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Abstract

The Convention on International Trade of Endangered Species (CITES) is the

primary mechanism for controlling international wildlife trade and preventing

overexploitation, but measuring its efficacy is difficult, which complicates

management efforts. We examined the effects of CITES listings on the trade of

freshwater turtles from the US and compared spatiotemporal trends and

dynamics of trade across 16 genera using 20 years of export data, triangulated

with mixed qualitative data. For each CITES-listed genus, we analyzed the

average changes, immediate changes, and changes in trends of export volumes

and spatial diversity of trade. Boom-and-bust trends of exports for different

taxa were driven by several factors, including CITES listings, but CITES had

mixed effects on export volumes for both Appendix II and III species while the

diversity of spatial trade networks consistently declined for CITES and non-

CITES listed genera. These results point to differences in demand and species'

availability from captive breeders, farms, or wild harvest which are important

to consider in future listing decisions. However, a lack of reliable data on the

source of turtles limited our ability to understand these drivers as well as the

efficacy of CITES listings in preventing overexploitation.
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1 | INTRODUCTION

Overexploitation of wildlife for commercial trade poses
significant threats to biodiversity worldwide (Fukushima
et al., 2020; Morton et al., 2021; Scheffers et al., 2019).
Globalized markets and the growth of social media have
made international wildlife trade easier and have gener-
ated demand for exotic species for a multitude of uses
(Bennett et al., 2021; Lavorgna, 2014; Nekaris
et al., 2013). For example, consumption markets have
driven the serial exploitation of taxa such as sea

cucumbers (Anderson et al., 2011), while species' rarity
has led to spikes in their demand in specialty hobbyist
trades (Chen, 2016; Courchamp et al., 2006).

Outside of domestic legislation, the primary way of
regulating international wildlife trade is through the
Convention on International Trade in Endangered Spe-
cies (CITES), which aims to ensure that international
trade does not threaten the survival of wild plants and
animals. It does so mainly by listing species under one of
its three appendices, which have varying degrees of regu-
lations and oversight. Appendix I is the most restrictive;
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species listed under Appendix I are considered threat-
ened with extinction, and international trade of these
species for commercial purposes is generally prohibited.
Species listed under Appendix II may become threatened
with extinction unless trade is controlled. Parties regulate
the trade of Appendix II listed species by requiring per-
mits for export after first determining that the trade will
not be detrimental to the species' wild population
(i.e., the “Non-Detriment Finding” or “NDF”) and that
the specimens were legally sourced (i.e., the “Legal
Acquisition Finding” or “LAF”). Appendix III is meant to
assist individual countries in monitoring international
trade of those listed species. Export permits and Legal
Acquisition Findings are required for Appendix III spe-
cies, but importantly, Non-Detriment Findings are not
required (CITES, 2023).

Despite many criticisms of CITES and its effectiveness
(Bowman, 2013; Cooney et al., 2021; Janssen &
Krishnasamy, 2018; Phelps et al., 2010), it remains a for-
mative instrument in managing wildlife commerce. Thus,
it is important to understand the direct and indirect
effects listings have in a variety of contexts to better
understand the complex systems of global trade. For
example, while several studies have shown a decrease in
overall trade volumes following CITES listings of differ-
ent species, they also document shifts into illegal trade,
homogenization of spatial trade networks, spikes in trade
in anticipation of listings, real or claimed shifts from
wild- to captive-sourced specimens, and mixed effects on
national governance and implementation (Booth
et al., 2020; Foster et al., 2022; Friedman et al., 2018;
Kuo & Vincent, 2018; Miller et al., 2019; Robinson
et al., 2015; Shepherd et al., 2020). Having insights into
the multitudinous effects of CITES listings can lead to
better interdiction efforts and help practitioners avoid
adverse and unintended outcomes.

Measuring these varied effects of CITES listings or
other trade regulations is challenging, however, because
before and after trade data are often lacking, as there are
few datasets on the trade of species not listed under
CITES that can act as a control against which to compare
the effects of CITES listings (Booth et al., 2020; Janssen &
Shepherd, 2018; Robinson & Sinovas, 2018; Watters
et al., 2022). The drivers of changes in trade can also be
elusive, especially if the limitations of trade data are not
fully understood (Booth et al., 2020; Challender
et al., 2022; Robinson & Sinovas, 2018). For example, the
use of flawed reports on the source of traded animals can
lead to misinterpretations of shifts in trade (Hinsley &
Roberts, 2018; Schlaepfer et al., 2005). Triangulating mul-
tiple data sources (e.g., market surveys, stakeholder inter-
views, trend analyses) can aid researchers in overcoming
these limitations and discerning causal links in wildlife

trade, as several studies have demonstrated (Booth
et al., 2020; Cardeñosa et al., 2018; Challender
et al., 2015; Davies et al., 2022; Friedman et al., 2018;
Lam et al., 2016; Miller et al., 2019).

