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ABSTRACT.—Many organisms respond to environmental change by altering the timing of various life-cycle events. Understanding an

organism’s phenology, therefore, is crucial for predicting the effects of anthropogenic impacts such as climate change. Nevertheless,

collecting adequate data to test hypotheses in secretive species is difficult, especially for rare behaviors. We integrated data from online
citizen science platforms, published literature, and unpublished studies to clarify the seasonal timing of copulation in Terrapene ornata, a

behavior that is rarely observed. We identified 132 copulation events involving an estimated 256 individual turtles: 19 instances from

5,465 photo-vouchered observations, 78 from 11 publications, and 35 from radiotracking 267 turtles for 8 yr across five sites. Copulations

in T. ornata occurred in every month from April to October, with the fewest records in April and October. We found no copulation records
in two months of purported aboveground activity (March and November), suggesting that mating in the wild may not occur at any time

during the active season. The frequency of reproductive events exhibited multimodality with evident peaks in May and September.

Records from the northern portion of the species’ range were most frequent in the spring, whereas southern records were most frequent

in the fall. Our approach generated a large number of empirical records for a rare behavior in a secretive species across vast spatial scales,
which would not have been possible using any of the individual data sources alone.

Novel patterns in reptile biology can be inferred from studies
of behavior in individual species (O’Connell and Crews, 2022).
For example, serendipitous behavioral observations of a
parthenogenetic lizard led to theoretical advances in behavioral
neuroendocrinology (Crews et al., 1996) and reproductive
biology (Crews and Fitzgerald, 1980). Moreover, empirical
experiments with a single species (Janzen, 1995) have extended
our knowledge of the role that behaviors, such as nest-site
selection, play in the evolution of environmental sex determi-
nation (Janzen and Phillips, 2006). Data on geographic variation
in behavior have important implications for predicting how
species will respond to environmental change (Bodensteiner et
al., 2019) and for documenting differential selection pressures
within species (Horváthová et al., 2013). Information gathered
from behavioral studies has even become increasingly useful for
designing effective conservation strategies (Cockrem, 2005;
Buchholz, 2007; Berger-Tal et al., 2011; Caro and Sherman,
2011; Tobias and Pigot, 2019). Ethology has implications for
many different fields, yet we still lack basic behavioral data for
several North American reptiles (Doody et al., 2021). Rare
behaviors are particularly data deficient, in part, because
researchers are seldom afforded the opportunity to study
animals in the wild long enough to witness them, let alone
quantify such uncommon events to test hypotheses adequately
(Bull et al., 2017).

In general, reptiles exhibit cryptic habits, making it inherently
difficult to study their behavior in the wild (Steen, 2010; Rodda
et al., 2015), and, as a result, they are underrepresented in the
ethology literature (Doody et al., 2021). Techniques such as
radiotelemetry have helped to circumvent some of the issues
with studying secretive animals in the wild (Újvári and Korsós,
2000), which has led to novel insights about reptiles that would
not have been discovered using other methods (e.g., Plummer,
1990; Ligon and Stone, 2003). Data collection for radiotelemetry,

however, has logistical drawbacks because resources (e.g., time,
money, and personnel) not only place limits on sample sizes and
study durations (e.g., Shine and Lambeck [1985] tracked 15
snakes for <6 mo), but they also influence our ability to observe
behaviors continuously. Thus, it can take many years to
generate sufficient observations to test hypotheses (e.g.,
Petersen et al. [2019] tracked 54 snakes for >17 yr). Further-
more, infrequent behaviors, such as courtship and breeding, are
often difficult to observe in situ because individuals may only
do them a few times per year (or not at all in some years) (e.g.,
Fernández-Gil et al., 2006), which has led to gaps in our
understanding of reptiles (Doody et al., 2013; Burghardt, 2021).
Given the constraints of traditional techniques and the inherent
difficulty of quantifying infrequent habits (e.g., Mann, 1999),
there is a need for alternative ways of collecting basic
ethological data for wild reptiles at broad spatial and temporal
scales (Maritz and Maritz, 2020).

