BROOKHFAEN

NATIONAL LABORATORY

BNL-221950-2021-JAAM

Consumption Patterns of a Generalist Omnivore: Eastern Box Turtle Diets in
the Long Island Pine Barrens

M. P. Figueras, T. M. Green

To be published in "Diversity"

July 2021

Environmental Protection Division

Brookhaven National Laboratory

U.S. Department of Energy
USDOE Office of Environment, Health, Safety and Security (AU), Office of Environmental
Protection, Sustainability Support and Analysis (AU-20)

Notice: This manuscript has been authored by employees of Brookhaven Science Associates, LLC under
Contract No. DE-SC0012704 with the U.S. Department of Energy. The publisher by accepting the
manuscript for publication acknowledges that the United States Government retains a non-exclusive, paid-
up, irrevocable, world-wide license to publish or reproduce the published form of this manuscript, or allow
others to do so, for United States Government purposes.



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, nor any of their contractors,
subcontractors, or their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or any
third party’s use or the results of such use of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service
by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contractors or subcontractors.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



diversity

Article

Consumption Patterns of a Generalist Omnivore: Eastern Box
Turtle Diets in the Long Island Pine Barrens

Miranda P. Figueras !, Timothy M. Green ? and Russell L. Burke 1-*

check for

updates
Citation: Figueras, M.P.; Green, TM.;
Burke, R.L. Consumption Patterns of
a Generalist Omnivore: Eastern Box
Turtle Diets in the Long Island Pine
Barrens. Diversity 2021, 13, 345.
https:/ /doi.org/10.3390/d13080345

Academic Editors: Luca Luiselli and
Michael Wink

Received: 6 May 2021
Accepted: 22 July 2021
Published: 28 July 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Biology, Hofstra University, Hempstead, NY 11549, USA; mirandafigueras@gmail.com
2 Brookhaven National Laboratory, P.O. Box 5000, Upton, NY 11973, USA; tgreen@bnl.gov
*  Correspondence: biorlb@hofstra.edu

Abstract: Eastern Box Turtles (Terrapene carolina) are diet generalists and as such are predicted to
have diverse diets in which familiar, low-quality foods are eaten consistently at low levels, and
high-quality foods are rare but eaten whenever available. Previous work showed that they feed
opportunistically on seasonally available plants (shoots, leaves, flowers, and fruit), invertebrates,
mushrooms, and occasionally carrion. We used fecal samples to test optimal foraging predictions
relevant to diet generalists and also whether the Eastern Box Turtle diets varied seasonally in a
northeastern U.S. pine-oak habitat. We found that in-depth prey species consumption patterns of six
different individuals were similar to those of the sampled population overall. Leaf and stem material
was consumed by 100% of the turtles in all months despite being lower-quality than other prey
available. Invertebrates were consumed by at least 80% of turtles in every study period; Coleopterans
were found more commonly than other invertebrates. Snails were not eaten by more than 20% of the
turtles in any study period, and mushroom consumption varied from 31-75% of samples in different
study periods. Monthly diet overlap was measured using both Pianka’s Index of Overlap (PIO) and
the Morisita—Horn Index (MH). The PIO method indicated that the prey consumption patterns were
broadly similar from June-October, while the M—-H method showed that only the July vs. August
comparison was highly similar. The turtle diets changed only slightly between seasons, and they
conform to predictions of diet generalist models usually applied to mammals.

