality. Pollution of soils was reported
in the area as a result of tourism (United States Department of Agriculture, 1971; United
States. National Park Service, 2016b) and the National Park Service also reported soil
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compaction and erosion from human trampling. Soil quality was considered to have a
neutral influence on conservation efforts because some soil compaction can speed up
plant germination, as long as it does not become excessive. In addition, acidic soils help
with the formation of underground chambers (Carlsbad Caverns, n.d.). Invasive species
are abundant in the area (Carlsbad Caverns National Park, n.d.; Sitename:-Carlsbad
Caverns National Park, n.d.; Hamilton-Smith, 2001; Krupa, 2002; Griffin, Gray, Lyles &
Northup, 2014), along with native species due to the unique position of the cave system
(M, 2009a; Sitename:-Carlsbad Caverns National Park, n.d.; United States. National Park
Service, 2016c; United States. National Park Service, 2016e; Carlsbad Caverns National
Park Animals, n.d.; Barr Jr & Reddell, 1967; Hamilton-Smith, 2001; Gray, 2008;
Barrows et al., 2013). Thies & McBee (1994) reported that pesticides are identified in
local animal populations. Due to the mix of native and invasive species, as well as reports
of pesticides, the species index is considered to have a neutral influence on conservation
efforts in the area. Poor water quality is described at Carlsbad Caverns as a result of
poorly maintained wastewater facilities (Burger & Pate, 2001; Hunter, Northup, Dahm &
Boston, 2004) and contamination from surface water (Vulnerability of Carlsbad Cavern,
New Mexico to pollution from human activities at the surface, 1997; Hamilton-Smith,
2001; SWCA Environmental Consultants, 2007). The polluted water is determined to
have a negative influence on Carlsbad Caverns, conservation efforts. The National Park
Service reported that air quality is deficient mainly as a consequence of human activities,
as well as soil and gas exploration (United States. National Park Service, 2016d).
Habitat fragmentation is present at the boundary of Carlsbad Caverns (Sitename:Carlsbad Caverns National Park, n.d.). Fragmentation has modified the natural ecosystem
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and has had a negative influence on conservation efforts. A habitat gap analysis was
performed by the National Park Service that identified and mapped of vegetation. The
habitat gap analysis is considered to have a neutral influence on conservation efforts in
the area since there was no plan reported to use the collected information for
amelioration.

4 4.1.2.1 .1.2 Institutional Factors
Carlsbad Caverns follows the United States' national governmental policies due
to its designation as a National Park. The environmental policy for conservation in
Carlsbad Caverns is considered to have a positive influence (United States. National Park
Service, 2016f). However, Hamilton-Smith (2001) noted that the U.S. Government may
be persuaded to prioritize industrial activities in the area over natural heritage, which may
have a negative impact on conservation in the future.
The promotion of conservation knowledge by local institutions (Bailey, 2001) to
promote land stewardship (Ernst, Schrader & Lopez, 2007; United States. National Park
Service, 2011) has helped to change attitudes towards conservation {Huppert, 1995).
Changing attitudes aided in the determination that local government organizations have a
positive influence on conservation efforts in Carlsbad Caverns. NGO's were also
considered to have a positive influence on conservation efforts due to robust activity in
the park (Hamilton-Smith, 2001; Beem, 2005, Badman, 2013).
The resources of Carlsbad Caverns are strictly managed (Carlsbad Caverns
National Park, n.d.) by a general management plan enacted by the National Park Service
in 1996 (United States. National Park Service, 2016f; M, 2009a). Management is mostly
effective in the area (Sitename:-Carlsbad Caverns National Park, n.d.) although it is
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lacking in spatial information (Ernst, Schrader & Lopez, 2007). More recently, Griffin
Gray, Lyles & Northup (2014) reported that a specialized management plan was being
established. Updated management plans aided in the determination that management
plans in the area have had a positive influence on conservation efforts.
The National Park Service reports that funding for cave research helps with
conservation efforts near Carlsbad Caverns (United States. National Park Service,
2016g). Funding for Carlsbad Caverns was considered to have a positive influence on
conservation efforts in the area due to reports of adequate funding (Sitename:-Carlsbad
Caverns National Park, n.d.). While funding for the park is considered adequate, it could
always be increased.

4.4.1.2.1.1.3 Social Factors
Urban pressure on the environment is usually portrayed by three sub-factors:
major development projects, encroachment and agriculture. In Carlsbad Caverns, urban
pressure was determined to have an overall negative influence on conservation. Oil and
gas exploration has the potential to contaminate local water sources and damage the
natural environment (Carlsbad Caverns National Park, n.d.; Sitename:-Carlsbad Caverns
National Park, n.d.). Illegal hunting of puma reported by Carlsbad Caverns National Park
(n.d.) illustrates the negative influence of encroachment. Agricultural practices in the area
are dominated by livestock production and cattle routinely trespass onto park land to
graze, putting pressure on the natural resources. Conservation efforts in Carlsbad Caverns
are hindered by increasing urban pressure.
Communication is essentially non-existent between the Department of the
Environment and local populations. Poor communication results in a low rate of local
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participation which has had a negative influence on conservation efforts in Carlsbad
Caverns. While local participation for conservation in Carlsbad Caverns is low,
restoration efforts were considered to have a positive influence on the park. Restoration
efforts have been implemented to maintain and grow tourism.
Tourism of the caverns promotes knowledge of the park and increases revenue to
support Carlsbad Caverns (United States. National Park Service, 2016g; Sitename:Carlsbad Caverns National Park, n.d.; Novey & Hall, 2007; Houseal, Bourque, Welsh &
Wenger, 2014). However, increased tourism has resulted in pollution and permanent
damage to the caverns (Carlsbad Caverns National Park, n.d.; Hamilton-Smith, 2001;
Griffin, Gray, Lyles & Northup, 2014). Tourism was considered to have a neutral
influence on conservation efforts. The increased tourism brings in revenue but also has
the potential to damage ecosystems.
4. 4.1. 2.1.1 .4 Conflict Factors
Local conflict reported in the area is between Native Americans and the U.S.

Government. The conflict is mainly considered cultural and was the most contentious
during the period that the park was being established. The conflict has had a negative
influence on conservation efforts in the Carlsbad Caverns National Park area (United
States. National Park Service, 2016a).
4.4.1.2.1.2 Chihuahuan
4.4.1.2.1.2.1 Environmental Factors
Soil quality, species index, and water quality were used to define the

environmental health of Chihuahuan Desert. Essential ecosystem services, soil and water
quality are considered to have a negative influence on Chihuahuan's conservation efforts
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while the species index is determined to have a neutral influence. There is low soil
fertility (Moorhead & Reynolds, 1991) in the area with a loss of nitrogen due to the
efficiency of extraction by local vegetation (Peterjohn & Schlesinger, 1991; Schlesinger,
Raikes, Hartley & Cross, 1996; Reynolds, Kemp & Tenhunen, 2000; Bhark & Small,
2003; Muldavin, Moore, Collins, Wetherill & Lightfoot, 2008). Cattle grazing negatively
impacts soil quality by increasing the risk of soil erosion (Drewa & Havstad, 200 I;
Curtin, Sayre & Lane, 2002; Housman, Powers, Collins & Belnap, 2006), especially
when compounded with poor weather conditions (De Soyza, Whitford, Herrick, Van Zee

& Havstad, 1998). The species index was determined to have a neutral influence because
while the area is considered one of the most biologically diverse deserts in the world
(Ahlstrand, 1982; Hogan & Fund, 2014; Chihuahuan Desert Rapid Ecoregional
Assessment (REA), 2015; Hernandez & Barcenas, 1996; Hernandez, Gomez-Hinostrosa
& Barcenas, 2001; Curtin, Sayre & Lane, 2002), there are reports of invasive species

(Hogan & Fund, 2014; Meffe & Vrijenhoek, 1988), declining native species (Meffe &
Vrijenhoek, 1988; Gutzwiller & Barrow Jr, 2001) and destructive kangaroo rats (Heske,
Brown & Mistry, 1993; Heske, Brown & Mistry 1994 ). The determination of a negative
influence of water quality on conservation efforts stems from low water availability for
essential ecosystem services (Chihuahuan Desert, n.d.; Hogan & Fund, 2014; Kemp,
1983; Fisher, Zak, Cunningham & Whitford, 1988; Bhark & Small, 2003; Muldavin,
Moore, Collins, Wetherill & Lightfoot, 2008).
The Chihuahuan Desert is considered to suffer negative influences on
conservation from habitat fragmentation. Meffe (1998) and Hogan & Fund (2014) report
desertification and degradation of the environment from the deviation of rivers and
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excessive water abstraction. When compounded with increasing development for
urbanization (Curtin, Sayre & Lane, 2002) and recreational vehicle use (Hogan & Fund,
2014), fragmentation increases and puts pressure on the natural environment.

4.4.1.2.1.2.2 Institutional Factors
The United States' portion of the Chihuahuan Desert is under the purview of the
United States Bureau of Land Management. The government policies for the area are
described as having a positive influence on conservation efforts (Chihuahuan Desert
Rapid Ecoregional Assessment (REA), 2015). 2015 Southwest Climate Summit
Conveners (n.d.) report that diverse local government organizations were at work in the
area to aid in conservation of the Chihuahuan Desert. Conversely, Hogan & Fund (2014)
describe a lack of protection for the area from the different groups. The WWF hopes to
bring together a coalition of local groups from Federal; State and Local governments as
well as other local stakeholders, but no reports on the progress of this project were
identified (Dinerstein et al., 2011). The diverging reports led to the determination that
local government organizations have a neutral influence on conservation organizations
for the Chihuahuan Desert ecoregion.
Levandoski (n.d.) reported that there were many NGOs partnered in the area to
protect local bird species. NGOs were considered to have a positive influence on
conservation efforts due to active participation in support of the ecoregions' management
and protection plans. Management plans in the area were considered to have a positive
influence on conservation efforts following the creation of guidelines to regulate and
control grazing on common lands (Curtin, Sayre & Lane, 2002) through a Chihuahuan
Desert Network (Richie, 2009). In addition, diverse funding from NGOs (Levandoski,
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n.d.), that includes grants, royalties, donations and fees (About Us, n.d.) have had a
positive influence on conservation efforts in the Chihuahuan Desert.

4.4.1.2.1.2.3 Social Factors
The Chihuahuan Desert was the fastest growing area in the United States in the
early 1990s (Curtin, Sayre & Lane, 2002). While human population growth has slowed,
the desert landscapes are still vulnerable to human population increases (Gutzwiller &
Barrow Jr, 2001). Changing human populations were determined to have a negative
influence on conservation in Chihuahuan.
Increasing populations generally go hand in hand with increasing urban pressure.
Major development projects, encroachment and agriculture are used to determine the
extent of urban pressure in the area. Overall, the three sub-factors of urban pressure were
determined to have negative influences on conservation efforts. Roads that cut into the
area contribute to habitat fragmentation (Curtin, Sayre & Lane, 2002). Encroachment was
reported as alteration of habitat for residential areas (Gutzwiller & Barrow Jr, 2001;
Housman, Powers, Collins & Belnap, 2006) and use of land for illegal encampments
(Hogan & Fund, 2014) that have put pressure on natural resources. Cattle grazing, the
main form of agriculture in Chihuahuan, has long term effects on desert vegetation
(Curtin, Sayre & Lane, 2002) and takes away habitat from endemic species (List et al.,
2007). Overgrazing by cattle has a detrimental impact on the desert ecosystem (Hogan &
Fund, 2014; Schlesinger, Raikes, Hartley & Cross, 1996; De Soyza, Whitford, Herrick,
Van Zee & Havstad, 1998; Drewa & Havstad, 2001; Housman, Powers, Collins &
Belnap, 2006).
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Local participation through cooperatives of land management and livestock
marketing have had a positive influence on conservation efforts in Chihuahuan. Since the
establishment of the cooperatives, other interest groups have started up in the area
(Curtin, Sayre & Lane, 2002). Curtin, Sayre & Lane (2002) reports a number of different
restoration attempts for the Chihuahuan ecosystem. The Quivira Coalition has established
many different projects in the area such as riparian restoration, reclamation of mining
tailing and monitoring of the area in an attempt to restore natural ecosystem functions.
The Coalition has also extended its efforts to include meditation of disputes between the
Government and local ranchers. Restoration attempts have a positive influence on
conservation efforts in Chihuahuan.

4.4.1.2.1.2.4 Conflict Factors
Conflict over water resources exist in the Chihuahuan Desert. In the desert
ecosystem, water is a precious resource that is almost always insufficient. Conflicts over
water in the area threaten not only the environment, but the ability to govern the area
(Barry, 2012).
4.4.1.2.1.3 Glacier Bay

4.4.1.2.1.3.1 Environmental Factors
The environmental health of the area was determined by three sub-factors: soil
quality, species index and water quality. Soil quality in the area is determined to have a
negative influence on conservation efforts due to erosion events (Sidle & Milner, 1989;
Hallet, Hunter & Bogen, 1996; Wieczorek, Geist, Motyka & Jakob, 2007; Cowan et al.,
2010) and contamination by fuels (KellerLynn, 2009). Carbonate leaching, nitrogen
fixation (Williamson et al., 2001) and acidic, swampy soils, good for western hemlock,
(United States. National Park Service, n.d.b) has a less negative influence that what may
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be reflected in a complete soil survey scheduled to be completed in 2016 (KellerLynn,
2009), but the extent of the erosion hinders a more positive determination of soil
influence. Terrestrial succession (Williamson et al., 2001) aids in the increase of species
richness (Flory & Milner, 2000) and, coupled with an increase in Stellar Sea Lions,
contributes to high species diversity in Glacier Bay (Kluane / Wrangell-St. Elias / Glacier
Bay/ Tatshenshini-Alsek, n.d.; Milner et al., 2000; Arimitsu, Piatt, Romano & Douglas,
2004). However, the population of harbor seals has declined (Womble et al., 2010) from
competition and predation (Mathews & Pendleton, 2006) and 28 terrestrial mammals are
threatened or endangered in the area (M, 2008c). The species index was determined to
have a neutral influence on conservation efforts in Glacier Bay due to conflicting reports.
Water quality was considered to have a neutral influence on conservation efforts as the
glacier fed streams are vulnerable to sedimentation (Sidle & Milner, 1989), atmospheric
contaminants (Nagorski, Neal & Brabets, 2013; United States. National Park Service,
n.d.d), ocean acidification (United States. National Park Service, n.d.c), and changes to
the landscape and the soils (Williamson et al., 2001). The threat of degradation from an
open copper mine near Glacier Bay also exists. Habitat fragmentation was identified in
the area due to natural events. Fragmentation was determined to have a neutral influence
on conservation efforts in Glacier Bay because Williamson et al. (2001) report natural
terrestrial succession of "young" land is occurring and is restoring the damage done by
fragmentation from glacial events.

4.4.1.2.1.3.2 Jnstitutional Factors
Administered by the National Park Service and the Department of the Interior, the
governmental policy of Glacier Bay is considered to have a positive influence on
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conservation efforts. In addition, KellerLynn (2009) and M (2008c) report that a
multitude of local government programs are active in the area and are working together to
identify management gaps that need to be remedied to secure the future success of
Glacier Bay. Local government organizations were determined to have a positive
influence on conservation efforts .
Management plans for Glacier Bay are considered to have a negative influence on
conservation efforts. Kluane / Wrangell-St. Elias / Glacier Bay/ Tatshenshini-Alsek
(n.d.) report on poorly written management plans and the negative impact of those plans
on conservation efforts. The general management plans, written to set the overall
direction for the park, need to be redefined in order to deal with current conditions in the
park and to consider future visitor use {M, 2008c; Manning, Johnson & Kamp, 1996;
Mathews & Pendleton, 2006; Gelatt et al., 2004).
4.4.1.2.1.3.3 Social Factors
The population around Glacier Bay National Park was considered to have a

positive influence on conservation efforts as there are no residents within the park and
only a small resident population exists outside the park's boundaries {M, 2008c). The
impact of urban pressure was reported to be small because the park is protected from
most consumptive uses (M, 2008c). However, there are major development projects,
encroachment and agriculture in the area that contribute to urban pressure. M (2008c)
reported an open copper mine that is a potential threat to Glacier Bay's ecosystem.
Additionally, development from roads and oil and gas exploration (KellerLynn, 2009;
Milner et al., 2000) contribute to an increase in natural habitat fragmentation. The
development projects were determined to have a neutral influence on conservation efforts
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because, at the moment, they only pose potential threats. Subsistence hunting and illegal
fishing (M, 2008c) define encroachment in the area and are considered to have a negative
influence on conservation in the area. In addition, KellerLynn (2009) reported that land in
the area is disturbed for farming and grazing which led to the determination of negative
influence on conservation efforts for Glacier Bay for agricultural practices.
Restoration attempts were determined to have a neutral influence on conservation
efforts because restoration is only considered for an area with evidence of human
disturbance, not natural disasters (KellerLynn, 2009). An increase in tourism
(KellerLynn, 2009) has put pressure on Glacier Bay and has prompted changes to the
management plan (M, 2008c). Tourism was described as having a neutral influence on
conservation efforts of Glacier Bay due to the preemptive changes to the management of
the park to accommodate increased tourism.
4.4.1.2.1.4 Grand Canyon

4.4.1.2.1.4 .1 Environmental Factors
Soil quality, species index, and water quality sub-factors are used to define the
environmental health of the Grand Canyon. Overall, the three sub-factors were
determined to have a negative influence on conservation efforts. Soil compaction from
tourists (Cole, 1986; Cole, 1990) combined with very dry soils (Moore & Huffman,
2004) increase the rate of erosion in the area. Erosion events wash away soil and nutrients
that support essential ecosystem services (M, 201 la; United States. National Park
Service, 2016h; Hereford, Fairlye, Thompson & Balsom, 1993; Webb, Pringle, Reneau &
Rink, 1984; Kearsley, Schmidt & Warren, 1994). Non-native and invasive species that
have been introduced in the area have started to push out native species (United States.
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National Park Service, n.d.e; Johnson & Carothers, 1987; Mast & Wolf, 2004; Moore &
Huffman, 2004). The takeover of non-native species reduces the Grand Canyon's overall
biodiversity (White & Vankat, 1993). Water quality is impacted by the dry season and
human activities. The dry season causes water scarcity and reduces the amount of water
available for the environment (Hall, 1981). Mining (Feds Urged to Suspend Grand
Canyon Uranium Mine to Protect Water, Wildlife and People, n.d.) and tourism-related
activities result in pollution of the water system from waste material (Tunnicliff &
Brickler, 1984; United States. National Park Service, n.d.e). The Grand Canyon also
suffers from poor air quality, specifically from sulphur production (Ashbaugh, Malm &
Sadeh, 1985; Davis & Gay, 1993). Poor air quality has a negative influence on
conservation efforts in the Grand Canyon area.
Fragmentation of the Grand Canyon is natural, formed over eons by the Colorado
River. The extensive fragmentation of the Canyon was considered to have a positive
influence on conservation efforts because it aids in increasing native biodiversity (Hall,
1981; Fule & Laughlin, 2007). A habitat gap analysis was also performed in the Grand
Canyon by the USGS to identify potential travel corridors. Finding corridors for human
and animal travel would cut down on the trampling of native vegetation and the efforts
have a positive influence on conservation efforts (Modeling Wildlife Habitat Corridors in
the Greater Grand Staircase-Escalante Ecosystem, 2010).

4.4.1.2.1.4.2 Institutional Factors
The Grand Canyon is under the purview of the National Park Service which
manages areas set aside by Congress to conserve scenery and natural resources for future
generations (Johnson & Carothers, 1987). The active government policies that govern
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efforts in the Grand Canyon are considered to have a positive influence on conservation
efforts. There are numerous legal authorities and local organizations that are active in the
protection of the Grand Canyon and its surrounding areas (Colorado River Management
at Grand Canyon National Park, 2009). Due to the number of active organizations and the
diversity of their missions local government organizations were considered to have a
neutral influence on conservation efforts.
Past management plans in place for the park were very complex as different
agencies employed different management strategies and set goals that were, for the most
part, contradictory (Johnson & Carothers, 1987). More recently, a general management
plan was completed based upon the goals of the National Park Service (Colorado River
Management at Grand Canyon National Park, 2009; M, 201 la; United States. National
Park Service, n.d.g; White & Vankat, 1993; Moore & Huffman, 2004) which
incorporates the Wilderness Use Simulation Model (WUSM) to aid in management
decisions (Underhill, Xaba & Borkan, 1986). Management plans were determined to have
a neutral influence on conservation efforts due to the complex interaction of many
different agencies involved in the management of the park.
Scientific research funding and competitive grants are used to fund different
projects within the Grand Canyon to protect its natural resources (United States. National
Park Service, n.d.f). However, there is a need for permanent funding sources to continue
conservation efforts (Grand Canyon GRCA Report, n.d.). Overall, funding was
considered to have a neutral influence on conservation efforts in the Grand Canyon.
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4.4.1.2.1 4.3 Social Factors
Major development projects and agriculture represent different factors that
contribute to urban pressure in the Grand Canyon. Urban pressure was considered to have
a negative influence on conservation efforts overall. The Glen Canyon dam, although
completed in 1983, has had an adverse impact on conservation (Johnson & Carothers,
1987). Hereford, Fairlye, Thompson & Balsom (1993) and Kearsley, Schmidt & Warren
(1994) reported that the dam indirectly influences erosion in the Canyon and reduces
ecosystem services available in the area. Along the rim, cattle grazing alters the natural
environment of the forest area around the Grand Canyon. Livestock agriculture impacts
soil and water quality by increasing the incidence of erosion events and waste products
(United States. National Park Service, 2016h; Cole, 1990; White & Vankat, 1993; Mast

& Wolf, 2004).
Local participation in the Grand Canyon includes local populations, American
Indian tribes and private and public agencies (M, 201 la; United States. National Park
Service, n.d.g). The participation by all these groups has had a positive influence on
conservation efforts. Restoration efforts along the hermit trail, which include efforts to
lessen the impact of soil compaction from hiking (Cole, 1990), are considered successful
(Mathis, Theobald, Busco & Makarick, 2015). However, restoration attempts were
considered to have a neutral influence on conservation efforts as some efforts that utilize
fire restoration techniques require decades to complete and the effects have yet to be
determined (Mast & Wolf, 2004; Baker, 2006; Fule & Laughlin, 2007).
Tourism within the canyon was considered to have a negative influence on
conservation efforts due to the impact of human activities. Helicopter tours of the area
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disturb wildlife and impact the feeding habits of sheep (Stockwell, Bateman & Berger,
1991). Camping (Kearsley, Schmidt & Warren, 1994) and rafting parties (Cole, 1986)
have had negative environmental impacts caused by overuse of diminishing land
resources. General tourism, which includes increased vehicle use, waste production (M,
201 la) and the trampling of soil (Cole, 1990), degrades the park's resources.

4.4.1.2.1.4.4 Conflict Factors
Local conflict is present in the Grand Canyon area in the form of helicopter flights
that disturb wildlife (Dougherty & Ring, 2011). Conservationists want to limit, or
eliminate, helicopter traffic, while the local businesses that employ the aircraft reject
claims of animal disturbance. Conflict was considered to have a negative influence on
conservation efforts in the Grand Canyon.

4.4.1.2.1.5 Great Smoky Mountains

4.4.1.2.1.5.1 Environmental Factors
Defining environmental health requires feedback from the three identified subfactors: soil quality, species index, and water quality. Soil degradation from pollution and
erosion events has had an overall negative influence on conservation efforts in the Great
Smoky Mountains. While soil quality in the area does change depending on elevation
(Callaway, Clebsch & White, 1987), the acidic soils of the park are described as having a
low buffering capacity (Renfro, 2015). High levels of acid rain (M, 2009b) and airborne
pollutants (Nolfi, 2011 ), in the form of sulphur dioxide (M, 2009b ), lower the ability of
soils to function at a high level and lead to an increased risk of erosion from human
disturbances. Camping (Leung & Marion, 1999b) and increased trail usage (Bratton,
Hickler & Graves, 1979; Leung & Marion, 1999a) have been correlated with ecologically
sensitive landscapes that are vulnerable to erosion events (United States Department of
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Agriculture, Natural Resources Conservation Service, 2009). A neutral influence was
considered for the species index of the Great Smoky Mountains due to the biological
diversity, as well as its mix of invasive species. The mountainous area is one of the most
biologically diverse areas in North America (M, 2009b; United States Department of
Agriculture, Natural Resources Conservation Service, 2009; Welch, Madden & Jordan,
2002). Species are separated by elevation (Callaway, Clebsch & White, 1987) which
provides critical habitat for a number of species (United States. National Park Service,
2016j; Farnsworth & Simons, 1999), including endangered species, such as the Indiana
Bat (United States. National Park Service, n.d.j). However, a lack of large predators {due
to the human/animal conflict) results in an overpopulation of white tailed deer (Webster,
Jenkins & Rock, 2005). Along with overpopulation, many invasive and non-native
species are present in the area (M, 2009b ). Invasion by non-native species reduces the
biological diversity of native species and forces native populations out (United States.
National Park Service, 2016i), or as the case with wild pigs, causes environmental
destruction by rooting for food (Lacki & Lancia, 1986). An example of encroachment by
non-native species that force out native species is the exotic rainbow trout which
overtakes the resources of native brook trout (Larson & Moore, 1985). Water quality is
closely tied to soil quality in the Great Smoky Mountains as both water and soil in the
area demonstrate a low buffering capacity (Renfro, 2015) that is adversely impacted by
acid rain (Cruz, 2011) and airborne pollutants, such as sulfur dioxide (M, 2009b), present
in the area. As with soils, water quality tends to change depending upon changing
elevation, but unlike soils, water quality also changes depending upon the time of year
due to the amount of acidic deposition (Silsbee & Larson, 1982). Industrial pursuits also
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have an impact on water quality. Logging lowers the quality of water in streams (Silsbee

& Larson, 1983) as does pollution (Nolfi, 2011) from industrial sites, including power
plants, and urban centers. Sulfate, nitrate, mercury (United States. National Park Service,
2016k), and fecal coliform from wastewater contaminants (S, 2012) contribute to
pollution of the Great Smoky Mountain waters. Due to high acid rain deposition and
many pollution events, water quality was considered to have a negative influence on
conservation efforts.
The area also suffers from poor air quality (Renfro, 2015). The Great Smoky
Mountains are vulnerable to airborne pollutants because the ozone concentration in the
area is lower at higher elevations (M, 2009b ). Industrial pursuits lead to pollution from
elements like sulfate, nitrate, and mercury, contributing to increased acid rain deposition
(United States. National Park Service, 2016k). Poor air quality was determined to have a
negative influence on conservation efforts as it reducing the environment's ability to
function properly.
The landscape in the Great Smoky Mountains has changed drastically over the
years due to the transportation infrastructure (M, 2009b; Pyle, 1988), logging (Campbell

& Johns, n.d.; Pyle, 1988) and agricultural practices, specifically cattle grazing
(Campbell & Johns, n.d.). The resulting habitat fragmentation has had devastating results
on wildlife species living within the mountain habitat (Campbell & Johns, n.d.; United
States. National Park Service, n.d.h; Farnsworth & Simons, 1999; Simons, Farnsworth &
Shriner, 2000). Destruction of habitat, in the form of habitat fragmentation is considered
to have a negative influence on conservation efforts in the area. In addition, Chaini, Chen,
Johnson & Wu (2015) performed a habitat gap analysis of the area to determine the range
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and habitat of one specific species of spider. Results of the analysis were considered to
have a neutral influence on conservation efforts in the area because it did not provide any
follow up.
4.4.1.2.1.5.2 Institutional Factors
The United States National Park Service is the governing body of the Great

Smoky Mountains. Supported by a Compendium of Regulations for the Great Smoky
Mountains, government policy was determined to have a positive influence on
conservation efforts (Code of Federal Regulations Title 36, Chapter 1, 2014). Local
government organizations are also considered to positively influence conservation efforts
because the area works with a coalition of local governments and individuals to
coordinate and plan in the area (Great Smoky Mountains Regional Greenway Council,
2015).
Non-governmental organizations are working in the area to assist the National
Park Service to protect and preserve the natural habitat of the Great Smoky Mountains
(Appalachian Landscape Conservation Cooperative, n.d.). The NGOs work with local
conservation efforts to raise funds and public awareness (Friends of the Smokies, n.d.).
Support reported from different NGOs aid in the determination that NGOs have a
positive influence on conservation efforts in the Great Smoky Mountains.
Management plans for the Great Smoky Mountains were considered to have an
overall positive influence on conservation efforts in the area even though expanding
tourism can be a complex problem for management (Leung & Marion, 1999a).
Management of the area has been successful in reducing emissions, reducing human
impact on the park, and in setting up procedures to deal with the human/animals conflict
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with the black bear. Renfro (2015) reports that use of cleaner electricity and vehicles, and
implementation of a shuttle transit system (as well as other changes) have successfully
reduced harmful emissions in the area to combat poor air quality. Management plans
have also developed plans that take into consideration a myriad of situations in order to
minimize human impacts (M, 2009b; Hammitt, Dulin & Wells, 1993; Nolfi, 2011).
Management plans are assisted by GIS maps (Welch, Madden & Jordan, 2002) and other
resources to map vegetation as well as management activities. For example, the black
bear conflict is managed by relocation of nuisance bears and has shown some early
success (Clark, van Manen & Pelton, 2002). Management plans for the area are still
evolving as new concerns and situations emerge (Leung & Marion, 1999b). Managers,
trying to reintroduce natural fire processes, will need to address apprehensions and to
establish protocols to remain successful in future endeavors (Harmon, 1982).
The Great Smoky Mountains is supported by an annual budget of $18.5 million.
The area also serves as an economic hub that supports over 10,000 jobs (United States.
National Park Service, n.d.i). The promotion of sustainable tourism has resulted in a grant
of$200,000 to local communities (Senator Lamar Alexander and ARC Announce Great
Smoky Mountains/Cherokee National Forest Gateways Initiative, 2008). Funding for the
area is described as sufficient, and therefore has been determined to have a positive
influence on conservation efforts in the area.

4.4.1.2.1.5.3 Social Factors
Population changes in the area are considered to have a neutral influence on
conservation efforts in the area since there are no permanent residents in the park (M,
2009b). Even with a non-permanent population, the area still feels the impact of urban
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pressure which is represented by major development projects, encroachment, and
agriculture. Urban pressure was determined to have a negative influence on conservation
efforts overall. Logging (Silsbee & Larson, 1982; Silsbee & Larson, 1983; Callaway,
Clebsch & White, 1987; Pyle, 1988; Nolfi, 2011 ), the main development project in the
Great Smoky Mountains, fragments the habitat and lowersthe water quality and thereby
reduces the ability of the environment to provide services required by wildlife in the area.
Road infrastructure has impacted the environment by increasing emissions in the area and
contributes to poor air, water and soil quality (Great Smoky Mountains, n.d.; Renfro,
2015). Encroachment is felt by roads passing through the park in several areas (M,
2009b) and promotes an increase in habitat fragmentation. Settlements around the park
also contribute to environmental degradation from trash and a general disturbance of the
area (Pyle, 1988; Nolfi, 2011). Buffer zones for the Great Smoky Mountains cannot
contain or stop the influx of some agricultural runoff (Nolfi, 2011 ), though their presence
helps to protect the park's resources (Great Smoky Mountains, n.d.). The draining of
wetlands to support (Campbell & Johns, n.d.) the timber plantations of yellow pine, white
oak, yellow poplar, and hemlock-silverbell-beech forests causes disturbances in the area
upon harvest (Callaway, Clebsch & White, 1987). Historic presence of cattle grazing has
also left a lasting mark on the park's forest habitat (Pyle, 1988).
Volunteers that aid in preservation efforts (Friends of the Smokies, n.d.) are
determined to have a positive influence on conservation efforts in the form of local
participation. Combined with the National Park Service's restoration attempts, many
projects are currently underway: bridge repair at Straight Fork, Carles Cove, Foothills
Parkway, and areas disturbed for utility (United States. National Park Service, n.d.j;
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Webster, Jenkins & Rock, 2005). Previously logged areas are returning to forests
through natural succession (M, 2009b ). Restoration attempts are considered to have a
positive influence on conservation efforts in the area.
Tourism was described as having contradictory impacts on conservation efforts
and leads to a determination that tourism has a neutral influence on conservation efforts.
Vulnerability to erosion events from trail visitation (Bratton, Hickler & Graves, 1979) as
well as poor tour management (Nolfi, 2011) and a lack ofresearch programs (Nolfi,
2011) were considered to be negative influences on the park. However, the promotion of
sustainable ecotourism (Senator Lamar Alexander and ARC Announce Great Smoky
Mountains/Cherokee National Forest Gateways Initiative, 2008) and the introduction of
GIS for tourist decision making (Dye & Shaw, 2007) were reported as more positive
influences. As the most visited National Park in North America (United States
Department of Agriculture, Natural Resources Conservation Service, 2009; M, 2009b;
Leung & Marion, 1999b ), tourism can have a huge impact on the success of the Great
Smoky Mountains National Park, making park management (to limit the impact of
tourism) essential to protecting its natural resources and to maintain properly functioning
environmental services.

4 4.1.2.1.5.4 Conflict Factors
The main conflict identified in the Great Smoky Mountains is local conflict, more
specifically a human vs. animal conflict. Singer & Bratton (1980) reported an ongoing
conflict with black bears in the area, even with management plans in place for dealing
with nuisance bears. Local conflict was determined to have a negative influence on
conservation efforts in the Great Smoky Mountains.
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4.4.1.2.1.6 Hawaii Volcanoes

4.4.1.2.1.6.1 Environmental Factors
Soil quality, species index, and water quality sub-factors were used to define the
environmental health of the Hawaii Volcanoes National Park. While plant/soil
interactions were considered to have a positive influence on soil quality (Matson, 1990),
erosion (Leopold & Hess, 2013) and invasive pig disturbance (Aplet, Anderson & Stone,
1991) in the area counteract the influence. Nitrogen fixation was identified in older soils
but it was not clear where the nutrients were coming from (Vitousek, Walker, Whiteaker
& Matson, 1993; Vitousek, 1994) leading to a determination that soil quality has a neutral
influence on conservation efforts. The high amount of invasive species reported in the
park, even coupled with high plant diversity (M, 2009c) and native species (United
States. National Park Service, n.d.k) was determined to have a negative influence on
conservation efforts. There are numerous reports of non-native (M, 2009c; Spatz &
Mueller-Dombois, 1973), alien (Hawaii Fact Sheet, 1999; Tunison & Stone, 1992) and
invasive species (United States. National Park Service, 20161; United States. National
Park Service, n.d.k; Santos, Kageler, Gardner, Cuddihy & Stone, 1992; Stone, Smith &
Tunison (Eds), 1992; Vitousek, Walker, Whiteaker, Mueller-Dombois & Matson, 1987;
Vitousek, Loope & Stone, 1987; Wetterer, 1998; Tunison, 1992; Ainsworth & Kauffman,
2010; Tunison, D' Antonio & Loh, 2000) in the area that alter primary succession of
native plants (Vitousek, 1996), reduce or eliminate native species (Mueller-Dombois &
Whiteaker, 1990; Aplet, Anderson & Stone, 1991) and contribute to habitat destruction
(United States. National Park Service, n.d.k; Van Riper III, van Riper, Goff & Laird,
1982; Loh & Tunison, 1999; Mack & D'Antionio, 1998). Therefore, the species index
was determined to inhibit successful conservation. Land use changes result in chemical
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and sediment loading of the streams in the park (Hawaii Fact Sheet, 1999). Degradation
from chemical and sediment loads change thye natural water flow patterns and damage
the environment. Water quality was determined to have a neutral influence on
conservation efforts for Hawaii Volcanoes National Park because, while there is
degradation from loading, the park has also established an innovative water catchment
system to try and preserve water quality in the area (HA VO Public Affairs Specialist,
2014) . Hawaii Volcanoes National Park is also subject to poor air quality due to
atmospheric toxicants from volcanoes that are active in the area and air quality is
considered to have a negative influence on conservation efforts in the area.
Human-induced fragmentation, caused mainly by colonization (Van Riper III, van
Riper, Goff & Laird, 1982), was reported to be controlled by the establishment of parks
and preserves (Vitousek, Loope & Stone, 1987). Habitat fragmentation in the Hawaii
Volcanoes National Park is considered to have a neutral influence on conservation efforts
due to carefully controlled expansion. Park management has also performed a habitat gap
analysis, reporting on the land-cover class in the area (Leopold & Hess, 2013; Loope,
1994). The analysis was determined to have a neutral influence on conservation efforts
because it reported areas in the park that are in need of protection, but did not report on
actual remediation.

4.4.1.2.1 .6.2 Institutional Factors
Hawaii Volcanoes National Park follows the United State's national policy for
National Parks (United States. National Park Service, 2016m). That being said,
government policy was determined to have a negative influence on conservation efforts
because the park was impacted by a recent government shut down (Stewart, 2013). The
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government shut down halted active conservation efforts and projects in the park
altogether.
Local government organizations were considered to have a more positive
influence on conservation efforts because multiple agencies were reported to have
developed and implemented management programs in the area. Local government
organizations specifically implement plans to combat invasive species (Hawaii Fact
Sheet, 1999). A number of non-governmental organizations were reported to be active in
the park, supporting local organizations (Sitename:-Hawaii Volcanoes National Park ,
n.d.), which aided in the determination that NGOs had a positive influence on
conservation efforts .
Management plans of the area were described as having a positive influence on
conservation efforts . Some older management efforts, however, were the cause of
disturbances that allowed invasive species to enter the park (Hawaii Volcanoes National
Park, n.d.; Mack & D' Antionio, 1998). Consequently , management plans in the park
were revised to enhance management programs (Santos, Kageler, Gardner, Cuddihy &
Stone, 1992; Stone, Smith & Tunison (Eds), 1992). Effective management plans were
produced (M, 2009c; Sitename:-Hawaii Volcanoes National Park, n.d.) to control pig
populations within the park (Loh & Tunison, 1999), to restore fire management regimes
(Tunison, 1992), and to control invasive species (Tunison & Stone, 1992), such as
unwanted grass (Tunison, 1992).
Funding for the park is reported to be insufficient for the amount of work that is
still required (Dayton, 2008). The National Park Service reported that an increase in fees
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was put in place to aid in making funds available for projects within the park (United
States. National Park Service, n.d.l). Funding was considered to have a negative influence
on conservation simply because not enough funds are available to promote increased
conservation efforts.

4.4.1.2.1.6.3 Social Factors
Urban pressure in the park was defined by three sub-factors: major development
projects, encroachment, and agriculture. Urban pressure was determined to have a
negative influence on conservation efforts of Hawaii Volcanoes National Park overall.
Hawaii Volcanoes National Park (n.d.) reports that logging in the area contributs to
habitat fragmentation and a loss of environmental resources. Housing and urban areas
around the park have begun to encroach upon park boundaries, resulting in edge effects
and a loss of natural resources. In addition, plantations and ranching that dominates the
area has led to degraded soils and a reduction in essential ecosystem services in the area
(Hawaii Volcanoes National Park, n.d.). Loss of prime farmland has resulted in
unsustainable farming practices and has put pressure on marginal land that is vulnerable
to erosion (Hawaii Fact Sheet, 1999).
Park management has an effective relationship with local populations and a
Cultural Resources Management Program exists that helps to sustain a productive
relationship (Sitename:-Hawaii Volcanoes National Park, n.d.). Local participation in the
conservation efforts of Hawaii Volcanoes was considered to have a positive influence due
to the involvement of local populations. Such involvement contributes to the success of
restoration programs. Aggressive restoration of the park is needed in some areas (United
States. National Park Service, 20161) with some programs already showing positive
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results, for example, in the control of pig populations in order to restore native Hawaiian
forests (Loh & Tunison, 1999) and the rehabilitation of seasonally dry woodlands
(Tunison, 1992). Restoration programs were determined to have a positive influence on
conservation efforts in the area.
Tourism in Hawaii Volcanoes National Park was described as having a negative
influence on conservation efforts due to the nature of the tourism. Helicopters used to
shuttle tourists and for sightseeing disturb native wildlife and disrupt the natural flow of
ecosystems (Sitename:-Hawaii Volcanoes National Park, n.d.). Tourists often ignore
warning signs and venture off trails, trampling the natural environment (Heggie, 2005).
4.4.1.2.1.7 Mammoth Cave

4.4.1.2.1. 7.1 Environmental Factors
The environmental health of Mammoth Cave can be defined by three sub-factors:
soil quality, species index, and water quality. Mammoth Cave is subject to weathering, a
natural erosion process, which breaks down rock formations in the area (M, 2008d;
Groves & Meiman, 2005). Soil pathogens have also been reported in the area and inhibit
the survival of P. serotina (Reinhart, Royo, van der Putten & Clay, 2005). The soil in the
Mammoth Cave area is considered to have a neutral influence on conservation efforts due
to natural erosion processes and reduced functionality by pathogens. Comprised of the
most extensive cave ecosystem in the United States, species biodiversity in the area is
described as high (M, 2008d; Poulson, Lavoie & Helf, 1995; Mammoth Cave National
Park, n.d.). Conversely, the area has also suffered from Chestnut Blight, which has
decimated the American chestnut, a historically dominant forest species (Fei, Schibig &
Vance, 2007). Changing climate conditions have also impacted species population,
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specifically the cricket guano community, which has been on a decline (Poulson, Lavoie

& Helf, 1995). The high biodiversity of species is offset by the blemish of declining
species population, and therefore it was determined that the species index has a neutral
influence on conservation efforts in the Mammoth Cave area (United States. National
Park Service, 2016n). Agricultural pollutants (Meiman, 2006), industrial contaminants
(Algeo, 2004), and wastewater effluent (Meiman, 1991; Ryan & Meiman, 1996; Shafer,
1999) were all described as having an impact on the quality of water flowing into
Mammoth Cave National Park. Natural water flow processes increase the dissolved load
(Groves & Meiman, 2005), which compounds the pollution potential in the area (United
States. National Park Service, 20160) . Waste products from different sectors have
reduced the functionality of natural water systems . In an effort to limit the influx of
pollutants into the area and surrounding groundwater, a transition zone has been
established (M, 2008d) . Water quality was determined to have a negative influence on
conservation efforts due to the variety of point and non-point sources of pollution
identified. Poor air quality (Wotawa & Trainer, 2000) was also reported in the Mammoth
Cave area due mainly to air pollution (United States . National Park Service, 20160). Zhao

& Hopke (2006) described the different emission sources that contribute to poor air
quality in the area: gasoline, diesel, wood smoke, sulfate and nitrate use, dust, and aged
sea salt. Given the number pollution sources identified, air quality was considered to have
a negative influence on conservation efforts.
Mammoth Cave National Park has an officially recognized buffer zone (Shafer,
1999) to minimize the negative impact of habitat fragmentation (Watson, 2005). Forest
fragmentation from transportation infrastructure was reported as having an impact on
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certain species' population levels (Kentucky Department of Fish & Wildlife Resources,
n.d.). To this end, habitat fragmentation was considered to have a neutral influence on
conservation efforts in Mammoth Cave.

4.4.1.2.1 7.2 Institutional Factors
The Barren River Development Area (BRAD) is responsible for the planning and
development often counties near Mammoth Cave (Shafer, 1999). BRAD, along with the
Biosphere Reserve Cooperative, the Subcommittee of the Natural Resources, and the
Council of the Barren River Development District, works towards protecting the natural
resources of Mammoth Cave (M, 2008d). The local government organizations, through
effective cooperation, are determined to have a positive influence on conservation efforts
in the area.
UNESCO, an international non-governmental organization, was described as
active and engaged in the protection of Mammoth Cave (Mammoth Cave National Park,
n.d.). Other NGOs that may be present in the area were not identified as actively involved
in the management of Mammoth Cave. NGOs were considered to have a neutral
influence on conservation efforts in the area with only one NGO reported as active.
Management plans in the area were determined to have a positive influence on
conservation efforts in Mammoth Cave due to their adaptive nature (United States.
National Park Service, 20 l 60 ). General management plans for the area were written to
maintain the integrity and diversity of the unique geological features in the park. To
sustain the ecosystem, guidelines were created to preserve the terrestrial and aquatic
environments (M, 2008d). In addition, funding was considered to have a neutral influence
on conservation efforts because there are many different sources of funding coming in for
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Mammoth Cave, but funds are still needed to complete projects in the area (Mammoth
Cave National Park, n.d.).

4 4.1.2.1 . 7.3 Social Factors
A relatively low urban population surrounds Mammoth Cave National Park and
no human inhabitants reside within the core of the park. Area around the park has
remained stable for over 20 years, possibly due to having only 25% of the human
population in an urban setting (M, 2008d). No inhabitants inside the park and a small
urban area have led to the determination of a positive influence of population change on
conservation efforts.
Urban pressure in the Mammoth Cave is moderate compared to other regions .
Only major development plans have a significant influence on the area . Dams (Grubbs &
Taylor, 2004), mining (Kennedy & Watson, 1997; Algeo, 2004), infrastructure
(Mammoth Cave National Park, n.d.) and resource exploitation (M, 2008d; Smith &
Olson, 2007) were considered to have a negative influence on conservation efforts in the
area. Dams located in the area impede natural water flow patterns and interrupt
ecosystem services when long-term flow patterns are disturbed (Grubbs & Taylor, 2004).
Salt (Kennedy & Watson, 1997) and saltpeter (Algeo, 2004), as well as air and ground
infrastructure development (Mammoth Cave National Park , n.d.), tear up the landscape
and further habitat fragmentation. Oil and gas wells in the area were reported to have
insufficient plugs, which poses a major threat to the environmental health of the area in
the case of a leak (M, 2008d). Light installation, to exploit the caves for exploration and
recreation, have resulted in ecological distortions of the natural cave ecosystem.
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Passive restoration attempts have been utilized to return oak and hickory woods to
their natural state (M, 2008d). Additional restoration efforts would need to identify ideal
areas first and tools would need to be developed (Thompson, Van Manen, Schlarbaum &
DePoy, 2006), and there is no follow-through as of yet in the park (Watson, 2005).
Restoration has a neutral influence on conservation efforts in Mammoth Cave due to a
lack of active restoration efforts.
When Mammoth Cave earned World Heritage site status, tourism began to
increase (Hall & Piggin, 2001). If left unchecked, it could threaten the natural ecosystem
and geological features of the park (United States. National Park Service, 20160).
Tourism in the area has provided a hub for local entrepreneurs and provides a platform
for economic growth (Algeo, 2004) and increases the opportunity to update and maintain
tourist accommodations. Boat tours and other accommodations have provided good
access into the park, while allowing remote areas to remain intact (M, 2008d). Tourism in
Mammoth Cave was considered to have a positive influence on conservation efforts at
the moment because directed tourism allows for some areas to remain undisturbed.
4.4.1.2.1.8 Northern Great Plains

4.4.1.2.1.8.1 Environmental Factors
Soil quality, species index, and water quality were used to defme the
environmental health of the Northern Great Plains. Fertile soils (Liebig, Tanaka &
Wienhold, 2004) with high rates of nitrogen were reported for the area, mainly due to
litter decomposition (Kochy & Wilson, 2001). Despite finding fertile soils, the soil
quality was considered to have a negative influence on conservation efforts because of
high erosion potential (Kehew & Lord, 1986; Liebig, Tanaka & Wienhold, 2004). The
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area is vulnerable to erosion due to exhaustive resource use from irrigation, which also
leads to saline seeps (Black, Brown, Halvorson & Siddoway, 1981; Aase & Pikul, 1995;
Hall, Leavitt, Quinlan, Dixit & Smol, 1999). Irrigation and tillage from farming also
contribute to the cycle of soil erosion and degradation (Derksen, Anderson, Blackshaw &
Maxwell, 2002) Erosion and saline seeps inhibit ecosystem services that are naturally
performed with healthy soils. The area is also subject to introduced species (Chrisitan &
Wilson, 1999) that limit the resources available to native species. The area is a prime
location for bird nesting (Martin, 2001) and waterfowl breeding (Sorenson, Goldberg,
Root & Anderson, 1998) and the introduction of non-native species can destroy bird
habitats. However, the species index was considered to have a positive influence on
conservation efforts because of the number of bird species identified in the region.
Irrigation was also reported to impact water quality through the introduction of pollutants
(Hall, Leavitt, Quinlan, Dixit & Smol, 1999) and changing the amount of water available
in certain areas. Urban development, specifically agriculture, and overuse of water
resources have resulted in excessive nutrients in water sources that limits the
functionality of the ecosystem service (U.S. Environmental Protection Agency, 2000). In
addition, Wienhold, Trooien & Reichman, (1995) reported that a lack of water for
developmental pursuits, along with cycles of drought in the area, compound the shortage
of water (Yu & Ito, 1999; Fritz, Ito, Yu, Laird & Engstrom, 2000; Samson, Knopf &
Ostlie, 2004). Pollutants and chronic drought in the Northern Great Plains resulted in a
determination that water quality has a negative influence on conservation efforts.
Roads and fences along with development through habitat clearing (The Great
Plains, n.d.) have contributed to habitat fragmentation in the Northern Great Plains.
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Higgins, Naugle & Forman (2002) and Samson, Knopf & Ostlie (2004) have reported
habitat loss and a general disturbance of the ecosystem due to agricultural development
and the inefficiency of restoration efforts. Habitat fragmentation was considered to have a
negative influence on conservation efforts despite the reports from Kochy & Wilson
(2001) about nitrogen deposition aiding in forest expansion. A habitat gap analysis was
also performed as an ecoregional assessment of the area. The analysis was considered to
have a neutral influence on conservation efforts because it only reported on the status of
the area, with no recommendations for follow-up (Forrest et al., 2004).

4.4.1.2.1.8.2 Institutional Factors
The Northern Great Plains is plagued by ineffective organization of the area's
institutions, though many local government organizations exist. Agencies' power to make
political decisions that involve science is chronically overestimated and results in
unsuccessful attempts at maintaining or expanding conservation (Samson, Knopf &
Ostlie, 2004). Local government organizations were considered to have a negative
influence on conservation efforts in the Northern Great Plains ecoregion.
Management plans for the Northern Great Plains were considered to have a more
positive influence on conservation efforts in the ecoregion because the plans involve local
participation efforts. In order for management plans to be successful in the Northern
Great Plains, they need to be flexible enough to accommodate many different factors and
situations (Hall, Leavitt, Quinlan, Dixit & Smol, 1999) and need to offer guidelines for
long-term sustainability (Samson, Knopf & Ostlie, 2004). World Wildlife Fund has aided
tribal nations in the development and implementation of comprehensive wildlife
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management plans that are flexible and include historically sustainable practices (The
Great Plains, n.d.).

4.4.1.2.1.8.3 Social Factors
Human populations in the Northern Great Plains are relatively small (Kochy &
Wilson, 2001). However, urban populations have been continually increasing, growing
more than tenfold before the tum of the century (Hall, Leavitt, Quinlan, Dixit & Smol,
1999). Population changes in the area have a negative influence on conservation due to
the growth of the area. Increasing human populations have contributed to urban pressure
in the Northern Great Plains that is shown through major development projects,
encroachment, and agriculture . Oil and gas exploration for energy development increases
the fragmentation of the ecoregion's grassland (The Great Plains, n.d.) which has had a
negative influence on conservation efforts. Encroachment from human populations and
development sites has resulted in declining habitats, in both size and environmental
health (The Great Plains, n.d.). Fragmented and degraded habitats caused by
encroachment have a negative influence on conservation efforts. Agricultural practices
were determined to have a neutral influence on conservation efforts in the Northern Great
Plains ecoregion. Cattle grazing (Hall, Leavitt, Quinlan, Dixit & Smol, 1999; Higgins,
Naugle & Forman, 2002), the dominant form of agriculture in the area, reduces soil
carbon (Frank, Tanaka, Hofmann & Follett, 1995) and results in massive land cover
changes. Higgins, Naugle & Forman (2002) reported that over 60% of the native prairie
mixed grass has been converted due to grazing. Large quantities of cattle are also
vulnerable to disease, which is easily spread among large herbivores, even native species
(Windels, 2000). Conversely, there are reports that support pasture-based agriculture,
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touting its benefits to humans, animals and even to environmental health (Entz et al.,
2002). Frank (2002) reported that the mixed-grass prairie region acts as a terrestrial sink
for atmospheric CO2 to improve human and animal health. Further, the implementation of
intensive cropping practices and reduced tillage (Liebig, Tanaka & Wienhold, 2004)
promotes sustainability of the grasslands and may improve soil quality.
Tribal nations throughout the ecoregion work together with WWF to restore
species and build more sustainable financing for tribal wildlife programs to continue
conservation. Local participation efforts in the Northern Great Plains were considered to
have a positive influence on conservation efforts through attempts to improve capacity.
Even with tribal participation in restoration efforts, it would take 30-50 years to recover
from the damages inflicted by human activities in some areas of the ecoregion (Samson,
Knopf & Ostlie, 2004). Higgins, Naugle & Forman (2002) reported that preservation and
restoration attempts were unsuccessful in reversing wetland and grassland habitat loss.
Restoration was determined to have a negative influence on conservation efforts due to a
lack of progress.

