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Captive Rearing Oligotrophic-Adapted Toad Tadpoles  
in Mesocosms

Mesocosms are valuable tools for studying the evolutionary 
ecology, ecotoxicology, and community interactions of aquatic 
amphibians and their larvae (Wilbur 1987; Rowe and Dunson 1994; 
Hamilton et al. 2012). Following Semlitsch and Boone (2009), most 
mesocosms used in amphibian ecology studies consist of deep 
metal or fiberglass containers (usually cattle tanks) that may be 
partially buried in the ground, furnished with a leaf litter substrate 
and provisioned with a nutritional supplement, creating a deep, 
cool, and eutrophic aquatic environment. These mesocosms have 
been used successfully with tadpoles of many species, particularly 
ranid frogs (Wilbur 1987; Liebold and Wilbur 1992; Hamilton et 
all 2012; Melvin and Houlahan 2012). They may not, however, be 
as effective for tadpoles of all species, including many bufonid 
toads (Caut et al. 2012; Arribas et al. 2014, 2015) that preferentially 
breed in shallow, warm, oligotrophic environments, and require 
higher temperatures and dissolved oxygen levels (Noland and 
Ultsch 1981). As we postulated that mesocosms that more closely 
mimic the natural environments of particular amphibian larvae 
are likely to yield better growth rates and higher survivorship, we 
established aquatic mesocosms specifically meant for tadpoles 
adapted to oligotrophic conditions. The species we were interested 
in was the locally endangered Fowler’s Toad (Anaxyrus fowleri; 
COSEWIC 2010), which preferentially breeds in shallow, sandy-
bottomed, sparsely vegetated pools (Dickerson 1906; Wright and 
Wright 1949). Accordingly, we investigated the use of oligotrophic 
mesocosm environments established without the addition of 
supplemental food or nutrients to raise A. fowleri tadpoles through 
metamorphosis. To determine if this protocol may also be suitable 
for a more generalist species, we also included American Toad (A. 
americanus) tadpoles, in separate mesocosms of the same design.

We established 30 above-ground mesocosms (Fig. 1A) in 
378.6 L (100 US gal.) structural foam cattle tanks (Rubbermaid®) 
with dimensions of 63.50 cm L × 78.74 cm W × 134.6 cm H. We 
established the mesocosms in early spring each year, 2017–2019, 
at Long Point Provincial Park in southern Ontario, Canada, during 
the first week of May. We placed 5 cm of locally obtained sand at the 
bottom of each tank and filled the tanks with treated (chlorinated, 
mechanically filtered, and ultraviolet irradiated) drinking water 

to achieve a depth of 120 cm. We draped 70% shade cloth over 
each mesocosm and secured it with a bungee cord to act as a lid. 
We allowed the mesocosms to sit undisturbed for 5 d to allow the 
sand to settle, the water to clear, and allow chlorine in the water to 
evaporate. We then inoculated each mesocosm with 1 L of local, 
surface-collected pond water from a nearby wetland known to 
be a breeding site for A. americanus. Healthy biotic communities 
developed in the mesocosms after one week and were identifiable 
by the presence of a thin film of periphyton on the walls, clear 
water, a pH between 8.0 and 9.0, dissolved oxygen approaching 
100% or higher, ammonium (NH4

+) and nitrate (NO2
-) at 0 ppm, 

and nitrite (NO3
-) between 0–5 ppm.

We designated each mesocosm into one of four categories: 
four nursery mesocosms where tadpoles would hatch from eggs 
and begin to grow, 24 rearing mesocosms where post Gosner 
stage 26 (Gosner 1960) tadpoles would be raised, one breeding 
mesocosm where breeding pairs of toads could lay eggs, and two 
top-up mesocosms where standing water was held in reserve in 
case of a water change. Nursery, rearing, and top-up mesocosms 
were all established in the same manner.
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Fig. 1. Mesocosms for rearing oligotrophic-adapted toad tadpoles: A) 
mesocosm set-up at Long Point Provincial Park, Ontario, with shade 
screen covers; B) breeding mesocosm set up for Anaxyrus fowleri 
pairs; C) A. americanus eggs developing in a nursery mesocosm; D) 
A. americanus toadlet that crawled onto a floating platform after 
completing metamorphosis.
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We collected eggs from naturally breeding pairs of toads, both 
A. americanus and A. fowleri, and placed them into one of four 
nursery mesocosms within 24 h, separated by clutch, species, 
and collection site. Nursery mesocosms were mixed into the 
mesocosm array. Anaxyrus americanus eggs were collected from 
nearby wetlands. One breeding pair of A. fowleri in amplexus was 
collected from a nearby puddle in a parking lot. This breeding 
pair was placed in a breeding mesocosm, which had 5–10 cm of 
water, and additional sand piled to one side to create an incline. 
Floating debris and live plants were added to these mesocosms 
as well (Fig. 1B). Once eggs were deposited in the mesocosm 
(within 24 h) the breeding pair was released. We draped the strings 
of toad eggs over sticks floating in the mesocosms to keep them 
in the warmest, most highly oxygenated, topmost layer of water 
during their early development (Fig. 1C). Once tadpoles reached 
developmental stage 26 (Gosner 1960), we transferred them to 
rearing mesocosms and reduced the density to 100 tadpoles per 
mesocosm, or one tadpole per 3.7 L (Melvin and Houlahan 2012) 
and released the rest at point of origin. 

We monitored all mesocosms for ammonium, nitrate, and 
nitrite levels at least weekly using an API® Freshwater Master Test 
Kit. If ammonium, nitrate, or nitrite levels were above 0 ppm, we 
conducted a partial water change by siphoning out ca. 10–15% of 
the water from the bottom of the mesocosm and replacing it with 
aged, chlorine-free water from designated top-up mesocosms 
held in reserve. We covered the inlet of the siphon with a 70 μm 
mesh screen to prevent siphoning out tadpoles or zooplankton. 
We monitored dissolved oxygen levels daily between 1200 and 
1400 h using a Multivariate Probe (HANNA® Instruments Inc.). 
Any mesocosm found to have less than 60.0% dissolved oxygen 
was aerated for 24 h using an air stone connected to a Marina® 
300 air pump. Spikes in ammonium, nitrate, and nitrite and low 
oxygen conditions occurred rarely in these mesocosms, with 
water changes only needing to be conducted in mesocosms with 
a density of 100 tadpoles twice in 2017 and 2018, and once in 2019. 
Aeration was sparsely needed as well, being necessary only two 
or three times a season, and affected tanks seemed to be random.

As tadpoles reached Gosner stage 42 (Gosner 1960), we added 
floating cork platforms to the mesocosms for transforming 
toadlets to climb onto. These platforms were 14 × 15 × 0.6 cm 
with a 15 cm portion of a foam pool noodle hot glued to one 
edge to keep the cork on an incline in the water (Fig. 1D). Upon 
completion of their larval development, which averaged 40.3 days 
for A. fowleri tadpoles among six mesocosms in 2018 (Table 1), we 
collected all metamorphosing toadlets from the mesocosms and 
released them at point of origin.

