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AMBYSTOMA MACRODACTYLUM (Long-toed Salamander). 
HABITAT. Ambystoma macrodactylum tend to prefer Course 
Woody Debris (CWD) with soft, decayed wood with loose bark 
and long, concealed spaces where they can rest, travel and for-
age for invertebrates (Keisker 2000. Res. Br., Min. For, Victoria, 
B.C. Work. Pap. 50/2000. 92 pp.). The cryptic nature and sparse 
distribution of A. macrodactylum as well as the large variety of 
habitats they exploit makes investigation into the upland portion 
of this species’ life history difficult as detection rates are often 
low (Graham and Powell 1999. Alberta Wildlife Status Report No. 
22, 20 pp.).

The Long-toed Salamander has only been detected under, 
but never within, pieces of Paper Birch (Betula papyrifera) CWD 
during intensive annual search efforts from unpublished surveys 
running from 2008–2009 and an ongoing study 2014–2015 
(MacInnis et al. 2015. Unpubl. report, DWB Consulting Services 
Ltd. and Cooper Beauchesne and Associates Ltd., Prince George, 
BC, for BC Hydro Generation. 71 pp.). However, a unique A. 
macrodactylum hide location (56.6098°N, 124.7070°W; WGS 84) 
was discovered on 13 July 2015 within a piece of Paper Birch CWD 
(Fig. 1A–C). The male salamander (SVL = 6.0 cm; 3 g) was pressed 
into a tightly excavated space within birch wood. The discovery 
was made by a survey member using a knife to cut and peel the 
bark off a piece of hard paper birch CWD; only hands were used 
during previous search efforts into softer logs. The piece of birch 
CWD was hard and intact measuring ca. 25 cm in diameter at the 
intersection point where the salamander was detected. A second 
male salamander (SVL = 5.2 cm; 3 g) was subsequently detected 
approximately 1 m from the first salamander in the same log 
where the heartwood was more extensively decayed by exposure 
caused by an old partial chain saw cut (Fig. 1D).

Another detection was made on 14 July 2015 that included 
a pair of salamanders in a similar type of habitat (56.6141°N, 
124.7048°W; WGS 84) consisting of a hard piece of Paper Birch 
CWD (log diameter ca. 25 cm; Fig. 2) requiring the use of a knife 
to peel the bark away. The pair consisted of a female (SVL = 6.5 
cm; 5 g) and male (SVL = 4.9 cm; 3 g) that were in physical contact 
at the top of the log. This piece of birch CWD was more decayed 
along the top compared to the log of the first discovery, but 
the log was still hard such that it could not be broken apart by 
hand. There were relatively few large pieces of hard Paper Birch 
CWD in our study plots. The fact that two detections were made 
after only two days of searching in this type of habitat suggests 
common usage by the salamanders. The first individual (Fig. 1A–
C) was pressed in tightly such that it would require substantial 
effort for movement or escape after detection. Hence, it was 
well protected from the elements and potential predators. This 
microhabitat would require considerable effort to occupy as 
the salamander would have to excavate a runway in the soft 

Fig. 1. A) Paper Birch bark peeled back with Long-toed Salamander 
detected in hide location. B) Close-up shot of salamander in hide. 
C) Macro shot of salamander in hide. D) Break junction in log where 
second salamander was detected.

Fig. 2. A) Long-toed Salamander pair detected in Paper Birch CWD. 
B) Close-up shot of salamander pair.
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decayed wood pressing tightly under the bark along the top of 
the preserved hard wood.

MARK D. THOMPSON (e-mail: mthompson@dwbconsulting.ca) and 
ANDREW McDERMOT-FOUTS, DWB Consulting Services Ltd., 1579 9th 
Avenue, Prince George, British Columbia, Canada V2L 3R8 (e-mail: an-
drewmf@shaw.ca).

AMBYSTOMA TIGRINUM (Eastern Tiger Salamander). DIET. Lar-
val tiger salamanders (eastern and western U.S. species) are known 
to consume a wide range of food items, depending on the size of 
the larvae and the availability of the prey species (Dodson and 
Dodson 1971. Copeia 1971:614–624; Zerba and Collins 1992. Ecol-
ogy 72:268–279). Typical larval diets primarily consist of aquatic 
invertebrates (Zerba and Collins 1992, op. cit.; Benoy et al. 2002. 
Hydrobiologia 481:47–59) and occasionally terrestrial insects (Ho-
lomuzki and Collins 1987. Copeia 1987:949–957). Vertebrate prey 
of both typical and cannibal morphs includes conspecific larvae 
and eggs (Holomuzki and Collins 1987, op. cit.), minnows (Lar-
son et al. 1999. Am. Midl. Nat. 141:124–139), and anuran tadpoles 
(Webb and Roueche 1971. Great Basin Nat. 31:193–212; Loeb et al. 
1994. Funct. Ecol. 8:151–158). Individual larvae may show some 
feeding preferences based on nutritional value, but they generally 
appear to eat the largest prey item available to them (Dodson and 
Dodson 1971, op. cit.). Here we describe what we believe is the first 
record of a larval Ambystoma tigrinum successfully capturing and 
consuming a metamorphosed anuran.