4.4.1.2.1.8.4 Conflict Factors
A shortage of water in the Northern Great Plains was determined to be a major
source of conflict. The lack of water, as a consequence of urban development, limits
functionality of the ecosystem (Water Shortage - Conservation Institute, 2013) and less
water becomes available for human or animal species. The conflict over water resources
has had a negative influence on conservation efforts.
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4.4.1.2.1.9 Olympic

4.4.1.2.1.9.1 Environmental Factors
The environmental health of Olympic National Park is defined by three subfactors: soil quality, species index, and water quality. The factors defining environmental
health were determined to have a neutral influence on conservation efforts in the area due
to a duality of reports about the park. Soils were considered to be productive due to litter
decomposition and conditioning (Van Pelt, O'Keffe, Latterell & Naiman, 2006) making it
suitable for growing trees and other forest products (McCreary, McCreary & Raver,
1975). On the other hand, soils were reported to be vulnerable to erosion events (Beschta

& Ripple, 2008) and when combined with trampling of the area (Cole, 1987), exposed
younger soil, which is less resilient (Fonda, 1974). Soil is also prone to the leaching of
nutrients by weathering and results in infertile soils. The nutrients were considered to be
tied to the organic layer with higher elevations (Henderson, Peter, Lesher & Shaw, 1989).
Global increases in temperature are likely to cause warmer soils in the region and result
in a higher composition of CO2 as the soils evolve (Kane, Pregitzer & Burton, 2003). In
addition, Cory, Green & Pregitzer (2004) reported that there was no clear impact of
fertilizer on the soil, all leading to a neutral determination. Invasive (United States.
National Park Service, 2016p; M, 201 lb) and non-native species (United States. National
Park Service, n.d.m) in the area were considered to threaten the habitat of native species.
For example, the introduction of the mountain goat resulted in the overgrazing (Pfitsch &
Bliss, 1985) of endemic plants which caused an increase in erosion events (Olympic
National Park, n.d.). However, reintroductions of formerly native species including
wolves, bald eagles, peregrine falcons and sea otters, have improved the environmental
health of the area by helping to restore natural conditions (McNulty, 2009). Olympic
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National Park has also been reported to have an impressive number of fungi species
(Kanouse, 1947; Trudell & Edmonds, 2004) that help to maintain high biodiversity
amounts. There are many species that call Olympic National Park home (Henderson,
Peter, Lesher & Shaw, 1989) with different compositions depending on habitat conditions
and location (McKee, LaRoi & Franklin, 1982; Sedell, Bisson, June & Speaker, 1982)
which aid in the determination of a neutral influence on conservation. Pollutants, oil
spills (Endangered and Threatened Species, n.d.; Olympic National Park, n.d.), chemical
waste (United States. National Park Service, n.d.n), and herbicides used in agriculture
(M, 201 lb) all threaten the water quality of Olympic National Park. Water in the area is
described as low in nutrients, resulting in low ionic strength (Sheibley, Foreman, Moran

& Swarzenski, 2012). There is no clear effect of fertilizer on the water quality due to the
lack of nutrients identified in the water (Cory, Green & Pregitzer, 2004). However, there
are water treatment and sanitation measures in place which have resulted in healthy and
dynamic watersheds when coupled with proper protection (United States. National Park
Service, n.d.o). In addition, air quality in Olympic National Park was considered to have
a negative influence on conservation efforts due to the influence of human industry.
Heavy metals (Harmon, Baker, Spycher & Greene, 1990) from coal fired generating
plants and copper smelting (Frenzel, Witmer & Starkey, 1990) and trace amounts of lead
(Davidson et al., 1985) have become airborne and contribute to overall pollution of the
area.
Habitat fragmentation of Olympic National Park occurs when roads are cut (Bell

& Bliss, 1973) and soils are trampled (Bell & Bliss, 1973; Cole, 1987) because plants in
the area do not readily recover and can become destroyed over time. The area is
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topographically isolated (Frenzel, Witmer & Starkey, 1990) so habitat fragmentation and
subsequent loss threaten the ability of a species to remain in the area (Endangered and
Threatened Species, n.d.). Habitat fragmentation was considered to have a negative
influence on conservation efforts due to low plant succession and the resulting loss of
habitat. Two habitat gaps analyses were performed in Olympic National Park; one, to
predict amphibian distribution in the park (Dvornich, n.d.), and two, to estimate habitat
presence from known species distribution (Morzillo et al., 2012). The gap analyses were
considered to have a neutral impact on conservation efforts because they only reported
upon conditions in the park and did not provide information to promote increased
conservation.
4.4.1.2.1.9.2 Institutional Factors
The Forest Reserve Act of 1891 was the first use of government policy to
establish Olympic National Park (Henderson, Peter, Lesher & Shaw, 1989). Strict
protection from an act of Congress (M, 2011 b) led to the determination that government
policy has a positive influence on conservation efforts in the area. Local government
organizations were reported to partner together, sharing authority and management of the
park (Federal and Local Government Partners, n.d.; United States. National Park Service,
n.d.ee). Various federal agencies working together to manage Olympic National Park
aided in the determination that local government organizations had a positive influence
on conservation efforts. In addition, wilderness non-governmental organizations were
also determined to be active in the area (Links to Wilderness Organizations (NGOs),
n.d.). Active NGOs in Olympic National Park were considered to have a positive
influence on conservation in the park.
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There is a need to study natural interactions in the park to gain an understanding
of how the pristine channels will be impacted by development before putting a
management plan into action. The creation of a general management plan for the next 1520 years in Olympic National Park utilized the experience of multiple stakeholders and
was completed in 2008 (United States. National Park Service, 2016q). Various other
management plans (M, 2011 b) are active in the area, such as a plan using a fire regime
for forest management (Wetzel & Fonda, 2000). Management plans were considered to
have a positive influence on conservation efforts because of the various plans
implemented in the arei and the time put into development of the general management
plan.
An increase in park fees was proposed to raise money for Olympic National
Park's general operations (United States. National Park Service, n.d.p). However, the
parks in Washington are considered ''woefully underfunded" (Washington's National
Park Fund, n.d.). Budget cuts (Narayanan, 2014) for the park have eroded the general
budget for conservation (Cantwell, 2014). Insufficient funds led to a determination that
funding has a negative influence on conservation efforts in Olympic National Park.
4.4.1.2.1.9.3 Social Factors
Urban pressure in Olympic National Park is shown through major development

projects and encroachment. Logging (M, 201 lb; Schonewald-Cox & Bayless, 1986) and
road development (Bell & Bliss, 1973) have increased the rate of habitat fragmentation,
which also increases species loss. Major development projects were determined to have a
negative influence on conservation efforts as a consequence of habitat loss. Increasing
human populations, resulting in encroachment into natural habitats, led to the extirpation
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of grey wolves. Lacking a keystone predator, ungulate browsing was amplified and
caused significant long-term damage to plant communities (Beschta & Ripple, 2008).
Increased ungulate browsing, coupled with road-cut disturbances (Bell & Bliss, 1973)
have resulted in a loss of habitat that is slow to recover. Habitat loss caused by
encroachment was considered to have a negative influence on conservation efforts in the
park.
Restoration efforts in Olympic National Park were determined to have a positive
influence on conservation efforts. The National Park Service aided in the Elwha River
restoration project, the largest dam removal project in the area. The Elwha River now
flows freely from its headwaters again (United States. National Park Service, n.d.q). In
addition to restoring the river, the Fisher was also reintroduced to its native habitat, which
indicates an important step in wildlife restoration for the park (United States. National
Park Service, 2016r; Mapes, 2009).
Tourism of this fragile area was considered to have a negative influence on
conservation efforts for the park. The construction of permanent visitor facilities
irreparably damaged the environment. Tourist accommodations take away natural habitat
and increase the amount of human trampling of delicate plant species (Bell & Bliss,
1973).

4.4.1.2 .1.9.4 Conflict Factors
Human vs. animal conflicts, specifically with grey wolves, represent local conflict
identified in Olympic National Park (Johnson, 2015). Grey wolves were systematically
removed to limit human exposure. There was also some conflict over the establishment of
the park (United States. National Park Service, 2015). Conflict has had a negative
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influence on conservation efforts by increased browsing that damages the fragile
environment.
4.4.1.2.1.10 Redwood
4. 4.1. 2.1.10.1 Environmental Factors
Soil quality, species index and water quality factors were used to define the

environmental health of Redwood National Park. Soils in the area were reported to be
well drained (United States Department of Agriculture, Natural Resources Conservation
Service, 2008) and fertile (Zinke, 1964) with a rich layer of soil emanating from the
redwood forests (United States. National Park Service, n.d.t; United States. National Park
Service, n.d.r). However, the area is also subject to high erosion rates (Madej & Ozaki,
1996), especially in logged areas where the soil has become disturbed (M, 2008g;
Hudson, 1978; Agee, 1980). Soil quality was determined to have a neutral influence on
conservation efforts due to high erosion rates in relatively fertile soil. Different plant
species in the area are on an elevation gradient (Sugihara, Reed & Lenihan, 1987), each
with its own niche. An exception to the elevation gradient separation is lichen, where
different varieties were reported to be very close together with little geographical
concentration (Gough, Jackson & Sacklin, 1988). The area is also vulnerable to exotic
(United States. National Park Service, 2016s) and invasive introduced species (United
States. National Park Service, 2016t; Bossard, 1991; M, 2008g). The introduction of nonnative species, compounded by logging practices in the region, has contributed to the
decline of Coho Salmon in Pacific Northwest streams. The species index was considered
to have a neutral influence on conservation efforts due the mix of species located in the
area. Redwood National Park needs to put long-term water quality program in place to
monitor water quality and to aid areas in meeting quality standards (Hoffman et al.,
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2005). Flooding in the area has the potential to degrade water quality through streambed
erosion which increases the dissolved load of the stream (Madej & Ozaki, 1996). Streams
that are vulnerable to flooding and erosion are correlated with areas that have been
previously logged, which lowers the dissolved oxygen rate and makes it more difficult for
species to survive in surrounding waters (Woods, 1980). However, most streams still
meet basic water quality standards, even with increased sedimentation. Though there are
still some streams in highly urbanized watersheds, Franklin Creek for example, that
routinely fail to meet water quality standards (Wallitner & McClosky, 2014). Water
quality was determined to have a neutral influence on conservation efforts because while
most streams in the park meet water quality standards, there is the potential for
degradation of water by erosion and urbanization.
Habitat fragmentation in Redwood National Park is a result of extensive logging
of the surrounding area (George & Brand, 2002). Vast amounts of habitat have been
destroyed; less than 4% of the original virgin redwood forest remains (Northern
California coastal forests, n.d.). Loss of habitat has also impacted species populations; the
population of the marbled murrelet has declined significantly and the species is now
considered endangered (Herbert & Golightly, 2006). Habitat fragmentation was
considered to have a negative influence on conservation efforts in Redwood National
Park due to extensive habitat loss.
Animal distribution was mapped to identify gaps in the animal populations of
Redwood National Park (Noss, 1999). Gap analysis was an identification program for
species distribution. The gap analysis programs present in the park were considered to
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have a neutral influence on conservation efforts because they are only identification
programs (FRAP, n.d.).

44.1.2 .1.10.2 Institutional Factors
Government policy is considered to be a positive influence for conservation
efforts in Redwood National Park because without the Government's influence there
would be no park. Land used for the park was acquired through forced acquisition (Sax,
1980) and accomplished by the Redwood National Park Act (Hudson, 1978), despite
opposition from local populations that relied upon logging for their livelihood (Walker,
1984). The park was expanded by congressional action (Shafer, 1999) as Public Law 95250, which increased the size of the park by 48,000 acres (Agee, 1980). The expansion
allowed for a buffer zone to be set up to thwart outside logging and to slow habitat
fragmentation (Shafer, 1999). The National Park Service enforces all policies and
regulations in the park to maintain protection (United States. National Park Service,
n.d.s).
Many stakeholders in the area (State of the CCAs Report, 2006) are active in the
area to ensure that Redwood National Park is successful. Three California State parks
work together to create the larger National Park, jointly managing the park (United
States. National Park Service, 2016u). Local government organizations were determined
to have a positive influence on conservation efforts in the area because the joint
management of Redwood National Park has been considered successful since 1994
(Walker, 1984; Levey, 2013).
Redwood National Park utilizes many different management plans to aid in
decision making and management measures (State of the CCAs Report, 2006), including
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controlled fire regimes to aid in restoration efforts (Taylor, 2000). The management plans
must conform to state policies (California Department of Parks and Recreation, 2000)
and the general management plan (United States. National Park Service, 2016v), a joint
federal-state management plan established in 2000, defines collaborative goals and
strategies to be used by the park's management team. The park is considered to be strictly
protected (M, 2008g) with management plans that provide opportunities for conservation
and development of the natural area (Bonnicksen & Stone, 1985). Management plans
were determined to have a positive influence on conservation efforts.
Funding for Redwood National Park is considered a negative influence on
conservation due to an underestimation of costs and an overestimation of revenue.
Redwood National Park's establishment is considered controversial, litigation was begun
to recover the costs associated with acquisition and running of the park (Agee, 1980). The
government underestimated how much it was going to cost to create the park (DeForest

& Portland, 1999) which has led to over 1.2 billion in deferred maintenance needs (BuckEzcurra (Ed.), 2011). The amount of tourism revenue was overestimated and the park
falls short every year (Agee, 1980; Walker, 1984).

4.4.1.2.1.10.3 Social Factors
Urban pressure in Redwood National Park is manifest through major development
projects, encroachment, and agriculture. Major development consists mainly oflogging
(Northern California coastal forests, n.d.; M, 2008g; State of the CCAs Report, 2006; The
Threats to the Redwoods, n.d.; Hudson, 1978; Agee, 1980; Madej & Ozaki, 1996;
Conrad, 1997; Fritschle, 2009), and to a lesser extent, road construction (Redwood
National and State Parks, n.d.; Agee, 1980). Logging is the precursor to land conversion
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for other purposes in the area such as real estate or fannland (The Threats to the
Redwoods, n.d.) and extensive logging damages habitats leading to loss and
fragmentation. Moreover, logged areas become vulnerable to erosion and further habitat
loss (Madej & Ozalci, 1996). Road construction also contributes to habitat fragmentation
and loss (Redwood National and State Parks, n.d.). Major development projects, logging
practices and road construction, were considered to have a negative influence on
conservation areas in the Redwood National Park. Poaching and camping define
encroachment of Redwood National Park. Burls from old growth forests are considered
valuable and the poaching of this resource, by cutting out large portions of trees,
sometimes results in the death of the tree (The Threats to the Redwoods, n.d.). Human
encroachment through camp sites results in species avoidance of the area and an eventual
reduction of biodiversity (Herbert & Golightly, 2006). Encroachment has a negative
influence on conservation efforts due to species loss. Historical agricultural practices,
such as cattle grazing which ceased in 1982, have had a lasting impact on the area in the
fonn of habitat loss (Agee, 1980; Bossard & Rejmanek, 1994). Agricultural practices
today result in pollution (State of the CCAs Report, 2006) and the reduction of water,
wildlife and landscape due to illegal marijuana fanning (The Threats to the Redwoods,
n.d.). As some problematic agricultural practices have been resolved but some issues
remain, agricultural practices are detennined to have a neutral influence on conservation
efforts.
A cultural edge was discovered between two distinct groups in the park conservationists and timber/logging communities (Sparks, 1995). Divergent forest values
were identified within the cultural edge and have a negative influence on conservation
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efforts. Local participation efforts for the Redwood National Park was considered to have
a negative influence on conservation efforts due to the negative feelings associated with
the park's creation (Sparks, 1995). Local communities in the area are less willing to work
together with conservationists (Agee, 1980) because locals prioritize the forest's
economic value over its intrinsic value. There has been little support from local
communities for the creation or expansion of the park to save the trees for future
generations, and is perceived as a barrier to economic progress (Sparks, 1995).
A number of different restoration projects are active in Redwood National Park
and therefore restoration proves to be a positive influence on conservation efforts. Forests
in the area have a high potential for restoration (Chittick & Keyes, 2007). For restoration
to be more successful historical information about the previous expanse and composition
of the forest is required (Fritschle, 2008; Fritschle, 2009). Second growth forest
restoration is underway (Middle Fork Lost Man Creek Forest Restoration, n.d.) but if fire
regimes are used, as has been suggested, large tracts of forest will be burned (Taylor,
2000; Brown & Swetnam, 1994). Watershed restoration projects are underway in hopes
of returning the downstream area of the park back to its natural state, or a facsimile of the
natural state (United States. National Park Service, n.d.t; M, 2008g; Agee, 1980). Road
removal aids in watershed restoration by reducing a cause of chronic erosion which
reduces the risk oflandslides (Switalski, Bissonette, DeLuca, Luce & Madej, 2004).
During the parks establishment, proponents highlighted the benefits of park
tourim and the boon for local employment. However, the tourism industry actually
employs few from local communities (Agee, 1980). Tourism has not lived up to the hype
(Walker, 1984) and therefore is determined to have a neutral influence on conservation.
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4 4 1.2.1.10.4 Conflict Factors
Redwood National Park conflicts stem from the controversial nature of the
creation of the park, and its later expansion (Agee, 1980). The conflict began over
resources, specifically forest resources, between loggers and conservationists (Hudson,
1978). It persists as local conflict between groups that want to protect the forest and
groups that rely upon the forest to make a living. No one wants to choose between a
reduction in employment and protecting coastal forests (DeForest & Portland, 1999).
Conflict has a negative influence on conservation efforts.
4.4.1.2.1.11 Waterton

4.4.1.2.1.11.1 Environmental Factors
The environmental health of Waterton Glacier h1temational Peace Park is
determined by three sub-factors: soil quality, species index and water quality. Soil quality
is considered to have a neutral influence on conservation efforts because, while the soils
are subject to erosion, vegetation in the area helps to stabilize the soil (NPCA, n.d.). The
park consists of five large ecoregions; alpine tundra, subalpine forest, montane forest,
aspen parkland and fescue grassland, all with distinct species inhabitants (M, 2008h).
Invasive species, like the bull trout, were found throughout the park (Waterton Glacier
International Peace Park, n.d.; NPCA, n.d.) and take habitat away from native species. As
a result, the species index was considered to have a neutral influence on conservation
(Post & Johnston, 2002). Water quality was considered a negative influence on
conservation efforts in the area as water quality is negatively impacted by mining
pollution in the area (NPCA, n.d.).
Development and construction activities contribute to habitat fragmentation in
Waterton Glacier International Peace Park (Waterton Glacier International Peace Park,
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n.d.; NPCA, n.d.). Cumulative impacts are felt as development progresses around the
park, which is continually fragmented (NPCA, n.d.; PCIA, 2011). Habitat Fragmentation
was determined to have a negative influence on conservation efforts due to human
activity.

4 4.1.2.111.2 Institutional Factors
In 1932 the United States and Canada established a treaty to form the beginnings
ofWaterton Glacier International Peace Park (Warburton-Lee, 1999). Canada and the
United States work together for joint governance of the park (Petursson, Vedeld & Vatn,
2013). Government policy of the park was considered to have a positive influence on
conservation efforts in the area. Similar to the national governments, local government
organizations work together, along with tribal governance on park operations (PCIA,
2011; Petursson, Vedeld & Vatn, 2013). The joint governance model at the local level
aided in the determination of a positive influence of local government organizations on
Waterton Glacier International Peace Park.
Both cultural and natural resources were considered during the development of
management plans for the park (Eide, 2011 ). Collaboration by local governments with
tribal populations supports cooperative projects (M, 2008h) and aids in overcoming the
difficult challenges of park management (PCIA, 2011 ). Management plans were
considered to have a positive influence on conservation efforts in the area.

4.4.1. 2.1. 11. 3 Social Factors
Major development projects and encroachment define urban pressure around
Waterton Glacier International Peace Park. The two sub-factors were considered to have
a negative influence on conservation efforts in the park. Logging, highway expansion and
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residential development contribute to habitat fragmentation and reduce the area's
ecosystem services (NPCA, n.d.). Resort and residential development have begun to
encroach upon the park and further contributes to habitat fragmentation and habitat loss
(NPCA, n.d.).
The culture and heritage of indigenous peoples, including the Blackfeet tribe,
have been cultivated around a large amount of protected land (Boley & Nickerson, 2009).
The cultural edge effect of indigenous tribes living in the area has a positive influence on
conservation because the native culture is closely tied to the environment. Habitat
fragmentation in the area not only harms the environment, but also upsets the culture of
local tribes (PCIA, 2011 ), so working to keep the area intact is a major goal. Local
participation was determined to have a positive influence on conservation efforts due to
the collaboration between the two countries to keep the joint management intact.
Different events held in the area highlight how well the United States and Canada have
worked together to maintain the park (PCIA, 2011).
The education of tourists begins with the principles of protection first and the
utilization ofresources second (Liu, Yang & Xie, 2006). Tourism activities in the area
showcase the protected landscape and revenues remain local for use in the park (Boley,
2009; Boley & Nickerson, 2009). A positive influence was described for tourism in the
park due to the focus on protection.
4.4.1.2.1.12 Yellowstone
4.4.1.2.1.12.1 Environmental Factors
Soil quality, species index, and water quality represent the parameters used to

define environmental health. Poorly developed soils in Yellowstone were reported to
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have low amounts of nutrients and interestingly, they change color with season and
chemical content (Boswell, 2010). Certain areas were degraded by heavy metal content
from local mining operations (Redman, Litvintseva, Sheehan, Henson & Rodriguez,
1999) or suffered from erosion due to devegetation by fire (Meyer & Wellsi, 1992).
Although some areas exhibit poor soil development, trampling and grazer dung
contribute to soil enrichment (Frank & Evans, 1997) and soils have not been depleted in
spite of chronic grazing (Tracy & Frank, 1998). Soil quality was considered to have a
neutral influence on conservation efforts because soil enrichment occurred by grazer
enhancement of nitrogen mineralization (Frank & Groffman, 1998) and large scale fires
(Rodman, Shovic & Thoma, 1996) despite the potential negative impact of excessive
grazing. The species index of the area is considered to have a neutral influence on
conservation efforts because the highspecies diversity in the park is tempered by invasive
species. There were numerous reports of invasive species, both plant (United States.
National Park Service, n.d.u) and animal, specifically freshwater trout (M, 2010b;
Yellowstone National Park, n.d.). Fragmentation in the park also contributes to a lower
species index rating as grizzly bear populations have been reduced, and even eliminated
in certain areas, due to human presence (Mattson, Knight & Blanchard, 1987). The
biological diversity of certain species; pink filaments (Reysenbach, Wickam & Pace,
1994), microbial mats (Fouke et al., 2000) and Crenarchaetota (Barns, Fundyga, Jeffries
& Pace, 1994) were unexpected for the area. Yellowstone National Park also has the
largest concentration of wildflowers in the contiguous 48 states (Bear Encounters, n.d.)
that help to buoy the species index rating. The species index is further impacted by fires
in the area which change the concentration of plant species through succession and seed
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establishment (Turner, Romme & Gardner, 1999). Moreover, species interactions and
management were devastated following the removal of wolves form the park (Habitat
Destruction, n.d.). Without a major predator, the elk and bison populations ballooned and
were close to critical levels in the park with large-scale destruction of riparian vegetation
(Laundre, Hernandez & Altendorf, 2001; Mao et al., 2005). It wasn't until the
reintroduction of wolves that plant and animal species returned to a more normal state
and protection measures could begin to restore vegetation in the area (Ripple & Beschta,
2003). Water quality was determined to have a negative influence on conservation efforts
due to pollution from mining and contamination from waste. Leachate from mining
tailings is present in the waters surrounding the park and has the potential to seep into
groundwater and contaminate a large area (M, 2010b; Quinn & Miller, 1997;
Yellowstone National Park, n.d.). Water quality assessments in the area show variable
results for different streams (United States. National Park Service, 2016w) with fecal
coliform and arsenic registering above safe drinking water standards, and pesticides
below contaminant levels (Miller, Clark & Wright, 2004). The presence of arsenic is the
result of rock leachingand is a natural contaminant from the geothermic waters of
Yellowstone National Park (Stauffer & Thompson, 1984). Despite reports of pollution
and contamination the National Park Service reports water quality as nearing that of a
pristine aquatic ecosystem.
Fragmentation of Yellowstone National Park's habitat is the consequence of
deforestation (Johnson, Hernandez, Sands & Bekker, 2010), livestock and mining (M,
2010b), and human development (Mattson, Knight & Blanchard, 1987), which was
determined to have a negative influence on conservation efforts. The western border is
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being fragmented by deforestation from logging (Johnson, Hernandez, Sands & Bekker,
2010). Fragmentation from livestock impacts the range of native large ungulates,
specifically buffalo (M, 2010b ). Human development causes habitat fragmentation
through the introduction of roads, which has reduced the grizzly bear habitat in such a
significant way that the population appears to be only marginally viable (Mattson, Knight

& Blanchard, 1987). Habitat degradation, beginning with fragmentation, damages the
environment of Yellowstone National Park and reduces the environmental health by
negatively impacting water quality (Arnold & Koel, 2004). In addition, Yellowstone
National Park commissioned a habitat gap analysis to identify gaps in knowledge about
the thematic and methodological impact of tourism on the park. Use of the analysis was
considered to have a neutral influence due to the analysis being informational only
(Department of Parks, Recreation and Tourism, 2014).

4.4.1.2.112.2 Institutional Factors
Yellowstone was established by a congressional act in 1872 as protected land
(United States. National Park Service, 2016x). It's establishment, with a focus on
protection, aided in the determination that government policy, is a positive influence on
conservation efforts in the area. Supporting national policy, many local organizations are
partnered together to assist the National Park Service fulfill its mission to protect
Yellowstone's natural resources for future generations (United States. National Park
Service, 2016x; United States. National Park Service, 2016y). Local government
organizations have a positive influence on conservation efforts as as result of partnerships
created with one another and in support of the national park.
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The management history of Yellowstone National Park includes management
plans for bison (Dobson & Meagher, 1996) and bear relocations (Mattson, Knight &
Blanchard, 1987). More recently, management plans in the park were centered on
wildlife management such as the reintroduction of grey wolves (Fritts et al., 1997; Ripple
& Beschta, 2003), the monitoring of bison populations (White, Treanor, Wallen, Lewis &

Date, 2008), and grizzly bear recovery and management (M, 2010b; United States.
National Park Service, 2016z). The management plans call for stewardship of the park to
ensure protection of priceless resources, unique to Yellowstone National Park, for future
generations (United States. National Park Service, 2016z). Management plans have
cycled through master plans, land protection plans, exotic vegetation management plans,
and natural resource management plans (M, 2010b). Despite the number of management
plans, they are considered to have a neutral influence on conservation efforts due to poor
wildlife management development (Yellowstone National Park, n.d.).
Insufficient funding for Yellowstone National Park was determined to have a
negative influence on conservation efforts. The maintenance budget is underfunded and
this has the potential to impact the area's resources, especially given the presence of
outdated water and wastewater facilities (Regan, 2013). Government appropriations are
simply inadequate to cover the maintenance and protection needs of the park without
being made up by other groups (Yellowstone Park Foundation, n.d.).
4.4.1.2.1.12.3 Social Factors
Urban pressure is evidenced by two sub-factors: major development projects and

agriculture in the area. Mining (M, 201 Ob), road development (Yellowstone National
Park, n.d.; Mattson, Knight & Blanchard, 1987) and logging (Johnson, Hernandez, Sands
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& Bekker, 2010; Mattson, Knight & Blanchard, 1987) are described as major
development projects in the area . Mining claims result in the pollution of streams in the
park and limit ecosystem services in the area (M, 2010b). Road construction and
transportation development have fragmented Yellowstone's habitat reducing the viability
of the grizzly bear populations (Yellowstone National Park, n.d.; Mattson, Knight &
Blanchard, 1987). Logging also contributes to habitat fragmentation and, to a lesser
degree, reduces the viability of grizzly populations (Johnson, Hernandez, Sands &
Bekker, 201 O; Mattson, Knight & Blanchard, 1987) . Major development projects were
considered to have a negative influence on conservation efforts due to the consequences
of water pollution and habitat fragmentation. Agricultural practices surrounding the park
dominate upstream waters and lower water quality though run-off (Arnold & Koel,
2004). Livestock farming, or rangeland, reduces the amount of habitat available for
migrating ungulate populations that inhabit the park (M, 2010b; Arnold & Koel, 2004).
Agricultural practices were determined to have a negative influence on conservation
efforts in the area.
Trophic cascades were reestablished following the reintroduction of Grey Wolves
to Yellowstone (Fortin et al., 2005). Grey Wolves are keystone predators that regulate the
predator-prey interactions within the animal community (Wilmers, Crabtree, Smith ,
Murphy & Getz, 2003) . The reintroduction was considered an early success as it enabled
park management's efforts toward riparian restoration (Fritts et al., 1997; Ripple &
Beschta, 2003). Restoration efforts were determined to have a positive influence on
conservation efforts due to the reintroduction of grey wolves and subsequent native plant
restoration (United States . National Park Service, n.d.v). On the other hand, high visitor
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use (Yellowstone National Park, n.d.) contributes to diminished ecosystem services and
therefore tourism was considered to have a negative influence on conservation efforts
within Yellowstone National Park.
4.4.1.2.1.12.4 Conflict Factors
Local conflict in Yellowstone National Park is centered upon boundary conflicts

with large ungulates. Migrations in and around the park are a source of continual conflict
between people and wildlife (Yellowstone - National Wildlife Federation, n.d.). The
human vs. animal conflict has a negative influence on conservation efforts in the area.
4.4.1.2.1.13 Yosemite
4.4.1.2.1.13.1 Environmental Factors
The environmental health of Yosemite National Park was defined based on three

sub-factors: soil quality, species index, and water quality. Soil in Yosemite National Park
is vulnerable to erosion (United States Department of Agriculture, Natural Resources
Conservation Service, 2007) from natural glacial activities (Wieczorek & Jager, 1996)
and human-induced trampling (Aplet, Anderson & Stone, 1991; Madej, Weaver &
Hagans, 1994). Soil chemical properties are parallel to the elevation gradient (Parker,
1989) as fire, parent material, living organisms, and topography all contribute to soil
formation and degradation (Anderson & Carpenter, 1991; United States Department of
Agriculture, Natural Resources Conservation Service, 2007). White (2007) also reported
some soil compaction results from roadside parking that lowers soil quality in the park .
Soil quality was considered to have a negative influence on conservation efforts due to
natural and anthropogenically caused erosion events. There is a high amount of
biodiversity reported for Yosemite National Park due to large intact habitat areas
(Wildlife of Yosemite National Park, n.d.; M, 2010c). However, a multitude of invasive
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species (M, 2010c; United States. National Park Service, n.d.w; Underwood, Klinger &
Moore, 2004; White, 2007) are also reported in the area that take habitat from native
species. For example, the disappearance of native fish from lakes within the park is a
consequence of the introduction of predatory non-native fish (Knapp, 2005; Knapp,
Hawkins, Ladau & McClory, 2005). In addition, the loss the top predator and lack of oak
recruitment suggest loss of biodiversity (Ripple & Beschta, 2008). The species index was
determined to have a neutral influence on conservation efforts because even with high
biodiversity, invasive species have changed species interactions. Natural environmental
conditions, such as low alkaline water (Clow, Mast & Campbell, 1996) and natural
drought cycles (Guarin & Taylor, 2005) in Yosemite National Park make the area
vulnerable to human disturbances. Drought, intensified by excessive water use for
anthropogenic purposes, has reduced water availability for essential environmental
services (Water in Yosemite National Park, n.d.). Even with reduced availability, water
quality in the park is considered good (Wildlife of Yosemite National Park, n.d.) with no
months in violation based upon consumer reports (2014 Consumer Confidence Report,
2014; United States. National Park Service, 2016aa). The sewer management system that
is in place for multiple areas of the park poses a potential reason for the area's
maintainance of high water quality standards (United States. National Park Service,
n.d.x). Water quality was determined to have a neutral influence on conservation efforts
because water quality was consistently reported as "good," although there are some
reports of low water availability.
Air quality for Yosemite National Park has been degraded by pollution (M,
20 I 0c) and is considered to be a negative factor in conservation efforts. Visibility and
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quality of air is impacted by [POM] biomass smoke (Carrico et al., 2005), ozone haze and
fire (United States. National Park Service, n.d.y). Poor air quality degrades the
environment and through deposition, reduces essential ecosystem services.
Yosemite National Park has the largest and least fragmented portion of habitat
located within the Sierra Nevada mountain range (Yosemite National Park- Nature, n.d.).
The area is continually described as relatively intact and unfragmented (Wildlife of
Yosemite National Park, n.d.; M, 2010c; Yosemite National Park - Nature, n.d.). Habitat
fragmentation, or lack thereof, was considered to have a positive influence on
conservation efforts even with the threat of habitat fragmentation from surrounding areas
(M, 201 0c ). A habitat gap analysis was performed for Yosemite National Park. The
analysis identified gaps within the Merced River Plan and is considered to have a neutral
influence on conservation efforts because gaps were identified but not resolved (Leung,
Bigsby & Kollar, 2011) .

4-4.1.2.1.13.2 Institutional Factors
Yosemite National Park follows policies mandated by the National Park Service
(United States. National Park Service, n.d.bb). Government policy has a positive
influence on conservation efforts, even though U.S. policy focuses more on tourism than
the on environment. In addition to national government policy, the park is supported by
active non-governmental organizations (Yosemite National Park, n.d.). The presence of
NGOs is considered to have a positive influence on conservation efforts by bringing
awareness to the unique environment and habitats of Yosemite National Park.
Management plans are needed to effectively promote conservation and to
maintain biodiversity in Yosemite National Park (M, 2010c). The delivery system
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utilized for management plans has been inconsistent (Lackey & Ham, 2004); however,
there are a multitude of plans in place to support various aspects of park management
(United States. National Park Service, n.d.cc ). To preserve native vegetation, the park has
plans to both limit human activity and to reverse the impact of invasive species. The
incorporation of peak limits on heavily used hiking and travel trails (van Wagtendonk,
1981) and restrictions on private vehicle use (White, 2007) have aided in regulating
human activity in the park (Vale, 1987). Prior to implementation, questionnaires were
filled out by visitors to assess how well increased regulation would be accepted. It was
reported that more regulation would be tolerated in order to conserve the natural areas of
the park (Newman, Manning, Dennis & McKonly, 2005). Limiting invasive species to
begin restoration was based upon patter predictions to aid in decision making
(Underwood, Klinger & Moore, 2004) for invasive species plant management (United
States. National Park Service, 2016bb). Steps for restoration (Madej, Weaver & Hagans,
1994) were developed to balance restoration and risk management (Scholl & Taylor,
20 I 0) although a hazard assessment plan has not been developed for the area (Wieczorek
et al., 2000). Additional management plans support various aspects of conservation and
include a sewer system management plan (United States. National Park Service, 2016aa),
fire management (Van Wagtendonk & Root, 2003) and management practices to deal
with bear encounters. Management plans were described as having a positive influence
on conservation efforts as they effectively deal with a variety of situations including daily
park operations, restoration and future protection needs.
The National Park Foundation (United States. National Park Service, n.d.z), along
with The Yosemite Fund (United States. National Park Service, n.d.aa) among others,
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provide the necessary funding needed to maintain Yosemite National Park. Multiple
sources of funding help to provide revenue for different park operations. Due to sufficient
funding of the park, funding was determined to have a positive influence on conservation
efforts in the area.

4.4.1.2.1.13.3 Social Factors
Major development projects and agriculture were present in Yosemite National
Park and were used to describe urban pressure on the park. The construction ofroadways
to ease tourist access cuts into the natural habitat of the park (White, 2007). Road
development is the main development project present in the area and is considered to
have a negative influence on conservation efforts due to habitat fragmentation inherent in
road construction. Agriculture was also determined to have a negative influence on
conservation efforts mainly due to grazing practices (Yosemite National Park, n.d.; Vale,
1987). Natural vegetation has been altered due to excessive grazing from a heavy
concentration of sheep and livestock. Aboriginal populations began vegetation
manipulation with fire succession (Anderson & Carpenter, 1991; Aplet, Anderson &
Stone, 1991); however, it was on a much lower scale than agricultural practices
performed today.
To begin restoration of Yosemite National Park, steps were taken to reduce
human presence in certain areas, thus reducing the impact of human trampling on natural
vegetation (Madej, Weaver & Hagans, 1994). Subsequent removal of a dam allowed
natural channels and hydrological processes to return passively in the park (United States.
National Park Service, n.d.dd). Restoration attempts were considered to have a positive
influence on conservation efforts because they have returned natural functionality to the
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environment. Although restoration attempts have begun to reduce the impacts of human
presence, tourism in Yosemite National Park is still considered to have a negative
influence on conservation efforts in the area due to the extreme pressure placed on the
park. Pressure to modernize park accommodations and uncontrolled camping (M, 201 0c)
have begun to degrade ecosystem services by chipping away at the natural habitat, and by
increasing the soil compaction and erosion rates that are associated with tramping and
trail overuse (Newman, Manning, Dennis & McKonly, 2005).
4.4.1.2.1 13.4 Conflict Factors
Conflict in Yosemite National Park was described as a human vs. animal conflict
(Harms, 1980; Lackey & Ham, 2004). Human-bear interaction (Lackey, 2003) within the
park, even with increased education about proper bear avoidance procedures (Rogers,
2014), continues to be an issue. Local conflict was determined to have a negative
influence on conservation efforts in the park.
4.4.1.2.2 Multiple Criteria Analysis
The United States factors were input into the preliminary multiple criteria
database. Multiple criteria analysis utilizes only applicable factors in summation to aid in
the identification of more significant factors that influence conservation. The type of
relationship, positive or otherwise, that factors have on specific conservation and that was
determined during percentage analysis was not recorded here. Factors and sub factors that
were applicable, or present in a study location, are given an assignment of one. If a factor
was not mentioned in literature and/or not noted to influence conservation in any way, it
was given an assignment of zero.
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4.4 1.2.3 Additional and Multiplicative Functions
Additional and multiplicative function analysis was developed by employing the

results from percentage analysis and multiple criteria analysis to aid in rate assignment. A
weight and rate assignment was given for each factor category, for use in linear addition,
which multiplies the weight and rate of each factor category, then adds each category
together to calculate a total score. Factor category weight, which was accomplished
during initial methodology, is based on a factor's overall role on conservation efforts. To
attain a rate assessment for the thirteen United States study locations, percentage analysis
and multiple criteria analysis results were utilized. For applicable factors, the factors that
were considered to have a positive influence on conservation were assigned a rate of
"high, " while factors that were considered to have a negative influence were assigned a
rate of "low." Neutral influences on factors and non-applicable factors were disregarded
during analysis because the factors were considered to have little bearing on the outcome
of the specific conservation efforts. Once a linguistic rate was assigned for each factor
category, a numerical rate was assigned to delineate an overall score by linear addition .
4.4.1.2.4 Rule Based System
The thirteen study locations in the United States were applied to the rule bases,

which were created using the results of the three preceding analyses. A knowledge-based
system was utilized to encode the rules and to predict different iterations of conservation
success, written as conditional statements. The application to the rules bases resulted in
an assignment of the degree of success in the United States.
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4.4.1.3 Results and Discussion
4.4.1.3. l Percentage Analysis
Percentage analyses for the United States shows variable degrees of positive and
negative influences (Table 81 ). Due to the dynamic nature of how factors influence
conservation and the number of different study sites in varying locations, each park or
ecoregion has a unique overall percentage for positive, neutral, and negative influences as
well as the percentage of non-applicable factors. The results for percentage analysis have
been broken down by applicable and non-applicable factors within the four factor
categories of environmental, institutional/policy, social/cultural/economic and conflict
factors with an overall percentage analysis score.
Percentage results for the United States study locations demonstrate that the parks
may be less successful than the standard measurement of success suggests. The Northern
Great Plains ecoregion had the highest percentage of negative influences from applicable
factors and one of the lowest percentages for positive influences, which would suggest
that the ecoregion is the least successful conservation area in the United States.
However, the percentages are not significant enough to determine which of the thirteen
study sites will be the most successful. Further analysis is needed to truly define success
based upon the clearly defined set of holistic factors.
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Table 8 I: Percentage Analysis results for the thirteen United States study sites.
Factors

Carlsbad Caverns Applicable

Carlsbad
Caverns
NonAoolicable

100.00%

0.00%

Environmental

Chihuahuan Applicable

Chihuahuan
NonApplicable

80.00%

20.00%

Positive

Negative

u•.

Positive

Negative

0.00%

40.00%

Ill

0.00%

75.00%

Institutional/
Policy

100.00%

...
Ul

Glacier Bay
NonApplicable

80.00%

20.00%

Positive

Negative

0.00%

2S.00%

10().0()'¼,

100.00%

0.00%

Glacier Bay Applicable

Negative

•r

Positive

Negative

1M

Positive

Negative

100.00%

0.00%

I<'

80.00%

0.00%

nl

66.67%

00.00%

25.00%

75.00%
Positive
16.67%

Conflict

Negative

~,

66.67%

,...

Positive
33.33%
80.00%

20.00%

.:,

Positive

Negative

66.67%

:l'I

16.67%

33.33%

20.00%

Negative

1tl

Positive

Negative

0.00%

100.00o/v

;i1

0.00%

100.00%

73.91%
Positive

Negative

35.29%

41.18%

80.00%

"'
IU

69.57o/.

26.09%,

~•

Positive

Negative

Cl

37.50%

50.00%

40.00%
111

.1:
25.00%

75.00o/.

Negative

Positive

Overall

25.00%

7S.00%

CM

60.00%

Positive

Social/Cultural/
Economic

lff

41

IM

0.00%

100.00%

Positive

Negative

:11

0.00%

0.00%

~It

30.43%

56.52%

Ill

Positive

Negative

''

23.08%

23.08%

~·

43.48%

,•

395

Factors

Grand Canyon Applicable

Environmental

100.00%
Positive

Negative

40.00%

60.00%

Institutional/
Policy

~·

Negative

50.00%

0.00%

Social/Cultural/
Economic

20.00%
Conflict

Great Smoky
Mountains
Nonapplicable

Hawaii Volcanoes Applicable

Hawaii
Volcanoes
NonApplicable

100.00%

0.00"/.,

o.ooo;,,

100.00%
Positive

Negative

lt1

Positive

Negative

UI

0.00%

60.00%

UL

0.00%

40.00%

n1

25.00%

100.00%

0.00%

100.00%

UI

Positive

Negative

..,

Positive

Negative

11:

80.00%

0.00%

1K

40.00%

20.00%

62.50%
Positive

Great Smoky Mountains
Applicable

0.00%

:n

80.00%
Positive

Grand
Canyon
NonApplicable

37.50%

Negative

11

80.00%

J1I

Positive

Negative

28.57%

42.86%

80.00%

20.00%

12.50%

87.50%
1111

...

20.00%

..,

33.33%

66.67%

lO

Negative

u,

0.00%

It:

80.00%

0.00%

Positive

Negative

••

Positive

0.00%

100.00%

:rl

0.00%

100.00%

10

0.00%

Positive
33.33%

Negative
46.67%

111

fl!

78.26%
Positive
33.33%

Negative
38.89%

25.00%

Negative

:JI

34.7H%

111

Positive

Negative

65.22%

Ml

75.00%

Positive

Overall

100.00%

21.74%

100.00%

69.57%

lrt

Positive

Negative

".II

25.00%

43.75%

30.43%

~.

Ill
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Factors

Mammoth Cave Applicable

Mammoth
Cave NonApplicable

80.00%

20.00%,

Environmental

Northern Great Plains
Applicable

Northern
Great Plains
NonApplicable

100.00%

0.00%

Positive

Negative

111

Positive

Negative

0.00%

50.00%

I'll

20.00%

60.00%

Institutional/
Policy

80.00%
Positive
50.00%

Social/Cultural/
Economic

Negative
0.00%

20.00%

.,
50.00%

S0.00%
Positive

Negative

50.00%

25.00%

Conflict

50.00%

•t

,~

0.00%

100.00%

0.00%

50.00%

80.00%

20.00%

""'

25.00%

'111

50.00%

s0.00°1.

Positive

Negative

Ill

Positive

Negative

w

16.67%

50.00%

ll

25.00%

75.00%

L:

20.00•1.
Positive

Negative

0.00%

100.00%

47.83%

...

60.00%

111

HI

lfl

llt

Negative

Ill

25.00%

20.00%

Positive

0.00%

Negative

0.00%

::,

Negative

33.33%

114

111

0.00%

Positive

••

lrt

75.00%

100.00%

52.17%

0.00'1/,,

Negative

Negative

Positive

Overall

100.00%
Positive

40.00o/e
Positive

lt4

Olympic
NonApplicable

Olympic Applicable

80.00%
Ill

"'

60.87%
Positive

Negative

21.43%

57.14%

20.00%
Positive

Negative

0.00%

100.00%

39.13%

.,

111

80.00%

"'
i;;

65.22%
Positive

Negative

33.33%

40,00•1o

34.78%
itr

r,,i
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Factors

Redwood Applicable

Redwood NonApplicable

Waterton Applicable

Waterton NonApplicable

Environmental

100.00%

0.00%

80.00%

20.00%

Positive

Negative

0.00%

20.00%

Ill

IH

Positive

Negative

75.00%

25.00%

Social/Cultural/Economic

100.00%

0.00%

:ii

12.50%

57.14%

c•

'

"'
:~J

Positive

Negative

111

40.00%

40.00%

SM

Positive

Negative

0.00%

0.00%

0.00%

21.74%

78.26%

37.50%

62.50%

60.00%

40.00%

Overall

40.00%

:m

14.29%

100.00%

60.00%
:)I

Yt

Negative

t"II

Negative

Negative

0.00%

50.00%

Positive

Positive

Positive

0.00%

111

1114

87.50%

Conflict

Negative

20.00%

80.00%

Institutional/ Policy

Positive

52.17%

Positive

Negative

YI

Positive

Negative

22.22%

44.44%

'1

41.67%

33.33%

100.00%

~"
:fl

~·

47.83%

lit
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Factors

Yellowstone Applicable

Yellowstone NonApplicable

Yosemite Applicable

Yosemite NonApplicable

Environmental

100.00%

0.00%

100.00%

0.00%

Positive

Negative

0.00%

40.00%

Institutional/ Policy

Ill

Positive

Negative

ij'

In

20.00%

20.00%

I::!