Using these methods, we obtained an average of 91% 
survivorship through metamorphosis in 2017 among A. fowleri 
tadpoles reared at a density of one tadpole per 3.7 L (Table 1) in 
mesocosms established with only a sand substrate and a single 

inoculation of pond water. We had less success the following year 
(45% average survivorship among six mesocosms in 2018; Table 
1), which we attributed to an intense heat wave while the tadpoles 
were at an early stage of development, around Gosner stage 30 
(Gosner 1960). 

The mesocosms appeared to successfully replicate the low 
nutrient environment in the natural ponds used by A. fowleri. 
Based on the success of our inoculated mesocosms, we infer that 
food supplementation was unnecessary as the algal, zooplankton, 
and bacterial communities established in the initial inoculation 
were sufficient to support the tadpoles (Table 1). By not adding leaf 
litter or food supplements such as rabbit chow to the mesocosms, 
we reduced buildup of excess nutrients or spikes in ammonium 
levels. Both dissolved nitrogen and dissolved phosphorous 
levels remained between oligotrophic and mesotrophic levels 
(Nurnberg and Shaw 1999) throughout the period of the tadpoles’ 
development. The concentrations of total dissolved nitrogen 
and total dissolved phosphorus averaged 713 μg/L (± 271 SD) 
and 18 μg/L (± 14.8 SD), respectively, among 23 mesocosms in 
2018 and averaged 657 μg/L (±224.9 SD) and 21 μg/L (± 11.5 SD) 
among 11 mesocosms in 2019. These values compare favourably 
to the averages of total dissolved nitrogen and total dissolved 
phosphorus in two nearby natural ponds that we recorded in 
2019, which averaged 748 μg/L (± 158.5 SD) and 67 μg/L (± 20.4 
SD), respectively. 

To test if our methods could be applicable to other anuran 
larvae with similar or more broadly tolerant ecological 
requirements, we also raised tadpoles of sympatric A. 
americanus, and obtained survivorship rates of 75%, 70%, and 
91% during 2017, 2018 and 2019, respectively, at densities of 
one tadpole per 3.7 L. A trial using A. americanus at a density 
of two tadpoles per 3.7 L (200 tadpoles per mesocosm) was less 
successful. This density yielded only 52.7% average survivorship 
among six mesocosms and required more water changes and 
oxygen supplementation.

We conclude that raising oligotrophic adapted tadpoles in 
mesocosms that mimic their natural environment, without 
additional food and nutrient supplements is a viable technique 
for studying amphibian larval ecology and raising these tadpoles 
with high survivorship. Our methods should be applicable to 
other anuran larvae with similar ecological requirements. Using 
toad tadpoles in mesocosm studies may have advantages over 
the use of other anuran species, as in addition to being relatively 
low maintenance, by not adding leaf litter or food supplements 
such as rabbit chow to the mesocosms, we avoided the buildup 
of excess nutrients that could lead to detrimental spikes in 
ammonium levels which would necessitate more frequent water 
changes, allowing our mesocosms to resemble oligotrophic 
natural ponds more closely. 

taBLe 1. Average survivorship (± 1 SD), time to metamorphosis (± 1 SD), and weight at metamorphosis (± 1 SD) of Anaxyrus 
americanus and A. fowleri tadpoles in the mesocosms. In 2017, A. fowleri tadpoles were collected as tadpoles, not eggs, so time 
to metamorphosis was not recorded. In 2019, A. fowleri only emerged and bred in June, too late to be included in the mesocosm 
study. Sample size is presented in parentheses.

Species Year Average % survivorship Average time to emergence (d) Average weight at metamorphosis (g)

A. americanus 2017 75.3 ± 22.2 (6) 40.3 ± 0.82 (6) 0.119 ± 0.016 (628)
 2018 70 ± 23.2 (6) 46.1 ± 2.93 (6) 0.092 ± 0.040 (413)
 2019 90.6 ± 22.5 (15) 53.6 ± 1.5 (15) 0.108 ± 0.128 (1357)
A. fowleri 2017 90.8 ± 9.75 (4)  0.159 ± 0.015 (358)
  2018 44.7 ± 11.7 (6) 40.3 ± 2.5 (6) 0.118 ± 0.030 (232)



Herpetological Review 52(4), 2021

HERPETOCULTURE     779

Acknowledgments.––Support for this study came from the Ontario 
Ministy of Natural Resources and Forestry (OMNRF) and Environment 
Canada. We thank Bruce Pauli from Environment and Climate 
Change Canada for his thoughtful advice on tadpole rearing. We 
thank J. Benbahtane, N. Jreidini, A. Zerafa, V. Tawa, E. Forget-Klein, D. 
Shaban, T. Pulciano, A. Botsko, M. Martini, K. Kwaku, A. Brimacombe, 
C. Berruezo i Llacuna, S. Thivierge, J. Purdy, A. Malet, L. Meehan, J. 
Cuffaro, E. Jaeger, P. Harindranath, G. Rimok and R. Tremblay for their 
assistance in tadpole rearing and mesocosm maintance, as well as 
Ontario Parks, OMNRF and the staff at Long Point Provincial Park for 
logistical support. This research was carried out in accordance with 
McGill University Animal Use Protocol 4569 and permits from OMNRF 
and Environment Canada. We also acknowledge the traditional owners 
of the land on which we work; Long Point Provincial Park is situated 
on the traditional territories of the Mississauga and Haudenosaunee 
nations, and McGill University is located on the traditional territories 
of the Haudenosaunee and Anishinabeg nations.

Literature Cited

arribas, r., C. díaz-paniaGua, s. Caut, and i. GoMez-Mestre. 2015. Stable 
isotopes reveal trophic partitioning and trophic plasticity of a larval 
amphibian guild. PLoS ONE 10:e0130897.

———, ———, and i. gOmez-mestre. 2014. Ecological consequences of 
amphibian larvae and their native and alien predators on the com-
munity structure of temporary ponds. Freshw. Biol. 59:1996–2008.

Caut, s., e. anGuLo, C. díaz-paniaGua, and i. gOmez-mestre. 2012. Plas-
tic changes in tadpole trophic ecology revealed by stable isotope 

analysis. Oecologia 173:95–105.
COseWiC. 2010. COSEWIC assessment and status report on the Fowler’s 

toad Anaxyrus fowleri in Canada. Committee on the Status of En-
dangered Wildlife in Canada, Ottawa. vii + 58 pp.

diCKersOn, m. 1906. The Frog Book. North American Toads and Frogs 
with a Study of the Habits and Life Histories of Those of the North-
eastern States. Doubleday, Page and Co., New York, New York. 253 
pp.

gOsner, K. L. 1960. A simplified table for staging anuran embryos and 
larvae with notes on identification. Herpetologica 16:183–190.

