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ABSTRACT

Context. Understanding the effects that learned responses to being captured have on subsequent
recapture rates and associated abundance estimates is important for developing accurate
descriptions of populations and communities. Although variation in the willingness of individual
turtles to be trapped is commonly mentioned in the literature, few studies have experimentally
tested learned trap avoidance (or fondness) in turtles. Aims. To determine whether turtles
learn to avoid traps, whether repositioning traps will lead to increased capture rates, whether
this effect varies among species, and whether such relocations yield more accurate depictions of
community structure. Methods. We studied a community of turtles in a small lake in south-
eastern Kansas that included populations of red-eared slider turtles (Trachemys scripta elegans)
and common musk turtles (Sternotherus odoratus). We trapped the lake for 35 consecutive days
by using two concurrently deployed groups of traps. One group remained stationary for the
duration of the study, whereas traps comprising the other group were moved to new locations
on Day |4 and returned to their original locations on Day 28, thus dividing the trapping season
into three periods. Key results. For both species, capture rates declined over time. However,
traps in the moved group captured more T. s. elegans than did those in the stationary group
during the second period and more S. odoratus during the third period. Traps in the moved
group also had higher recapture rates in the second period. Population abundance estimates
based on captures from the moved group, the stationary group, and the pool of all captures
were similar for T. s. elegans, but for S. odoratus the stationary group of traps produced an
abundance estimate much lower than those generated from the moved group and the pool of all
captures. Conclusions. Both species exhibited learned avoidance of trap locations, but
relocating traps had distinct effects on different species, and the accuracy of the observed
community structure was improved by relocating traps. Implications. The movement patterns
and catchability of individuals of different species within a community must be taken into
consideration when developing trapping protocols. Even high-intensity trapping over a long
period may not generate an accurate sample of the community if different species use the spatial
environment in substantially different ways and learn to avoid trap locations.

Keywords: abundance, behaviour, mark-recapture, population density, Sternotherus odoratus,
Trachemys scripta, turtle, vertebrates.

Introduction

Effective wildlife conservation requires a thorough understanding of the population
or community under consideration. This includes an accurate assessment of the
population’s abundance and demographic structure, and such an assessment can only be
achieved through sampling that truly represents the population. Most sampling methods
are biased against certain species in a community (McKnight et al. 2015) and against
certain demographic groups within a population. Size bias is common in surveys that
use passive trapping and may stem from a physical aspect of the traps that precludes
certain size classes from entering the traps or allows others to escape (Willson et al.
2008; Luhring et al. 2016). However, in some cases, it is unclear whether the bias stems
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from the physical exclusion of certain size classes or
ontological shifts in behavior (Rodda et al. 2007; Hancock
and Legg 2012).

Sampling methods that generate sex-biased capture
rates are also quite common, presumably (and sometimes
demonstrably) being the result of differences in behaviour
between the sexes (Gehrt and Fritzell 1996; Vanderkist
et al. 1999; Moeller et al. 2005; Altermatt et al. 2009).
These kinds of biases, if not recognised, can stymy efforts to
examine real biases in the sex ratio of a population
(Thorbjarnarson 1997; Stoks 2001; McKnight and Ligon
2017). When a sample of a population provides an unrepre-
sentative size distribution, sex ratio, or population density,
any conclusions about demographic structure, as well as
both absolute and relative abundance in a community, will
likewise be biased (Ream and Ream 1966; Tesche and
Hodges 2015; McKnight and Ligon 2017).

An additional source of bias can come from learned
trap behaviour owing to sustained sampling in an area.
For instance, learned trap avoidance in response to capture
has been documented in mammals (Wood and Slade 1990;
Pelton and van Manen 1996; Schipper 2007), birds (Buckland
and Hereward 1982; Muraoka and Wichmann 2007), and fish
(Gilbert et al. 2001). Although considerable work has been
conducted to identify sources of population sampling bias,
and many strategies have been developed to ameliorate
them, little experimental attention has been paid to these
temporally induced biases, and methods for correcting
them in the field are needed.

Turtles have the ability to learn tasks and behaviours,
including learning by watching other turtles (Davis 2009;
Wilkinson et al. 2010), and the possibility that turtles learn
to avoid traps has been suggested (Mahoney and Lindeman
2016), but no tests have been performed on learned trap
avoidance in turtles. This lack of information is problematic,
as many population size estimators assume equal catchability,
although this assumption has historically been ignored in
estimates of turtle population sizes (Lindeman 1990).