80.00%
Positive

Negative

50.00%

25.00%

Social/Cultural/Economic

Z0.00%

Z5.00%

80.00%

Ml

Positive

Negative

.,

1111

100.00%

0.00%

Ill

50.00%

S0.00%

so.00•1o

50.00%

..,

Positive

Negative

m

Positive

Negative

25.00%

75.00•/o

:ii

25.00%

75.00%

Positive

Negative

~I

0.00%

100.00%

~

Conflict

20.00%

80.00%

Positive

Negative

Ill

0.00%

100.00%

:Mt

Overall

60.87%
Positive

Negative

21.43%

50.00%

..,
,1•

) II

80.00%

20.00¾

39.13%

60.87%
Positive

Negative

~,

42.86%

35.71%

I

39.13%

399

4.4.1.3.2 Multiple Criteria Analysis
Building upon the results of the percentage analysis, applicable factors were
identified for multiple criteria analysis. The type of influence that factors have on
conservation was not accounted for in the results as factors were only assigned either a
one or zero to represent presence or absence, respectively. Environmental factors,
excluding habitat gap analysis, management plans, major development projects,
international fragmentation, international conflict and the refugee state were determined
to be the same, either present or absent for the thirteen study locations. Similar patterns
were identified for other factors present in the institutional/policy and
social/cultural/economic factor categories, though not all factors were the same for all
parks (Table 82).
From the preliminary totals, local and regional factors for the United States'
conservation efforts can be determined. However, globally important factors are not
readily apparent. The number of factors that influence the United States study sites range
from 12 to 18 total factors. While the number of applicable factors differ, the difference
between the thirteen study sites is not significant enough to determine a success ranking.
Using multiple criteria analysis alone does not make allowances for the inherent
differences of factors or their levels of importance to overall conservation efforts.
Further analysis is needed to determine true success based upon the holistic factors as no
real determination can be made with just multiple criteria analysis.
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Table 82: Multiple criteria results for the thirteen study sites. AJ Carlsbad, BJ Chihuahuan, CJ Glacier Bay, DJ Grand Canyon, E)
Great Smoky Mountains, FJ Hawaii Volcanoes, GJ Mammoth Cave, HJ Northern Great Plains, IJ Olympic, JJ Redwood, KJ Waterton,
LJ Yellowstone, MJ Yosemite
B

~

D

(;

H I
J
1
1
1

!Factor

Sub factor

~nvironmental Health

Soil Ouali lv

1

1

1

1

1

1

1

!water Ouali tv

1

1

1

1

1

I

1

I

1

Species Index

1

1

1

1

1

1

1

I

1
1
1
1

1
0
1
1

1
0
1
1

1
1
1
1

1
1
1
1

1
1
1
1

1
0
0
1

1
1

1
1

1

1

0
1
1
1
I
0
1
1

1
1
1
1
1
0
1
0

0
1
0
1
1
1
1
0
0
1
1

0
1
1
0
1
1
1
0
0
1
1

1
1
1
I
1
1
1
1
0
1
1

1
1
I
0
1
1
1
1
0
1
I

0
0
0

0

0

0
0

0
0

0
0
0

0
0
0

0
0
0

1
0
17

0
1
16

0
0
13

1
0
15

1
0
18

0
16

Habitat Fragm entation and Edge Effect
l!abitat Ga p Anal ysis
K}overnment Policy
Local Governmen t Or ganization s
Non-Government Organizations
Management Plans
"'unding
Population Chan 2e
!Urban Pressure

Local Partici pation
Cultural Ed 2e Effect
Restoration
Tourism
International Fragmentation
International Conflict
Refu2ee State
Local/Re gional Conflict
Conflict Over Resources
Total

Ma ior Develo pment Pro iects
Encroachment
A 1rriculture

A

C

F

0

L

K

M

US Total

1

1

1

13

1

1

1

1

13

1

1

1

1

1

13

1
1
0
1

1
1
1
1

1
1
1
1

1
0
1
1

1
1
1
1

1
1
1
0

13
9
11
12

1
1
1
1
1
0
0
0
0
1
1

0
1
0
1
1
1
1
1
0
I
0

1
I
1
0

0
1
1
0
1
1
1
1
1
1
1

0
I
0
0
1
1
0
1
1

0
1
1
0
1
0
1
0
0
1
1

1
1
1
0
1
0
1
0
0
1
1

7
13
10
5

0

0

0

0

0

0

0

0
0
0

0

0
0

0
0
0

0

0

0
0

0
0

0
0
12

0
1
14

1
0
15

1
1
18

1
0
14

1
0
14

7
3

1
1

0
0
0
1
1

0

1
0
0
0

0
12

13
10
10

7
2
12
11
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4.4. l.3.3 Additional and Multiplicative Functions
Rate assessment for each factor within the thirteen parks was determined using
the results from percentage analysis and multiple criteria analysis. The rate, in
combination with a predetermined weight for factor categories, was used to define
success by additional and multiplicative functions. The types of influence that present
factors had on conservation were allocated to the rate assignment table. Positive and
negative influences were assigned high and low rates, respectively, while neutral and
non-applicable influences were excluded from analysis. Carlsbad (Table 83), Chihuahuan
(Table 84), Glacier Bay (Table 85), Grand Canyon (Table 86), Great Smoky Mountains
(Table 87), Hawaii Volcanoes (Table 88), Mammoth Cave (Table 89), Northern Great
Plains (90), Olympic (Table 91), Redwood (Table 92), Waterton (Table 93), Yellowstone
(Table 94), Yosemite (Table 95) rates are displayed below.Local factors were determined
to be variable which was reflected by the assignment of factor rate on a case by case basis
with the factor category weight assigned by the overall role of a factor on conservation.
When comparing factor category weight and rate assignment, the study locations
demonstrate different numerical assignments, the total score for the United States parks
range from 49 to 63, with an average score at 54.9. Overall, the environmental category
resulted in a low rate, the institutional/policy category rated moderately high to high, and
the rate for the social/cultural/economic category was moderately low. Conflict was
present in nine of the thirteen study locations. Higher scores for the Grand Canyon and
Yosemite suggest that the sites may be more successful than the other eleven study sites;
however, the scores are not significantly different enough to truly define success. To
accurately define true success based upon a clear set of holistic factors, analysis methods
will need to be fine-tuned.
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Table 83: Rate assignment table for Carlsbad.
Cate 2ory
Environmental

Institutional/ Policy

Factor

Sub factor

Rate

Environmental Health
Habitat Fragmentation and Edge
Effect

Water Quali ty

Low
Low

Government Polic y

High

Local Government Or ganizations

High

Non-Government Orl?3llizations

Hi lili

Mana gement Plans

Hi gh
High

Funding
Social/Cultural/
Economic

Conflict
Traditional

Total Relative
Weights & Rate

Urban Pressure

Major Development
Proj ects

Low

Encroachment

Low

Agriculture

Low

Local Partici pation

Low

Restoration

Hiith

Local/Re gional Conflict

Present

Increase in species

Hi .(:h

Increase in conservation areas

Hi l!:h

Overall Rate

Numerical
Assienment

Overall
Weieht

Weight*
Rate

Low

1

5

5

Hiclt

5

4

20

Moderately
Low

2

3

6

Present

1

-3

-3

Hi 11
h

5

5

25
53

403

Table 84: Rate assignment table for Chihuahuan.
Cateeorv
Environmental

Institutional/ Policy

Social/Cultural/
Economic

Factor

Sub factor

Rate

Environmental Health

Soil Quali ty

Low

Water Quali ty

Low

Habitat Fragmentation and Edge
Effect

Low

Government Polic y

Hi gh

Non-Government Organizations

High

Mana 11.
ement Plans

High

Fundin g

Hiizh

Po pulation Chan ge
Urban Pressure

Conflict
Traditional

Total Relative
Wei ghts & Rate

Overall Rate

Numerical
Assi 2nment

Overall
Wei2ht

Weight*
Rate

Low

1

5

5

Hi,::h

5

4

20

Low
Major Development
Projects

Low

Encroachment

Low

Agriculture

Low

Local Partici pation

Hi gh

Restoration

HiJ;:h

Moderately
Low

2

3

6

Conflict Over Resources

Present

Present

1

-3

-3

Increase in species

High

Increase in conservation areas

Hi~h

Hicll

5

5

25
53

404

Table 85: Rate assignment table for Glacier Bay .
Cate eorv
Environmental
Institutional/ Policy

Social/Cultural/
Economic

Factor

Sub factor

Rate

Environmental Health

Soil Quality

Low

Government Polic y
Non-Government
Or ~anizations

Hi gh

Total Relative
Weights & Rate

Weight*
Rate

Low

I

5

5

High

5

4

20

Moderately
Low

2

3

6

Absent

0

-3

0

Hieh

5

5

25

Low
Major Development
Pro iects

Low

Encroachment

Low

AJ!,Ti
culture

Low

Local Partici pation

Hi gh

Restoration

High

Increase in species

High

Increase in con servation areas

Hiclt

Conflict
Traditional

Overall
Wei2ht

Hi clt

Po pulation Chan ge
Urban Pressure

Numerical
Assilmment

Overall Rate

56

405

Table 86: Rate assignment table for Grand Canyon.
Catee:o rv
Environmental

Institutional/ Policy

Factor

Sub factor

Rate

Environmental Health

Soil Quali ty

Low

Water Qualit y

Low

Species Index

Low

Habitat Fragmentation and Edge
Effect

High

Habitat Gap Anal ysis

High

Government Polic y

HiRh
High

Fundin g
Social/Cultural/
Economic

Urban Pressure

Major Development
Pro jects
A1,.'Ti
culture

Conflict
Traditional

Total Relative
Weicllts & Rate

Overall Rate

Numerical
Assi gnment

Overall
Weight

Weight*
Rate

Moderate

3

5

15

High

5

4

20

Moderately
Low

2

3

6

Present

1

-3

-3

High

5

5

25

Low
Low

Local Partici pation

Hi Rh

Tourism

Low

Local/Re gional Conflict

Present

Increase in species

Hicll

Increase in conservation areas

High

63

406

Table 87: Rate assignment table for Great Smoky Mountains.
Cate2o ry
Environmental

Institutional/ Policy

Factor

Sub factor

Rate

Environmental Health

Soil Qualit y

Low

Wate r Ouali tv

Low

Habitat Fragmentation and Edge
Effect

Low

Government Polic y

Hi gh

Local Government Or ganizations

Hi cll

Non-Government Or J?anizations

High

Funding
Social/Cultural/
Economic

Conflict
Traditional

Total Relative
Wei i:ilits & Rate

Urban Pressure

High
Major Development
Projects

Low

Encroachment

Low

A rn culture

Low

Local Partici pation

Hi gh

Restoration

Hi!!h

Local/Re cional Conflict

Present

Increase in species

Hi cll

Increase in conservation areas

Hi gh

Overall
Rate

Numerical
Assi 2nment

Overall
Wei2ht

Weight*
Rate

Low

1

5

5

H i!!h

5

4

20

Moderate

3

3

9

Present

1

-3

-3

High

5

5

25
56

407

Table 88: Rate assignment table for Hawaii.
Cate~o ry
Environmental

Institutional/ Policy

Social/Cultural/
Economic

Factor

Sub factor

Rate

Environmental Health
Habitat Fragmentation and Edge
Effect

Species Index

Low
Low

Local Government Or l!anizations

Hi gh

Non-Government Organizations

Hi gh

Fundin g

Low

Urban Pressure

Major Development
Proj ects

Low

Encroachment

Low

A griculture

Low

Local Partici pation

Hil!h

Restoration

High

Tourism

Low

Increase in species

High

Increase in conservation areas

High

Conflict
Traditional

Total Relative
Wei i:hts & Rate

Overall Rate

Numerical
Assh!:nment

Overall
WeiEht

Weight*
Rate

Low

I

5

5

Moderately
Hi .eh

4

4

16

Moderately
Low

2

3

6

Absent

0

-3

0

Hil!h

5

5

25

52

408

Table 89: Rate assignment table for Mammoth Cave.
Cate2,o ry
Environmental

Factor

Sub factor

Rate

Environmental Health

Soil Ouali rv

Low

Water Quali tv

Low

Institutional/ Policy

Local Government
Or ganizations

Hil!b

Mana gement Plans

Hi !!h

Po pulation Chan ge

Hi l!.h

Social/Cultural/
Economic

Urban Pressure
Restoration

Major Development
Pro iects

Low
Hi ~b

Conflict
Traditional

Total Relative
Wei 1ehts & Rate

Increase in soecies

Hicli

Increase in conservation areas

Hicli

Numerical
Assil!nment

Overall
Wei2ht

Low

1

5

5

Hi gh

5

4

20

Moderately
Hi gh

4

3

12

Absent

0

-3

0

Hi gh

5

5

25

Overall Rate

Weight*
Rate

62

409

Table 90: Rate assignment table for Northern Great Plains.
Catei?orv
Environmental

Institutional/ Policy

Factor

Sub factor

Rate

Environmental Health

Soil Quality

Low

Water Oualit v

Low

Soecies Index

Hi11.
h

Habitat Fragmentation and Edge
Effect

Low

Local Government Orl!.anizations

Low

Mana gement Plans
Social/Cultural/
Economic

Conflict
Traditional

Total Relative
Wei clits & Rate

Urban Pressure

Hinh
Major Development
Pro iects

Low

Encroachment

Low

Local Partici oation

Hicli

Restoration

Low

Conflict Over Resources

Present

Increase in species

Hi gh

Increase in conservation areas

Hi••h

Overall Rate

Numerical
Assignment

Overall
Weight

Weight*
Rate

Moderately
Low

2

5

10

Moderate

3

4

12

Moderately
Low

2

3

6

Present

1

-3

-3

High

5

5

25
50

410

Table 9 I: Rate assignment table for Olympic.
Cate eorv
Environmental
Institutional / Policy

Social/CulturaV
Econom ic

Conflict
Traditional

Total Relative
Weights & Rate

Factor
Habitat Fragmentation and Edge
Effect

Sub factor

Overall
Wei2ht

Weight*
Rate

Overall Rate

Low

Low

1

5

5

Moderately
High

4

4

16

Moderately
Low

2

3

6

Present

I

-3

-3

High

5

5

25

Government Polic v

Hi!!h

Local Government Or = izations

Hi 2h

Non-Government Or l!anizations

Hi l!h

Mana 2ement Plans

Hi l!h

Fundin l!

Low

Urban Pressure

Numerical
Assi 2nment

Rate

Major Development
Pro iects

Low

Encroachment

Low

Restoration

Hicll

Tourism

Low

Local/Re cional Conflict

Present

Increase in soecies

Hi cll

Increase in conservation areas

Hi!!h

49

411

Table 92: Rate assignment table for Redwood.
Catef ory
Environmental
Institutional/ Policy

Social/Cultural/
Economic

Conflict

Traditional

Total Relative
Weights & Rate

Factor
Habitat Fragmentation and Edge
Effect

Sub factor

Overall
Weif ht

Weight*
Rate

Overall Rate

Low

Low

1

5

5

Moderately
High

4

4

16

Moderately
Low

2

3

6

Present

1

-3

-3

High

5

5

25

Government Polic y

High

Local Government Organizations

ffi gh

Management Plans

High

FundinJ?;

Low

Urban Pressure

Numerical
Assif nment

Rate

Major Development
Projects

Low

Encroachment

Low

Local Partici oation

Low

Cultural Edge Effect

Low

Restoration

High

Local/Re gional Conflict

Present

Conflict Over Resources

Present

Increase in species

High

Increase in conservation areas

Hi gh

49

412

Table 93: Rate assignment table for Waterton.
Cate1?.
orv
Environmental

Institutional/ Policy

Factor

Sub factor

Rate

Environmental Health
Habitat Fragmentation and Edge
Effect

Water Qualit y

Low
Low

Government Polic y

Hi gh

Local Government Or ~anizations

Hi gh
Hi gh

Mana 11.
ement Plan s
Social/Cultural/
Economic

Urban Pressure

Major Development
Pro iects

Low

Encroachment

Low

Local Partici pation

Hi gh

Tourism

Hi gh

Conflict
Traditional

Total Relative
Weights & Rate

Increase in species

Hi gh

Increase in conservat ion areas

Hi gh

Overall
Rate

Numerical
Assie:nment

Overall
Wei2ht

Weight*
Rate

Low

1

5

5

Hi11.h

5

4

20

Moderate

3

3

9

Absent

0

-3

0

High

5

5

25
59
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Table 94: Rate assignment table for Yellowstone.
Cateeory
Environmental

Institutional/ Policy

Social/Cultural/
Economic

Conflict
Traditional

Total Relative
Weights & Rate

Factor

Sub factor

Rate

Environmental Health
Habitat Fragmentation and Edge
Effect

Water Qualit y

Low
Low

Government Polic y

Hi gh

Local Government Organizations

Hi gh

Fundin g

Low

Urban Pressure

Major Development
Pro jects

Low

Agriculture

Low

Restoration

Hii,i

Tourism

Low

Local/Re ~ional Conflict

Present

Increase in soecies

Hi l-:h

Increase in conservation areas

Hi gh

Overall Rate

Numerical
Assi enment

Overall
Weieht

Weight*
Rate

Low

1

5

5

Moderately
High

4

4

16

Moderately
Low

2

3

6

Present

I

-3

-3

High

5

5

25
49
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Table 95: Rate assignment table for Yosemite.
Cate1?
o rv
Environmental

Institutional/ Policy

Factor

Sub factor

Rate

Environmental Health
Habitat Fragmentation and Edge
Effect

Soil Quali ty

Low
Hi cli

Government Polic y

Hi gh

Non-Government Organization s

Hi gh

Mana 11.
ement Plans

Hi gh
Hi gh

Fundin g
Social/Cultural/
Economi c

Conflict
Traditional

Total Relative
Wei ghts & Rate

Urban Pressure

Major Development
Projects

Low

Agriculture

Low

Restoration

High

Tourism

Low

Local/Re gional Conflict

Present

Increase in soecies

Hi gh

Increase in conserv ation areas

Hi gh

Overall Rate

Numerical
Assi1?
.nment

Overall
Wei1?
ht

Weight*
Rate

Moderate

3

5

15

High

5

4

20

Moderately
Low

2

3

6

Present

1

-3

-3

High

5

5

25
63
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4.4.1.3.4 Rule Based System
Table 96: Rule bases for the thirteen United States study locations.
Study Site
Carlsbad
Caverns
Chihuahuan

Glacier Bay

Grand Canyon

Great Smoky
Mountains
Hawaii
Volcanoes
Mammoth Cave

Northern Great
Plains
Olympic

Redwood

Waterton

Yellowstone

Yosemite

Rule Base
IF (Environmental is Neutral) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN Degree of
success is MODERATELY LOW
IF (Environmental is Negative) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN Degree of
success is LOW
IF (Environmental is Neutral) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Neutral) AND (Conflict is Absent) THEN Degree of
success is MODERATE
IF (Environmental is Negative) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN Degree of
success is LOW
IF (Environmental is Negative) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Neutral) AND (Conflict is Present) THEN Degree of
success is MODERATELY LOW
IF (Environmental is Neutral) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Negative) AND (Conflict is Absent) THEN Degree of
success is MODERATE
IF (Environmental is Neutral) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Positive) AND (Conflict is Absent) THEN Degree of
success is MODERATELY HIGH
IF (Environmental is Negative) AND (Institutional/Policy is Neutral) AND
(Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN Degree of
success is VERY LOW
IF (Environmental is Neutral) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN Degree of
success is MODERATELY LOW
IF (Environmental is Neutral) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN Degree of
success is MODERATELY LOW
IF (Environmental is Positive) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Neutral) AND (Conflict is Absent) THEN Degree of
success is MODERATELY HIGH
IF (Environmental is Neutral) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN Degree of
success is MODERATELY LOW
IF (Environmental is Neutral) AND (Institutional/Policy is Positive) AND
(Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN Degree of
success is MODERATELY LOW

Information collected from the three previous analysis methods was incorporated
into the expert/knowledge-based system. The knowledge-based system was utilized to
develop a total of 54 rule bases . IF-THEN conditional statements made up the rule bases,
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which were developed using different combinations of linguistic defmitions. The
linguistic definition for the environmental, institutional/policy, and
social/cultural/economic factor categories were positive, neutral, negative. In addition to
the first three categories, the linguistic definition for the conflict category was
represented by present or absent. Rule conditions were then matched to the thirteen
United States study sites (Table 96) and assumes that the traditional factors were
constant, defined as "success," which was excluded from the rule bases. The United
States conservation efforts range from VERY LOW to MODERATELY HIGH degrees
of success due to the number of study locations. The majority of study sites, six out of
thirteen, had a MOD ERA TE degree of success.
4.4.1.3.5 Discussion
The culmination of the nested analysis gave a crisp definition to conservation

success for the thirteen United States study sites: Carlsbad Caverns National Park,
Chihuahuan Desert Ecoregion, Glacier Bay National Park, Grand Canyon National Park,
Great Smoky Mountains National Park, Hawaii Volcanoes National Park, Mammoth
Cave National Park, Northern Plains Ecoregion, Olympic National Park, Redwood
National Park, Waterton International Peace Park, Yellowstone National Park, and
Yosemite National Park. As additional study locations are processed by the nested
analysis method, the rule bases will be evaluated to identify and eliminate outliers and
fine-tune the system. A clear definition of conservation success for individual study
locations was achieved with the use of rule based in a knowledge based system.
The United States' environmental policy is to promote conservation, or protection
of parks, and to serve tourism interests to preserve the park for future generations. There
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are many different conservation measures at work in the United States that serve a larger
environmental agenda, although metadata used in analysis focuses heavily on national
parks. The National Service mission statement: "The National Park Service preserves
unimpaired natural and cultural resources and values of the National Park System for the
enjoyment, education, and inspiration of this and future generations," illustrates that the
parks' priorities are not necessarily set on conservation, but rather on the enjoyment for
future generations. Eleven of the thirteen study locations are managed by the National
Park Service, which provides support for parks through funding, the recruitment of NGO
support and through local participation and restoration efforts. However, the promotion
of tourism puts pressure on the natural environment due to the sheer number of visitors
and tourist accommodations in place for western standards of society. Accommodations
for tourists alter habitats, reduce natural functions and prevent restoration efforts.
Restoration attempts can only bring a modicum of normalcy to the environmental
systems, and can be an impossible task with urban encroachment so close to parks
boundaries.
The United States' intent towards the environment is respectable. The government
appears to have the will to promote conservation, but the condition of different
environmental factors tells another story. Poor environmental quality threatens the
environment and makes conservation success uncertain. A reduction of functionality
represented by poor environmental health delays natural restoration and the
reestablishment of habitat, which can then be further degraded by continued use.
Although parks are supported by management through the establishment of rules and
regulations, and different institutions promote environmental conservation, poor
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environmental conditions slow progress. More restoration efforts and greater local
investment in the environment is needed in order for more successful conservation in the
future. Air quality, a big issue in the United States, is represented in some of the study
locations through pollution. However, air quality is not seen as a major problem, if a
problem at all, in developing areas. To ignore the additional factors that are present in or
around the United States study locations is ludicrous when, time and again, these
additional factors are shown to have an impact on conservation. Traditional
measurements do not account for the poor environmental conditions that are a
consequence of social and economic pressures and this results in misleading
determinations of success.
4.4.1.4 Conclusions
Traditional measurement standards consider the thirteen study locations in the
United States to be successful; however, following the application of a clear set of
holistic factors, in addition to the traditional biological factors, circumstances change.
The use of biological factors alone cannot account for all, if any, additional influences
that may impact conservation, so any success rating does not define true conservation
success in the area. Certain key factors, within the identified set of holistic factors, may
have a stronger influence on conservation success than others . Environmental factors
seemed more important for the United States study areas; however, only local and
regional factors were readily apparent. A multi-scale analysis utilizing different locations
worldwide is necessary to identify key factors that have a global significance to
conservation. Holistic factors were applied to conservation success measurement with the
use of an expanded evaluation rubric, which included a nested analysis method.
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Expansion of the rubric to include factors previously ignored aids in redefining success
for conservation. Based upon the results provided by the United States case study, the
current ranking of the thirteen conservation efforts changed. Rather than a definition
limited to success or failure, the thirteen conservation efforts were defined by degrees of
success. Mammoth Cave and Waterton received a higher degree of success (moderately
high degree of success) , than the very low degree of success that resulted for the Northern
Great Plains ecoregion. The two aforementioned parks scored a greater number of
positive influences over all four factor categories than the ecoregion, suggesting that
there are issues that need to be addressed in the N orthem Great Plains that are not
identified by traditional measurements. The use of an expanded rubric, that addresses
additional influences, demonstrates the differences between the study locations that were
not apparent using traditional measurements, although additional multi-scale analysis is
still needed for verification.
Changes to the success ranking of the thirteen United States study locations
strengthens the argument that the inclusion of additional factors in the measurement of
success aids in the ability to define true success. Further analysis on a multi-scale level is
needed for confirmation; however, many different factors have repeatedly demonstrated,
through case study and metadata analysis, to have some sort of influence on the United
States' conservation efforts that is ignored by traditional measurements . The use of
interdisciplinary factors within a holistic evaluation rubric resulted in contradictory
definitions and shows the need to include more than just biological factors in analysis.
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CHAPTER FIVE COMPARATIVE ANALYSIS

5.1 Comparative Analysis
Comparative analysis allows for the comparison of holistic factors against three

different scales: local, regional and global. Local factors are identified for each country
within the scope of the study by combining the applicable factors that influence the
various study locations. Further comparison of the local factors by region reveals factors
that are common to regional areas and alludes to differences between the regions as well.
Global factors were then identified by a comparison between the regions.
5.1.1 Local Factor Analysis
Local factor analysis was defined at the country level. Factors that influence all

conservation efforts present in a selected country were compared to ascertain what factors
had a common influence. The identified commonalities were further categorized by the
type of overall influence, either positive or negative.
5.1.1.1 Central America Study Locations
Conservation efforts in Costa Rica and Panama were representative of the Central
American region. In Costa Rica, factors that influence Guanacaste and Talamanca were
utilized for comparison. The factors that influence Coiba and Darien were used to
represent Panama.
5.1.1.1.1 Costa Rica
In Costa Rica, common factors were determined within each of the four factor

categories. Guanacaste and Talamanca were considered to be very similar, especially for
the institutional/policy factors where governmental support is consistent for all
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conservation

efforts. The majority of common factors were identified as having a

negative influence on Costa Rica's conservation.

Other than the institutional/policy

category, only two other factors were determined to have a positive influence; species
index and tourism (Table 97). As Costa Rica is considered to be a leader in conservation,
it is interesting that so many negative factors are present.

Table 97: Local factors identified for Costa Rica.

Habitat Fragmentation

Conservation Effort Commonalities
Guanacaste
Talamanca
Water
Sixaola River
Border with Nicara gua
Old Colonial Issues
Indigenous vs. Settlers
Social Tension
Small areas subject to
Small areas subject to
ed ge effects
edge effects

Negative

Species Index

Decent amount of species

Positive

Factor
Conflict Over Resources
International Conflict
Local Conflict

Influence
Negative
Negative
Negative

Pollution (number of
source )
Green Growth Strate gy
Support Growth of
Tourism/Environmental
Governance
Suooort System
Regional Councils,
SINAC, MINAF
Successfully tackling
tro pical deforestation

Decent amount of species
Pollution; agriculture,
runoff from tourism,
waste mana gement
Green Growth Strategy
Support Growth of
Tourism/Environmental
Governance
Suooort System
Regional Councils,
SINAC, MINAF
Successfully tackling
tropical deforestation

UNESCO
Cattle Grazin g
Diversion of water
Pollution
Huntin g and Fishin g

UNESCO
Cattle Ranchin g
Diversion of water
Pollution
Huntin g and Fishin g

Positive
Negative
Negative
Negative
Negative

Roads
Hydroelectric Dams
Lo!!eing
Growing population near
borders

NeJ?;
ative
Negative
Negative

Population Change

Roads
Hydroelectric Dams
LOl!!!ing
Growing population near
borders

Negative

Tourism

Hel p attract funding
Awareness Pro grams

Help attract fundin g
Awareness Pro grams

Positive
Positive

Water Quali ty

Government Policy
Local Government
Organizations
Mana gement Plans
NGO

Agriculture
Encroachment
Major Development
Proiects

Negative
Positive

Positive
Positive
Positive
Positive
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5.1.11.2 Panama
Panama's local factors were primarily similar among the environmental and
institutional/policy factor categories. Over half of the commonalties between Coiba and
Darien were determined to have a positive influence on conservation efforts. Logging
was included as a local factor for Panama, even though it was only reported for Darien
because of the proliferation of logging within other study locations . Overall, the positive
environmental conditions and outwardly supportive institutions based upon factor
analysis would suggest that conservation efforts in Panama could potentially have a
higher rate of success (Table 98).
Table 98: Local factors identified for Panama.

Factor

Conservation Effort Commonalities
Coiba
Darien

Influence

Habitat Fral!111
entation

Buffer Zones

Buffer Zones

Positive

Species Index

Presumably a biodiversity
hots pot
Hi!!h Endemism

Impressive Number of
Species
High Endemism

Positive
Positive

Water Quali ty

Pollution from pesticides

Ouestionable water quality

Negative

Fundin g
Government Polic y

Funding from different
NGOs
Weak standpoint

Funding from different
NGOs
Chronic Instabili ty

Positive
Negative

Local Government
Organizations

Increased authority to
provide more
environmental suooort

Local Institutions Provide
Sunnort

Positive

NGO
Agriculture

NGOs and productive
sectors provide support
Cattle Ranchin J?.

NGOs provide suooort
Cattle Ranchin g

Positive
Negative

Logging

Negative

Poorly Developed
Tourism Industrv

Negative

Major Development
Projects
Tourism

Poorly Developed Tourist
Industrv
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5.1.1.2 Mekong Valley Study Locations
The Mekong Valley proved to be an exception to the local scale definition of
country. Two of the conservation efforts in the Mekong Valley overlapped multiple
countries, Cambodia, Laos and Vietnam, making it impossible to separate by country.
Factors that influence the Lower Mekong Dry Forest ecoregion, Mekong Valley Greater
Annamites ecoregion and Phong Nha-Ke Bang National Park were considered to
characterize the local factors within the Mekong Valley.
5.1.1.2.1 Mekong Valley
The Mekong Valley area's three study locations are closely interconnected due to
the close proximity of conservation efforts. Forest resources of the Mekong Valley are
essential for the livelihood of local populations. Increasing urban pressures to
accommodate population growth has led to negative influences in conflict,
environmental, and social/cultural/economic factor categories . Commonalities in the area
suggest that infrastructure development, logging, and encroachment by the illegal wildlife
trade, lower the functionality of the environment and are manifested in the negative
influences of habitat :fragmentation, and soil and water quality. Ecotourism for the
Mekong Valley increases the revenue available for conservation of the protected area
system; however, it may not be enough to counteract the negative influences of other
identified factors (Table 99). Biodiversity and the uniqueness of the Mekong Valley may
be vulnerable to a continual loss of habitat to commercial logging, agriculture, and
infrastructure development.
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Table 99: Local/Regional factors identified for Mekong Valley

Factor
Local Conflict
Habitat
Fra gmentation
Soil Quali ty
Water Quality

Fundin g
Government
Polic y
Local
Government
Organization
NGO

Agriculture
Encroachment
Major
Development
Projects

Tourism

Conservation Effort Commonalities
Lower Mekong
Greater Annamites
Human/ Animal
Human/ Animal
Conflict
Conflict

Phon g Nha-Ke
Human/ Animal
Conflict

Influence
Negative

Habitat Loss

Negative

Habitat Loss
Pollution from gold
minin g
Pollution from gold
mining
Payments for
environmental
services
Ineffective
Corru ption

Habitat Loss
Pollution from gold
minin g
Pollution from gold
mining
Payments for
environmental
services
Ineffective
Corru ption

General Water
Pollution
Payments for
environmental
services
Ineffective
Corru ption

Positive
Negative
Negative

Protected Area
system

Protected Area
system

Protected Area
system

Positive

Play a key role in
forest protection
Ra pid growth
Increased
populations need
increased
agriculture
Illegal wildlife
trade

Play a key role in
forest protection
Rapid iuowth
Increased
populations need
increased
agriculture
Wildlife
exploitation

Play a key role in
forest protection
Rapid growth
Increased
populations need
increased
agriculture
Illegal wildlife
trade

Loef!ing

Lo ef!ing

LoJ!;ging

Infrastructure
Develo pment
Ecotourism
Source of local
income

Infrastructure
Develo pment
Eco tourism
Source oflocal
income

Infrastructure
Develo pment
Eco tourism
Source oflocal
income

NeJ1;
ative
Negative

Positive
Negative

Negative
Negative
Negative
Negative
Positive
Positive

\

5.1.1.3 Africa Study Locations
The study locations in Africa used to describe local factors were comprised of
sites in four different countries : Cameroon, Senegal, Tanzania and Zimbabwe.
Cameroon ' s conservation efforts consisted of the Congo Basin ecoregion, Oja Faunal and
Sangha Tri-National. Djoudj represented the single Senegal conservation effort. Tanzania
conservation efforts were depicted by the Coastal East Africa ecoregion, Kilimanjaro and
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Serengeti. Mana Pools and Victoria Falls were utilized to determine Zimbabwe's
conservation efforts.
5.1.1.3.1 Cameroon
Table I 00: Local factors identified for Cameroon.
Conservation Effort Commonalities
Sangha TriNational

Influence

Fragmentation
from roads

Negative

Pollution

Negative

Soil Quali ty

Con go Basin
Terrifying
Fragmentation from
roads
Poor in
nutrients/fra gile

D iaFaunal
Fragmented from
Industrial
Agriculture
Poor in
nutrients/fra gile

Water Quali ty

Pollution from
minin g

Funding

Budget constraints

Poor water
infrastructure
Insufficient
resources

Pollution from
mining
Inadequate
funding

Negative

Management
Plans

Lack environmental
measures

Inadequate

Insufficient

Negative

Transformation of
forest formation
Huntin g
Poaching of
bushmeat
Illegal wildlife trade

Movement into
forests
Huntin g
Poaching of
bushmeat

Encroachment

Major role in forest
depletion
Huntin g
Poaching of
bushmeat
Ille gal wildlife trade

Local
Partici pation

Empowering local
communities

Potential for
collaboration

Improved
integration

Major
Development
Proj ects

Log1ring
Roads

Lo1rcing
Roads

Lo gging

Factor
Habitat
Fra gmentation

Agriculture

Roads

Negative

Negative
Negative
Negative
Negative
Positive
Negative
Negative

Local factors common to the three study locations in Cameroon had an
overwhelmingly negative influence on conservation. The only positive influence
identified as similar in the country was local participation. Cameroon's conservation
efforts reflect the ill effects of poor funding and inadequate management. Without proper
support from governing institutions, major development through roads and logging,
landscape changes from agriculture and encroachment by hunting, poaching and the
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illegal wildlife trade put undue pressure on the environment. Environmental conditions
quickly deteriorate under the weight of urban pressure (Table 100).

5.1.1.3.2 Senegal
Table 101: Local factors identified for Senegal.

Factor

Conservation Effort Commonalities
D ioud i

Influence

Local Conflict

Management Authority vs. Traditional
Authori ty

Negative

Habitat Fragmentation
Soil Quali ty
Species Index

Main environmental concern
Erosion and salini ty
Invasive Species

Negative
Negative
Negative

Water Quali ty
Fundin g

Pollution from agriculture, Drou ght
Chronic underfundin g

Negative
Ne gative

Local Government Organizations

National Parks Service

Positive

Mana gement Plans

Poor mana gement capacity

Negative

A~culture

Livestock Farming
Hunting
Poaching

Negative
Negative
Negative

Increased awareness
Poor partici pation
Lo gcing
Dams
Immediate success
Brin gs in funds

Positive
Negative

Encroachment
Local Partici pation
Maj or Develo pment Pre>iects
Restoration
Tourism

Negative
Negative
Positive
Positive

As the only park in Senegal, all factors influencing Djoudj were considered local
factors. Factors in the conflict and environmental categories had an overwhelmingly
negative influence on conservation in the area as well as a majority of the
social/cultural /economic factors and half of the applicable institutional/policy factors.
The pattern of negative factors suggests that the detrimental influence of urban pressure
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in the park stimulated poor environmental conditions . Positive influences were
determined for restoration, tourism, local participation and local government institutions
due to the establishment of the National Park Service (Table 101).

5.1.1.3.3 Tanzania
Table 102: Local/actors identified/or Tanzania.

Factor

Conservation Effort Commonalities
Coastal East Africa Kiliman jaro
Human/ Animal
Conflict

Local Conflict
Habitat
Fra l!lllentation
Species Index

Extremely
fral!lllented
High species
richness

High biodiversi ty

Water Quality

Indiscriminate use
of a~ochemicals

Pollution

Funding

Innovative funding

Self sufficient

Management
Plans

Not entirely
adequate

NGO

Lots ofNGOs
active

Amculture
Encroachment

Habitat "islands"

Serengeti

Influence

Human/ Animal
Conflict

Negative

Edge effects from
local roads
Biological diversity
is hi gh
Poor water quality
in dry season
Raise and retain
revenue

Negative
Positive
Negative
Positive

Insufficient
collaboration

Neutral

Loss of habitat
Poachin g

Inadeauate
Assistance provided
by local and foreign
NGOs
Increase in
agriculture, create
habitat "islands"
Poachin g

Negative

Encroachment
Poachin g

Negative
Negative

Local
Partici pation
Major
Development
Projects

Needs to be
engaged

Local initiative for
wildlife corridor

Community
involvement

Positive

Log,ri.ng

Lo !!~ng

Roads

Negative

Population
Change

Increased
Population

Increased Population

Increased
Population

Negative

In Tanzania, local factors were identified from three study locations: Coastal East
Africa, Kilimanjaro, and Serengeti. Both positive and negative influences were identified
for the environmental, institutional/policy, and social/cultural/economic categories, while
only negative influences were delineated for conflict. Habitat within the study sites was
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considered to be extremely fragmented as a result of road construction, logging and
agricultural pursuits, all of which also contributed to pollution oflocal water systems.
However, the area still boasted high species diversity, and help Tanzania's study
locations raise sufficient funding for preservation measures, but lacked adequate
management plans and consistent support from NGOs to further conservation. Local
participation aids in the improvement of the wildlife corridor but the conservation efforts
in the area were also subject to human population changes that results in poaching and
increased urban pressure (Table 102).
5.1.1.3.4 Zimbabwe
Zimbabwe's study sites, Mana Pools and Victoria Falls, had only five factors that

were common locally, which is not surprising based on the dichotomous results garnered
from the holistic rubric. Overall, the two parks had more social/cultural/economic factors
in common, with three out of five factors related to this category: poaching, human
population increase, and tourism pressure. Other than the local government organization,
Zimbabwe Parks and Wildlife Management Authority, the other common factors were
considered to have a negative influence on conservation in Zimbabwe (Table 103).
Table 103: Local factors identified for Zimbabwe.

Factor
Soil Quali ty

Conservation Effort Commonalities
Mana Pools
Victoria Falls
Erosion
Erosion

Influence
Negative

Zimbabwe Parks and
Wildlife Management
Authority
PoachinJ?;

Positive
Negative

Population Change

Zimbabwe Parks and
Wildlife Management
Authority
PoachinJ?;
Growing human
populations

Population increase

Negative

Tourism

Visitor accommodation
infrastructure

Uncontrolled tourism
development

Ne gative

Local Government
OrJ?;anizations
Encroachment
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5.1.1.4 United States Study Locations
fu the United States, local factors were identified through a total of thirteen study
sites: Carlsbad Caverns, Chihuahuan Desert Ecoregion, Glacier Bay, Grand Canyon,
Great Smoky Mountains, Hawaii Volcanoes, Mammoth Cave, Northern Great Plains
ecoregion, Olympic, Redwood, Waterton, Yellowstone and Yosemite. Due to the number
of conservation efforts identified for the United States, common local factors were
represented as majority factors. Factors acting as local majority factors were considered
to be applicable in at least six of the thirteen conservation efforts.

5.1.1.4. 1 United States
Local factors for the United States are extremely variable due to the number of
parks identified for study as well as the size and diversity of habitats. The United States
had thirteen study sites that were applicable to the study. Identifying factors that were
similar across all study sites was difficult. Each park had differing numbers of applicable
and non-applicable factors. For example, Waterton and Mammoth Cave had the least
number of applicable factors, though each set of factors are different. Due to the sheer
number of study locations and the variability of influencing factors, there were no exact
similarities identified. To be able to use the United States in further analysis, factors that
influenced a majority of study locations were considered. Factors that were reported in at
least six or more locations were included as common local, and by default regional,
factors. The environmental, and the majority of social/cultural/economic factors, had a
negative influence on conservation in the area. fustitutional/policy factors and restoration
were determined to have a positive influence on conservation efforts overall. As a
developed country, which can spend both time and money on conservation, it seems
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imprudent that there is not more involvement from local populations to limit negative
influences on conservation. Although it is not surprising due to the fact that the United
States has a capitalist economy, profit is more important to corporate interests, and makes
the expansion of conservation a contentious issue. Even with institutional support to
advance conservation, pressures from grazing, logging, road development and tourism
still have a major impact. Different combinations of these factors have resulted in habitat
loss, soil erosion, the introduction of invasive species and massive amounts of pollution.
Albeit , the United States did attempt more restoration projects to reverse the impact of
negative factors on the parks. A lack of engagement by the public in local conservation
efforts may be an underlying aspect that explains why there are still negative influences
on United States conservation. Investment in conservation overseas may have hindered
public acknowledgement regarding the importance of local conservation and the impact
of the additional identified factors on the environment {Table 104).
Table 104: Local/regional factors identified for the United States.
Factor
Habitat Fragmentation
Soil Quality

United States Commonality
Habitat Loss
Erosion

Influence
Negative
Negative

Species Index

Invasive Species

Negative

Water Quality

Pollution (agriculture, mining; human)

Negative

Government Policy

Follows US National Policy

Positive

Local Government

Positive

Management Plans

Partnerships/coalitions for conservation
coordination
General management plans

Agriculture

Grazing

Negative

Major Development Projects

Logging

Negative

Roads

Negative

Restoration

Restoration projects

Positive

Tourism

Increased Environmental Pressure

Negative

Positive
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5.1.2 Regional Factor Analysis
Regions were comprised of study locations in Central America, the Mekong
Valley, Africa and the United States. The Central American region's factors were
comprised of the local factors from Costa Rica and Panama. Common local factors that
were applicable to Mekong Valley were utilized as regional factors due to the unique
spatial structure of the area. Local factors in Cameroon, Senegal, Tanzania and
Zimbabwe's were compared to identify the regional factors of Africa. Local factors
which represented the majority of applicable local factors were also used as regional
factors for the United States. Although located in the same country, local factors in the
United States were considered regional factors due to the number of conservation efforts
identified across many different ecological habitats.

5.1.2.1 Central America
A comparison of the two Central American countries returned few similarities.
Given the close proximity of Costa Rica and Panama this was a little unexpected. The
environmental health of the region, through the species index and water quality, was
analogous. Species diversity was considered sufficient for the type of habitat present in
the region and both countries were exposed to pollution of the water system. Positive
influences were shared in the areas of institutional support from local government
organizations and active NGOs. However advantageous that positive institutional factors
were to the region, the area was still vulnerable to degradation from urban pressure.
Cattle ranching and logging were reported to have severe impacts on the region. Cattle
ranching was considered the main contributor of water pollution and vast amounts of
natural landscape were reportedly removed for logging, which increased the incidence of
habitat fragmentation (Table 105).
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Table 105: Regional factors identified for Central America.
Costa Rica

Panama

Species Index

Decent amount of species

Impressive Number of
Species

Positive

Water Quali ty

Pollution

Pollution

Negative

Local Government
Organizations

Support System

Local Institutions
Provide Support

Positive

NGO
Agriculture

UNESCO
Cattle Ranchin g

NGOs provide Support
Cattle Ranching

Positive
Negative

Major Development
Projects

Logging

Logging

Negative

Percentage Analysis Central America
Overview
/
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0
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Darien

Study Locations

• Positive • Negative

Neutral

Non-applicable

Figure 50: Overall percentage analysis results for Central America.

The Central American region displayed variable results for percentage analysis
(Figure 50). Between the two countries it is apparent that Costa Rica had more applicable
factors , with higher percentages of said factors having a negative influence. Other than
Darien , with the highest percentages described , the Central American parks had similar
percentages of positive factors. With the highest percentage of positive factors, it is
suggested that Darien is the most successful park in the region. However , there is no way
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to quantify the differences between the overall percentages. Additional analysis is
required to make a concrete determination.

Central America
Additional and Multiplicative
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Darien

• Traditional

Figure 51: Additional and multiplicative function results for Central America.
A comparison of the total scores derived from additional and multiplicative
functions, highlights important factor categories in the region. Based on the results,
social/cultural/economic factors are not well represented. In each of the four parks, social
factors contribute the least in determining a total score. Interestingly, the environmental
category was highly variable. Coiba and Darian had higher scores than Guanacaste and
Talamanca, with Guanacaste receiving the lowest environmental score (Figure 51). This
suggests that Guanacaste needs to address negative environmental issues that impact the
park, which may have led to the lowest total score for the region. Darien, receiving the
highest total score in the region, is again suggested as the most successful park in the
region. Based on the two analyses that compare the region, Darien would be ranked as
the more successful while Guanacaste was considered the least successful. Considering
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that Costa Rica is known for its conservation and ecotourism efforts, Guanacaste's results
were surpnsmg.
5.1.2.2 Mekong Valley
Regional factors for the Mekong Valley were identified during the local

comparison. The Mekong Valley's study locations are intrinsically linked due to
proximity and similarities of habitat and culture. Having identical local and regional
factors, results of the regional comparison is located in the preceding section (Table 99).

Percentage Analysis Mekong Valley
Overview

0

Greater

Lower

Phong

Study Locations

• Positive

• Negative

Neutral

Non-applicable

Figure 52: Percentage analysis results for Mekong Valley.

A comparison of the percentage analysis results shows overwhelmingly negative
influences for the Lower Mekong and Phong Nha-Ke Bang. The Greater Annamites
ecoregion displays slightly less negative influences and had the highest percentage of
positive applicable factors. For the Mekong Valley region, the Greater Annamites
ecoregion is suggested as the most successful study location with higher overall positive
influences on its conservation efforts (Figure 52). Including the results from additional
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and multiplicative functions, the Greater Annamites ecoregion retains its position as the
most successful conservation effort in the Mekong Valley (Figure 53). However, the
difference in scores (only three points) is not significant enough to effectively rank the
conservation efforts. Additional analysis is necessary for the verification of ranking and
to define success.
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Figure 53: Additional and multiplicative function results for Mekong Valley.
5.1.2.3 Africa
Not surprisingly, the four African countries were very dissimilar. Huge expanses

and distant vicinities are demonstrated with different factors present at different study
locations. Only one factor was common for all African countries, poaching. To expand
the amount of factors to be utilized in a global study, majority influences were used. Any
factor that was present in at least two of the four countries and present in five of the nine
study locations was included in the regional comparative analysis. With this inclusion,
other environmental and social/cultural/economic factors become more prominent.
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Community involvement to promote conservation, or at least to become more aware of
environmental problems, was the only regionally common factor that was positive.
Generally, poor environmental conditions and overwhelmingly negative urban
pressure factors, along with growing populations and poverty, make the African region
one of the least successful areas. The forced removal of native tribes and local
populations to establish parks and ecoregions leads to less than stellar attitudes towards
conservation . Preservation-minded park managers want to preserve land to keep it
pristine for future generations, but with no thought to the social turmoil that is created
when taking away the livelihood and resources of marginalized peoples. Working with
inefficient management plans, conservation professionals cannot curb the need to use
forest and other resources. Habitat is continually lost to agricultural pursuits to feed
growing populations and to logging, which usually entails the creation and use of logging
roads . Fragmentation and pollution of the natural environment are the consequences of
immense urban pressures (Table 106).
Table 106: Regional factors identified for Africa.

Encroachment
Habitat
Fra gmentation
Water Quali ty
Management
Plans
Airriculture
Local
Partici pation
Major
Development
Projects
Population
Change

Cameroon
Poachin g
Habitat
Fragmentation
Pollution

Senegal
Poachin g
Habitat
Fra gmentation
Pollution

Tanzania
Poachin g
Habitat
Fra gmentation
Pollution

Inade quate
Habitat loss
Community
Involvement
Lo gging

Inade quate
Habitat loss
Community
Involvement
Loggin g

Inade quate
Habitat loss
Community
Involvement
Logg ing

Ne gative
Ne gative

Roads
Increased
populations

Negative

Roads

Zimbabwe
Poachin g

Ne gative
Ne gative
Negative

Positive
Negative

Increased
Populations

Negative
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Based on the results of percentage analysis, the African region displays
tremendously negative influences for all but one study location, Mana Pools. Very few
positive influences were identified for the African study sites. Displayed in Figure 54,
Mana Pools is suggested as the most successful park because it had the lowest percentage
of negative influences. It is difficult to rank the other study locations based on the
percentage analysis results alone. Therefore, additional analysis is needed to aid in this
determination.
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Figure 54: Percentage analysis results for Africa.
Additional and multiplicative functions build upon percentage analysis; however,
the results between the two analyses are very different. Utilizing the total scores, it is
suggested that Dja Faunal, Coastal East Africa and Kilimanjaro are more successful than
the other African study sites with a total score of 54. The total score for Mana Pools was
determined to be 51, which was the second highest score in Africa. The fact that Mana
Pools had the highest percentage of non-applicable factors may account for this
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difference. While the most successful conservation effort in Africa is debatable, within
the results of additional and multiplicative functions the least successful can be proposed.
Victoria Falls, with a total score of 38 is suggested as the least successful (Figure 55);
this park also had the lowest percentage of positive influences. It is interesting to note
that with the exclusion of neutral and non-applicable factors it was even more difficult to
determine and verify ranking of success in Africa without additional analysis.
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Figure 55: Additional and multiplicative function results for Africa.
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5.1.2.4 United States
The United States regional factors were identified during analysis oflocal factors.
Due to the status of the United States as a developed country, and the number of study
sites identified, local factors were also used as regional factors. The results of the
local/regional comparison are located in the previous United States section (Table 104).
The United States showed the most variation between percentage analysis results
of all four regions studied. The thirteen study locations were considered highly variable
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between types of influence and applicable factors, which may help to describe differences
in cultural habits and environmental habitats. Based on the highest percentage of negative
influences, Northern Great Plains ecoregion is suggested as the least successful of all the
conservation efforts in the United States. The most successful conservation effort was
more difficult to determine; however, Waterton and Yosemite are suggested as more
successful based on higher percentages for positive influences and lower, but not the
lowest, amount of negative influences (Figure 56).
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Figure 56: Percentage Analysis results for the United States.
Further analysis is needed to make any sort of determination of rank within the
United States region. Additional and multiplicative functions utilize differences in factor
categories to determine total scores (Figure 57). Based on the results displayed, the
higher scores for Grand Canyon, Yosemite and Mammoth Cave suggest more successful
conservation efforts. The lowest scoring study locations were determined to be Olympic,
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Redwood and Yellowstone. While a higher score was expected for Yosemite, the fact that
the Grand Canyon and Mammoth Cave also scored high was surprising. The Northern
Great Plains had a low score, but not the lowest - another surprise. It seems as if
social/cultural/economic factors were underrated, possibly as neutral factors, within this
analysis. Further investigation is necessary to determine the success ranking for the
United States region based upon contradictory results.

United States
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Figure 57: Additional and multiplicative function results for the United States.
5.1.3 Global Factor Analysis
The identification of globally relevant factors that influence conservation was

accomplished by a regional comparison, completed to measure factor robustness. Each of
the four regions was compared side by side against one another. All four regions were
also compared together to determine globally important factors. From the results, patterns
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of influence become apparent. In each comparison, the negative influence of water
quality and major development projects are emphasized (Table 107).

Table 107: Regional comparisons to aid in the identification ofglobally important
factors.
Central America vs. Mekon g Valley
Water Quality
Pollution
Local Government Organizations
Suooort from Local Institutions
NGO
NGO Suooort
Lo gging
Ma jor Develo pment Projects
Central America vs. Africa (Majority)
Water Quality
Pollution
Ma jor Develo pment Proj ects
Lo !!l!in g
Central America vs. United States (Ma jority)
Water Quality
Pollution
Local Government Organizations
Support from local institutions
Grazing
Agriculture
Logging
Major Development Projects
Mekong Valley vs. Africa (Majority)
Habitat Fragmentation
Habitat Fragmentation
Water Quality
Pollution
Logging
Major Development Projects
Roads
Mekong Valley vs. United States (Majority)
Habitat Loss
Habitat Fragmentation
Water Quality
Pollution
Local Government

Support from local government
institutions

Major Development Projects

Logging
Roads
Africa (Majority) vs. United States (Majority)
Habitat Fragmentation
Habitat Fragmentation
Water Quality
Pollution
Logging
Major Development Projects
Roads
Globally Important Factors
Water Quality
Ma ior Develo pment Projects

Pollution
Logging

Negative
Positive
Positive
Negative
Negative
Negative
Negative
Positive
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Positive
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
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Degradation of water quality by pollution can seriously impact the functionality
of water systems. A myriad of factors contribute to pollution of conservation efforts,
which are dynamic by nature and can change drastically between different regional and
local conservation attempts. Agricultural practices introduce pesticides and fertilizers into
local water sources through runoff. Mining tailing and heavy metals from industrial
pursuits also contribute to water pollution. In addition, anthropogenic activities in an
urban setting that result in runoff, has the potential to pollute water, namely, human waste
products near tourist accommodations.
Logging, as a major development project, can have variable impacts on different
conservation efforts depending upon habitat, government policies, and remediation or
restoration efforts. Generally, logging causes massive landscape changes, culminating in
habitat fragmentation, through the clearing of large swaths of forest habitat. Species
avoidance , soil erosion and decreased water quality are also consequences of natural
habitat destruction caused by excessive logging practices.
Globally, only logging and water pollution were identified as having some sort of
influence on conservation. In this study, both factors had a negative influence on
conservation efforts worldwide. To contribute to long-term conservation success, the two
factors will need to be ameliorated in current, and considered in the establishment of
future, conservation attempts. Additional factors should be considered when establishing
conservation; however, regional differences should also be investigated and observed in
the formation of management plans. When comparing the United States to the three
developing regions, the same result as the global comparative analysis appears: water
pollution and logging. This suggests that conservation issues are not centered just on
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developing nations, but are present worldwide regardless of economic status. A major
overhaul of the traditional definition of success is needed for the realization of long-term
conservation success through the identification and measurement of the impacts that
additional factors have on conservation.

In addition to identification of globally significant factors, total occurrence of all
holistic factors was recorded. Overall, multiple criteria analysis of the holistic factors
suggest that management plans, environmental sub-factors and urban pressure sub-factors
may play a large role in determining conservation success (Figure 58). Different patterns
of occurrence emerge when factors are broken down by type of influence. Factors can
then be described by the type of influence they are most likely to have, based on rate of
occurrence between all case studies. Figure 59 displays the total occurrence of factors
that had a positive influence on the identified conservation efforts. Institutional factors
were recognized as having the most positive influence on conservation efforts, especially
non-governmental organizations which had the highest occurrence rate. Local
participation and restoration of conservation efforts were also associated with more
positive influences on conservation. Overall occurrence of negative factors is shown in
Figure 60, where development projects had the highest occurrence of negative influence
on conservation efforts, followed closely by water quality and encroachment. The
incidence of negative factors highlights urban pressure sub-factors and environmental
sub-factors as having a generally negative influence on conservation efforts. While this
may change at the local level, the two sub-factor categories can be considered generally
negative overall. It may be due to the fact that negative influences from urban pressure
contribute heavily to poor environmental health and habitat fragmentation, so it is not
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surprising that the two are linked. In addition to positive and negative influences, neutral
influences were also recorded. The occurrence of neutral factors within conservation
efforts may not overly sway the outcome of success, but their presence still has an impact
on conservation, which is not acknowledged by traditional measurements (Figure 61).
Tourism, based on the rate of incidence, is most likely to have a neutral influence on
conservation efforts, though it does have a small presence in both positive and negative
factors. The neutral determination for tourism stems from the fact that while generally
raising money for local communities, visitation also increases environmental pressures.
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Further comparison between all twenty nine conservation efforts was done to
determine success ranking. The overall percentage analysis results, shown in Figure 62,
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display a high variation of different type of influences. Different patterns became
apparent when all study sites were compared side by side. High negative influences were
evident in the African study sites, while higher positive percentages were determined
within Central America and a majority of the United States locations. Success ranking
could not be determined between the parks based solely on percentage analysis, although
with a large majority of negative influences, Victoria Falls is suggested as the least
successful park.
Looking at a breakdown of the additional and multiplicative function results,
patterns can be detected between regions. Central America had the highest scores in the
environmental category. There were some United States locations with respectable
scores, but for the most part, the scores were low (Figure 63). The institutional category
was by far the highest scoring category. The United States had the highest overall scores;
while the African region on average had the lowest scores (Figure 64). The social
category was similar for most of the study sites. Only a few sites scored higher than
average, while two of the African parks had lower scores (Figure 65). The conflict factor
category showed the presence or absence of conflict and was considered highly variable
between the study locations (Figure 66). Overall scores were displayed by Figure 67.
Success ranking, based on the overall scores, suggests that the Central American region
was the most successful region, followed by the United States and the Mekong Valley.
The African region had the lowest total scores overall, which verifies the patterns
determined by percentage analysis.
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Comparing the total score determined by additional and multiplicative functions,
and the degree of success definition provided by the rule based system, verifies most of
the identified patterns, while introducing some inconsistencies. Central America was
considered to be the most successful region; but by excluding neutral factors more
successful parks in the United States seemed to be repressed. Overall, the African region,
by all comparisons, had the least successful conservation efforts with two parks defined
as having very low degrees of success. Ranking of the conservation efforts (Figure 68)
show that Waterton and Mammoth Cave were the most successful study sites overall,
defined as having moderately high degrees of success. A very low degree of success
defined the Northern Great Plains ecoregion, Victoria Falls and Dja Faunal, which were
considered the least successful conservation efforts. The revised definition accounted for
all applicable factors, as well as neutral factors that influence different conservation
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efforts. The use of the nested analyses, culminating in a crisp definition of success, truly
defines success based upon a clear set of holistic factors.
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Figure 68: Degree of success definition for all study sites.