Terrapene ornata (Agassiz, 1857) (Ornate Box Turtle; Testu-
dines: Emydidae) is a terrestrial emydid with a highly domed
and distinctively marked carapace depicting light radiating
lines on each scute set against a black or dark-brown
background (Dodd, 2001). The distribution of T. ornata extends
latitudinally from southern South Dakota to the northern states
of Mexico, and longitudinally from western Indiana to central
Arizona (Ernst and Lovich, 2009). Terrapene ornata is considered
an open-habitat generalist because it primarily inhabits mixed
grasslands and prairies, but it also uses forests, woodlands, and
deserts (van Dijk and Hammerson, 2011). As a temperate
species, T. ornata exhibits a strong seasonal pattern of activity
where half of the year is spent brumating underground, which
usually lasts from October-November to March-April through-
out its range (Ernst and Lovich, 2009). Sexual maturity is
reached after about 7 to 8 yr with no obvious adult sexual
dimorphism in size or color, but males generally have greater
relative tail length and larger inner claws than do females
(Legler, 1960). Clutch size estimates range from one to eight
eggs and mean clutch size increases with increasing latitude,
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while clutch frequency exhibits the inverse relationship with
latitude (Edmonds et al., 2020). Mating in T. ornata is thought by
some to occur at any time during the active season (Dodd,
2001); however, the seasonal timing of copulations is poorly
understood, and many accounts report contradictory conclu-
sions (e.g., Vogt, 1981; Minton, 2001; Ballinger et al., 2010).
Copulatory behavior in many turtles is controlled by the
secretion of gonadal sex hormones, which typically follows a
seasonal pattern for species at temperate latitudes (Woolley et
al., 2004). While the literature on physiology of T. ornata is
sparse, a study on circulating testosterone in wild individuals of
T. carolina found a bimodal pattern with peaks in the spring and
fall (Currylow et al., 2013). The apparent confusion in the
literature surrounding the copulation phenology of T. ornata
stems from either small sample sizes that yielded narrow
inferences or from an unfamiliarity with prior research (i.e.,
Legler, 1960; Blair, 1976). There seems to be a common pattern
among sources referencing the timing of copulations in T. ornata
(Table 1), where, evidently, the rarity of observing mating in the
wild has contributed to a general misunderstanding surround-
ing the phenology of this behavior.

Available information on reproductive timing in T. ornata
comes from a handful of historical studies that often contained
just a limited number of copulation events observed in wild
individuals from a single site (e.g., Brumwell, 1940; Legler, 1960;
Smith et al., 1965; Blair, 1976). As a result, subsequent reports
lend varying support to one of three hypotheses concerning
mating phenology in T. ornata: 1) copulations peak in the spring,
2) copulations peak in the spring and fall, or 3) copulations
occur at any time during the active season (Table 1). Because
copulation in T. ornata is a rarely observed behavior that has not
been subjected to robust quantification or analysis, we set out to
clarify hypotheses on seasonal mating in this species by
combining diverse sources of data. Our approach to pool data
across sources not only demonstrated that T. ornata copulate
most frequently in the spring and fall, but also that citizen
science can be integrated into the study of rare behaviors that
are otherwise inherently difficult to quantify from directed
study.

MATERIALS AND METHODS

To collect as much mating phenology data as possible for our
study, we: 1) scraped data from citizen science platforms for
copulation events, 2) used unpublished data from ongoing long-
term field projects, and 3) conducted an extensive literature
review of published data. Below we detail our methods for each
of these approaches.

To search for photo-vouchered observations on citizen science
platforms, we generally followed the procedures outlined in
Urquidi and Putman (2021) and Putman et al. (2021) with slight
modifications. We have elected to use the term ‘‘citizen science’’
over ‘‘community science’’ because we agree with Cooper et al.

