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ABSTRACT

Low and variable rates of capture are common prodlehen estimating abundance of
freshwater turtles with capture-mark-recapture (JMR/e speculated camera traps would allow
us to obtain reliable estimates of abundance lsjgieting markedrachemys scripta elegans
(Sliders) as they basked on man-made rafts dur@y@day surveillance period. We evaluated
the method by releasing Sliders in a fenced enobosucompare estimates from CMR to true
abundance. We also evaluated probabilities ofctieteand retention of marks. Permanence of
marks applied with marine epoxy satisfied assumgtior CMR. Camera traps detected 23 of
25 Sliders. Our ability to discern marks from giowas good (110 of 114 re-sightings). The
proportion of marked Sliders detected per day wag;@letection varied with day of
surveillance (1-20) and decreased with maximurteanperature the preceding day. All CMR
models providing valid estimates of abundance oetlithe true number of marked Sliders in

their confidence intervals and yielded point estesawvithin 27% of the true value. An estimate



of abundance from the top CMR model exceeded tieevalue by 22%, with a wide confidence
interval. Model averaging improved the point estien(17% over true) and produced a narrower
confidence interval. A favorable comparison ofreated and true abundance validated camera
traps as a tool for estimating abundance of adides. We believe camera traps could prove
useful for detecting biases caused by primary nustlod capture, refining estimates of
abundance from other methods and collecting dataudtiple locations consistently,

simultaneously and frugally compared to manual weghalone.

Key Words: camera trap, capture-mark-recapturenddmce Trachemys scripta, closed

population, basking

INTRODUCTION

Capture—mark—recapture (CMR) is a common approarcéstimating abundance of freshwater
turtles. Unfortunately, estimates obtained fromRClte often biased or lack precision because
of low and heterogeneous rates of capture (Lindeb8&9; Reese and Welsh 1998; De
Lathouder et al. 2009; Martins and Souza 2009ch&stimates are a poor basis for assessing

declines, threats and ecological relationships §eokand Regier 1964; Begon 1983).

Strategies for improving reliability of populati@stimates include increasing probabilities of
capture (e.g., by using efficient collection metsjoand reducing sources of heterogeneity

(White et al. 1982). We speculated camera traghnfulfill this need by allowing us to re-sight



markedTrachemys scripta elegans (Slider) on basking rafts during a 20-day suragitle period.
Like others (e.g., Edwards and Eberhardt 1967)captured Sliders from the wild and released
them in a fenced enclosure to validate the metlyocbimparing estimates from CMR to a known

number of marked individuals.

Methods of applying and detecting marks were noVélerefore, we evaluated “loss” of marks
based on two criteria: all marks are legibleXd0 days and all marks can be discerned from
photographs. We also used high standards of peaioce to evaluate “capture” (i.e.,
unequivocal identification) by camera traps: 1)nadirked individuals are detected at least once
during a 20-day sampling session, 2) the mean gadgability of capture exceeds 0.2, 3)
probabilities of capturing males and females ateakdl) probabilities of capture are constant
over time, 5) estimated abundance from the top GiRel includes the true number of turtles
(N = 25) within its 95% confidence limits, and 6paint estimate of abundance from the top

CMR model is +25% of the true number of turtles.

STUDY AREA

Our study took place at a 23-ha private propertyr igpringfield, lllinois, USA. The area has 11
man-made ponds. One pond (0.54 ha) was enclofgdyua welded wire fence (5.08 X 10.16
cm-mesh; height = 1.83 m) erected 3—6 m from tleeedime. During April 2012, we closed all
gaps between the bottom of the fence and the grbymligging shallow trenches, attaching
welded wire extensions and filling trenches witi smbar movements of large turtles [carapace

width (CW) > 10.16 cm] in or out of the fenced ar&aurtles within the enclosure used patches



of bare shoreline for basking. Elsewhere, tutti@sked on bare shorelines or debris (e.g.,

concrete rubble, collapsed wooden bridge).

METHODS

We used a basking trap and two to four baited hwp (diameter = 0.91 m; 3.81 X 3.81-cm
mesh) to attempt to remove all resident turtlemftbe enclosure during 18-27 April, 14-18
May and 4-6 June. We released turtles in a ngqaoshyg without marking them. Some of the
sliders removed from the enclosure in April or Maight have been recaptured and used for our

CMR study; those removed from the enclosure in Jugre not.

