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or decades, the use of conventional hoop-net traps has

been considered one of the most effective means of sam-
pling aquatic turtles because they are lightweight, easy to
move, and relatively easy to hide (Lagler 1943; Mali et al.
2013, 2014; Gulette et al. 2019). Factors such as bait type,
trap mouth and mesh size, trapping duration, and trap place-
ment can influence capture rates and estimates of commu-
nity and population compositions and abundance (Mali et
al. 2014; Ennen et al. 2021). Attraction of turtles to baited
hoop-nets can differ by species, individual size, sex, behav-
ior, previous capture history, individual bait preferences, and
habitat characteristics (Mali et al. 2012; Mali et al. 2014;
Gulette et al. 2019). Therefore, identifying and minimizing
these biases, especially when studying elusive and conserva-
tion-sensitive species, is important.
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the size of the mouth opening. Figure adapted from Mali et al. (2014).
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The Rio Grande Cooter (Pseudemys gorzugi) is a medium
to large riverine turtle whose range is limited to the lower
Rio Grande watershed in New Mexico and Texas in the
USA and Tamaulipas, Nuevo Ledn, and Coahuila in Mexico
(Degenhardt et al. 1996; Ernst and Lovich 2009). This spe-
cies can be locally abundant in the USA, but the overall den-
sities across its range are low (Bailey et al. 2014). The Black
River, a tributary of the Pecos River in Eddy County, New
Mexico, is the only system where juvenile . gorzugi are read-
ily observed and captured via hoop-nets (Mali et al. 2018).
Systematic annual surveys using traditional hoop nets to cap-
ture P. gorzugi in the Black River began in 2016 (Mali et al.
2018). During the first six years, we caught turtles of vari-
ous sizes (straight-line carapace length = 33-300 mm). More
recently, however, the proportion of juveniles captured in

Figure 1. A standard hoop-net trap employed in this study (left) and a diagram of the ellipsoid trap mouth (right). The arrow denotes how we measured
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hoop nets, especially the smallest size classes, has decreased
(Mali et al. 2021). These changes could be caused by the nat-
ural widening of the trap-mouth opening over time (i.e., trap
mouths tend to loosen when placed in water for prolonged
periods). To test this hypothesis, during the 2022 field sea-
son, we sought to determine if trap-mouth size influenced 2.
gorzugi capture rates.

We conducted surveys in May and June 2022 at two
sections of the Black River (Mali et al. 2018). Consistent
with previous surveys, we used the same traditional fiber-
glass hoop-net traps with a 50.8 cm diameter. The traps
have four hoops per net, are single-opened, single-throated,
and have a 2.5 cm mesh size (Memphis Net and Twine
Co., Memphis, Tennessee, USA). We separated the traps
into two categories based on the size of the mouth open-
ing (Fig. 1): loose-mouth openings (9-12.5 cm) and tight-
mouth openings (<7.5 cm), and alternated the placement
of each trap type (Mali et al. 2014). We used wooden poles
to extend the traps and a floating device inside each trap to
prevent captured turtles from drowning. Sardines canned in
standard, unflavored oil were used as bait by placing them
into small perforated non-consumable plastic containers
for scent dispersal. Additionally, a romaine lettuce leaf was
placed to float freely in each trap. Traps were checked daily
and re-baited every two days.

For each captured turtle, we recorded straight-line cara-
pace length (CL), carapace width, plastron length, plastron
width, body depth, and weight (Method D in Iverson and
Lewis 2018). Sex was determined using secondary sexual
characteristics, including foreclaw morphology and cloacal
position relative to the carapace. Turtles <120 mm CL lacked
clear secondary sexual characteristics and were considered
juveniles. Turtles were marked either by notching marginal
scutes (Cagle 1939) with a portable Dremel tool (adults)
or by inserting Passive Integrated Transponders (PIT) tags
into the anterior inguinal region of the body cavity, parallel
to the body spine (juveniles <100mm CL) (Buhlmann and
Tuberville 1998).

We used Chi-square goodness of fit tests to assess the dif-
ferences in overall capture rates between the two trap types.
To test whether trap type influenced P. gorzugi captures by
sex and size, we used generalized linear mixed effect models
(GLMM) with binomial distribution. Each captured turtle
was assigned one of the two values: “0” if the turtle was caught
in a trap with a tight-mouth opening and “1” if the turtle was
caught in a trap with a loose-mouth opening. To account for
multiple captures of the same turtle, we treated individual
turtles as a random effect. We ran all combinations of fixed
effects (sex and size) and their interaction and used Akaike
Information Criterion (AIC) to select the best-fit model
(Burnham and Anderson 1998). We used log-transformed
CL as the indicator of turtle size. Analyses were conducted
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in program R using the package glmmML (R Foundation
for Statistical Computing, Vienna, Austria), and we inferred
statistical significance at a = 0.05.

Over 768 trap days, we caught 217 Rio Grande Cooters
in the tight-mouth traps and 168 in the loose-mouth traps.
Of the 244 unique individuals captured, 153 were caught
only once and the mean number of times a turtle was recap-
tured was 1.5. No strong evidence suggests that turtles in our
study system developed a trap-happy behavior. The frequen-
cies of captures were not equally distributed between the two
trap types (x> = 6.24; p = 0.01). The mean (+ SD) and median
CL of turtles captured in tight-mouth traps was 149 (+ 35)
mm and 140 mm, respectively. The mean (+ SD) and median
CL of turtles captured in loose-mouth traps was 158 (+ 41)
mm and 145 mm, respectively. The best-fit generalized lin-
ear mixed effect model included turtle size as the explanatory
variable (Table 1). According to the model, larger turtles were
more likely to be captured in large mouth traps (p = 0.03).

In our study, hoop-net mouth size affected turtle cap-
ture rates, with a positive relationship between turtle size and
loose-mouth traps. Although smaller turtles might have the
ability to escape loose-mouth traps, we did not directly test
this hypothesis. Overall, P. gorzugi capture rates were signifi-
cantly higher in traps with tight mouths. In contrast, Mali
et al. (2014) found that freshwater-turtle capture rates were
higher in loose-mouth traps. However, Mali et al. (2014) did
not account for individual turtle size, and the majority of
turtles in their study were adults. This indicates that capture
success with varying trap types can be site-, population-, and
species-specific. Notable is that of 91 turtles caught more than
once, 61 were caught in both trap types. Considering suc-
cessful captures of turtles of varying size classes during earlier
surveys and the experimental design of the current study, the
results of the 2022 sampling effort likely reflect true popula-
tion demographics. Capture rates of the smallest size classes
remained low in comparison to the early survey efforts, which
calls for further investigation. With the range of findings sur-
rounding potential hoop-net trap biases, continuing to test

Table 1. Summary of generalized linear mixed effects model sets
based on the Akaike Information Criterion (AIC) model selection
process to test the probability of Rio Grande Cooter capture in
loose trap mouth in comparison to the tight trap mouth opening
based on turtle sex (female, juvenile, male) and size (log transformed
carapace length). Individual turtles were treated as a random effect.

Predictor K AIC AAIC AIC Wt
Turtle Size 3 528.9 0 0.61
Turtle Size + Sex 5 531.3 2.4 0.18
Null 2 531.5 2.6 0.17
Turtle Size * Sex 7 534.2 5.3 0.04




SHOEMAKER AND MALI

effects of different trap types on estimating population demo-
graphics of aquatic turtle populations and habitats is impor-
tant, as is optimizing survey methodology to decrease biases.
Overall, we recommend that future studies on the Black River
continue to utilize traps of varying mouth sizes to account for
a range of turtle body sizes.
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