Keywords: diet; foraging; model; optimal; prey; seasonality; Terrapene carolina

1. Introduction

Diet Generalists are able to take advantage of a wide range of food types, but their diets
are presumably also disadvantaged regarding some highly profitable food types that only
specialists can use efficiently [1-5]. Diet generalists exist because high-quality (such as high
calorie, or high protein) diet items are rare or difficult to obtain, thus even species that can
occasionally exploit high-quality prey must supplement their diets with low-quality prey
as well. For example, feeding on abundant leaves may incur relatively low search costs, but
leaves may be difficult to digest efficiently. In contrast, high calorie foods, such as nectar
and carrion, may only be readily available to specialists. In addition, diet generalists must
face the challenges of diverse prey defenses such as plant secondary compounds, while
specialists can co-evolve to counter such defenses. The diet-breadth trade-off hypothesis [1]
suggests that diet generalists should consume only small amounts of each plant species to
reduce the possibility of poisoning via any particular plant secondary compounds. Ref. [1]
further predicted generalists should: (1) need to consume some familiar prey species
regularly, feeding on them whenever available; (2) prefer to utilize minimally toxic prey;
and (3) have searching strategies and body sizes that balance the number of prey species
and the total amount of food eaten.

Diet generalists may also consume generally low-quality prey to obtain micronutrients
that are lacking in high-quality (protein or calorie) prey items. For example, Speke’s hinge-
back tortoise (Kinixys spekii), when offered a varied diet including leaves, fungi, and
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invertebrates, preferred a mixed diet, despite the fungi having the highest calorie content.
This was possibly due to the limited calcium and sodium:potassium ratios of mushrooms
compared with millipedes and leaves that were also provided [6].

Diet generalists inevitably engage in diet mixing, which can balance nutrients and
dilute toxins [7,8] and increase the possibility of additive effects on digestive efficiency.
Consuming multiple types of prey can increase digestion rates and increase energy uptake
rates [6]. Ref. [9] showed that due to additive effects, the omnivorous Pond Slider (Trachemys
scripta scripta) had a higher digestive efficiency when fed a mixed diet, similar to its natural
diet, than what was predicted from single prey species alone.

Optimal foraging models with applications for diet generalists, such as [1,2,4,5], have
been applied widely to mammals e.g., [10-12], birds e.g., [13-15], lizards e.g., [16,17], and
invertebrates e.g., [4,18,19], but rarely to turtles. This is surprising because many well-
studied turtle species, such as the Snapping Turtle (Chelydra serpentina), Loggerhead Sea
Turtle (Caretta caretta) and Yellow-Bellied Slider (Trachemys scripta) are diet generalists, as
are many tortoises. In fact, two studies of tortoises [6,20,21] that both eat a wide diversity
of terrestrial plants, fungi, and invertebrates, are the only previous applications of diet
generalist models to turtles.

Eastern Box Turtle diets have been explored through examinations of gut contents
and fecal samples [22-27], and anecdotal reports summarized in [28,29]. These show that
Eastern Box Turtles are diet generalists that eat a diverse range of prey species, including
leaves, fruit and berries, fungi, beetles, lepidopterans, gastropods, diplopods, feces, and
carrion reviewed by [28,29]. In fact, they are remarkably nondiscriminatory predators,
consuming birds, soil, stones, bone, paper, and plastic [30-32] M. Figueras pers. obs.
Eastern Box Turtles regularly consume high fiber, tough plant material, including grass,
plant roots, shoots, and leaves [27]. These materials are often easily accessible but often
involve high lignin and cellulose content and lower calorie availability. Eastern Box
Turtles also avidly eat high calorie, easily digestible prey, such as fruit, carrion, and
earthworms [33,34].

More precise analysis of Eastern Box Turtle diets is limited by difficulties in comparing
previous studies, which differ in the types, number, and timing of sample collecting. In
addition, gut and fecal sampling have led to different levels of resolution of prey species
identification. In general, gut samples allow for more specific prey identification. Klimstra
and Newsome [25] reported over 130 identifiable prey species in Eastern Box Turtle gut
samples, whereas Platt et al. [32] was only able to assign prey items from fecal samples to
broad diet categories, such as Insect, Gastropod, Crustacean, and Fish.