On 18 May, we deployed two basking rafts with tvaoneras each in the enclosed pond.
Cameras were positioned to provide opposing fiefdgew of rafts. Bluett and Cosentinim(
press) described rafts and cameras (Wingscapes® TimeR[@tcam™; Alabaster, Alabama,
USA) in detail. Briefly, we programmed the timg4® cameras to take high resolution photos
(2560 X 1920 pixels) at 0900, 1200 and 1500 hrssmtdocus distance to infinity. Photos were
imprinted with time lapse interval, date, time, andode that allowed us to distinguish
individual rafts and cameras (Fig. 1). We usea di@m the first 20 days of deployment (until 6

June) to estimate the minimum number of turtlesaieing in the fenced pond after removals.

On 4 June, we deployed two to four hoop nets il @iseven ponds on the property. We used
calipers to measure plastron length (PL) and C\&lidérs captured on 5-6 June. Sliders with

CW > 10.2 cm and PL indicative of sexual maturitylQ cm for males, > 19.5 cm for females;



Cagle 1944; Readel et al. 2008) were marked birdyiinique combinations of holes in
marginal scutes and placed in coolers for our CMiys Sliders captured on 5 June (N = 16)
were stored overnight so they could be marked ale@dsed in the enclosure with those captured

the next day (N = 9). Sexes were determined frecosdary sexual traits (Ernst et al. 1994).

We cleaned carapaces of Sliders with a scrub btaphwater and dishwashing soap. The
second and third vertebral scutes were abradetifighth a foam sanding block and wiped with
isopropyl alcohol. We applied unique letters, nenstor symbols to this area using a
paintbrush, marine epoxy (Loctite®, Henkel CorpamatRocky Hill, Connecticut, USA) and
stencils (height = 5.08 cm). We placed Slidemdividual containers, allowing epoxy to cure

for 4-5 hrs before they were released at 1700—hv80n 6 June.

Cameras yielded 12 photographic records per dagdaonsecutive days beginning on 7 June.
We lumped data to obtain a single daily capturtohysor each individual. In other words, a
Slider photographed multiple times during the salanecounted as a single observation. For
consistency, we censored observations of Slidetfseinvater approaching rafts rather than on
them. When necessary, we adjusted brightnessarithst of photos or zoomed in to identify
marks. We obtained data for weather variables faometeorological station located in

Springfield (lllinois Climate Network; http://mwwwsws.illinois.edu/warm/datatype.asp).

We set two hoop nets and two fyke nets (0.9-m XM Box, 2.54-cm mesh, 12.2-m leads) in the

fenced pond after 1500 hrs on 26 June and contitrapding until 0900 hrs on 29 June.



Photographs of Sliders captured in these trap®deas records of permanence and legibility of

marks.

We analyzed detection histories for the 25 markates over 20 days to assess whether day- or
individual-specific detection rates differed witleather, time, sex or body size. Because
detectability likely differed among individuals, v@@alyzed the data with mixed-model logistic
regression, using Slider ID as a random clusterargable (package gimmML in R v. 2.13.0).
The fixed-effect explanatory variables were thevithlial-specific variables sex and plastron
length, plus the following day-specific variablesiar irradiance, minimum daily temperature,
maximum daily temperature, total evaporation, ayenaind speed, and day (June 7 = Day 1, to
account for any consistent trend in detection poditg). In predicting detection probability for
each day, we examined weather variables for the sy and the previous day, to account for
potential lagged effects. We used a forward stepwnodel building approach, including
variables with p < 0.05. An apparent temporaldreandetection probability could result from a
behavioral response to first detection (e.g., a&t8lider had hauled out on a basking platform
once, it might be more inclined to do so again)weaepeated this analysis using only detection

history data for each Slider after its first dei@tt

Based on the results of the initial analysis ofdeginfluencing detection probability, we used
Program MARK (White and Burnham 1999) to estimagrnumber of marked Sliders in the
study pond under a closed-population CMR framewdike input dataset for this analysis
included only those marked Sliders with eonfirmed detection, because CMR abundance

estimation is typically used when the number ofatadted animals is unknown, and therefore



estimated. Detections of unmarked Sliders andrtmioedetections of marked Sliders were

excluded, so the true population being estimatédesiumber of marked Sliders (i.e., 25).