In this study, we utilize the US Fish and Wildlife Ser-
vice's (FWS) Law Enforcement Management Information
System (LEMIS) and mixed qualitative research to add to
the evidence base for the effects of CITES. LEMIS tracks
US imports and exports of all flora and fauna which pro-
vides an opportunity not only to measure changes in the
trade of species listed under CITES but to also take a
wider view in understanding shifts in trade among simi-
lar, unlisted taxa. Such an approach has both practical
and theoretical implications, as such information can aid
managers in making listing decisions on a species-
by-species basis. For example, some assert that if demand
is elastic to price changes, demand may shift to similar,
unlisted taxa; whereas if it is inelastic, trade bans or
restrictions may exacerbate illegal trade (Challender,
Hinsley, et al., 2019). Furthermore, whereas previous
studies tend to focus on single species or regions, compar-
ing case studies across taxa, geographic areas, or govern-
ing regimes can better measure the efficacy of CITES as a
whole.

We use the commercial trade of freshwater turtles as
a case study to investigate the dynamics of wildlife trade
and effects of CITES listings. Turtle life history traits
(i.e., low annual fecundity, delayed maturity, high adult
survivorship and longevity) make them especially vulner-
able to overexploitation, and researchers now consider
this to be one of the main threats to wild turtle popula-
tions (Stanford et al., 2020). Turtles are sought after glob-
ally for a variety of experiential, social, functional,
financial, and spiritual reasons (Thomas-Walters
et al., 2021), but many are broadly destined for
pet/hobbyist trades and consumption markets (Lovich
et al., 2018; Sigouin et al., 2017). They are collected from
the wild, farmed, and bred in captivity at ranging scales,
again depending on the species, its purpose, and location.
Over half of recognized turtle species are threatened with
extinction, so understanding turtle trade dynamics is vital
to prevent further declines (Lovich et al., 2018; Stanford
et al., 2020).

We specifically focus on the exports of US-native tur-
tles for three reasons. First, the US has one of the richest
assemblages of freshwater turtles in the world that have
varying conservation statuses (Buhlmann et al., 2009;
Mittermeier et al., 2015). This allows us to examine shifts
in demand among many taxa which has important impli-
cations for the conservation of turtles, globally. Second,
the US plays a significant role in international trade
dynamics as one of the top exporters of turtles for pet and
consumption trades due to large aquaculture and
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hobbyist communities (Collis & Fenili, 2011;
Hughes, 1999; Moll & Moll, 2004). Third, as trade has
globalized and moved from brick-and-mortar shops to
online commerce, researchers have observed boom and
bust patterns in the commercial trade of turtles across
the globe, where a species or area is in high demand and
heavily traded, then the market shifts to a new species or
area (CITES, 2011; Klemens, 2000; van Dijk et al., 2000).
Experts suggest that the “bust” in trade of several turtle
species in Asia—due to regulatory restrictions and/or
population declines—led to the rise of turtle exports from
the US to meet continued demand (CITES, 2011;
Colteaux & Johnson, 2017; Mali et al., 2014; Reed &
Gibbons, 2003). This, combined with a heightened aware-
ness of the plight of turtles in international trade, led to
an increase in US turtle listings under CITES, allowing
for before-after analyses and underscoring the need to
understand the outcomes of listing decisions.

Several studies have provided overviews of the trade
in turtles and tortoises in different ways, finding that the
trade in turtles from the US rapidly increased in
the 1990s, began to decline overall in the 2000s, and that
the species traded in the highest volumes shifted from
sliders (Trachemys spp.) and cooters (Pseudemys spp.) to
snapping turtles (Chelydra serpentina) from the 1990s to
2010s (AFWA, 2020; Luiselli et al., 2016; Mali et al., 2014;
Reed & Gibbons, 2003). Our study seeks to build on these
findings by taking a closer look at spatial and temporal
trade dynamics between taxa and following CITES list-
ings. Specifically, our objectives were to examine: (1) the
spatiotemporal trends in trade over 20 years; (2) how the
average, immediate, and trend in exports of turtles from
the US changed following their listings under CITES; and
(3) the shifts in international demand of US-native tur-
tles. Revealing finer-scale patterns of trade will deepen
our understanding of global trade patterns, which has
important implications for the conservation of turtles and
utility of CITES.

2 | METHODS

We acquired LEMIS trade data for all turtles and tortoises
(Order Testudines) for 1999–2018 used by Stringham et al.
(2021). We removed records of marine turtles and filtered
the remaining data to only include numbers of live ani-
mals (Wildlife Description = “LIV” or “EGL”,
Unit = “NO”), shipped for commercial purposes
(Purpose = “T”). We restricted our analysis to live turtles
because that is how they are most frequently traded and
because using the number of individuals is a more reliable
and consistent unit of measure than weights (e.g., “kg”) or
reported numbers of body parts (e.g., shells, bones). We

also removed records of seized shipments (Disp. = “S”)
and re-exports (Action = “R”) and any that were missing
information on whether the shipment was imported or
exported (�600 records of �50,000). Although these cri-
teria may result in a slight underestimation of trade, the
remaining number of rows accounted for approximately
92% of the total number of rows in the original dataset.
This dataset did not have shipment IDs for all records, so
we relied on the raw number of individuals reportedly
traded in the Quantity column with the aforementioned
filters. We did not separate or filter exports based on the
reported sources of the animals (i.e., wild, captive-bred,
ranched, or farmed) because these source codes in LEMIS
and CITES data are often misreported and misleading
(AFWA, 2020; Hinsley & Roberts, 2018; Mali et al., 2014;
Schlaepfer et al., 2005). Therefore, we summed the total
number of individuals exported, regardless of their
sources, to not obscure trends in the commercial trade of
different species. We also corrected outdated taxonomy or
misspelled species names where appropriate (See supple-
mentary material, Appendix 1). All analyses were con-
ducted at the genus level due to the lack of specificity of
records for certain species. However, several turtle genera
are monotypic (e.g.,Macrochelys, see Table 1).