HamiLtOn P. t., J. m. L. riCHardsOn, and B. B. anHOLt. 2012. Daphnia in 
tadpole mesocosms: trophic links and interactions with Batracho-
chytrium dendrobatidis. Freshw. Biol. 57:676–683.

meLVin, s. d., and J. e. HOuLaHan. 2012. Tapdole mortality varies across 
experimental venues: do laboratory populations predict responses 
in nature? Ocecologia 169:861–868.

nOLand, r., and g. r. uLtsCH. 1981. The roles of temperature and dis-
solved oxygen in microhabitat selection by the tadpoles of a frog 
(Rana pipiens) and a toad (Bufo terrestris). Copeia 1981:645–652. 

nurnBerg, g. K., and m. sHaW. 1999. Productivity of clear and humic 
lakes: nutrients, phytoplankton, bacteria. Hydrobiologia 382:97–
112.

semLitsCH, r. d., and m. d. BOOne. 2009. Aquatic mesocosms. In C. K. 
Dodd, Jr. (ed.), Amphibian Ecology and Conservation: a Handbook 
of Techniques, pp. 87–104. Oxford University Press, Oxfrord, UK.

WiLBur, H. m. 1987. Regulation in complex systems: experimental tem-
porary pond communities. Ecology 68:1437–1452.

WrigHt, a. H., and a. a. WrigHt. 1949. Handbook of Frogs and Toads. 
Third edition. Comstock Publishing, Ithaca, New York. 670 pp. 

Herpetological Review, 2021, 52(4), 779–786.
© 2021 by Society for the Study of Amphibians and Reptiles

Poison Frogs Traded and Maintained by U.S. Private Breeders
Wildlife trade and the collection of wild animals for pets are 

contributing to the global loss of biodiversity (Bush et al. 2014; 
Scheffers et al. 2019; Morton et al. 2021). Most studies on the 
impacts of the pet trade focus on birds, reptiles, and fish, but 
there is also a sizeable market for amphibians (Carpenter et al. 
2014). Amphibian trade has been linked to overexploitation of 
wild populations, invasive species introductions, and the spread 
of infectious diseases (Rowley et al. 2016; Wombwell et al. 2016; 
Lockwood et al. 2019), but there could also be conservation 
benefits. For example, consumer demand for threatened species 
can generate funds for their conservation through biocommerce 
programs (Yeager et al. 2020) and harvesting wild amphibians 
for the pet trade could contribute to sustainable local livelihood 
strategies in biodiverse developing countries (Robinson et al. 
2018). Considering amphibians are one of the most threatened 
vertebrate groups, with nearly 20% of all species on the brink of 
extinction (Ceballos et al. 2020), understanding trade dynamics 

of widely kept species is necessary for identifying threats and 
informing policy, especially when weighing the costs and benefits 
of the pet trade to both people and the environment.

Of all amphibians, poison frogs (superfamily Dendrobatoidea) 
are some of the most popular to keep in captivity because of 
their attractive aposematic coloration and diurnal behavior 
(Mohanty and Measey 2019). Aquarium enthusiasts in Germany 
and the Netherlands pioneered the poison frog hobby during 
the early 1970s (e.g., Polder 1973; Broodman 1974; Zimmermann 
1974), with the first frogs commercially available alongside 
exports of tropical fish from South America. English language 
literature describing poison frog captive care began appearing 
in the mid-1980s with the rise of the pet reptile industry (e.g., 
Ensman 1985; Zimmermann 1986). In 1987, growing demand 
and concern that overcollection could deplete wild populations 
led the family Dendrobatidae to be added to the Convention on 
International Trade in Endangered Species of Wild Fauna and 
Flora (CITES; Gorzula 1996), though barely 100 people in the 
U.S. were recorded keeping poison frogs at that time (Bertram 
1988). Today, an estimated 50,000–100,000 people in the U.S. keep 
poison frogs (Z. Brinks, pers. comm), with large numbers bred 
domestically to meet demand. At the same time, private collectors 
in the U.S. and Europe widely acknowledge the founding stock 
of many commonly kept poison frogs originated through illicit 
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means (Pepper et al. 2007). By some estimates the illegal trade 
makes up 10% of poison frog trade volume in Europe (Auliya 
et al. 2016). In the case of the Critically Endangered Lehmann’s 
Poison Frog (Oophaga lehmanni), overexploitation has been 
linked to reduced genetic diversity in wild populations, with ca. 
81,000 individuals extracted over the last four decades, leading to 
population declines and extirpation of the population at the type 
locality (Betancourth-Cundar et al. 2020).

Increasing awareness about the negative impacts of 
harvesting wildlife for the pet trade has led to a growing push 
to supply consumers with animals from sustainable sources 
(Pasmans et al. 2017; Yeager et al. 2020). Poison frog breeding 
ventures have been developed in Colombia, Ecuador, and Peru, 
which aim to curb illegal trade and, in some cases, fund habitat 
protection with their profits (Tapley et al. 2011; Sinovas and Price 
2015). However, illicit trade could undermine such sustainable 
breeding operations. Indeed, the criteria needed for wildlife 
farming to have conservation benefits often are not met owing 
to ongoing illegal trade and wildlife poaching (Tensen 2016). 
Ranching and breeding programs supplying the international pet 
trade also sometimes are used to launder wild-caught animals as 
captive-bred (Bulte and Damania 2005; Lyons and Natusch 2011; 
Robinson et al. 2015). Additionally, high-value species of poison 
frog have been documented entering the trade illegally ahead 
of legal imports (Pepper et al. 2007), filling consumer demand 
with smuggled frogs and jeopardizing the viability of breeding 
operations in range countries. Considered altogether, the negative 
effects of the trade could outweigh possible conservation benefits 
depending on the scale and scope of illicit activity. 

Despite the size of the poison-frog hobby today, there are few 
records of the frogs maintained in private collections and their 
origins. Discrepancies in CITES records related to the illegal 
trade obscure frog sources further, with wild animals laundered 
through Europe or Asia and then imported to the U.S. as captive-
bred (Nijman and Shepherd 2010). Furthermore, some species 
are polymorphic, with private collectors managing breeding 
groups to represent distinct naturally occurring geographic color 
morphs. In some cases, color variants appearing in U.S. collec-
tions are known to occur only in countries that have not allowed 
their export. Thus, species exported from a native country but 
with a phenotype matching those known from a different country 
make it challenging to identify the true level of illicit activity when 
wildlife trade is monitored mainly at the species or genus level. 
The purpose of this article is to document the poison frogs main-
tained and bred in U.S. collections, determine the ways they ini-
tially entered the trade, and examine how the origins and sources 
of new poison frogs have changed over the last thirty years.

materiaLs and metHOds

The data used to summarize poison frog trade included: 
1) primary sources such as social media group posts, internet 
forums, printed literature, and unstructured interviews with 
private breeders/dealers, 2) the CITES trade database, 3) the 
IUCN Red List, and 4) the U.S. Fish and Wildlife Service (USFWS) 
Law Enforcement Management Information System (LEMIS). To 
compile a list of the different poison frogs in captivity, I relied first 
on personal knowledge and recorded familiar species and color 
morphs. I then added to the list by searching internet forums and 
social media groups, noting the species and color morphs traded 
as well as when they first began appearing online. The Way Back 
Machine (Internet Archive 2021) was used to document poison 

taBLe 1. All poison frogs (superfamily Dendrobatoidea) maintained 
and bred by U.S. private breeders during 1990–2020 and their 
current IUCN Red List category. “Morphs” is the number of discrete 
captive populations collectors were intentionally breeding separate 
from others, usually corresponding to a wild phenotype and/or a 
particular import from a known source. “Currently kept?” indicates 
if there was evidence a species was in a U.S. collection in 2015–2020.