(2021) that the latter phrase should be reserved for projects that
focus on local priorities and led by local communities. We
searched for Ornate Box Turtle (Terrapene ornata, T. ornata ornata,
and T. ornata luteola) observations on iNaturalist (www.
inaturalist.org) and HerpMapper (www.herpmapper.org). We
chose iNaturalist because it is the most widely used program for
citizen science (87.9 million observations as of 3 January 2022)
and HerpMapper because it is the largest reptile and amphibian
repository for curated photo-vouchered observations (359,511
observations as of 3 January 2022). We searched all records on
both platforms that had photo-vouchered observations. For
iNaturalist, we used only Research Grade observations (i.e.,
verified by at least one other observer). We visually inspected all
photographs associated with each record to look for two turtles
in the act of copulation, and we also searched the metadata of
each observation if there may have been notes on whether they
were found copulating before the pictures were taken. We did
this by visually searching the metadata for recorded notes and
using global searches with various breeding-related terms, such
as ‘‘reproducing,’’ ‘‘copulating,’’ and ‘‘mating.’’ To ensure that
we did not count copulations as two events if they were posted
on both platforms, we closely examined the dates, locations,
and photographs of each event for possible overlap, of which
we found none. In our final citizen science dataset, we note that
only one user submitted more than a single observation of
copulating turtles, with the top observer submitting four, all of
which were of different turtles mating at different times and at
different sites.

We compiled copulation records from unpublished radiote-
lemetry studies on T. ornata over 8 yr from five sites across three
midwestern states (Iowa, Kansas, and Nebraska). We have
opted to not disclose specific locality information for these
studies as they are ongoing and revealing such data often hurts
wild populations because they can be co-opted for the illegal
turtle trade (Lindenmayer and Scheele, 2017; Litzgus, 2017;
Quinn, 2021). At the first site in eastern Iowa, 17 T. ornata were
tracked at least two times per week from April to October in
2021 (Table 2). At the second site in eastern Iowa, 13 total T.
ornata were tracked over 3 yr: 2018, 2019, and 2021. Turtles were
tracked at the second Iowa site from April to October three
times per week in 2018; once per week in 2019; and in 2021,
turtles were tracked daily from April until the end of July and
then once per week through October. At a site in western
Nebraska, a total of 161 turtles were tracked during 2014–2016,
2018, and 2020–2021. At this site in 2014 and 2016, turtles were
tracked every day from 14 May to 4 August; in 2015, turtles
were tracked at least two times per week from May to August;
in 2018, turtles were tracked every day from 20 May to 16 June;
and during 2020–2021, turtles were tracked every day from 8
June to 17 July. In northeastern Kansas, 52 total turtles were
tracked at one site for two seasons (2019 and 2020), and 24
turtles were tracked at an additional site in 2021. At the first
northeastern Kansas site, turtles were tracked at least three

TABLE 1. Hypotheses of peak copulation seasons in the Ornate Box Turtle (Terrapene ornata).

Season Peaks Reference

Spring 1 Vogt, 1981;a Degenhardt et al., 1996;a Johnson, 2000;a Kiesow, 2006; Stone, 2007; Ernst and Lovich, 2009;a

Ballinger et al., 2010; Bartlett and Bartlett, 2013;a Sievert and Sievert, 2021
Spring + Fall 2 Legler, 1960; Hammerson, 1999; Minton, 2001; Collins et al., 2010;a LeClere, 2013;a McGinnis and Stebbins,

2018; This study
Year-round 0 Dodd, 2001; Redder et al., 2006

a Source indicates that copulations may take place at any time during the activity period.
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times per week from May to October in 2019, and from April to
September in 2020. At the second northeastern Kansas site,
turtles were tracked at least three times per week from May to
September in 2021. We note that none of our radiotelemetry
studies in the Midwest tracked turtles in March or November,
but turtles at these sites have not been observed active on the
surface until April and they consistently began overwintering
before November (Bernstein and Black, 2005; Bernstein and
Richtsmeier, 2007; Reed, 2018). The data underpinning these
analyses are available from the authors upon request.