On 24 July 2015, a larval A. tigrinum was retrieved from a 
minnow trap during a study at Pepperton Waterfowl Production 
Area, north of Alberta, Stevens Co., Minnesota, USA (45.6144°N, 
96.0504°W; WGS 84). The larva was anesthetized using MS-
222 and its stomach contents obtained through gastric lavage. 
The larva (total length = 22 cm; 92.8 g), had a partially-digested 
juvenile Lithobates pipiens (Northern Leopard Frog) in its stomach 
(Fig. 1). The frog (SVL ca. 4.0 cm) appears to have been fully 
metamorphosed, although there was too much tissue degradation 

to determine whether the tail had been fully resorbed. This frog 
was similar in size to the fully-metamorphosed young of the year 
we observed in the pond during this sampling period. 

The stomach sample for this larva also included three dragonfly 
nymphs (one in family Aeshnidae and two from Libellulidae), one 
water boatman (Corixidae), one small snail (Amnicola sp.), and 
one snail egg mass. Stomach contents were preserved in 70% 
ethanol for further analysis. The A. tigrinum larva recovered from 
anesthesia and was released at the point of capture on 25 July 2015. 
Although this was an unusually large larva, these larger individuals 
are clearly capable of consuming prey items not typically available 
to tiger salamanders and may modify the trophic impact of tiger 
salamanders on aquatic communities. 

We thank the US Fish & Wildlife Service for permission to 
conduct research on the WPA. This study was conducted under 
University of Minnesota Institutional Animal Care and Use 
Committee permit 1208A19104.

HEATHER L. WAYE (e-mail: wayex001@morris.umn.edu), ZACH M. 
SMITH, and NATHAN W. DALMAN, University of Minnesota Morris, 600 
East 4th Street, Morris, Minnesota 56267, USA. 

ANEIDES AENEUS (Green Salamander). EDEMA. On 12 June 1983, 
a juvenile A. aeneus in a highly edematous condition was observed 
on the surface of a rock outcrop at about 1700 h on an overcast 
day in Whitley County, Kentucky, USA. The salamander was mov-
ing and possibly foraging. It was brought to the lab for further 
observation: photos were taken right away (Fig. 1). The trunk 

Fig. 1. Ambystoma tigrinum larva and remains of Lithobates pipiens 
removed from its stomach, with ruler for scale.

Fig. 1. A) Lateral view of Aneides aeneus with edematous condition. 
B) Ventral view of the same salamander. Note remnants of shed skin 
on toes and tail. 
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was quite edematous, having a large accumulation of body fluids 
especially in the abdominal cavity (Fig. 1A). The swollen abdo-
men was transparent through the venter allowing visualization 
of the internal organs and the extent of fluid content (Fig. 1B). It 
appeared to be near completion of shedding the skin; remnants 
may be seen on some toes and on the tail. The animal did not act 
as if stressed and attempted to elude capture by crawling away. 
The tail appeared to be thin and the animal did not take food. 
It was maintained in the lab for a few weeks before dying. This 
condition is rarely reported for amphibians, especially in sala-
manders. There is a report on abnormal build up of body fluids 
in the abdomen (referred to as Dropsy Disease) of captive Hy-
menochirus goettgeri (African Dwarf Frogs), Xenopus laevis (Afri-
can Clawed Frogs), and Pelodryas (=Litoria) splendida (Splendid 
Tree Frogs). Pessier et al (2009. J. Exot. Pet Med. 18:4–13) reviewed 
some common disorders of the amphibian urinary tract and fluid 
balance. Some known causes of edema include renal disease and 
problems with the lymphatic system that result in improper fluid 
drainage, possibly due to bacterial or parasitic infections. Anyone 
finding such specimens should take them to a veterinarian for 
evaluation. Subsequent trips to the same rock outcrops over 32 
years have not turned up any additional edemic specimens. 

PAUL V. CUPP, JR., Department of Biological Sciences, Eastern Kentucky 
University, Richmond, Kentucky 40475, USA (e-mail: paul.cupp@eku.edu). 