Taxon Morphs Red List category Currently kept?
 
Adelphobates castaneoticus 1 Least Concern Yes

Adelphobates galactonotus 10 Least Concern Yes

Adelphobates quinquevittatus 1 Least Concern Yes

Allobates femoralis 2 Least Concern Yes

Allobates zaparo 2 Least Concern Yes

Ameerega altamazonica 2 N/A Yes

Ameerega bassleri 5 Vulnerable Yes

Ameerega bilinguis 2 Least Concern Yes

Ameerega cainarachi 1 Endangered Yes

Ameerega hahneli 2 Least Concern Yes

Ameerega pepperi 4 Vulnerable Yes

Ameerega picta 1 Least Concern No

Ameerega pongoensis 1 Vulnerable Yes

Ameerega silverstonei 2 Endangered Yes

Ameerega trivittata 5 Least Concern Yes

Andinobates bombetes 1 Vulnerable No

Andinobates fulguritus 1 Least Concern No

Andinobates minutus 1 Least Concern No

Dendrobates auratus 33 Least Concern Yes

Dendrobates leucomelas 6 Least Concern Yes

Dendrobates tinctorius 42 Least Concern Yes

Dendrobates truncatus 3 Least Concern Yes

Epipedobates anthonyi 12 Near Threatened Yes

Epipedobates boulengeri 2 Least Concern Yes

Epipedobates darwinwallacei 2 N/A Yes

Epipedobates tricolor 5 Vulnerable Yes

Excidobates mysteriosus 1 Endangered Yes

Hyloxalus azureiventris 2 Endangered Yes

Oophaga arborea 1 Critically Endangered Maybe

Oophaga granulifera 7 Vulnerable Yes

Oophaga histrionica 23 Critically Endangered Yes

Oophaga lehmanni 6 Critically Endangered Yes

Oophaga pumilio 85 Least Concern Yes

Oophaga speciosa 1 Extinct No

Oophaga sylvatica 15 Near Threatened Yes

Oophaga vicentei 2 Endangered Yes

Phyllobates aurotaenia 5 Least Concern Yes

Phyllobates bicolor 5 Endangered Yes

Phyllobates lugubris 2 Least Concern Yes

Phyllobates terribilis 5 Endangered Yes

Phyllobates vittatus 2 Vulnerable Yes

Ranitomeya amazonica 7 Data Deficient Yes

Ranitomeya benedicta 3 Vulnerable Yes

Ranitomeya fantastica 10 Vulnerable Yes

Ranitomeya flavovittata 2 Least Concern Yes

Ranitomeya imitator 15 Least Concern Yes

Ranitomeya reticulata 6 Least Concern Yes

Ranitomeya sirensis 8 Least Concern Yes

Ranitomeya summersi 2 Endangered Yes

Ranitomeya uakarii 3 Least Concern Yes

Ranitomeya vanzolinii 2 Least Concern Yes

Ranitomeya variabilis 8 Data Deficient Yes

Ranitomeya ventrimaculata 1 Least Concern Yes
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frogs kept on now-defunct websites dating back to 1998, with a 
focus on U.S. trade because of its accessibility and presence as 
one of the largest markets for pet amphibians (Schlaepfer et al. 
2005; Herrel and Van Der Meijden 2014). To examine the types 
of frogs kept prior to widespread internet use, I reviewed animal 
dealer price lists, pet trade books and magazines (e.g., Tropical 
Fish Hobbyist, Reptiles), the American Dendrobatid Group 
newsletter (running 1992–2000; available at: archive.org/details/
americandendrobatidgroup), and the International Society 
for the Study of Dendrobatids newsletter (running 1988–1992; 
available at: archive.org/details/issd_bulletin). For each species, 
I recorded the trade names of color morphs, information about 
their origin in the U.S. (how they were imported, year of import, 
etc.), and when the color morph was most recently maintained 
in collections. A color morph was defined as a distinct captive 
population that collectors were intentionally breeding separate 
from others, regardless of appearance. Synonyms of trade 
names were noted and combined, and I updated the taxonomy 
of old records to agree with Frost (2021). I then circulated the 
spreadsheet and made inquiries to 29 current or former private 
breeders and/or dealers in the U.S., as well as one breeder in 
Canada and one in the Netherlands. Specific color morphs were 
considered currently in U.S. collections if there was evidence 
(e.g., a social media post, classifieds ad, confirmation from a 
private breeder, etc.) they had been kept during 2015–2020.

After compiling the dataset from primary sources, I compared 
the time of arrival to records of U.S. imports in the CITES Trade 
Database (CITES 2020). Recommendations by Robinson and Sino-
vas (2018) were followed about interpreting CITES data. In some 
cases, it was not possible to confirm the year when a color morph 
was first imported because CITES only records data to the species- 
or genus-level and has no way of recording successfully smuggled 

animals. However, by working with the network of private breed-
ers, I was able to infer the year of first arrival in the U.S. to a five-
year range or less for all color morphs and species. The earliest 
year in the five-year range was used to summarize how trade has 
changed through time. For example, if a frog first became estab-
lished at some point during 1992–1996, the year 1992 was used 
as the year of arrival for analyses. Additionally, many species and 
color morphs were imported or entered U.S. collections through 
a variety of different pathways. For example, new color morphs 
of a species were sometimes smuggled to the U.S. years before 
legal commercial imports arrived, with frogs from both sources 
subsequently bred together. Therefore, for color morphs that ar-
rived from multiple sources and had since been bred together, I 
grouped their origin into a single source corresponding to the ear-
liest way they arrived and became established. 

To examine whether threatened species were more likely 
to be kept in private collections, I compared the IUCN Red List 
(2020) status of traded dendrobatids with the IUCN Red List 
status of non-traded species. I excluded Ameerega altamazonica 
and Epipedobates darwinwallacei from the comparison because 
the two species are not recorded in the IUCN Red List. Allobates 
femoralis and A. zaparo were also excluded because they are in the 
poison frog family Aromobatidae rather than Dendrobatidae. 