We synthesized records of copulation in T. ornata observed by
researchers in the wild by conducting a search of the published
literature using Google Scholar. We used the species name and
search terms in various combinations to find studies that
included empirical data on copulations in the wild. Examples of
search phrases included ‘‘Terrapene ornata reproduction’’ and
‘‘Ornate Box Turtle copulation.’’ We conducted searches using
the custom date range tool in Google Scholar to collect results
on a decadal basis from when the species was first described to
the present (Agassiz, 1857). Our temporally guided approach
enhanced the detection of papers published in otherwise
obscure sources (Cacciatore et al., 2012). We also obtained all
papers cited as containing reproductive data in the most
authoritative books published on the species to date: Dodd
(2001) and Ernst and Lovich (2009). Lastly, we searched every
state field guide where T. ornata occurs for additional records
and sources that may have records (e.g., Phillips et al., 1999;
Trauth et al., 2004; Lewis, 2011; Legler and Vogt, 2013; Powell et
al., 2016; Boundy and Carr, 2017). For every source, we
examined the literature cited sections for additional studies
that may have contained records. We scrutinized all potential
records to determine if the copulation event was observed
under captive settings, and if found, we excluded these from the
final data set (e.g., Norris and Zwiefel, 1950). Our searches
ultimately resulted in 11 sources that contained records with
dates of copulation events (Brumwell, 1940; Legler, 1960; Smith
et al., 1965; Blair, 1976; Doroff and Keith, 1990; Hammerson,
1999; Minton, 2001; Grant, 2010; Refsnider et al., 2012; Quinn et
al., 2014; Forrester et al., 2020). When needed, we emailed the
corresponding author of these studies to supplement their
published data (e.g., Refsnider et al., 2012). We collected data on
all copulation events described in each source, including the
date (month and year) and location (county and state). To the
best of our abilities, we screened all observations to remove
incidences of hybridization between T. ornata and other
Terrapene species (Cureton et al., 2011) and same-sex mounting
(Reed et al., 2022).

The North America base map was obtained from d-
maps.com, the range map for T. ornata was adopted from
iNaturalist, and both were redrawn in Adobe Illustrator. We
used Microsoft Excel 2016 and R version 4.0.5 (R Core Team,
2021) to organize data, conduct analyses, and generate graphics.

We constructed frequency histograms for copulations by
grouping events into monthly bins for data from citizen science
platforms, published papers, and unpublished studies. By
pooling data across time periods, we assumed that historical
climate changes have had little effect on copulatory behavior,
but we note that 91% of our copulation records were observed
after 1978. We used the R package ‘‘diptest’’ (Maechler, 2021) to
compute Hartigan’s dip-test statistic to test for unimodality of
frequency histograms (Hartigan, 1985; Hartigan and Hartigan,
1985) using a Monte Carlo simulation of a uniform distribution
set for 10,000 replicates. The null hypothesis for Hartigan’s dip
test is that the data display a unimodal distribution, and the
alternative hypothesis is that the data exhibit multimodality. To
explore whether the timing of these events exhibited any
geographic variation, we also analyzed frequency histograms as
described above by grouping copulations into 4-degree latitu-
dinal bins that roughly corresponded to major temperature
gradients in the United States (Daly et al., 2008), while
encompassing sufficient records for spatial comparisons. We
recognized statistical significance at P < 0.05.

RESULTS

From 5,465 observations of T. ornata posted on two citizen
science platforms (3,933 from iNaturalist and 1,532 from
HerpMapper), we detected 19 copulation events with at least
one record in every month from April to October and records
ranged spatially from Wisconsin, United States to Chihuahua,
Mexico. Most copulations in the citizen science records occurred
during May to August (89.5% of citizen records) with no
obvious peak. From radiotracking 267 turtles (113 males and 154
females) across five sites in the Midwest with a total of 15,228
relocations, we detected 35 copulation events with at least one
record in every month from April to October. Most copulation
records from these unpublished studies occurred in May (48.6%
of unpublished records), June (17.1% of unpublished records),
and September (14.3% of unpublished records), with sporadic
records in the other months. From 11 literature sources, we
found 78 copulation events with at least one record in every
month from April to October and records ranged spatially in the
United States from South Dakota to Texas. Most copulations in
published accounts fell within two seasonal peaks that
constituted 50% of these records: May (22% of published
records) and September (28% of published records).