If turtles behave differently after they have been captured,
population estimates based on capture-mark-recapture
will be altered by the resultant inflation or deflation of
recapture rates. Turtles may become enamoured with the
free resources obtained from baited traps (trap-happy) or
may become wary of entering traps in the future because of
the perceived danger they pose (trap-shy). Trap-happy
turtles might be drawn to the bait used in traps, but it is
unclear what cues trap-shy turtles use to identify and avoid
traps, and it is possible that they remember the locations
of traps. Different bait types attracted unique subsets of
individuals in a population of red-eared sliders (Trachemys
scripta), but switching bait types did not increase recapture
rates (Mali et al. 2012), suggesting that turtles that learn to
avoid traps were not avoiding a particular bait odour. One
possibility is that turtles can become wary of specific
locations where they have been captured in the past, as has
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been reported in some birds and mammals (Buckland and
Hereward 1982; Schipper 2007). If this is the case, the use
of catch per unit effort (CPUE) as a proxy for abundance in
turtle studies could be problematic. In situations where
traps are deployed at the same locations over long periods of
time, analyses of CPUE may artificially generate or exaggerate
the appearance of temporal declines in abundance. Indeed,
relocating traps to counteract decreased capture rates
(presumed to be the result of learned trap-shyness) over a
long session of trapping has been reported in at least one
study (Selman and Qualls 2008). However, there have been
no experimental investigations into whether such relocations
of traps in fact increase recapture rates of turtles. Therefore,
we performed an experiment to determine whether turtles
learn to avoid locations at which they have previously been
trapped. Specifically, we endeavoured to learn (1) whether
capture rates decline over the duration of an extended bout
of trapping, (2) whether relocating traps ameliorates this
effect, and (3) how the effects vary among species.

Materials and methods

Study site

We executed our study at a 1.1-ha strip pit lake (37.20769,
—95.04147) at Mined Land Wildlife Area (MLWA) in south-
eastern Kansas. This lake was selected for its accessibility,
well vegetated surroundings, moderate depth (3 m deep at
the centre), lack of connectivity to surrounding bodies of
water (although there are several other ponds in the area,
the nearest of which is ~50 m away), and small size. The
lake is immediately adjacent to a dirt road with low vehicle
traffic and has a dirt path from the road to the water’s edge.
There was evidence that recreational fishing occurs, but we
did not encounter anyone fishing during the course of our
experiments. The lake is surrounded by woodland except
for the portion of the shoreline that abuts the road, and
most of the lakebed has a covering of submerged vegetation.
The turtle community in this lake had not been surveyed prior
to this study. We conducted this research with approval from
the Missouri State University Institutional Animal Care and
Use Committee (Protocol no. 17-025) and with possession
of scientific collecting permit SC-071-2018 from the State
of Kansas.

Trapping regime

We surveyed the perimeter of the lake and identified
33 locations with depth, slope, and woody anchors suitable
for deploying traps. We marked these locations with a
hand-held GPS unit and used a random-number generator
to select 16 of these locations for the initial period of
trap deployment (Fig. 1). On 23 June 2018, we deployed a
0.6-m-diameter, single-throated, flat-bottomed hoop net
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Fig. I.

Service Layer Credits: Source: Esri, Maxar, GeoEye,
Earthstar Geographics, CNES/Airbus DS, USDA, USGS,
AeroGRID, IGN, and the GIS User Community

The locations of traps. Blue circles represent the locations of stationary traps. Dark red squares represent the locations of

moved traps during the first and third trapping periods. Light red squares represent the locations of moved traps during the second period.

baited with canned sardines at each of these locations. Half of
the traps were then randomly assigned to a stationary control
group and the other half to an experimental ‘moved’ group.
The traps in the control group were not moved at any point
in the experiment. The traps in the experimental group
were left in their initial locations for 14 days (Period 1). At
the end of this period, each of the eight experimental traps
was assigned to a new location randomly selected from the
remaining unused potential trap locations. After another
14 days (Period 2), the experimental traps were returned to
their initial locations. We continued trapping for a final
7 days (Period 3) after returning traps to their initial
locations and terminated the experiment on 28 July 2018.
We predicted that if turtles learn the locations of traps,
(1) there should be a general decline in capture rates over
the duration of the experiment, and this decline should be
more pronounced in the stationary group during the
second and third periods, (2) there should be significantly
more captures and recaptures in the moved group than
in the stationary group for the second period (after traps
were moved) but not the first period (when all traps were
stationary) or third period (when the moved group were
back in their original positions which turtles had already
had a chance to learn).