Lastly, the LEMIS database was used to examine U.S. import 
volume. For the years 2000–2014, I accessed the LEMIS database 
made available by the EcoHealth Alliance (see Smith et al. 2017) 
and combined those data with data from the years 2015–2019 
received from a Freedom of Information Act request with USFWS. 
Data from LEMIS for 2020 were unavailable at the time of the 
request. Data was compiled and summarized using Google Sheets, 
Microsoft Excel, and R version 3.6.2 (R Core Team 2019).

resuLts

From 1990–2020, 378 color morphs of 53 poison frog species 
were maintained in U.S. private collections (Table 1). The spe-
cies maintained in collections increased 108% (23 pre-1990; 48 
in 2020), and the number of different color morphs by 766% (41 
pre-1990; 355 in 2020). Five species and 23 color morphs were 
in U.S. collections but are no longer kept, including one recent-
ly extinct species (Oophaga speciosa; IUCN 2020). For 47 color 
morphs of 19 species, I was unable to confirm if they currently are 

Fig. 1. The IUCN Red List status of 49 poison frog species in the fam-
ily Dendrobatidae that were traded 1990–2020 (right) compared to 
the IUCN Red List status for the remaining 142 non-traded species 
(left). Four traded species (Allobates femoralis, A. zaparo, Ameerega 
altamazonica, and Epipedobates darwinwallacei) were excluded 
from the comparison because they are not recorded in Dendrobati-
dae by the IUCN Red List.

Fig. 2. The origin of all color morphs of poison frogs (Dendrobatoi-
dea) maintained in U.S. private collections 1990–2020. The sources 
correspond to the four categories A–D in Table 2.
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in collections. Four species made up more than half of all types 
of poison frogs kept: Oophaga pumilio (85 morphs), Dendrobates 
tinctorius (42 morphs), D. auratus (33 morphs), and O. histrionica 
(23 morphs). The full dataset of traded poison frog species, color 
morphs, and notes justifying origins in collections is available at: 
doi.org/10.13012/B2IDB-4717502_V1.

The proportion of threatened species (Critically Endangered, 
Endangered, and Vulnerable Red List categories) was similar 
between traded and non-traded species (Fig. 1). The IUCN Red 
List assessed 39% of traded species as threatened versus 38% of 
non-traded species. However, non-traded species were composed 
of a greater proportion of Data Deficient species; 4% of traded 
species were Data Deficient compared to 37% of non-traded 
species (Fig. 1).

Poison frogs have entered U.S. amphibian collections ten dif-
ferent ways (Table 2). New types of frogs originating from both 
legal wild commercial collection and smuggling decreased after 
2000, coinciding with the development of breeding and ranching 
operations (Figs. 2, 3). There were 37 species represented by 109 
color morphs that originated from breeding and ranching pro-
grams in native range countries. The first frogs from such breeding 
programs were imported to the U.S. in 2006. An additional 24 new 
color morphs originated after 1990 solely as wild frogs exported 
for commercial purposes, most of which (20 of 24) were color 
morphs of Dendrobates tinctorius. Six color morphs of four spe-
cies were imported from Europe but appeared to have been off-
spring from legal wild commercial collection. Two color morphs 
of D. auratus originated in private collections after being released 
from a zoological institution to private breeders in the early 1990s. 
For 24 color morphs of 11 species entering collections post-1990, 

there were multiple origins and private breeders did not or no lon-
ger distinguished between frogs from the various sources.

Six illicit pathways were used to source poison frogs for U.S. 
collectors (Table 2). The two most common illicit trades routes 
were wild-caught frogs misleadingly imported as bred in captiv-
ity or ranched from native range countries (85 color morphs of 8 
species), and smuggled frogs or their descendants imported from 
Europe (74 morphs of 31 species). I also traced the first availability 
of 22 color morphs for 8 species to instances of direct smuggling to 
the U.S., all but one of which occurred before 2005. Of the 96 color 
morphs originating from smuggling, more than half were native 
to three countries: Peru (23 morphs), Panama (17 morphs), and 
Ecuador (14 morphs; Fig. 4).

Data from the U.S. Fish and Wildlife Service showed that 
142,211 individual poison frogs were imported during 2000–2019 
(Figs. 5, 6). Annual import quantity peaked in 2006–2008, driven 
by two species: D. auratus and O. pumilio. Together, imports of 
D. auratus and O. pumilio from a single exporter in Panama ac-
counted for more than half (85,348 individuals) of all poison 
frogs imported to the U.S. during 2000–2019. Of the Panamanian 
frogs, 94.5% of D. auratus and 98.6% of O. pumilio were recorded 
as captive-bred; however, private breeders widely believed most 
were wild-caught due to the age, condition, and quantity of frogs 
arriving.

disCussiOn

The poison frogs traded among U.S. collectors originated from 
diverse sources. Species and color morphs new to the trade that 
were descended from smuggled animals decreased over the last 
three decades, coinciding with businesses in Colombia, Ecuador, 

taBLe 2. Ten pathways poison frogs enter U.S. private collections, categorized by the potential benefit or detriment to natural resource management 
and conservation.

Category Pathway

A. Responsible trade with an intended conservation benefit 1. Imported or descended from an established breeding or ranching
 program in the native range of the species that funds conservation
 efforts.

B. Responsible trade in agreement with regulations and quota systems 2. Imported as wild-caught frogs for commercial purposes from a
 country in the species native range and in agreement with
 trade regulations.

 3. Imported from a European country but descended from animals
 most likely originally collected in a legal manner (e.g., regulated
 commercial harvest as above).

 4. Collected for a zoological institution or university and intentionally
 distributed to private breeders.

C. Illicit trade detrimental to good governance and responsible natural 5. Misidentified wild-caught frogs imported for commercial purposes
 resource management from a native range country.

 6. Imported from a country in the native range of the species but for
 which the color morph is only known to occur outside the exporting
 country.

 7. Imported from a breeding or ranching program in the native range
 of the species, yet the quantity, condition, and age of animals imported
 suggested they were likely collected from wild populations.

 8. Collected for a zoological institution or university and distributed to
 the trade in violation with agreements from the country of origin or the
 institution.

D. Illicit trade as above but also involving explicit wildlife poaching  9. Imported from Europe or Asia but descended from smuggled
 animals, or smuggled animals themselves, including those confiscated
 by, surrendered to, or gifted from a zoological institution and released
 to European private breeders (i.e., laundered frogs).

 10. Wild frogs smuggled directly to the U.S. 
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and Peru developing captive breeding and ranching programs (Si-
novas et al. 2017; Steffens 2018; Yeager et al. 2020). While breeding 
programs in native range countries increased, species and color 
morphs new to the trade that originated from legal wild-caught 
imports decreased. Such trends mirror patterns in the global trade 
of live reptiles; between 2001 and 2012 there was a 70% decrease 
in wild-caught reptiles and 50-fold increase in ranched reptiles 
(Robinson et al. 2015). The trend in new poison frogs entering 
collections from responsible sources is encouraging, but illegal 
collection also continues (Fig. 2). In some cases, smugglers have 
targeted recently described species and color morphs in the sci-
entific literature (Auliya et al. 2016). Smuggling has not only im-
pacted newly discovered populations but also damaged habitat, 
with trees selectively cutdown to access the phytotelmata of bro-
meliads where high value poison frogs are most easily captured 
(Brown et al. 2011). Peru was the native range country for the 
greatest number of poison frogs in U.S. collections descending 
from smuggled animals, followed by Panama and Ecuador.