In the timeframe that the LEMIS data were recorded
(1999–2018), several turtle species were newly listed
under CITES, while others were listed or up-listed before
or after these data were recorded or have not ever been
listed (Table 1). To evaluate changes in trade before and
after a CITES listing, we used export records of five US-
native genera listed under CITES Appendices II and III
in 2013 and 2006, respectively, for there to be enough
years post-listing for analysis. Note that four of these five
genera are monotypic or only have one extant species
(Table 1). First, we examined how listings affected the
number of exported turtles per year using generalized lin-
ear models with a negative binomial distribution and log-
link function. We tested three aspects of temporal trends
using two models, following Wauchope et al. (2021). The
first model (Equation (1) evaluates the average change in
export volume before and after listing, where Y is the
number of individuals exported per year (i) and genus ( j)
and is predicted by a binary Before-After (BA) variable
set to 0 for each year before listing, and 1 for each year
after listing (2006 or 2013 depending on the genus). The
second model (Equation (2)) evaluates immediate change
and the change in trend after listing by adding variables
for year (Time) and an interaction term (BA*Time),
where Time represents one time step for each year of
trade, centered around 0, with 0 being the first year after
listing. To check the robustness of this model, we
removed the BA term (Equation (3) and compared AIC
scores of the two models (Wauchope et al., 2021).
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Second, we calculated the Shannon Diversity Index
(H) of exporting port-importing country pairs per year for
each genus to analyze how listings affected the spatial
complexity of trade (following Miller et al., 2019). We
chose this index because it accounts for rare occurrences
(i.e., port-country trade pairs where a smaller relative
number of turtles were traded) better than other indices
such as the Simpson Index. An H of 0 means that all indi-
viduals of a given genus were exported from one port and
imported into one country. Using this index as the
response variable, we ran linear regressions with
the same model structure (Equations (1)–(3)). We
checked for normality using Shapiro–Wilk tests.

Y ij ¼ β0þβ1BAij ð1Þ

Yij ¼ β0þβ2BAijþβ3 BAijTimeij
� �þβ4Timeij ð2Þ

Yij ¼ β0þβ5Timeij ð3Þ

To visualize spatial and temporal trends across all US,
CITES-listed genera, we mapped trade flows using

Sankey diagrams across four time periods with R package
networkD3 (Allaire et al., 2017). The scale of exports in
some genera and to some countries are orders of magni-
tude higher than for others (e.g., Trachemys spp. to
China). Therefore, to simplify the visualization of trends
while incorporating differences across taxa, all figures of
trade flows show individual genera and the geographic
subregions that corresponding importing or exporting
countries belong to, following the United Nation's
geoscheme (UN, 2023).

Finally, we drew from qualitative data collected as
part of a larger project on the legal and illegal trade of
turtles in the US to triangulate our findings. The purpose
of this data collection was not solely to investigate the
effects of CITES listings; however, trade dynamics
revealed through these sources provided valuable nuance
that would have been otherwise missed or unaccounted
for in quantitative models. Sources included
semi-structured interviews and informal conversations
with key informants, participation in two multi-
stakeholder workshops to combat the illegal trade in tur-
tles in the US, and document review conducted from
March 2021–November 2022. Twenty-three semi-

TABLE 1 CITES listings of US freshwater turtles.

Year effective App. Genus Species Generic name

1992 I Glyptemys G. muhlenbergii Bog turtle

II Glyptemys G. insculpta Wood turtle

1995 II Terrapene T. carolina, T. nelsoni, T. ornata Box turtles

2006a III Graptemys G. barbouri, G. caglei, G. ernsti, G. flavimaculata, G.
geographica, G. gibbonsi, G. nigrinoda, G. oculifera, G.
ouachitensis, G. pearlensis, G., pseudogeographica, G.
pulchra, G. versa

Map turtles

III Macrochelys M. temminckii Alligator snapping turtle

2013a II Clemmys C. guttata Spotted turtle

II Emydoidea E. blandingii Blanding's turtle

II Malaclemys M. terrapin Diamondback terrapin

2016 III Apalone A. spinifera, A. mutica, A. ferox Softshell turtles

III Chelydra C. serpentina Common snapping turtle

2023 IIb Apalone A. spinifera, A. mutica, A. ferox Softshell turtles

IIb Chelydra C. serpentina Common snapping turtle

IIb Graptemys G. barbouri, G. ernsti, G. gibbonsi, G. pearlensis, G.
pulchra

Map turtles

IIb Macrochelys M. temminckii Alligator snapping turtle

II Kinosternon K. baurii, K. flavescens, K. hirtipes, K. sonoriense, K.
steindachneri, K. stejnegeri, K. subrubrum