Our initial analysis provided evidence that detkitityy of Sliders changed after they first used
basking platforms, so we considered models witbhaabioral response to initial “capture.” We
also included heterogeneity among individuals {@mixture with 2 groups), daily detection
probabilities co-varying with maximum daily tempena the previous day, and an effect of Day.
Starting with this 4-variable additive (on a logitale) base model, we considered all reduced
models (3, 2, or 1 of the variables) as well as ef®dith 2-way interactions. Based on results
indicating weak support for detection probabiligrying with Day, we dropped Day from the

top model, and then explored whether adding intenas among the remaining variables would
result in better-supported models. We used Akaik&formation Criterion for small samples

(AIC,) to assess relative support for models (Burnhadnfarderson 2002).

RESULTS

We removed 18 resident Sliders from the enclosuriag 48 trap-nights of effort. No turtles
were captured during the last two days of the Mess®n, and only one Slider was captured
during the June session. However, camera tragsiey seven resident (unmarked) Sliders that
remained in the enclosure during our CMR studyurkeere juveniles, three of which (PL = 5.5,
5.8, 6.0 cm) were captured after the CMR study, (@@ering recovery of Sliders to evaluate loss
of marks). One resident adult and two sub-adudtevebserved regularly in photos taken during

the CMR study, but none was captured afterward.



We released 25 Sliders in the enclosure (17 mékn8le). Most of these (N = 17) came from a
single pond. Camera traps yielded 114 recaptur28 of the marked Sliders (Table 1). We
could discern marks for 110 capture events. Inaase, excessive glare kept us from identifying
the mark confidently. In three cases, our viewsafks were obscured partially by Sliders
basking atop the backs of other Sliders. In oseca Slider basking atop another blocked our

view of its carapace too completely to determiniewias marked.

The raw mean detection rate (proportion of markete& detected per day) was 0.22.
Mixed-model logistic regression results indicatedrsg rejection of the null hypothesis of equal
detectability among Sliders (all p <10 We found no evidence that detection probabilias
associated with either sex or size (PL) of thee38dp > 0.43). The final detection probability
model included only a negative effect of maximumperature the previous day € -0.14, p <
0.0001) and a positive effect of Ddy £ 0.057, p = 0.0077), indicating a general treswlatrd
increasing detection probability (Fig. 2). Howewshen only data after each Slider’s initial
detection were included, the effect of Day disappaép >0.44) and the final model included
only the negative effect of maximum temperaturegitevious dayf = -0.14, p = 0.0002; Fig.

3).

The best-supported closed-population CMR modeuohedl a behavioral response to initial
detection, heterogeneity in detection probabilifrescture of two groups), and effects of
maximum temperature the previous day that différetsveen detectability groups (Table 2). It
estimated that the two detectability groups werdadly equal in size (0.497 in the low-
detection group, 0.503 in high). The mean intlielection probabilities for the two groups were

0.036 and 0.146, for a weighted average of 0.08@an subsequent detection probabilities for



the two groups were 0.095 and 0.369 for a weighteniage of 0.233. The best-supported
model’'s estimate of abundance exceeded the true ¥a5) by 5.4 (22%), with a wide
confidence interval (Table 2). Model averaging ioyed the point estimate (17% over true) and
produced a narrower confidence interval. Howeités,worth noting that all models providing
valid estimates of abundance included the true murmabmarked Sliders in their confidence

intervals.

We captured 17 of our 25 marked Sliders after thERGtudy ended, including one that had not
been detected by camera traps. Fourteen markswirede and unblemished. Growth of algae
was apparent on three marks, two of which wererebdeareadily in photos taken by camera

traps on 24-25 June (days 18 and 19).

DISCUSSION

Replacing residents with translocated Sliders adldws to evaluate retention of marks during a
finite period of time while maintaining a densityanimals similar to the resident population.
Permanence of marks met our expectations andisdtessumptions for CMR. Our ability to
discern marks from photos was good (96.5% of captuents) but imperfect. Failure to identify
marks because of poor photographic quality is rmaélem if events occur randomly (O’Brien

2011) or are addressed by robust solutions (etevjc et al. 2001; da-Silva 2009).