Throughout the experiment we checked traps daily and
identified the species and age class (adult or juvenile) of

all captured turtles, as well as the sex of adults. We marked
all turtles for future identification. We marked emydids and
kinosternids (hard-shelled taxa) by using a rotary tool to
notch a unique series of marginal scutes, and we marked
the single species of trionychid (spiny softshell turtle
[Apalone spinifera]) by injecting a PIT tag in the thigh
(Cagle 1939; Buhlmann and Tuberville 1998). Both
methods of marking were applied to common snapping
turtles (Chelydra serpentina). All recaptured animals were
individually identifiable.

Statistical analysis

All statistical analyses were performed in R (v3.5.3; R Core
Team 2019). We used negative binomial fixed-effects
models to compare capture success between stationary and
moved traps and to test whether capture rates declined
over time. The data did not meet the assumptions of linear
models, and an overdispersion test (AER package v1.2-9;
Kleiber and Zeileis 2008) confirmed that the data were
overdispersed for both species (Trachemys scripta elegans:
z = 2.381, P = 0.009; Sternotherus odoratus: z = 1.894,
P = 0.029). Additionally, for each species, we compared
Akaike information criterion (AIC) values for linear,
Poisson, and negative binomial models and determined that
negative binomial models provided the best fit. The capture
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data (sum per group per day) did not include enough zeros to
merit a zero-inflated model. We ran four models per species,
one model with all periods combined and one for each of the
three periods separately. For each model, total captures per
group per day was included as the response variable, and
group (stationary or moved) and day (with an interaction)
were included as predictor variables (day was continuous).
Significance was assessed using the Anova() function in the
car package (v3.0-2) with a Type II sum of squares
(Langsrud 2003; Fox and Weisberg 2019). If significant
interactions were present, the trends were assessed
separately for each trap group. We statistically analysed the
results only for T. s. elegans and S. odoratus because of low
sample sizes for other species (Table 1). To ensure that
temporal autocorrelation was not present, we ran Breusch-
Godfrey tests on the models with all data, by using the
checkresiduals function in the forecast package (v8.16;
Hyndman et al. 2022). Breusch-Godfrey tests were not
significant for T. s. elegans (P = 0.5582) or S. odoratus
(P = 0.3465).

We used total captures per group per day (sum of all traps)
rather than a mixed-effects design with trap as a random effect
because of a high frequency of empty traps, resulting in too
many zeros for mixed-effects models to converge (traps had
no T. s. elegans or no S. odoratus on 62% and 72% of all
trap checks respectively). We used total captures per day
rather than mean captures because model fit was poor
when using means. On 5 days, there was an issue with a
trap in the moved group (e.g. a hole through which trapped
turtles could have escaped), resulting in only seven traps
for those days. However, this would be unlikely to substan-
tially affect the results because most traps caught zero
turtles on any given day, meaning that the removal of
any one trap would rarely change the daily capture total.
Additionally, because these issues occurred in the moved
group, any resulting bias would be away from our hypothesis
that moving traps will improve capture rates, rather than
toward producing a false positive.

Low recapture rates per individual prevented us from
reliably assessing the effects of moving traps on individual
recapture rates. Therefore, we assessed recapture patterns

by focusing on turtles that were captured in the first
sampling period, and later recaptured. For each trapping
period, we used chi-squared tests to compare the number of
recapture events for those turtles in moved and stationary
traps with an expected ratio of 1:1 (i.e. for turtles of each
species that were captured in the first period, we compared
recapture rates in each period). If turtles learned trap
locations, we expected roughly equal recapture numbers in
both groups during the first period, whereas in the second
period, we expected higher numbers of recaptures in the
moved group than in the stationary group, because at least
some of the recaptures from the first sampling period had
already been exposed to the traps in the stationary group.
In the third sampling period, we expected recapture rates to
return to being roughly equal, because recaptures from the
first period had already been exposed to trap locations for
both the moved and the stationary groups (although the
duration of exposure was longer for the stationary group).