Some of the variation in reported Eastern Box Turtle diets is probably also associated
with seasonal prey availability. Klimstra and Newsome [25] found that the volumes of food
found in Eastern Box Turtle guts increased after turtles became active in March, peaking in
June. After June, volumes of food in the guts decreased until October. They also noted that
while diets differed seasonally, most variation was within prey families or genera. Fleshy
fruits and insects were major components of the diet throughout the year, but seasonal
availability led to changes in the specific fruit and insects consumed. Surface [22] similarly
reported that seasonally available fruits made up a large portion of Eastern Box Turtle diet
items. Fruit was generally eaten after ripening and falling to the ground [22]. Seasonality is
less obvious in other Eastern Box Turtle diet studies, because most studies combined data
from fecal samples collected throughout the active season, or collected during only one
season. For example, Platt et al. [32] collected samples during the wet season and discussed
whether seasonal differences in prey availability throughout the active period could be
correlated with dietary shifts.

We sought to test the relevant predictions of the diet-breadth trade-off hypothesis [1]
and explore the seasonality of Eastern Box Turtle diets in the pine-oak forests of the
northeastern United States, specifically the nutrient-poor Pine Barrens area of eastern Long
Island, New York. Previous diet studies of Eastern Box Turtles were performed in habitats
very different from the Pine Barrens. Klimstra and Newsome [25] performed their study
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in a Midwestern agricultural area, with small, forested patches, Platt et al. [32] conducted
their study in a Slash Pine (Pinus elliottii)-dominated habitat on a barrier island in south
Florida, and Stuart and Miller [27] conducted their study in the Piedmont Plateau of North
Carolina in mixed hardwood and mixed pine forests.

Furthermore, many of the previous Eastern Box Turtle diet studies were primarily
anecdotal reports [33] or included data from only a few individuals. We aimed to test some
of the hypotheses from Freeland and Janzen [1], while also repeatedly sampling the same
individuals to rigorously test seasonal variation in turtle diets and minimize the effects of
inter-individual variation. We applied more quantitative techniques than previous studies,
which generally did not use robust statistical tests.

2. Materials and Methods

Eastern Box Turtles (Terrapene carolina) are terrestrial turtles that inhabit mesic woodlands
in much of the eastern United States [1]. We studied Eastern Box Turtles at Brookhaven Na-
tional Laboratory (BNL), near the geographic center of Long Island, (40.883° N, —72.870° W,
datum = WGS84), New York. The BNL includes 2131 ha of forested habitat within the Long
Island Pine Barrens (LIPB) region. The LIPB is intermediate between a humid subtropical
climate and a humid continental climate [35], and is composed of pine-oak forests, containing
Pitch Pine (Pinus rigida) and White Oak (Quercus alba), Scarlet Oak (Q. rubra), and Black Oak
(Q. velutina). Common LIPB ground cover species that are also regular Eastern Box Turtle prey
included Black Huckleberry (Gaylussacia baccata) and Lowbush Blueberry (Vaccinium angus-
tifolium). Ground cover is sparse in some areas, while common species include Bracken
Fern (Pteridium aquilinum), Wintergreen (Gaultheria procumbens), and Pennsylvania Sedge
(Carex pensylvanica) [36]. Wildfires, once common, have been less common over the past
70 years due to fire suppression [37], but currently, this site is mostly fire-maintained.

All procedures were pre-approved by Hofstra University’s Animal Care and Use
Committee (April 2014, Protocol 13/14-10), and Brookhaven National Laboratory’s An-
imal Care and Use Committee, and the New York State Department of Environmental
Conservation LCP #894.

We collected multiple fecal samples from 26 adult female Eastern Box Turtles that
were radio-tracked as part of a long-term movement study. We used only adult females
to eliminate the possibility of between-sex differences and data were not available from
enough males for meaningful between-sex analyses. The turtles were weighed, measured
(straight line carapace), and individually notched before transmitters were attached to
their carapaces. We located up to 20 of these turtles in the field once per month in June,
July, August, and October 2014, and brought them to the laboratory to soak individually
overnight in 5 cm of tap water to facilitate defecation. After 24 h, we collected the resulting
fecal samples, and the turtles were released where previously located.