CRYPTOBRANCHUS ALLEGANIENSIS ALLEGANIENSIS (East-
ern Hellbender). DIET. The Eastern Hellbender is considered to 
be a primary predator of crayfish species (Humphries and Pau-
ley 2000. J. Herpetol. 34:604–607), and is also known to consume 
a variety of other invertebrate species including aquatic snails, 
worms, and insects (Nickerson and Mays 1973. The Hellbenders: 
North American “Giant Salamanders.” Milwaukee Public Muse-
um Publications in Biology and Geology, Milwaukee, Wisconsin. 
106 pp.). Vertebrate prey consumed by the Hellbender include a 
variety of small fish species, tadpoles, a toad, a juvenile Northern 
Watersnake, and a small mammal (Mayasich et al. 2003. Eastern 
Hellbender Status Assessment Report. USFWS, Fort Snelling, 
Minnesota. 43 pp.). The hellbender has also been documented 
to feed upon the eggs and larvae of its own species, with this be-
havior being exhibited by both sexes during the incubation and 
larval rearing period (Smith 1907. Biol. Bull. 13:5–39). Recent ob-
servations have also noted the predation of juvenile Hellbenders 
by adults in the same system (Groves and Williams 2014. Her-
petol. Rev. 45:108–109). Predation on adult Necturus has been 
observed, and predation of other species of salamanders by 
hellbenders has been speculated (Alexander 1927. Buffalo Soc. 
Nat. Sci. 7:13–18), and the Hellbender has been observed prey-
ing upon larval individuals of other species of salamanders (Hill 
2011. Herpetol. Rev. 42:580). 

At 1130 h on 25 April 2014, a female Eastern Hellbender (43.2 
cm total length; 26.0 cm SVL; 1720 g) was captured during a survey 
in Brooke Co., northern West Virginia, USA (precise locality data 
withheld). During handling, the individual regurgitated stomach 
contents containing four Etheostoma blennioides (Greenside 
Darters), portions of four crayfish of the genus Orconectes, and 
one adult Eurycea bislineata (Northern Two-lined Salamander). 
The regurgitated stomach contents were preserved in 70% 
ethanol following collection and deposited in the herpetology 
collection at Carnegie Museum of Natural History in Pittsburgh, 
Pennsylvania (CM 157697). This is the first documented 
occurrence of the Hellbender preying upon E. bislineata. This 
observation suggests that it is likely that this species also might 

opportunistically prey upon other caudates that inhabit large 
stream and river systems where the Hellbender occurs.

WILLIAM J. GREATHOUSE (e-mail: jgreathouse@thewilds.org), CAIT-
LIN BYRNE (e-mail: cbyrne@thewilds.org), KAITLYNN SAMBORSKY 
(e-mail: samborsky.3@gmail.com), ALEXANDER S. WENDT (e-mail: as-
wendt@iastate.edu), and SCOTT S. KLEIN, The Wilds, 14000 International 
Road, Cumberland, Ohio 43732, USA (e-mail: ssklein@indiana.edu).

CRYPTOBRANCHUS ALLEGANIENSIS ALLEGANIENSIS (East-
ern Hellbender). DIET. Hellbenders eat a variety of prey, but 
their diet consists primarily of crayfish and secondarily of fish 
(Nickerson and Mays 1973. Milwaukee Publ. Mus. Biol. Geol. 
1:1–106; Peterson et al. 1989. Southwest. Nat. 34:438–441). The 
diversity of prey recorded in the diet suggests that Hellbenders 
feed opportunistically, eating either prey frequently encoun-
tered in the streams they inhabit or less common prey that they 
encounter serendipitously. For example, Hellbenders occasion-
ally eat large numbers of lamprey (Ichthyomyzon), presumably 
while lampreys are congregating during breeding (Nickerson et 
al. 1983. Herpetol. Rev. 14:10). Opportunistic feeding possibly ex-
plains the large number of snails occasionally found in the stom-
achs of Hellbenders (Nickerson and Mays 1973, op. cit.; although 
the authors suggest that snails are eaten incidentally) and the 
rare unusual items such as toads, snakes, and tadpoles (Nicker-
son and Mays 1973, op. cit.). Although fish have been found in 
stomachs of 20% of individuals in some Hellbender populations 
(Peterson et al. 1989, op. cit.), relatively few groups of fish have 
been reported in the diet (e.g., sculpins, Cottidae; suckers, Catos-
tomidae; logperch, Percidae; trout, Salmonidae; and minnows, 
Cyprinidae; Smith 1907. Biol. Bull. 13:5–39; Netting 1929. Copeia 
1929:23–24; Swanson 1948. Am. Midl. Nat. 40:362–371; Ferguson 
1961. Copeia 1961:391–396; Nickerson and Mays 1973, op. cit.; 
Peterson et al. 1989, op. cit.). Although common inhabitants of 
streams inhabited by Hellbenders, catfish (Ictaluridae) have not 
been reported in their diet.

While sampling for a mark-recapture study, an adult 
Hellbender (total length = 414 mm, 400 g) was captured on 13 
July 2015 in a stream of the Western Highland Rim physiographic 
province, Lawrence Co., Tennessee, USA (precise locality 
withheld due to conservation concerns). The Hellbender was 
placed into a clean mesh sack and taken to shore where it was 
processed (photographed, weighed, measured, and injected 
with a PIT tag). During processing, the Hellbender regurgitated 
a partially digested Noturus exilis (Slender Madtom) with 
a standard length of 68 mm and a mass of 3.4 g. Madtoms, 
including N. exilis, have venom glands associated with their 
pectoral and dorsal fins (Birkhead 1972. Copeia 1972:790–807). 
Although lethal to some species of fish (Birkhead 1972, op. cit.), 
the effect of N. exilis venom on Hellbenders is unknown. Noturus 
exilis and other species of madtom are abundant in the stream 
sampled (pers. obs.), but the frequency that they are eaten by 
Hellbenders is unknown. 