Mud turtles

II Sternotherus S. carinatus, S. depressus, S. minor, S. odoratus Musk turtles

Note: Nomenclature follows taxonomy as listed by CITES proposals. Only species native to the US are listed under each genus as these are what we filtered for
in our analyses.
aCITES listings that were included in the before-after analysis of trends.
bSpecies were up-listed from Appendix III to Appendix II.
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structured interviews were conducted in total, including
with scientific, management, and law enforcement per-
sonnel from state and federal agencies (n = 15), hobby-
ists and commercial turtle dealers (n = 5), and turtle
scientists from non-governmental organizations (n = 3).
Interviews were recorded and transcribed verbatim with
permission. In some cases, interviews were not recorded
due to the sensitivity of the discussion, and detailed notes
were taken instead and typed out immediately following
the conversation. Informal conversations were held with
other FWS staff and NGO-affiliated scientists and advo-
cates involved in CITES implementation for turtles.
Finally, CITES listing proposals of US turtle species from
1995 to 2022 and working group documents related to
legal and illegal turtle trade were reviewed. Trade
dynamics, drivers, and trends for all US species discussed
in interview transcripts, workshop notes, and documents
were collated using NVivo (QSR International Pty
Ltd., 2020). The University of Michigan Institutional
Review Board Health Sciences determined this study is
no more than minimal risk and exempt from ongoing
oversight.

3 | RESULTS

3.1 | Export volumes

From 1999 to 2018, over 192 million live turtles were
exported from the US for commercial purposes. Of
those, over 99.8% were of species native to the US and
88% were of Trachemys or Pseudemys species. Records
indicated that most Trachemys exports were of pond
sliders, likely red-eared sliders (Trachemys scripta and
T. s. elegans) while 94% of Pseudemys exports were sim-
ply labeled Pseudemys “species.” Aside from those two

genera, the volume of exports varies widely by species
and time frame, ranging from less than 100 per year
(Glyptemys, Terrapene, and Actinemys spp.) to over a
million per year (Chelydra). Taking all genera together,
the total volume of exports appears to decrease over
these 20 years, but this is largely driven by the decrease
in exports of Trachemys and Pseudemys spp. (Figure 1).
Trends of export volumes varied by genera as well, with
some clearly increasing over most of the 20 years
(e.g., Chelydra, Sternotherus, Kinosternon, and Glypt-
emys spp., Figure 2), while others followed nonlinear
patterns. Of those genera with multiple species where
records were available at the species level, export vol-
umes were typically dominated by the more common
species with relatively large ranges in the southeast
(e.g., Graptemys pseudogeographica, Sternotherus odora-
tus, Kinosternon subrubrum, etc.).

3.2 | Importers of US turtles

Turtles were exported from the US to 108 countries in
19 regions, but only 19 countries in 8 regions account for
over 95% of all exported turtles. The top five importers,
making up 72% of exports were, in order: Hong Kong
SAR, China, Mexico, Singapore, and Taiwan. However,
top importers varied by genus, with Graptemys spp. being
the most notable exception which were mostly destined
for Portugal, Spain, Italy, Czech Republic, and Germany
(Figure 2).

3.3 | Ports of export for US turtles

Turtles were exported from 22 US ports (note that domes-
tic transport prior to export is not documented in LEMIS

FIGURE 1 Total US export

volumes of all live, US-native genera

for commercial purposes from 1999

to 2018 (A) and only CITES-listed

genera (B). Asterisks denote all

CITES-listed genera. Genera export

volumes are stacked in descending

order from the most to fewest

individuals exported in total from

1999 to 2018. Genera not listed under

CITES are colored in black/gray.

Appendix III species (prior to 2022)

are colored in purple. Appendix II

species are colored in green, and

genera that were newly listed in 2022

are colored in orange.
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data). The top five exporting locations by volume were
New Orleans, Los Angeles, San Francisco, Miami, and
Dallas-Fort Worth (Figures 3, S1). Given the concentra-
tion of turtle farms in Louisiana and their production, it
is unsurprising that New Orleans alone accounted for
60% of all exports. Los Angeles exports account for 32%
of the total, likely due to air transport routes and the
availability of direct flights from Los Angeles to Asia.
Exports from California likely include a mixture of tur-
tles taken from the wild, farmed and/or bred from other
states since most of these species do not naturally occur
in California. Again, there are notable differences by
genera, with Glyptemys, Clemmys, Emydoidea, and Ter-
rapene turtles exported mostly out of Miami (Figure 3,
S1). Florida is home to many hobbyist and commercial
collectors and breeders of turtles, so this may partially
explain a higher number of exports in these species
which are more highly valued in the pet trade and are
generally protected from commercial collection in their
range states. Overall, trade networks (exporting port-
importing country pairs) decreased in diversity over
time (F(1, 285) = 38.74, p < .001, Figures 3 and 4). In
1999, there were 127 total port-country pairs (13 ports,
52 countries); that decreased to 56 pairs in 2018 (6 ports,
35 countries).

3.4 | Before-after trends of CITES-listed
species

CITES-listings under both Appendix II and III for US
genera had mixed effects, which we measured in three
ways: average change, immediate change, and change in
trend before and after a genus was listed (Table 2,
Figure 5). Clemmys exports decreased on average and
immediately following CITES listing, and the trend in
export volumes switched from positive to negative after
listing. There was not a statistically significant change in
the average, immediate or trend of Emydoidea exports
after listing, and the best-fitting model was Equation (3),
without before-after interaction terms. Malaclemys
exports increased on average, but immediate changes and
changes in trend after listing were not statistically signifi-
cant. Equation (3) was also the best fitting model for
Malaclemys exports, further indicating that there was not
a significant change in exports from before to after listing
(Figure 5).

