morphology and performance of more taxa is key. Morphology of the RC muscles was highly
associated with flow velocity produced during suction feeding, which is consistent with the
structure-determines-function paradigm of many evolutionary studies. By studying the interplay
of morphology, performance, behavior, and ecology in a phylogenetic context, as well as gain

insight to the functional trade-offs in feeding systems that have occurred over evolutionary time.
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Figure 4.1. Phylogenetic hypotheses for the Family Salamandridae. Feeding ecology is
represented by a square for species that only feed terrestrially and a circle for species that feed
both in water and on land. Colors are used to represent behavior for each species. Orange, purple,
and green represent species that feeding using only tongue projection, only suction feeding, or
both tongue projection and suction feeding, respectively. (A) Depicts the modified phylogeny
presented in Pyron and Weins (2011) and (B) is the modified phylogenetic hypothesis of Zhang
et al. (2008) for the Family Salamandridae. The scale underneath each tree represents time as
millions of years ago. Markings along a branch represent hypotheses for the evolution of feeding
ecology and behavior in Family Salamandridae based off of parsimony. (i) Denotes an ancestral
salamandrid that likely fed both aquatically and terrestrially and was able to use both tongue
projection and suction feeding. This is likely the ancestral state because the families sister to
salamandrids (i.e., ambystomatids and dicamptodontids) possess similar feeding ecology and
behavior. (ii) and (iii) Represent the independent losses of feeding in an aquatic environment, as
well as the ability to suction feed in two clades of salamandrids. (iv) Depicts the loss of tongue
projection within a deeply nested clade of aquatic newts.
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Figure 4.2. Box plots of (A) cross-sectional area of the rectus cervicis muscles and the (B)
subarcualis rectus muscle mass. Significant models have a plus-sign in the plot window. Shared
letters over the bars indicate that means are not significantly different. Each point represents
individual species included in the model.

107



-]
=
|

o
=
1

d

+

Percent Mineralization of Hyobranchial Apparatus (%)

30+

204

104
04 el e—
tmlth terrelstrial

Figure 4.3. Box plot for percent mineralization of the hyobranchial apparatus. The model was
significant, shown by a plus-sign in the plot window. Groups are significantly different from
each other. Each point represents individual species included in the model.
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Figure 4.4. Box plots of (A) average maximum mouth opening velocity and (B) average
maximum hyobranchial depression velocity. Significant models have a plus-sign in the plot
window. Shared letters over the bars indicate that means are not significantly different. Each
point represents individual species included in the model.
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Figure 4.5. Box plot for average peak fluid velocity generated during suction feeding events. The
overall model was not significant, however, differences between groups were significant. Shared
letters over the bars indicate that means are not significantly different. Each point represents
individual species included in the model.
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Tables

Table 4.1. Values and sources of data used for phylogenetic analyses.

Mineralization of

. SVL Cross-sectional . Hyobranchial Tongue Time to Max
Species 2 SAR Mass (g) Hyobranchial . LS f
(cm) Area RC (cm?) Apparatus (%) Depression (m) Projection (m) Depression (s)
Chioglossa lusitanica 4.98 0.0038 0.004 1.18 0.0003 0.0072 0.020
Cynops cyanurus 4.29 0.0113 0.012 58.65 0.0021 0.0009 0.072
Cynops pyrrhogaster 4.75 - - - - 0.0011 -
Ichthyosaura alpestris 5.00 - - - 0.0046 - -
Lissotriton vulgaris 5.00 - - - 0.0040 0.0116 -
Notophthalmus viridescens 4.53 0.0034 0.005 51.30 0.0026 0.0027 0.160
Pachytriton brevipes 5.75 - - - - 0.0000 -
Paramesotriton labiatus 7.41 0.0374 0.084 68.77 0.0038 0.0000 0.062
Pleurodeles waltl 6.99 0.0113 0.023 40.59 0.0031 0.0031 0.085
Salamandra salamandra 9.94 0.0176 0.027 0.00 0.0018 0.0080 0.113
Salamandrina terdigitata 3.55 - - - - 0.0047 -
Taricha torosa 8.25 - - - - 0.0054 -
Triturus dobrogicus 7.37 0.0122 0.009 58.73 0.0046 0.0022 0.073
Tylototriton verrucosus 8.15 - - - 0.0085 0.0027 0.091
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Table 4.1 (Continued)