BRIAN T. MILLER, Department of Biology, Middle Tennessee State 
University, Murfreesboro, Tennessee 37132, USA; e-mail: brian.miller@
mtsu.edu. 

CRYPTOBRANCHUS ALLEGANIENSIS ALLEGANIENSIS (East-
ern Hellbender). MORTALITY. Over the last few decades Crypto-
branchus alleganiensis alleganiensis have been declining rapidly 
throughout most of the known geographic range (Wheeler 2003. 
Biol. Conserv. 109:151–156). Previous studies have evaluated how 
habitat changes, water quality issues, and diseases potentially 
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impact C. a. alleganiensis survival (Nickerson 2003. Southeast. 
Nat. 2:619–629; Souza et. al 2012. J. Wildl. Dis. 48:560–566). In this 
note we report how natural hazards, such as high water and flood 
events, may contribute to C. alleganiensis mortality. 

On 16 July 2015, while conducting snorkel surveys for 
Hellbenders on a stretch of the Little River in the Great Smoky 
Mountains National Park, Tennessee, USA (precise locality 
withheld due to conservation concerns), we observed a single 
dead larva crushed between two cobble-sized rocks near the 
river-left bank. Both rocks were ca. 15 cm in length and not 
embedded. The larva was ca. 10 cm total length and it had crush 
marks around the abdomen. The head and tail were not crushed, 
but were decomposing. During the week the surveys took place, 
beginning 13 July 2015, the Tennessee portion of the Great 
Smoky Mountains National Park received approximately 6.35 to 
12.7 cm of rain (www.noaa.gov). At the Little River gauge located 
above Townsend, Tennessee and downstream of our sampling 
site, the stream flow increased from ca. 2.83 m3/s to 48.1 m3/s 
and the water level increased from 0.45 to 1.29 m. The stream 
flow and water levels began to decrease between 15–17 July 
2015 (www.usgs.gov). The increase in stream flow likely caused 
the cover rocks to move downstream, crushing the larva. The 
specimen was not collected due to significant damage and stage 
of decomposition. Previous research has shown that gilled or 
gill-sized larvae can compose 28–48% of all captures in the Little 
River (Nickerson et al. 2003, op. cit.; M. Freake, unpubl. data), 
while the next size class only composes up to 4% of captures (M. 
Freake, unpubl. data). Although no studies have been conducted 
to examine sources and/or extent of larval mortality at this site, 
the observed age structure suggests that larval mortality may 
be particularly high. Overall, high larval mortality can decrease 
recruitment, affect future population age class distribution, and 
is especially pertinent for long-lived and slow-growing species, 
such as C. alleganiensis.

JERONIMO G. D. S. NETO (e-mail: jgomesda@my.tnstate.edu), WIL-
LIAM B. SUTTON, Department of Agricultural and Environmental Sci-
ences, Tennessee State University, Nashville, Tennessee 37209, USA (e-mail: 
wsutton@tnstate.edu); JESSICA B. GIACOMINI, Department of Forestry, 
Wildlife, and Fisheries, University of Tennessee, Knoxville, Tennessee 37996, 
USA; RUTH E. FREEMON and MICHAEL FREAKE, Department of Mathe-
matics and Natural Sciences, Lee University, Cleveland, Tennessee 37311, 
USA (e-mail: mfreake@leeuniversity.edu).

CRYPTOBRANCHUS ALLEGANIENSIS ALLEGANIENSIS (Eastern 
Hellbender). PERSISTENCE IN ALABAMA. Graham et al. (2011. 
Herpetol. Conserv. Biol. 6:242–249), in an assessment of Crypto-
branchus alleganiensis alleganiensis occurrence in Alabama, con-
cluded after surveys of 45 historic and previously un-surveyed 
sites that the species had possibly been extirpated. From 2006 
to 2010 Graham et al. (2011, op. cit.) conducted field activities to 
assess the status of the Eastern Hellbender as well as obtaining 
specimens known to have been collected or photographed yet 
remained unvouchered; three records—two specimens and one 
photo—were documented in this manner. Since 2011, one unveri-
fied observation based on a photo of a dead Hellbender was circu-
lated in an email originally dated 19 June 2013. In the photo a large 
Hellbender is shown draped over the end of a canoe paddle and 
the location was given as the Flint River east of Huntsville near US 
Hwy 72. Attempts to obtain full data were unsuccessful. 

On 27 March 2014 in Cypress Creek, Lauderdale Co., Alabama, 
USA, an individual Eastern Hellbender (total length = 48 cm) was 
captured by a team of fisheries biologists. Video and photographs 

of the Hellbender were taken. On 18 September 2015, an adult 
non-gravid female (SVL = 32.7 cm; total length = 49 cm; 636 g) was 
captured in the Flint River, Madison Co., Alabama, USA, above 
US Hwy 72. This specimen was photo-vouchered in the Alabama 
Herp Atlas (AUM AHAP-D 1118), PIT tagged, and tissue sample 
obtained. The exact localities for both specimens are withheld 
here for conservation purposes.