Results also differed for Graptemys and Macrochelys
export numbers (Table 2, Figure 5). Graptemys exports
decreased on average and immediately following listing,
and the trend in export volumes switched from positive
to negative after listing in 2006. Macrochelys exports

FIGURE 2 Number of live turtles exported from the US from 1999 to 2018. Export volumes are color-coded by the subregion of the

importing countries which accounted for 95% of total exports of each genus, each year. The “Other” region sums all the countries that

accounted for <5% of exports.
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increased on average after listing, but there was an
immediate decrease following listing. Although the trend
in Macrochelys remained positive, the rate of increase
was slower from 2007 to 2018.

Trends in spatial complexity (measured using the
Shannon Diversity Index, H) differed by genus in relation
to CITES listings as well (Table 2, Figures 3 and 6). The
diversity of ports and destination countries for Clemmys
turtles decreased on average and immediately following
listing, but there was not a significant change in trend
(Figure 6). Emydoidea exports decreased in spatial com-
plexity on average after listing. Residuals from the Emy-
doidea model for Equation (2) were non-normal
(Shapiro–Wilk p < .05), so results from this model are

not shown. The diversity of ports and destination coun-
tries also decreased on average and immediately follow-
ing listing in 2013 for Malaclemys exports, and changes
in trend were not significant (Figure 6). Graptemys turtle
trade decreased in spatial complexity on average and
immediately following listing and had a negative trend
from 2006 to 2018. However, results were non-significant
for all three tests for Macrochelys (Table 2, Figure 6).

4 | DISCUSSION

Our analysis of 20 years of LEMIS turtle export data
revealed dynamic and shifting patterns of international

FIGURE 3 Sankey diagrams showing export flows of turtles by genus through their ports of export and to their regional destinations

over four, even time periods. Flows of genera listed under Appendix III of CITES are shown in different shades of purple (from lighter to

darker: Chelydra, Apalone, Graptemys, Macrochelys). Flows of genera that were listed under Appendix II at CoP19 are shown in different

shades of orange (lighter: Sternotherus, darker: Kinosternon), and flows of genera listed under Appendix II are shown in different shades of

green (from lighter to darker: Malaclemys, Clemmys, Emydoidea, Terrapene, Glyptemys). Flows of turtle exports which made up less than 1%

of the total exports per genus and per year were removed for better visualization of major trends.
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turtle trade and mixed responses to CITES listings.
Exports of some genera listed under both Appendix II
and III slowed after listing (Clemmys, Graptemys, and
Macrochelys spp.), but listing did not slow trade for two
of the Appendix II species. Indeed, contrary to our expec-
tations, average export volumes for only two genera were
lower in the years after listing (Graptemys and Clemmys
spp.), and for three genera the trade continued on an
upward trajectory or increased in overall volume indicat-
ing little or counterintuitive effects of listing. The spatial
diversity of trade declined following CITES listings,
where fewer exporting ports and importing countries
were involved in US turtle trade. However, this was also
true for all US species over the 20 years. Although the
long-term effects of regulations remain to be seen for sev-
eral taxa, our analyses are useful for teasing out trends
that would have otherwise been missed (Wauchope
et al., 2021), and exploring the effects of CITES on a per-
taxa basis further enables a comparison of production
systems and demand shifts in species exports that contin-
ued to increase versus those that notably plummeted.
Below, we examine these patterns in more detail and
consider other drivers at play.

Our findings only partially corroborate other studies
that have documented declines in trade of species after
being listed under CITES (Foster et al., 2022; Kuo &
Vincent, 2018;Lam et al., 2016; Shepherd et al., 2020) and
reveal nuances worth exploring further. Declines in turtle
trade may be a direct result of the CITES listing and per-
mitting process which aims to prevent overexploitation,
but it could also be due to the indirect effects of time lags
and increased costs of permits, lower demand for listed

species, and/or shifts into illegal trade that all vary
depending on the species (Lam et al., 2016; Shepherd
et al., 2020). Species are listed under Appendix II of
CITES when “trade must be controlled in order to avoid
utilization incompatible with their survival”
(CITES, 2023), and species tend to be listed when trade
has notably increased or there is reason to believe it will
in the near future. Thus, it makes sense that trade would
slow down following the implementation of a CITES II
listing. For example, shortly after the trade in box turtles
(Terrapene spp.) surged in the 90s and they were subse-
quently listed under Appendix II, exports essentially
ceased (Reed & Gibbons, 2003). One interviewee describ-
ing this process said there was not any evidence that the
trade in box turtles was sustainable, so FWS would not
be issuing any permits for exports for a while. It is likely
that Clemmys exports decreased, at least in part, as a
direct result of CITES implementation. However, Malacl-
emys and Emydoidea exports remained high and were
more erratic after listing in 2013, and we did not detect
significant changes in trends (Table 2, Figure 5). How-
ever, CITES listings may not have immediately measur-
able and/or direct effects on trade volumes. Rather, it
provides additional oversight of the trade, and changes to
supply chains may be more gradual and indirect—if they
occur at all.