Use of distinctive marks was helpful. For example,used “C” but not “G” because of

similarities in appearance. We also recommendgusight-megapixel cameras, which were not



available from the manufacturer when we purchasedyear. Doing so would accrue a total
cost ($USD) of ~$230 per station for two camerasfttand other materials. Adding a grid or
ruler to the raft might allow distinction of ageastes of unmarked turtles by using image

analyses to estimate shell size from photos (Lahdied. 2012).

Expending a large amount of effort in a small ar@a yield high probabilities of capture
(Kendall 1999). Even so, the proportion of markedividuals we recaptured with camera traps
(92%) fell short of our goal (100%). Rates of @cae vary from 3-64% for traditional methods
of collecting Sliders (e.g., hoop and fyke netsaéd and Phillips 2008; Tucker and Lamer
2008). Rates of 17—-18% are typical for studiefvatge numbers of marked turtles (Cloninger

2007; Glorioso et al. 2010).

Thomas et al. (1999) reported male-biased sexsr&tiocaptures with hoop nets and female-
biased samples for basking traps. As with othlative comparisons (Ream and Ream 1966;
Gamble 2006), it is difficult to say which samgfeany, represented the true population.
Probabilities of capturing males and females werda and presumably unbiased for camera

traps.

After accounting for changes in temperature, estohdaily detectability increased by about
0.15 during the course of our CMR study. Thisdreras caused by recruitment of new
individuals using rafts to bask. Underlying causkdifferences between groups of Sliders with
high or low rates of detection are a matter of gf@on. Perhaps some turtles basked sooner

than others because they had fed recently (Gagéa; Hammond et al. 1988; Polo-Cavia et al.



2012) or used similar substrates in the past. willg turtles to acclimate to rafts before rather
than during surveillance with camera traps mightidveffects of Day, especially if novelty of

rafts contributed to differences in behavior.

Some studies have demonstrated strong relationbkipgeen ambient conditions and basking
behavior (e.g., Crawford et al. 1983). Others haste(Kornilev 2008; Selman and Qualls

2011). In our study, environmental variables wanagformative except for a strong negative
relationship between probability of capture and immaxn air temperature the preceding day.

We suspect that this relationship was driven bytlleemal inertia of water, such that the heat
absorbed the previous day influenced minimum wiat@perature the next morning, eliciting or
suppressing basking behavior. Wax et al. (19900 dahat morning temperatures of aquaculture
ponds over 36 years were positively related to batiimum air temperature the previous night
(same calendar day) and maximum air temperaturpréhaous day, with nighttime minimum
having a stronger effect. However that analysisiporated seasonal as well as daily changes in
air temperatures, whereas our short-term datactetlamainly daily fluctuations. Also, we
observe a strong correlation between maximum aip&rature dayand minimum air
temperature dagt+1 (r = 0.69). Monitoring water temperature directlyudsbimprove the ability

to explain and predict daily fluctuations in thadency of turtles to use basking rafts in future
studies.

Modern CMR analyses require large amounts of datadlection of appropriate models and
outputs with reasonable precision. Ideally, praligs of capture should exceed 0.1 for simple
CMR models, 0.2 for moderately complex models, @u3dfor those that include several sources

of heterogeneity (Otis et al. 1978; Pollock 198&yidsen et al. 2011). In our study, camera



traps yielded adequate probabilities of capturejeheelection was relatively straightforward
and all closed-population CMR models produced pestimates within 27% of the true value.

Model averaging improved accuracy and precision.

Our study was the second attempt to validate mstbbdapture by comparing estimates of
abundance from CMR to a known population of fredlewturtles. We fared better than Koper
and Brooks (1998), who reported violations of agstimns about equal catchability causing
inaccurate and imprecise estimates of abundance wgikectingChrysemys picta by hand,
basking trap, hoop net and all methods combinexdt d? our success can be attributed to
innovations in CMR analyses that allow probabidite# capture to differ over time and among

individuals if sources of variability are identifie@nd modeled (Chao and Huggins 2005).