By pooling data from all sources, we amassed 132 copulation
events with records in every month during April to October
from southern South Dakota to northern Mexico (Fig. 1). The
monthly frequency distribution for all copulation events
exhibited significant multimodality (bandwidth = 0.601, D =
0.106, P < 0.001) and appeared bimodal in structure with the
highest percentage of records during May (28.8%) to June
(17.4%), and another peak during August (14.8%) to September
(21.6%). The lowest frequency of events occurred in the months
of July (8.3%), April (6.1%), and October (3%).

The monthly frequency of copulations from locations across
the species’ range showed generally overlapping distributions
but seemingly different peaks (Fig. 2). The shape of seasonal
copulation frequencies was multimodal for records in the
northern (bandwidth = 0.610, D = 0.091, P < 0.001), central
(bandwidth = 0.972, D = 0.125, P = 0.022), and southern
(bandwidth = 0.878, D = 0.096, P = 0.007) portions of the range.
Copulations in the northern portion of the range exhibited a
distinct peak in May (37% of northern records), whereas

TABLE 2. Summary of radiotracked Ornate Box Turtles (Terrapene
ornata) from the unpublished radiotelemetry dataset.

Site Males Females Relocations

Iowa 1 7 10 764
Iowa 2 5 8 2,178
Nebraska 65 96 6,904
Kansas 1 26 26 3,726
Kansas 2 10 14 1,656
Total 113 154 15,228
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copulations in the southern portion of the range exhibited a

distinct peak in September (34.3% of southern records). No clear

peak was apparent in the central portion of the range with most

copulation events occurring in April (25% of central records),

June (25% of central records), and September (18.8% of central

records), but we note that only 16 total copulations were

observed from this region.

DISCUSSION

We used an integrative approach to generate the largest
collection of copulation records for T. ornata to date, which has
helped to clarify previous hypotheses on seasonal mating in this
species. We found a bimodal pattern for copulation in T. ornata
range wide. The empirical evidence underlying our knowledge
of the copulation phenology in T. ornata was based on a handful

FIG. 1. Monthly frequency of pooled copulation events in Ornate Box Turtles (T. ornata). Frequency is presented as the percentage of copulations in
each month divided by the total. Density represents the curve of the frequency distribution with tick marks indicating individual observations.

FIG. 2. Geographic distribution of copulation events observed in Ornate Box Turtles (T. ornata) based on records from citizen science (squares),
unpublished data (triangles), and published studies (circles). Left: histograms showing the frequency of monthly copulations separated by three
general regions: north (black), central (grey), and south (white). Right: map depicting copulation records superimposed on the species’ range map,
which was modified from iNaturalist.
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of primary data sources (Brumwell, 1940; Smith et al., 1965;
Legler, 1960; Blair, 1976), but subsequent literature on the
subject frequently stated contradictory conclusions, especially in
synoptic guides (e.g., Vogt, 1981; Degenhardt et al., 1996;
Hammerson, 1999; Dodd, 2001; Minton, 2001; Ernst and Lovich,
2009; Ballinger et al., 2010; McGinnis and Stebbins, 2018).
Among the historical studies, Legler (1960) found patterns in
Kansas—derived from an independent source of data—that
were the most congruent with our results. Based on 40 male T.
ornata preserved throughout the active season, Legler (1960)
found that testes were largest in spring and fall, where testis size
increased from April through early June, receded from late-June
to July, increased again in August to reach their largest size from
September through October. Legler (1960) also found that
mature sperm in the epididymis were most numerous in spring
and fall between the spermatogenic cycles. Based on 68 female
T. ornata preserved throughout the active season, Legler (1960)
found the seasonal occurrence of females with enlarged ovarian
follicles was highest in October and March through May,
reduced in June and July, and lowest in August and September.
The two annual mating periods—or the ability to mate
throughout much of the activity season (Dodd, 2001)—in T.
ornata would be advantageous for males that complete
spermatogenesis prior to female ovulation.