Declines in trade may also be due to more logistical
factors. In many countries, including the US, Non-
Detriment Findings (NDFs) for exports of Appendix II
species are initially made on a case-by-case basis (except
for certain species which have annual findings). This can
be a time-consuming process, and agencies often lack suf-
ficient funding and resources to efficiently deal with per-
mit applications. We heard from interviewees that initial
applications of newly listed species can take months to
review and that there is a backlog of applications. This
may serve as a deterrent to middlemen who rely on mov-
ing animals quickly, or smaller businesses and hobbyists
that may avoid the extra costs and hassle, resulting in a
drop in exports. The larger, established farms and breed-
ing operations may be better equipped to handle the
added cost and delays, and Annual Master Permits for
consistent producers likely also facilitates continued
trade (AFWA, 2020).

Both Graptemys and Macrochelys exports dropped
immediately following listing under Appendix III in 2006
(Table 2), and although exports of Chelydra and Apalone
turtles had already started to decline, their export vol-
umes took an additional dip after they were listed in 2016
as well (Figure 2), perhaps indicating an initial backlog
following implementation. Paper trails are more likely to
exist for species that were more heavily regulated within
the US prior to CITES listings, such as Macrochelys

FIGURE 4 Shannon Diversity Index of the exporting port-

importing country pairs for each genus each year (black dots) with

trendline (blue) and standard error (gray).
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turtles, which have a smaller range and more restrictive
harvest regulations relative to Graptemys turtles and are
proposed for listing under the Endangered Species Act.
This may partially explain why Macrochelys exports did
not decrease like Graptemys turtle exports did after listing
(Figure 5). The data also showed a more obvious shift
from multiple ports of export for Graptemys turtles to
solely being shipped out of New Orleans—likely from
established Louisiana farms.

In some cases, CITES listings may shift trade of a spe-
cies to countries outside of its native range altogether.
The collection and breeding of turtles and other herpeto-
fauna have grown as a hobby worldwide, creating size-
able stocks of nonnative animals in trade (Auliya, 2003;
Bush et al., 2014; Collis & Fenili, 2011; Robinson
et al., 2015). European countries, for example, are among
the top destinations for live reptile trade (Auliya
et al., 2016; also see Figure S2), and CITES trade data
show that while exports of Graptemys turtles from the US
to Europe have declined, exports of these turtles from
East Asia to Europe increased from 2007 to 2019
(Figure S3). Although we do not know what export vol-
umes from East Asia were prior to listing, several inter-
viewees noted that it had become cheaper for European

and other countries to import US turtles from China than
from the US, perhaps due to additional permitting
requirements for species exported from their native
ranges. Other popular pet species, especially Terrapene
turtles, are exported in higher volumes from Europe than
from the US (Figure S3).

It is unclear, however, the extent to which illegal
trade contributes to the supply of US turtles and relates
to CITES listings. Quantifying this clandestine activity is
inherently challenging, and records of seized turtles in
the LEMIS data alone were not enough to correlate to
CITES listings or discern trends (Figure S4), though sev-
eral recent cases of illegal turtle trade in the US show
how smuggling and laundering circumvent the CITES
permitting process (Easter et al., 2023; Sevin et al., 2022).
In interviews and workshops, we also learned that CITES
export permits have become a commodity in and of
themselves among illegal traders. Indeed, combinations
of continued demand, scarcity-driven price increases, a
lack of enforcement capacity or will, or difficulty of
obtaining permits for legal trade likely means that some
amount of illegal trade is to be expected with stringent
trade regulations (Challender, Sas-Rolfes, et al., 2019;
Cooney et al., 2021). Shifts into or the continuation of

FIGURE 5 Negative binomial

regressions (blue trendlines) for

models with the lowest AIC score

(Equation (2) with the Before-After

term or Equation (3) without the

Before-After term (“w/o BA”)) for
each US-native genus listed under

CITES with 95% confidence intervals

in gray. Dots mark the number of live

individuals exported each year. Red

dashed vertical lines mark the year

each genus is listed under CITES (left

column: 2013, Appendix II; right

column: 2006, Appendix III).
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illegal trade of CITES-listed species, especially of species
with complex legal supply chains, have been demon-
strated in several contexts (e.g., Auliya et al., 2016;
Hinsley et al., 2017; Lyons & Natusch, 2011; Shepherd
et al., 2020; Wyatt, 2009), including turtles (CITES, 2016;
Nijman & Shepherd, 2007). Despite the challenges of
effectively controlling illegal trade of CITES-listed spe-
cies, one positive outcome of listings is that in cases
where there has been little domestic oversight on trade,
CITES listings and implementation stimulate greater
attention to the issue by managers and law enforcement
(Friedman et al., 2018; Heinrich, Shepherd, & Sy, 2022),
as has been the case for turtles in the US. It is therefore
also important to consider any growing trends in illegal
trade within the context of increased law enforcement
attention and effort.