We agree with Graham et al. (2011, op. cit.) that Eastern 
Hellbender sightings likely represent relict populations and that 
eventual extirpation in Alabama is a possibility. Our observations 
gathered during recent field sampling in which we surveyed 
approximately 90 km over six streams support the opinion of 
Graham et al. (2011, op. cit.) that water quality degradation is 
the underlying cause of the decline of the Eastern Hellbender in 
Alabama. 

JAMES C. GODWIN, 1090 S. Donahue Drive, Alabama Natural Heritage 
Program, Museum of Natural History, Auburn University, Alabama 36849, 
USA (e-mail: jcg0001@auburn.edu); LESLEY DE SOUZA, S415 Turner Hall, 
Department of Natural Resources and Environmental Sciences, University 
of Illinois, Urbana, Illinois 61801, USA (e-mail: lesleydesouza4@gmail.com); 
THOMAS FLOYD, Georgia Department of Natural Resources, Nongame 
Conservation Section, 116 Rum Creek Drive, Forsyth, Georgia 31029, USA 
(e-mail: Thomas.Floyd@dnr.ga.gov); CODY EWERS (e-mail: cody.m.ewers@
gmail.com), LACY RUCKER (e-mail: ruckerlacy@gmail.com), IWO GROSS, 
Alabama A&M University, 100 Drake Drive, Normal, Alabama 35762, USA 
(e-mail: iwogross@gmail.com); CAL C. JOHNSON, Alabama Department 
of Environmental Management, 2715 Sandlin Road, S.W., Decatur, Alabama 
35603-9359, USA (e-mail: cal.johnson@adem.state.al.us).

CRYPTOBRANCHUS ALLEGANIENSIS ALLEGANIENSIS (East-
ern Hellbender). TERRESTRIAL MOVEMENT. Cryptobranchus 
alleganiensis alleganiensis is a large salamander that is often 
associated with cold, well-oxygenated streams from Missouri 
to southern New York and northern Georgia (Smith 1907. Biol. 
Bull. 13:5–39; Nickerson and Mays 1973. The Hellbenders: North 
American “Giant Salamanders.” Milwaukee Public Museum, Mil-
waukee, Wisconsin. 106 pp.). Hellbenders are considered fully 
aquatic salamanders; all life stages inhabit lotic habitats. Hell-
benders primarily respire through their skin, known to be highly 
vascularized to facilitate cutaneous respiration. In addition, 

Fig. 1. Distribution of historical localities and most recent documen-
tations of the Eastern Hellbender (Cryptobranchus alleganiensis al-
leganiensis) in Alabama.
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longitudinal skin folding along the lateral line increases surface 
area for cutaneous gas exchange. Adult Hellbenders also pos-
sess poorly vascularized, non-septate internal lungs, which are 
thought to contribute little to overall gas exchange (Guimond 
and Hutchison 1973. Science 182:1263–1265), but may play an 
important role in regulating buoyancy. Although these primi-
tive lungs are thought to usually have a trivial respiratory role 
(Lenfant and Johansen 1967. Resp. Physiol. 2:247–260; Guimond 
and Hutchison 1976. In G. M. Hughes [ed.], Respiration of Am-
phibious Vertebrates, pp. 313–338. Academic Press, New York), 
individuals can use pulmonary respiration when needed. For ex-
ample, Ultsch and Duke (1990. Oecologia 83:250–258) reported 
that Hellbenders under laboratory-simulated hypoxic conditions 
were able to survive at least 5–11 days by surfacing to breathe air, 
utilizing pulmonary respiration. To our knowledge, no study has 
reported the extended voluntary use of pulmonary respiration or 
terrestrial movement by Hellbenders in a natural setting; how-
ever, anecdotal evidence suggests they may be capable of leav-
ing the water (Barton 1812. A Memoir Concerning an Animal of 
the Class of Reptilian, or Amphibian, Alligator and Hell-bender. 
Griggs and Dickenson Printers. 25 pp.). 

On the afternoon of 7 September 2012, we witnessed two 
adult Hellbenders exhibiting terrestrial movements at the base 
of a waterfall in Washington Co., Virginia, USA (precise locality 
withheld due to conservation concerns). The waterfall area is 
ca. 15 m wide (full stream width) and consists of three rock tiers 
that have a total elevational gradient of ca. 10.25 m. Starting at 
the most downstream aspect of the waterfall, the first tier rises 
from the water at a vertical angle ranging between 35–45° and 
then levels to a horizontal platform at the top, 2.05 m from the 
water line below. The second tier rises directly from a small pool 
located ca.1.4 m back from the top of the first tier. Finally, the 
third tier is located 8.85 m upstream of the second tier. We did 
not observe any Hellbenders attempting to scale the second and 
third tier. The surrounding terrestrial habitat is mostly forested, 
containing Kalmia latifolia (Mountain Laurel), Rhododendron, 
and large boulders. The immediate vicinity is a site known to 
harbor a very high population density of Hellbenders, with an 
estimated density of approximately 2.29 (1.89–2.63, 95% CI) 
adult/subadult Hellbenders per 100 m2 of wetted river channel in 
the reach leading up to the waterfall (Jachowski et al., unpubl.).