Average
Tongue Mouth Openin Hyobranchial Tongue Peak Fluid
Species Projection Velocit Fgm S_f)] Depression Projection Velocity Source
Duration (s) y Velocity (m s) Velocity (m s) Generated
(ms?)
Chioglossa lusitanica 0.020 0.197 0.070 1.861 ; Stinson and Deban, in
review B
Stinson and Deban, in
Cynops cyanurus 0.042 0.199 0.093 0.028 0.167 reviewA, B
Cynops pyrrhogaster - - - - - Miller and Larsen, 1990
Ichthyosaura alpestris - 0.135 0.125 - - Heiss et al., 2013
Heiss et al., 2015; Van
Lissotriton vulgaris - 0.100 0.100 - 0.060 Wassenberg and Heiss
2016
Notophthalmus viridescens 0.118 0.149 0.088 0.049 0.155 Stinson gnd Deban, in
review A, B
Pachytriton brevipes 0.000 - - - - Miller and Larsen, 1990
Paramesotriton labiatus 0.000 0.369 0.206 0.000 0.433 Stinson and Deban, in
review A
Pleurodeles waltl 0.092 0.161 0.105 0.089 0.221 Stinson and Deban, in
review A, B
Salamandra salamandra 0.073 0.289 0.093 0.184 - Stinson ar_1d Deban, in
review B
Salamandrina terdigitata - - - - - Miller and Larsen, 1990
Taricha torosa - 0.038 - 0.045 - Findeis and Bemis, 1990
Triturus dobrogicus 0.090 0.171 0.143 0.062 0.265 Stinson and Deban, in
reviewA, B
Miller and Larsen, 1990;
Tylototriton verrucosus - - 0.125 - - Heiss and De Vylder,
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Table 4.2. Summary of AlCc results for morphology variables. Models shown in order from best to least support.

Dependent Variable Al(\j/li%t(i;l/e Phylogentic Tree AlCc AAICc Evli?(j;ir:)ce R2 p-value
gross'sediof‘?' Area of Behavior Zhangetal., 2008  -34.96  0.00 1.00 092  0.0142
ectus Cervicis Muscles

Behavior Pyron ggflw eins, 3479 017 1.09 093 00112

Ecology Zhang et al., 2008 -31.66 3.30 5.21 0.26 0.2429

Ecology Pyron ggflw eins, 3115 381 6.72 034 01943

Ecology none -19.43  15.53 2.36E+03 0.12 0.3447

Behavior none 5.71 40.67 6.78E+08 0.89 0.0203

Subarcuals Rectus Behavior Zhangetal, 2008 -2453  0.00 1.00 094  0.0078

uscle Mass

Behavior Pyron ggglw eins, 5432 021 1.11 0.95  0.0060

Ecology Zhangetal., 2008  -16.97  7.56 43.82 009  0.3684

Ecology Pyron ggglw eins, 1627 826 62.18 019  0.2933

Ecology none -5.76 18.77 1.19E+04 -0.05 0.4891

Behavior none 15.88 40.41 5.96E+08 0.92 0.0125

ﬁf,;cb‘?gﬂ?jrigﬁg?u? Ecology Zhangetal, 2008  62.68  0.00 1.00 078  0.0214
Ecology Pyronand Weins, 6280 0.21 111 0.76  0.0258

Behavior Zhangetal, 2008 7148  8.80 81.45 086  0.0305

Behavior Pyron ggflw eins, 7158  8.90 85.63 0.85 0.0343

Ecology none 76.78 1410  1.15E+03 0.86  0.0084

Behavior none 113.65 50.97 1.17E+11 0.91 0.0154
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Table 4.3. Summary of AlCc results for position and timing variables. Models shown in order from best to least support.