5.2 Comparison of Traditional and Proposed New Rubric
Generally, despite efforts to protect the environment, maintain species
biodiversity and stop the overall destruction of natural habitats, conservation projects
have failed (Sodhi, Butler, Laurance & Gibson, 2011). Continuing failure of
conservation efforts may stem from not fully understanding all the aspects that go into
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truly successful conservation practices (Salafsky, Margoluis, Redford & Robinson,
2002), or worse, represents a blatant neglect of additional influences on conservation.
While biological factors are important to conservation efforts (Mascia et al., 2003;
Gerber, DeMaster & Roberts, 2000; Stoll-Kleemann et al., 2006; Sodhi, Butler, Laurance

& Gibson, 2011 ), using only biological factors to determine success or to set traditional
conservation goals is ridiculous. Numerous research efforts indicatie that outside factors
significantly impact the outcome of conservation efforts.
Many different factors impact conservation practices and a sole focus on
biological factors obscures the total picture. Environmental factors, such as habitat
fragmentation, erosion ofland and siltation of rivers can severely damage ecosystem
functionality and limit biodiversity growth. Effective and efficient management plans,
along with adequate funding, are essential to the establishment of a proper foundation for
future conservation success. Without appropriate institutional support, conservation
efforts lack fortitude. Non-governmental organizations, in their roles as liaisons between
local and international communities and their larger role in financial matters can have a
huge influence on conservation (Agrawal & Gibson, 1999; Struhsaker, Struhsaker & Siex
2005). Perhaps the most intricate influences that help to enhance or degrade conservation
efforts are social factors. Many of the social factors are interconnected and can cause
environmental degradation on a large scale. Human population growth around protected
areas are often coupled with an increased need for urban growth and development, such
as roads or logging, increase the instances of habitat fragmentation and biodiversity loss.
Encroachment into protected areas, either to increase agricultural production (Sayer et al.,
2012) or to poach wildlife, depletes natural resources and increases species avoidance,
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which again leads to fragmentation and an increased loss of biodiversity (Gill, Norris &
Sutherland, 2001; Breuste, 2004; De Noronha Vaz, Caetano & Nijkamp, 2011 ).
Additionally, agricultural development to meet the needs oflarger human populations,
strips land of natural resources during land conversion and degrades environmental health
through increased erosion potential, pollution and deviations of natural ecosystems
services (Sayer et al., 2012). Damaged ecosystems and overpopulation can also lead to
conflict over resources, which if left unchecked, have a tendency to burgeon, growing
from local to regional and even international conflicts {Tjosvold, 2006).
The holistic approach to redefining conservation success is needed to develop our
understanding of what factors lead to successful or unsuccessful conservation attempts. A
rubric that utilizes a set of holistic factors is necessary in order to break out of cookie
cutter traditional approaches to measuring success and to address actual problems that
pertain to specific conservation efforts. Traditional classifications are bimodal, resulting
in either "success" or "failure," where holistic classifications contribute degrees of
success for each location. Results of the nested analysis show different success
classifications for the different case study locations depending upon the factors
influencing conservation. The case studies were determined to be less successful when
using the holistic rubric because the previous traditional measurements ignored any
additional factors influencing conservation {Table 108). Without the holistic approach,
additional influences from environmental, institutional/policy, social/cultural/economic
and conflict categories may not be addressed in the establishment or maintenance of
conservation.
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Table 108: Side by side comparison of the traditional measurement rubric and the
proposed holistic rubric classifications.
Case Study
Location
Guanacaste

Traditional Measurement Rubric
Results
Success

Talamanca

Success

Moderately Low degree of success

Coiba

Success

Moderate degree of success

Darien

Success

Moderate degree of success

Lower Dry

Success

Low degree of success

Greater Annamites

Success

Moderately Low degree of success

Phong

Success

Low degree of success

Congo Basin

Success

Low degree of success

Holistic Measurement Rubric Result
Moderately Low degree of success

Dja Faunal

Success

Very Low degree of success

Sangha Tri-National

Success

Low degree of success

Djoudj

Success

Low degree of success

Coastal East Africa

Success

Moderately Low degree of success

Kilimanjaro

Success

Low degree of success

Serengeti

Success

Low degree of success

Mana Pools

Success

Moderate degree of success

Victoria Falls

Success

Very Low degree of success

Carlsbad Caverns

Success

Moderately Low degree of success

Chihuahuan

Success

Low degree of success

Glacier Bay

Success

Moderate degree of success

Grand Canyon
Great Smoky
Mountains
Hawaii Volcanoes

Success

Low degree of success

Success

Moderately Low degree of success

Success

Moderate degree of success

Mammoth Cave
Northern Great
Plains
Olympic

Success

Moderately High degree of success

Success

Very Low degree of success

Success

Moderately Low degree of success

Redwood

Success

Moderately Low degree of success

Waterton

Success

Moderately High degree of success

Yellowstone

Success

Moderately Low degree of success

Yosemite

Success

Moderately Low degree of success

Currently, traditional approaches rely upon outdated guidelines for determining
success. The amount of area conserved is important for the creation and management of
conservation efforts; however , if the land is degraded by pollution, or ransacked by
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poachers and illegal settlement, how can it be defined as successful? On the other hand, a
successful determination for a large and growing population of a targeted species is
ludicrous if proper precautions are not taken to ensure ample resources for the species.
Ignoring the additional influences when declaring conservation successful leads to
examples like Kruger National Park, where there has been an exponential increase in
elephant populations, but no increase in land or resource restoration. The growing
elephant populations need vast amounts of land that is simply not available due to
growing human populations in the area. Furthermore, forced removal of human
populations to accommodate animal species does not guarantee that a conservation effort
is going to be successful, in fact, it has the opposite effect. Where there is little to no
investment by communities or a lack of involvement of local human populations,
conservation is seen as an enemy to progress. Without an economic imperative to change,
people would rather cut down trees for fuel or sustenance than preserve natural habitats.
Incorporating the holistic approach with the traditional approach is an attempt to
overcome the limitations inherent when only looking at biological factors in the
measurement of conservation success. A multitude of factors, though different in each
area, are influencing conservation efforts daily. Ignoring, or at best only acknowledging,
potentially devastating factors can only limit the long-term success of conservation. For
example, in the Mekong Valley, if logging and extractive resource use are not addressed
and managed appropriately, the forest and surrounding areas being protected might
disappear and become a sad reminder of what once was. Corrupt governments, like those
identified in Cambodia, Laos and Vietnam, further the logging companies' agenda,
ignoring environmental degradation that its policies are supposed to limit or stop.
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Moreover, the use of a more holistic approach to measure success is important
because pertinent information is being ignored. Devoting all conservation resources to
traditional conservation goals may, in fact, hinder conservation success when additional
factors that are actively impacting conservation efforts are not considered. To truly
determine long term conservation success, interdisciplinary fields need to be incorporated
into the definition of success (Hackel, 1999). Furthermore, continuing to rely on
outdated and limited methods to measure success is unreasonable because success is
complicated. The use of nested analyses has shown that the definition of conservation can
be redefined using a clearly defined set of holistic factors. The use of a rule based system
takes away linguistic uncertainty and makes the definition of success for conservation
efforts clearer. Percentage analysis, multiple criteria analysis and additional and
multiplicative functions build upon one another to encode the rule bases within an
expert/knowledge system. The use of math to pin down linguistic uncertainty through IFTHEN rules, identifies nuances of different conservation conditions and creates a crisp
definition of conservation success. The nested analysis system is a tool that can be further
modified, depending upon the situation, to be applied to other areas. In short, traditional
measurements and definition of success is too narrow to truly define conservation
success. Use of the holistic matrix and an expanded evaluation rubric is more
comprehensive and is flexible enough to be applied in a multi-scale analysis.
5.2.1 Percentage Analysis
The use of percentage analysis alone gives a general idea of the type of influence
that factor categories had on conservation efforts. Application of the percentage analysis
equation for each category, then overall applicable and non-applicable factors, gave
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overall percentage scores for each study location. However, when using percentage
analysis as a comparison tool, it is difficult to determine which park will have a higher
degree of success. The variability of applicable factors interferes with the consistency of
overall scores and reduces the capability of the analysis to separate factors that are more
important to conservation efforts across multiple scales. While a majority of study
locations had similar percentages of applicable factors, there were a few outliers. Take
the Mekong Valley as an example, the three study locations had approximately 70%
applicability of the identified holistic factors. Overall, the percentages of positive,
negative, and neutral factors were fairly close. It was impossible to truly determine which
conservation effort was more successful using only the results from percentage analysis
because they were not significantly different.
5.2.2 Multiple Criteria Analysis
Multiple criteria analysis, as used in this study, identified the presence of factors
in or around the selected study locations. The occurrence of specific factors could be
compared across local, regional and global scales. The factors important to consider in
larger scale conservation efforts were represented by a higher occurrence rate in multiple
regions. On the other hand, the type of influence that factors had on conservation was not
included in the analysis, thereby reducing its effectiveness in identifying more successful
conservation efforts. Results from multiple criteria analysis between all study sites
suggest that environmental health sub-factors, management plans, and urban pressure
sub-factors were significant to conservation efforts. However, noting the presence of
these factors within study locations does not determine whether or not they will be
successful.
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5.2.3 Additional and Multiplicative Functions

In an attempt to combine percentage analysis and multiple criteria analysis results,
additional and multiplicative functions were used. A multiple criteria decision making
(MCDM) approach was used for this analysis that utilized the weight and rate of factor
categories to determine a total score for conservation efforts. Factors' weight scores,
based upon their perceived role in conservation, were multiplied to factor rate scores
from individual study sites. Using just the resulting total score, it can be challenging to
determine which study location was more successful because the total score between
parks was not significantly different in some cases. In addition, as neutral and nonapplicable factors were excluded from analysis, total scores could become skewed.
For the most part, results were in line with previous fmdings from percentage
analysis and in comparison to the rule base system results. However, in the United States
case study there were some inconsistencies. For instance, the Grand Canyon and
Yosemite received the highest scores for additional and multiplicative function analysis
with a total of 63. Yet, rankings for degrees of success were low and moderately low,
respectively. Scores were determined to be lower for the parks with a moderately high
degree of success: Mammoth Cave (62) and Waterton (59). The MCDM approach may
not fully account for the impact that additional factors have on conservation due to the
finding of neutral influences, which may have skewed the results. Specifically for the
United States, the impact of neutral social/cultural/economic factors was softened for the
parks with higher degrees of success and created a bias against the parks with several
neutral factors. Due to the exclusion of neutral factors, the estimation of a parks' category
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rate may be higher or lower depending upon the interaction of the other factors in the
category, skewing the overall score.
5.2.4 Rule Based System
The rule-based system incorporates the results from the previous analytical
approaches to linguistically define the degrees of success for each study area utilizing a
set of holistic factors. Arbitrary numbers produced from percentage analysis and
additional and multiplicative functions are amalgamated and then adjusted to fit within
the knowledge-based system described by rule bases. This process gives a crisp definition
to success for conservation efforts. IF-THEN rule bases, written as conditional
statements, delineate all possible iterations of conservation efforts and can then be
applied to measure the degree of success for individual parks. Having a unique linguistic
definition that is backed by encoded rules, enables the acknowledgment of differences
between conservation efforts. The linguistic definition helps to clear up any uncertainties
that may be apparent when significant differences cannot be determined for numerical
results, as seen with percentage analysis and additional and multiplicative functions.
Furthermore, unlike additional and multiplicative functions, the rule-based system
accounts for all of the applicable factors that influence different conservation efforts to
ensure an unbiased definition.
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CHAPTER SIX CONCLUSIONS

The identification of globally significant factors began with the factors present at
the local level. Local factors were considered to be highly variable with differences
depending upon location, habitat and cultural habits (among other factors), since park
management is considered to be a consistent part of UNESCO and WWF efforts. In
Costa Rica (Figure 69), both parks were influenced by the same factors, with the
exception of local participation and restoration. Local/regional conflict, international
conflict and logging in Panama were reported in only one study location, while all other
factors were similar (Figure 70). The Mekong Valley, with three study sites, showed
more variety in the types of factors present. Population change only occurred in one study
location, while local participation, restoration and international conflict was evident in
two study locations in the Mekong Valley (Figure 71). Cameroon's local factors differed
among the three study locations in the conflict factor category; designation as a refugee
state and conflict over resources impacts only one park, and the institutional/policy and
social/cultural/economic categories with government policy, local government
organizations, population change and tourism, influencs only two of the three study sites
(Figure 72). In Senegal, all present factors were considered local because there was only
one study site identified (Figure 73). The three study locations in Tanzania resulted in
highly variable local factors. Roads, conflict over resources, restoration, and habitat gap
analysis each had only one occurrence while local/regional conflicts, local government
and logging impact two of the three study locations (Figure 74). In Zimbabwe, the local
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factors were determined to be highly variable. The two parks were considered to be
extremely different; the majority of factors occurred in only one park, though not always
the same park, in Zimbabwe (Figure 75). The United States, with thirteen study locations
also had highly variable local factors. There were no exactly similar factors reported to be
present in all study locations, although a few factors had a high occurrence rate:
environmental health sub-factors, development projects and management plans (Figure
76).

Costa Rica Local Factors

Figure 69: Local factors identified for Costa Rica.
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Figure 70: Local factors identified for Panama.
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Figure 71: Local factors identified for the Mekong Valley.
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Cameroon Local Factors

Figure 72: Local factors identified for Cameroon.

Senegal Local Factors

Figure 73: Local factors identified for Senegal.
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Figure 74: Local/actors identified/or Tanzania.
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Figure 75. Local factors identified for Zimbabwe.
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Figure 76: Local factors identified for the United States.
Local factors were compared within regions to highlight the factors important for
regional conservation efforts. Patterns became more apparent as countries within regions
were compared. The Central American region, comprised of Costa Rica and Panama,
shared six common factors. Urban pressure sub-factors, environmental health sub-factors,
local government organizations and NGOs were all determined to be significant in the
region (Figure 77). The Mekong Valley had more significant regional factors due to the
close proximity of the conservation efforts. Factors from each of the four factor
categories were determined to be common across the region (Figure 78). For the African
region, a majority of occurrences was used to identify significant factors, as poaching
was the only factors present in every study location. Urban pressure sub-factors, habitat
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fragmentation, water quality, management plans, local participation, agriculture and
development projects were also highlighted as having a significant influence (Figure 79).
The United States region was also analyzed using majority influences as no factors were
identified as common in each of the thirteen study locations. Habitat fragmentation,
management plans and restoration were the most significant regional factors for the
United States (Figure 80).
Globally significant factors were ascertained through a comparison between all
four regions. Water quality and development, specifically logging, were considered to be
globally relevant factors (Figure 81). Water quality's significance to conservation efforts
was more pronounced than logging, defined by a higher occurrence rate calculated
between all study locations. Presence of the factors on a global scale suggests that current
and future conservation efforts should acknowledge the potentially negative influence of
these factors.
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Figure 77: Regional factors identified for Central America.
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Figure 78: Regional factors identified for the Mekong Valley.
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Figure 79: Regional factors identified for Africa.
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Figure 81: Global factor .

Changes in the rankings of conservation efforts following application of the new
holistic rubric suggests that conservation efforts are not as successful as traditional
measurements imply. All of the conservation efforts analyzed in this study received a
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different definition of success, defined as degrees of success, rather than a rating of
success or failure. A comparison of the traditional definitions of success to the revised
definitions based upon the expanded rubric resulted in two types of change: a
similar/higher score or a lower score. The percentage of change is reflected in Table 109,
where a moderate degree of success or greater was equivalent to a similar or higher score
received using traditional measurements, or more successful conservation efforts.
Degrees of success that were lower reflected over 82% of the total type of change. Only
17.24% of the identified study locations received a higher score, suggesting that
traditional measurements of success lack the ability to address different factors
influencing conservation.
Table 109: Percentage of change to the definition of success based on change from
traditional measurements.
Type of Chan ge
Similar or Higher Score
Lower Score

Percenta ge of Change
17.24%
82.76%

To ignore additional factors that have an impact on conservation is to
misrepresent the status of conservation. Traditional measurements of success are simply
not good enough as they do not account for factors that have been determined to have a
global significance. The negative influences of water pollution and logging became
apparent during a comparative analysis of all study sites, but are ignored in the traditional
rubric. Without the use of a clear set of holistic factors, in partnership with a holistic
rubric, it would be difficult to determine global factors or to redefine success. Using the
new rubric, the traditional ranking of success was redefined to include degrees of
success, with the majority of study locations redefined as having low, to moderately low,
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degrees of success (Table 109). Exclusion of additional factors hinders our ability to
detect differences between case studies, and to effectively redefine and rank conservation
success . To truly define conservation success , holistic factors need to be included in the
analysis (Table 110).

Table 110: Research questions and results summary table.
Research Question

Axe traditional biological measurements good
enough to truly measure conservation success?

Axe certain key factors more important for the
success or failure of a conservation project? If so,
which?

How can holistic factors be applied to
conservation efforts to contribute to success?

Will current ranking of successful conservation
change when the new holistic rubric is applied?

Can the inclusion of additional holistic factors
increase the ability to redefine success and/or
failure of conservation projects?

Results
Traditional measurements are simply not good
enough, additional factors impacting conservation
efforts are left out of consideration
Ignoring or downplaying the importance and
influence of these factors misrepresents the status
of conservation
Through comparative analysis, it is suggested that
there are certain key factors that may be more
important on a global scale to the success or
failure of conservation
Globally, water pollution and logging had a
negative influence on conservation efforts
Regional factors were also identified and were
variable depending on location
Use of interdisciplinary factors within an expanded
evaluation criteria were necessary to truly
determine success in addition to biological factors
Without the holistic rubric, used in tandem with a
set of holistic factors, it would be difficult to
determine the degree of success of conservation
efforts based only on traditional factors
Use of the new evaluation rubric changed the
traditional ranking of success for all study
locations
The majority of conservation efforts were
redefined with low to moderately low degrees of
success
Incorporating a set of holistic factors with an
expanded rubric increases our ability to redefine
success for conservation projects , based on
degrees of success
Without the inclusion of additional factors, only a
superficial measurement of success can be
determined
Exclusion of additional holistic factors makes it
difficult to tell the difference between various case
studies
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Furthermore, as all sections of analysis described, traditional measurements fail to
acknowledge any additional factors on conservation. Additional factors, identified as the
holistic set of factors were reported time and again, in both case studies and general
research. Ignoring or downplaying the importance and influence of these factors distorts
the true status of conservation . Without the new proposed holistic rubric, all conservation
efforts were considered successful, mainly because they were all land conservation
efforts . It is interesting to note that even when considered successful, additional
influences were reported, but not included in traditional measurement.
The results of comparative analysis suggest that there are certain key factors that
may be more important on global and regional scales to the success or failure of
conservation. Globally, logging and water pollution were the only factors identified as
having a high occurrence rate in multiple study locations. The global influence of the two
factors implies that major development projects and water quality should be considered
during the establishment of conservation efforts. They should also be included in revised
management plans for existing conservation efforts, specifically as ways to ameliorate or
eliminate negative impacts. Regional influences were also described during analysis and
significant regional factors should also be addressed in conservation plans . Differences
identified between regions reflect differences in government, habitat and social behaviors
that have an impact on conservation.
The impact that holistic factors have on conservation can be identified by the
application of successive analyses developed for the holistic evaluation rubric. During
analysis, an identified set of holistic factors are utilized to determine what type of
influence that factors have on conservation, the overall presence of factors, and to what
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degree the factors change the outcome of different conservation efforts. Looking at the
different case studies, different factors had variable influences on conservation. Without
the holistic rubric, used in tandem with a set of holistic factors, it would be difficult to
determine differences in the degree of success of conservation efforts based solely on
traditional factors. Additionally, key factors related to local, regional and global
conservation would continue to be ignored, which would further misrepresentations of
conservation success.
Current rankings, based on traditional factors, changed with the application of the
holistic rubric. The incorporation of additional holistic factors, into conservation success
measurement, altered the success ranking for all study locations, proving the hypothesis
introduced for this study. Overall, the majority of case studies were redefined as having a
moderately low degree of success, with over 80% of the case studies receiving a lower
score than the traditional measurements propose. Regional differences were also
apparent. The Central American region and the United States had, on average, higher
degrees of success than the Mekong Valley and African regions. Central America was
determined to have moderately low to moderate degrees of success, while the United
States sites varied, ranging from very low to moderately high degrees of success
(although six of the thirteen study sites were subsequently redefined to a moderate degree
of success). The Mekong Valley was considered to have a low to moderately low degree
of success. The lowest average degrees of success were identified in the African region
at a low degree of success. This area had degrees of success that ranged from very low to
moderate. The change in success ratings reiterates the need to include additional factors
in the determination of true success .
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Incorporating a set of holistic factors within an expanded rubric increases our
ability to redefine success for conservation projects based on degrees of success. Without
the inclusion of the additional factors, only a superficial measurement of success can be
determined. It would also be a lot more difficult to tell the difference between the various
case studies if only traditional measurements were applied. Using the holistic factors, it
was possible to determine that Victoria Falls was one of the least successful parks in the
study. During analysis Victoria Falls consistently demonstrated a negative influence from
the additional identified factors. Over 70% of the applicable factors had a negative
influence, and this park also received the lowest total score for additional and
multiplicative functions. Without the incorporation of additional holistic factors within a
holistic evaluation rubric, redefining success would be nearly impossible.
The value of applying the expanded holistic rubric, combined with a clearly
defined set of holistic factors, is in its ability to tease out factors that were not apparent
when using the traditional measurement of success. Using the new rubric to redefine
conservation allows for a more effective and crisp definition of success that can be used
to rank and identify differences within conservation efforts. Differences in cultural habits,
environmental habitats and governmental policies, among others, can be described using
the new rubric. Local, regional and global factors can also be identified using
comparative analysis based on the holistic matrix. Without the identification of additional
factors that influence conservation efforts, patterns of factor occurrence and influence
could not be identified. The rubric is also flexible enough to be applied to multiple
geographic areas and to different types of conservation, as the rule-based system utilizes
results from the three nested analyses. The revised definition of success can now be used
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to effectively rank conservation efforts and to identify conditions that lead to less
successful and more successful conservation.
Many of the factors identified for the holistic matrix have been discussed in
literature. These are not new ideas, so why haven't they been moved forward to address
additional factors in conservation? Measurement of conservation success has been static
because the traditional standards are straightforward, and deal with the convoluted
influence of additional factors is more complex. Moreover, there hasn't been a tool that
is adaptable over different conservation types. The holistic rubric is more integrative and
adaptive to additional factors and can be fine-tuned based on applicable factors. The
rubric is based on a meta-analysis so is integrative, flexible and transferable to different
areas and types of conservation efforts; able to work with a large variety of factors. It is a
tool that can be modified to fit a variety of conservation types and areas. More significant
factors that impact conservation can be identified and addressed as a starting point to
promote more successful conservation. Even if all the factors are different, the
methodology can still be used to define and rank success.
The holistic rubric, while able to adapt to different areas, is a more complex
measurement tool. Success and failure can be delineated; however, it requires time,
energy and resources. Traditional measurements continue to be utilized because actually
addressing all of the factors that impact conservation efforts present overwhelming
challenges to conservation success measurement, and are not easily solved. The
flexibility of the rubric as a tool aids in the determination of all factors that have an
influence on conservation, allowing for refinement of the factor matrix. The ability to
fine-tune the rubric to fit specific conservation efforts will aid in directing policy makers
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for decision making. Another limitation identified in the study was the selection of study
areas, which may have skewed the results. An ecoregion can span vast areas, such as the
Northern Great Plains, which contains a multitude ofland uses for public lands:
wilderness areas, wildlife refuges, national parks, national forests and lands held by the
BLM. Public lands held by the government are managed by different mandates to benefit
public interest. Wildlife refuges and wilderness areas have more restrictive mandates on
land use than lands held by the BLM. For example, logging and grazing is acceptable for
BLM lands (due to loose regulations) but is prohibited on wildlife refuges where no
human impact is permitted, providing a sharp contrast between possible activities.
Factors can have variable degrees of impact based on the policies that direct land use.
This may not only change the degree of success that is calculated but has the potential for
bias, skewing the results.
Biological measurements are missing an expansion of traditional values. Cultural
values may have a huge impact on conservation efforts that traditional biological
measurements cannot address, which, due to time limitations were not included in this
study. Urban pressure factors can have a direct impact, but pressure on conservation can
also be considered indirect. In Africa, there are deep-seeded issues that cannot be solved
without fully understanding what is at stake. For example, Wilkie and Carpenter (1999a)
reported that substitution programs were suggested to stem the poaching of bushmeat in
the Congo Basin by providing an alternative food source. However, bushmeat poaching
has continued, largely due to cultural factors. Local populations use bushmeat as a source
of income; they sell the bushmeat to logging companies and urban centers. The
suggestion to providing cattle as a food source was not the solution that local populations
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were looking for. The economic incentive does not exist for the local populations to limit
or stop poaching.
This study has identified research questions for further study on this subject: How
can scalability in terms of space be utilized by the rubric to measure the additional factors
that impact conservation? Can indirect influences be added to the holistic matrix in an
attempt to accurately define success? How can the rubric be used by policy makers to
address and solve identified conservation issues? Can ground trothing, through the use of
a policy viability assessment, be applied to validate the new rubric?
There is a need for a further research on the scalability of the rubric. Scale was
used as a static term to describe local, regional and global efforts. However, the scale of
influence from different factors is very important in the terms of space. An example is
found in the scale of logging, where logging may not impact all conservation efforts
within an area, and has a smaller impact on local factors. However, logging can also be a
country-wide issue, and trying to solve it at the conservation scale would be
counterproductive. In addition, policy decisions and how they impact conservation efforts
need to be accounted for. The main question here is, What rules are being implemented
by the park, local government and national government? National government policy
may not be able to fully address or solve issues at a smaller scale. On the other hand,
national government policy cannot fully resolve conservation issues that expand outside
the border of a country. If negative impacts stem from another country's activities, say
logging upstream which can pollute water and limit the functionality of the environment,
then conservation measures taken downstream do not guarantee that the issue will be
solved.
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The adaptability of the rubric can also be used to describe degrees of impact from
contributing factors. The conflict category, for one, can be modified to reassess weight
and rate assignments based upon what is actually happening in the area and can results in
a change to the degree of conflict. Conservation efforts adjacent to conflicts rate a higher
degree of negativity, while international conflict may not have a large impact on
conservation efforts if the conservation site is not in the vicinity of the source of conflict.
This tool is adaptive and can be modified to be applicable to diverse regions utilizing
different factors for further research and success measurement.
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Table A 1: Initial literature review for Costa Rican parks.
Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Guanacaste

Environmental

Habitat Fragmentat ion

Positive

Sanchez-Azofeifa, Daily, Pfaff &
Busch , 2003

Guanacaste

Environmental

Habitat Fragmentation

Positive

Area de Conservaci6n
Guanacaste , n.d.

Less deforestation and more forest
cover near boundaries
Geographic isolation with the
incorporation of buffer zones

Guanacaste

Institutional

Funding

Positive

Area de Conservaci6n
Guanacaste , n.d.

UNESCO funding, diversified
funding, payments for environmental
services

Guanacaste

Institutional

Government Policy

Positive

Costa Rica, n.d.

Green Growth Strategy

Guanacaste

Institutional

Government Policy

Positive

Evans, 1999

Guanacaste

Institutional

Positive

Costa Rica, n.d.

Guanacaste

Institutional

Positive

Area de Conservaci6n
Guanacaste, n.d.

Guanacaste

Institutional

Management Plans

Positive

M, 2013

Guanacaste

Institutional

Management Plans

Positive

Area de Conservaci6n
Guanacaste, n.d.

Integrated, quality plans

Guanacaste

Institutional

Non-Governmental
Organizations

Positive

Evans, 1999

UNESCO

Guanacaste

Institutional

Non-Governmental
Organizations

Positive

Guanacaste

Social

Agriculture

Negative

Guanacaste

Social

Development Projects

Negative

Guanacaste

Social

Encroachment

Negative

Stonich, 1999

Negative

Area de Conservaci6n
Guanacaste , n.d.

Guanacaste

Social

Local Government
Organizations
Local Government
Organizations

Encroachment

Area de Conservaci6n
Guanacaste, n.d.
Area de Conservaci6n
Guanacaste , n.d.

Regional Councils, SINAC, MINAF ,
Costa Rican National Park Service

Pollution and deviation of water

Stonich, 1999

Hunting and fishing, and poaching

Appendix A (Continued)
Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Guanacaste

Social

Development Projects

Negative

Area de Conservaci6n
Guanacaste, n.d.

Logging, Hydroelectric Dams and
Roads

Guanacaste

Social

Rate of Population
Change

Negative

Stonich, 1999

Guanacaste

Social

Rate of Population
Change

Negative

Evans, 1999

Guanacaste

Social

Tourism

Neutral

Area de Conservaci6n
Guanacaste, n.d.

Guanacaste

Social

Tourism

Negative

Stonich , 1999

Guanacaste

Social

Urban Pressure

Negative

Costa Rica, n.d.

Talamanca

Environmental

Habitat Fragmentation

Negative

Sanchez-Azofeifa, Daily, Pfaff &
Busch, 2003

Creation of buffer zones

Talamanca

Environmental

Habitat Fragmentation

Positive

Evans, 1999

Incorporation of buffer zones

Talamanca

Institutional

Funding

Neutral

Talamanca Range-La Amistad
Reserves/ La Amistad National
Park , n.d .

UNESCO funding , other funding
insufficient

Talamanca

Institutional

Government Policy

Positive

Evans , 1999

Green Growth Strategy

Talamanca

Institutional

Local Government
Organizations

Positive

Talamanca Range-La Amistad
Reserves / La Amistad National
Park, n.d.

SINAC, MINAF, Costa Rican
National Park Service

Talamanca

Institutional

Management Plans

Neutral

Talamanca Range-La Amistad
Reserves/ La Amistad National
Park, n.d .

Poor Quality, but Integrated Plans

Talamanca

Institutional

Non-Governmental
Organizations

Positive

Evans , 1999

Talamanca

Institutional

Non-Governmental
Organizations

Positive

Talamanca Range-La Amistad
Reserves/ La Amistad National
Park, n.d.

UNESCO

Talamanca

Social

Agriculture

Negative

Dahlquist et al., 2004

Monoculture crop and pesticides

Talamanca

Social

Agriculture

Negative

Talamanca Range-La Amistad
Reserves/ La Amistad National
Park, n.d.

Deviation of water, cattle grazing,
and pollution

Heavy tourism also awareness
programs
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Talamanca

Social

Development Projects

Negative

About Talamanca, Costa Rica,
n.d.

Dams, coal and oil exploitation, and
highway construction

Talamanca

Social

Encroachment

Negative

Talamanca Range-La Amistad
Reserves/ La Amistad National
Park, n.d.

Hunting and fishing, poaching,
border delineations, and squatter
populations

Talamanca

Social

Encroachment

Neutral

Talamanca Range-La Amistad
Reserves / La Amistad National
Park, n.d.

Indian reserves

Talamanca

Social

Development Projects

Negative

Talarnanca Range-La Amistad
Reserves/ La Amistad National
Park, n.d.

Oil, gas, and copper extraction,
dams, logging, and road construction

Talamanca

Social

Rate of Population
Change

Negative

Evans, 1999

Talamanca

Social

Tourism

Negative

Talamanca

Social

Tourism

Neutral

About Talamanca, Costa Rica,
n.d.
Talamanca Range-La Amistad
Reserves/ La Amistad National
Park, n.d.

Heavy tourism, but awareness
programs
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Table A2: Literature review database for Costa Rica.
Type of
Influence

Reference

Notes

Negative

Lopez,2014

Playa Potrero, conflict over water

Negative

Klose, 2012

Water shortages

Negative

Kuzdas, 2012

Water conflict

Negative

Dyer, 2013

Border conflict with Nicaragua

Negative

Stonich , 1999

Social Tension

Regional Conflict

Negative

Evans , 1999

Conflict between Nicaragua and
Costa Rica

Conflict

Regional Conflict

Negative

Klose, 2012

Conflict between Nicaragua and
Costa Rica

Guanacaste

Environmental

Habitat Fragmentation

Negative

Sanchez-Azofeifa, Daily, Pfaff &
Busch, 2003

Deforestation near park boundaries

Conservation
Project

Factor

Guanacaste

Conflict

Guanacaste

Conflict

Guanacaste

Conflict

Guanacaste

Conflict

Conflict Over
Resources
Conflict Over
Resources
Conflict Over
Resources
International Conflict

Guanacaste

Conflict

Local Conflict

Guanacaste

Conflict

Guanacaste

Sub-Factor

Guanacaste

Environmental

Habitat Fragmentation

Negative

Chapman, 1988

Deforestation

Guanacaste

Environmental

Habitat Fragmentation

Negative

Janzen, 1983a

Smaller areas subject to edge effects

Guanacaste

Environmental

Habitat Fragmentation

Negative

Janzen, 1988a

Deforestation

Guanacaste

Environmental

Habitat Fragmentation

Positive

Sanchez-Azofeifa , Daily, Pfaff &
Busch, 2003

Less deforestation and more forest
cover near boundaries

Guanacaste

Environmental

Habitat Fragmentation

Positive

Area de Conservaci6n Guanacaste,
n.d.

Geographic isolation, incorporation
ofbuffer zones

Guanacaste

Environmental

Soil Quality

Negative

Costa Rica, n.d.

Poor soil

Guanacaste

Environmental

Soil Quality

Negative

Area de Conservaci6n Guanacaste,
n.d.

Poor soil

Guanacaste

Environmental

Species Index

Positive

M, 2013a

Good biodiversity

Guanacaste

Environmental

Species Index

Positive

Area de Conservaci6n Guanacaste,
n.d.

7000 plant, 900 vertebrates, 41000
inverts
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Guanacaste

Environmental

Water Quality

Negative

Costa Rica, n.d.

Pollution from a number of sources

Guanacaste

Institutional

Funding

Positive

Boza, 1993

Global Environmental Facility

Guanacaste

Institutional

Funding

Positive

Area de Conservaci6n Guanacaste,
n.d.

Guanacaste

Institutional

Government Policy

Neutral

Boza , 1993

Diversified funding, payments for
environmental services
Critical time to enforce minimum
requirements for EIA

Guanacaste

Institutional

Government Policy

Neutral

Campbell, 2002

Guanacaste

Institutional

Government Policy

Neutral

Liverman, 2004

Commodification of nature

Growth of tourism and
environmental governance

Guanacaste

Institutional

Government Policy

Positive

Evans , 1999

National government supportive of
conservation

Guanacaste

Institutional

Government Policy

Positive

Costa Rica, n.d.

Green Growth Strategy

Local Government
Organizations
Local Government
Organizations
Local Government
Organizations

Neutral

Seligson, 2002

Support System

Positive

Costa Rica, n.d.

Supportive government

Positive

Area de Conservaci6n Guanacaste,
n.d.

Regional councils, SINAC, MINAF,
Costa Rican National Park Service
Successfully tackling tropical
deforestation

Guanacaste

Institutional

Guanacaste

Institutional

Guanacaste

Institutional

Guanacaste

Institutional

Management Plans

Positive

Brown & Bird , n.d.

Guanacaste

Institutional

Management Plans

Positive

M, 2013a

Quality plans

Guanacaste

Institutional

Management Plans

Positive

Area de Conservaci6n Guanacaste,
n.d.

Quality, Integrated

Guanacaste

Institutional

Positive

Boza, 1993

Support community based
conservation

Guanacaste

Institutional

Positive

Evans , 1999

UNESCO

Guanacaste

Institutional

Positive

Area de Conservaci6n Guanacaste,
n.d.

NGOs present in area

Guanacaste

Social

Negative

Klose, 2012

Deforestation and the expansion of
ranching

Non-Governmental
Organizations
Non-Governmental
Organizations
Non-Governmental
Organizations
Agriculture
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Guanacaste

Social

Agriculture

Negative

Area de Conservaci6n Guanacaste,
n.d.

Pollution, deviation of water

Guanacaste

Social

Encroachment

Negative

Stonich, 1999

Squatters along park borders

Negative

Area de Conservaci6n Guanacaste,
n.d.

Hunting and fishing, poaching

Negative

Stonich, 1999

Logging and Roads

Negative

Area de Conservaci6n Guanacaste,
n.d.

Logging , hydroelectric dams, roads

Guanacaste

Social

Encroachment

Guanacaste

Social

Guanacaste

Social

Guanacaste

Social

Population Change

Negative

Evans , 1999

Population growth around park
boundaries

Guanacaste

Social

Population Change

Negative

Stonich, 1999

Human populations growth

Guanacaste

Social

Restoration

Positive

Janzen, 1988

Wind and animal driven
restoration/Passive

Guanacaste

Social

Restoration

Positive

Janzen,2000

Passive restoration

Guanacaste

Social

Restoration

Positive

Moline, 1999

Restoration in progress

Guanacaste

Social

Tourism

Negative

Stonich, 1999

Large tourist population

Guanacaste

Social

Tourism

Neutral

Chase, Lee, Schulze & Anderson,
1998

Ecotourism management

Guanacaste

Social

Tourism

Neutral

Area de Conservaci6n Guanacaste,
n.d.

Lots of tourism, awareness programs

Major Development
Projects
Major Development
Projects

Guanacaste

Social

Tourism

Positive

Boza, 1993

Help attract funding

Guanacaste

Social

Tourism

Positive

Hearne & Salinas, 2002

Ecotourism development

Guanacaste

Social

Tourism

Positive

Ross & Wood, 2010

Active Ecotourism

Guanacaste

Social

Negative

Costa Rica, n.d.

Urban pressure present near parks

Talamanca

Conflict

Urban Pressure
Conflict Over
Resources

Negative

Duran & Marnez, 2014

Sixaola River

Talamanca

Conflict

International Conflict

Negative

Talamanca

Conflict

Local Conflict

Negative

Jordan, Sagastizabal & Ankerson,
1999
Sarma, 2014

Talamanca

Conflict

Local Conflict

Negative

Dahlquist et al., 2004

Conflict *old, from colonial issues
Sixaola River, social tension
Marginalized indigenous peoples
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Talamanca

Conflict

Local Conflict

Negative

Ramirez, n.d.

Indigenous populations loosing land
to non-indigenous settlers

Talamanca

Environmental

Habitat Fragmentation

Negative

Sanchez-Azofeifa , Daily, Pfaff &
Busch, 2003

Deforestation near park boundaries

Talamanca

Environmental

Habitat Fragmentation

Negative

Sanchez-Azofeifa, Daily, Pfaff &
Busch, 2003

Creation of buffer zones

Talamanca

Environmental

Habitat Fragmentation

Negative

Janzen, 1983a

Smaller areas subject to edge effects

Talamanca

Environmental

Habitat Fragmentation

Positive

Evans, 1999

Incorporation of buffer zones

Talamanca

Environmental

Soil Quality

Positive

Talamanca Range-La Amistad
Reserves / La Amistad National
Park, n.d.

Good soils

Talamanca

Environmental

Species Index

Positive

Talamanca Range-La Amistad
Reserves/ La Amistad National
Park, n.d.

90% ofCR's known plant species
15900 plant, 1180 vertebrates,

Talamanca

Environmental

Water Quality

Negative

Black, 2012

Runoff from tourism and agriculture

Talamanca

Environmental

Water Quality

Negative

Waste Management

Talamanca

Environmental

Water Quality

Negative

Talamanca

Institutional

Funding

Neutral

About Talamanca, Costa Rica, n.d.
Jordan, Sagastizabal & Ankerson,
1999
Talamanca Range-La Amistad
Reserves/ La Amistad National
Park, n.d.

Talamanca

Institutional

Funding

Positive

Boza, 1993

Talamanca

Institutional

Government Policy

Neutral

Boza, 1993

Talamanca

Institutional

Government Policy

Neutral

Campbell, 2002

Talamanca

Institutional

Government Policy

Neutral

Liverman, 2004

Commodification of nature

Talamanca

Institutional

Government Policy

Positive

Evans, 1999

Green Growth Strategy

Institutional

Local Government
Organizations

Neutral

Seligson,2002

Support System

Talamanca

Pollution from agriculture
Funding from UNESCO but its
insufficient
Global Environmental Facility
Critical time to enforce minimum
requirements for EIA
Growth of tourism and
environmental governance
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Talamanca

Institutional

Local Government
Organizations

Positive

Talamanca Range-La Amistad
Reserves / La Amistad National
Park, n.d.

SINAC, MINAF, Costa Rican
National Park Service

Talamanca

Institutional

Management Plans

Neutral

Talamanca Range-La Amistad
Reserves/ La Amistad National
Park, n.d.

Poor Quality, but Integrated

Talamanca

Institutional

Management Plans

Positive

Brown & Bird, n.d.

Talamanca

Institutional

Positive

Boza, 1993

Talamanca

Institutional

Positive

Evans, 1999

UNESCO

Talamanca

Institutional

Non-Governmental
Organizations

Positive

Talamanca Range-La Amistad
Reserves/ La Amistad National
Park, n.d.

UNESCO

Talamanca

Social

Agriculture

Negative

Cohen & Lindell, 2005

Species cannot exist on agricultural
landscape without access to forest

Talamanca

Social

Agriculture

Negative

Talamanca

Social

Agriculture

Negative

Talamanca

Social

Agriculture

Negative

Dahlquist et al., 2004
Jordan, Sagastizabal & Ankerson,
1999
Talamanca Range-La Amistad
Reserves / La Amistad National
Park,n.d.

Talamanca

Social

Major Development
Projects

Negative

About Talamanca, Costa Rica, n.d.

Talamanca

Social

Encroachment

Negative

Jordan, Sagastizabal & Ankerson,
1999

Hydroelectric dams, coal, oil,
highway
Traditional land carry capacity
exceeded for Ngobe-Bugle

Talamanca

Social

Encroachment

Negative

Talamanca Range-La Amistad
Reserves/ La Amistad National
Park, n.d.

Hunting and fishing, poaching,
border delineations, squatters along
border

Talamanca

Social

Encroachment

Neutral

Talamanca Range-La Amistad
Reserves/ La Amistad National
Park, n.d.

Indigenous reservations

Non-Governmental
Organizations
Non-Governmental
Organizations

Successfully tackling tropical
deforestation
Support community based
conservation

Monoculture crop and pesticides
Pollution
Deviation of water, cattle grazing,
pollution
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Talamanca

Social

Local Participation

Negative

About Talamanca, Costa Rica, n.d.

Poor participation

Talamanca

Social

Local Participation

Positive

Lynch,2004

Grassroots organizations

Talamanca

Social

Talamanca

Social

Talamanca

Social

Major Development
Projects

Talamanca

Social

Talamanca

Jordan, Sagastizabal & Ank:erson,
1999
Jordan, Sagastizabal & Ank:erson,
1999

Hydropower would change natural
and social dynamics of the watershed

Negative

McLarney & Mafia, 2007

Four proposed hydroelectric dams

Major Development
Projects

Negative

Talamanca Range-La Amistad
Reserves/ La Amistad National
Park, n.d.

Oil, gas, copper extraction, dams ,
logging, roads

Social

Population Change

Negative

Evans, 1999

Increasing populations near park
borders

Talamanca

Social

Tourism

Negative

About Talamanca, Costa Rica, n.d.

High tourist activity

Talamanca

Social

Tourism

Neutral

Lynch,2004

Considered a double-edged sword

Talamanca Range-La Amistad
Reserves/ La Amistad National
Park, n.d.

Lots of tourism, awareness programs

Major Development
Projects
Major Development
Projects

Negative
Negative

Roads

Talamanca

Social

Tourism

Neutral

Talamanca

Social

Tourism

Positive

Boza, 1993

Help attract funding

Talamanca

Social

Tourism

Positive

Ecotourism development

Talamanca

Social

Tourism

Positive

Hearne & Salinas, 2002
Jordan, Sagastizabal & Ank:erson,
1999

Important Economic Activity
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Table A3: Literature review database for Panama.
Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Coiba National
Park

Environmental

Habitat Fragmentation

Positive

Coiba National Park and its
Special Zone of Marine Protection
n.d.

Buffer zones

Coiba National
Park

Environmental

Soil Quality

Neutral

M, 2010a

Volcanic rock and limestone overlaid
by patches of sedimentary soils
(secondary origin)

Coiba National
Park

Environmental

Species Index

Negative

Coiba National Park and its
Special Zone of Marine Protection
n.d.

Introduced species

Coiba National
Park

Environmental

Species Index

Neutral

Gutierrez et al., 2005

Largest marine protected area in the
Republic of Panama , five sponge
specimens were collected

Environmental

Species Index

Positive

Aguado & San Martin, 2004

Marine species

Environmental

Species Index

Positive

Guzman & Breedy , 2012

Environmental

Species Index

Positive

Steinitz et al., 2005

Environmental

Water Quality

Negative

Borrell, Cantos, Pastor & Aguilar,
2004

Coiba National
Park
Coiba National
Park
Coiba National
Park
Coiba National
Park

Endemic octocoral species,
presumably a biodiversity hot spot
One of Central America's most
diverse ecosystems
Pollution from organcholide
(agricultural pesticides)

Coiba National
Park

Environmental

Water Quality

Neutral

Camilli, Pizarro & Camilli, 2008

A negative correlation between CO2
and salinity, freshwater input near
island region important for
determining CO2 levels

Coiba National
Park

Environmental

Water Quality

Positive

M,20l0a

Productive local waters

M,2010a

Funding and staff insufficient to
control the pressures of fishing
tourism, influx of peasants, and
logging companies

Coiba National
Park

Institutional

Funding

Negative
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Conservation
Project

Factor

Suh-Factor

Type of
Influence

Reference

Notes

Coiba National
Park

Institutional

Funding

Neutral

Coiba National Park and its
Special Zone of Marine Protection
n.d.

NGOs and productive sectors help
ensure basic funding for
management

Institutional

Government Policy

Neutral

Steinitz et al., 2005

Weak standpoint, park designation
can be repealed by executive order

Institutional

Government Policy

Steinitz et al., 2005

1991 declared a National Park

Institutional

Local Government
Organizations

Kursar et al., 2007

Panama programs made direct
conservation efforts in newly
established conservation area

Coiba National
Park

Institutional

Local Government
Organizations

Positive

Steinitz et al., 2005

Legislative act in 2001 brought park
under authority oflocal entities
instead of national entities who were
pro development

Coiba National
Park

Institutional

Management Plans

Negative

Coiba National Park and its
Special Zone of Marine Protection
n.d.

Poor management
systems/management plans

Coiba National
Park

Institutional

Management Plans

Negative

Coiba National Park and its
Special Zone of Marine Protection
n.d.

Absence of clear regulations relating
to the property

Coiba National
Park

Institutional

Management Plans

Negative

Guzman, Guevara & Breedy , 2004

No comprehensive management plan
to date (2004)

Coiba National
Park

Institutional

Management Plans

Positive

M,2010a

Restricts development , conservation
takes priority over ecotourism
(developed in 1996)

Coiba National
Park

Institutional

Management Plans

Blaustein , 2007

Established in 2005

Institutional

Non-Governmental
Organizations

Coiba National Park and its
Special Zone of Marine Protection
n.d.

NGOs and productive sectors active
along with national and local
authorities and members of civil
society

Coiba National
Park
Coiba National
Park
Coiba National
Park

Coiba National
Park

Positive

Neutral
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Coiba National
Park

Social

Agriculture

Negative

Coiba National Park and its
Special Zone of Marine Protection
n.d.

Continued and growing presence of
cattle

Coiba National
Park

Social

Agriculture

Positive

Boyero & DeLope, 2002

Lack of alteration because the island
has been a penitentiary island since
1919

Coiba National
Park

Social

Encroachment

Negative

Coiba National Park and its
Special Zone of Marine Protection
n.d.

Illegal fishing

Coiba National
Park

Social

Encroachment

Negative

Edgar et al., 2011

No fishing control, 'no-take' zones,
moderate control of illegal fishing

Coiba National
Park

Social

Encroachment

Negative

Steinitz et al., 2005

Illegal fishing

Social

Encroachment

Neutral

Lopez, Cladera, San Martin,
Laborda & Aguado, 2002

Social

Encroachment

Positive

Blaustein , 2007

Social

Local Participation

Positive

Dalton, 2004

No recent human activity, but past
activity has made the areas smaller
Penal colony so minimal and
restricted settlement
Depth of local involvement make is
useful model for others

Coiba National
Park

Social

Major Development
Projects

Negative

Coiba National Park and its
Special Zone of Marine Protection
n.d.

Planned construction of a naval base

Coiba National
Park

Social

Major Development
Projects

Positive

Steinitz et al., 2005

Largely untouched by human
development

Coiba National
Park

Social

Tourism

Negative

Coiba National Park and its
Special Zone of Marine Protection
n.d.

Impacts of tourism, visitor,
recreation

Coiba National
Park

Social

Tourism

Negative

Coiba National Park and its
Special Zone of Marine Protection
n.d.

Pressure from scale of planning and
equipment used for ecotourism
development

Coiba National
Park
Coiba National
Park
Coiba National
Park
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Coiba National
Park

Social

Tourism

Neutral

Schloegel , 2007

Less developed tourist industry,
wanting to expand scope of
sustainable tourism industry

Neutral

Schloegel , 2007

Explosive growth , but difficult to
identify existing demand, more time
in Panama but not necessarily more
money spent
Potential to bring awareness to
diverse fish communities .. . but if
tourists are not properly trained can
damage environment

Coiba National
Park

Social

Tourism

Coiba National
Park

Social

Tourism

Neutral

Dominici-Arosemena & Wolff ,
2006

Coiba National
Park

Social

Tourism

Positive

Boyero & DeLope , 2002

Lack of alteration because the island
has been a penitentiary island since
1919

Darien
National Park

Conflict

Local Conflict

Negative

Jukofsky, 1991

Indigenous person trying to defend
land was shot

Darien
National Park

Environmental

Habitat Fragmentation

Negative

Wege, 1996

Habitat loss from clearance for
agriculture and cocaine plantations

Darien
National Park

Environmental

Habitat Fragmentation

Neutral

Darien National Park, n.d.

Border delineation debate with
Columbia for decade

Darien
National Park

Environmental

Habitat Fragmentation

Positive

Kursar et al., 2007

Buffer zones, old logging roads in
the area once abandoned bad some
forest grow back and has had little to
no colonization

Darien
National Park

Environmental

Habitat Fragmentation

Positive

Ayala, 1997

Largest area of undisturbed rain
forest in Central America

Darien
National Park

Environmental

Soil Quality

Neutral

Herrera-MacBryde & ANCON,
n.d.

Clay soils

Darien
National Park

Environmental

Species Index

Negative

Wege, 1996

Threatened species

Darien
National Park

Environmental

Species Index

Neutral

Gonzalez, Schulte, Schmidt &
Zizka, 2011

Population of harpy eagle possibly
better than previously predicted,
eagles prefer more pristine habitat
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Darien
National Park

Environmental

Species Index

Positive

Darien National Park, n.d.

High endemism

Darien
National Park

Environmental

Species Index

Positive

Balaguer, 2012

Impressive number of species

Darien
National Park

Environmental

Species Index

Positive

Pipoly & Ricketson, 2005

Decent biodiversity

Darien
National Park

Environmental

Species Index

Positive

Gonzalez, Schulte, Schmidt &
Zizka, 2011

Endemic species

Darien
National Park

Environmental

Species Index

Positive

Wege, 1996

High endemism

Darien
National Park

Environmental

Species Index

Positive

Nelson, Harris & Stone, 1999

Rich and irreplaceable ecosystem

Darien
National Park

Environmental

Species Index

Positive

Casado, 2001

Darien
National Park

Environmental

Species Index

Positive

Ayala, 1997

Darien
National Park

Environmental

Water Quality

Negative

L,2014

Questionable water quality

Environmental

Water Quality

Positive

Herrera-MacBryde & ANCON ,
n.d.

Park protects 1/3 of watersheds in
Darien province

Institutional

Funding

Positive

M,2008a

Funding from different NGOs

Darien
National Park

Institutional

Government Policy

Negative

Casado, 2001

Chronic instability from ingrained
militarism that the country has
suffered

Darien
National Park

Institutional

Government Policy

Positive

Herrera-MacBryde & ANCON,
n.d .

Government made area priority for
major development of natural
resources

Darien
National Park

Institutional

Local Government
Organizations

Positive

Suman, 2007

Panamanian institutions with formal
authority

Darien
National Park
Darien
National Park

More flowering plants in 15 sq.
miles than all of Europe
More plant species than all of
Europe, more bird species that North
America
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Darien
National Park

Institutional

Local Government
Organizations

Positive

Gonzalez, Schulte, Schmidt &
Zizka, 2011

Local institutions provide support
(National Environmental Authority
of Panama)

Darien
National Park

Institutional

Local Government
Organizations

Positive

Ayala, 1997

Has the chance to combine tourism
and conservation sectors for a
comprehensive conservation strategy

Darien
National Park

Institutional

Local Government
Organizations

Positive

Grauel & Putz, 2004

Provide support as Panamanian
Environmental Ministry

Darien
National Park

Institutional

Management Plans

Positive

M, 2008a

Strictly protected core

Darien
National Park

Institutional

Non-Governmental
Organizations

Positive

Lewis, 1996

NGO's providing equipment and
maintenance

Darien
National Park

Institutional

Non-Governmental
Organizations

Positive

M, 2008a

Many NGOs operate in area along
with other national conservation
bodies

Social

Agriculture

Negative

Darien National Park, n.d.

Social

Agriculture

Negative

Weitzner , 2000

Social

Agriculture

Negative

Wege, 1996

Social

Agriculture

Negative

Nelson & Geoghegan, 2002

Darien
National Park

Social

Agriculture

Negative

Murawski & Hamrick, 1992

Darien
National Park

Social

Agriculture

Negative

Ayala, 1997

Social

Encroachment

Negative

Darien National Park, n.d.