Other factors outside of CITES are likely contributing
to fluctuations in turtle trade. For example, a combina-
tion of domestic regulations, market saturation, and a

decline in demand have influenced the overall boom and
bust trade pattern of US turtles (Figure 1), which is
driven by the more voluminously exported genera
(e.g., Trachemys, Pseudemys, Chelydra, Apalone; van Dijk
et al., 2000; CITES, 2011; Mali et al., 2014). Large-scale
commercial harvesting of wild turtles was banned or
restricted in several states in the US during this study's
time period which likely reduced exports and trade route
variability (Figure 4), especially of the more abundant
and widespread species (Bennett & Loda, 2020;
Colteaux & Johnson, 2017; Mali et al., 2014). Many coun-
tries have also banned the import of red-eared sliders
(T. scripta elegans) due to their invasion potential (van
Dijk et al., 2000). These turtles made up the majority of
exports which were destined for East Asia up until the
late 2000s when there was a decline in exports and switch
to Central America (Figures 1 and 2, Reed &
Gibbons, 2003; AFWA, 2020). Trends in turtle production
and harvest in two of the least restrictive states in the

FIGURE 6 Linear regressions

(blue trendlines) for models with the

lowest AIC score (Equation (2) with

the Before-After term or Equation (3)

without the Before-After term, “w/o
BA”) for each US-native genus listed

under CITES with 95% confidence

intervals in gray. Dots mark the

Shannon Diversity Index (H) of

exporting port-importing country

pairs for each year. Red dashed

vertical lines mark the year each

genus is listed under CITES (left

column: 2013, Appendix II; right

column: 2006, Appendix III).
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US—Louisiana and Arkansas (Bennett & Loda, 2020)—
mirror overall declines. Louisiana turtle farms produced
over 85 million turtle hatchlings from 2004 to 2019, but
yearly production declined from 13 million in 2004 to 1.2
million in 2019. The number of producers also declined
from a peak of 86 in 2008 to 14 in 2019 (LSU
AgCenter, 2019). In Arkansas, 53 licensed trappers
reported harvest of over 150,000 turtles in 2007, but by
2017, only 6 licensed trappers reported harvest of fewer
than 25,000 turtles. The number of purchased commer-
cial turtle harvest permits also declined from 146 in 2007
to 35 in 2017 (Irwin, 2018). Interviewees pointed to a
drop in prices and lack of demand for the more common
species that are typically harvested and farmed on large
commercial scales as the main driver of these declines.
Demand for common snapping turtles (Chelydra serpen-
tina), for instance, peaked around 2013, and farms over-
seas are now reportedly producing enough on their own
to no longer need to import them at the same scales from
the US.

These trends, however, obscure finer scale shifts in
supply and demand of species more typically destined for
pet and hobbyist trades. While export volumes of Grapt-
emys and Clemmys turtles fell, Kinosternon and Ster-
notherus exports rose significantly, leading to their own
CITES listing in 2022 (Figure 2; CITES, 2022a, 2022b). Fol-
lowing the boom-and-bust logic of other turtle species
(CITES, 2011), the increased difficulty of obtaining some
species following CITES listings (due to price increases or
decline in exports now requiring permits) may have influ-
enced the rise of others. Indeed, Graptemys, Clemmys, and
Terrapene turtles have long been attractive pet species, but
interviewees suggested that Kinosternon and Sternotherus
just recently gained popularity in the pet trade. The
demand for different species could be driven by myriad
factors outside of or indirectly related to CITES listings, as
well. Declining wild populations may affect market avail-
ability. Clemmys turtles, for example, are considered
endangered by the IUCN and are declining even where
they are protected (Howell et al., 2019). Exploitation for
the pet trade, along with habitat loss and other factors, is
considered a driver of their declines (van Dijk, 2011),
whereas Kinosternon and Sternotherus turtles are relatively
abundant. Popular media may also influence the demand
for featured species (Nekaris et al., 2013; Nijman &
Nekaris, 2017; Veríssimo et al., 2019). Anecdotally, Emy-
doidea turtles were featured in Reptile Magazine in 2012
as one of the most “engaging and interesting” turtles to
keep (CITES, 2013), and exports of them remained rela-
tively high even after CITES listing in 2013 in comparison
to years before listing. Specialist collectors may also be
more interested in species due to their perceived or actual
rarity (Courchamp et al., 2006; Purcell et al., 2014) or

consistently high-value species with colorful markings and
patterns (e.g., Terrapene and Malaclemys spp.), regardless
of price or CITES listing. Some interviewees even reported
rumors of cartels using turtles as investment opportunities
and stockpiling certain species to control the market. Sev-
eral other exogenous factors could be driving trade pat-
terns as well such as hurricanes impacting farm stocks or
global economic downturns.

Whatever the drivers of trade patterns are, it is diffi-
cult to know the extent to which CITES implementation
prevents overexploitation without reliable data on the
supply side of traded wildlife. Source codes in both
LEMIS and CITES data are meant to show the origins of
the species—if they were captive bred, farmed, ranched,
or sourced from the wild (Table S1)—and several studies
have based their analyses on this information
(e.g., Harfoot et al., 2018; Mali et al., 2014; Robinson
et al., 2015). However, as mentioned earlier, many have
warned that the source codes in trade data are flawed
(AFWA, 2020; Hinsley & Roberts, 2018; Mali et al., 2014;
Schlaepfer et al., 2005), and we purposefully did not
include any analyses that use source codes because our
interviews with wildlife agency managers, turtle farmers,
and review of correspondence between FWS and state
agencies made it especially clear that these data, at least
for turtles, are unreliable. For example, Graptemys and
Macrochelys turtle exports switched almost entirely to
source code “W” after they were listed under
Appendix III in 2006 (Figure S5) when most of these tur-
tles are likely hatchlings from turtle farms. This allowed
trade of Appendix III turtles while not explicitly labeling
them as captive-born or captive-bred due to unclear ori-
gins of the turtles, including if founder stock were legally
acquired (CITES, 2022c; USFWS, 2021). Turtle farms
often do not meet the strict requirements of CITES to be
considered captive breeding facilities (AFWA, 2020), nor
do they always have the paperwork to prove legal origins
of their breeding stock. Indeed, in some states, turtle
aquaculture facilities are not required to track or report
the turtles they acquire for their breeding stock, wild-
caught or otherwise. Appendix III listings are meant to
monitor trade and could be a valuable tool in wildlife
trade management and enforcement (Heinrich &
Gomez, 2021; Heinrich, Shepherd, & Sy, 2022; Heinrich,
Toomes, et al., 2022), but not knowing the source of
traded wildlife defeats its purpose and may create a
veneer of legality (Blundell & Rodan, 2003).