Regarding trade volume, most poison frogs in U.S. collections 
are almost certainly bred domestically (Carpenter et al. 2014). 
Still, a Panama business accounted for the largest quantity of 
poison frog imports since 2000. Private breeders widely believed 
the Panama exporter was laundering wild-caught D. auratus 
and O. pumilio as captive-bred, which is a common method 
for illegally exploiting wildlife populations (Lyons and Natusch 
2011; Janssen and Chng 2018). As evident by the large volume 
of frogs imported, there is likely sufficient demand to develop 

legitimate captive breeding or ranching programs in Panama 
with a conservation benefit, similar to ventures in Colombia, 
Ecuador, and Peru. Yet, without enforcement of trade regulations 
or pressure from consumers, such a program is unlikely to 
develop. Alternatively, considering D. auratus and O. pumilio 
are assessed as Least Concern by the IUCN Red List (IUCN 2020) 
and often are abundant in secondary or degraded habitat (Cove 
and Spínola 2013; McKone et al. 2014), wild populations might 
easily support regulated harvests. However, if authorities wrongly 
believe exported frogs are captive-bred rather than wild-caught, 
unsustainably high export quotas could put wild populations at 
risk, especially color morphs or localities in great demand from 
collectors. Indeed, overexploitation of wild populations for the 
pet trade has caused declines in other amphibian species of 
commercial value (e.g., Andreone et al. 2006; Rowley et al. 2016). 
For people who keep poison frogs as a hobby, it is important to 
avoid purchasing frogs from questionable sources, not only 
because of the impact unregulated harvest could have on wild 
populations, but also because the illicit trade puts legal trade at 
risk of further regulation (Wyatt et al. 2018).

Emerging infectious diseases and invasive species also are 
threats linked to the amphibian pet trade, but poison frogs likely 
present less risk than other commonly kept species. Notably, the 
global spread of the chytrid fungus Batrachochytrium dendroba-
tidis is associated with the amphibian trade (Fisher and Garner 
2007; Schloegel et al. 2009; Wombwell et al. 2016), and the chytrid 
fungus B. salamandrivorans in Europe emerged through the im-
portation of pet amphibians from Asia (Martel et al. 2014; Sabi-
no-Pinto et al. 2015). Still, compared to other traded species, the 
quantity of poison frogs imported to the U.S. is relatively small. 
For example, during 2001–2009 nearly 9 million Dwarf Water 
Frogs (Hymenochirus curtipes) were imported to the U.S. (Herrel 

Fig. 3. The origin of all color morphs of poison frogs (Dendrobatoidea) 
maintained in U.S. private collections 1990–2020. The sources cor-
respond to the categories in Table 2: 1) captive breeding and ranch-
ing programs with an intended conservation benefit; 2) wild-caught 
commercial imports; 3) non-smuggled European imports; 4) trans-
parent release from a zoo or research program; 5) misidentified wild-
caught commercial imports; 6) wild-caught commercial imports of a 
color morph only known to occur outside the exporting country; 7) 
wild-caught frogs imported from a native country as captive-bred or 
ranched; 8) descended from a research program which was not sup-
posed to release frogs to the public; 9) European imports of smuggled 
or laundered frogs; 10) frogs directly smuggled to the U.S.

Fig. 4. The number of new types (color morphs and species) of poi-
son frogs (Dendrobatoidea) descending from smuggled animals 
which entered U.S. collections 1990–2020 by their native country. 
The figure shows only frogs from sources 9 and 10 in Table 2, cor-
responding either to frogs that were directly smuggled to the U.S. or 
were laundered first through a European or Asian country.
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and Van Der Meijden 2014). During the same period, imports for 
the entire poison frog family Dendrobatidae numbered less than 
80,000 individuals. Consequently, poison frogs likely warrant 
less concern than other heavily imported species with regard to 
spreading infectious diseases internationally. The amphibian pet 
trade also is responsible for introducing invasive species (Kopecký 
et al. 2016; Lockwood et al. 2019). Green and black poison frogs 
(D. auratus) have been established in Hawaii after an unsuccess-
ful release for pest control in the early 20th century (Oliver and 
Shaw 1953). Nevertheless, poison frogs have a small body size and 
are relatively expensive, meaning they are less likely to be released 
by pet owners than are other commonly kept amphibian species, 
thus posing a lower risk of becoming established outside their na-
tive range through the pet trade (Stringham and Lockwood 2018). 

Gorzula (1996) provided an overview of poison frogs traded 
during the first seven years after addition to CITES (1987–1993), 
concluding that the number of frogs traded “would not have filled 
a large trash can” and therefore was unlikely to be impacting wild 
populations. A similar outlook was common among the scientific 
community in the 1980s (e.g., Picket 1987; Mrosovsky 1988), 
with researchers only beginning to recognize that widespread 
amphibian extinctions and declines were a rising global 
phenomenon (Blaustein and Wake 1990; Wake 1991). Twenty-five 
years later, we better understand the severity of what has been 
dubbed the amphibian extinction crisis and have documented 
ways the live amphibian trade can exacerbate the problem 
(e.g., Fitzpatrick et al. 2018; Stringham and Lockwood 2018). 
Concurrently, many times more people now keep poison frogs, 
with demand for pet amphibians on the rise (Measey et al. 2019). 

Considering responsible trade can have conservation benefits 
and blanket trade bans do not usually work (Garner et al. 2009; 
Pasmans et al. 2017), policies should aim to ensure amphibians in 
the pet trade originate from sustainably-managed sources rather 
than restrict trade overall. Further trade analyses are needed 
to inform policy and should focus on the scale of domestic 
production of pet amphibians, which is not captured in CITES 
or LEMIS data (Schlaepfer et al. 2005), as well as on the potential 
livelihood benefits to local people who catch and export wild 
amphibians for the pet trade (Robinson et al. 2018). Nicaragua, 
Panama, and Suriname supply the bulk of wild-caught poison 

frogs to the trade and should be the focus of future field studies 
examining trade impacts on wild populations. 
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TESTUDINES — TURTLES

APALONE MUTICA (Smooth Softshell). FORAGING TRACES. Al-
though sit-and-wait strategies may sometimes be used, Apalone 
are thought to primarily employ active foraging techniques as 
they seek to gain energy from their habitat (Webb 1962. University 
of Kansas Publications, Museum of Natural History 13:429–611; 
Ernst and Lovich 2009. Turtles of the United States and Canada. 
Second edition. Johns Hopkins University Press, Baltimore, Mary-
land. 827 pp.). Direct field observations of foraging softshells are 
difficult to make due to their extreme shyness and wariness; how-
ever, observations of captive softshells can provide some insight 
into their active foraging behavior.