Social

Encroachment

Negative

Balaguer, 2012

Social

Encroachment

Negative

Suman,2007

Darien
National Park
Darien
National Park
Darien
National Park
Darien
National Park

Darien
National Park
Darien
National Park
Darien
National Park

Advancing agricultural frontier in
neighboring areas
Slash and burn agriculture and cattle
ranching
Possible use of pesticides to control
cocaine plantations
Increase in agriculture by 75%, slash
and bum
Shifting agricultural practices to
consecutive burning of fields
Unsustainable agriculture
Changes in resource use patterns and
intensity of inhabitants
Threat of deforestation for the
development of a highway
Colonization stemming from road
construction in the area
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Conservation
Project
Darien
National Park
Darien
National Park

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Social

Encroachment

Negative

Jukofsky, 1991

Squatters chipping away at reserve
edges

Social

Encroachment

Negative

Wege, 1996

Overhunting for sustenance and trade

Darien
National Park

Social

Encroachment

Negative

Nelson & Geoghegan , 2002

Pan American highway repave,
while not taking more square footage
would increase forest lost especially
scrub habitat

Darien
National Park

Social

Encroachment

Negative

Ayala, 1997

Uncontrolled and unplanned
encroachment

Darien
National Park

Social

Encroachment

Negative

Ayala, 1997

Poaching

Darien
National Park

Social

Encroachment

Neutral

Suman,2007

Roads have only penetrated the park
within the last 25 years, changing
land use (rapid) and removing
tropical rainforest

Darien
National Park

Social

Local Participation

Neutral

Grauel & Putz, 2004

Community members desire to
promote sustainable logging of the
remaining Cativo forests

Darien
National Park

Social

Local Participation

Positive

Darien National Park, n.d.

Necessary to further engage in
participatory natural resource
management

Darien
National Park

Social

Local Participation

Positive

Lewis, 1996

Agro forestry project, help with
schools

Darien
National Park

Social

Local Participation

Positive

Weitzner, 2000

Local communities are promoting
alternative to slash and bum, cattle
ranching and destructive logging

Darien
National Park

Social

Major Development
Projects

Negative

Darien National Park, n.d.

Possible completion of PanAmerican Highway

Darien
National Park

Social

Major Development
Projects

Negative

Weitzner, 2000

Destructive logging
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Conservation
Project

Notes

Negative

Jukofsky , 1991

Panama's unprotected forests are
under attack from both legal and
illegal logging and slash and burn
agriculture

Major Development
Projects

Negative

Ayala, 1997

Timber extraction

Major Development
Projects

Negative

Grauel & Putz, 2004

Improvement of Pan American
highway will likely increase
colonization and forest clearing

Nelson & Geoghegan , 2002

Pan-American highway, concerns
that paving would encourage more
park use and bring pressure from
immigrants but predictions have only
one type of forest being significantly
impacted

Grauel & Putz, 2004

Traditional logging techniques not
used, no large machinery but, there
are still discontinuous forest gaps ..
Room for liana proliferation

Ankerson , 1999

Joint declaration from the president
of Panama and Columbia to NOT
complete the road, Darien Gap
contains dense forest that filters
speciation and separates North from
South America

Korten, 1994

Road construction for Pan American
highway has a treaty to prevent
construction through Darien
territory, indigenous populations fear
it would erode the forest and
encourage immigrat ion and forced
removal from lands

Sub-Factor

Darien
National Park

Social

Major Development
Projects

Darien
National Park

Social

Darien
National Park

Social

Darien
National Park

Darien
National Park

Darien
National Park

Darien
National Park

Social

Major Development
Projects

Social

Major Development
Projects

Social

Social

Type of
Influence

Reference

Factor

Major Development
Projects

Major Development
Projects

Neutral

Neutral

Positive

Positive

568

Appendix B (Continued)
Conservation
Project
Darien
National Park
Darien
National Park

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Social

Tourism

Negative

Wege, 1996

Human interference from excessive
ecotourism

Ayala, 1997

Lack of tourism industry ....
Encouraging development of buffer
zones to bring in more international
traffic

Social

Tourism

Neutral

Darien
National Park

Social

Tourism

Neutral

Jackiewicz & Craine, 2010

Sight ideal for ecological and
adventure tourism, bring in revenue
from residential tourism but puts
pressure on local communities with
rapid growth of areas that may
"burst" in the near future

Darien
National Park

Social

Tourism

Positive

Casado, 200 l

Difficult to reach, lack of roads, very
little tourism
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Table A4: Literature review database for the Mekong Valley.
Conservation
Project
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Conflict

International Conflict

Negative

The people of Lower Mekong Dry
Forests, n.d.

Civil unrest, overspill of conflict in
Vietnam

Conflict

Local Conflict

Negative

The people of Lower Mekong Dry
Forests, n.d.

War over political ideologies

Conflict

Local Conflict

Negative

The people of Lower Mekong Dry
Forests, n.d.

Local conflicts, for/against dam,
animal/human

Conflict

Regional Conflict

Negative

Gilmour, Van San & Tsechalicha,
2000

Little regulation

Negative

Bugna, 2002a

Sodhi et al., 2010

Conflict

Environmental

Habitat Fragmentation

Negative

Environmental

Habitat Fragmentation

Negative

Environmental

Soil Quality

Negative

Environmental

Species Index

Negative

Chaudhury, 2009

IUCN Red List

Environmental

Species Index

Positive

Sodhi et al., 2010

High species richness and endemism

Environmental

Water Quality

Negative

Lower Mekong Dry Forests
Ecoregion Action Programme,
2008

Pollution from gold mining

Lower Mekong Dry Forests
Ecoregion Action Programme,
2008
Lower Mekong Dry Forests
Ecoregion Action Programme,
2008

High rate of deforestation

Habitat Loss

Pollution from gold mining
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Conservation
Project
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Environmental

Water Quality

Positive

Kongmeng, Larsen & Van Duyen,
2013

2000-2008 Degradation , human
impacts on water but it does not
overly impact the quality

Institutional

Funding

Neutral

McElwee, 2012

Payments for environmental services

Institutional

Government Policy

Negative

Bugna, 2002a

Intense political climate , natural
resources heavily degraded

Institutional

Government Policy

Negative

Chaudhury, 2009

Ineffective

Institutional

Government Policy

Negative

Sodhi et al., 2010

Corruption

Institutional

Local Government
Organizations

Negative

Gilmour, Van San & Tsechalicha,
2000

Political instability, need local
participation

Institutional

Local Government
Organizations

Negative

Ducourtieux , Laffort &
Sacklokham, 2005

Lack formal duties and rights for
forest areas

Institutional

Local Government
Organizations

Positive

Chaudhury , 2009

Connection with local institutions

Institutional

Local Government
Organizations

Positive

Rambaldi, Bugna & Geiger, 2001

Protected area system

Institutional

Local Government
Organizations

Positive

Oglethorpe, 2009

MOSAIC

Institutional

Local Government
Organizations

Institutional

Management Plans

Sen, n.d.

Positive

Bugna, 2002a

Improved management capabilities
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Conservation
Project
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest

Factor

Sub-Factor

Type of
Influence

Institutional

Management Plans

Positive

Institutional

Non-Governmental
Organizations

Positive

Institutional

Non-Governmental
Organizations

Institutional

Reference

Notes

Lower Mekong Dry Forests
Ecoregion Action Programme ,
2008
Lower Mekong Dry Forests
Ecoregion Action Programme,
2008

Establishment of innovative
approach to PA management and
ecotourism development

Positive

Sunderland, Sayer & Hoang (Ed.),
2012

Help contribute to community based
management of forests

Non-Governmental
Organizations

Positive

Rambaldi, Bugna & Geiger , 2001

Institutional

Non-Governmental
Organizations

Positive

McElwee, 2012

Institutional

Non-Governmental
Organizations

Positive

Sunderland, Sayer & Hoang (Ed.),
2012

Considerable support , play key role
in forest protection

WWF

Institutional

Non-Governmental
Organizations

Positive

Sunderland, Sayer & Hoang (Ed.),
2012

Over 1000 registered NGOs, help to
draft laws and speak up for the
poor .. . provide technical assistance
for management and protection of
forest areas

Social

Agriculture

Negative

Clouded Leopards, n.d .

Land conversion, lower productivity

Social

Agriculture

Negative

Chaudhury, 2009

Social

Agriculture

Negative

Ducourtieux, Laffort &
Sacklokham, 2005

Destructive, slash and burn

Social

Agriculture

Negative

Sodhi et al., 2010

Rapid growth of agricultural
production
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Conservation
Project
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest
Lower
Mekong Dry
Forest

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Social

Agriculture

Negative

Sunderland , Sayer & Hoang (Ed .),
2012

Need for increased agriculture to
feed growing populations

Social

Encroachment

Negative

Lower Mekong Dry Forests
Ecoregion Action Programme,
2008

Hunting and fishing, wildlife trade,
resettlement

Social

Local Participation

Positive

Gilmour, Van San & Tsechalicha,
2000

New Forestry Law

Social

Local Participation

Positive

Ducourtieux , Laffort &
Sacklokham, 2005

Social

Major Development
Projects

Negative

Chaudhury , 2009

Logging

Social

Major Development
Projects

Negative

Lower Mekong Dry Forests
Ecoregion Action Programme,
2008

Logging, Infrastructure
Development, resource exploitation

Social

Major Development
Projects

Negative

Sunderland, Sayer & Hoang (Ed.),
2012

Exploitation of Location forests

Social

Major Development
Projects

Negative

Sunderland, Sayer & Hoang (Ed.),
2012

77 active dam projects

Social

Tourism

Positive

Chaudhury, 2009

Ecotourism, heavy source oflocal
income

Social

Urban Pressure

Negative

Chaudhury,2009

Rapid development

Stark, 1998

IUCN , n.d.a

About Laos
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Mekong
Valley Greater
Annamites

Conflict

Local Conflict

Negative

WWF in the Greater Mekong
region, n.d.

Animal/human

Mekong
Valley Greater
Annamites

Conflict

Regional Conflict

Negative

Ngoun, 2012

Border tensions between Cambodia
and Thailand

Mekong
Valley Greater
Annamites

Conflict

Regional Conflict

Negative

Gilmour, Van San & Tsechalicha ,
2000

Little regulation

Mekong
Valley Greater
Annamites

Conflict

Negative

Bugna, 2002b

Mekong
Valley Greater
Annamites

Environmental

Habitat Fragmentation

Negative

Sodhi et al., 2010

High rate of deforestat ion

Mekong
Valley Greater
Annamites

Environmental

Habitat Fragmentation

Negative

WWF in the Greater Mekong
region , n.d.

Habitat Loss

Mekong
Valley Greater
Annamites

Environmental

Soil Quality

Negative

WWF in the Greater Mekong
region , n.d.

Seasonal erosion, Pollution from
gold mining

Mekong
Valley Greater
Annamites

Environmental

Species Index

Negative

Chaudhury, 2009

IUCN Red List

Mekong
Valley Greater
Annamites

Environmental

Species Index

Positive

Sodhi et al., 2010

High species richness and endemism

Mekong
Valley Greater
Annamites

Environmental

Species Index

Positive

WWF in the Greater Mekong
region, n.d.

20000 plants, 1200 birds, 800
rep/amp, 430 mammals (1300 since
1997)

Mekong
Valley Greater
Annamites

Environmental

Water Quality

Negative

WWF in the Greater Mekong
region, n.d.

Pollution from gold mining
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Mekong
Valley Greater
Annamites

Institutional

Funding

Neutral

McElwee, 2012

Payments for environmental services

Mekong
Valley Greater
Annamites

Institutional

Government Policy

Negative

Bugna, 2002b

Intense political climate, natural
resources heavily degraded

Mekong
Valley Greater
Annamites

Institutional

Government Policy

Negative

Chaudhury, 2009

Ineffective

Mekong
Valley Greater
Annamites

Institutional

Government Policy

Negative

Sodhi et al., 2010

Corruption

Mekong
Valley Greater
Annarnites

Institutional

Local Government
Organizations

Negative

Gilmour, Van San & Tsechalicha,
2000

Political instability, need local
participation

Mekong
Valley Greater
Annamites

Institutional

Local Government
Organizations

Negative

Ducourtieux, Laffort &
Sacklokham, 2005

Lack formal duties and rights for
forest areas

Mekong
Valley Greater
Annamites

Institutional

Local Government
Organizations

Positive

WWF in the Greater Mekong
region, n.d.

FLMEC, FPO, OOG, MARO,
MONRE, IEBR, CEM

Mekong
Valley Greater
Annamites

Institutional

Local Government
Organizations

Positive

Chaudhury, 2009

Connection with local institutions

Mekong
Valley Greater
Annamites

Institutional

Local Government
Organizations

Positive

Rambaldi, Bugna & Geiger, 2001

Protected area system

Mekong
VaIJey Greater
Annamites

Institutional

Local Government
Organizations

Positive

Ngoun, 2012

Mekong
Valley Greater
Annamites

Institutional

Local Government
Organizations

Positive

Oglethorpe, 2009

MOSAIC
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Mekong
Valley Greater
Annamites

Institutional

Management Plans

Positive

Oglethorpe , 2009

MOSAIC

Mekong
Valley Greater
Annamites

Institutional

Non-Governmental
Organizations

Positive

WWF in the Greater Mekong
region, n.d.

WWF

Mekong
Valley Greater
Annamites

Institutional

Non-Governmental
Organizations

Positive

Sunderland, Sayer & Hoang, 2012

Help to contribute to community
based management of forests

Mekong
Valley Greater
Annamites

Institutional

Non-Governmental
Organizations

Positive

Rambaldi, Bugna & Geiger, 2001

Mekong
Valley Greater
Annamites

Institutional

Non-Governmental
Organizations

Positive

McElwee, 20 I 2

Mekong
Valley Greater
Annamites

Institutional

Non-Governmental
Organizations

Positive

Sunderland , Sayer & Hoang (Ed.),
2012

Considerable support, play key role
in forest protection
Over 1000 registered NGOs, help to
draft laws and speak up for the
poor . .. provide technical assistance
for management and protection of
forest areas

Mekong
Valley Greater
Annamites

Institutional

Non-Governmental
Organizations

Positive

Sunderland, Sayer & Hoang (Ed.),
2012

Mekong
Valley Greater
Annamites

Social

Agriculture

Negative

Chaudhury, 2009

Mekong
Valley Greater
Annamites

Social

Agriculture

Negative

Sunderland, Sayer & Hoang (Ed.) ,
2012

Need for increased agriculture to
feed growing populations

Mekong
Valley Greater
Annamites

Social

Agriculture

Negative

WWF in the Greater Mekong
region, n.d.

Expansion and intensification
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Mekong
Valley Greater
Annamites

Social

Agriculture

Negative

Ducourtieux, Laffort &
Sacklokham, 2005

Destructive, slash and burn

Mekong
Valley Greater
Annamites

Social

Agriculture

Negative

Sodhi et al., 2010

Rapid growth of agricultural
production

Mekong
Valley Greater
Annamites

Social

Encroachment

Negative

WWF in the Greater Mekong
region, n.d.

Migration, wildlife exploitation

Mekong
Valley Greater
Annamites

Social

Local Participation

Positive

Gilmour, Van San & Tsechalicha,
2000

New Forestry Law

Mekong
Valley Greater
Annamites

Social

Local Participation

Positive

Ducourtieux, Laffort &
Sacklokham, 2005

Mekong
Valley Greater
Annamites

Social

Major Development
Projects

Negative

Chaudhury, 2009

Logging

Mekong
Valley Greater
Annamites

Social

Major Development
Projects

Negative

WWF in the Greater Mekong
region, n.d.

Logging, Infrastructure Development

Mekong
Valley Greater
Annamites

Social

Major Development
Projects

Negative

Sunderland, Sayer & Hoang (Ed.),
2012

Exploitation of Location forests

Mekong
Valley Greater
Annamites

Social

Major Development
Projects

Negative

Sunderland, Sayer & Hoang (Ed.),
2012

77 active dam projects

Mekong
Valley Greater
Annamites

Social

Restoration

Positive

WWF in the Greater Mekong
region, n.d.

Sustainable management of forests
(reduced soil erosion and
sedimentation downstream)

Mekong
Valley Greater
Annamites

Social

Tourism

Positive

Chaudhury, 2009

Ecotourism, heavy source of local
income

577

Appendix B (Continued)
Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Mekong
Valley Greater
Annamites

Social

Urban Pressure

Negative

Chaudhury, 2009

Rapid development

Mekong
Valley Greater
Annamites

Stark, 1998

Background

Mekong
Valley Greater
Annamites

IUCN,n.d .

About Laos

Mekong
Valley Greater
Annamites

Bugna, 2002b

Phong Nha-Ke
Bang

Conflict

International Conflict

Negative

Gilmour , Van San & Tsechalicha,
2000

Increased production, resource overexploitation

Phong Nha-Ke
Bang

Conflict

Local Conflict

Negative

Phong Nha-Ke Bang National
Park, n.d.

Animal/human

Phong Nha-Ke
Bang

Conflict

Local Conflict

Negative

MAG - Find out about the good
work that the Mines Advisory
Group do in this area, n.d .

Conflict 40 years ago, heavy
contamination

Phong Nha-Ke
Bang

Environmental

Habitat Fragmentation

Negative

Phong Nha-Ke Bang National
Park, n.d.

Isolation

Phong Nha-Ke
Bang

Environmental

Habitat Fragmentation

Negative

Ha, 2006

Habitat loss

Phong Nha-Ke
Bang

Environmental

Soil Quality

Negative

Phong Nha-Ke Bang National
Park, n.d.

Erosion, siltation

Phong Nha-Ke
Bang

Environmental

Species Index

Negative

Chaudhury, 2009

IUCN Red List

Phong Nha-Ke
Bang

Environmental

Species Index

Positive

M, 2008f

876 plants, 568 vertebrates, 259
butterfly

Phong Nha-Ke
Bang

Environmental

Water Quality

Negative

Phong Nha-Ke Bang National
Park, n.d.

Water pollution

PhongNha-Ke
Bang

Institutional

Funding

Neutral

McElwee, 2012

Payments for environmental services
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Phong Nha-Ke
Bang

Institutional

Funding

Positive

Phong Nha-Ke Bang National
Park, n.d.

UNESCO

Phong Nha-Ke
Bang

Institutional

Government Policy

Negative

Sodhi et al., 2010

Corruption

Phong Nha-Ke
Bang

Institutional

Government Policy

Negative

Chaudhury, 2009

Ineffective

Phong Nha-Ke
Bang

Institutional

Local Government
Organizations

Negative

Gilmour, Van San & Tsechalicha,
2000

Encourage planting of fast growing
commercial trees

Phong Nha-Ke
Bang

Institutional

Local Government
Organizations

Positive

Phong Nha-Ke Bang National
Park, n.d.

Law enforcement

Phong Nha-Ke
Bang

Institutional

Local Government
Organizations

Positive

Rambaldi, Bugna & Geiger, 2001

Protected area system

Phong Nha-Ke
Bang

Institutional

Local Government
Organizations

Positive

Phong Nha-Ke Bang National
Park, n.d.

National Conservation Strategy
(1984-1985), the National
Biodiversity Action Plan (19931996), the National Plan for
Environment and Sustainable
Development (1991-2000), and the
five-year National Environmental
Action Plan (2001-2005 )

Phong Nha-Ke
Bang

Institutional

Local Government
Organizations

Positive

Oglethorpe, 2009

MOSAIC

Phong Nha-Ke
Bang

Institutional

Management Plans

Negative

Phong Nha-Ke Bang National
Park, n.d.

Management system

Phong Nha-Ke
Bang

Institutional

Management Plans

Positive

M,2008f

Conservation management

Phong Nha-Ke
Bang

Institutional

Management Plans

Positive

Oglethorpe, 2009

MOSAIC

Phong Nha-Ke
Bang

Institutional

Non-Governmental
Organizations

Positive

Phong Nha-Ke Bang National
Park, n.d.

W odd heritage committee

Phong Nha-Ke
Bang

Institutional

Non-Governmental
Organizations

Positive

Rambaldi, Bugna & Geiger, 2001

Phong Nha-Ke
Bang

Institutional

Non-Governmental
Organizations

Positive

McElwee, 2012
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Conservation
Project
Phong Nha-Ke
Bang
Phong Nha-Ke
Bang
Phong Nha-Ke
Bang
Phong Nha-Ke
Bang
Phong Nha-Ke
Bang
Phong Nha-Ke
Bang
Phong Nha-Ke
Bang
Phong Nha-Ke
Bang
Phong Nha-Ke
Bang
Phong Nha-Ke
Bang
Phong Nha-Ke
Bang
Phong Nha-Ke
Bang
Phong Nha-Ke
Bang
Phong Nha-Ke
Bang
Phong Nha-Ke
Bang
Phong Nha-Ke
Bang

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Institutional

Non-Governmental
Organizations

Positive

Sunderland, Sayer & Hoang (Ed.),
2012

Considerable support, play key role
in forest protection

Social

Agriculture

Negative

Sodhi et al., 2010

Rapid agricultural growth

Social

Agriculture

Negative

Chaudhury,2009

Social

Agriculture

Negative

Social

Agriculture

Positive

Social

Agriculture

Positive

Social

Encroachment

Social
Social
Social

Sunderland, Sayer & Hoang (Ed.),
2012
Gilmour, Van San & Tsechalicha,
2000
Gilmour, Van San & Tsechalicha,
2000

Need for increased agriculture to
feed growing populations

Negative

Ha,2006

Hunting

Encroachment

Negative

Sodhi et al., 2010

Illegal wildlife trade

Major Development
Projects

Negative

Phong Nha-Ke Bang National
Park, n.d .

Logging, infrastructure development,
roads

Negative

Chaudhury, 2009

Logging

Positive

Phong Nha-Ke Bang National
Park, n.d.

Major Development
Projects
Major Development
Projects

Land in cooperatives
Agro-forestry promotion

Social

Population Change

Negative

M, 2008f

Social

Restoration

Positive

Phong Nha-Ke Bang National
Park, n.d.

Waste collection measures,
embankment and ditch system
Population growth rapid, poverty
widespread
Tree planting, maintenance of
naturally recovered vegetation

Social

Tourism

Neutral

Hubner, Phong & Chau, 2014

Lack of visitors, awareness

Social

Tourism

Positive

Chaudhury, 2009

Ecotourism, heavy source oflocal
income

Social

Urban Pressure

Negative

Chaudhury,2009

Rapid development

Social

580

Appendix B (Continued)
Table A5: Literature review database for Cameroon.
Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Congo Basin

Conflict

Local Conflict

Negative

Oyono, 2005

Local communities do not have
access to forestry benefits

Congo Basin

Conflict

Local Conflict

Negative

Oyono,2005

Emergence of social groups cause
marginalization of older/other groups

Congo Basin

Environmental

Habitat Fragmentation

Negative

Haddad et al., 2015

Terrifying results of habitat
fragmentation (roads)

Congo Basin

Environmental

Soil Quality

Negative

Ngongo, Muzinya, Baert & Van
Ranst, n.d.

Poor in nutrients and fragile, erosion
hazard

Congo Basin

Environmental

Soil Quality

Positive

Gaillardet, Dupre & Allegre, 1995

Relatively good soils, not high
erosion, thicker soil base

Congo Basin

Environmental

Species Index

Positive

Congo Rainforest and Basin , n.d.

10,000 species of tropical plants,
endangered wildlife, lots of legacy
species

Congo Basin

Environmental

Water Quality

Negative

UNEP,2010

Potential pollution from copper
mining

Congo Basin

Environmental

Water Quality

Positive

Dupre , Gaillardet, Rousseau &
Allegre, 1996

High mobility, so low suspended
load, enriched for dissolved load

Congo Basin

Institutional

Funding

Negative

Oyono,2005

Corruption and misappropriation

Congo Basin

Institutional

Funding

Negative

Wilkie , Carpenter & Zhang, 2001

Inconsistent and reluctance to report
actual value

Congo Basin

Institutional

Funding

Negative

Wilkie& Carpenter, 1999c

Budget constraints

Congo Basin

Institutional

Government Policy

Negative

Nasi, Billand & van Vliet, 2012

Separation of responsibilities, lack of
involvement

Congo Basin

Institutional

Government Policy

Neutral

REDD in Cameroon, n.d.

Driving economic growth, but also
partnered with conservation and
forest management

Congo Basin

Institutional

Local Government
Organizations

Negative

The Forests of the Congo Basin : A
Preliminary Assessment, 2005

Lack of awareness of problems
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Conservation
Project

Factor

Sub-Factor

Congo Basin

Institutional

Local Government
Organizations

Congo Basin

Institutional

Local Government
Organizations

Type of
Influence

Reference

Notes

Positive

Congo Rainforest and Basin, n.d.

Collaboration between six
governments and communities to
sustainably manage the forests and
protect wildlife

Positive

Oyono, 2005

Decentralization of forest
management and of benefits accruing
from there

Congo Basin

Institutional

Management Plans

Negative

Nasi , Billand & van Vliet , 2012

Lack of environmental or
biodiversity specific measures; cost,
lack of motivation, lack of standard
technical guidelines

Congo Basin

Institutional

Non-Governmental
Organizations

Neutral

Wilkie, Carpenter & Zhang, 200 l

Lots ofNGOs work in the area but
they are not necessarily transparent,
money not always allocated correctly

Congo Basin

Institutional

Non-Governmental
Organizations

Neutral

The Forests of the Congo Basin: A
Preliminary Assessment, 2005

Congo Basin

Social

Agriculture

Negative

Meh, 2011

Congo Basin

Social

Agriculture

Neutral

Land Use and Agriculture in the
Congo Basin, n.d.

Difficult to define

Congo Basin

Social

Encroachment

Negative

Congo Rainforest and Basin, n.d.

Illegal wildlife trade

Congo Basin

Social

Encroachment

Negative

Fa, Currie & Meeuwig, 2003

Hunting bush meat

Lack of capacity oflocal NGOs but
lots of global NGOs present
Plays a major role in depletion of
forest

Congo Basin

Social

Encroachment

Negative

Wilkie & Carpenter, 1999a

Hunting bush meat

Congo Basin

Social

Encroachment

Negative

Nasi , Billand & van Vliet , 2012

Hunting , negative impact on species

Congo Basin

Social

Encroachment

Positive

Wilkie & Carpenter, 1999b

Trophy hunting raises more fees for
conservation than other economic
development

Congo Basin

Social

Local Participation

Positive

Congo Rainforest and Basin, n.d.

Empowering local communities

Congo Basin

Social

Local Participation

Positive

Oyono, 2005

Community management,
community forests are a new and
innovative class of forest exploitation
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Type of
Influence

Reference

Notes

Negative

Congo Rainforest and Basin, n.d.

Concessions to logging and mining
companies

Negative

Oyono, 2005

Commercial logging

Negative

Wilkie et al., 2005

Roads increase the perceived threat
ofan area

Negative

Wilkie, Shaw, Rotberg, Morelli &
Auzel,2000

Logging and logging roads

Negative

Ndoye & Tieguhong, 2004

Logging

Negative

Nasi , Billand & van Vliet, 2012

Industrial logging concessions

Negative

Nasi, Billand & van Vliet, 2012

Logging, negative impact on species

Major Development
Projects

Negative

Blake et al., 2007

Logging and logging roads

Social

Major Development
Projects

Neutral

Perez et al., 2005

Industrial logging supports
communities

Congo Basin

Social

Population Change

Negative

Fa, Currie & Meeuwig, 2003

Rapid population growth

Congo Basin

Social

Population Change

Negative

Wilkie et al., 2005

Rapid population growth and
growing consumer demand

Congo Basin

Social

Population Change

Negative

Blake et al., 2007

Growing human populations

Congo Basin

Social

Tourism

Negative

Wilkie, Shaw, Rotberg, Morelli &
Auzel, 2000

Unknown tourism infrastructure

Congo Basin

Social

Tourism

Negative

Wilkie, Carpenter & Zhang, 2001

Potential ecotourism funds

Congo Basin

Social

Tourism

Positive

Wilkie et al., 2005

Fees help to run conservation

Congo Basin

Social

Tourism

Positive

Ndoye & Tieguhong, 2004

Embraced as a viable economic
development option

DjaFaunal
Reserve

Conflict

Conflict Over
Resources

Negative

Samndong & Vatn, 2012

Forest related conflict

Conservation
Project

Factor

Congo Basin

Social

Congo Basin

Social

Congo Basin

Social

Congo Basin

Social

Congo Basin

Social

Congo Basin

Social

Congo Basin

Social

Congo Basin

Social

Congo Basin

Sub-Factor
Major Development
Projects
Major Development
Projects
Major Development
Projects
Major Development
Projects
Major Development
Projects
Major Development
Projects
Major Development
Projects
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

DjaFaunal
Reserve

Conflict

Regional Conflict

Negative

BBC News, 2015

Threat of incursions and kidnappings
by Boko Haram militants- conflict
with Nigeria

Environmental

Habitat Fragmentation

Negative

Oja Fauna! Reserve , n.d.

Industrial agriculture in buffer zone

Environmental

Habitat Fragmentation

Positive

M,2012a

Essentially undisturbed

Environmental

Soil Quality

Negative

M, 2012a

Poor in nutrients and fragile

Environmental

Soil Quality

Negative

Peh, 2011

Clayey and poor in nutrients

Oja Fauna!
Reserve
DjaFaunal
Reserve
DjaFaunal
Reserve
DjaFaunal
Reserve
DjaFaunal
Reserve
DjaFaunal
Reserve
Oja Faunal
Reserve
DjaFaunal
Reserve
DjaFaunal
Reserve
DjaFaunal
Reserve
DjaFaunal
Reserve
DjaFaunal
Reserve
DjaFaunal
Reserve

Environmental

Soil Quality

Negative

Arlet & Molleman, 2007

Soil fertility dropped with less
cooperation from villagers (less
willingness to stay up and guard
agriculture)

Environmental

Species Index

Positive

Sonke & Couvreur, n.d.

90% of reserve relatively untouched

Environmental

Water Quality

Negative

Dja Fauna! Reserve , n.d.

Water infrastructure

Institutional

Funding

Neutral

Sitename:-Dja Fauna! Reserve,
n.d.

Some concern, national financial
resources insufficient
"Dormant" policy, environmental
policy does not seem to provide any
protection for the environment
[1996]

Institutional

Government Policy

Negative

Nasong'o & Gabsa, 2000

Institutional

Management Plans

Negative

Oja Faunal Reserve, n.d.

Institutional

Management Plans

Negative

M, 2012a

Institutional

Management Plans

Negative

Muchaal & Ngandjui, 1999

Institutional

Management Plans

Neutral

Sitename:-Dja Faunal Reserve,
n.d.

Lack of entire approval and
implementation of management plans
Management and surveillance is
inadequate
Lack of management plans and antipoaching enforcement
Some concern, staff training and
development
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Conservation
Project
DjaFaunal
Reserve
DjaFaunal
Reserve
DjaFaunal
Reserve
Oja Fauna!
Reserve

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Institutional

Non-Governmental
Organizations

Positive

Sitename:-Dja Faunal Reserve,
n.d.

Social

Agriculture

Negative

Oja Fauna! Reserve, n.d.

Social

Agriculture

Negative

Chen, 2015

Social

Agriculture

Negative

Oyono, 1998

IUCN, UNESCO, part oflUCN
World Report
Livestock farming/grazing of
domesticated animals
Water quality will decrease with
increased agro forests
Slash and bum methods,
transformation of forest formation

Social

Cultural Edge Effect

Neutral

M,2012a

Pygmies living essentially traditional
lifestyle- can hunt using traditional
methods

Social

Encroachment

Negative

Oja Fauna! Reserve, n.d.

Agricultural and forest encroachment

Social

Encroachment

Negative

Oja Faunal Reserve, n.d.

Commercial hunting and
deforestation [Poaching]

Social

Encroachment

Negative

M,2012a

Poaching from logging companies

Social

Encroachment

Negative

AWF Reiterates 'No Go' Policy in
World Heritage Sites, 2015

Poaching for bush meat, gorillas

Social

Encroachment

Negative

Dupain, Guislain, Nguenang, De
Vleeschouwer & Van Elsacker,
2004

Hunting/poaching of bush meat

Social

Encroachment

Negative

Muchaal & Ngandjui, 1999

Hunting/poaching of bush meat

Social

Encroachment

Negative

Arlet & Molleman, 2007

Hunting

Social

Local Participation

Positive

Sitename:-Dja Fauna! Reserve,
n.d.

Site has major potential for education
and training

Oja Fauna!
Reserve

Social

Local Participation

Positive

Dupain, Guislain, Nguenang, De
Vleeschouwer & Van Elsacker,
2004

Need the community to collaborate

DjaFaunal
Reserve

Social

Major Development
Projects

Negative

Oja Fauna! Reserve, n.d.

Forestry/Wood Production

DjaFaunal
Reserve
DjaFaunal
Reserve
DjaFaunal
Reserve
DjaFaunal
Reserve
Oja Fauna!
Reserve
DjaFaunal
Reserve
DjaFaunal
Reserve
Oja Faunal
Reserve
Oja Fauna!
Reserve
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Conservation
Project
DjaFaunal
Reserve

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Social

Major Development
Projects

Negative

Oja Faunal Reserve, n.d .

Mekin hydroelectric dam

DjaFaunal
Reserve

Social

Major Development
Projects

Negative

M 2012a

Commercial logging, though
prohibited with park borders, logging
companies, encouraged by the
government have created forest
clearance near the boundary [TransAfrican highway]

DjaFaunal
Reserve

Social

Major Development
Projects

Negative

Sitename:-Dja Faunal Reserve,
n.d.

"Mekin" dam

Oja Faunal
Reserve

Social

Major Development
Projects

Negative

Dupain, Guislain, Nguenang, De
Vleeschouwer & Van Elsacker,
2004

Logging and logging roads

Negative

Muchaal & Ngandjui, 1999

Logging and logging roads

Negative

Arlet & Molleman , 2007

Logging

DjaFaunal
Reserve
Oja Faunal
Reserve
DjaFaunal
Reserve
DjaFaunal
Reserve
Dja Faunal
Reserve

Social
Social

Major Development
Projects
Major Development
Projects

Social

Population Change

Negative

Dupain, Guislain, Nguenang, De
Vleeschouwer & Van Elsacker,
2004

Increasing human populations

Social

Population Change

Negative

Muchaal &Ngandjui, 1999

Increasing human populations

Social

Population Change

Neutral

Dja Fauna) Reserve, n.d.

90% undisturbed

Thompson, 2014

UNESCO has been considering
changing the status to threatened due
to poaching for bush meat

DjaFaunal
Reserve
Dja Faunal
Reserve
Sangha
Trinational

Social

Encroachment

Negative

Oyono, 1998

Social

Cultural Edge Effect

Negative

Breuer & Mavinga, 2010

Hunting by trapping , shooting and
the chase (Pygmy)
Animosity between Bantu (village)
and Ba'Aka (pygmy)
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Sangha
Trinational

Social

Encroachment

Negative

Sayer et al., 2012

Poaching, decline in elephant
populations with financial crisis

Sangha
Trinational

Conflict

Local Conflict

Negative

Sangha Trinational, n.d.

Civil unrest

Sangha
Trinational

Conflict

Local Conflict

Negative

Fund,2012a

Civil war between Sudan and
Democratic Republic of Congo

Sangha
Trinational

Conflict

Refugee

Negative

Fund,2012a

Political instability has propelled
floods of transnational refugees

Sangha
Trinational

Environmental

Habitat Fragmentation

Negative

Sayer et al., 2012

Logging creates fragmentation

Sangha
Trinational

Environmental

Habitat Fragmentation

Negative

Hansen et al., 2008

Habitat fragmentation from logging

Sangha
Trinational

Environmental

Habitat Fragmentation

Negative

Laporte & Lin, 2003

Slowly fragmented by road
construction

Sangha
Trinational

Environmental

Soil Quality

Negative

Chupezi, Ingram & Schure, 2009

Pollution from mining

Sangha
Trinational

Environmental

Species Index

Positive

TIJCN, n.d .c

Decent species mix

Sangha
Trinational

Environmental

Water Quality

Negative

Chupezi, Ingram & Schure , 2009

Pollution from mining

Sangha
Trinational

Environmental

Water Quality

Negative

Sangha Tri-National Landscape,
2006

Very dry only 0.1 % water

Sangha
Trinational

Institutional

Funding

Negative

Tieguhong & Zwolinski , 2008

Inadequate funding

Sangha
Trinational

Institutional

Funding

Positive

Fay, 1997

Sangha
Trinational

Institutional

Local Government
Organizations

Negative

Endamana et al., 2010

Sangha
Trinational

Institutional

Local Government
Organizations

Positive

Fay , 1997

Weak. and ineffective governments
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Conservation
Project
Sangha
Trinational
Sangha
Trinational
Sangha
Trinational

Factor
Institutional
Institutional

Sub-Factor
Local Government
Organizations
Local Government
Organizations

Type of
Influence

Reference

Positive

IUCN,n.d.c

Positive

Notes

Sangha Tri-National Landscape,
2006
Sangha Tri-National Landscape,
2006

Ministries of Water and Forests (in
all three countries)
Policies and support are
insufficiently developed
Lack of effective and accountable
financial management systems/no
business plan

Institutional

Management Plans

Negative

Institutional

Management Plans

Negative

Tieguhong & Zwolinski, 2008

Institutional

Management Plans

Negative

Stephenson & Ntiamoa-Baidu,
2010

Institutional

Management Plans

Neutral

IUCN, n.d.c

Critical

Institutional

Management Plans

Positive

Fay, 1997

Implemented- once reserve is
established future plans can be made

Institutional

Non-Governmental
Organizations

Positive

Sangha Tri-National Landscape,
2006

WWF,GTZ

Institutional

Non-Governmental
Organizations

Positive

Fay, 1997

Social

Agriculture

Negative

Sayer et al., 2012

Movement into forests

Sangha
Trinational

Social

Cultural Edge Effect

Negative

Tieguhong & Zwolinski, 2008

Differences in household income
show significant differences in
villages

Sangha
Trinational

Social

Encroachment

Negative

Sangha Trinational , n.d.

Poaching

Sangha
Trinational

Social

Encroachment

Negative

Fund,2012b

Hunting/poaching of bush meat

Sangha
Trinational

Social

Encroachment

Negative

Joiris, 1998

Poaching from hunter-gatherer
communities on the border of
conservation areas

Sangha
Trinational

Social

Local Participat ion

Positive

Breuer & Mavinga , 2010

Presence in local schools to promote
conservation

Sangha
Trinational
Sangha
Trinational
Sangha
Trinational
Sangha
Trinational
Sangha
Trinational
Sangha
Trinational
Sangha
Trinational
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Conservation
Project
Sangha
Trinational
Sangha
Trinational

Factor

Sub-Factor

Type of
Influence

Reference

Social

Local Participation

Positive

Fay, 1997

Social

Local Participation

Positive

IUCN,n.d.c

Improved integration of local
communities into natural resource
management activities

Negative

Sangha Trinational, n.d.

Ground infrastructure

Negative

Gillespie et al., 2009

Negative

Fund, 2012

Negative

Sangha Tri-National Landscape ,
2006

Logging

Negative

Sayer et al., 2012

Logging

Negative

Fay, 1997

Logging

Negative

Clark, Poulsen, Malonga & Elkan
Jr, 2009

Roads and logging limit habitat
available for species

Negative

Laporte & Lin, 2003

Logging and logging roads

Negative

Weinbaum , Nzooh, Usongo &
Latituri, 2007

Neutral

Endamana et al., 2010

Positive

Tieguhong & Zwolinski , 2008

Logging correlated with lower
elephant population density (activity)
Logging can help to support
communities
Increase the amount of money
available for forest conservation

Sangha
Trinational
Sangha
Trinational
Sangha
Trinational

Social

Sangha
Trinational

Social

Sangha
Trinational
Sangha
Tri national
Sangha
Trinational
Sangha
Trinational
Sangha
Trinational
Sangha
Trinational
Sangha
Trinational
Sangha
Trinational

Social

Social

Social
Social
Social
Social
Social
Social
Social

Major Development
Projects
Major Development
Projects
Major Development
Projects
Major Development
Projects
Major Development
Projects
Major Development
Projects
Major Development
Projects
Major Development
Projects
Major Development
Projects
Major Development
Projects
Tourism

Fund,2012b

Notes

Logging impacts endangered species
populations
Logging concessions and bush meat
hunting

Lowest human footprint
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Table A6: Literature review database for Senegal.
Conservation
Project
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuarv
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Conflict

Local Conflict

Negative

Chiusano, Coudel , Devautour,
Soulard & Hubert , 2010

Conflict between management
authority and traditional authority

Conflict

Local Conflict

Negative

Ly, Bishop, Moran & Dansokho,
2006

Confrontation with ethnic groups
who have been driven off land to
create a park and park officials

Conflict

Local Conflict

Negative

Fall, Hori, Kan & Diop, 2003

Forcibly driven from homeland,
illegally

Environmental

Habitat Fragmentation

Negative

Layer: Protected Areas (ID: 1),
n.d.

Main environmental concern

Environmental

Habitat Fragmentation

Negative

Birdlife International, 2010

Moderate impact from habitat
fragmentation

Environmental

Soil Quality

Negative

Djoudj National Bird Sanctuary,
n.d.

Soils salinity

Environmental

Soil Quality

Negative

Magin, n.d.

Soil erosion and desertification

Environmental

Soil Quality

Negative

IUCN & World Heritage Centre,
n.d.

Salinization

Environmental

Species Index

Negative

Djoudj National Bird Sanctuary,
n.d.

Invasive species

Environmental

Species Index

Negative

Diop & Hill, 2009

Invasive species

Environmental

Species Index

Negative

Birdlife International , 20 I 0

Invasive species
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Conservation
Project
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctua ry
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Environmental

Species Index

Negative

IUCN & World Heritage Centre ,
n.d.

Invasive species

Environmental

Water Quality

Negative

M,2008b

Dams and dikes have been
constructed to contain water, low
rainfall reduced the amount of
freshwater available

Environmental

Water Quality

Negative

Fall, Hori, Kan & Diop, 2003

Drought , water withdrawal

Environmental

Water Quality

Negative

Fall, Hori, Kan & Diop, 2003

Pollution from agriculture

Environmental

Water Quality

Negative

IUCN & World Heritage Centre,
n.d.

Systematic water management
system not operational/lack of
hydraulic monitoring

Institutional

Funding

Negative

Djoudj National Bird Sanctuary,
n.d.

Financial resources

Institutional

Funding

Negative

Ly, Bishop, Moran & Dansokho,
2006

Chronic underfunding

Institutional

Funding

Negative

IUCN & World Heritage Centre,
n.d.

Lack of sustained funding

Institutional

Local Government
Organizations

Negative

Chiusano, Coudel, Devautour,
Soulard & Hubert, 2010

Resisting a form of governance and
participation is low

Institutional

Local Government
Organizations

Positive

Layer: Protected Areas (ID: 1),
n.d.

Rather good for Africa, most
guarded in the world, decentralized
with local entities playing large roles

Institutional

Local Government
Organizations

Positive

M,2008b

National Parks Service of the
Ministry for the Protection of Nature
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes
Lack of monitoring, lack of
management plan , poor management
capacity and constant changes in
staff

Djoudj
National Bird
Sanctuary

Institutional

Management Plans

Negative

Djoudj National Bird Sanctuary,
n.d.

Djoudj
National Bird
Sanctuary

Institutional

Management Plans

Negative

IUCN & World Heritage Centre,
n.d .

Lack of management, poor visitor
management

Djoudj
National Bird
Sanctuary

Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuarv
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuarv

Institutional

Management Plans

Positive

Chiusano, Coudel, Devautour,
Soulard & Hubert , 2010

Tool capable of communication the
power oflegality (institutions) with
that legitimacy (villages), also
associated with the use of
participatory approaches seem to be
leveling

Institutional

Management Plans

Positive

Fall, Hori, Kan & Diop , 2003

Step towards settling the water level
management, which is a big problem
for the conservation effort

Institutional

Management Plans

Positive

Layer: Protected Areas (ID: 1),
n.d.

Good for west Africa

Institutional

Non-Governmental
Organizations

Positive

IUCN , the International Union for
Conservation ofNature, n.d.

Social

Agriculture

Negative

Djoudj National Bird Sanctuary ,
n.d.

Livestock farming/grazing of
domesticated animals

Social

Agriculture

Negative

Djoudj National Bird Sanctuary,
n.d.

Agricultural chemicals

Social

Agriculture

Negative

Fall, Hori, Kan & Diop, 2003

Animal husbandry and irrigation for
agriculture

Social

Agriculture

Negative

Magin, n.d.

Shift from native to introduced
cattle, and poverty level farms
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Conservation
Project
Djoudj
National Bird
Sanctuarv
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctuar y
Djoudj
National Bird
Sanctuary

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Social

Agriculture

Negative

IUCN & World Heritage Centre,
n.d.

Cattle grazing

Social

Encroachment

Negative

Djoudj National Bird Sanctuary,
n.d.

Hunting

Social

Encroachment

Negative

M,2008b

Overgrazing and poaching

Social

Encroachment

Negative

Fall, Hori, Kan & Diop, 2003

Poaching and fishing

Social

Encroachment

Negative

IUCN & World Heritage Centre,
n.d.

Hunting

Social

Local Participation

Negative

Chiusano, Coudel, Devautour,
Soulard & Hubert, 2010

Poor participation , absence of
participation and passive instead of
active participation

Social

Local Participation

Positive

Zeppel, 2006

Increased awareness of
environmental issues

Social

Major Development
Projects

Negative

Djoudj National Bird Sanctuary,
n.d.

Dam construction

Social

Major Development
Projects

Negative

M,2008b

Tree-felling, construction ofDiama
dam for irrigation and drinking water
dried the downstream floodplain

Social

Major Development
Projects

Negative

Fall, Hori, Kan & Diop, 2003

Dam

DeGeoges, 2006

Changing natural river flows, stops
seasonal flooding (impacting many
different species and people) cause
changes to human health with
stagnant water

Social

Major Development
Projects

Negative
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Conservation
Project
Djoudj
National Bird
Sanctuarv
Djoudj
National Bird
Sanctuary
Djoudj
National Bird
Sanctua ry
Djoudj
National Bird
Sanctuary

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Social

Restoration

Positive

Van Leeuwen, 2015

An immediate success
Raise the price to get visitors and
more money for park, but people
also wanted improvements to park
services

Social

Tourism

Neutral

Ly, Bishop , Moran & Dansokho,
2006

Social

Tourism

Neutral

Fall, Hori, Kan & Diop, 2003

Brings in money but not run by local
populations

Social

Undefined

Negative

Birdlife International, 2010

Poverty
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Table A7: Literature review database for Tanzania.
Factor

Sub-Factor

Type of
Influence

Reference

Notes

Environmental

Habitat Fragmentation

Negative

Sileshi et al., 2007

Agroforestry can also be used to link
forest fragments

Environmental

Habitat Fragmentation

Negative

Burgess et al., 2007

Forest has been cleared around
government forest reserve

Environmental

Habitat Fragmentation

Negative

Burgess, Hales, Ricketts &
Dinerstein, 2006

Habitat loss from agriculture and
roads leads to fragmentation

Environmental

Habitat Fragmentation

Negative

CEFP,n.d.

Very fragmented, tiny

Coastal East
Africa

Environmental

Habitat Fragmentation

Negative

Fund,2014

Naturally fragmentation but recently
more fragmentation due to human
activity

Coastal East
Africa

Environmental

Habitat Fragmentation

Negative

Younge, Negussie & Burgess,
2002

Coastal forests are fragmented

Coastal East
Africa

Environmental

Soil Quality

Negative

Sileshi et al., 2007

88% of the land degraded, subject to
desertification, deforestation,
degradation of land and water

Coastal East
Africa

Environmental

Soil Quality

Negative

Sileshi et al., 2007

Erosion, conversion of forests
declining soil structure, compaction

Coastal East
Africa

Environmental

Soil Quality

Negative

Lal & Singh, 1998

Degradation of soil through farming,
land misuse, high populations, soil
erosion is a self-perpetuating process

Coastal East
Africa

Environmental

Soil Quality

Negative

Parker, n.d.

Poor soil quality from large
population and ex.tensive agriculture

Coastal East
Africa

Environmental

Soil Quality

Negative

Kelman & Burgess, n.d.

Poor soil, only low-nutrient
vegetation

Environmental

Soil Quality

Negative

CEFP,n.d .

Poor soil

Environmental

Species Index

Negative

Burgess et al., 2007

Environmental

Species Index

Positive

Burgess, Hales, Ricketts &
Dinerstein, 2006

Conservation
Project
Coastal East
Africa
Coastal East
Africa
Coastal East
Africa
Coastal East
Africa

Coastal East
Africa
Coastal East
Africa
Coastal East
Africa

High concentrations of endemic
species
High concentrations of endemic
species
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Conservation
Project
Coastal East
Africa
Coastal East
Africa
Coastal East
Africa
Coastal East
Africa
Coastal East
Africa
Coastal East
Africa
Coastal East
Africa
Coastal East
Africa
Coastal East
Africa
Coastal East
Africa
Coastal East
Africa
Coastal East
Africa
Coastal East
Africa
Coastal East
Africa
Coastal East
Africa

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Environmental

Species Index

Positive

Parker, n.d .

High level of plant endemism

Environmental

Species Index

Positive

Kelman & Burgess , n.d.

Prolific bird life

Environmental

Species Index

Positive

CEFP,n .d.

Remarkable level of biodiversity

Environmental

Species Index

Positive

Fund,2014

Environmental

Species Index

Positive

Oyugi, Thieme & Brown, n.d.

Environmental

Water Quality

Negative

Lal & Singh, 1998

Indiscriminate use ofagrichemicals

Environmental

Water Quality

Negative

Oyugi, Thieme & Brown, n.d.

Surface water abstraction, irrigation

Institutional

Funding

Negative

Burgess et al., 2007

Lack of long-term availability of
funding

Institutional

Funding

Neutral

Moore, Balmford, Allnut &
Burgess, 2004

Funding and conservation plan
improvements come from measuring
and integrating costs

Institutional

Funding

Neutral

Gachanja, 2010

Seeking innovative funding

Institutional

Government Policy

Neutral

Mugo,2006

Institutional

Government Policy

Positive

Younge, Negussie & Burgess,
2002

Rudimentary monitoring habitats,
lack of resources
Participation in workshop to
maintain forest

Negative

Kelman & Burgess , n.d.

Lack resources to enforce laws

Positive

Mugo,2006

Defining a 20 year strategic
framework

Negative

Burgess et al., 2007

Inadequate management capacity

Institutional
Institutional
Institutional

Local Government
Organizations
Local Government
Organizations
Management Plans

Large number of endemic species ,
highest densities in the world
Species richness and endemic
species
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Coastal East
Africa

Institutional

Management Plans

Positive

Obura, 2005

Participatory management plans
established, can't do anything about
climate change

Institutional

Non-Governmental
Organizations

Positive

Mugo,2006

Lots NGOs working in the area

Social

Agriculture

Negative

Sileshi et al., 2007

Slash and burn agriculture , wild land
clearing , cultivation of wetlands

Social

Agriculture

Negative

Burgess, Hales, Ricketts &
Dinerstein, 2006

Developed agriculture causing loss
of habitat

Coastal East
Africa

Social

Agriculture

Negative

Lal & Singh, 1998

Increase in agriculture to meet
demand of growing populations
further degrades soil

Coastal East
Africa

Social

Agriculture

Negative

Parker, n.d.

Agriculture expansion a big threat

Coastal East
Africa
Coastal East
Africa
Coastal East
Africa

Coastal East
Africa
Coastal East
Africa
Coastal East
Africa
Coastal East
Africa
Coastal East
Africa
Coastal East
Africa
Coastal East
Africa
Coastal East
Africa

Soci.al

Agriculture

Negative

CEFP, n.d.

Subsistence agriculture and
commercial farming continue to
consume more and more regions of
natural habitat

Social

Agriculture

Negative

Mugo & Ong, 2006

Expanding agriculture

Social

Encroachment

Negative

Burgess et al., 2007

Taking out resources for fuel and
building materials

Social

Encroachment

Negative

Obura, 2005

Over fishing

Social

Encroachment

Negative

Social

Encroachment

Negative

Fund,2014

Encroachment from farm plots

Social

Encroachment

Negative

Mugo, 2006

Unplanned settlement

Social

Local Participation

Neutral

German et al., 2007

Participation is more than just
showing up there needs to be
engagement in the process

Poaching
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Conservat ion
Project

Factor

Sub-Factor

Type of
Influence

Reference

Note s

Coastal East
Africa

Social

Major Development
Projects

Negative

Kelman & Burgess , n.d.