To examine the effects of moving traps on population size
estimates, we calculated three population size estimates for
T. s. elegans and S. odoratus by using the Schumacher-
Eschmeyer method (Schumacher and Eschmeyer 1943).
One estimate used only the data from traps in the
stationary group, another used only data from traps in the
moved group, and the final used all available groups.
Because of a low number of captures on any given day, we
grouped the data into five 7-day capture periods for each
estimate (McKnight and Ligon 2017).

Results

We captured 225 individual turtles (six species) a total of
641 times (Table 1). The majority of these were T. s. elegans
(39.6% of individuals and 60.1% of captures) and S. odoratus
(56.9% of individuals and 37.4% of captures).

Daily capture rates declined over the duration of the
experiment for both T. s. elegans (4% 55 = 19.20, P < 0.001)
and S. odoratus (y34 = 5.07, P = 0.024); however, for
T. s. elegans the interaction between group and day was not

Table I. The raw numbers of unique individuals and capture events for each of the six species encountered during this study.
Species Unique individuals Total captures
Stationary Moved Total Stationary Moved Total

Trachemys scripta 75 78 88 181 204 385
Sternotherus odoratus 44 103 127 73 167 240
Chelydra serpentina | | 2 | 2 3
Pseudemys concinna 2 | 3 2 | 3
Chrysemys picta | 2 2 | 3

Apalone spinifera | | | 2 4

Total 124 186 223 260 381 641
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significant (43 4¢ = 2.53, P =0.112), whereas it was significant
for S. odoratus (v} = 7.54, P = 0.006), with a negative
slope for the stationary group but not the moved group.
Capture rates also declined significantly within the first
(;(%’24 = 16.37, P < 0.001) and second (;(%,24 = 31.51,
P < 0.001) trapping periods, but not the third (;(%,10 = 0.03,
P = 0.868) for T. s. elegans, and within the second
(r},4 = 4.48, P = 0.034) and third (4} , = 5.82, P = 0.016)
but not the first (43,, = 0.03, P = 0.861) periods for
S. odoratus. No interactions were significant for individual
trapping periods (for all, P > 0.129).

The moved-trap group produced 204 captures of
78 T. s. elegans and 167 captures of 103 S. odoratus.
The stationary-trap group produced 179 captures of
75 T. s. elegans and 73 captures of 44 S. odoratus. In both
species, the effect of moving the traps became more
pronounced after disregarding the first trapping period, for
which capture rates would be expected to be similar between
the two trap groups. When looking only at periods two
and three, the moved-trap group produced 119 captures of
60 T. s. elegans and 104 captures of 70 S. odoratus. The
stationary group produced 72 captures of 43 T. s. elegans
and 32 captures of 28 S. odoratus. Among T. s. elegans,
73.8% of individuals were captured in both groups of trap.
Only 15.7% of S. odoratus individuals were captured in
both groups.

Over the full duration of the experiment, the moved-
trap group produced significantly more captures per day for
S. odoratus (y3 45 = 26.44, P < 0.001) but not T. s. elegans
(r1¢s = 1.38, P = 0.240). For T. s. elegans, the moved group
captured significantly more turtles in the second trapping
period (v ,, = 10.02, P = 0.002; Figs 2, 3) but not the first

?,4 = 1.11, P = 0.293) or third (},, = 0.32, P = 0.575)
trapping periods. For S. odoratus, the moved group captured

significantly more turtles in the second (yi,, = 16.43,
P < 0.001, Figs 2, 4) and third (;(%,10 = 24.41, P < 0.001)
trapping periods, but not in the first period (;(%,24 = 2.74,
P =0.098).

For the moved group of traps, similar numbers of unique
T. s. elegans individuals were detected in the first period
(49) and the second period (52). However, the stationary
group of traps showed a steep decline from 58 individuals
detected in the first period to 32 individuals detected
during the second. In the third period, the number of
individuals detected was much lower than for the first
two periods (likely primarily due to a shorter trapping
period), but similar between the moved (25) and stationary
(20) groups (Fig. 5). Of 73 T. s. elegans individuals
captured during the first period, 53.4% were recaptured in
the moved group of traps in the second period, whereas
only 41.1% were recaptured in the stationary group of
traps during the second period.