I maintained several adult male and juvenile A. mutica over 
several years in a 7 × 15 m outdoor enclosure located within the 
species natural range in Searcy, Arkansas, USA. The enclosure 
contained a ca. 5 m2 pool that varied in depth from 1–20 cm. The 
softshells successively overwintered in the pool substrate and fed 
and grew well on a diet of canned salmon and sardines. In addition, 
the turtles foraged on various naturally occurring invertebrates in 
the mixed sand and silt bottom substrate. The water was often 
slightly cloudy due to the stirring of bottom sediments by foraging 
activities of the softshells.

I occasionally observed a series of unusual whirl marks of 
unknown origin in the pool substrate and in September 2014, I 
discovered via a remote camera the source of the unusual marks. 
I observed an adult male A. mutica actively foraging in the pool, 
leaving behind the distinctive mosaic pattern of whirl marks in 
its meandering path (Fig. 1). The whirl marks were created by 
the turtle’s forelimbs as they were repeatedly extended forward 
to a point directly anterior to the turtle’s snout and then drawn 
back laterally in a breaststroke swimming motion, which drew 
the claws shallowly through the substrate. The turtle appeared 
to simultaneously probe the disturbed area with its snout and 
periodically eat whatever may have been uncovered by the limb 
movements. The turtle would then move forward a short distance 
and repeat the peculiar foraging behavior. The forward movement 
appeared to be made in a cohesive meandering path to thoroughly 

search a small patch (outlined in Fig. 1) before moving on to a new 
foraging patch.

I occasionally observed similar mosaic whirl traces in small 
shallow, still-water pools on the lee end of sandbars on the 
Kansas River near Lawrence, Kansas, but did not at the time 
recognize what the peculiar patterns represented (MVP, unpubl. 
data). Foraging traces likely may also be made in moving water, 
the preferred habitat of A. mutica (Webb 1962, op. cit.; Ernst and 
Lovich 2009, op. cit.), but probably are quickly obscured by the 
moving water.

Why A. mutica sometimes confine their foraging in patches is 
unknown. In the field, foraging A. mutica have been observed to 
root in the substrate (Webb 1962, op. cit.; Plummer and Farrar 1981. 
J. Herpetol. 15:175–179), but in no particular pattern. Confining 
foraging to patches could possibly be related to the distribution of 
prey in the substrate (Stephens and Krebs 1987. Foraging Theory. 

HERPETOCULTURE NOTES

Fig. 1. A mosaic of whirling foraging traces (outlined) made by an 
adult male Apalone mutica. Large arrow indicates foraging softshell; 
small arrows indicate heads of three burrowed Apalone. Image taken 
through cloudy water on 12 September 2014.



Herpetological Review 52(4), 2021

HERPETOCULTURE     787

Princeton University Press, Princeton, New Jersey. 247 pp.). The 
initial phases of the burrowing behavior commonly practiced 
by softshell turtles employ similar forelimb movements, but the 
limbs dig deep into the substrate. The combination of thrusting 
the head into the substrate and deep limb movements draw the 
body into the substrate and leave behind the characteristic low 
mounds indicative of burrowed softshells (Graham and Graham 
1991. Herpetol. Rev. 22:56–57). Claw marks are absent on the 
substrate surface unlike the mosaic whirl traces left by actively 
foraging A. mutica.

I thank Ann Paterson for comments on the manuscript.
MICHAEL V. PLUMMER, Department of Biology, Harding University, 

Searcy, Arkansas 72143 USA; e-mail: plummer@harding.edu.

BATAGUR AFFINIS (Southern River Terrapin). GROWTH. 
Batagur affinis is a large (carapace length [CL] to 625 mm) aquatic 
turtle that was once common in rivers and estuaries of the south-
ern Malay Peninsula, Sumatra, Cambodia, and Vietnam (Moll et 
al. 2015. Chelon. Res. Monogr. 5:90.1–90.17). Populations are now 
greatly reduced, and B. affinis is considered one of the most criti-
cally endangered turtles in the world (Stanford et al. 2018. Turtles 
in Trouble: The World’s 25+ Most Endangered Tortoises and Fresh-
water Turtles – 2018. Turtle Conservation Coalition, Ojai, Califor-
nia. 84 pp.). Despite its critically endangered status, many aspects 
of the life history of B. affinis remain poorly known, including 
growth patterns, especially of larger individuals (Moll et al. 2015, 
op. cit.). Here, we report on the growth of an adult female B. affinis 
measured over an interval of 20-years. To our knowledge, this is 
the only report of growth in a large B. affinis over such an extended 
period of time.

We first measured this turtle on 6 February 2001 in Koh Kong, 
Cambodia. At that time the turtle was being held by a Fisheries 
Administration (FA) officer after being confiscated from fishermen 
about two weeks earlier (ca. 24 January 2001). According to the 
FA officer, the turtle had been taken as by-catch in a large fishing 
net deployed in the lower reaches of the Sre Ambel River (Platt 
et al. 2003. Chelon. Conserv. Biol. 4:691–695; SGP, unpubl. field 
notes archived in Campbell Museum, Clemson University, South 
Carolina, USA). We used tree calipers to determine the midline CL 
(Method D of Iverson and Lewis 2018. Herpetol. Rev. 49:453–460) 
and midline plastron length (PL; Method H of Iverson and Lewis 
2018, op. cit.), which measured 587 mm and 504 mm, respectively. 
The FA officer stated the turtle weighed 29 kg when confiscated. 

Given the demographic importance of this large reproductive 
female to the remaining wild population, we offered to repatriate 
the turtle to the Sre Ambel River. However, fearing a potentially 
lethal outcome if the turtle again fell victim to fishing nets, the FA 
officer declined our offer. The turtle was instead kept as a pet in a 
spacious outdoor pond until late 2017 when the family donated it 
to the recently established Koh Kong Reptile Conservation Center 
(KKRCC) for captive-breeding purposes. After an appropriate 
quarantine period, we transferred the turtle to an earthen pond 
(ca. 9 × 18 m, 1.5 m deep) housing an assurance colony (sensu Platt 
et al. 2017. Herpetol. Rev. 48:570–579) of 25 (12 males: 13 females) 
adult B. affinis. These turtles are fed a mixture of water spinach 
(Ipomoea aquatica) and commercial fish pellets every day.

We next measured this turtle with tree calipers in November 
2018 and again during May 2021 (Fig. 1), as part of our annual 
inventory and health assessment of the B. affinis assurance colony 
at KKRCC (e.g., Raphael et al. 2019. Chelon. Conserv. Biol. 18:153–
162). On both occasions the CL and PL of the turtle measured 580 
mm and 505 mm, respectively, and body mass increased from 

31.2 kg in 2018 to 32.0 kg in 2021. These measurements represent 
a slight decrease (-7 mm) in CL and slight increase (+1 mm) in PL, 
which we attribute to measurement error associated with our tree 
calipers. In effect, this turtle exhibited no evidence of discernible 
linear growth over a measurement interval of 243 months.