We wish to highlight general biases unique to studies using
citizen science and radiotelemetry data that should be consid-
ered when interpreting their results (Kosmala et al., 2016; Di
Cecco et al., 2021). One major source of bias in citizen science
data is related to the human tendency to overemphasize larger
animals that are engaged in actions deemed interesting enough
for the viewer to photograph (Callaghan et al., 2021; Hughes et
al., 2021). We processed over 5,000 observations from citizen
platforms—all of which were verified as T. ornata—and only
0.35% of these records included turtles photographed in copula.
Furthermore, our unpublished radiotelemetry dataset was
based on over 15,000 relocations of turtles in the wild and only
0.23% of these observations were of turtles engaged in
copulation. Taken together, the independent sources corroborate
the notion that copulation is an uncommonly encountered
event. Another common bias in citizen data is that observations
tend to be skewed towards times when humans are most active
throughout the year (Courter et al., 2013). We did not find any
evidence that the bimodality in copulations was because fewer
people were looking for turtles during the summer. For
example, when examining all iNaturalist observations for T.
ornata, we found a unimodal pattern with most occurring in
June, July, and August, which was the same when looking at
observations from southern states in isolation, such as Texas.
Lastly, we wish to point out that radiotelemetry studies are not
without their own biases (Millspaugh and Marzluff, 2001),
particularly with respect to the season that researchers elect to
follow tagged animals.

Our results from wild individuals revealed two general peaks
in the seasonal copulation frequency of T. ornata, a pattern that
was geographically variable with fall copulations more common
in southern locations and spring copulations more common in
northern sites. Sites in the central portion of the range showed
no clear pattern, with generally equal numbers from April to
September. The widest breeding window from any single study
observed copulations from 5 April to 13 October in Texas (Blair,
1976), but several studies at northern locales also reported wide
breeding windows, including from 15 May to 7 September in
Illinois (Refsnider et al., 2012) and 18 April to 20 September in

South Dakota (Quinn et al., 2014). We found instances of mating
throughout April to October across much of the species’ range,
indicating that copulatory behavior can occur at nearly any time
during the active season (Dodd, 2001; Redder et al., 2006).
However, we note that none of our records occurred in March or
November, suggesting that wild individuals may be constrained
by the extreme cold temperatures often occurring in these
months. Corroborative evidence comes from the most southern,
and presumably warmer, site of Blair (1976) who observed
turtles active on the surface from March through December, yet
only saw copulations during April to October. There are
accounts, nonetheless, of captive T. ornata copulating in every
month of the year (e.g., Rodeck, 1949; Vogt, 1981).

Even though many turtle species display complex social
behaviors (e.g., Kaufmann, 1992), they, in general, do not appear
to form obvious bonds with other turtles, nor does either sex
provide much parental care after copulation and nesting
(Iverson, 1990). Consequently, turtle mating decisions are most
affected by mate quality, availability of mates, timing of mating
or remating, and sperm storage (Pearse and Avise, 2001). Sperm
storage allows for asynchronous mating (Godley et al., 2002;
Riley et al., 2021) and appears universal in the turtles studied to
date (Gist and Jones, 1989; Pearse and Avise, 2001; Tuberville et
al., 2011; Cutuli et al., 2013; Orr and Brennan, 2015), including
the closely related species T. carolina (Hattan and Gist, 1975).
Despite the apparent dissociation between fertilization and
mating, we found a seasonal pattern in T. ornata copulations,
which mirrored the spermatogenesis cycle (Legler, 1960) and
seasonal changes in circulating testosterone levels in T. carolina
(Currylow et al., 2013). Turtles at temperate latitudes exhibit
seasonal cycles of gonadal sex hormones (Woolley et al., 2004),
and perhaps, copulatory behavior in T. ornata is constrained to a
similar pattern. Studies of space use in T. ornata demonstrate
that the greatest overlap of home ranges occurs in the spring
and fall (Dodd, 2001), indicating that these are the periods of the
year when individuals are most likely to encounter each other,
and potentially copulate. A series of mating experiments in T.
carolina by Belzer (2002) and Belzer and Seibert (2009) revealed
that males could not find females to copulate with if they were
not close enough to be seen or heard, indicating that population
density and degree of home-range overlap significantly influ-
ence the onset of coital behavior (Stickel, 1989).