Dependent Variable A&%F:jtie\lle Phylogentic Tree AlCc AAlCc Evli?(j;tair:)ce R? p-value

Hyobranchial Depression Ecology Zhang et al., 2008 -91.46  0.00 1.00 0.34 0.0964

Ecology Pyron ggflwans, -90.77  0.69 1.41 0.32 0.1084

Ecology none -88.18 3.28 5.16 0.49 0.0403

Behavior Zhang et al., 2008 -85.98 5.48 15.49 0.27 0.2001

Behavior Pyronand Weins,  gs.58  5.88 18.92 027  0.2028

Behavior none -80.19 11.27 280.06 0.46 0.0880

Tongue Projection Behavior Pyron ggglwans, -92.41  0.00 1.00 017 0.7154

Behavior Zhang et al., 2008 -90.87 1.54 2.16 -0.16 0.7008

Ecology Pyron ggglwans, -86.16  6.25 22.76 015  0.7059

Ecology Zhang et al., 2008 -84.98 7.43 41.06 -0.15 0.6917

Ecology none -83.21 9.20 99.48 -0.01 0.3616

Behavior none -83.21  9.20 99.48 -0.09 0.3692

Time to Maximum Ecology Pyronand Weins, — ,5 96 09 1.00 022 0.7086
Hyobranchial Depression 2011

Ecology Zhang et al., 2008 -25.64 0.32 1.17 -0.12 0.5716

Behavior Pyron g(r)lngeins, -18.68  7.28 38.09 018 0.6255

Behavior Zhang et al., 2008 -18.26 7.70 46.99 -0.10 0.5573

Ecology none -17.47 8.49 69.76 -0.02 0.4571

Behavior none 0.20 26.16 4.80E+05 -0.13 0.5848
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Table 4.4. Summary of AlCc results for velocity variables. Models shown in order from best to least support.

. . Evidence
Dependent Variable Adaptive Model Phylogentic Tree AICc AAICc Ratio Adj R? p-value
Maximum Mouth Behavior Pyronand Weins, ;5375 g0 1.00 0.66 0.0227
Opening Velocity 2011
Behavior Zhang et al., 2008 -13.03 0.75 1.45 0.58 0.0416
Ecology Zhang et al., 2008 -7.06 6.72 28.79 -0.18 0.7450
Ecology Pyron ;‘gflwe'”s' 627 751 42.73 012 06119
Behavior none -5.29 8.49 69.76 0.53 0.0572
Ecology none -2.94 10.84 225.88 -0.24 0.8822
Maximum Hyobranchial Behavior Zhang etal., 2008  -32.18  0.00 1.00 0.67 0.0212
Depression Velocity
Ecology Zhang et al., 2008 -30.54 1.64 2.27 0.39 0.0721
Ecology none -29.48 2.70 3.86 0.60 0.0165
Ecology Pyron ggflwe'”s' 22873 3.45 5.61 038  0.0760
Behavior Pyron g(r)lleems, 2859  3.59 6.02 0.60 0.0370
Behavior none -25.71 6.47 25.41 0.72 0.0125

115



Table 4.5. Summary of AlCc results for feeding performance variables. Models shown in order from best to least support.

Dependent Variable AS/I?)rt)jt(Ie\I/e Phylogentic Tree AlCc  AAICc Evll?(j;ir:)(:e R? p-value

C‘éﬁ;;?; Peak Fluid Behavior Pyronand Weins, - 287 0.00 1.00 079  0.0256

Behavior Zhang et al., 2008 -1.82 1.05 1.69 0.74 0.0391

Behavior none 27.32 17.10 5.17E+03 0.77 0.0279

BO”Q‘.‘G Projection Ecology Zhangetal, 2008  -11.12  0.00 1.00 0.17 0.8564

uration

Ecology Pyron ggglwans, 1095  0.17 1.09 013  0.8355

Behavior Zhang et al., 2008 -5.78 5.33 14.40 0.46 0.2160

Behavior Pyron ;‘gflwems' 558 553 15.89 047 02135

Ecology none 2.04 13.16 720.63 0.23 0.8513

Behavior none 35.47  46.59 1.31E+10 0.23 0.2191

Maximum Tongue Ecology Pyronand Weins, 474, g 1.00 041 01211
Projection Velocity 2011