For S. odoratus, the number of unique individuals detected
in the moved-trap group remained fairly similar in the first
period (47) and the second period (49). Only 29 individuals
were captured in the moved group in the third period, but
that period lasted only 7 days (compared with 14 for
Periods 1 and 2). The number of individuals detected in the
stationary group was also similar between the first period
(30) and second period (27), before undergoing a steep
drop to a mere four individuals in the third period. Of 43
individual S. odoratus captured during the first period,
39.5% were captured in the moved group of traps in the
second period, whereas only 25.6% were captured again in
the stationary group of traps during the second period.

When examining turtles who were captured in the first
period (in either group) and later recaptured, there was no
significant difference in recaptures for either species during
the first period, but in the second period, the moved group

201 (a) 14 4 (b) C— Moved group
e —= Stationary group
. 12 A .
°
15 1 10 1 o
°
. 2
g_ 10 1
S 61
4 °
5 .
0 -
.
° °
0 - : —e : 01 e o . I:J
1 2 3 1 2 3

Trapping period

Trapping period

Fig. 2. Box plots showing daily captures (all traps combined) for each group and trapping period.
Plot depicts captures of (a) Trachemys scripta elegans and (b) Sternotherus odoratus.
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Fig. 3. Total Trachemys scripta elegans captures per trap group per day. Filled circles represent daily captures for the
stationary trap group. Open circles represent daily captures for the moved trap group. On days when both values
were the same, only open circles are shown. This occurred on Days 13, 25, 26, and 35. Solid lines are regressed on
traps from the stationary group. Broken lines are regressed on traps from the moved group. Vertical lines separate
trapping periods |, 2, and 3. Group totals were significantly different only during the second trapping period
(Z%,u = 10.02, P = 0.002).
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Fig. 4. Total Sternotherus odoratus captures per trap per day. Filled circles represent daily captures for the stationary trap
group. Open circles represent daily captures for the moved trap group. On days when both values were the same, only
open circles are shown. This occurred on Days 21 and 23. Solid lines are regressed on traps from the stationary group.
Broken lines are regressed on traps from the moved group. Vertical lines separate trapping periods |, 2, and 3. Group totals
were significantly different during the second ()(%,24 =16.43,P <0.001) and third W%,IO =24.41,P <0.001) trapping periods.

had nearly twice as many recaptures as did the stationary
group for T. s. elegans and almost three times as many
recaptures for S. odoratus (Table 2). Both results were
statistically significant (both 2 > 11.50, P < 0.001) for the
second period. In the third period, recaptures were not
significantly different for T. s. elegans (> = 0.35,
P = 0.555), but the moved group had significantly more
recaptures for S. odoratus (y*> = 7.36, P = 0.007; Table 2).
For T. s. elegans, the moved trap group produced a
population estimate (N = 87, 95% CI = 78-98) similar to
that of the stationary group (N = 84, 95% CI = 74-97),
both of which were congruent with the estimate obtained
by pooling captures from both groups (N 90, 95%
CI = 83-98; Fig. 6). For S. odoratus, the estimate based on
the moved trap group (N = 163; 95% CI = 105-363) was
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nearly three times higher than the estimate based on
stationary traps (N = 57, 95% CI = 41-94) and agreed
closely with the estimate based on pooling all captures
from both trap groups (N = 167; 95% CI = 129-240).

Discussion

Our results largely matched our predictions for learned trap
avoidance. For both species, capture rates declined over
time, and the decline was more pronounced for stationary
traps (Fig. 3), and relocating traps resulted in higher
capture and recapture rates during the second capture
period. The observed decline in capture rates over time
suggests that T. s. elegans and S. odoratus exhibit learned
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Sternotherus odoratus) detected in each period.

Table 2.

012345678 91011121314151617 18192021 222324252627 28 29 30 31 32 33 34 35

Accumulation curves showing the number of unique individuals of each species (Trachemys scripta elegans and

For turtles that were captured in either group in the first period, the number of recapture events in each group is shown for each sampling

period, as well as the test statistic and P-value from chi-squared tests comparing the recaptures in each group with a hypothetical distribution of I:1.