Fecal samples were sieved through a 0.1 mm sieve and stored at —20 °C until prey were
identified and categorized. Seeds, other plant materials, and hard-bodied invertebrates
were separated from other materials and examined using a dissecting microscope. Seeds
were identified to genus, using guides [38—41] and museum specimens for comparison.
Invertebrates were identified to Order when possible, using exoskeleton, wings, or other
identifiable structures.

We compiled presence/absence data for each sample, during the four sampling peri-
ods, for each of the diet categories. Percent frequency of occurrence (PFO) was calculated
for each diet category, PFO being the number of samples within a sampling period con-
taining a specific diet item belonging in that category, divided by the number of samples.
Thus, PFO provides a measure of variability in prey consumption in each of the four
sampling periods.

We used two methods for measuring dietary overlap between the four sampling
periods. First, we used Pianka’s Index of Overlap (PIO) to compare the proportion of each
resource (prey species/category) utilized during each sampling period and to calculate a
single measure of diet overlap for each pairwise comparison [42-45]. One benefit of this
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analysis is that it can be performed with PFO, a measure that does not include volumes
or numbers of prey items. The PIO equals 1.0 when there is identical resource use (100%
diet overlap), and 0.0 when there is no diet overlap. We compared the observed Pianka’s O
values between sampling periods with a null model generated by randomized observed
data within sampling periods, using the RA3 randomization algorithm bootstrapped
100,000 times using the EcosimR [46] package of the R open-source software environment
(version 3.4.1; [47]) within the RStudio (version 1.0.153; [48]).

O values generated by these null models were used to determine whether the overlaps
calculated between sampling periods were significantly different from random chance
by measuring how much the likelihoods of the observed O values differed from the
average simulated O value in the null model. By generating frequency distributions, the
probability that the observed overlap occurred could be compared with the 100,000 possible
randomized distributions [49]. This test is particularly sensitive to differences in rare prey
item frequencies [50].

We similarly used the Morisita-Horn Index (M-H) to also measure the degree of
overlap [45,51-53] between diets in different sampling periods, using the ‘mh’” function in
the R package ‘divo’ of the R open-source software environment (version 3.4.1; [47] within
the RStudio (version 1.0.153; [48]). The M-H test was chosen because its results are robust
even with small sizes and despite the sensitivity to abundant species [54].

We also performed a Kruskal-Wallis test to compare the number of prey species found
among the fecal samples from sampling period. This was done by summing the number of
distinct prey items (= richness) found in each fecal sample, and comparing the samples of
richness values among the sampling period.

3. Results

We collected 62 fecal samples from Eastern Box Turtles during 2014, on 15 June, 15
July, 16 August, and 16 October. No individuals were sampled more than once in any
30-day period. Invertebrates were combined into a single prey category, because many
fecal samples contained portions of digested and unidentifiable invertebrate species. Some
Coleoptera and larval Lepidoptera could be identified using the elytra of beetles and the
bristles of caterpillars. Plant material was also combined into seven categories (Figure 1),
as much of this material was degraded by digestion. Monocots (grass) were separated from
dicot plant material based on leaf shape and venation patterns.

Six individual Eastern Box Turtles were sampled during all of the sampling months,
and their diet categories consumed appeared to vary somewhat between individuals
(Figure 1). Plant material (monocot and dicot) was regularly consumed by all individuals,
and the fecal samples from three individuals contained vertebrate material during at least
one of the sampling periods (Figure 1).