Ecology Zhang et al., 2008 17.61 0.47 1.27 0.44 0.1017

Ecology none 25.12 7.98 54.08 0.32 0.0360

Behavior Pyron 2821Weins, 2570  8.56 72.26 0.35 0.2452

Behavior Zhang et al., 2008 26.32 9.18 98.45 0.60 0.2232

Behavior none 43.64  26.50 5.69E+05 0.60 0.1151
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Table 4.6. Summary of AlCc results for performance variables correlated with morphology and the interaction of morphology with
behavior. Models shown in order from best to least support.

Evidence

. 2 -
Dependent Variable Adaptive Model Phylogentic Tree AlCc  AAICc Ratio R p-value
Average Peak Fluid CSA of RC Pyronand Weins, ;459 0,00 1.00 093  0.0199
Velocity 2011
CSA of RC Zhang et al., 2008 -10.30 0.01 1.01 0.92 0.0349
SAR Mass Pyron ;‘gflwe'”s' 752 277 3.99 088  0.0191
SAR Mass Zhang et al., 2008 -7.51 2.78 4.01 0.86 0.0325
% Mineralization Zhang et al., 2008 0.45 10.74 214.86 0.30 0.0487
CSA of RC + Behavior Zhang et al., 2008 0.88 11.17 266.40 0.88 0.0236
% Mineralization Pyron ggflwe'”s' 101 11.30 284.29 035  0.0637
CSA of RC + Behavior Pyron ggflwe'”s' 116  11.45 306.43 089  0.0202
SAR Mass + Behavior Zhang et al., 2008 1.88 12.17 439.22 0.87 0.0292
% Mineralization + Behavior Zhang et al., 2008 2.00 12.29 466.38 0.86 0.0300
SAR Mass + Behavior Pyron ;‘gflwe'“s' 227 1256 533.79 088  0.0256
% Mineralization + Behavior Pyron ggflwe'”s' 240  12.69 569.63 0.87 0.0263
CSA of RC none 8.64 18.93 1.29E+04 0.89 0.0930
SAR Mass none 11.65 21.94 5.81E+04 0.80 0.0912
% Mineralization none 18.44 28.73 1.73E+06 0.23 0.0092
CSA of RC + Behavior none inf - - 0.84 0.0167
SAR Mass + Behavior none inf - - 0.72 0.0256
% Mineralization + Behavior none inf - - 0.70 0.0218
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Table 4.6 (Continued)

Evidence

Dependent Variable Adaptive Model Phylogentic Tree AlCc  AAICc Ratio R p-value
Tongue Projection SAR Mass Pyronand Weins, 5150 0.00 1.00 034  0.0993
Duration 2011