Sternotherus odoratus

Item Trachemys scripta elegans

Stationary Moved 7 P Stationary Moved Va P
Period | 6l 60 0.01 0.928 10 20 333 0.068
Period 2 39 77 12.45 <0.001* 13 37 11.52 <0.001*
Period 3 21 25 0.35 0.555 | 10 7.36 0.007*

*Indicates statistical significance at o = 0.05.

trap avoidance, and the significant difference in capture and
recapture rates between the moved and stationary trap groups
during the second period suggests that this learned avoidance
is predicated, at least in part, on having a spatial knowledge of
the trap locations. This conclusion was further supported by
the fact that, for both species, during the second period,
recapture rates from the first period were higher in the
moved group than in the stationary group.

As predicted, during the third period T. s. elegans capture
rates were very low and there was no significant difference in
capture or recapture rates between the trap groups, nor was
there a significant decline in capture rates over the duration
of that period. This suggests that, by the third period, most
T. s. elegans individuals had discovered and were avoiding
most of the original trap locations, including the initial
locations of the moved trap group, even after 2 weeks,
without negative reinforcement at those locations. The same

pattern occurred in accumulation curves of the number of
unique T. s. elegans individuals detected within each
period. For the moved group of traps, similar numbers of
individuals were detected in the first and second periods.
However, the stationary group of traps exhibited a steep
decline in the number of individuals detected between the
first and second periods (Fig. 4). This suggests that, in the
second period, some turtles were avoiding the locations of
traps that they had learned during the first period, while
still entering traps that had been moved to novel locations.
The renewed parity in individuals detected by the two
groups during the third period appears to be the result of
traps from the moved group being placed back in locations
that at least some turtles had learned about and were
choosing to avoid.

Sternotherus odoratus also showed a decline in capture
rates over time, with significantly higher capture and
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400
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0 ;
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Moved Stationary

Fig. 6. Schumacher—Eschmeyer population-size estimates for
Trachemys scripta elegans (solid circles) and Sternotherus odoratus
(open circles) generated with five capture periods of 7 days for each
of the two trap groups (moved and stationary) and for the pool of all
captures. Error bars represent 95% confidence intervals for each
estimate of abundance.

recapture rates in the moved group than in the stationary
group for Period 2, suggesting that it also learned to avoid
traps. However, unlike T. s. elegans, the number of unique
individuals captured in the stationary group did not decline
in Period 2, and, in Period 3, capture rates, recapture rates,
and the number of individuals captured were higher in the
moved group than in the stationary group. This could imply
an inability of this species to remember trap locations
long term, but more research would be needed to establish
that, and we are not persuaded that this is the correct
interpretation. Rather, we suspect that this result is an
artifact of the much lower mobility of S. odoratus than that
of T. s. elegans. Unlike T. s. elegans, S. odoratus is not
particularly vagile and spends much of its time foraging by
walking along the bottom. As a result, traps may have
needed to be in one location for a longer period of time
before most S. odoratus individuals could discover them.
Thus, we propose that the number of individuals detected
in the stationary group in Period 2 remained high because
there were still many individuals that had not previously
encountered those trap locations, and in Period 3, the
moved group had significantly higher capture rates than
did the stationary group because traps in the moved group
had previously been in those locations only for 2 weeks,
compared with 4 weeks for the stationary group (thus
affording the stationary group more time for sedentary

472

turtles to encounter and learn the trap locations).
Nevertheless, even in Period 2, the number of turtles from
Period 1 that were recaptured was higher in the moved
group than in the stationary group, suggesting that at least
some learned avoidance had already occurred by Period 2.

This interpretation is further supported by the low overlap
of individual S. odoratus between the two trap groups. Only
15.7% of S. odoratus individuals were captured in both trap
groups, compared with 73.8% of T. s. elegans individuals.
The simplest explanation for this discrepancy is that most
T. s. elegans individuals were using a larger proportion
of the wetland than were S. odoratus individuals over
the duration of the study. This explanation also makes
sense of the fact that S. odoratus capture rates did not
decline significantly during the first period but those of
T. s. elegans did (i.e. there may have not been enough time
for most S. odoratus individuals to discover traps).

