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Table 7. Program MARK output for the Cormack-Jolly-Seber candidate models using data for recruits captured from 
2008 until 2013. General model is denoted by ^, models chosen to represent overall and between year estimates of 
survival for the entire population are labeled with * and **, respectively. 

Model  AICc Delta AICc  
AICc 
Weights  

Model 
Likelihood  Num. Par  Deviance  

{phi(t)p(.)}** 95.9704 0 0.51219 1 4 0.6829 
{phi(t)p(t)} 98.2599 2.2895 0.16303 0.3183 5 0.6829 
{phi.(.)p(t)}* 102.1709 6.2005 0.02307 0.045 4 6.8833 
{phi.(.)p(.)} 103.6829 7.7125 0.01083 0.0211 2 12.7887 

 

Table 8. Survival estimates for 2008-2013 (overall) and between-years from the Cormack-Jolly-Seber models using 
data for only recruits captured from 2008 until 2013. 

Year Label  Estimate  SE LCI UCI 

Overall Phi* 0.58 0.05 0.476 0.67 

2008-2009 Phi** 0.33 0.122 0.146 0.594 

2009-2010 Phi** 0.2 0.089 0.077 0.428 

2010-2013 Phi** 0.64 0.055 0.526 0.74 
 

!

Figure 8. Currently published survival values from lizard species. Non-scincid species are represented by hollow 
diamonds, scincid species other than Plestiodon reynoldsi are represented by filled diamonds. Plestiodon reynoldsi  
survival estimates are represented by a filled square (McCoy et al. 2014) and a filled circle (current study). 
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Figure 9. Between-year survival estimates for the Plestidon reynoldsi population over the entire translocation period. 
All estimates are from the most parsimonious models that allowed survival to be time dependent (!ℎ!!/!!!). Estimates 
and AICc values for selected models can be found in tables 1-8.    

 

REPRODUCTION 

 In the spring 2010 trapping season, 36 new individuals were detected among all 

enclosures (Mushinsky, unpublished data). Sizes of these individuals ranged from 42 to 66.9 

mm SVL. In the 2013 spring trapping season, 108 new individuals were detected among all 

enclosures, with sizes ranging from 36.09 to 65.06 mm SVL. Recruits captured in summer of 

2013 ranged in size from 31.15 to 63.89 mm SVL. The size distribution of individuals from the 

summer 2013 captures showed a significant gap of approximately 10mm (Figure 10), so 

individuals at or below an SVL of 37.95 mm will be considered hatchlings. While all 15 new 

individuals captured in 2008 can be thought of as hatchlings in summer 2007, all new 

individuals captured in 2009 and 2010 were > 42 mm SVL, making confident assessment of 

their age difficult. The number of founding females captured across all enclosures in 2008 was 

34 individuals, and dropped to 5 individuals in 2013. Captured recruits among all enclosures 
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identified as females increased from 7 in 2008 to 45 in 2013, with only 5 of the female recruits 

captured in 2013 identified from previous years (Figure 11). The number of founders and 

recruits in 2013 displayed an inverse generational structure relative to 2008 (Figure 7). Recruits 

born on the site had reached sizes in excess of 53.86 mm SVL in as few as 17 months from 

time of hatching, which is above reported values for size at sexual maturity for both males and 

females (Telford 1959; Ashton 2005). These individuals can be considered as part of the 

breeding population as early as the summer of 2010. Offspring produced by these individuals 

would be first detected in 2011, but sampling did not resume until spring of 2013. 

!
Figure 10. Size distributions for individuals captured on the recipient site.   
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Figure 11. Enumerated female founders and female recruits captured on the recipient site. Hatchlings in 2008 are 
new individuals that appeared the first spring after translocation in 2007. Hatchlings in 2013 are those individuals < 
37.95 mm SVL captured during the summer trapping season. (*)McCoy et al. 2014(^) Unpublished data Mushinsky 
2010. 

 

POPULATION SIZE 

 The Robust models formerly chosen to represent overall and between year 

survival estimates (!.!! = !! and !!!! = !!), were also selected for estimates of population size. 

The estimates of population size from these models for spring of 2013 were 232 individuals 

(95% CI 203-276) and 240 individuals (95% CI 208-290), respectively. Using the number of 

individuals captured and the capture probability from the selected CJS model for overall survival 

(0.41), the number of individuals available for capture was estimated at 348. Remaining 

estimates from the robust models and those based on capture probabilities for all years, 

including the initial number of individuals translocated in 2007 can be found in Figure 12. Only 

80 founders were detected after one year post-translocation to the recipient site, even though 

sampling effort was greatest (approximately 89,000 trap days) during that year, with another 55 

individuals that were known to be alive remaining undetected despite the extensive sampling 
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effort in 2008. With sampling effort in spring of 2013 (approximately 61,500 trap days) 

significantly lower than in 2008, it is assumed that the much higher number of individuals 

captured represents an increasing number of individuals available for capture. 