License to cut trees is exploited, lack
laws to enforce system

Coastal East
Africa

Social

Major Development
Projects

Negative

Mugo , 2006

Unsustainable logging

Coastal East
Africa

Social

Population Change

Negative

Burgess , Hales, Ricketts &
Dinerstein, 2006

Human habitation pressures

Coastal East
Africa

Social

Population Change

Negative

Lal & Singh , 1998

Rapid increase in populations

Coastal East
Africa

Social

Population Change

Negative

Parker , n.d.

Heavily settled, increasing
population trend

Coastal East
Africa

Social

Population Change

Negative

CEFP,n.d.

Increasing population

Coastal East
Africa

Social

Population Change

Negative

Fund,2014

Increase from births and migration
due to increased agriculture potential

Coastal East
Africa

Social

Tourism

Negative

Obura , 2005

Damaging to natural habitat

Coastal East
Africa

Social

Fisher & Christopher, 2007

Poverty

Kelman & Burgess, n.d.

Relatively stable/intact

Coastal East
Africa
Kilimanjaro
National Park

Conflict

Local Conflict

Negative

Naughton-Treves, 1997

Human-animal conflict

Kilimanjaro
National Park

Conflict

Local Conflict

Negative

Noe, 2003

Human-animal conflict

Kilimanjaro
National Park

Conflict

Local Conflict

Negative

Newmark , Manyanza , Gamassa &
Sariko, 1994

Human-animal conflict

Kilimanjaro
National Park

Environmental

Habitat Fragmentation

Negative

Newmark, 1996

Habitat "islands" due to
fragmentation

Kilimanjaro
National Park

Environmental

Habitat Fragmentation

Negative

Newmark, 1993

Cut off from upland habitat

Kilimanjaro
National Park

Environmental

Soil Quality

Positive

Newmark, 1993

Fertile volcanic soils
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

K.ilimanjaro
National Park

Environmental

Soil Quality

Positive

Kolbe & Wheat, n.d.

Fertile volcanic soils

Kilimanjaro
National Park

Environmental

Species Index

Negative

Kilimanjaro National Park,n.d.

Invasive species

Kilimanjaro
National Park

Environmental

Species Index

Neutral

Noe, 2003

Paucity of data on the impact of land
use change on animal numbers,
possible emergence of new species
will tree felling as species migrate on
the reserve

Kilimanjaro
National Park

Environmental

Species Index

Positive

Newmark, 1996

Higher populations of species
coming into the habitat "islands"

Kilimanjaro
National Park

Environmental

Species Index

Positive

Hemp, 2006

High biodiversity but endemism is
low

Kilimanjaro
National Park

Environmental

Species Index

Positive

ITJCN, n.d.b

Endemic bird area

Kilimanjaro
National Park

Environmental

Water Quality

Negative

Kilimanjaro National Park, n.d.

Pollution

Kilimanjaro
National Park

Environmental

Water Quality

Negative

Noe , 2003

Drought

Kilimanjaro
National Park

Environmental

Water Quality

Negative

Hemp,2006

Kilimanjaro
National Park

Institutional

Funding

Positive

M, 2013b

Decreasing trend in precipitation
with loss of cloud cover, climate
chan ge
Self-sufficient, no longer gets
government subsidiaries

K.ilimanjaro
National Park

Institutional

Government Policy

Neutral

Noe,2003

Colonial law used to increase
economic growth and privatization
of common grazing lands blocked
traditional lands for Maasai, no
wildlife policy until 1998

Kilimanjaro
National Park

Institutional

Local Government
Organizations

Negative

Noe,2003

Taking away lands from Maasai who
have managed the area for years

Kilimanjaro
National Park

Institutional

Local Government
Organizations

Positive

Wade,2003

TANAPA
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Conservation
Project

Factor

Sub-Factor

Type of
Influenc e

Reference

Notes

Kilimanjaro
National Park

Institutional

Local Government
Organizations

Positive

Kessy, 1998

Stakeholders local communities and
TANAPA, KINAPA, local and
regional governments

Institutional

Management Plans

Negative

M, 2013b

Institutional

Management Plans

Negative

IUCN,n.d.b

Positive

M, 2013b

Positive

Kessy, 1998

NGOS from Africa

Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park

Institutional
Institutional

Non-Governmental
Organizations
Non-Governmental
Organizations

Not entirely adequate, manpower
and equipment are not sufficient
Not entirely adequate, manpower
and equipment are not sufficient
Assistance provided by other local
and foreign organizations

Social

Agriculture

Negative

Noe,2003

Increase in agriculture

Social

Agriculture

Negative

Newmark, 1996

Creation of habitat "islands"

Social

Encroachment

Negative

Kilimanjaro National Park, n.d.

Land use

Social

Encroachment

Negative

Noe, 2003

Signs of encroachment

Social

Encroachment

Negative

Newmark, 1996

Poaching (subsistence poaching)

Social

Encroachment

Negative

M, 2013b

Illegal use of protected forest for
household and medicinal purposes

Social

Encroachment

Negative

Kessy, 1998

Poaching

Social

Local Participation

Negative

Noe, 2003

No benefits from wildlife
conservation, people use land for
agriculture to raise income levels as
a top down approach

Social

Local Participation

Positive

Newmark, 1993

Local initiative for wildlife corridor
protection

Social

Major Development
Projects

Negative

Hemp,2006

Logging of indigenous trees
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Project
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Kilimanjaro
National Park
Serengeti
National Park
Serengeti
National Park

Factor

Sub-Factor

Type of
Influence

Reference

Social

Major Development
Projects

Negative

Newmark & Hough, 2000

Social

Population Change

Negative

Noe,2003

Social

Population Change

Negative

Social

Population Change

Negative

Social

Population Change

Negative

Newmark, 1996

Human settlement, increased
population

Social

Population Change

Negative

Newmark, 1993

Human populations have tripled

Social

Population Change

Negative

M, 2013b

Heavily populated by Chagga people

Social

Population Change

Negative

IUCN,n.d .b

Western slope and Northern slope

Social

Restoration

Positive

NEMC,2006

Restoration approaches to restore
damaged ecosystems

Social

Tourism

Negative

Kilimanjaro National Park,n.d.

Access development

Social

Tourism

Neutral

Wade & Eagles, 2003

Want to improve tourism facilities,
have good quality service

Social

Tourism

Neutral

M,2013b

Park developed with tourism in mind

Social

Tourism

Positive

IUCN,n.d .b

Fees support park

Social

Tourism

Positive

Kessy , 1998

Generating revenue

Conflict

Conflict Over
Resources

Negative

Grove, 1993

Conflict over water

Conflict

Local Conflict

Negative

Holmern, Nyahongo & R0skaft,
2007

Lethal control of carnivores in the
human/animal conflict

Newmark, Leonard, Sariko &
Gamassa, 1993
Newmark, Manyanza, Gamassa &
Sariko, 1994

Notes
ICDP show little progress or simply
do not achieve their objectives
Increase in human population to take
care of the growing cattle population
Population increase
High density
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Project
Serengeti
National Park

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Conflict

Local Conflict

Negative

Serengeti National Park Tanzania, n.d.

Human/animal conflict

Environmental

Habitat Fragmentation

Negative

Holmem, Nyahongo & Reskaft,
2007

Human population growth
fragment ing habitat available for
large carnivores

Environmental

Habitat Fragmentatio n

Negative

Belsky, 1987

Edge effects from local roads

Environmental

Habitat Gap

Negative

van Breugel, Kindt , Lilleso & van
Breugel, 2015

Conservation risk with
environmental gap

Environmental

Habitat Gap

Neutral

Sritharan, 2009

62 gaps identified, 6 high priority

Environmental

Soil Quality

Negative

Serengeti National Park, n.d.

Drought

Environmental

Soil Quality

Neutral

Anderson, Ritchie &
McNaughton, 2007

Has fertile and infertile soil

Environmental

Soil Quality

Neutral

Belsky, 1984

Soil different with different grass
types

Serengeti
National Park

Environmental

Soil Quality

Positive

Ruess & Seagle, 1994

Diverse soil characteristics

Serengeti
National Park

Environmental

Species Index

Negative

Serengeti National Park Tanzania, n.d.

Invasive species

Environmental

Species Index

Neutral

Environmental

Species Index

Neutral

Environmental

Species Index

Positive

Serengeti National Park, n.d .

Biological diversity is very high

Environmental

Species Index

Positive

Belsky 1986

Endemic species, lots of native
plants

Environmental

Species Index

Positive

M,2012b

Greatest concentration of large
mammals

Environmental

Water Quality

Negative

Serengeti National Park, n.d.

Water extraction and infrastructure

Serengeti
National Park
Serengeti
National Park
Serengeti
National Park
Serengeti
National Park
Serengeti
National Park
Serengeti
National Park
Serengeti
National Park

Serengeti
National Park
Serengeti
National Park
Serengeti
National Park
Serengeti
National Park
Serengeti
National Park
Serengeti
National Park

Kaltenbom, Nyahongo &
Tingstad, 2005
Anderson, Ritchie &
McNaughton , 2007

High biodiversity but under pressure
Fences and herbivores would
decrease species richness
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Factor

Sub-Factor

Type of
Influence

Reference

Notes

Serengeti
National Park

Environmental

Water Quality

Negative

Gereta, 2004

Deceasing with loss of wetland
habitat, poorest water quality during
the dry season

Serengeti
National Park

Environmental

Water Quality

Negative

Serengeti National Park Tanzania, n.d.

Water shortage

Serengeti
National Park

Environmental

Water Quality

Neutral

Gereta & Wolanski, 1998

High salinity towards the end of the
wet season and high eutrophication,
wetlands needed to help filter

Environmental

Water Quality

Neutral

Belsky, 1984

Water is a major limiting factor

Environmental

Water Quality

Positive

Grove, 1993

Impressive water management
system

Serengeti
National Park

Institutional

Funding

Positive

Serengeti National ParkTanzania, n.d.

From visitors, Tanzania National
Parks Authority (TANAPA) can
raise and retain revenue

Serengeti
National Park

Institutional

Government Policy

Positive

Kaltenbom, Nyahongo &
Tingstad, 2005

Institutional

Government Policy

Positive

Zimmennann,2012

Institutional

Management Plans

Neutral

Kaltenbom, Bjerke, Nyahongo &
Williams, 2006

Take into account community needs,
perceptions and capacities

Serengeti
National Park

Institutional

Management Plans

Positive

Grove, 1993

Sophisticated management plans for
water management

Serengeti
National Park

Institutional

Management Plans

Positive

Belsky 1986

Effective management, prohibition
of agriculture and livestock

Serengeti
National Park

Institutional

Management Plans

Positive

M, 2012b

Away from traditional exclusion,
towards one reconciling the needs of
human development

Serengeti
National Park

Institutional

Management Plans

Positive

Serengeti National Park Tanzania, n.d.

One of the best managed parks in
Africa

Serengeti
National Park

Institutional

Management Plans

Serengeti
National Park
Serengeti
National Park

Serengeti
National Park
Serengeti
National Park

Fonnally acknowledged the value of
wildlife
Maintained by government of
Tanzania and Kenya

Kaltenborn, Nyahongo &
Tingstad, 2005
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Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Serengeti
National Park

Institutional

Non-Governmental
Organizations

Negative

Serengeti National Park Tanzania, n.d.

Insufficient collaboration, regional
and international

Serengeti
National Park

Social

Agriculture

Negative

M,2012b

Encroached upon park boundaries

Serengeti
National Park

Social

Encroachment

Negative

Serengeti National Park, n.d.

Poaching

Serengeti
National Park

Social

Encroachment

Negative

Loibooki, Hofer, Campbell &
East, 2002

Illegal hunting for bush meat

Serengeti
National Park

Social

Encroachment

Negative

Kaltenbom, Bjerke, Nyahongo &
Williams, 2006

Poaching

Serengeti
National Park

Social

Encroachment

Negative

Kaltenbom, Nyahongo &
Tingstad, 2005

Illegal hunting/poaching

Serengeti
National Park

Social

Encroachment

Negative

Holmem, R.l'lskaft,Mbaruka,
Mkama & Muya, 2002

Illegal hunting

Serengeti
National Park

Social

Encroachment

Negative

M, 2012b

Poaching

Serengeti
National Park

Social

Encroachment

Negative

Serengeti National Park Tanzania, n.d.

Poaching

Serengeti
National Park

Social

Local Participation

Positive

Grove, 1993

Local control of water management,
local officials decide laws and
punishment

Social

Local Participation

Positive

Loibooki, Hofer, Campbell &
East, 2002

Community conservation involved in
education

Social

Local Participation

Positive

M, 2012b

Given rights to manage wildlife

Social

Major Development
Projects

Negative

Serengeti National Park, n.d.

Ground/air transport infrastructure

Negative

Serengeti National Park, n.d.

Possible dam

Negative

Serengeti National Park Tanzania, n.d.

Negative

Grove, 1993

Proposed roads and tourism
infrastructure
Growing populations force over
abstraction of water

Serengeti
National Park
Serengeti
National Park
Serengeti
National Park
Serengeti
National Park
Serengeti
National Park
Serengeti
National Park

Social
Social
Social

Major Development
Projects
Major Development
Projects
Population Change
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Project
Serengeti
National Park
Serengeti
National Park
Serengeti
National Park
Serengeti
National Park
Serengeti
National Park
Serengeti
National Park
Serengeti
National Park
Serengeti
National Park
Serengeti
National Park

Factor

Sub-Factor

Type of
Influence

Social

Population Change

Negative

Social

Population Change

Negative

Social

Population Change

Negative

Social

Population Change

Negative

M, 2012b

Social

Tourism

Neutral

Serengeti National Park Tanzania, n.d.

Increased population on western
border
Bring in revenue, but above carrying
capacity

Social

Tourism

Neutral

Wade & Eagles, 2003

Niche market

Social

Tourism

Positive

Kaltenbom, Nyahongo &
Tingstad, 2005

Vital to national economy

Social

Tourism

Positive

M,2012b

Bring in revenue

Neumann, 1995

Relocation of 1000s of Africans that
shaped the pristine landscape,
contradiction

Reference

Notes

Loibooki, Hofer, Campbell &
East, 2002
Holmem, Nyahongo & R.0skaft,
2007
Kaltenbom, Nyahongo &
Tingstad, 2005

Growth in human populations near
the park

Increasing rapidly
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Table AB: Literature review database for Zimbabwe.
Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Mana Pools
National Park

Environmental

Soil Quality

Negative

Guy, 1981

Mana Pools
National Park

Environmental

Soil Quality

Neutral

Dunham, 1989

Environmental

Soil Quality

Positive

Dunham, 1991

Environmental

Soil Quality

Positive

Mana Pools National Park, n.d.a

Good quality alluvial soil

Mana Pools
National Park

Environmental

Soil Quality

Positive

Mana Pools National Park, n .d.b

Mineral rich volcanic soils

Mana Pools
National Park

Environmental

Species Index

Negative

Cumming et al., 1997

Species richness has been effected
by high densities of elephant
populations

Mana Pools
National Park

Environmental

Species Index

Neutral

Mana Pools, n.d.

Decent amount of wildlife

Mana Pools
National Park

Environmental

Species Index

Positive

Harare, 1998

Environmental

Species Index

Positive

Dunham, 1989

Institutional

Local Government
Organizations

Positive

Parks Support, n.d.

Lack of implementation on
management plan
Rigorous and effective management
of wildlife and other factors affecting
the environment

Mana Pools
National Park
Mana Pools
National Park

Mana Pools
National Park
Mana Pools
National Park
Mana Pools
National Park

Institutional

Management Plans

Negative

State of Conservation Report for
the Mana Pools National Park,
Sapi and Chewore safari areas
world heritage property, n.d.

Mana Pools
National Park

Institutional

Management Plans

Positive

Attwell, 1970

Notes
Erosion, from vegetation removal by
animal grazing
Soils acidic and have a range of
types, flooded soils have high Na
levels while non-flooded have low
Na levels
Soil enrichment for increased soil
fertility

Permanent pools in the area bring all
sorts of wildlife during the dry
season
High density of species during the
dry season
Zimbabwe Parks and Wildlife
Management Authority
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Conservation
Proje ct
Mana Pools
National Park
Mana Pools
National Park
Mana Pools
National Park
Mana Pools
National Park
Mana Pools
National Park
Mana Pools
National Park
Mana Pools
National Park
Mana Pools
National Park
Mana Pools
National Park
Mana Pools
National Park
Mana Pools
National Park
Mana Pools
National Park

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Institutional

Management Plans

Positive

Parks Support, n.d.

10 year management plan to protect
ecosystem from tourism

Institutional

Non-Governmental
Organizations

Positive

State of Conservation Report for
the Mana Pools National Park,
Sapi and Chewore safari areas
world heritage property, n.d.

Local and global NGO participation

Institutional

Non-Governmental
Organizations

Positive

Parks Support , n.d.

Provide material assistance

Social

Agriculture

Negative

Cumming et al., 1997

Land around park being converted to
subsistence agriculture

Social

Agriculture

Negative

Social

Encroachment

Negative

Social

Encroachment

Negative

Social

Major Development
Projects

Negative

Social

Population Change

Negative

Cumming et al., 1997

Human and elephant populations
growing

Social

Population Change

Negative

Fenton et al., 1998

Growing human populations

Social

Population Change

Positive

Mana Pools, n.d.

Social

Tourism

Negative

Mana Pools National Park, Sapi
and Chewore Safari Areas, n.d .

Fenton, Swanepoel, Brigham,
Cebek & Hickey, 1998
Fenton, Swanepoel , Brigham,
Cebek & Hickey, 1998
Habitat and Wildlife Protection ,
n.d.
Mana Pools National Park, Sapi
and Chewore Safari Areas, n.d.

Expansion of agricultural activity
Collection of firewood and
urbanization
Poaching
Mining

Remote location, far from major
towns or settlements
Major visitor accommodation and
associated infrastructure

Mana Pools
National Park

Social

Tourism

Neutral

Parks Support, n.d.

Brings awareness to the area but can
damage the ecosystem if tourism is
not controlled (restrict tourism to
follow management plan guideline)

Mana Pools
National Park

Social

Tourism

Positive

Dieke, 2000

Number 4 on top tourist destinations
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Factor

Sub-Factor

Type of
Influence

Reference

Notes

Mana Pools
National Park

Social

Tourism

Positive

Dieke, 2000

Well-developed infrastructure

Mosi-oaTunya/Victoria
Falls

Conflict

International Conflict

Negative

Borges, Carbone, Bushnell &
Jaeger, 2011

Competition for tourism between
joint management of Zambia and
Zimbabwe

Mosi-oaTun ya/Victoria
Falls

Conflict

Local Conflict

Negative

Elephant Monitoring and Conflict
Mitigation, n.d.

Human-wildlife conflict

Mosi-oaTun ya/Victoria
Falls

Environmental

Habitat Fragmentation

Negative

Victoria Falls - Zimbabwe and
Zambia, n.d.

Road, rail and infrastructure corridor,
bisecting Zambia and Zimbabwe

Mosi-oaTun ya/Victoria
Falls

Environmental

Soil Quality

Negative

Victoria Falls - Zimbabwe and
Zambia, n.d .

Land pollution from tourist and
municipal waste, including sewage

Mosi-oaTun ya/Victoria
Falls

Environmental

Soil Quality

Neutral

Balon , 1974

Falls were formed 99 km from
current position due to erosion of fall
location

Mosi-oaTun ya/Victoria
Falls

Environmental

Soil Quality

M, 2012c

Shallow basalt soils/ Aeolian
soils/sandy alluvium

Mosi-oaTun ya/Victoria
Falls

Environmental

Species Index

Negative

Victoria Falls - Zimbabwe and
Zambia, n.d.

Invasive species- in water hyacinth

Mosi-oaTunya/Victoria
Falls

Environmental

Species Index

Neutral

Payne, Hustler, Stjemstedt, Sefc &
Sorenson , 2002

Mimic bird species found in Mosioa-Tunya but some are not found due
to intense grazing

Mosi-oaTunya/Victoria
Falls

Environmental

Water Quality

Negative

Mosi-oa-Tunya / Victoria Falls,
n.d.

Drought

Mosi-oaTunya/Victoria
Falls

Environmental

Water Quality

Negative

Mosi-oa-Tunya / Victoria Falls,
n.d.

Pollution and extraction
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Factor

Sub-Factor

Type of
Influence

Reference

Notes

Mosi-oaTun ya/Victoria
Falls

Environmental

Water Quality

Negative

Mosi-oa-Tunya / Victoria Falls,
n.d.

Reduced water flows

Mosi-oaTun ya/Victoria
Falls

Environmental

Water Quality

Negative

M,2012c

Pollution, upstream water abstraction

Mosi-oaTunya/Victoria
Falls

Environmental

Water Quality

Negative

IUCN,n.d .d

Tourist and municipal wastes

Mosi-oaTunya/Victoria
Falls

Environmental

Water Quality

Negative

Victoria Falls - Zimbabwe and
Zambia, n.d.

Water pollution from tourist and
municipal waste, including sewage

Mosi-oaTun ya/Victoria
Falls

Environmental

Water Quality

Negative

Rao, 2006

Water abstraction and pollution

Mosi-oaTunya/Victoria
Falls

Environmental

Water Quality

Positive

M, 2012c

500 million liter wet/IO million liters
dry

Mosi-oaTun ya/Victoria
Falls

Institutional

Funding

Negative

M, 2012c

Insufficient funding and inadequate
manpower

Mosi-oaTun ya/Victoria
Falls

Institutional

Funding

Negative

IUCN,n.d.d

Budget and staffing limitations

Mosi-oaTunya/V ictoria
Falls

Institutional

Government Policy

Negative

Duffy, 1997

Recalcitrant partner

Mosi-oaTun ya/Victoria
Falls

Institutional

Government Policy

Positive

M, 2012c

Managed in accordance with the
National Parks policy and
regulations

Mosi-oaTun ya/Victoria
Falls

Institutional

Local Government
Organizations

Positive

M,2012c

Specific policy document for the
Victoria Falls-Matetsi complex
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Factor

Sub-Factor

Type of
Influence

Reference

Notes

Mosi-oaTunya/Victoria
Falls

Institutional

Local Government
Organizations

Positive

Rao, 2006

Zimbabwe Department of National
Parks and Wildlife Management
(ZDNPWLM)

Mosi-oaTunya/Victoria
Falls

Institutional

Management Plans

Negative

Mosi-oa-Tunya / Victoria Falls,
n.d.

Mosi-oaTunya/Victoria
Falls

Institutional

Management Plans

Negative

M, 2012c

Lack of cooperation between two
national authorities and joint
management plan

Mosi-oaTunya/Victoria
Falls

Institutional

Management Plans

Negative

Victoria Falls - Zimbabwe and
Zambia, n.d.

Constrained by a small budget

Mosi-oaTunya/Victoria
Falls

Institutional

Management Plans

Neutral

IUCN,n.d.d

Constrained but improving with Joint
Integrated Management Plan (2007)

Mosi-oaTunya/Victoria
Falls

Institutional

Management Plans

Neutral

Rao,2006

Improving but needs to be better

Mosi-oaTun ya/Victoria
Falls

Institutional

Management Plans

Positive

M, 2012c

Since 2007 joint management
resulted in some improvements

Mosi-oaTun ya/Victoria
Falls

Social

Agriculture

Negative

M, 2012c

Cattle grazing well established and
some encroachment of plant
agriculture

Mosi-oaTunya/Victoria
Falls

Social

Agriculture

Negative

Victoria Falls - Zimbabwe and
Zambia, n.d.

Cattle grazing and cultivation

Mosi-oaTunya/Victoria
Falls

Social

Agriculture

Neutral

Payne, Hustler, Stjemstedt, Sefc &
Sorenson, 2002

Intense grazing
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Factor

Sub-Factor

Type of
Influence

Reference

Notes

Mosi-oaTun ya/Victoria
Falls

Social

Encroachment

Negative

Lindsey et al., 2014

Poaching (human encroachment in
the area but not in the park)
uncontrolled from outside park
boundaries and informal mining

Mosi-oaTunya/Victoria
Falls

Social

Major Development
Projects

Negative

IUCN,n .d.d

Abstraction of water by a hydroelectric power station

Mosi-oa Tunya/Victoria
Falls

Social

Major Development
Projects

Negative

Victoria Falls - Zimbabwe and
Zambia, n.d.

Abstraction of water by a hydroelectric power station

Mosi-oaTunya/Victoria
Falls

Social

Major Development
Projects

Negative

Victoria Falls - Zimbabwe and
Zambia, n.d.

Poaching and Batoka Gorge Dam

Mosi-oa Tunya/Victoria
Falls

Social

Population Change

Negative

Mosi-oa-Tunya / Victoria Falls,
n.d.

Uncontrolled development due to
population increase

Mosi-oaTunya/Victoria
Falls

Social

Population Change

Negative

IUCN,n.d.d

Growing rapidly without adequate
planning

Mosi-oaTunya/Victoria
Falls

Social

Population Change

Negative

Victoria Falls - Zimbabwe and
Zambia, n.d.

Urban growth

Mosi-oaTunya/Victoria
Falls

Social

Tourism

Negative

Mosi-oa-Tunya / Victoria Falls,
n.d.

Uncontrolled tourism development

Mosi-oaTun ya/Victoria
Falls

Social

Tourism

Negative

M,2012c

Accommodations for tourists

Mosi-oaTun ya/Victoria
Falls

Social

Tourism

Negative

M, 2012c

Major problems present are the
haphazard proliferation of tourist
infrastructure
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Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Mosi-oaTunya/V ictoria
Falls

Social

Tourism

Negative

IUCN,n.d .d

Need to provide infrastructure for
increasing number of visitors

Mosi-oaTunya/Victoria
Falls

Social

Tourism

Negative

Borges, Carbone, Bushnell &
Jaeger, 2011

Invasive infrastructure development

Mosi-oaTun ya/Victoria
Falls

Social

Tourism

Negative

Victoria Falls - Zimbabwe and
Zambia, n.d.

Visitor and development pressures
increase

Mosi-oaTunya/Victoria
Falls

Social

Tourism

Negative

Rao,2006

Growing tourism infrastructure

Mosi-oaTunya/Victoria
Falls

Social

Tourism

Negative

Duffy, 1997

Highly developed

Mosi-oaTun ya/Victoria
Falls

Social

Tourism

Neutral

Lindsey et al., 2014

For this park, tourists actually show
up which results in income from
tourism

Mosi-oaTunya/Victoria
Falls

Social

Tourism

Neutral

Laver, Wetzels & Beherns, 2001

Growing ecotourism market but
there needs to be a role in protecting
clients from malaria

Mosi-oaTunya/Victoria
Falls

Social

Tourism

Neutral

Mkono,2012

Measuring the authentic-ness of
Zimbabwe tourism markets to help
bringing in tourists

Mosi-oaTunya/Victoria
Falls

Social

Tourism

Neutral

McGregor, 2003

Tourism market not based on
scenery alone .. . imperial expansion
into the "heart of central Africa"

Mosi-oaTunya/Victoria
Falls

Social

Tourism

Neutral

M,2012c

Well-developed tourist infrastructure
accessible by road, rail or air

Mosi-oaTunya/Victoria
Falls

Social

Tourism

Positive

Dieke,2000

Hugely popular sight
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Appendix B: Literature Review Database
Table A9: Literature review database for the United States.
Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Carlsbad
Caverns
National Park

Conflict

Local Conflict

Negative

United States. National Park
Service, 2016a

Cultural conflict from Native
Americans and US government

Carlsbad
Caverns
National Park

Environmental

Habitat Fragmentation

Negative

Sitename:-Carlsbad Caverns
National Park, n.d.

Ecosystem modifications

Carlsbad
Caverns
National Park

Environmental

Habitat Fragmentation

Negative

Sitename:-Carlsbad Caverns
National Park, n.d.

Habitat fragmentation at boundary of
park

Carlsbad
Caverns
National Park

Environmental

Habitat Gap

Neutral

Pate, 1999

National vegetation mapping system

Carlsbad
Caverns
National Park

Environmental

Soil Quality

Neutral

United States. National Park
Service, 2016b

Human impact on soil; walking off
trails lead to erosion; soil compaction
(speeds up germination but also leads
to poor root growth), will also
decrease uptake of nutrients and
water

Carlsbad
Caverns
National Park

Environmental

Soil Quality

Neutral

United States Department of
Agriculture, 1971

Different soils in different areas,
some restrictions to use but no noted
pollution

Carlsbad
Caverns
National Park

Environmental

Soil Quality

Neutral

Carlsbad Caverns , n.d.

Slightly acidic to help form
underground chambers

Carlsbad
Caverns
National Park

Environmental

Species Index

Negative

Griffin, Gray, Lyles & Northup,
2014

Invasive Species

Carlsbad
Caverns
National Park

Environmental

Species Index

Negative

Hamilton-Smith, 2001

Invasive Species

Appendix B (Continued)
Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Carlsbad
Caverns
National Park

Environmental

Species Index

Negative

Sitename:-Carlsbad Caverns
National Park, n.d .

Invasive Species- exotic plants

Carlsbad
Caverns
National Park

Environmental

Species Index

Negative

Krupa, 2002

Invasive Species, bull frogs

Carlsbad
Caverns
National Park

Environmental

Species Index

Negative

Carlsbad Caverns National Park,
n.d.

DDT use caused a decline in bat
populations, invasion of exotic fauna

Carlsbad
Caverns
National Park

Environmental

Species Index

Neutral

Barr Jr & Reddell , 1967

Troglobitic species

Carlsbad
Caverns
National Park

Environmental

Species Index

Neutral

Thies & McBee, 1994

Pesticides in bats

Carlsbad
Caverns
National Park

Environmental

Species Index

Positive

Barrows et al., 2013

19 species 100% protected

Carlsbad
Caverns
National Park

Environmental

Species Index

Positive

Gray,2008

Used for selection ofbio
conservation areas

Carlsbad
Caverns
National Park

Environmental

Species Index

Positive

Hamilton-Smith, 2001

Cave species

Carlsbad
Caverns
National Park

Environmental

Species Index

Positive

M,2009a

Deserts of the southwest contain
some of the greatest diversity of
animals in the US

Carlsbad
Caverns
National Park

Environmental

Species Index

Positive

United States. National Park
Service,2016c

Diversity of wildlife due to position

Carlsbad
Caverns
National Park

Environmental

Species Index

Positive

United States. National Park
Service, 2016c

Lots of local fauna
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Carlsbad
Caverns
National Park

Environmental

Species Index

Positive

Carlsbad Caverns National Park
Animals, n.d.

Diversity of wildlife due to position

Carlsbad
Caverns
National Park

Environmental

Species Index

Positive

Sitename:-Carlsbad Caverns
National Park, n.d.

High degree of biodiversity

Carlsbad
Caverns
National Park

Environmental

Water Quality

Negative

Hamilton-Smith, 200 l

Pollution

Carlsbad
Caverns
National Park

Environmental

Water Quality

Negative

Burger & Pate, 200 I

Wastewater utilities old and leak,
introducing raw sewage to
groundwater
Vulnerable to water contamination
from the surface

Carlsbad
Caverns
National Park

Environmental

Water Quality

Negative

Vulnerability of Carlsbad Cavern,
New Mexico to pollution from
human activities at the surface,
1997

Carlsbad
Caverns
National Park

Environmental

Water Quality

Negative

SWCA Environmental
Consultants, 2007

Pollutants generated at the surface
and impact water quality

Carlsbad
Caverns
National Park

Environmental

Water Quality

Negative

Hunter, Northup, Dahm & Boston,
2004

Persistent coliform contamination

Carlsbad
Caverns
National Park

Environmental

Negative

United States. National Park
Service, 2016d

Air pollution human-made; oil and
gas activities increasing to the south

Carlsbad
Caverns
National Park

Environmental

United States. National Park
Service, 20 l 6e

Fragile environments

Carlsbad
Caverns
National Park

Institutional

Sitename:-Carlsbad Caverns
National Park,n.d.

Adequate, but funding and human
resources could be increased

Funding

Positive
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Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Carlsbad
Caverns
National Park

Institutional

Funding

Positive

United States. National Park
Service,2016g

Cave research

Carlsbad
Caverns
National Park

Institutional

Government Policy

Neutral

Hamilton-Smith, 2001

Immense advances, but also reversals
by governments who are too readily
persuaded that mining and other
industrial activities matter more than
preservation of our natural heritage

Carlsbad
Caverns
National Park

Institutional

Government Policy

Positive

United States. National Park
Service, 2016f

1930 designated National Park by
Congress

Carlsbad
Caverns
National Park

Institutional

Government Policy

Positive

United States. National Park
Service, 2016f

Carlsbad
Caverns
National Park

Institutional

Government Policy

Positive

United States. National Park
Service, 2011

Policy development for all NPS

Carlsbad
Caverns
National Park

Institutional

Local Government
Organizations

Positive

Bailey, 2001

National cave and karst research
institute; promote conservation
knowledge and sound cave and karst
management

Carlsbad
Caverns
National Park

Institutional

Local Government
Organizations

Positive

United States. National Park
Service, 2011

Land stewards for New Mexico

Carlsbad
Caverns
National Park

Institutional

Local Government
Organizations

Positive

Huppert, 1995

Attitude has been changing rapidly
primarily because those involved in
enforcing the laws have been
educated to the uniqueness and
values of caves and their contents

Carlsbad
Caverns
National Park

Institutional

Management Plans

Neutral

Ernst, Schrader & Lopez, 2007

Lacking spatial information, details
management mandates for the park
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Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Carlsbad
Caverns
National Park

Institutional

Management Plans

Positive

Griffin, Gray, Lyles & Northup,
2014

Specialized management plan

Carlsbad
Caverns
National Park

Institutional

Management Plans

Positive

M,2009a

NPS completed a detailed General
Management Plan in 1996 and
planned to acquire the park land still
in private hands

Carlsbad
Caverns
National Park

Institutional

Management Plans

Positive

United States. National Park
Service, 2016f

1996 General Management Plan

Carlsbad
Caverns
National Park

Institutional

Management Plans

Positive

Sitename:-Carlsbad Caverns
National Park, n.d.

Management mostly effective

Carlsbad
Caverns
National Park

Institutional

Management Plans

Positive

Carlsbad Caverns National Park,
n.d.

Strictly managed, only threat oil and
gas exploration

Carlsbad
Caverns
National Park

Institutional

Non-Governmental
Organizations

Positive

Beem, 2005

Active World Heritage Committee

Carlsbad
Caverns
National Park

Institutional

Non-Governmental
Organizations

Positive

Hamilton-Smith, 2001

International agencies have provided
a valuable resource

Carlsbad
Caverns
National Park

Institutional

Non-Governmental
Organizations

Positive

Badman, 2013

IUCN and UNESCO active in park
area

Carlsbad
Caverns
National Park

Social

Agriculture

Negative

Sitename:-Carlsbad Caverns
National Park, n.d.

Low threat cattle grazing

Carlsbad
Caverns
National Park

Social

Agriculture

Negative

Carlsbad Caverns National Park,
n.d.

Grazing by trespassing livestock

617

Appendix B (Continued)
Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Carlsbad
Caverns
National Park

Social

Encroachment

Negative

Carlsbad Caverns National Park,
n.d.

Hunting of puma

Carlsbad
Caverns
National Park

Social

Local Participation

Negative

Lowrie & Greenberg, 2001

Communication is non-existent
between the Department of
Environment and local
populations/institutions

Carlsbad
Caverns
National Park

Social

Major Development
Projects

Negative

Carlsbad Caverns National Park,
n.d.

Oil and gas exploration

Carlsbad
Caverns
National Park

Social

Major Development
Projects

Neutral

Sitename:-Carlsbad Caverns
National Park, n.d.

Potential threat, increased oil and gas
development- contaminating water
sources

Carlsbad
Caverns
National Park

Social

Restoration

Positive

Hamilton-Smith, 200 l

Growing importance of rehabilitation
with tourism

Carlsbad
Caverns
National Park

Social

Tourism

Negative

Griffin, Gray, Lyles & Northup,
2014

Introduction of contaminants

Carlsbad
Caverns
National Park

Social

Tourism

Negative

Hamilton-Smith, 2001

Cause pollution

Carlsbad
Caverns
National Park

Social

Tourism

Negative

Carlsbad Caverns National Park,
n.d.

Caused permanent damage to
speleothems and the cave ecosystem

Carlsbad
Caverns
National Park

Social

Tourism

Positive

Houseal, Bourque, Welsh &
Wenger, 2014

Effective audio tour to promote
visitor knowledge and behavior

Carlsbad
Caverns
National Park

Social

Tourism

Positive

United States. National Park
Service, 2016g

Tourism brings in revenue for local
communities
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Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Carlsbad
Caverns
National Park

Social

Tourism

Positive

Sitename:-Carlsbad Caverns
National Park, n.d.

Tourism appears to be well managed

Carlsbad
Caverns
National Park

Social

Tourism

Positive

Novey & Hall, 2007

Audio tours to promote park
lmowledge

Chihuahuan
Desert

Conflict

Conflict Over
Resources

Negative

Barry, 2012

Water conflicts

Environmental

Habitat Fragmentation

Negative

Curtin, Sayer & Lane, 2002

Development from urbanization

Environmental

Habitat Fragmentation

Negative

Hogan & Fund, 2014

Degradation and desertification increasing off road vehicle use

Environmental

Habitat Fragmentation

Negative

Meffe & Vrijenhoek, 1988

In general impoundment, diversion
of rivers. groundwater pumping and
drying of surface springs

Environmental

Soil Quality

Negative

Bhark & Small, 2003

Islands of fertility under shrubs

Environmental

Soil Quality

Negative

Curtin, Sayer & Lane, 2002

Prone to erosion

Environmental

Soil Quality

Negative

Drewa & Havstad, 2001

Cattle grazing has contributed to soil
erosion

Chihuahuan
Desert

Environmental

Soil Quality

Negative

Housman, Powers, Collins &
Belnap, 2006

Soil surface disturbances result in
faster drying soils which can take
centuries to recover

Chihuahuan
Desert

Environmental

Soil Quality

Negative

Moorhead & Reynolds, 1991

Low soil fertility

Chihuahuan
Desert
Chihuahuan
Desert
Chihuahuan
Desert
Chihuahuan
Desert
Chihuahuan
Desert
Chihuahuan
Desert

Chihuahuan
Desert

Environmental

Soil Quality

Negative

Peterjohn & Schlesinger, 1991

High albedo, low evapotranspiration
impact global processes, loss ofN
represents loss of important
component of soil fertility

Chihuahuan
Desert

Environmental

Soil Quality

Negative

Schlesinger, Raikes, Hartley &
Cross, 1996

Shrubs may localize soil fertility
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Project
Chihuahuan
Desert
Chihuahuan
Desert

Factor

Sub-Factor

Type of
Influence

Environmental

Soil Quality

Negative

Environmental

Soil Quality

Neutral

Chihuahuan
Desert

Environmental

Soil Quality

Neutral

Chihuahuan
Desert

Environmental

Species Index

Negative

Heske, Brown &Mistry, 1993

Kangaroo rats stymie the production
of different plant species and other
species use of plants

Environmental

Species Index

Negative

Hogan & Fund, 2014

Invasive species

Environmental

Species Index

Negative

Meffe & Vrijenhoek , 1988

Fish are declining at an alarming rate

Environmental

Species Index

Negative

Meffe & Vrijenhoek, 1988

Introduction of invasive species

Chihuahuan
Desert

Environmental

Species Index

Neutral

Gutzwiller & Barrow Jr, 2001

Highly variable species richness in
some areas because of model
uncertainty

Chihuahuan
Desert

Environmental

Species Index

Neutral

Heske, Brown & Mistry 1994

Presence of kangaroo rats impact
species in desert environment (less
species)

Environmental

Species Index

Positive

Curtin, Sayer & Lane, 2002

Localized patterns of endemism,
world renowned diversity of cacti

Environmental

Species Index

Positive

Hernandez & Barcenas, 1996

High species richness of cacti

Environmental

Species Index

Positive

Hernandez, Gomez-Hinostrosa &
Barcenas, 200 I

One of the most biologically diverse
arid regions on earth

Chihuahuan
Desert

Environmental

Species Index

Positive

Chihuahuan
Desert

Environmental

Chihuahuan
Desert
Chihuahuan
Desert
Chihuahuan
Desert

Chihuahuan
Desert
Chihuahuan
Desert
Chihuahuan
Desert

Reference

Notes

de Soyza, Whitford, Herrick, Van
Zee & Havstad, 1998
Muldavin, Moore, Collins,
Wetherill & Lightfoot, 2008

Subject to erosion from weather,
rainfall and wind force

Reynolds, Kemp & Tenhunen,

2000

Chihuahuan Desert Rapid
Ecoregional Assessment (REA),

2015
Species Index

Positive

Ahlstrand, 1982

Soil moisture rates impact production
Little deep soil water recharge
because of the efficiency of
extraction by vegetation

Most biologically diverse deserts in
the world
Biologically diverse
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Factor

Sub-Factor

Type of
Influence

Reference

Chihuahuan
Desert

Environmental

Water Quality

Negative

Bhark & Small, 2003

Chihuahuan
Desert

Environmental

Water Quality

Negative

Fisher, Zak, Cunningham &
Whitford, 1988

Environmental

Water Quality

Negative

Hogan & Fund, 2014

Environmental

Water Quality

Negative

Chihuahuan Desert, n.d.

Water scarcity

Environmental

Water Quality

Neutral

Kemp, 1983

Scarce and variable availability of
water impacts desert vegetation

Chihuahuan
Desert

Environmental

Water Quality

Neutral

Muldavin , Moore, Collins,
Wetherill & Lightfoot, 2008

Water availability interacts with soil
nutrient pools to affect production
pulses

Chihuahuan
Desert

Institutional

Funding

Positive

Levandoski, n.d.

Funding from a variety ofNGOs

Chihuahuan
Desert
Chihuahuan
Desert
Chihuahuan
Desert

Notes
Changes in water availability could
influence shrub invasion
Low water availability limits amount
of vegetation
Water loss and reduction from
irrigation and livestock

Chihuahuan
Desert

Institutional

Funding

Positive

About Us, n.d.

Diverse funding from grants,
program and service fees, gift shop
sales, oil and gas royalties, and
donations

Chihuahuan
Desert

Institutional

Government Policy

Positive

Chihuahuan Desert Rapid
Ecoregional Assessment (REA),
2015

Under purview of Bureau of Land
Management

Chihuahuan
Desert

Institutional

Local Government
Organizations

Negative

Hogan & Fund, 2014

Lack of protection

Chihuahuan
Desert

Institutional

Local Government
Organizations

Neutral

Dinerstein et al., 2011

Plan from WWF hopes to be a
coalition of conservation groups ,
federal, state and local governments
and a spectrum of other stakeholders

Chihuahuan
Desert

Institutional

Local Government
Organizations

Positive

2015 Southwest Climate Summit
Conveners, n.d.

Chihuahuan
Desert

Institutional

Management Plans

Positive

Curtin, Sayer & Lane, 2002

Lots of diverse organizations
working in area
Careful control and regulated grazing
can limit destruction of common
lands
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Factor

Sub-Factor

Type of
Influence

Reference

Notes

Chihuahuan
Desert

Institutional

Management Plans

Positive

Richie, 2009

Chihuahuan Desert Network

Institutional

Non-Governmental
Organizations

Positive

Levandoski , n.d .

Partnered with many NGOs for
protection of species (bird species)

Social

Agriculture

Negative

Curtin, Sayer & Lane, 2002

Cattle grazing has led to some long
term effects on desert range

Social

Agriculture

Negative

Drewa & Havstad, 2001

Cattle overgrazing

Social

Agriculture

Negative

Housman, Powers, Collins &
Belnap, 2006

Livestock grazing and agriculture

Social

Agriculture

Negative

Hogan & Fund, 2014

Heavily grazed vegetation

Chihuahuan
Desert
Chihuahuan
Desert
Chihuahuan
Desert
Chihuahuan
Desert
Chihuahuan
Desert
Chihuahuan
Desert

Social

Agriculture

Negative

List et al., 2007

Cattle ranching and other land
devoted to agriculture takes land
away from free range buffalo, an
endemic species

Chihuahuan
Desert

Social

Agriculture

Negative

Schlesinger, Raikes, Hartley &
Cross, 1996

Overgrazing
Abiotic environment plays an
important role in desertification,
livestock grazing driving force for
desertification

Chihuahuan
Desert

Social

Agriculture

Negative

de Soyza, Whitford, Herrick, Van
Zee & Havstad, 1998

Chihuahuan
Desert

Social

Encroachment

Negative

Curtin, Sayer & Lane, 2002

Urbanization

Chihuahuan
Desert

Social

Encroachment

Negative

Gutzwiller & Barrow Jr, 2001

Alteration of habitat for residential
areas and support services

Chihuahuan
Desert

Social

Encroachment

Negative

Housman, Powers, Collins &
Belnap, 2006

Human use changes soil from species
rich to species poor

Social

Encroachment

Negative

Hogan & Fund, 2014

Borderlands used as illegal
encampments

Social

Encroachment

Negative

Hogan & Fund, 2014

Chihuahuan
Desert
Chihuahuan
Desert
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Sub-Factor

Type of
Influence

Reference

Notes

Chihuahuan
Desert

Social

Local Participation

Positive

Curtin, Sayer & Lane, 2002

Malpai Borderlands Groups- sustain
local community thorough
cooperative land management and
livestock marketing

Chihuahuan
Desert

Social

Major Development
Projects

Negative

Curtin, Sayer & Lane, 2002

Roads

Chihuahuan
Desert

Social

Population Change

Negative

Curtin, Sayer & Lane, 2002

Unprecedented population growth
between 1990-1995, among the
fastest growing states in the US

Chihuahuan
Desert

Social

Population Change

Negative

Gutzwiller & Barrow Jr, 2001

Landscapes of border region likely to
change in important ways due to
human population increases

Curtin, Sayer & Lane, 2002

Quivira Coalition projects:
reclamation of old mine tailing piles,
riparian restoration, monitoring,
efforts to resolve disputes between
ranchers and government agencies

Curtin, Sayer & Lane, 2002

Climate change, pushing a change in
vegetation

Chihuahuan
Desert

Social

Restoration

Positive

Chihuahuan
Desert

Terrestrial succession of"young"
land
Potential soil erosion from
glacimarine processes
Overall bedrock erosion risk, glacial
erosion
Fuel leaked into soil, which
remediation began in the early 2000s

Glacier Bay

Environmental

Habitat Fragmentation

Neutral

Williamson et al., 2001

Glacier Bay

Environmental

Soil Quality

Negative

Cowan et al., 2010

Glacier Bay

Environmental

Soil Quality

Negative

Hallet, Hunter & Bogen, 1996

Glacier Bay

Environmental

Soil Quality

Negative

KellerLynn, 2009

Glacier Bay

Environmental

Soil Quality

Negative

Sidle & Milner, 1989

Bank instability

Glacier Bay

Environmental

Soil Quality

Negative

Wieczorek, Geist, Motyka &
Jakob,2007

Steep topography, high seismicity,
recent glacial retreat make area
susceptible to erosion
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Factor

Sub-Factor

Type of
Influence

Reference

Notes

Glacier Bay

Environmental

Soil Quality

Neutral

Bonnann & Sidle, 1990

Amount and type of organic matter
and its location within the ecosystem
appeared highly correlated to the
past, present, and future productivity
of these stands

Glacier Bay

Environmental

Soil Quality

Neutral

KellerLynn, 2009

Soil survey to be completed in 2016

Glacier Bay

Environmental

Soil Quality

Neutral

Williamson et al., 2001

Soils have carbonate leaching,
nitrogen fixation , humus build-up,
and hardpan fonnation

Glacier Bay

Environmental

Soil Quality

Positive

United States. National Park
Service, n.d.b

Acidic and swampy soils which is the
perfect habitat for western hemlock
and old growth forests

Glacier Bay

Environmental

Species Index

Negative

Mathews & Pendleton, 2006

Harbor seal populations declining,
may be result of competition and
predation

Glacier Bay

Environmental

Species Index

Negative

Womble et al., 2010

Population of harbor seal on glaciers
has declined

Glacier Bay

Environmental

Species Index

Neutral

M, 2008c

28 terrestrial mammals some
"threatened or endangered", 8 marine
mammals

Glacier Bay

Environmental

Species Index

Neutral

Williamson et al., 2001

Terrestrial succession , lichens ,
liverwort, blue-green algae, moss
then willows

Glacier Bay

Environmental

Species Index

Positive

Arirnitsu, Piatt, Romano &
Douglas , 2004

Glacier Bay

Environmental

Species Index

Positive

Flory & Milner, 2000

Glacier Bay

Environmental

Species Index

Positive

Gelatt et al., 2004

Glacier Bay

Environmental

Species Index

Positive

Glacier Bay

Environmental

Species Index

Positive

Milner et al., 2000
Kluane / Wrangell-St. Elias /
Glacier Bay/ Tatshenshini-Alsek,
n.d.

Forage fish support marine species of
management concern (protected)
Increase of species richness from 5 to
16 species (1978 - 1991)
Eastern stock of stellar sea lions
increased
Fish diversity higher in older streams
Lots of diversity and high
populations
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Type of
Influence

Reference

Notes

Glacier Bay

Environmental

Water Quality

Negative

M, 2008c

Potential water quality degradation
from open copper mine 24 km away

Glacier Bay

Environmental

Water Quality

Neutral

Nagorski , Neal & Brabets , 2013

Subject to atmospheric contaminants;
Hg

Glacier Bay

Environmental

Water Quality

Neutral

United States . National Park
Service, n.d .c

Vulnerable to ocean acidification

Glacier Bay

Environmental

Water Quality

Neutral

Sidle & Milner, 1989

Glacier fed streams are characterized
by high rates of sediment transport
and deposition

Neutral

Williamson et al., 2001

Changes with soil and landscape
changes, rise in nitrogen, more
productive later in lake life with
more nutrients

Negative

United States . National Park
Service, n.d .d

Climate change , can increase ocean
acidification, spring arrive earlier and
change habitat , alternating species
composition

Glacier Bay

Environmental

Water Quality

Glacier Bay

Environmental

Glacier Bay

Institutional

Government Policy

Neutral

M,2008c

Administered by National Park
Management, Department of the
Interior

Glacier Bay

Institutional

Local Government
Organizations

Positive

M,2008c

Multitude of programs

Glacier Bay

Institutional

Local Government
Organizations

Positive

KellerLynn, 2009

Working together to create an
inventory report to identify
management gaps

Glacier Bay

Institutional

Management Plans

Negative

Kluane / Wrangell-St. Elias /
Glacier Bay/ Tatshenshini-Alsek,
n.d.