The difference in mobility between the two species is
likely to be also responsible for the interspecific difference
in how population-size estimates varied with the trap
group. Moving traps improved population estimates only
for S. odoratus. For T. s. elegans, all three population
estimates were similar, despite the differences in numbers
of individuals captured and the declining capture rates over
time. This, combined with the fact that nearly three-
quarters of T. s. elegans individuals were detected in both
trap groups, implies that for highly mobile species of turtle,
it is relatively safe to assume that each trap has a nearly
equal chance of catching each turtle in a sufficiently small
system. This was emphatically not true of our small,
sedentary species (S. odoratus), for which the stationary
group severely underestimated the actual population size.
On the basis of their limited mobility, it is likely that many
S. odoratus individuals were simply not available for
capture at stationary-trap locations, and, as a result, the
population size was underestimated. However, the moved-
trap group was able to provide an estimate very close to
that of the full pool of traps (albeit with a lower precision)
by making some traps available, at least part of the time, to
a larger proportion of the population. This is important to
consider because it means that generating an accurate
estimate of abundance for species such as S. odoratus
requires a considerably higher trapping effort than does an
abundance estimate for more vagile species unless traps are
relocated throughout a survey.

It is also worth noting that the estimate generated from the
stationary traps underestimated the abundance of S. odoratus
to a degree that rendered interpretations of the entire
community structure incorrect. It is clear from the estimates
based on the full complement of traps (and even from the
number of individuals actually captured) that there were
many more S. odoratus (N = 167) than T. s. elegans
(N =90) individuals in the lake. However, the stationary-trap
group generated population estimates that indicated that
S. odoratus was less abundant (N = 57) than T. s. elegans
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(N =84). Given that 127 S. odoratus individuals, in total, were
captured, this is clearly a gross underestimate. Nevertheless,
the stationary estimate of S. odoratus abundance had
considerably tighter confidence intervals than did the other
two estimates, which could easily mislead investigators into
believing they have produced a reliable estimate, despite
the warning from Koper and Brooks (1998) that narrow
confidence intervals should not necessarily be interpreted
as indicative of an accurate estimate. It is already well
known that obtaining representative samples of all species
in turtle communities is often difficult because of the broad
variation in size, diet, and habits that exist among species
(Cagle 1942; Vogt 1980) and sometimes between the sexes
and age classes within a species (Ream and Ream 1966;
Gibbons 1969; Gamble 2006; Steen et al. 2006). Our study
suggests that learned trap avoidance and interspecific
differences in mobility are additional factors that researchers
should take into account when sampling turtle communities.

It would be instructive for future research to examine the
mechanisms and cues that turtles use to remember trap
locations. Intriguingly, given the large declines in capture
and recapture rates we observed for the stationary group, it
appears possible that some turtles are learning locations
without actually entering the traps themselves. It is possible
(although entirely speculative) that some turtles emit
distress calls while in a trap, potentially warning other
individuals. Vocalisation (often involving multiple different
calls) has been documented in a wide range of turtles (Giles
et al. 2009; Ferrara et al. 2013, 2014, 2017, 2019; Monteiro
et al. 2019), but the context and usages of those calls have
not been well established in most cases, and it is not known
whether they emit distress calls. This would be a valuable
line of inquiry for future research.

Conclusions

Taken together, our results suggest that both T. s. elegans
and S. odoratus learn to avoid traps by using a knowledge
of trap locations, and that they are capable of remembering
these locations without additional reinforcement for at
least 2 weeks. Considering that these species are from
considerably divergent families (Joyce et al. 2013) and
have quite different lifestyles, it seems likely that this is an
ability common to many, if not most, turtle species. Our
results further suggest that, for species with low mobility,
relocating traps is important for obtaining accurate popula-
tion estimates. Both results provide compelling reasons
to implement periodic trap relocation as a standard part
of turtle surveys. This may be particularly important for
long-term studies that use CPUE to document population
declines. If care is not taken to regularly relocate traps,
such apparent declines may simply be an artifact of turtles
learning to avoid trap locations. Nevertheless, it should be
acknowledged that our study has documented only short-
term memory, and additional research is needed to

establish long-term memory. However, in the absence of
those studies, we recommend that researchers err on the
side of caution and reposition traps regularly to maximise
capture success and produce accurate assessments of the
populations and communities they are studying.
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