CSA of RC Pyronand Weins, 2137 0.3 1.07 033  0.1048

SAR Mass Zhang et al., 2008 -21.14 0.36 1.20 0.28 0.1279

CSA of RC Zhang et al., 2008 -20.91 0.59 1.34 0.25 0.1412

% Mineralization Zhang et al., 2008 -17.57 3.92 7.11 -0.20 0.9713

% Mineralization Pyron gg;ilwans, 1734 4.16 8.01 020 0.9149

SAR Mass none -14.21 7.28 38.18 0.20 0.1761

CSA of RC none -14.05 7.44 41.31 0.18 0.1887

% Mineralization none -11.40 10.10 155.99 -0.20 0.9531

% Mineralization + Behavior Pyronand Weins, 379 1771 7.00E+03 031  0.3046
% Mineralization + Behavior Zhang et al., 2008 -3.74 17.76 7.18E+03 0.28 0.3233
SAR Mass + Behavior Zhang et al., 2008 -3.12 18.38 9.80E+03 0.21 0.3645
SAR Mass + Behavior Pyronand \Weins, - 08 1851 1.05E+04 023  0.3559
CSA of RC + Behavior Zhang et al., 2008 -2.83 18.67 1.13E+04 0.18 0.3849
CSA of RC + Behavior Pyron ggflweins' 2279 1870  1.15E+04 0.21 0.3691
% Mineralization + Behavior none 37.03 5852 5.11E+12 0.32 0.2980
SAR Mass + Behavior none 37.63 59.12 6.89E+12 0.26 0.3349
CSA of RC + Behavior none 38.12 59.61 8.80E+12 0.21 0.3680
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Table 4.6 (Continued)

Dependent Variable Adaptive Model Phylogentic Tree AlCc  AAICc Evil?iiigce R p-value
'g,"ﬁ‘)’gﬁ& I/‘;Tg;fy % Mineralization Pyronand Weins, - 1565 0.00 1.00 018  0.1878
% Mineralization Zhang et al., 2008 16.64 0.99 1.64 0.17 0.1956

CSA of RC Pyron ggflwmns, 17.85  2.20 3.00 012 05791

SAR Mass Pyron ggflwans, 1806 241 3.33 016  0.6784

CSA of RC Zhang etal., 2008 1856  2.92 4.30 -0.09  0.5146

SAR Mass Zhang et al., 2008 18.86 3.21 4.98 -0.14 0.6281

% Mineralization none 23.20 7.55 43.64 0.34 0.0991

CSA of RC none 26.15  10.50 190.91 001 0.3718

SAR Mass none 26,59  10.94 237.55 -0.07  0.4733

CSA of RC + Behavior Pyron gg;ilwans, 20.73 1408  1.14E+03 049  0.1999

CSA of RC + Behavior Zhang et al., 2008 30.01 14.36 1.31E+03 0.53 0.1765

SAR Mass + Behavior Pyron ggngeins, 30.77  15.13 1.92E+03 0.49 0.2464

SAR Mass + Behavior Zhangetal, 2008  31.14  15.49 2.32E+03 0.45 0.2217

% Mineralization + Behavior Pyron ggngeins, 35.99  20.34 2.61E+04 -0.28  0.6529

% Mineralization + Behavior Zhang et al., 2008 37.07 21.42 4.49E+04 -0.24 0.6731

CSA of RC + Behavior none 7141 55.76 1.28E+12 0.64 0.1232

SAR Mass + Behavior none 72.84 57.19 2.62E+12 0.56 0.1648

% Mineralization + Behavior none 78.63 62.98 4, 74E+13 -0.28 0.5089
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renewal form must be submitted for years two (2) and three (3) of the protocol
through the elACUC system. After three years, all continuing studies must be
completely re-described in a hew electronic application and submitted to IACUC for
review.

» All modifications to the IACUC-Approved Protocol must be approved by the
IACUC prior to initiating the modification. Modifications can be submitted to the
IACUC for review and approval as an Amendment or Procedural Change through the
elACUC system. These changes must be within the scope of the original research
hypothesis, involve the original species and justified in writing. Any change in the IACUC-
approved protocol that does not meet the latter definition is considered a major protocol
change and requires the submission of a new application.

« All costs invoiced to a grant account must be allocable to the purpose of the
grant. Costs allocable to one protocol may not be shifted to another in order to meet
deficiencies caused by overruns, or for other reasons convenience. Rotation of charges
among protocols by month without establishing that the rotation schedule credibly
reflects the relative benefit to each protocol is unacceptable.

» The Pl must assist the IACUC with tracking wild animal field research activities.
The Pl must report episodes of wild animal use, the approximate range of taxa, and the
approximate numbers of animals encountered or used at intervals appropriate to the
study but at least once a year.
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PHS No. A4100-01, AAALAC No. 000434, USDA No. 58-R-0015
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(813) 974-7106 « FAX (813) 974-7091
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