Glacier Bay

Institutional

Management Plans

Neutral

Gelatt et al., 2004

Monitor growth and success with
continuation of marking , re-sighting
and prey and genetic studies, need to
continue to determine why areas
have different population and prey
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Project

Glacier Bay

Factor

Institutional

Sub-Factor

Management Plans

Type of
Influence

Neutral

Reference

Notes

M,2008c

General management plan, five
zoning categories: non-wilderness
waters, wilderness lands, wilderness
waters, development and special use

Glacier Bay

Institutional

Management Plans

Neutral

M,2008c

General management plan ( 1984) set
overall direction for management of
natural and cultural resources, visitor
use, land protection and facility
development

Glacier Bay

Institutional

Management Plans

Neutral

Manning, Johnson & Kamp, 1996

Need on going management to
ensure appropriately accommodated
visitors in park

Glacier Bay

Institutional

Management Plans

Neutral

Mathews & Pendleton, 2006

Current management stocks need to
be redefined
First National Park to complete an
inventory of its greenhouse gas
emissions and earn "Climate Friendly
Park" designation

Glacier Bay

Institutional

Management Plans

Positive

United States. National Park
Service, n.d.c

Glacier Bay

Social

Agriculture

Negative

KellerLynn, 2009

Disturbed area from farming,
grazing, timber harvest, and
abandoned irrigation ditches

Glacier Bay

Social

Encroachment

Negative

M,2008c

Illegal fishing

Glacier Bay

Social

Encroachment

Neutral

M,2008c

Subsistence hunting and fishing

Glacier Bay

Social

Major Development
Projects

Negative

KellerLynn, 2009

Disturbed area from development;
facilities, roads, dams, abandoned
campgrounds, trails; oil and gas
development, mining

Glacier Bay

Social

Major Development
Projects

Neutral

M,2008c

Potential threat from open-pit copper
mine

Glacier Bay

Social

Population Change

Positive

M,2008c

No Native American settlements in
park/preserve, small resident
population
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Factor

Sub-Factor

Type of
Influence

Reference

Notes

Glacier Bay

Social

Restoration

Neutral

KellerLynn, 2009

Disturbed areas only considered for
restoration if area is influenced by
human activities

Glacier Bay

Social

Tourism

Negative

M,2008c

Glacier Bay

Social

Tourism

Neutral

M,2008c

Glacier Bay

Social

Tourism

Neutral

M, 2008c

Visitor pressures changed
management for ensure long-term
protection

Glacier Bay

Social

Tourism

Neutral

KellerLynn, 2009

Area active in tourism

Glacier Bay

Social

Urban Pressure

Positive

M,2008c

Fully protected from consumptive
uses, other than limited commercial
and sport fishing

Grand Canyon
National Park

Conflict

Local Conflict

Negative

Dougherty & Ring, 2011

Local conflict with helicopter flights
in the area disturbing wildlife

Grand Canyon
National Park

Environmental

Habitat Fragmentation

Neutral

Hall, 1981

Natural habitat fragmentation from
the canyon, reason why Kaibab
squirrels exist

Grand Canyon
National Park

Environmental

Habitat Fragmentation

Positive

Fule & Laughlin, 2007

Natural fragmentation of wild lands
can help limit the importation of fires
from distant regions
Potential travel corridors were
identified by gap analysis

Grand Canyon
National Park
Grand Canyon
National Park
Grand Canyon
National Park
Grand Canyon
National Park

Increase in tourism and pressures for
land use change
Four-fold increase in visitors, come
by cruise ship

Environmental

Habitat Gap

Positive

Modeling Wildlife Habitat
Corridors in the Greater Grand
Staircase-Escalante Ecosystem,
2010

Environmental

Soil Quality

Negative

Cole, 1986

Soil compaction from backwoods
camping

Environmental

Soil Quality

Negative

Hereford, Fairlye, Thompson &
Balsom, 1993

Accelerating erosion

Environmental

Soil Quality

Negative

United States. National Park
Service, 2016h

Poorly developed, highly variable
and erode easily
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Factor

Sub-Factor

Type of
Influence

Reference

Notes

Grand Canyon
National Park

Environmental

Soil Quality

Negative

Kearsley , Schmidt & Warren,
1994

Alluvial sand deposits, change
hydraulic water flow and increase
sand erosion along river

Grand Canyon
National Park

Environmental

Soil Quality

Negative

Moore & Huffman , 2004

Scalding surface temperatures, very
dry soils

Grand Canyon
National Park

Environmental

Soil Quality

Negative

Webb, Pringle, Reneau & Rink,
1984

Accumulation of soil in rivers can
create debris avalanche, changes the
hydrological flow of water

Environmental

Soil Quality

Neutral

Cole, 1990

Decline with trampling from hikers

Environmental

Soil Quality

Neutral

M, 2011a

Environmental

Species Index

Negative

United States. National Park
Service, n.d.e

Grand Canyon
National Park

Environmental

Species Index

Negative

Johnson & Carothers, 1987

Invasive species, native species being
pushed out with creation of Glen
Canyon Dam

Grand Canyon
National Park

Environmental

Species Index

Negative

Mast, 2004

Overgrowth of white pine, invasive

Grand Canyon
National Park

Environmental

Species Index

Negative

Moore & Huffman, 2004

Takeover of vegetation, suggests at
least a temporary loss of important
meadow habitat

Environmental

Species Index

Negative

White & Vankat, 1993

Environmental

Water Quality

Negative

Hall, 1981

Environmental

Water Quality

Negative

Feds Urged to Suspend Grand
Canyon Uranium Mine to Protect
Water, Wildlife and People, n.d.

Pollution from mining

Environmental

Water Quality

Negative

Tunnicliff & Brickler, 1984

Human waste pollution

Environmental

WaterQuality

Negative

United States. National Park
Service, n.d.e

Tainted with fecal coliform from
trespassing cattle and human waste

Grand Canyon
National Park
Grand Canyon
National Park
Grand Canyon
National Park

Grand Canyon
National Park
Grand Canyon
National Park
Grand Canyon
National Park
Grand Canyon
National Park
Grand Canyon
National Park

Mesozoic era rocks mainly gone
from erosion
Non-native species introduced by
human populations

More homogenous forest reduces
biodiversity
Potential water scarcity in the area
(dry season)
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Grand Canyon
National Park
Grand Canyon
National Park
Grand Canyon
National Park
Grand Canyon
National Park

Factor

Sub-Factor

Type of
Influence

Reference

Environmental

Ashbaugh , Malm & Sadeh, 1985

Environmental

Davis & Gay, 1993

Notes
Air quality impacted from sulphur
pollution
Air quality poor from weather and
atmospheric conditions

Institutional

Funding

Neutral

Grand Canyon GRCA Report, n.d .

Need for permanent funding

Institutional

Funding

Positive

United States. National Park
Service, n.d.f

Science research funding,
competitive grants

Grand Canyon
National Park

Institutional

Government Policy

Positive

Johnson & Carothers, 1987

National Park Service (NPS) areas
set aside by Congress to conserve
scenery and natural and historic
objects and the wildlife therein

Grand Canyon
National Park

Institutional

Local Government
Organizations

Neutral

Colorado River Management at
Grand Canyon National Park,
2009

Many legal authorities act to protect
Grand Canyon

Johnson & Carothers, 1987

Management of environmental and
recreational resources has become
increasingly complicated since
completion of the dam in 1963

Grand Canyon
National Park

Institutional

Management Plans

Negative

Grand Canyon
National Park

Institutional

Management Plans

Negative

Johnson & Carothers, 1987

Management is complex due to
different segments being managed by
different individuals or agencies
contradictory management strategies
and goals

Grand Canyon
National Park

Institutional

Management Plans

Negative

White & Vankat, 1993

Fire suppression policies have
produced a more homogenous
mixed-conifer forest

Grand Canyon
National Park

Institutional

Management Plans

Neutral

Colorado River Management at
Grand Canyon National Park,
2009

Safeguard National Park System

Grand Canyon
National Park

Institutional

Management Plans

Positive

M, 2011a

Based on laws establishing National
Park Service and the park, purpose
and main resources

629

Appendix B (Continued)

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Institutional

Management Plans

Positive

United States. National Park
Service, n.d.g

Grand Canyon
National Park

Institutional

Management Plans

Positive

United States. National Park
Service, n.d.g

General Management Plan completed
in 1995
Adaptive management plans for dam
operations

Grand Canyon
National Park

Institutional

Management Plans

Positive

Moore & Huffman, 2004

Management strategies to conserve
meadow habitat that contributes to
species and landscape diversity

Grand Canyon
National Park

Institutional

Management Plans

Positive

Underhill , Xaba & Borkan, 1986

Use of Wilderness Use Simulation
Model (WUSM) can be used to aid
management decisions

Social

Agriculture

Negative

Cole, 1990

Social

Agriculture

Negative

United States. National Park
Service, 2016h

Grand Canyon
National Park

Social

Agriculture

Negative

Mast & Wolf, 2004

Overgrazing by domestic livestock
can decrease fire frequency altering
the natural evolution of the forest

Grand Canyon
National Park

Social

Agriculture

Negative

White & Vankat , 1993

Livestock grazing cause vegetation
changes

Grand Canyon
National Park

Social

Local Participation

Positive

M, 2011a

Eleven American Indian tribes or
bands are affiliated to the park
authority
Management plan culmination of
four years involving local citizens,
American Indian tribes and public
and private agencies

Conservation
Project
Grand Canyon
National Park

Grand Canyon
National Park
Grand Canyon
National Park

Livestock grazing threatens soil
quality
Cattle grazing impacts soil and water
quality

Grand Canyon
National Park

Social

Local Participation

Positive

United States. National Park
Service, n.d.g

Grand Canyon
National Park

Social

Major Development
Projects

Negative

Hereford, Fairlye, Thompson &
Balsom, 1993

Glen Canyon Dam indirectly effects
erosion

Social

Major Development
Projects

Johnson & Carothers, 1987

Management of environmental and
recreational resources has become
increasingly complicated since
completion of the dam in 1963

Grand Canyon
National Park

Negative
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Factor

Sub-Factor

Type of
Influence

Reference

Notes

Social

Major Development
Projects

Negative

Kearsley, Schmidt & Warren,
1994

Glen Canyon Dam indirectly effects
erosion

Grand Canyon
National Park

Social

Restoration

Negative

Mast & Wolf, 2004

Need decades of restoration
treatment (fires) to resume natural
forest conditions

Grand Canyon
National Park

Social

Restoration

Neutral

Baker, 2006

Managers would need to re-evaluate
the ecological underpinning of forest
restoration- forest fires

Grand Canyon
National Park

Social

Restoration

Neutral

Cole, 1990

Even with no disturbance soil crust
never completely recovered , but soils
did recover quickly

Grand Canyon
National Park

Social

Restoration

Neutral

Fule & Laughlin , 2006

Restoration can be affected if
historical fire regimes have been
altered

Social

Restoration

Positive

Mathis , Theobald, Busco &
Makarick, 2015

Restoration along hermit trail

Social

Tourism

Negative

Cole, 1986

Negative environmental impact from
tourist rafting parties

Social

Tourism

Negative

Cole, 1990

Trampling of soil

Social

Tourism

Negative

M, 2011a

Vehicles and wastes are gradually
degrading the park's resources both
natural and cultural
Camping sites have decreased and
camping has increased, has reached
carrying capacity, small number of
sites are used almost every night

Conservation
Project
Grand Canyon
National Park

Grand Canyon
National Park
Grand Canyon
National Park
Grand Canyon
National Park
Grand Canyon
National Park

Grand Canyon
National Park

Social

Tourism

Negative

Kearsley, Schmidt & Warren,
1994

Grand Canyon
National Park

Social

Tourism

Negative

Stockwell, Bateman & Berger,
1991

Helicopter tours can impact sheep
feeding habits

Great Smoky
Mountains
National Park

Conflict

Local Conflict

Negative

Singer & Bratton, 1980

Human/animal conflict with black
bears
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Factor

Sub-Factor

Type of
Influence

Reference

Notes

Great Smoky
Mountains
National Park

Environmental

Habitat Fragmentation

Negative

Farnsworth & Simons, 1999

Habitat fragmentation, there are
some small fragments

Great Smoky
Mountains
National Park

Environmental

Habitat Fragmentation

Negative

Campbell & Johns, n.d.

Landscape has changed drastically,
from logging operations and cattle
grazing

Great Smoky
Mountains
National Park

Environmental

Habitat Fragmentation

Negative

M,2009b

Roads pass through park at several
locations

Great Smoky
Mountains
National Park

Environmental

Habitat Fragmentation

Negative

United States. National Park
Service, n.d.h

Elk used to roam meadows/forest but
they couldn't survive large scale
habitat loss and over hunting

Pyle , 1988

Corporate logging disturbs forest
because of railroads and heavy
machinery to get logs out, and also
damages watersheds

Great Smoky
Mountains
National Park

Environmental

Habitat Fragmentation

Negative

Great Smoky
Mountains
National Park

Environmental

Habitat Fragmentation

Neutral

Simons, Farnsworth & Shriner,
2000

Fragmentation paradigm predicts
large, intact forests act as population
sources for Neotropical birds, park
provides high-quality habitat but also
a more diverse predator community
because of the disturbance

Great Smoky
Mountains
National Park

Environmental

Habitat Gap

Neutral

Chaini, Chen, Johnson & Wu,
2015

Performed for one taxonomic group,
spiders

Great Smoky
Mountains
National Park

Environmental

Soil Quality

Negative

Bratton, Hickler & Graves, 1979

Soil erosion on trail

Great Smoky
Mountains
National Park

Environmental

Soil Quality

Negative

Renfro, 2015

Acidic soils with low buffering
capacity
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Factor

Sub-Factor

Type of
Influence

Reference

Notes

Great Smoky
Mountains
National Park

Environmental

Soil Quality

Negative

M,2009b

Some soil degradation from high
levels of acid rain

Great Smoky
Mountains
National Park

Environmental

Soil Quality

Negative

M, 2009b

Pollution of soils from airborne
sulphur dioxide

Great Smoky
Mountains
National Park

Environmental

Soil Quality

Negative

Leung & Marion, 1999a

Soil erosion instances increased with
increases in trail use

Great Smoky
Mountains
National Park

Environmental

Soil Quality

Negative

Leung & Marion, 1999b

Disturbance of ecologically sensitive
landscape from camping

Great Smoky
Mountains
National Park

Environmental

Soil Quality

Negative

Nolfi, 2011

Pollution

Great Smoky
Mountains
National Park

Environmental

Soil Quality

Neutral

Callaway , Clebsch & White, 1987

Soil quality i.e. pH, clay, silt and
sand concentration etc. changes with
elevation

Great Smoky
Mountains
National Park

Environmental

Soil Quality

Neutral

United States Department of
Agriculture , Natural Resources
Conservation Service, 2009

Overall low amount of plant macronutrients, some erosion, soil balds

Great Smoky
Mountains
National Park

Environmental

Species Index

Negative

M,2009b

Invasive species

Great Smoky
Mountains
National Park

Environmental

Species Index

Negative

United States. National Park
Service, 20 l 6i

Non-native species are a detriment to
the park as an international biosphere
reserve, causes a reduction in
biological diversity as native
populations are forced out of their
environmental niches

Great Smoky
Mountains
National Park

Environmental

Species Index

Negative

Larson & Moore, 1985

Encroachment of exotic rainbow
trout into stream populations of
native brook trout
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Factor

Sub-Factor

Type of
Influence

Reference

Notes

Great Smoky
Mountains
National Park

Environmental

Species Index

Negative

Lacki & Lancia, 1986

Rooting and invasion by wild pigs

Great Smoky
Mountains
National Park

Environmental

Species Index

Negative

Webster, Jenkins & Rock, 2005

Over population of white tailed deer

Great Smoky
Mountains
National Park

Environmental

Species Index

Positive

Callaway, Clebsch & White, 1987

Elevation level separation of specific
species

Great Smoky
Mountains
National Park

Environmental

Species Index

Positive

Farnsworth & Simons, 1999

Nest mortality was low, moderate
level of nesting, combined with low
levels of brood parasitism, probably
allow the park to act as a population
source for Wood Thrushes

Great Smoky
Mountains
National Park

Environmental

Species Index

Positive

M, 2009b

Rich diversity of vegetation

Great Smoky
Mountains
National Park

Environmental

Species Index

Positive

United States. National Park
Service, 2016j

Critical sanctuary for a wide variety
of animals

Great Smoky
Mountains
National Park

Environmental

Species Index

Positive

United States. National Park
Service, n.d.j

Endangered species call Great
Smoky Mountains home, habitat for
endangered Indiana bats

Great Smoky
Mountains
National Park

Environmental

Species Index

Positive

United States Department of
Agriculture, Natural Resources
Conservation Service, 2009

Most bio-diverse area of North
America

Welch, Madden & Jordan, 2002

Contains one of the most diverse
collections of plants and animals in
the world and has been designated as
an international biosphere reserve
and world heritage site

Great Smoky
Mountains
National Park

Environmental

Species Index

Positive
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Type of
Influence

Reference

Notes

Great Smoky
Mountains
National Park

Environmental

Water Quality

Negative

Bratton, Hickler & Graves, 1979

Water erosion on trail

Great Smoky
Mountains
National Park

Environmental

Water Quality

Negative

Renfto,2015

Low buffering capacity

Great Smoky
Mountains
National Park

Environmental

Water Quality

Negative

M,2009b

Pollution of streams airborne sulfur
dioxide

Great Smoky
Mountains
National Park

Environmental

Water Quality

Negative

United States. National Park
Service, 2016k

Acid deposition pollutants like
sulfate nitrate and mercury, from
urban and industrial sites and power
plants in parks air which deposits on
soil and washes into streams

Great Smoky
Mountains
National Park

Environm ental

Water Quality

Negative

Cruz, 2011

Acidic deposition still a problem

Great Smoky
Mountains
National Park

Environmental

Water Quality

Negative

Nolti, 2011

Pollution

Great Smoky
Mountains
National Park

Environmental

Water Quality

Negative

Silsbee & Larson, 1982

Water quality varied by elevation and
time of year, but most was found to
have levels of fecal coliform
unsuitable for drinking water

Great Smoky
Mountains
National Park

Environmental

Water Quality

Negative

Silsbee & Larson, 1983

Water quality was lower in logged
streams

S,2012

Water quality varied by elevation,
acidic deposition in higher elevations
and runoff, wastewater contaminants
in lower elevations

Great Smoky
Mountains
National Park

Environmental

Water Quality

Neutral
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Great Smoky
Mountains
National Park
Great Smoky
Mountains
National Park
Great Smoky
Mountains
National Park

Type of
Influence

Reference

Notes

Environmental

Negative

Renfro, 2015

Poor air quality, need ozone
standards to protect vegetation

Environmental

Negative

M, 2009b

Poor air quality, ozone concentration
and acid deposition stable

Negative

United States. National Park
Service, 2016k

Air quality , acid deposition from
pollutants like sulfate nitrate and
mercury, from urban and industrial
sites
$200,000 grant for gateway
communities to promote sustainable
tourism

Sub-Factor

Environmental

Great Smoky
Mountains
National Park

Institutional

Funding

Positive

Senator Lamar Alexander and
ARC Announce Great Smoky
Mountains/Cherokee National
Forest Gateways Initiative, 2008

Great Smoky
Mountains
National Park

Institutional

Funding

Positive

United States. National Park
Service, n.d.i

Annual budget is $18.5 million with
no entrance fee; park is economic
hub supports 10,734 jobs

Great Smoky
Mountains
National Park

Institutional

Government Policy

Positive

Code of Federal Regulations Title
36, Chapter 1, 2014

Compendium of Regulations for
Great Smoky Mountains

Great Smoky Mountains Regional
Greenway Council, 2015

The Great Smoky Mountains
Greenway Council is a coalition of
local governments and individuals
working together to coordinate, plan
and promote greenway construction

Great Smoky
Mountains
National Park

Institutional

Local Government
Organizations

Positive

Great Smoky
Mountains
National Park

Institutional

Management Plans

Negative

Leung & Marion, 1999a

Degradation of trail resources
associated with expanding recreation
and tourism visitation can be a
problem for management in protected
areas

Great Smoky
Mountains
National Park

Institutional

Management Plans

Neutral

Harmon, 1982

Managers want to reintroduce natural
fire processes but there are concerns
about the impact on vegetation
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Factor

Sub-Factor

Type of
Influence

Reference

Notes

Great Smoky
Mountains
National Park

Institutional

Management Plans

Neutral

Leung & Marion, 1999b

Management measures to reduce
both per capita and total or
cumulative impact (response to
camping impacts)

Great Smoky
Mountains
National Park

Institutional

Management Plans

Positive

Clark, van Manen & Pelton, 2002

Management of nuisance black bears ,
including relocation 86% do not need
to be relocated

Great Smoky
Mountains
National Park

Institutional

Management Plans

Positive

Renfro, 2015

Management plans to reduce
emissions; cleaner vehicles, shuttle
transit system, cleaner electricity, led
gold buildings, air quality action days

Great Smoky
Mountains
National Park

Institutional

Management Plans

Positive

M,2009b

Direct management efforts directed
at keeping human impacts to a
minimum

Great Smoky
Mountains
National Park

Institutional

Management Plans

Positive

Nolfi, 2011

List of actions for management to
take depending on situation

Welch, Madden & Jordan, 2002

GIS used to map vegetation to help
with assessments of vegetation
patterns related to management
activities and quantification of forest
fire fuels

Great Smoky
Mountains
National Park

Institutional

Management Plans

Great Smoky
Mountains
National Park

Institutional

Management Plans

Great Smoky
Mountains
National Park

Institutional

Non-Governmental
Organizations

Positive

Hammitt, Dulin & Wells, 1993

Positive

Appalachian Landscape
Conservation Cooperative, n.d.

Common goal of wildlife
management , provide opportunities
for high-quality recreational
experience
Appalachian landscape conservation
cooperative; works with Green
Forests Work, Natureserve, Southern
Appalachian Highlands
Conservancy, Western Pennsylvania
Conservancy
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Mountains
National Park

Factor

Institutional

Sub-Factor

Non-Governmental
Organizations

Type of
Influence

Positive

Referenc e

Notes

Friends of the Smokies, n.d.

Assists NPS in mission to protect and
preserve Great Smoky Mountains by
raising funds and public awareness,
and providing volunteers for needed
projects

Great Smoky
Mountains
National Park

Social

Agriculture

Negative

Callaway, Clebsch & White, 1987

Yellow pine and white oak
disturbance along with high
percentage of yellow poplar and
hemlock-silverbell-beech forests

Great Smoky
Mountains
National Park

Social

Agriculture

Negative

Campbell & Johns, n.d.

Wetlands were drained and filled to
support farming, pine plantations and
other development

Great Smoky
Mountains
National Park

Social

Agriculture

Negative

Nolfi, 2011

Runoff from farming

Great Smoky
Mountains
National Park

Social

Agriculture

Negative

Pyle, 1988

Diffuse disturbance from cattle
grazing and fires (21 %) possible
historical presence

Great Smoky
Mountains
National Park

Social

Agriculture

Neutral

Great Smoky Mountains, n.d.

In buffer and transition areas

Great Smoky
Mountains
National Park

Social

Encroachment

Negative

M,2 009b

Roads pass through park at several
locations

Great Smoky
Mountains
National Park

Social

Encroachment

Negative

Nolfi , 2011

Damage from human populations ,
graffiti, trash etc.

Great Smoky
Mountains
National Park

Social

Encroachment

Negative

Pyle, 1988

Concentrated settlement 9% of
disturbance

Great Smoky
Mountains
National Park

Social

Local Participation

Positive

Friends of the Smokies, n.d.

Volunteers to help with preservation
projects
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Influence

Reference

Notes

Callaway, Clebsch & White, 1987

Yellow pine and white oak
disturbance logging along with
yellow poplar and hemlocksilverbell-beech forests

Negative

Renfro, 2015

Polluting industries and federal
highways: 1 may require emission
offsets, 2 conformity test for all new
roads

Major Development
Projects

Negative

Nolfi, 2011

Timber extraction and mining

Social

Major Development
Projects

Negative

Pyle, 1988

Corporate logging 40% of
disturbance

Great Smoky
Mountains
National Park

Social

Major Development
Projects

Negative

Silsbee & Larson, 1982

Water quality was lower in logged
streams

Great Smoky
Mountains
National Park

Social

Major Development
Projects

Negative

Silsbee & Larson, 1983

Logging

Great Smoky
Mountains
National Park

Social

Major Development
Projects

Negative

Great Smoky Mountains, n.d.

Ground transport infrastructure

Great Smoky
Mountains
National Park

Social

Population Change

Neutral

M,2009b

No one lives permanently in the park,
forcible removal of Cherokee Indians
1830s, eviction of small land owners

Great Smoky
Mountains
National Park

Social

Restoration

Positive

M,2009b

Logged areas being allowed to return
to forest through natural succession

Factor

Sub-Factor

Social

Major Development
Projects

Great Smoky
Mountains
National Park

Social

Major Development
Projects

Great Smoky
Mountains
National Park

Social

Great Smoky
Mountains
National Park

Great Smoky
Mountains
National Park

Negative
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Influence

Reference

Notes

United States. National Park
Service, n.d.j

Many sites currently being restored ;
Cades Cove, Foothills Parkway,
Gregory and Andrews Balds, Bridge
at Straight Fork, areas in park
disturbed for utility, bridge or road
construction

Webster, Jenkins & Rock, 2005

Restoration efforts may be necessary
to restore the natural diversity and
maintain deer densities

Great Smoky
Mountains
National Park

Social

Restoration

Great Smoky
Mountains
National Park

Social

Restoration

Great Smoky
Mountains
National Park

Social

Tourism

Negative

Bratton, Hickler & Graves, 1979

Trail erosion from visitation with
water erosion also apparent (15%
most significant)

Great Smoky
Mountains
National Park

Social

Tourism

Negative

Nolfi, 2011

Poor tour management

Great Smoky
Mountains
National Park

Social

Tourism

Negative

Nolfi, 2011

No existing research programs

Positive

Great Smoky
Mountains
National Park

Social

Tourism

Neutral

M, 2009b

Most visited National Park in the
country, to ease congestion, camping
facilities outside the park are
encouraged

Great Smoky
Mountains
National Park

Social

Tourism

Neutral

United States Department of
Agriculture, Natural Resources
Conservation Service, 2009

Most visited National Park in North
America

Great Smoky
Mountains
National Park

Social

Tourism

Neutral

Leung & Marion, 1999b

Ecotourism , have some negative
impacts with backwoods camping

Great Smoky
Mountains
National Park

Social

Tourism

Positive

Dye & Shaw, 2007

Use ofGIS for tourist decision
making on trial and activities
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Factor

Sub-Factor

Type of
Influence

Reference

Notes

Positive

Senator Lamar Alexander and
ARC Announce Great Smoky
Mountains/Cherokee National
Forest Gateways Initiative, 2008

Promoting sustainable ecotourism in
the Smokies and Cherokee Forest
will generate economic growth to
help preserve these scenic wilderness
areas

Great Smoky
Mountains
National Park

Social

Tourism

Great Smoky
Mountains
National Park

Social

Tourism

Hammitt, Dulin & Wells, 1993

Linked to wildlife management,
people want to go to where they will
see certain species

Great Smoky
Mountains
National Park

Social

Tourism

Great Smoky Mountains, n.d.

Most people engaged in tourism or
service industries

Hawaii
Volcanoes
National Park

Environmental

Habitat Fragmentation

Negative

Van Riper III, van Riper, Goff &
Laird, 1982

Habitat destruction from colonization

Hawaii
Volcanoes
National Park

Environmental

Habitat Fragmentation

Negative

Vitousek, Loope & Stone, 1987

Human induced fragmentation can be
largely be controlled by parks and
preserves

Hawaii
Volcanoes
National Park

Environmental

Habitat Gap

Neutral

Loope, 1994

Analysis done on land-cover class,
plant and animal species, shows that
the park (or area of park) is in need
of protection

Hawaii
Volcanoes
National Park

Environmental

Habitat Gap

Neutral

Leopold & Hess, 2013

Land-cover class

Hawaii
Volcanoes
National Park

Environmental

Soil Quality

Negative

Aplet, Anderson & Stone, 1991

Presence of pig-disturbed soil
enhanced weed production in some
sites

Hawaii
Volcanoes
National Park

Environmental

Soil Quality

Negative

Hawaii Fact Sheet, 1999

Coastal erosion, 25% of the sand has
been degraded or lost over 60 years

Hawaii
Volcanoes
National Park

Environmental

Soil Quality

Neutral

Vitousek, Walker, Whiteaker &
Matson , 1993

Additions ofN and P increased
nutrient supply in older soils
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Factor

Sub-Factor

Type of
Influence

Reference

Notes

Hawaii
Volcanoes
National Park

Environmental

Soil Quality

Neutral

Vitousek, Walker, Whiteaker &
Matson, 1993

Additions ofN and P increased
nutrient supply in older soils

Hawaii
Volcanoes
National Park

Environmental

Soil Quality

Neutral

Vitousek, 1994

Nitrogen fixation in older soils, but it
is not clear where the nitrogen is
coming from

Hawaii
Volcanoes
National Park

Environmental

Soil Quality

Neutral

Vitousek, 1994

Nitrogen fixation in older soils, but it
is not clear where the nitrogen is
coming from

Hawaii
Volcanoes
National Park

Environmental

Soil Quality

Positive

Matson, 1990

Plant-soil interactions improve soil
processes

Hawaii
Volcanoes
National Park

Environmental

Species Index

Negative

Ainsworth & Kauffman, 2010

Invasive species

Hawaii
Volcanoes
National Park

Environmental

Species Index

Negative

Aplet, Anderson & Stone, 1991

Pig populations limit natural/native
biodiversity

Hawaii
Volcanoes
National Park

Environmental

Species Index

Negative

Hawaii Fact Sheet, 1999

Alien species

Hawaii
Volcanoes
National Park

Environmental

Species Index

Negative

M,2009c

Introduced species
Invasive Species has caused Hawaii
to lead the nation with extinctions
and federally listed endangered
animals

Hawaii
Volcanoes
National Park

Environmental

Species Index

Negative

United States. National Park
Service, n.d.k

Hawaii
Volcanoes
National Park

Environmental

Species Index

Negative

Loh & Tunison , 1999

Pig populations limit natural/native
biodiversity

Hawaii
Volcanoes
National Park

Environmental

Species Index

Negative

Loh & Tunison, 1999

Pig populations limit natural/native
biodiversity
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Factor

Sub-Factor

Type of
Influence

Reference

Notes

Hawaii
Volcanoes
National Park

Environmental

Species Index

Negative

Mack & D'Antionio, 1998

Invasive species after disturbance

Hawaii
Volcanoes
National Park

Environmental

Species Index

Negative

Mueller-Dombois & Whiteaker,
1990

Invasion of aggressive alien species
into native plant communities

Hawaii
Volcanoes
National Park

Environmental

Species Index

Negative

Santos, Kageler, Gardner,
Cuddihy & Stone, 1992

Invasive Species, weedy plants

Hawaii
Volcanoes
National Park

Environmental

Species Index

Negative

Van Riper III, van Riper, Goff &
Laird, 1982

Susceptible to habitat destruction,
malaria and other species

Hawaii
Volcanoes
National Park

Environmental

Species Index

Negative

Spatz & Mueller-Dombois, 1973

Koa trees are inhibited by introduced
goat species

Hawaii
Volcanoes
National Park

Environmental

Species Index

Negative

Stone, Smith & Tunison (Eds),
1992

Invasive plant species

Hawaii
Volcanoes
National Park

Environmental

Species Index

Negative

Tunison & Stone, 1992

Alien plant species

Hawaii
Volcanoes
National Park

Environmental

Species Index

Negative

Tunison, 1992

Invasive species

Hawaii
Volcanoes
National Park

Environmental

Species Index

Negative

Tunison, D'Antonio & Loh, 2000

Invasive species

Hawaii
Volcanoes
National Park

Environmental

Species Index

Negative

Vitousek, Loope & Stone, 1987

Invasive species

Hawaii
Volcanoes
National Park

Environmental

Species Index

Negative

Vitousek, Walker, Whiteaker,
Mueller-Dombois & Matson, 1987

Biologically invasive species
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Factor

Sub-Factor

Type of
Influence

Reference

Notes

Hawaii
Volcanoes
National Park

Environmental

Species Index

Negative

Vitousek, 1996

Invasive species alter primary
successional ecosystems

Hawaii
Volcanoes
National Park

Environmental

Species Index

Negative

Wetterer, 1998

Invasive species

Hawaii
Volcanoes
National Park

Environmental

Species Index

Positive

M,2009c

Highly diverse plant community with
endemism rate 90%

Hawaii
Volcanoes
National Park

Environmental

Species Index

Positive

United States . National Park
Service, n.d.k

Array of native species evolved in
isolation

Hawaii
Volcanoes
National Park

Environmental

Water Quality

Negative

Hawaii Fact Sheet, 1999

Sediment and chemical loading in
streams, degradation of principle
water source from land use changes

Hawaii
Volcanoes
National Park

Environmental

Water Quality

Neutral

HAVO Public Affairs Specialist ,
2014

Innovative rain catchment system

Hawaii
Volcanoes
National Park

Environmental

Negative

Michaud , Krupitsky, Grove &
Anderson, 2005

Air quality standards low due to
volcano related atmospheric
to xi cants

Hawaii
Volcanoes
National Park

Institutional

Funding

Negative

Dayton, 2008

Funding shortage because of all the
work that needs to be done
continually

Hawaii
Volcanoes
National Park

Institutional

Funding

Neutral

United States. National Park
Service, n.d.l

Increase in fees to increase funds
available for projects within parks

Hawaii
Volcanoes
National Park

Institutional

Government Policy

Negative

Stewart, 2013

Feels the effects of government
shutdown

Hawaii
Volcanoes
National Park

Institutional

Government Policy

Neutral

United States. National Park
Service, 2016m

Permit requirements and unmanned
aircraft
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Sub-Factor

Type of
Influence

Reference

Notes

Hawaii
Volcanoes
National Park

Institutional

Government Policy

Neutral

United States. National Park
Service , 2016m

Follows US national policy

Hawaii
Volcanoes
National Park

Institutional

Local Government
Organizations

Positive

Hawaii Fact Sheet, 1999

Multiple agencies cooperate to
develop and implement management
programs to control Invasive Species

Hawaii
Volcanoes
National Park

Institutional

Management Plans

Negative

Mack & D'Antonio, 1998

Human management activities cause
disturbances that allow species the
chance to invade

Hawaii
Volcanoes
National Park

Institutional

Management Plans

Negative

Hawaii Volcanoes National Park,
n.d.

Management increase invasive
activities

Hawaii
Volcanoes
National Park

Institutional

Management Plans

Neutral

Santos, Kageler, Gardner,
Cuddihy & Stone, 1992

Need to determine and enhance
responsible management programs in
near-native ecosystems

Hawaii
Volcanoes
National Park

Institutional

Management Plans

Positive

M,2009c

Management effective

Hawaii
Volcanoes
National Park

Institutional

Management Plans

Positive

Sitename:-Hawaii Volcanoes
National Park, n.d.

Effective management plans

Hawaii
Volcanoes
National Park

Institutional

Management Plans

Positive

Loh & Tunison, 1999

Management of pig populations

Hawaii
Volcanoes
National Park

Institutional

Management Plans

Positive

Tunison & Stone, 1992

Special ecological areas, alien plant
management

Tunison, 1992

Park fire and resource management
programs now emphasize
rehabilitation in the seasonally dry
woodlands and coastal low lands

Hawaii
Volcanoes
National Park

Institutional

Management Plans

Positive
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Sub-Factor

Type of
Influence

Reference

Notes

Hawaii
Volcanoes
National Park

Institutional

Management Plans

Positive

Tunison, 1992

Tried five different plans, three still
in use to control unwanted grass

Hawaii
Volcanoes
National Park

Institutional

Non-Governmental
Organizations

Positive

Sitename:-Hawaii Volcanoes
National Park, n.d.

ActiveNGOs

Hawaii
Volcanoes
National Park

Social

Agriculture

Negative

Hawaii Volcanoes National Park,
n.d.

Sugar and pineapple plantations,
ranching

Hawaii
Volcanoes
National Park

Social

Agriculture

Negative

Hawaii Fact Sheet, 1999

Loss of prime farmland, pressure on
marginal land subject to erosion and
less sustainable farming practices

Hawaii
Volcanoes
National Park

Social

Encroachment

Negative

Sitename :-Hawaii Volcanoes
National Park , n.d.

Housing and urban areas

Hawaii
Volcanoes
National Park

Social

Local Participation

Positive

Sitename:-Hawaii Volcanoes
National Park, n.d.

Effective relationship with local
people, designated cultural resources
management program

Hawaii
Volcanoes
National Park

Social

Major Development
Projects

Negative

Hawaii Volcanoes National Park ,
n.d.

Logging

Hawaii
Volcanoes
National Park

Social

Restoration

Neutral

United States. National Park
Service, 20161

Aggressive restoration is needed

Hawaii
Volcanoes
National Park

Social

Restoration

Positive

Loh & Tunison, 1999

Control pig populations as an
important first step in restoration of
native Hawaiian rain forest

Hawaii
Volcanoes
National Park

Social

Restoration

Positive

Tunison, 1992

Rehabilitation goal for seasonally dry
woodlands to establish fire-tolerant
native trees and shrubs

Hawaii
Volcanoes
National Park

Social

Tourism

Negative

Heggie, 2005

Tourist ignoring warning signs,
resulting in tourist death
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Project
Hawaii
Volcanoes
National Park
Mammoth
Cave National
Park
Mammoth
Cave National
Park
Mammoth
Cave National
Park
Mammoth
Cave National
Park
Mammoth
Cave National
Park
Mammoth
Cave National
Park
Mammoth
Cave National
Park
Mammoth
Cave National
Park
Mammoth
Cave National
Park
Mammoth
Cave National
Park

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Social

Tourism

Negative

Sitename :-Hawaii Volcanoes
National Park, n.d.

Helicopters

Environmental

Habitat Fragmentation

Neutral

Kentucky Department of Fish &
Wildlife Resources, n.d.

Forest or habitat fragmentation
impact population of certain species

Environmental

Habitat Fragmentation

Neutral

Watson, 2005

Minimize habitat fragmentation

Environmental

Habitat Fragmentation

Positive

Schafer, 1999

Officially delineated UNESCOrecognized buffer zone

Environmental

Soil Quality

Negative

Reinhart, Royo, van der Putten &
Clay, 2005

Soil pathogens have negative effect
on the survival of P. serotina

Environmental

Soil Quality

Neutral

Groves & Meiman, 2005

Natural erosion processes,
weathering

Environmental

Soil Quality

Neutral

M,2008d

Natural erosion processes,
weathering

Environmental

Species Index

Negative

Fei, Schibig & Vance, 2007

Loss of American Chestnut from
chestnut blight is important because
the chestnut is historically dominant
forest species

Environmental

Species Index

Negative

Poulson, Lavoie & Helf, 1995

Cricket guano community population
decline due to climate conditions

Environmental

Species Index

Positive

M,2008d

Most extensive and diverse cave
ecosystem

Environmental

Species Index

Positive

Poulson, Lavoie & Helf, 1995

Biotic cave community among the
most diverse in the world
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Project
Mammoth
Cave National
Park
Mammoth
Cave National
Park
Mammoth
Cave National
Park
Mammoth
Cave National
Park
Mammoth
Cave National
Park
Mammoth
Cave National
Park
Mammoth
Cave National
Park
Mammoth
Cave National
Park

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Environmental

Species Index

Positive

Mammoth Cave National Park,
n.d.

High biodiversity

Environmental

Water Quality

Negative

Algeo,2004

Potential water pollution from
industrial park, cave shrimp
uncertain status and blind fish

Environmental

Water Quality

Negative

Meiman, 2006

Agricultural pollutants, oil and gas
exploration

Environmental

Water Quality

Negative

United States. National Park
Service, 20160

Water pollution

Meiman, 1991

Pollutants, fecal coliform, chlorides ,
discharge and herbicides present
along with turbidity lower water
quality

Environmental

Water Quality

Negative

Environmental

Water Quality

Negative

Ryan & Meiman, 1996

Though brief, water quality is
degraded from two nonpoint source
pollutants , fecal coliform bacteria
and suspended sediment

Environmental

Water Quality

Negative

Schafer, 1999

Septic tank and sewage drain-field
effluent entering groundwater

Environmental

Water Quality

Neutral

Groves & Meiman, 2005

Natural processes increase dissolved
load in river

Positive

M,2008d

Transition zone established to curtail
groundwater pollution, sewer
systems in area to stop pollutants
reaching the groundwater

Negative

United States. National Park
Service, 20 l 60

Air pollution

Mammoth
Cave National
Park

Environmental

Mammoth
Cave National
Park

Environmental

Water Quality
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Project
Mammoth
Cave National
Park

Factor
Environmental

Mammoth
Cave National
Park

Environmental

Mammoth
Cave National
Park

Institutional

Mammoth
Cave National
Park

Mammoth
Cave National
Park

Mammoth
Cave National
Park

Mammoth
Cave National
Park
Mammoth
Cave National
Park

Sub-Factor

Institutional

Institutional

Funding

Local Government
Organizations

Local Government
Organizations

Type of
Influence

Reference

Notes

Negative

Wotawa & Trainer, 2000

Poor air quality

Negative

Zhao & Hopke, 2006

Air quality, nine emission sources:
gasoline, diesel, sulfate, nitrate, dust
plus soil, wood smoke and aged sea
salt

Neutral

Mammoth Cave National Park,
n.d.

Different sources of funding

Schafer, 1999

Barren River Development Area
(BRAD) responsible for planning in
ten counties for bore core and
managed-use areas (all locally
elected)

M, 2008d

Transition zone, BRAD, Biosphere
Reserve Cooperative Subcommittee
of the Natural Resources Council of
the Barren River Development
District

Neutral

Positive

Institutional

Management Plans

Positive

M,2008d

General management plans,
perpetuate the integrity and diversity
of the geological features and life
systems associated with cave to
preserve aquatic and terrestrial
environments for aesthetic,
recreational, educational and
scientific values

Institutional

Management Plans

Positive

United States. National Park
Service, 20 l 60

Adaptive management

Institutional

Non-Governmental
Organizations

Neutral

Mammoth Cave National Park,
n.d.

Present
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Conservation
Project
Mammoth
Cave Nationa]
Park

Mammoth
Cave National
Park
Mammoth
Cave National
Park
Mammoth
Cave National
Park
Mammoth
Cave National
Park
Mammoth
Cave National
Park

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Grubbs & Taylor, 2004

Low-head dam impedes natural flow
patterns effectively degrading rifflerun-pool habitats and is causing some
rivers to depart from long-term
natural patterns of flow variabi1ity

M,2008d

Insufficient plugs on gas and oil
wells and adjacent wells have risk of
spillage into groundwater system
including injected dyes

Social

Major Development
Projects

Social

Major Development
Projects

Social

Major Development
Projects

Negative

Smith & Olson, 2007

Installation of lights within cave
passages has caused unwanted
growth on cave formations and wall
and is a serious ecological distortion

Social

Major Development
Projects

Negative

Mammoth Cave National Park,
n.d.

Air and ground transport
infrastructure

Social

Major Development
Projects

Neutral

Algeo, 2004

Saltpeter mining

Social

Major Development
Projects

Neutral

Kennedy & Watson, 1997

Salt mining

Negative

Negative

Mammoth
Cave National
Park

Social

Population Change

Positive

M,2008d

Low urban population at only 25% of
the total population, no permanent
inhabitants in core area remained
stable for the past 20 years

Mammoth
Cave National
Park

Social

Restoration

Neutral

Watson, 2005

Potentially restore habitats beneficial
to wildlife and bird species

Neutral

Thompson, Van Manen,
Schlarbaum & DePoy, 2006

Next step towards species restoration
would be to develop tools to
delineate ideal restoration sites, this
is one attempt

Mammoth
Cave National
Park

Social

Restoration
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Conservation
Project
Mammoth
Cave National
Park
Mammoth
Cave National
Park
Mammoth
Cave National
Park
Mammoth
Cave National
Park
Mammoth
Cave National
Park
Mammoth
Cave National
Park
Northern Great
Plains
Northern Great
Plains
Northern Great
Plains
Northern Great
Plains
Northern Great
Plains
Northern Great
Plains
Northern Great
Plains
Northern Great
Plains

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Social

Restoration

Positive

M,2008d

Oak-hickory woods being allowed to
return to natural state, passive
restoration

Social

Tourism

Neutral

Hall & Piggin, 2001

Increase in tourism with WHS
(World Heritage status)

Social

Tourism

Neutral

United States. National Park
Service, 20 l 60

Excessive visitation if left unchecked
can threaten natural communities

Social

Tourism

Positive

Algeo, 2004

Tourism created business
opportunities for local entrepreneurs

Social

Tourism

Positive

M,2008d

Good access, boat tours, resources in
remote areas remain untapped

Social

Urban Pressure

Negative

Mammoth Cave National Park,
n.d.

Industrial areas

Conflict

Conflict Over
Resources

Negative

Water Shortage - Conservation
Institute, 2013

Water shortage

Environmental

Habitat Fragmentation

Negative

Higgins, Naugle & Forman, 2002

Habitat loss

Environmental

Habitat Fragmentation

Negative

The Great Plains, n.d.

Roads and fences

Environmental

Habitat Fragmentation

Negative

Samson, Knopf & Ostlie, 2004

Loss of habitat

Environmental

Habitat Fragmentation

Negative

The Great Plains, n.d.

Development, roads and fences,
habitat clearing and invasive species

Environmental

Habitat Fragmentation

Positive

Kochy & Wilson, 2001

Forest expansion from N deposition

Environmental

Habitat Gap

Neutral

Forrest ct al., 2004

Eco regional assessment

Environmental

Soil Quality

Negative

Aase & Pikul, 1995

Cycles of soil erosion and saline
seeps in summer
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Project
Northern Great
Plains
Northern Great
Plains
Northern Great
Plains
Northern Great
Plains
Northern Great
Plains
Northern Great
Plains
Northern Great
Plains
Northern Great
Plains
Northern Great
Plains
Northern Great
Plains
Northern Great
Plains
Northern Great
Plains
Northern Great
Plains
North.em Great
Plains
Northern Great
Plains
Northern Great
Plains

Factor

Sub-Factor

Type of
Influence

Environmental

Soil Quality

Negative

Environmental

Soil Quality

Negative

Environmental

Soil Quality

Negative

Hall, Leavitt, Quinlan, Dixit &
Smol, 1999

Environmental

Soil Quality

Negative

Kehew & Lord, 1986

Environmental

Soil Quality

Negative

Liebig, Tanaka & Weinhold , 2004

High potential for soil erosion

Environmental

Soil Quality

Positive

Kochy & Wilson, 2001

High rates ofN in soil from stream
flow, litter decomposition

Environmental

Soil Quality

Positive

Liebig, Tanaka & Weinhold, 2004

Fertile soils

Environmental

Soil Quality

Liebig, Tanaka & Weinhold, 2004

Susceptible to erosion but agriculture
helps

Environmental

Species Index

Neutral

Chrisitan & Wilson , 1999

Introduced species

Environmental

Species Index

Positive

Martin,2001

Northern plains is a prime location
for bird nesting

Environmental

Species Index

Positive

Environmental

Water Quality

Negative

Environmental

Water Quality

Negative

Environmental

Water Quality

Negative

Environmental

Water Quality

Negative

Samson, Knopf & Ostlie, 2004

Drought

Environmental

Water Quality

Negative

Wienhold, Trooien & Reichman,
1995

Lack of water for developmental
pursuits

Reference

Notes

Black, Brown, Halvorson &
Siddoway, 1981
Derksen, Anderson, Blackshaw &
Maxwell , 2002

Saline seeps in soil water from
irrigation

Sorenson, Goldberg, Root &
Anderson, 1998
Fritz, Ito, Yu, Laird & Engstrom,
2000
Hall, Leavitt, Quinlan, Dixit &
Smol, 1999
U.S. Environmental Protection
Agency, 2000

Intensive tillage, leads to soil erosion
and loss of soil quality
Soil erosion from resource use and
urban factors
High erosional possibility due to
glacial spillway

Important waterfowl breeding area
Drought cycles correspond to
increased salinity
Climate, resource use and urban
factors impact water quality
Excessive nutrients
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Northern Great
Plains
Northern Great
Plains

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Environmental

Water Quality

Negative

Yu & Ito, 1999

Drought cycles

Laird , Fritz. Grimm & Mueller .
1996

Climate fluctuations

Environmental

Northern Great
Plains

Institutional

Local Government
Organizations

Negative

Samson, Knopf & Ostlie, 2004

No real effective organization, even
though a multitude exist;
Recommendations for agency
separation, along with demands for
better science in the legal process
chronically overestimate the power
of agencies to be effective in political
choices about science

Northern Great
Plains

Institutional

Managem ent Plans

Neutral

Hall. Leavitt, Quinlan. Dixit &
Smol, 1999

Need to be flexible to accommodate
many factors

Northern Great
Plains

Institutional

Management Plans

Positive

Samson, Knopf & Ostlie, 2004

Offer what professionals need to
think more in the perspective of
longer temporal (historical)
sustainability of native landscape

Northern Great
Plains

Institutional

Management Plans

Positive

The Great Plain s, n.d.

WWF helps tribal nations develop
and implement comprehensive
wildlife management plans

Social

Agriculture

Negative

Social

Agriculture

Negative

Social

Agriculture

Negative

Higgins, Naugle & Fonnan, 2002

60% of native mixed grass prairie has
been converted

Social

Agriculture

Negative

Higgins, Naugle & Fonnan , 2002

Grazing

Social

Agriculture

Negative

Windels. 2000

Head blight epidemic of l 990's,
epidemic disease threaten disease and
disaster for farmers and the economy

Northern Great
Plains
Northern Great
Plains
Northern Great
Plains
Northern Great
Plains
Northern Great
Plains

Frank, Tanaka , Hofmann &
Follett, 1995
Hall, Leavitt, Quinlan, Dixit &
Smol, 1999

Soil carbon reduced with grazing
European style livestock grazing
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Factor

Sub-Factor

Type of
Influence

Reference

Notes

Northern Great
Plains

Social

Agriculture

Positive

Entz et al., 2002

Pasture-based systems appear to
provide benefits for human and
animal health and arguably the health
of the environment

Northern Great
Plains

Social

Agriculture

Positive

Frank, 2002

Mixed-grass prairie region is a large
terrestrial sink for atmospheric CO2

Northern Great
Plains

Social

Agriculture

Positive

Liebig, Tanaka & Weinhold, 2004

Agricultural sustainability that
employ intensive cropping and
reduced tillage management

Northern Great
Plains

Social

Agriculture

Positive

Liebig, Tanaka & Weinhold, 2004

Improve soil quality and agricultural
sustainability by adopting production
systems that employ intensive
cropping practices

Northern Great
Plains

Social

Encroachment

Negative

The Great Plains, n.d.

Habitat decline from development
encroachment

Positive

The Great Plains, n.d.

WWF works with several tribal
nations throughout the Northern
Great Plains to restore species,
improve capacity and to build more
sustainable financing for tribal
wildlife programs

Negative

The Great Plains, n.d.

Oil and gas exploration

Negative

The Great Plains, n.d.

Negative

Hall, Leavitt, Quinlan , Dixit &
Smol, 1999

Northern Great
Plains

Social

Northern Great
Plains

Social

Northern Great
Plains
Northern Great
Plains
Northern Great
Plains

Social
Social

Social

Local Participation

Major Development
Projects
Major Development
Projects
Population Change

Population Change

Neutral

Kochy & Wilson, 2001

Energy development from gas, oil
and coal- fragmenting grasslands
Urban populations have expanded
more than IO-fold
Relatively small human populations,
areas next to human populations
experience boost in Nitrogen
deposition
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Sub-Factor

Type of
Influence

Reference

Notes

Northern Great
Plains

Social

Restoration

Negative

Higgins, Naugle & Forman, 2002

Restoration and preservation
attempts have not helped the attempt
to reverse wetland and grassland
habitat loss

Northern Great
Plains

Social

Restoration

Neutral

Samson, Knopf & Ostlie, 2004

Areas that have been restored take
30-50 years to recover

Olympic
National Park

Conflict

Local Conflict

Negative

Jobnson , 2015

Human animal conflicts

Olympic
National Park

Conflict

Local Conflict

Negative

United States. National Park
Service, 2015

Conflict over establishment of park

Olympic
National Park

Environmental

Habitat Fragmentation

Negative

Bell & Bliss, 1973

Little plant invasion once roads are
cut- also trampling damages plants at
first "walking" plant cover destroy ed
with habitual use

Olympic
National Park

Environmental

Habitat Fragmentation

Negative

Cole, 1987

Trampling of soil causes vegetation
cover loss

Olympic
National Park

Environmental

Habitat Fragmentation

Negative

Endangered and Threatened
Species, n.d.

Habitat loss and fragmentation
threaten species

Olympic
National Park

Environmental

Habitat Fragmentation

Neutral

Frenzel, Witmer & Starkey, 1990

Topographically isolated

Olympic
National Park

Environmental

Habitat Fragmentation

Neutral

McKay & Terich , 1992

Gravel barrier from glacial sediment
deposits provide a barrier to ocean
waves

Olympic
National Park

Environmental

Habitat Gap

Neutral

Dv omich. n.d .

Gap analysis to predict amph ibian
distribution

Olympic
National Park

Environmental

Habitat Gap

Neutral

Morzillo et al., 2012

Gap analysis to estimate habitat
presence from known species
distribution and data

Olympic
National Park

Environmental

Soil Quality

Negative

Beschta & Ripple, 2008

Ungulate browsing increased soil
erosion along riverbank, widening
the channel

Olympic
National Park

Environmental

Soil Quality

Negative

Cole, 1987

Trampling of soil causes mineral soil
exposure
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Notes

Olympic
National Park

Environmental

Soil Quality

Neg ative

Fond a, 1974

Younger soil less resilient , floodway
zone formed by erosional activity

Olympic
National Park

Environmental

Soil Quality

Negative

Henderson . Peter, Lesher & Shaw ,
1989

Rapid weath ering and leaching of
nutrients soils rela tively infertile

Olympic
National Park

Environmental

Soil Quality

Neutral

Cory, Green & Pregitzer, 2004

No clear effect of fertilizer

Olympic
National Park

Environmental

Soil Quality

Neutral

Henderson. Peter, Lesher & Shaw,
1989

High elevations nutrient capital of
the soil is tied up in the organic layer

Olympic
Nation al Park

Env ironmental

Soil Quality

Neutral

Kane , Prcgitzcr & Burton, 2003

If global temperature increase, warm
soils and less snow and frost arc
likely to cause soils to evolve
increasing amounts of CO2

Olympic
National Park

Environmental

Soil Quality

Positive

McCreary, McCreary & Raver,
1975

Good alluvial river bottom soils,
suitable for growing trees and other
forest products

Olympic
National Park

Environmental

Soil Quality

Positive

Van Pelt, O'Keffe , Latterell &
Naiman, 2006

Soil becomes productive due to soil
conditioning and decompo sition of
plant material

Olympic
Nation al Park

Environmental

Species Index

Negative

Cole, 1987

Trampling of soil causes species loss

Olympic
National Park

Environmental

Species Index

Negative

M, 2011b

Invasive, introduced species and
mounta in goats

Olympic
National Park

Environmental

Species Index

Negative

United States . National Park
Service, 2016p

Invasive plant species

Olympic
National Park

Environmental

Species Index

Neg ativ e

United States. National Park
Service , n.d.m

Nonnative species

Olympic
Nat ional Park

Environmental

Species Index

Negative

Olympic National Park , n.d.