Plant material (monocot or dicot) was found in 100% of the fecal samples, while
dicot plant material alone was the next most frequent of all prey items (Table 1). Dicot
leaves and stems were found in a high percentage of fecal samples in June, July, August,
and October (86.67%, 100%, 100%, and 100%, respectively, 96.77% overall). Seeds were
relatively abundant in samples collected in July, with the highest species diversity of seeds
found in samples collected in August (Table 1). Seeds from the Vaccinium spp. were found
in fecal samples during all months sampled, although these fruits typically ripen in July.
Vertebrate prey remains (bone, hair, or feathers) were found in many more of the fecal
samples in June (40% of samples) than in October (6%) (Table 1). Two out of nine fecal
samples containing hair also contained bone, while one of the two samples containing
feathers also contained bone.
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Figure 1. The presence (black)/Absence (gray) of prey in each diet category detected in the feces of the six individual
Eastern Box Turtles sampled during every sampling period June, July, August, October, from left to right.

Table 1. Percent frequency of the occurrence of prey in diet categories detected in the feces of Eastern
Box Turtles in June, July, August, and October 2014, New York. Sample sizes in parentheses.

15 June 15 July 16 August 16 October  Total (62)

Monocots 80.00 80.00 87.50 68.75 79.03
Dicots 86.67 100.00 100.00 100.00 96.77
Leaves and 86.67 100.00 100.00 100.00 96.77

stems
Vaccinium 26.67 80.00 4375 6.25 38.71

seeds
Rubus seeds 0.00 40.00 37.50 0.00 19.35
Gaylussacia 0.00 33.33 37.50 0.00 17.74

seeds
Vitis seeds 0.00 0.00 37.50 12.50 12.90
Other seeds 0.00 6.67 31.25 18.75 14.52
Invertebrates 93.33 93.33 93.75 81.25 90.32
Coleoptera 73.33 73.33 81.25 25.00 62.90
Formicidae 20.00 33.33 25.00 18.75 24.19
Larval 33.33 40.00 6.25 6.25 20.97

Lepidoptera

Gastropods 20.00 20.00 12.50 6.25 14.52
Vertebrates 40.00 26.67 31.25 6.25 25.81
Hair 26.67 13.33 18.75 6.25 16.13
Feathers 6.67 6.67 0.00 0.00 3.23
Bones 6.67 20.00 18.75 0.00 11.29
Fungi 13.33 33.33 75.00 31.25 38.71

The analysis of Eastern Box Turtle diet overlap using Pianka’s O indicated that all
pairwise comparisons were more similar than expected by random chance (Table 2). June
and July (O = 0.87, p < 0.01), June and August (O = 0.81, p = 0.02), June and October
(O0=0.83, p = 0.01), July and August (O = 0.89, p < 0.01), July and October (O = 0.76,
p = 0.02), and August and October (O =0.99, p < 0.01) had O values higher than would
have been expected based on comparison with the null models (Table 2).
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Table 2. Monthly pairwise comparisons of Eastern Box Turtle diet overlap using Morisita—Horn (M-H) indices and
associated 95% Confidence Intervals, Pianka’s index of overlap (O), and the p values associated with O values. Both M-H
and O vary from 0.0-1.0, with 0.0 indicating no dietary overlap, and 1.0 indicating complete dietary overlap.

Morisita-Horn Index Pianka
Index Lower Upper OValue  P(OBS<NULL) P(OBS >NULL)
Quantile Quantile

June vs. July 0.89342 0.87382 0.91104 0.86836 * 0.99 <0.01
June vs. August 0.83779 0.80373 0.83905 0.81459 * 0.98 0.02
June vs. October 0.86552 0.81272 0.89535 0.82907 * 0.99 0.01
July vs. August 0.90982 * 0.89894 0.90448 0.89258 * 0.99 <0.01
July vs. October 0.7673 0.67849 0.79705 0.75747 * 0.98 0.02
August vs. October 0.82186 0.75479 0.8625 0.83145 * 0.99 <0.01

Values indicated with an asterisk are statistically significant (alpha = 0.05).

Our analysis of Eastern Box Turtle diet overlap using the Morisita-Horn Index indi-
cated that June and August (£ = 0.79, 95% CI = 0.77-0.79) was the only pairwise comparison
that was more similar than expected by random chance. The comparison between July and
August resulted in an overlap that was nearly significant with an overlap of 0.84, and an
upper 95% Confidence Interval of 0.80. The comparisons between June vs. July, June vs.
October, July vs. October, and August vs. October did not yield any significant patterns
(either more similar or more different than random) (Table 2).