For species not listed under CITES, LEMIS source
codes may be misleading in other ways that complicate
listing decisions. For example, Sternotherus turtles were
listed under Appendix II in 2023. In the listing proposal,
researchers speculated that due to their low clutch sizes
and thus low viability for large-scale commercial
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breeding, most of the 597,823 reportedly captive-bred
Sternotherus turtles exported from 2013 to 2019 were
more likely wild-caught (CITES, 2022a). It is also possible
those exports came from ranching operations with a mix
of wild-caught and captive-born animals that label their
exports as captive-bred without the oversight of CITES
permitting. How facilities are defined as farms, ranches,
or open or closed systems needs to be clarified and used
consistently, as each has different implications for the
level of offtake from the wild, but these terms are used in
different ways (CEC, 2019). For example, how long and
under what conditions should a wild-caught turtle be
raised in a controlled environment before it or its hatch-
lings can be considered ranched or farmed (Colteaux &
Johnson, 2017; Mali et al., 2014)? Using consistent terms
and reporting for CITES and non-CITES listed taxa that
cover the range in which species are harvested and raised
is essential for monitoring trade.

State harvest reports, where available, are also diffi-
cult to use to corroborate these data as they rely on con-
sistent and accurate reporting of trappers and collectors.
To refer to an earlier example, Arkansas harvesters esti-
mated that only 50% of total harvest is reported. Further,
information on the number of turtle farms and captive
breeders that exist (or have existed over time), or the spe-
cies or number that are produced or taken from the wild
in different states are severely lacking. Some states track
this at a broad level through their permitting systems;
others split tracking between the state wildlife agency
and state agricultural agency, creating further confusion.
One state agency referred us to the US Department of
Agriculture's 2012 and 2018 censuses when we requested
yearly data, but participation in this census is voluntary,
clearly underestimates farm numbers, and lacks species-
level information. Consistent reporting requirements at
the species level from harvester to farmer to exporter,
including where wild turtles were harvested and between
state agencies would greatly assist managers in tracking
shifts in the supply chain (Sigouin et al., 2017), especially
in cases where the port of export (e.g., Los Angeles) is
likely a long way from the original source. Such reporting
could also aid in listing decisions and streamlining the
permitting process when species are listed or uplisted.

These trade data issues are not new or unique to the
US, and for many species of freshwater turtles and other
herpetofauna, a lack of basic biological and demographic
monitoring of wild populations creates additional chal-
lenges for sustainable and adaptive management (Phelps
et al., 2010; Smith et al., 2011). In the absence of these
data, estimates of sustainability can come from long-term
trends of body sizes, life history traits, and offtake rates
(Brown et al., 2012; Natusch et al., 2019). For turtles,
including the size or age class of traded animals would

help to evaluate sustainability, as it is more likely that
hatchlings originated from captive breeding or ranching
operations, and adults are the most vulnerable age class
to take from the wild (CEC, 2019; Foster &
Vincent, 2005; Sigouin et al., 2017). Unfortunately, for
long-lived and slow-reproducing species such as turtles,
by the time overexploitation of a population is confirmed,
they could already be in a downward trajectory that is
difficult to reverse. That is why it is critical to understand
the efficacy of regulatory tools already in place and utilize
existing, albeit flawed, datasets and triangulation to dis-
cern trends.

5 | CONCLUSION

Our analysis of LEMIS data, triangulated with mixed
qualitative data, showed mixed effects of CITES
Appendix II and III listings on turtle exports from the US
from 1999 to 2018. We explained how several direct and
indirect factors related to CITES permitting, turtle pro-
duction systems, markets for different species, domestic
regulations, and shifting demands influence the dynamic
and fluctuating patterns of turtle trade. This study is lim-
ited by several factors that are often inherent in wildlife
trade data, including the lack of shipments labeled to the
species level, unknown sources of turtles, and a limited
time frame of exports post-CITES listings. However, our
in-depth look at individual genera and the
before-and-after changes in the average, immediate, and
trend of export volumes and spatial patterns elucidated
dynamics that would have been otherwise missed. These
details are crucial for management decisions, especially
since CITES is designed to consider trade at both the
individual species level and at broader taxonomic levels.
Nevertheless, we echo the calls of many to improve mon-
itoring systems to better determine trade sustainability,
including consistently used and defined source codes,
reporting requirements throughout the supply chain, and
age-class monitoring of traded animals.
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