The first individual was spotted at ca. 1645 h on the northern 
aspect of the waterfall area, ca. 1 m from the edge of the stream, 
climbing at an angle of ca. 43° on the rock outcropping. During 
this time, the Hellbender was completely out of the water and 
made several attempts to scale the rock, climbing vertically and 
along horizontal fissures in the rock. At one point, the individual 
successfully climbed near vertically for 0.5 m before falling 
backwards. After ca. 1 h, the individual was 8.4 m from the water’s 
edge, reversed direction, and started to return to the stream. 
Within this time frame, a second individual was observed leaving 
the water and attempting to scale the first tier of the waterfall. 
The second individual made two unsuccessful attempts and fell 
backwards into the water. The first two attempts were made at 
an approximate vertical angle of 35°. The individual ultimately 
successfully scaled the first tier using an alternate route on the 
tier that had a vertical angle of ca. 40°, after which it collapsed 
on top of the flat rock platform and sat motionless for ca. 5 min. 
before crawling into the small pool at the base of the second tier. 
Both individuals were observed gulping air and moving in 30–60 
sec bursts while attempting to scale the barriers. From visual 
inspection, both of the Hellbenders were adults. Although we did 

not disturb the animals during these movements, we captured the 
first individual just as it returned to the water at the base of the 
falls and determined it was an adult male ca. 30 cm in total length. 

Our observations suggest that Hellbenders may utilize their 
ability to breath out of water in order to scale in-stream habitat 
barriers. Such instances have been reported for Andrias japonicas 
(Japanese Giant Salamander) in which terrestrial movement 
over small dams can occur during breeding migrations (Taguchi 
and Natuhara 2009. Jpn. J. Conserv. Ecol. 14:165–172). Similarly, 
the capacity to scale these obstacles may be important for 
Hellbenders during the breeding season (August–September in 
this population) when movement and conflict among individuals 
are common. Alternatively, this characteristic could be important 
in juvenile dispersal, especially in streams with steep gradients. 
Understanding Hellbenders’ capacity for terrestrial movement 
could ultimately prove useful to conservation-related research 
such as genetic isolation due to in-stream structural barriers. 

B. HOPKINS COE (e-mail: bchop@vt.edu), DAVID V. DREWETT (e-
mail: ddrewett@blm.gov), C. BODINOF JACHOWSKI (e-mail: cjachowski@
vt.edu), and W. A. HOPKINS, 106 Cheatham Hall, Virginia Tech, Blacksburg, 
Virginia 24061, USA (e-mail: hopkinsw@vt.edu).

DESMOGNATHUS APALACHICOLAE (Apalachicola Dusky Sala-
mander) and AGKISTRODON CONTORTRIX CONTORTRIX 
(Southern Copperhead). PREY/PREDATOR. The prey species of 
the Southern Copperhead includes so many different vertebrates 
and invertebrates that its diet has been called “catholic” (Fitch 
1960. Autecology of the Copperhead. Univ. Kansas Publ. Mus. Nat. 
Hist. 13:85–288). Although frogs are commonly reported in Cop-
perhead diets, only a few salamanders have been documented 
(Gloyd and Conant 1990. Snakes of the Agkistrodon Complex, a 
Monographic Review. Contributions to Herpetology No. 6. Society 
for the Study of Amphibians and Reptiles, Oxford, Ohio. 614 pp.). 

Copperheads range into the Florida panhandle across the 
northern parts of Escambia, Santa Rosa, and Okaloosa counties 
but penetrate farther south along both sides of the Apalachicola 
River in Jackson, Calhoun, Gadsden and Liberty counties (Means 
1992. In P. E. Moler [ed.], Vol. III, Amphibians and Reptiles, Rare 
and Endangered Biota of Florida, pp. 242–246. University Press of 
Florida, Gainesville, Florida). Ravines are common along the east 
side of the Apalachicola River and upstream along both sides of 
the Chattahoochee and Flint rivers whose confluence becomes 
the Apalachicola River. These ravines all contain populations of D. 
apalachicolae and A. c. contortrix, so it is likely that young Copper-
heads commonly feed on the former. Populations of Eurycea cir-
rigera (Two-lined Salamander), Pseudotriton ruber (Red Salaman-
der), and Plethodon grobmani (Slimy Salamander) are syntopic 
with D. apalachicolae in these ravines (Means 2000.. In Bruce et 
al. [eds.], The Biology of Plethodontid Salamanders, pp. 287–302. 
Plenum Publishing Corporation, New York) and probably are also 
part of the diet of at least young copperheads. 