There was a significant difference in the number of prey items found in fecal samples
collected during different months (Table 3). The Kruskal-Wallace test showed that the
number of prey items in a fecal sample was significantly affected by the month sampled
(H=21.03, d.f. =3, p <0.0001). Analyses using Conover post hoc tests for significance
indicated that the average number of diet items per individual was significantly lower in
June than in August (p = 0.0153), October vs. July (p = 0.0003), and October vs. August
(p < 0.0001). All other comparisons found no significant differences (June vs. July p = 0.0601,
June vs. October p = 0.1590, July vs. August p = 0.5527).

Table 3. Sample sizes (the number of Eastern Box Turtles sampled) and associated means and
standard deviations of the number of diet categories for which prey species were detected in the
feces of individual turtles.

Sample Size Mean + SD Range
June 15 4.80 +1.47 2-6
July 15 6.13 £2.07 2-8
August 16 6.56 &= 1.50 4-10
October 16 3.75+1.39 1-6

4. Discussion

We found that Eastern Box Turtles eat a diverse diet, as expected for generalist om-
nivores. Some of the differences in the findings of similar diet studies and this study can
be explained by differences in the use of gut samples versus fecal samples. Gut transit
times in Eastern Box Turtles can be more than 20 days [55], which causes fecal samples to
be especially degraded. Studies using gut samples [22,25,27] were able to identify prey
to species in some cases. However, given the declining number of Eastern Box Turtles
range-wide [56], it is not acceptable to sacrifice them for ecological studies. We rejected
stomach flushing because Fields et al. [57] reported difficulties obtaining samples with-
out causing internal damage, and we were concerned that repeatedly stomach flushing
the same individuals would affect their behavior. Studies based on fecal samples have
generally been unable to identify prey to a similar resolution due to digestion [32], but
nevertheless have been useful for indicating consumption patterns.
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We did not attempt to quantify individual prey items by mass or number, because these
values would have been too unreliable. For example, many preys, such as Coleopterans,
were mostly digested, leaving only parts of chitinous exoskeletons from which the number
of individuals could not be estimated. Prey items were not weighed, because many prey
items are partially digested and could not be clearly separated. We were able to identify
invertebrate prey to a resolution similar to that of Platt et al. [32], who also used fecal
samples, but we were unable to identify prey to as low a taxonomic level as Klimstra and
Newsome [25] or Surface [22] who used gut samples.

Another difference between this study and previous studies was our ability to re-
peatedly sample individuals. This allowed us to minimize the impact of inter-individual
variation, and thus focus on potential seasonal changes in diet within a specific group of
individuals. The six Eastern Box Turtle individuals sampled in all four sampling periods
displayed patterns similar to the patterns seen overall, which suggests that there was
relatively little variation among individuals and the overall pattern was representative
of individual behaviors. Monocot and dicot (leaves and stems) were consumed by all six
turtles in nearly every sampling period. One individual consumed Coleoptera in every
sampling period, while the other individuals did so in only two or three, but in different
periods. While consumption of vertebrate prey was common, feces from half of the indi-
vidual turtles did not have vertebrate remains at all (Figure 1). The similarity of individual
dietary patterns to population dietary patterns supports the conclusion of a generalist
foraging strategy for Eastern Box Turtles at multiple levels.

We found that invertebrates were a substantial part of Eastern Box Turtle diets.
Coleopteran were the most frequently observed invertebrate prey type (Table 1), which
was similar to previous studies (e.g., 22, 25). The high frequency of Coleoptera may in
part be due to their hard exoskeletons, making them relatively hard to digest and easy to
identify in feces. Although earthworms are probably often eaten by Eastern Box Turtles,
we did not detect them in any feces. We presume this is because they are highly digestible,
and note that no studies based on fecal samples have detected earthworms. Gastropods
were in 14.5% of fecal samples overall (Table 1). Barbour [23], Bush [24], and Klimstra
and Newsome [25] also noted the importance of gastropods in Eastern Box Turtle diets,
whereas Platt et al. [32] reported that gastropods were the most frequently consumed type
of invertebrate, found in 92.8% of fecal samples.