Olympic mountain goat eat,; endemic
plants and increases the chance of
erosion

Olympic
National Park

Environmental

Species Index

Neutral

Henderson , Peter , Lesh er & Shaw.
1989

Indicator species (45), endangered
and threatened species (40) mostly
plants , mammals (63) and birds (32)
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Notes

Olympic
National Park

Environmental

Species Index

Neutral

Pfitsch & Bliss. 1985

Introduced mountain goats have
caused some overgrazing

Olympic
National Park

Environmental

Species Index

Neutral

Sedell, Bisson. June & Speaker,
1982

Species composition and densities
are different depending on habitat.
spawning and migration in larger
channels while rearing occurs in off
channel tributaries

Olympic
National Park

Environmental

Species Index

Positive

McNulty. 2009

Reintroducing wolves. resurgence of
bald eagles, peregrine falcons , sea
otter

Olympic
National Park

Environmental

Species Index

Positive

Kan ouse. 1947

Fungi species

Olympic
National Park

Environmental

Species Index

Positive

McKee, LaRoi & Franklin, 1982

Different species at different
elevations

Olympic
National Park

Environmental

Species Index

Positive

Trudell & Edmonds. 2004

Fungi species

Olympic
National Park

Environmental

Water Quality

Negative

Olympic
National Park

Environmental

Water Quality

Negative

Endangered and Threatened
Species. n.d.

Pollution. chemical waste. oil
contribute to water and air pollution

Olympic
National Park

Environmental

Water Quality

Negative

Olympic National Park, n.d.

Pollution of marine waters, oil spills

Olympic
National Park

Environmental

Water Quality

Neutral

Cory, Green & Pregitzer, 2004

No clear effect of fertilizer

Olympic
National Park

Environmental

Water Quality

Neutral

Sheibley. Foreman , Moran &
Swarzenski, 2012

Low ionic strength and low nutrients

Olympic
National Park

Environmental

Water Quality

Neutral

United States. National Park
Service, n.d.n

Sanitation and water treatment, treat
all drinking water

Olympic
National Park

Environmental

Water Quality

Positive

United States. National Park
Service. n.d.o

With protection Olympic National
Park has healthy dynamic watersheds

M,20llb

Water quality threatened by largescale applications of herbicides
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Reference

Notes

Environmental

Negative

Davidson et al., 1985

Airborne trace elements. Pb

Olympic
National Park

Environmental

Negative

Frenzel, Witmer & Starkey, 1990

Air pollution, air borne heavy metals
from copper smelting and coal fired
generating plant

Olympic
National Park

Environmental

Negative

Harmon, Baker, Spycher &
Greene. 1990

Air borne pollutants, heavy metals
and acid rain from human industry
may influence nutrient cycling

Olympic
National Park

Environmental

Neutral

Edmonds, Thomas & Blew, 1995

Disturbances by fire, insects and
disease may force old growth forest
out of steady state

Olympic
National Park

Institutional

Funding

Negative

Washington's National Park Fund,
n.d.

Washington's parks are woefully
underfunded, support fills the critical
gaps

Olympic
National Park

Institutional

Funding

Negative

Narayanan. 2014

Budget cuts to Olympic National
Park and Mt Rainier

Olympic
National Park

Institutional

Funding

Negative

Cantwell, 2014

"General budget erosion"

Olympic
National Park

Institutional

Funding

Neutral

United States. National Park
Service, n.d.p

Proposed increase in park fees to
raise money

Conservation
Project

Factor

Olympic
National Park

Sub-Factor

Olympic
National Park

Institutional

Government Policy

Positive

Henderson, Peter, Lesher & Sl1aw,
1989

Established by the Forest Reserve
Act of 1891, in 1905 transferred to
US Department of Interior and
Department of Agriculture; in 1907
became National Forest

Olympic
National Park

Institutional

Government Policy

Positive

M, 201 lh

Strictly protected under Act of
Congress

Olympic
National Park

Institutional

Local Government
Organizations

Positive

United States . National Park
Service, n.d.ee

General partnership authority help
with regulation of park
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National Park

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Institutional

Local Government
Organizations

Positive

Federal and Local Government
Partners, n.d.

Various federal agencies have roles
in managing certain aspects
Need to study this more to gain an
understanding of how pristine
channels work and then add in
development

Olympic
National Park

Institutional

Management Plans

Neutral

Sedell, Bisson. June & Speaker,
1982

Olympic
National Park

Institutional

Management Plans

Positive

M, 201 lb

Various management plans for the
area

Olympic
National Park

Institutional

Management Plans

Positive

United States. National Park
Service, 20 I 6q

General management plan completed
in 2008 for managing the next 15-20
years

Olympic
National Park

Institutional

Management Plans

Positive

Maynes, 2016

Multiple stakeholders went into the
creation of a wilderness management
plan

Olympic
National Park

Institutional

Management Plans

Positive

Wetzel & Fonda, 2000

Fire regime used for forest
management

Olympic
National Park

Institutional

Non-Governmental
Organizations

Positive

Links to Wilderness Organizations
(NGOs), n.d.

Wilderness organizations

Olympic
National Park

Social

Encroachment

Negative

Beschta & Ripple. 2008

Extirpation of gray wolves caused
ungulate browsing increase cau.':ling
significant long-tcnn impacts to
riparian plant communities

Olympic
National Park

Social

Encroachment

Negative

Greller & Service. 1974

Only 2% total plant cover on
rcvcgetation of road cuts and road
fills

Olympic
National Park

Social

Major Development
Projects

Negative

Bell & Bliss, 1973

Road-cut disturbances. no soil
development

Olympic
National Park

Social

Major Development
Projects

Negative

M. 2011b

Illegal felling of timber at boundaries
of park
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Olympic
National Park

Social

Major Development
Projects

Negative

Schonewald-Cox & Bayless. 1986

Clear cut logging

Olympic
National Park

Social

Restoration

Positive

United States. National Park
Service. n.d.q

Elwha River Restoration. largest dam
removal, river now flows freely from
headwaters

Olympic
National Park

Social

Restoration

Positive

United States. National Park
Service, 20 l 6r

Reintroduction of fisher

Olympic
National Park

Social

Restoration

Positive

Mapes, 2009

Reintroduction of fisher

Olympic
National Park

Social

Tourism

Negative

Bell & Bliss, 1973

Construction of permanent visitor
facilities

Olympic
National Park

Social

Tourism

Negative

Bell & Bliss, 1973

Human trampling

Olympic
National Park

Social

Urban Pressure

Positive

Mills, Fredrickson & Moorehead,
1993

Largely free of human disturbance

Redwood
National and
State Parks

Conflict

Conflict Over
Resources

Negative

Hudson, 1978

Confrontation between loggers and
conservationists

Redwood
National and
State Parks

Conflict

Local Conflict

Negative

Agee, 1980

Controversy with creation of
Redwood NP and its expansion

Redwood
National and
State Parks

Conflict

Local Conflict

Negative

DeForest & Portland, 1999

Conflict, no one wants to choose
between reducing sediment and
reducing unemployment in coastal
forests

Redwood
National and
State Parks

Environmental

Habitat Fragmentation

Negative

Herbert & Golightly, 2006

Habitat loss for marbled murrelet,
endangered in California in 1992
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Type of
Influence
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Redwood
National and
State Parks

Environmental

Habitat Fragmentation

Negative

George & Brand, 2002

Habitat fragmentation

Redwood
National and
State Parks

Environmental

Habitat Fragmentation

Negative

Northern California coastal
forests, n.d .

Habitat loss, less than 4% of the
original extent of virgin Redwood
Forest remains

Redwood
National and
State Parks

Environmental

Habitat Gap

Neutral

FRAP,n.d .

Gap analysis program

Redwood
National and
State Parks

Environmental

Habitat Gap

Neutral

Noss, 1999

Mapping animal distribution for gap
analysis

Redwood
National and
State Parks

Environmental

Soil Quality

Negative

Agee, 1980

Bank erosion from previous logging

Redwood
National and
State Parks

Environmental

Soil Quality

Negative

Hu dson, 1978

Higher erosion rates in logged areas

Redwood
National and
State Parks

Environmental

Soil Quality

Negative

Madej & Ozaki, 1996

Extensive erosion rates

Redwood
National and
State Parks

Environmental

Soil Quality

Positive

Zinke, 1964

Fertile soils

Redwood
National and
State Parks

Environmental

Soil Quality

Positive

United States. National Park
Service, n.d.r

Rich layer of soil from redwood
forests

Redwood
National and
State Parks

Environmental

Soil Quality

Positive

United States Department of
Agriculture, Natural Resources
Conservation Service, 2008

Deep well drained soils

Redwood
National and
State Parks

Environmental

Species Index

Negative

B ossard, 1991

Invasive introduced species, cytisus
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Redwood
National and
State Parks

Environmental

Species Index

Negative

Brakensiek, 2002

Continued declines in Coho salmon
Pacific Northwest coastal streams

Redwood
National and
State Parks

Environmental

Species Index

Negative

M,2008g

Invasive plant species

Redwood
National and
State Parks

Environmental

Species Index

Negative

M,2008g

Soil erosion sped up with logging of
old growth forest

Redwood
National and
State Parks

Environmental

Species Index

Negative

United States. National Park
Service, 2016s

Exotic species

Redwood
National and
State Parks

Environmental

Species Index

Negative

United States. National Park
Service, 20 l 6t

Invasive species

Redwood
National and
State Parks

Environmental

Species Index

Neutral

Gough, Jackson & Sacklin, 1988

Lichen variety found close together,
no large geographical elementconcentration trends were observed

Redwood
National and
State Parks

Environmental

Species Index

Positive

Sugihara, Reed & Lenihan, 1987

Plant species found in elevation
gradient

Redwood
National and
State Parks

Environmental

Water Quality

Negative

Wallitner & McClosky, 2014

While most monitoring locations
commonly meet water quality
objectives, certain sites exhibit high
failure rates for specific water quality
parameters; Franklin Creek, urban
watershed failed to meet water
quality standards for most measured
parameters

Redwood
National and
State Parks

Environmental

Water Quality

Neutral

Hoffman et al., 2005

Need a long-term water quality
program
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Redwood
National and
State Parks

Environmental

Water Quality

Neutral

Madej & Ozaki, 1996

Flooding caused channel to widen,
has yet to revert back; channel
aggradation ( causes erosion) and
subsequent degradation

Redwood
National and
State Parks

Environmental

Water Quality

Neutral

Woods, 1980

Higher DO and less fine streambed
sediment in unlogged streams

Redwood
National and
State Parks

Environmental

Negative

The Threats to the Redwoods, n.d.

Climate change

Redwood
National and
State Parks

Institutional

Funding

Negative

Agee, 1980

Litigation for costs associated with
acquisition and running park, tourism
not bringing in as much as hyped

Redwood
National and
State Parks

Institutional

Funding

Negative

DeForest & Portland, 1999

Underestimation of cost from
government when creating park

Redwood
National and
State Parks

Institutional

Funding

Negative

Buck-Ezcurra (Ed.), 2011

Park system behind 1.2 billion in
deferred maintenance needs

Redwood
National and
State Parks

Institutional

Funding

Negative

Walker, 1984

Revenue estimates over estimated

Redwood
National and
State Parks

Institutional

Government Policy

Neutral

Sax, 1980

Forced acquisition of land for
protection

Redwood
National and
State Parks

Institutional

Government Policy

Neutral

Shafer, 1999

Congressional action to create buffer
zones to thwart outside logging

Redwood
National and
State Parks

Institutional

Government Policy

Positive

Agee , 1980

Public Law 95-250, expansion of
RNP by 48,000 acres
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Redwood
National and
State Parks

Institutional

Government Policy

Positive

United States. National Park
Service, n.d .s

NPS enforces regulations across all
National Parks

Redwood
National and
State Parks

Institutional

Government Policy

Positive

Hudson, 1978

Establishment of Redwood National
Park Act

Redwood
National and
State Parks

Institutional

Government Policy

Positive

Walker, 1984

Creation of park despite local
opposition

Redwood
National and
State Parks

Institutional

Local Government
Organizations

Negative

Walker, 1984

Passing of the bill to create park,
lengthily legislation to fund the cost
of acquiring the land

Redwood
National and
State Parks

Institutional

Local Government
Organizations

Positive

State of the CCAs Report, 2006

Many stakeholders

Redwood
National and
State Parks

Institutional

Local Government
Organizations

Positive

United States. National Park
Service, 20 l 6u

Three California state parks working
together for the creation of the park ;
jointly managed

Redwood
National and
State Parks

Institutional

Local Government
Organizations

Positive

Levey,2013

Considered successful joint
management between state and US
NPS since 1994

Redwood
National and
State Parks

Institutional

Management Plans

Neutral

Bonnicksen & Stone, 1985

Provide opportunities to develop
quantitative standards of naturalness
from existing vegetation

Redwood
National and
State Parks

Institutional

Management Plans

Neutral

Taylor, 2000

Controlled fire to aid restoration of
forests to pre-settlement structure and
composition

Redwood
National and
State Parks

Institutional

Management Plans

Positive

State of the CCAs Report, 2006

Many different management plans to
help with management measures

Redwood
National and
State Parks

Institutional

Management Plans

Positive

M,2008g

Now under strict protection
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Management Plans

Type of
Influence

Reference

Notes

Positive

United States. National Park
Service, 2016v

General management plan 2000 ; jo int
federal-state plan to coordinate
direction for resource preservation ,
visitor use and a basic foundation of
decision making
Management plans need to conform
to state polices of general
management , new plan helps to
define joint goals and strategies

Redwood
National and
State Parks

Institutional

Management Plans

Positive

California Department of Parks
and Recreation, 2000

Redwood
N ational and
State Parks

Social

Agriculture

Negative

State of the CCAs Report, 2006

Pollution from agriculture

Redwood
National and
State Parks

Social

Agriculture

Negative

The Threats to the Redwoods , n.d.

Illegal farming of marijuana
threatens water , landscape and
wildlife

Redwood
National and
State Parks

Social

Agriculture

Neutral

Agee, 1980

1900 grazing practices

Redwood
National and
State Parks

Social

Agriculture

Neutral

Bossard & Rejmanek , 1994

Cattle grazing until 1982

Redwood
National and
State Parks

Social

Cultural Edge Effect

Negative

Sparks, 1995

Conservation ists vs timber/logging
communities

Redwood
National and
State Parks

Social

Encroachment

Negative

Herbert & Golightly, 2006

Camping causes noise pollution so
marbled murrelets leave nests

Redwood
National and
State Parks

Social

Encroachment

Negative

The Threats to the Redwoods , n.d.

Poaching of burls from old growth
trees

Redwood
National and
State Parks

Social

Local Participation

Negative

Sparks, 1995

Negative feelings about creation of
park and expansion, not a lot of
support for the park
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Redwood
National and
State Parks

Social

Local Participation

Neutral

Agee, 1980

Willingness of local communities
needed to work with the park to
ensure success

Redwood
National and
State Parks

Social

Major Development
Projects

Negative

Agee, 1980

Logging and road construction

Redwood
National and
State Parks

Social

Major Development
Projects

Negative

Conrad, 1997

Logging, rotational forest would give
some value but would lose old
growth forest, want compensation for
protecting land and timber

Redwood
National and
State Parks

Social

Major Development
Projects

Negative

Fritschle, 2009

Extensive logging destroyed
coniferous forest in the lower
Redwood Creek basin

Redwood
National and
State Parks

Social

Major Development
Projects

Negative

State of the CCAs Report, 2006

Logging, land development

Redwood
National and
State Parks

Social

Major Development
Projects

Negative

M,2008g

Logging of much of the old growth
forest

Redwood
National and
State Parks

Social

Major Development
Projects

Negative

The Threats to the Redwoods, n.d.

Land conversion, cleared and
converted to another use (real estate
or vineyards)

Redwood
National and
State Parks

Social

Major Development
Projects

Negative

Northern California coastal
forests, n.d.

Logging

Redwood
National and
State Parks

Social

Major Development
Projects

Negative

Hudson, I 978

Logging

Redwood
National and
State Parks

Social

Major Development
Projects

Negative

Madej & Ozaki, 1996

Logging resulted in extensive erosion
rates
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Redwood
National and
State Parks

Social

Major Development
Projects

Negative

Redwood National and State
Parks, n.d.

Road construction

Redwood
National and
State Parks

Social

Restoration

Neutral

Chittick & Keyes, 2007

High potential value for restoration

Redwood
National and
State Parks

Social

Restoration

Neutral

Fritschle, 2008

Restoration efforts require historical
information

Redwood
National and
State Parks

Social

Restoration

Neutral

Fritschle, 2009

Restoration efforts require historical
information

Redwood
National and
State Parks

Social

Restoration

Neutral

Taylor,2000

Need dense forest to burn larger
areas if fire is going to play its presettlement role

Redwood
National and
State Parks

Social

Restoration

Positive

Agee, 1980

Park preservation, expansion of park
to rehabilitate the watershed and
parklands

Redwood
National and
State Parks

Social

Restoration

Positive

Middle Fork Lost Man Creek
Forest Restoration, n.d.

Second growth forest restoration

Redwood
National and
State Parks

Social

Restoration

Positive

M,2008g

A watershed rehabilitation program
has been implemented to return the
downstream portion of Redwood
Creek drainage basin within the park
to a facsimile of natural state

Redwood
National and
State Parks

Social

Restoration

Positive

United States. National Park
Service, n.d.t

Restoration of the watershed to
remove several miles of abandoned
and eroding logging roads

Redwood
National and
State Parks

Social

Restoration

Positive

Switalski, Bissonette, DeLuca,
Luce & Madej, 2004

Road removal reduces chronic
erosion and the risk of landslides
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Reference

Notes

Redwood
National and
State Parks

Social

Tourism

Neutral

Agee, 1980

Minor employment only 15% of total
employment

Redwood
National and
State Parks

Social

Tourism

Neutral

Walker, 1984

Not the dominant industry promised
with take over

Waterton
Glacier
International
Peace Park

Environmental

Habitat Fragmentation

Negative

NPCA,n.d.

From development and cumulative
impacts

Waterton
Glacier
International
Peace Park

Environmental

Habitat Fragmentation

Negative

PCIA, 2011

Habitat fragmentation

Waterton
Glacier
International
Peace Park

Environmental

Habitat Fragmentation

Negative

W aterton Glacier International
Peace Park, n.d.

Due to human construction and
activities

Waterton
Glacier
International
Peace Park

Environmental

Soil Quality

Neutral

NPCA,n.d.

Vegetation helps to stabilize erosive
soils

Waterton
Glacier
International
Peace Park

Environmental

Species Index

Negative

NPCA,n.d .

Invasive Species

Waterton
Glacier
International
Peace Park

Environmental

Species Index

Negative

Waterton Glacier International
Peace Park, n.d.

Invasive and alien terrestrial species
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Waterton
Glacier
International
Peace Park

Environmental

Species Index

Neutral

Post & Johnston, 2002

Presence of bull trout

Waterton
Glacier
International
Peace Park

Environmental

Species Index

Positive

M,2008h

Five large ecoregions; alpine tundra ,
subalpine forest, montane forest,
aspen parkland, fescue grassland

Waterton
Glacier
International
Peace Park

Environmental

Water Quality

Negative

NPCA, n.d.

Quality impact from mining

Waterton
Glacier
International
Peace Park

Institutional

Government Policy

Positive

Petursson, Vedeld & Vatn, 2013

Working together with Canada for
joint governance

Waterton
Glacier
International
Peace Park

Institutional

Government Policy

Positive

Warburton-Lee, 1999

1932 USA and Canada established a
treaty to form the Waterton-Glacier
National Park

Waterton
Glacier
International
Peace Park

Institutional

Local Government
Organizations

Positive

PCIA, 2011

Local government and tribal
cooperation

Waterton
Glacier
International
Peace Park

Institutional

Local Government
Organizations

Positive

Petursson, Vedeld & Vatn, 2013

Working together with Canada for
joint governance

Eide, 2011

Identification of some "prayer" sites
{Native American tribe sites)
considered as cultural resources to be
preserved in accordance to
management policies

Waterton
Glacier
International
Peace Park

Institutional

Management Plans

Neutral
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Waterton
Glacier
International
Peace Park

Institutional

Management Plans

Positive

M,2008h

Cooperative projects

Waterton
Glacier
International
Peace Park

Institutional

Management Plans

Positive

PCIA, 2011

Cross-border collaboration to
manage difficult challenges

Waterton
Glacier
International
Peace Park

Social

Cultural Edge Effect

Neutral

PCIA, 2011

Habitat fragmentation also harms
Blackfeet and other indigenous
cultures

Waterton
Glacier
International
Peace Park

Social

Cultural Edge Effect

Positive

Boley & Nickerson, 2009

Intact culture and heritage centered
around a large amount of protected
land

Waterton
Glacier
International
Peace Park

Social

Encroachment

Negative

NPCA,n.d.

Residential developments, resort
development

Waterton
Glacier
International
Peace Park

Social

Local Participation

Positive

Boley, 2009

Extend stay, more revenue

Waterton
Glacier
International
Peace Park

Social

Local Participation

Positive

PCIA, 2011

Rotary Clubs at hand shaking event
to show friendship between the two
countries

Waterton
Glacier
International
Peace Park

Social

Major Development
Projects

Negative

NPCA,n.d.

Proposed highway expansion ,
residential developments, clear-cut
logging
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Waterton
Glacier
International
Peace Park

Social

Major Development
Projects

Negative

NPCA,n.d.

High-density road systems

Waterton
Glacier
International
Peace Park

Social

Tourism

Positive

Boley & Nickerson, 2009

Protection of land, extended stay is
the goal to raise revenue for local
populations

Waterton
Glacier
International
Peace Park

Social

Tourism

Positive

Liu, Yang & Xie, 2006

Education must insist on principles
of protection first and utilization
second

Waterton
Glacier
International
Peace Park

Social

Urban Pressure

Negative

Waterton Glacier International
Peace Park, n.d.

Housing (encroachment)

Boundary conflicts from "big
animal" migrations around the area
and out of the park; a frequent site of
conflict between wildlife and people

Yellowstone
National Park

Conflict

Local Conflict

Negative

Yellowstone - National Wildlife
Federation, n.d.

Yellowstone
National Park

Environmental

Habitat Fragmentation

Negative

Johnson, Hernandez, Sands &
Bekker, 2010

Habitat fragmentation at western
border with deforestation of National
Forest

Yellowstone
National Park

Environmental

Habitat Fragmentation

Negative

M, 2010b

Subject to fragmentation of habitat
by livestock and mining claims

Y ellowstonc
National Park

Environmental

Habitat Fragmentation

Negative

Arnold & Koel, 2004

Habitat degradation increased the
HilsenhoffBiotic Index, less quality
water

Negative

Mattson, Knight & Blanchard,
1987

Roads and human development have
fragmented grizzly habitats so it
appears the population is only
marginally viable

Yellowstone
National Park

Environmental

Habitat Fragmentation
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Yellowstone
National Park

Environmental

Habitat Gap

Neutral

Department of Parks, Recreation
and Tourism, 2014

Yellowstone
National Park

Environmental

Soil Quality

Negative

Boswell, 2010

Yellowstone
National Park

Environmental

Soil Quality

Negative

Redman, Litvintseva, Sheehan,
Henson & Rodriguez, 1999

Yellowstone
National Park

Environmental

Soil Quality

Negative

Meyer & Wellsi, 1992

Environmental

Soil Quality

Neutral

Frank & Evans, 1997

Environmental

Soil Quality

Neutral

Tracy & Frank, 1998

Environmental

Soil Quality

Positive

Frank & Groffman, 1998

Environmental

Soil Quality

Positive

Rodman, Shovic & Thoma, 1996

Nurturing soil environment after
large scale fires

Environmental

Species Index

Negative

M, 2010b

Introduced invasive trout species

Environmental

Species Index

Negative

United States. National Park
Service, n.d. u

Non-native species; plant
Fragmentation of grizzly populations,
reduced or eliminated after sustained
human contact and have become
marginally viable

Yellowstone
National Park
Yellowstone
National Park
Ycllowstone
National Park
Yellowstone
National Park
Yellowstone
National Park
Yellowstone
National Park

Notes
Gap analysis identified gaps in
knowledge both thematic and
methodological
Poorly developed soils, low
nutrients; could have application for
mine clean-up since the soil changes
colors with season and chemicals
present
High heavy metal content; fungal
growth below the root zone of
perennial plant
Short term severe drought and
temporary devegetation by fire cause
major erosion and fan deposition
Soil enrichment by grazer dung,
trampling and spatial distribution
Soils were not depleted by chronic
grazing
Grazer enhancement of net N
mineralization

Yellowstone
National Park

Environmental

Species Index

Negative

Mattson, Knight & Blanchard,
1987

Y cllowstone
National Park

Environmental

Species Index

Negative

Yellowstone National Park, n.d.

Invasive and alien freshwater species

Yellowstone
National Park

Environmental

Species Index

Neutral

Frank & McNaughton, 1992

Eight ungulate species
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Conservation
Project
Yellowstone
National Park

Yellowstonc
National Park

Yellowstone
National Park
Yellowstone
National Park
Yellowstone
National Park
Yellowstone
National Park
Yellowstone
National Park
Yellowstone
National Park

Factor

Environmental

Sub-Factor

Species Index

Type of
Influence

Neutral

Reference

Notes

Habitat Destruction, n.d.

Taking wolves out of the equation
caused many problems with species
management until they were
reintroduced into the park
Behavioral responses to the presence
of wolves may have more farreaching consequences for elk and
bison ecology than the actual killing
of individuals by wolves

Environmental

Species Index

Neutral

Laundre, Hernandez & Altcndorf,
2001

Environmental

Species Index

Neutral

Mao et al., 2005

Environmental

Species Index

Neutral

Turner, Romme & Gardner, 1999

Environmental

Species Index

Positive

Barns. Fundyga, Jeffries & Pace,
1994

Elk and wolf interaction for predatorprey systems
Fire causes succession of plants
through seed establishment
Diversity of Crenarchaeota
unexpected

Environmental

Species Index

Positive

Fouke et al., 2000

Diversity of microbial mats

Environmental

Species Index

Positive

Bear Encounters, n.d.

Has the largest concentration of
wildlife in the lower 48 states

Environmental

Species Index

Positive

Reysenbach, Wickam & Pace,
1994

Diversity of pink filaments
Reintroduction of grey wolves was
needed to help insure the restoration
of riparian species and preservation
of biodiversity

Yellowstone
National Park

Environmental

Species Index

Positive

Ripple & Beschta, 2003

Yellowstone
National Park

Environmental

Water Quality

Negative

Quinn & Miller, 1997

Yellowstone
National Park

Environmental

Water Quality

Negative

Miller, Clark & Wright, 2004

Leachate from mining as trace
elements in water , can get into
groundwater
Fecal coliform median
concentrations, arsenic exceeds
drinking water standards; pesticides
below contaminant levels for human
health
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Yellowstone
National Park

Environmental

Water Quality

Negative

M, 2010b

Abandoned mining tailings will have
to be warded off pennanently

Yellowstone
National Park

Environmental

Water Quality

Negative

Yellowstone National Park, n.d.

Pollution from mining

Yellowstonc
National Park

Environmental

Water Quality

Neutral

Arnold & Koel, 2004

Variable waterquality assessment
depending on stream; two good, one
fair, one fairly poor

Yellowstone
National Park

Environmental

Water Quality

Neutral

Stauffer & Thompson, 1984

Arsenic in waters from rock leaching,
natural contaminant of Yellowstone
geothermic waters

Y cllowstone
National Park

Environmental

Water Quality

Positive

United States. National Park
Service, 2016w

Significant, near pristine aquatic
ecosystem

Yellowstone
National Park

Environmental

Negative

Balling, Meyer & Wells, 1992

Climate changes can change the
frequency and intensity of fire
activity

Yellowstone
National Park

Environmental

Negative

Meyer & Wellsi, 1992

Climate changes can change the
frequency and intensity of fire
activity
Severe environmental conditions
contributed to increased predation
(summer) and increased malnutrition
(winter) for calf mortality
Fire frequencies have varied with
climate change , even when
vegetation has remained constant

Yellowstone
National Park

Environmental

Negative

Singer, Harting, Symonds &
Coughenour, 1997

Yellowstone
National Park

Environmental

Neutral

Millspaugh, Whitlock & Bartlein,
2000

Environmental

Neutral

Renkin & Despain, 1992

Environmental

Positive

Frank & McNaughton, 1993

Negative

Regan. 2013

Yellowstone
National Park
Yellowstone
National Park
Yellowstone
National Park

Institutional

Funding

Extreme climate conditions, drought,
change fire activity
Grazed land was more productive
than ungrazed land
Unfunded maintenance can impact
resource protection *(update water

andwastewaterfacilities)
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Conservation
Project
Yellowstone
National Park

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Yellowstone Park Foundation, n.d.

Government appropriations are
inadequate to cover the needs of
Yellowstone; funding made up by
other groups

United States. National Park
Service, 20 l 6x
United States. National Park
Service, 20 l 6y

Park established by Congressional
Act 1872
Partnered with many organizations to
help NPS fulfill its mission

Institutional

Funding

Neutral

Institutional

Government Policy

Positive

Institutional

Local Government
Organizations

Positive

Institutional

Management Plans

Negative

Yellowstone Nat ional Park. n.d.

Wildlife management

Yellowstone
National Park

Institutional

Management Plans

Neutral

Dobson & Meagher , 1996

Extensive management plan for
bison, population regulation ended in
1966 but detailed records are kept

Yellowstone
National Park

Institutiona l

Management Plans

Neutral

Mattson. Knight & Blanchard .
1987

Management history, trapping of
bears and relocating

Fritts et al., 1997

Management plans to reintroduce
grey wolves, flexible and had to
overcome technical and logistical
challenges

Yellows tone
National Park
Yellows tone
National Park
Yellowstone
National Park

Yellow stone
National Park

Institutional

Management Plans

Positive

Yellowstone
National Park

Institutional

Management Plans

Positive

M, 2010b

Master plan (1973), land protection
plan (1986), an exotic vegetation
management plan ( 1986) statement
for management ( 1991), and a natural
resources management plan (1995)

Yellowstone
National Park

Institutional

Management Plans

Positive

M,2010b

Grizzly bear recovery plan 1993

Yellowstone
National Park

Institutional

Management Plans

Positive

Scott,2012

Yellowstone
National Park

Institutional

Management Plans

Pos itive

United States. National Park
Service, 20 l 6z

Grizzly bear management,
coordinated and collaborative
management across multij urisdictional lands
Stewards for the park p~otect
priceless resources for future
generations
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Conservation
Proj ect
Yellowstone
National Park
Yellowstone
National Park
Yellowstone
National Park
Yellowstone
National Park
Yellowstone
National Park
Yellowstone
National Park
Yellowstone
National Park

Yellowstone
National Park
Yellowstone
National Park
Yellowstone
National Park
Yellowstone
National Park
Yellowstone
National Park
Yellowstone
National Park

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Institutional

Management Plans

Positive

Ripple & Beschta, 2003

Reintroduction of grey wolves

Institutional

Management Plans

Positive

White, Treanor, Wallen , Lewis &
Date, 2008

Monitoring of bison for successful
conservation

Social

Agriculture

Negative

M, 2010b

Livestock

Social

Agriculture

Negative

Arnold & Koel, 2004

Agriculture and rangeland dominate
upstream (drainage from agriculture)
impacts water quality

Negative

Johnson, Hernandez, Sands &
Bekker , 2010

Deforestation causes a less diverse
ecosystem

Negative

M,2010b

Mining claims

Negative

Mattson, Knight & Blanchard,
1987

Roads and human development have
fragmented the grizzly habitat so it
appears the population is marginally
viable
To a lesser degree logging and
hydrocarbon exploration and
development have impact grizzly
populations

Social
Social

Major Development
Projects
Major Development
Projects

Social

Major Development
Projects

Social

Major Development
Projects

Negative

Mattson, Knight & Blanchard,
1987

Social

Major Development
Projects

Negative

Yellowstone National Park, n.d.

Rise of transportation infrastructure

Social

Restoration

Positive

Fortin et al., 2005

Trophic cascades reestablished

Social

Restoration

Positive

Fritts et al., 1997

Reintroduction of wolves had "early"
success with nine pups

Social

Restoration

Positive

United States. National Park
Service, n.d. v

Restoration of native plants

Ripple & Beschta, 2003

Reintroduction of grey wolves was
needed to help insure the restoration
of riparian species and preservation
of biodiversity

Social

Restoration

Positive
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Yellowstone
National Park

Social

Restoration

Positive

Wilmers, Crabtree, Smith, Murphy
& Getz, 2003

Reintroduction of wolves, keystone
predator, predator-prey relations and
community diversity

Social

Tourism

Negative

Yellowstone National Park, n.d.

High visitor use

Conflict

Local Conflict

Negative

Harms, 1980

Conflict

Local Conflict

Negative

Lackey,2003

Conflict

Local Conflict

Negative

Lackey & Ham, 2004

Conflict

Local Conflict

Neutral

Rogers, 2014

Human-animal conflicts lessen by
informing people of proper bear
procedures

Environmental

Habitat Fragmentation

Negative

M, 2010c

Threat of habitat fragmentat ion

Environmental

Habitat Fragmentation

Positive

Wildlife ofYosemite National
Park , n.d.

Relatively intact habitat

Environmental

Habitat Fragmentation

Positive

M, 2010c

Vegetation is unfragmented, varied
and largely intact

Environmental

Habitat Fragmentation

Positive

Yosem ite National Park - Nature,
n.d.

Largest and least fragmented habitat
block in Sierra Nevada

Environmental

Habitat Gap

Neutral

Leung , Bigsby & Kollar , 2011

Identified gaps in Merced River Plan

Environmental

Soil Quality

Negative

Anderson & Carpenter , 1991

Increased erosion from expanding
aboriginal population

Environmental

Soil Quality

Negative

Madej , Weaver & Hagans, 1994

Environmental

Soil Quality

Negative

White, 2007

Environmental

Soil Quality

Negative

Wieczorek & Jager, 1996

Yellowstone
National Park
Yosemite
National Park
Yosemite
National Park
Yosemite
National Park
Yosemite
National Park
Yosemit e
National Park
Yosemite
National Park
Yosemite
National Park
Yosemite
National Park
Yosemite
National Park
Yosemite
National Park
Yosemite
National Park
Yosemite
National Park
Yosemite
National Park

Human animal conflict between
visitors and black bears
Continuing problem of human-bear
interactions
Human animal conflict between
visitors and black bears

Severe erosion from human
trampling, low bank stability
Soil compaction from roadside
parking
Glacial erosion. weakening of soil
from repeated freeze-thaw
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Conservation
Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Yosemite
National Park

Environmental

Soil Quality

Neutral

United States Department of
Agriculture, Natural Resources
Conservation Service, 2007

Large variety of soils from loamy to
clay; some areas vulnerable to
erosion and deposition, some frigid
Fire, climate, parent material,
topography and living organisms all
contribute to soil formation and
degradation

Environmental

Soil Quality

Neutral

United States Department of
Agriculture, Natural Resources
Conservation Service. 2007

Environmental

Soil Quality

Neutral

Parker, 1989

Soil chemical properties broadly
paralleled the elevation gradient

Environmental

Species Index

Negative

M, 2010c

Invasion of alien species

Yosemite
National Park

Environmental

Species Index

Negative

United States. National Park
Service, n.d.w

Invasive species both plants and
animals

Yosemite
National Park

Environmental

Species Index

Negative

Knapp, 2005

Disappearance of native fish from
lakes, introduction of predatory nonnative fish

Yosemite
National Park

Environmental

Species Index

Negative

Knapp, Hawkins, Ladau &
Mcclory, 2005

Non-native fish introduction resulted
in a considerable alteration of
herpetofauna

Yosemite
National Park
Yosemite
National Park
Yosemite
National Park

Yosemite
National Park

Yosemite
National Park
Yosemite
National Park
Yosemite
National Park
Yosemite
National Park

Environmental

Species Index

Negative

Ripple & Beschta, 2008

Loss of top carnivore. cougar, has
caused an explosion of mule deer and
loss of black oaks; Long-term lack of
oak recruitment is also an indicator
of a probable loss of biodiversity

Environmental

Species Index

Negative

Underwood, Klinger & Moore,
2004

Non-native plant invasions

Environmental

Species Index

Negative

White, 2007

Invasive species

Environmental

Species Index

Positive

Wildlife of Yosemite National
Park. n.d.

Environmental

Species Index

Positive

M, 2010c

High diversity of species as a result
of relatively intact habitats
High biodiversity in unfragmented
area
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Conservation
Project
Yosemite
National Park
Yosemite
National Park
Yosemite
National Park
Yosemite
National Park
Yosemite
National Park
Yosemite
National Park

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Environmental

Water Quality

Negative

Guarin & Taylor, 2005

Drought linked to tree death

Environmental

Water Quality

Negative

Lutz, van Wagtendonk &
Franklin, 20 I 0

Declining water availability

Environmental

Water Quality

Neutral

Clow, Mast & Campbell , 1996

Environmental

Water Quality

Positive

Environmental

Water Quality

Positive

Environmental

Water Quality

Positive

Water in Yosemite National Park,
n.d.
2014 Consumer Confidence
Report,2014
United States. National Park
Service, n.d .x

Low alkaline water very susceptible
to anthropogenic disturbances
Water quality throughout park
considered to be good
No months in violation, for consumer
confidence reports
Sewer system management plans for
multiple areas of the parks

Yosemite
National Park

Environmental

Negative

Carrico et al., 2005

Air quality, [POM], contribute to
biomass smoke on air quality and
visibility

Yosemite
National Park

Environmental

Negative

M, 2010c

Air pollution

Yosemite
National Park

Environmental

Negative

United States. National Park
Service, n.d.y

Yosemite
National Park

Environmental

Negative

Moritz et al., 2008

Climate change

Yosemite
National Park

Environmental

Scholl & Taylor, 2010

Fire as a keystone species on the
forested landscapes in western North
America

Yosemite
National Park

Institutional

Funding

Neutral

United States. National Park
Service, n.d.z

Funding from The National Park
Foundation

Yosemite
National Park

Institutional

Funding

Positive

United States. National Park
Service, n.d.aa

The Yosemite Fund

Yosemite
National Park

Institutional

Government Policy

Positive

United States. National Park
Service, n.d.bb

Policy for all US National Parks; not
really focused on environment but on
tourism

Air quality low from agricultural
pesticides, ozone haze, nitrogen
"deposition", people. smoke and fire
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Project

Factor

Sub-Factor

Type of
Influence

Reference

Notes

Yosemite
National Park

Institutional

Management Plans

Neutral

Lackey & Ham, 2004

Delivery systems have been
inconsistent

Yosemite
National Park

Institutional

Management Plans

Neutral

Underwood. Klinger & Moore,
2004

Patter predictions of invasive plants
to help decision makers target nonnative species

Yosemite
National Park

Institutional

Management Plans

Neutral

van Wagtendonk & Root, 2003

Fire management

Yosemite
National Park

Institutional

Management Plans

Neutral

Wieczorek et al., 2000

Need for hazard assessment planning

Yosemite
National Park

Institutional

Management Plans

Positive

Harms, 1980

Analysis of data from bear
encounters applied to management
practices

Yosemite
National Park

Institutional

Management Plans

Positive

M. 2010c

General Management Plan and
hundreds of projects to improve,
maintain or restore park areas

Yosemite
National Park

Institutional

Management Plans

Positive

United States. National Park
Service, n.d .cc

Multitude of plans for management
of various aspects of park

Yosemite
National Park

Institutional

Management Plans

Positive

United States. National Park
Service, 2016aa

Sewer system management plans for
multiple areas of the parks

Yosemite
National Park

Institutional

Management Plans

Positive

United States . National Park
Service, 2016bb

Invasive plant management plan

Yosemite
National Park

Institutional

Management Plans

Positive

Madej, Weaver & Hagans. 1994

Steps for restoration

Yosemite
National Park

Institutional

Management Plans

Positive

Newman, Manning, Dennis &
McKonly, 2005

Questionnaires found that visitors
would tolerate increased regulations

Yosemite
National Park

Institutional

Management Plans

Positive

Scholl & Taylor, 2010

Management activities can balance
restoration and risk management by
coupling explicit reference
conditions with consideration of
current conditions

Yosemite
National Park

Institutional

Management Plans

Positive

Vale, 1987

Management programs to reverse
vegetation changes caused by
modem humans
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Conservation
Project
Yosemite
National Park
Yosemite
National Park
Yosemite
National Park
Yosemite
National Park
Yosemite
National Park
Yosemite
National Park

Factor

Sub-Factor

Type of
Influence

Reference

Institutional

Management Plans

Positive

van Wagtendonk, 1981

Institutional

Management Plans

Positive

White, 2007

Institutional

Non-Governmental
Organizations

Positive

Yosemite National Park, n.d.

NGOs active in area

Social

Agriculture

Negative

Yosemite National Park, n.d.

Heavy stock and sheep grazing
altered natural vegetation

Social

Agriculture

Nega tive

Vale, 1987

Fire suppression , climatic
fluctuations and livestock grazing

Anderson & Carpenter, 1991

Aboriginal population began fire
succession and vegetation
manipulation for increased food
resources

Neutral

Notes
Peak limits used to shift use from
heavily used trails and travel zones
Change in plans to limit private
vehicle activity

Social

Agriculture

Yosemite
National Park

Social

Major Development
Projects

Negative

White, 2007

Roadways cutting into natural areas
of the park , redone after 1996-1997
flooding to redevelop visitor area to
less than I % of overall park

Yosemite
National Park

Social

Restoration

Positive

United States. National Park
Service, n.d.dd

Dam removal has allowed for the
return of natural channel grades and
hydrological processes

Yosemite
National Park

Social

Restoration

Positive

Madej , Weaver & Hagans, 1994

Yosemite
National Park

Social

Tourism

Negative

M, 2010c

Yosemite
National Park

Social

Tourism

Negative

M, 2010c

Yosemite
National Park

Social

Tourism

Neutral

Bowie . Hunt & Allen Jr, 1988

Rock-climbing injuries (2000fatalities from rock fall)

Yosemite
National Park

Social

Tourism

Neutral

Newman, Manning, Dennis &
McKonly , 2005

Campsite and hiking trail use

Steps to reduce human trampling
through management
Extreme visitor pressure and
inappropriate large-scale
development for modem
accommodations
Uncontrolled camping and loss of
control over animal feeding
(especially bears)
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Appendix C: Rule Based System

Table Al 0: Rule bases created for knowledge base.
Rule Bases
2
3

4

5
6
7
8
9

10

11
12
13

14
15

16
17

18

IF (Environmental is Positive) AND (Institutional/Policy is Positive) AND (Social/Cultural/Economic is Positive) AND (Conflict is Absent) THEN
Potential for success is VERY HIGH
IF (Environmental is Positive) AND (Institutional/Policy is Positive) AND (Social/Cultural/Economic is Positive) AND (Conflict is Present) THEN
Potential for success is lliGH
IF (Environmental is Positive) AND (Institutional/Policy is Positive) AND (Social/Cultural/Economic is Neutral) AND (Conflict is Absent) THEN
Potential for success is HIGH
IF (Environmental is Positive) AND (Institutional/Policy is Positive) AND (Social/Cultural/Economic is Neutral) AND (Conflict is Present) THEN
Potential for success is MODERATELY HIGH
IF (Environmental is Positive) AND (Institutional/Policy is Positive) AND (Social/Cultural/Economic is Negative) AND (Conflict is Absent) THEN
Potential for success is MODERATELY HIGH
IF (Environmental is Positive) AND (Institutional/Policy is Positive) AND (Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN
Potential for success is MODERATELY HIGH
IF (Environmental is Positive) AND (Institutional/Policy is Neutral) AND (Social/Cultural/Economic is Positive) AND (Conflict is Absent) THEN
Potential for success is HIGH
IF (Environmental is Positive) AND (Institutional/Policy is Neutral) AND (Social/Cultural/Economic is Positive) AND (Conflict is Present) THEN
Potential for success is MODERATELY HIGH
IF (Environmental is Positive) AND (Institutional/Policy is Neutral) AND (Social/Cultural/Economic is Neutral) AND (Conflict is Absent) THEN
Potential for success is MODERATELY HIGH
IF (Environmental is Positive) AND (Institutional/Policy is Neutral) AND (Social/Cultural/Economic is Neutral) AND (Conflict is Present) THEN
Potential for success is MODERATE
IF (Environmental is Positive) AND (Institutional/Policy is Neutral) AND (Social/Cultural/Economic is Negative) AND (Conflict is Absent) THEN
Potential for success is MODERATE
1F (Environmental is Positive) AND (Institutional/Policy is Neutral) AND (Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN
Potential for success is MODERATELY LOW
IF (Environmental is Positive) AND (Institutional/Policy is Negative) AND (Social/Cultural/Economic is Positive) AND (Conflict is Absent) THEN
Potential for success is MODERATELY HIGH
IF (Environmental is Positive) AND (Institutional/Policy is Negative) AND (Social/Cultural/Economic is Positive) AND (Conflict is Present) THEN
Potential for success is MODERATELY HIGH
IF (Environmental is Positive) AND (Institutional/Policy is Negative) AND (Social/Cultural/Economic is Neutral) AND (Conflict is Absent) THEN
Potential for success is MODERATE
IF (Environmental is Positive) AND (Institutional/Policy is Negative) AND (Social/Cultural/Economic is Neutral) AND (Conflict is Present) THEN
Potential for success is MODERATELY LOW
IF (Environmental is Positive) AND (Institutional/Policy is Negative) AND (Social/Cultural/Economic is Negative) AND (Conflict is Absent) THEN
Potential for success is MODERATELY LOW
IF (Environmental is Positive) AND (Institutional/Policy is Negative) AND (Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN
Potential for success is MODERATELY LOW

Appendix C (Continued)
Rule Bases
19

20
21

22
23
24

25
26
27

28

29
30
31
32
33
34

35
36

37
38

39

IF (Environmental is Neutral) AND (Institutional/Policy is Positive) AND (Social/Cultural/Economic is Positive) AND (Conflict is Present) TIIEN
Potential for success is MOD ERA TEL Y HIGH
IF (Environmental is Neutral) AND (Institutional/Policy is Positive) AND (Social/Cultural/Economic is Positive) AND (Conflict is Present) THEN
Potential for success is MOD ERA TE
IF (Environmental is Neutral) AND (Institutional/Policy is Positive) AND (Social/Cultural/Economic is Neutral) AND (Conflict is Absent) THEN
Potential for success is MOD ERA TEL Y HIGH
IF (Environmental is Neutral) AND (Institutional/Policy is Positive) AND (Social/Cultural/Economic is Neutral) AND (Conflict is Present) THEN
Potential for success is MODERATE
IF (Environmental is Neutral) AND (Institutional/Policy is Positive) AND (Social/Cultural/Economic is Negative) AND (Conflict is Absent) THEN
Potential for success is MODERATE
IF (Environmental is Neutral) AND (Institutional/Policy is Positive) AND (Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN
Potential for success is MODERATE
IF (Environmental is Neutral) AND (Institutional/Policy is Neutral) AND (Social/Cultural/Economic is Positive) AND (Conflict is Present) THEN
Potential for success is MOD ERA TEL Y HIGH
IF (Environmental is Neutral) AND (Institutional/Policy is Neutral) AND (Social/Cultural/Economic is Positive) AND (Conflict is Present) THEN
Potential for success is MODERATE
IF (Environmental is Neutral) AND (Institutional/Policy is Neutral) AND (Social/Cultural/Economic is Neutral) AND (Conflict is Absent) THEN
Potential for success is MODERATE
IF (Environmental is Neutral) AND (Institutional/Policy is Neutral) AND (Social/Cultural/Economic is Neutral) AND (Conflict is Present) THEN
Potential for success is MODERATE
IF (Environmental is Neutral) AND (Institutional/Policy is Neutral) AND (Social/Cultural/Economic is Negative) AND (Conflict is Absent) THEN
Potential for success is MODERATELY LOW
IF (Environmental is Neutral) AND (Institutional/Policy is Neutral) AND (Social/Cultural/Economic is Negative) AND (Conflict is Present) TIIEN
Potential for success is MODERATELY LOW
IF (Environmental is Neutral) AND (Institutional/Policy is Negative) AND (Social/Cultural/Economic is Positive) AND (Conflict is Absent) THEN
Potential for success is MODERATE
IF (Environmental is Neutral) AND (Institutional/Policy is Negative) AND (Social/Cultural/Economic is Positive) AND (Conflict is Present) THEN
Potential for success is MODERATE
IF (Environmental is Neutral) AND (Institutional/Policy is Negative) AND (Social/Cultural/Economic is Neutral) AND (Conflict is Absent) THEN
Potential for success is MODERATELY LOW
IF (Environmental is Neutral) AND (Institutional/Policy is Negative) AND (Social/Cultural/Economic is Neutral) AND (Conflict is Present) TIIEN
Potential for success is MODERATLEY LOW
IF (Environmental is Neutral) AND (Institutional/Policy is Negative) AND (Social/Cultural/Economic is Negative) AND (Conflict is Absent) THEN
Potential for success is MODERATELY LOW
IF (Environmental is Neutral) AND (Institutional/Policy is Negative) AND (Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN
Potential for success is LOW
IF (Environmental is Negative) AND (Institutional/Policy is Positive) AND (Social/Cultural/Economic is Positive) AND (Conflict is Absent) THEN
Potential for success is MOD ERA TEL Y HIGH
IF (Environmental is Negative) AND (Institutional/Policy is Positive) AND (Social/Cultural/Economic is Positive) AND (Conflict is Present) THEN
Potential for success is MOD ERA TE
IF (Environmental is Negative) AND (Institutional/Policy is Positive) AND (Social/Cultural/Economic is Neutral) AND (Conflict is Absent) THEN
Potential for success is MODERATE
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Appendix C (Continued)
Rule Bases
40
41
42
43

44
45
46

47
48

49
50

51

52
53
54

IF (Environmental is Negative) AND (InstitutionaL'Policy is Positive) AND (Sodal/Cultural/Economic is Neutral) AND (Conflict is Present) TIIEN
Potential for success is MODERATELY LOW
IF (Environmental is Negative) AND (Institutional/Policy is Positive) AND (Social/Cultural/Economic is Negative) AND (Conflict is Absent) THEN
Potential for success is MOD ERA TEL Y LOW
IF (Environmental is Negative) AND (Institutional/Policy is Positive) AND (Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN
Potential for success is LOW
IF (Environmental is Negative) AND (InstitutionaL'Policy is Neutral) AND (Social/Cultural/Economic is Positive) AND (Conflict is Absent) THEN
Potential for success is MODERATE
IF (Environmental is Negative) AND (Institutional/Policy is Neutral) AND (Social/Cultural/Economic is Positive) AND (Conflict is Present) TIIEN
Potential for success is MODERATELY LOW
IF (Environmental is Negative) AND (Institutional/Policy is Neutral) AND (Social/Cultural/Economic is Neutral) AND (Conflict is Absent) THEN
Potential for success is MODERATELY LOW
IF (Environmental is Negative) AND (Institutional/Policy is Neutral) AND (Social/Cultural/Economic is Neutral) AND (Conflict is Present) THEN
Potential for success is LOW
IF (Environmental is Negative) AND (Institutional/Policy is Neutral) AND (Social/Cultural/Economic is Negative) AND (Conflict is Absent) TIIEN
Potential for success is LOW
IF (Environmental is Negative) AND (InstitutionaL'Policy is Neutral) AND (Social/Cultural/Economic is Negative) AND (Conflict is Present) TIIEN
Potential for success is VERY LOW
IF (Environmental is Negative) AND (Institutional/Policy is Negative) AND (Social/Cultural/Economic is Positive) AND (Conflict is Absent) TIIEN
Potential for success is MODERATELY LOW
IF (Environmental is Negative) AND (Institutional/Policy is Negative) AND (Social/Cultural/Economic is Positive) AND (Conflict is Present) THEN
Potential for success is LOW
IF (Environmental is Negative) AND (Institutional/Policy is Negative) AND (Social/Cultural/Economic is Neutral) AND (Conflict is Absent) THEN
Potential for success is LOW
IF (Environmental is Negative) AND (Institutional/Policy is Negative) AND (Social/Cultural/Economic is Neutral) AND (Conflict is Present) THEN
Potential for success is VERY LOW
IF (Environmental is Negative) AND (Institutional/Policy is Negative) AND (Social/Cultural/Economic is Negative) AND (Conflict is Absent) THEN
Potential for success is VERY LOW
IF (Environmental is Negative) AND (Institutional/Policy is Negative) AND (Social/Cultural/Economic is Negative) AND (Conflict is Present) THEN
Potential for success is VERY LOW
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