D. BRUCE MEANS, Coastal Plains Institute and Land Conservancy, 1313 
Milton St., Tallahassee, Florida 32303, USA; e-mail: means@bio.fsu.edu.

DESMOGNATHUS ORGANI (Northern Pygmy Salamander). 
NEST. On 26 August 2015 we discovered a female Desmognathus 
organi with a nest of four eggs under a small rock (Fig. 1). The 
rock was approximately 1 m from a small spring located along 
the Appalachian Trail on Hurricane Mountain, Smyth Co., Vir-
ginia, USA (36.7090°N, 81.5180°W, WGS84; 1310 m elev.). Under 
the same rock were two male D. organi and two D. orestes. The 
only previously recorded nest of D. organi was discovered on 16 
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October 1958 by Organ (1961. Am. Midl. Nat. 66:384–390), who 
found multiple nests attached to the underside of small rocks 
roughly twelve inches deep beneath the bank of the headwaters 
of a small creek on Whitetop Mountain, Smyth Co., Virginia, ca. 
12 km SW of Hurricane Mountain. Interestingly, our record is 
almost two months earlier than Organ (1961, op. cit.). The eggs 
were attached to the underside of the rock in a manner so that 
they would hang in a small cavity in the soil where the female 
was located. The eggs were approximately 3 mm in diameter, and 
the embryos matched the description of Organ (1961, op. cit.) in 
size and appearance, showing two rows of spots along their dor-
sum. Unlike most Desmognathus, D. organi exhibits direct devel-
opment, and the small embryos inside the nest we discovered 
appeared to lack gills—evidence that they had already resorbed 
them and were near hatching. In the same general vicinity we 
also encountered D. fuscus, including two females with nests at 
or near hatching, Gyrinophylus porphyriticus, and additional D. 
organi and D. orestes.

WILL LATTEA (e-mail: will.lattea@gmail.com), TODD W. PIERSON (e-
mail: tpierso1@vols.utk.edu) and EVIN T. CARTER, Department of Ecology 
and Evolutionary Biology, University of Tennessee, Knoxville, TN 37996, 
USA (e-mail: ecarte19@vols.utk.edu).

ANURA — FROGS

ALLOBATES GOIANUS (Goias Rocket Frog). COURTSHIP BE-
HAVIOR. Allobates goianus (Goias Rocket Frog) is a diurnal frog 
that occupies the forest floor in stony areas (Bokermann 1975. 
Iheringia, Sér. Zool. 46:13–16). We observed courtship and mat-
ing behavior in A. goianus in Brazil. The observation took place 
at 0740 h on 6 December 2012, in a forested area cut by a nar-
row slowly flowing stream in the municipality of Minaçu, state 
of Goias State, Brazil (13.54°S, 48.22°W, WGS84). The leaf litter 
in the area was dense and there were lots of rocks of different 
sizes next to the place where the observation happened. There 
were many specimens of A. goianus vocalizing and we observed 
a female individual approaching one of the males. This male no-
ticed the approach and ceased the call, jumping in the opposite 
direction of the female. Another male approached that female 
and we observed aggressive behavior displayed by the first male, 
who jumped on the second male, starting a quick combat. After 
expelling the male from the territory, the male continued to jump 
toward a rock of ca. 50 cm in height. Once on top of the rock, the 

male began his advertisement call again. The female followed the 
male and climbed a shorter rock in front of this vocalizing male. 
The male then went down toward the base of the rock where the 
female was and started to call towards this female. The female 
came down to the base of her rock and the pair began to perform 
visual and tactile signals. The male’s body was elevated and he 
was moving it left and right, while vocalizing. This movement was 
repeated several times. The female, in turn, put her limbs onto 
the male’s body at some occasions. These tactile interactions be-
tween the pair lasted about 7 minutes. The male finally lead the 
female to the oviposition site, which was a humid area on the 

Fig. 1. Adult female Desmognathus organi photographed next to 
clutch of eggs on overturned rock.

Fig. 1. A) Male Allobates goianus with inflated sac vocal inside the 
oviposition site during the approach of the female A. goianus. B) Fe-
male A. goianus prior to leaving the oviposition site. C) Resulting egg 
clutch of A. goianus.
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floor filled with abundant leaf litter. There was one wrapped leaf 
that the couple used for spawning. It took the male 2 minutes 
before going into the leaf. The female waited about one minute 
before joining the male inside the leaf (Fig. 1A). We didn’t hear 
or see either frog for 13 minutes. The male was the first to leave 
the leaf, via the opposite side from where he entered. We care-
fully opened part of the folded leaf and saw the female over the 
eggs. The female remained in the same position for about 20 
minutes and then appeared at the end of the leaf that the male 
had departed via; she had a close look around three times be-
fore leaving the leaf via this exit point (Fig. 1B). We found 12 eggs 
covered by a gelatinous capsule (Fig. 1C). The observation of this 
behavior took place in less than 1.5 meters from the couple. We 
remained in the locality for at least 30 minutes after the female 
left the clutch, but we never saw the female approaching again. 
The male, on the other hand, was always nearby, still vocalizing. 