Our data suggest that at least in this turtle, growth was 
determinate (i.e., growth ceases after an individual attains sexual 
maturity; Congdon et al. 2013. Evol. Ecol. 27:445–459). Our 
observations stand in marked contrast to most studies, which find 
chelonians typically exhibit indeterminate (i.e., growth continues, 
albeit at a reduced rate after an individual attains sexual maturity), 
rather than determinate growth (Congdon et al. 2013, op. cit.). 
That said, caution is in order when interpreting growth patterns 
based on measurements of a single individual because in many 
turtle populations, Congdon et al. (2013, op. cit.) found that almost 
20% of adults (both sexes) cease growing for periods of >10 years. 
Furthermore, because growth rates and body size can vary in 
response to different nutritional environments (Plummer and 
Mills 2015. Herpetol. Conserv. Biol. 10:688–694), we cannot rule 
out the possibility that our observations are the result of long-
term captivity, and may not accurately reflect growth patterns 
among wild B. affinis. 

Support for B. affinis conservation in Cambodia has been 
provided by Mandai Nature (formerly Wildlife Reserves Singapore), 
European Union- Partners Against Wildlife Crime, Turtle Survival 
Alliance, Allan and Patricia Koval Foundation, United States Forest 
Service, United States Fish and Wildlife Service, Rainforest Trust, 
and Critical Ecosystem Partnership Fund. Institutional support 
was provided by Wildlife Conservation Society to SGP, SS, CP, 
and BDH. We thank Heng Sovannara and Long Kheng for field 
assistance in 2001, Cassandra Paul for locating important literature 
references, and Lewis Medlock for comments on an early draft of 
this manuscript. This paper represents technical contribution 
number 7024 of the Clemson University Experimental Station.

STEVEN G. PLATT (e-mail: sgplatt@gmail.com), SITHA SOM (e-mail: 
ssom@wcs.org), and CHRISTOPHER POYSER, Wildlife Conservation Soci-
ety-Cambodia Program, #21, Street 21, Tonle Bassac, Chamkarmon, Phnom 
Penh, Cambodia (e-mail: cpoyser@wcs.org); BRIAN D. HORNE, Wildlife Con-
servation Society-Center for Global Conservation, 2300 Southern Boulevard, 
Bronx, New York 10460, USA (e-mail: bhorne@wcs.org); THOMAS R. RAIN-

Fig. 1. Adult female Batagur affinis measured first in 2001 and again 
in 2018 and 2021. This turtle exhibited no discernible linear growth 
over an interval of 243 months. 

PH
O

TO
 B

Y 
SI

TH
A

 S
O

M



Herpetological Review 52(4), 2021

788     HERPETOCULTURE

WATER, Tom Yawkey Wildlife Center & Belle W. Baruch Institute of Coastal 
Ecology and Forest Science, Clemson University, P.O. Box 596, Georgetown, 
South Carolina 29442, USA (e-mail: trrainwater@gmail.com).

PSEUDEMYS CONCINNA (River Cooter). TWINNING. There have 
been numerous reports of one-egg twins in various chelonian 
species where each twin develops independently from the other 
(Eckert 1990. J. Herpetol. 24:317–320; Piovano et al. 2011. Folia 
Zool. 60:159–166; Tucker and Jansen 1997. Copeia 1997:166–173; 
Hirasawa 2019. Zool. Sci. 36:1–4). On 1 July 2021 at 0945 h, an adult 
female Pseudemys concinna presented to a wildlife clinic with se-
vere injuries following vehicular trauma. The injuries consisted of 
a coelomic breach with both lungs affected and the patient was in 
respiratory distress. Due to the extent of the injuries and the grave 
prognosis, the decision was made to humanely euthanize the tur-
tle. During the initial examination eggs were palpated in the coe-
lom. Nineteen eggs collected from the mother were placed into an 
incubator with hopes of releasing her hatchlings to the wild.

On 25 August 2021 at ca. 1130 h, the clutch was checked, and 
a hatchling had fully emerged from its egg; it was connected to 
another hatchling that was still emerging from that same egg. 
Simultaneously, a third hatchling was emerging from a different 
egg. Upon closer examination, it was determined that the first two 
hatchlings were twins connected by a remnant of a shared yolk 
sac (Fig. 1). There are several reports of this type of connection 
between hatchlings of varying species, though survivability is not 
common (Carpenter and Yoshida 1967. Herpetologica 23:57–59; 
Crooks and Smith 1958. Herpetologica 14:170–171; Hildebrand 
1938. J. Hered. 29:243–253; Yntema 1971. Copeia 1971:755–758).

On 26 August 2021 at ca. 0930 h, both hatchlings had 
successfully emerged from the egg. The two hatchlings were 
moved to a container with heat support and a small amount of 
water, conditioned with Reptisafe® (Zoo Med, San Luis Obispo, 
California, USA) to soak. At this time, they were quiet, alert and 
responsive and their shared yolk sac was intact. The following 
morning, the hatchlings were both bright, alert, responsive, and 
energetic; however, their movements caused the yolk sac to twist. 
In order to prevent torsion and potential infection, a decision was 
made to separate the twins. On 27 August 2021 at 1054 h an area 

at the midpoint of the yolk sac remnant was cleaned with dilute 
povidone iodine and two circumferential ligatures were made 
with 5-0 Silk (Ethicon, Johnson & Johnson) (Fig. 2). The yolk sac 
remnant was then separated between the two ligatures to prevent 
hemorrhage, yolk depletion, and ascending infection. After the 
separation, the umbilical stumps were again cleaned with dilute 
povidone iodine and they were returned to their container.

The hatchlings recovered well from the procedure and are 
continuing to eat and thrive. They are currently in an enclosure 
with the third hatchling. The twins currently weigh 5.0 g and 6.0 
g with carapace lengths of 30 mm and 32 mm respectively. This 
is in contrast to the third hatchling which weighs 10.0 g and has 
a carapace length of 37 mm. This is apparently the first published 
case of twinning in P. concinna. Though the incidence of surviving 
twin turtles is uncommon, this case demonstrates the possibility 
of success in separating turtles conjoined by a shared yolk sac 
remnant via this procedure.

We would like to thank the members of North Carolina State 
University’s Turtle Rescue Team for their help during this case. 
We are particularly grateful for the assistance provided by Emily 
Haupt and Sadhana Jayanth during the separation procedure.

CHRISTIAN M. CAPOBIANCO (e-mail: cmcapobi@ncsu.edu), SARAH 
SCOTT-CRUZ (e-mail: sscottc@ncsu.edu), and GREGORY A. LEWBART, 
North Carolina State University College of Veterinary Medicine, Raleigh, 
North Carolina 27607, USA (e-mail: galewbar@ncsu.edu).

Fig. 1. Pseudemys concinna hatchlings emerging from their egg con-
joined by a shared yolk sac. 
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Fig. 2. Circumferential ligatures tied around the yolk sac remnant to 
facilitate separation. 
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