Our study validated camera traps as a tool fomeging abundance of adult Sliders with CMR
(Rodda 2012). Value of the method for other stsigh@l depend on their objectives, designs,
target species and logistical constraints. Sonegawehing drawbacks include possibility of theft
or tampering (Karanth et al. 2004) and need toppyamarks during multi-year studies (Bayless
1975). Advantages include detection of biasesathbyg primary capture methods and
collection of data during additional sampling sessiwith little disturbance or extra cost.
Camera traps might be well suited for spatiallyliepCMR study designs (Nichols et al. 2011)
and studies of meta-populations that occur in largeidely dispersed patches of habitat
because data can be collected simultaneously,stently and frugally at multiple sites

compared to manual methods alone.
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Table1l. Recaptures of adulirachemys scripta released in a fenced enclosure near Springfield,

lllinois, USA and monitored with camera traps fr@gr26 June, 2012.

No. recaptures No. individuals
0 2
1 3
2 3
3 4
4 2
5 4
6 1
8 3
9 1

10 1

12 1




Table 2. Results of closed-population capture-mark-reaapdgtimation of red-eared slider abundance froskihg camera

detection of marked sliders in an enclosed porahrporating potential effects of Day (June 7 = D@ymaximum temperature the

previous day (Maxi;), heterogeneous detection probability among Slifldetero) and behavioral response to initial detac

2.6

(Behav).

Model | Step Model K¥ | AICc |&-AICc |Weight | N |%Trué |LCL | UCL
#

1 Base Day + Max; + Hetero + Behav 7] 379.24 461 0.041 23.2 92.8 023328
2 Base - 1 variable| Day + MaxFHetero. 6| 377.22 23.0

3 Base - 1 variable| Day + Ma+ Behav 5| 387.67 13.04 <0.000 233 93.2 28.0 3
4 Base - 1 variable| Day + Hetero + Behav 6 397.42 23.0

5 Base - 1 variable| MaxT + Hetero + Behav 6| 378.45 3.82 0.061 31.7 1268 .5 2474.9
6 Base + Interaction Day*MaxT;.; + Hetero + Behav 8| 379.18 4.55 0.042 31.1 124{4 .0 2489.1
7 Base + Interaction Day*Hetero + MaxtT; + Behav 8| 378.43 23.0

8 Base + Interaction Day*Behav + MaxT; + Hetero 8| 380.04 23.0

9 Base + Interaction Day + MaxT.,*Hetero + Behav 8| 375.73 1.10 0.236 27.9 1116 2358.1
10 Base + InteractionDay + MaxT.;*Behav + Hetero 8| 381.20 6.66 0.015 23.2 92.8 2837
11 Base + InteractionDay + MaxT.; + Hetero*Behav 8| 379.13 4.50 0.043 23.4 93.6 2B31.6
12 #9 - Day MaxT.1*Heter o + Behav 7 | 37463 | 0 0410 [304 |[1216 |244 |623
13 #12 + Interaction| MaxI*Hetero + MaxTt-1*Behav | 8| 376.70 2.07 0.146 304 182 | 24.4| 62.3
14 #12 + Interaction| MaxJI*Hetero + Hetero*Behav 8| 383.20 8.57 0.006 26.7 .806| 23.4 | 54.5
Model Averaged 29.9 116.8| 23/044.1

®Number of parameters in model

PPercentage of the true number of marked Sliders (25

°N not estimable, so this model is not consideratiéncandidate set

9 ower confidence limit set at the number of markdiders detected (lowest sensible value). The iaxeraged LCL value
provided by MARK = 14.3.



Figurel. MarkedTrachemys scripta recaptured by a camera trap during a pilot stddy o

closed population near Springfield, Illinois, USA.

3HOURS JUN.23,12 03:00PM




Figure 2. Relationship between daily detection probabilgsoportion of marked Sliders

detected) as a function of (A) the maximum air teragure the previous day and (B) the day of

the study.
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Figure 3. Relationship between daily detection probabiityreviously detected Sliders as a
function of (A) the maximum air temperature theviwas day and (B) the day of the study.

Note that these plots show only data after eaaeB4 initial detection.
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