Female turtles achieve multiple paternity through sperm
storage or by mating with multiple males in the same season,
which can increase offspring fitness (Uller and Olsson, 2008;
Riley et al., 2021). In our unpublished radiotelemetry dataset, 35
mating events involved just 56 turtles, with several individuals
seen copulating multiple times. Males were observed copulating
multiple times in one year more frequently than females, with
six males copulating more than once compared to four females.
From a Kansas site, a single female and a single male were
observed copulating with each other on two different occasions
in 2021: 29 April and 15 September. From an Iowa site, a single
female was observed copulating on three different occasions
with three different males in 2018: 24 May, 25 June, and 4
September. We note that the 14 observations were included in
the larger analysis because none occurred on the same day and
thus were temporally independent. Hoekert et al. (2002) found
clutches that exhibited multiple paternity, but there were
extreme differences in fertilizations amongst competing males.
Such unequal paternity could result from sperm competition,
cryptic female choice, or sperm precedence due to mating order.
Physical competition among males for access to females may
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occur in T. ornata, which would facilitate precopulatory female
choice. For example, Brumwell (1940) in Kansas observed four
males pursuing a single female on 9 May 1939, eventually
resulting in one male copulating with the female and the other
males walking away. Future research exploring the effect of
mating order on paternity in T. ornata would shed light on the
relative contributions of sperm storage, multiple paternity, and
cryptic female choice to the genetic diversity of offspring (Pearse
et al., 2001).

Terrapene ornata are listed as Near Threatened by the
International Union for Conservation of Nature’s Red List
(van Dijk and Hammerson, 2011) and considered endangered in
many of the states where they occur (Redder et al., 2006). The
greatest threats to T. ornata are road mortality, habitat loss, and
collection for the animal trade (Dodd, 2001), none of which
show any signs of diminishing for turtles in the near future
(Stanford et al., 2020). Although T. ornata is apparently well
studied (Dodd, 2001; Ernst and Lovich, 2009), our analysis
revealed that some previous conclusions about its mating
phenology were based on limited data from wild individuals.
Robust data on a species’ behavior can aid its conservation by
allowing for a more fine-scaled analysis of how it responds to
change (Cockrem, 2005). Natural history is widely regarded as a
critical piece to the conservation of biodiversity on a changing
planet (Tewksbury et al., 2014). However, natural history as a
discipline is founded on detailed observations of organisms in
nature (Arnold, 2003; Greene, 2005). Yet achieving descriptive
ethology to the level that advances conservation requires
arduous effort (Dayton, 2003), a task made even more
challenging by a species with cryptic habits. The large amount
of natural history data we gathered for T. ornata would not have
been possible without dedicated researchers that tracked wild
turtles with radiotelemetry and individuals willing to contribute
observations to citizen science platforms (Irwin, 2018). Citizen
science platforms, in fact, represent important sources of
biodiversity data that can be leveraged to study organisms
across unprecedented spatiotemporal scales of analysis (e.g.,
Hantak et al., 2022; Perry et al., 2022). Citizen science helped us
elucidate the reproductive phenology T. ornata, and it will
continue to be important for biodiversity in the future.
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