We did not collect data on prey availability but note that Klimstra and Newsome [25]
reported that the availability of prey species was not the sole factor influencing Eastern
Box Turtle consumption patterns. Some invertebrates common at their study site, (i.e.,
faster-moving Coleoptera or Chilopoda, Staphylinidae, and Philomycus) were not regularly
consumed, whereas other invertebrates consumed by Eastern Box Turtles could not be
located by researchers during standard invertebrate surveys. They found that Eastern Box
Turtles did not readily eat Formicidae (ants), despite the turtles regularly taking refuge
under logs where Formicidae were present in large numbers. In contrast, we found high
levels of Formicidae consumption, especially in July, with over 1/3 of samples containing
identifiable Formicidae exoskeletons (Table 1).

Fibrous plant material (such as leaves and stems) was found in nearly all Eastern Box
Turtle feces in this study (Table 1), which concurs with most previous studies (e.g., 22, 25,
27). Conversely, Bush [24] and Strang [26] found that Eastern Box Turtles did not eat large
quantities of plant material other than fruit and flowers and did not eat leaves. It is unclear
what caused this disparity.

The regularly high consumption levels of leaves and stems by Eastern Box Turtles
is surprising because of the high cellulose and lignin content of these materials. The
Jarman-Bell principle [58-60] predicts that herbivore body size varies negatively with
dietary nutritional quality, because low-quality diets require increased gut capacity, longer
retention times, or larger food intake. For example, large-bodied tortoises tend to be her-
bivorous, and small-bodied tortoises combine herbivory and invertivory [61]. In contrast
to Terrapene, many tortoises specializing in grass consumption have hindgut fermentation
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and longer passage rates to accommodate the difficulty in digesting this type of plant
material [61-63]. Terrapene are small-bodied turtles (ca. 425-600 g), similar to that of herbiv-
orous/invertivorous Speke’s hinge-back tortoise. However, Eastern Box Turtles apparently
lack the specialized gut morphology needed to efficiently digest cellulose-rich plant mate-
rial (Burke, unpub. data) and which are common in tortoises [61]. Unfortunately, the only
study of Eastern Box Turtle digestive efficiency was limited to fruit [64], and nothing is
known about the Eastern Box Turtle gut microbiome, unlike tortoises e.g., [61,65,66] or sea
turtles [67]. We suggest that further investigation of Terrapene adaptations for consumption
of terrestrial plants could be especially interesting, especially because this clade diverged
from freshwater ancestors only ca 14.25 mya [68].

It appears that the Eastern Box Turtle diets did not vary significantly by collection
period. Whereas their long gut passage time [55] may have reduced our ability to detect
seasonal changes, the 30 days between sampling in this study reduced the likelihood that
diet items consumed in one sample would be observed in a subsequent sample. Our failure
to detect seasonal variation may be due to the resolution with which we could identify
diet items. Klimstra and Newsome [25] showed that when prey were only identified to the
level of Order, prey did not vary by season, but consumption of specific prey species still
varied according to seasonal availability. We were unable to detect changes within Orders
for most prey types because of the low resolution with which we were able to identify
prey. Although fruit was consumed throughout the active season, we did detect changes in
the fruit species consumed each sampling month, similar to Klimstra and Newsome [25].
Early in the summer, Vaccinium sp. were consumed, but by October they were no longer
eaten, while Vitis sp. consumption increased (Table 1). Within the LIPB different Vaccinium
sp. ripen during somewhat different but discrete times throughout the summer, and one
possibility for why diet did not differ detectably by month was that turtles may extend
fruit consumption seasons. Eastern Box Turtles consumed berries before they were ripened,
while they were still green and seem to be mostly indigestible (M. Figueras, personal
observation) and continued to consume them after they fell to the ground.