!
Figure 12. Population estimates for the recipient site in spring of 2013. Available for capture represents inferred 
number of individuals present per year based on individual captures and an overall capture probability from the 
Cormack-Jolly-Seber model found in Table 2. 
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DISCUSSION 

 Six years after the translocation of Florida Sand Skinks onto the Reedy Creek recipient 

site, the reproductive output and survival of the generation(s) produced on site are contributing 

to a positive trend in population growth, and the criteria established to represent a successful 

translocation effort have all been met. The number of total captures and recruits captured 

greatly exceed any previous sampling event. Overall survival remained consistent for the entire 

captured population and founders, with survival estimates falling within the range of estimates 

calculated from the first two years of captures on the site. Survival estimates for this population 

of Florida Sand Skinks represent the only values for a fossorial lizard among the current 

published data, and exceed nearly every other literature value for lizards. This study is unique in 

that it combines meticulous marking techniques with a survey period that allowed for population 

development involving several generations of animals to be produced. The number of recruits 

detected in the population increased every year of sampling. Founding individuals decreased 

steadily, while recruits increased until 2010 when the number of founders and recruits alive 

were approximately equal. This trend continued, and the recent sampling revealed a population 

composed primarily of mature individuals born on the site. With founding females consistently 

decreasing over all years of the study, and recruits identified as females increasing significantly 

between 2010 and 2013, the majority of individuals identified as most recently hatched in 2013 

can be considered offspring of the filial generation. The remaining individuals identified as “new” 

in 2013 cannot be confidently assigned either age or generation because of the sampling hiatus, 

lack of size data on hatchling to sub-adult transitions, and the rapid growth to maturity apparent 

for this population. While some of these individuals may be offspring of the remaining founders, 

and remained undetected for several years after entering the population, the significant increase 

in captures and “new” individuals in light of the changes in the proportion of founders to recruits 

suggests that the majority of current reproductive output can be attributed to the recruits born on 
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site. Estimates of population sizes from the robust models also show a positive trend in the size 

of the population and those available for capture.  

 The period of time included in this study has allowed for an extended evaluation of the 

translocated FSS population, one that will inform on the development of the generations subject 

to higher mortality and more demanding allocation requirements. Sustained or increasing 

populations should be the ultimate goal of any translocation effort, but criteria for success 

should not be generalized. Basing these criteria on the existing life history data for the species 

in question will allow for the most logical assessment within the period allotted for study. This 

methodology, however, can come with the caveat that maximum lifespan, sexual maturity, and 

generation time of a species will most likely require assessment periods beyond the logistic 

capacities of those involved. Researchers and others involved should therefore not assign 

overconfidence to limited assessments, and the continued collection of relevant data is central 

to any translocation study. Translocated populations can afford unique opportunities to collect 

data on the biology and ecology of managed species that could feed directly into the 

improvement of both their general ecological knowledge and future conservation.  
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Table 9. Published survival values for lizards. Estimates represent overall adult survival; some estimates (^) are 
median values from multiple yearly estimates. Species names denoted by * are members of Scincidae, study species 
is indicated by **. Value from McCoy et al. 2014 is for the study population between 2008 and 2009, and is the 
median value from multiple CJS models. Values from the current study are overall estimates from CJS models. 

Species  Survival  Source 
Crotophytus wislizeni 0.05 Shine & Charnov 1992 
Cnemidophorus uniparens 0.08 Shine & Charnov 1992 
Cyclura carinata 0.09 Shine & Charnov 1992 
Sceloporus undulatus (Texas) 0.11 Shine & Charnov 1992 
Uta stansburiana 0.12 Shine & Charnov 1992 
Ctenotus pantherinus* 0.13 James 1991 
Sceloporus undulatus (Arizona) 0.13 Shine & Charnov 1992 
Cnemidophorus sexlineatus 0.16 Shine & Charnov 1992 
Lacerta vivipera 0.2 Shine & Charnov 1992 
Takydromus takydromoides 0.24 Shine & Charnov 1992 
Ctenotus leonhardii* 0.25 James 1991 
Ctenotus pianka* 0.25 James 1991 
Sceloporus undulatus (Kansas) 0.27 Shine & Charnov 1992 
Urosaurus ornatus 0.3 Shine & Charnov 1992 
Sceloporus scalaris 0.3 Shine & Charnov 1992 
Ctenotus helenae* 0.32 James 1991 
Ctenotus quattuordecimlineatus* 0.32 James 1991 
Basciliscus basciliscus 0.33 Shine & Charnov 1992 
Sceloporus undulatus (New Mexico) 0.34 Shine & Charnov 1992 
Sceloporus jarrovi 0.36 Shine & Charnov 1992 
Sceloporus undulatus (Colorado) 0.37 Shine & Charnov 1992 
Sceloporus poinsetti 0.43 Shine & Charnov 1992 
Sceloporus undulatus (Ohio) 0.44 Shine & Charnov 1992 
Sceloporus virgatus 0.47 Shine & Charnov 1992 
Sceloporus graciosus (Utah) 0.47 Shine & Charnov 1992 
Cnemidophorus tigris 0.48 Shine & Charnov 1992 
Crotaphytus collaris 0.48 Shine & Charnov 1992 
Sceloporus undulatus (Utah) 0.48 Shine & Charnov 1992 
Sceloporus undulatus (South Carolina) 0.49 Shine & Charnov 1992 
Oligosoma grande* 0.5^ Tocher 2006 
Oligosoma otagense* 0.54^ Tocher 2007 
Plestiodon reynoldsi** (Recruits) 0.58 Current Study 
Oligosoma maccanni* 0.61^ Lettink et al. 2010 
Eumeces okade (males)* 0.63 Hasegawa 1990 
Phrynosoma douglasi 0.67 Shine & Charnov 1992 
Plestiodon reynoldsi** (Entire population) 0.69 Current Study 
Plestiodon reynoldsi** (Founders) 0.7 Current Study 
Plestiodon reynoldsii** (Entire population) 0.7^ McCoy et al. 2014 
Xantusia vigilis 0.71 Shine & Charnov 1992 
Eumeces okade (females)* 0.75 Hasegawa 1991 
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