Invertebrate consumption was also non-seasonal at a coarse level, with 90% of fecal
samples containing invertebrate remains. However, the frequency that some Families were
consumed varied by month; larval lepidopteran remains were found most frequently in
samples from June and July with PFOs of 33.33% and 40%, respectively, but much less
frequently in August and October (Table 1). Similarly, Coleopterans were consumed during
each sampling period, but with the lowest PFO in October.

Pianka’s Index of Overlap (PIO) showed that the PFO of diet items consumed was
highly similar among all months sampled (Table 2). This test is more sensitive to rare diet
items than the M—H Index, which is robust with small sample sizes and predominantly
influenced by common diet items [54]. The M-H Index detected only that the July vs.
August pairwise comparison was significantly more similar than expected by chance
(Table 2). Thus, opportunistic consumption of rare items, such as vertebrate remains
like feathers and bone, gastropods, and seasonally available fruits, probably explains the
differences between the results of the PIO and M-H indices.

The number of prey items found in fecal samples in both June and October was
relatively low, compared to significantly higher prey richness in July and August (Table 3).
This may, in part, be due to the Eastern Box Turtles eating less at the beginning and end of
their active seasons. The turtles become active in May (M. Figueras, personal observation)
and begin eating, but initially eat lower volumes of food [25]. They consume food at
increasingly higher rates until a peak in July and August, then by October, many diet items
are no longer available, as seen by the limited number of fecal samples containing seeds.
Seeds in fecal samples represent the consumption of fruit (Table 1), which, except for Vitis
sp., are no longer available in October.

Freeland and Janzen [1] predicted that diet generalists would regularly consume
familiar, readily available foods. We found that Eastern Box Turtles regularly consumed
readily available plant material (leaves and stems) that is relatively lower quality and
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difficult to digest, despite lacking specialized gut morphology. Freeland and Janzen also
predicted that diet generalists would utilize diet items associated with minimal toxicity.
While Eastern Box Turtles eat a variety of mushrooms, no one has studied their toxicity
to turtles. When higher calorie foods were available, such as fruits, the turtles consumed
large amounts, shown in the number of seeds found in fecal samples.

The Eastern Box Turtles in this study also regularly consumed low-quality vegetation.
This may be due to the low searching costs associated with consuming highly abundant
vegetation but may also be associated with higher digestive efficiency from a mixed
diet [7,8], and this should be investigated in future studies. The turtles also readily fed on
medium and large animal carcasses (M. Figueras, pers. obs., also indicated by hairs found
in fecal samples), which may provide them with abundant, high quality, easily digested
protein, along with access to insects that also feed on carrion.

Freeland and Janzen [1] also suggested that foraging strategies and body sizes of diet
generalists would be selected synergistically to maximize prey diversity (to minimize the
impacts of any particular plant secondary compounds) rather than target any particular
prey. Eastern Box Turtles generally live in small (ca. 7.5 ha, [69], well-defined home ranges
that generally remain stable over many years, despite seasonal variability [70], and have
been seen repeatedly using the same pathways [28]. They also have a well-developed
homing ability [71,72]. This familiarity with a small habitat patch, along with the low
energy needs associated with their small body size, may facilitate a sophisticated foraging
strategy with high prey diversity.

Studies of this kind could be improved by the addition of DNA analysis of scat samples.
While we were unable to identify diet items to species in most cases, this would be possible
through DNA extractions of fecal samples, using universal primers. It would also be
possible to quantify genetic material found in fecal samples using DNA barcoding [73,74].
Such techniques could also detect elusive prey such as earthworms and slugs, which are so
highly digestible that they are very unlikely to be observed in fecal samples. DNA analysis
thus offers great promise for future turtle diet studies.
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