The reproductive behavior of captive A. kingsburyi has been 
described in detail (Castillo-Trenn and Coloma 2008. Int. Zoo. 
Yb. 42:1–13), but field reports are rare for the genus and focus 
on Amazonian species (Lima et al. 2007. Copeia 2007:114–122; 
Caldwell and Lima 2003. Herpetologica 29:219–234; Montanarin 
et al. 2011. Ethol. Ecol. Evol. 23:141–150). Here we describe for 
the first time this behavior in a wild species of Allobates from the 
Brazilian Cerrado. 

RENATO A. MARTINS (e-mail: renato.martins@probiota.com.br), 
Probiota Consultoria Ambiental, Butantã, São Paulo, Brazil; JOICE RUG-
GERI, Instituto de Biologia, Universidade Federal do Rio de Janeiro, Ilha do 
Fundão, Rio de Janeiro, Brazil; DEBORA S. RODRIGUES, Instituto de Biolo-
gia, Universidade Estadual de Campinas, Cidade Universitária Zeferino Vaz 
- Barão Geraldo, Campinas, São Paulo, Brazil.

ANAXYRUS AMERICANUS (American Toad). DEFENSIVE BE-
HAVIOR. Anaxyrus americanus is a bufonid common through-
out much of the eastern United States and Canada. In addition 
to unpalatability and toxic secretions, A. americanus exhibit a 
variety of behaviors in response to predation, including fleeing, 
immobile or defensive postures (e.g., crouching, chin tucking, or 
body inflation), backing away, digging, and climbing (Dodd 2013. 
Frogs of the United States and Canada. Johns Hopkins Univer-
sity Press, Baltimore, Maryland. 962 pp.; Pitt et al. 2015. Herpetol. 
Rev. 46:229–230). At approximately 1900 h on 15 May 2008, I ob-
served a predation attempt on an A. americanus (SVL ca. 5 cm) 
by a Thamnophis sirtalis sirtalis (Eastern Gartersnake) along a 
railroad bed bisecting a small deciduous forest in Espy, Colum-
bia Co., Pennsylvania, USA (41.0145°N, 76.4011°W, WGS84). The 
snake pursued the A. americanus and approached the posterior 
portion of the toad, upon which the A. americanus kicked the 
head of the snake three times using its hind limbs. During this 
action, the toad remained in a relatively stationary position and 
maintained contact to the ground with its forelimbs, suggesting 
this action was of a defensive nature rather than incidental con-
tact during a flight attempt. Subsequently, the T. s. sirtalis and 
A. americanus both retreated; however, retreat by the snake and 
further interaction between both species appeared to have been 
unintentionally interrupted by the presence of the observer.

Anaxyrus americanus frequently crouch or remain immobile 
in response to predation attempts by snakes (Hayes 1989. Copeia 
1989:1011–1015). Other reported defensive behaviors of A. 
americanus in response to ophidian predators include fleeing, 
chin tucking, body inflation, walking away, hiding, backing away, 
and digging (Marchisin and Anderson 1978. J. Herpetol. 12:151–
155). Several anuran species employ fighting behaviors, such as 

kicking, to avoid ingestion by predators (Toledo et al. 2011. Ethol. 
Ecol. Evol. 23:1–25). However, to my knowledge kicking has not 
previously been reported by A. americanus in response to snakes 
or other predators.

SEAN M. HARTZELL, Department of Biological and Allied Health Sci-
ences, Bloomsburg University of Pennsylvania, Bloomsburg, Pennsylvania 
17815, USA (e-mail: smh14844@huskies.bloomu.edu).

ANAXYRUS AMERICANUS (American Toad). PARTIAL LEU-
CISM. Anaxyrus americanus is widespread throughout the east-
ern half of the United States and Canada. The typical dorsum col-
or of A. americanus is variable, ranging from numerous shades of 
brown, gray, olive, or brick red, while the ventral surface is white 
with varying amounts of mottling (Dodd 2013. Frogs of the Unit-
ed States and Canada. Vol. 1. Johns Hopkins University Press, Bal-
timore, Maryland. 460 pp.). Here we document an unusual color 
morphology seen on an individual A. americanus found in North 
Carolina.

On 28 July 2015 at 1830 h an adult A. americanus (SVL= 63 
mm; 23 g) was seen crossing a road, ca. 15 m northwest of a pond 
bordering a housing development in Davidson, North Carolina 
(35.5180°N, 80.8475°W, NAD83). The individual was captured 
by hand and was heading away from the pond at the time. The 
individual displayed a partial (“piebald”) leucistic pattern, 
with the entire ventral surface and select portions of the dorsal 
surface lacking pigmentation (Fig. 1). Although full leucism has 
been described for A. americanus before (Bulmer 1975. Virginia 
Herpetol. Soc. Bull. 78:7; Brannon 2006. Herpetol. Rev. 37:333–

Fig. 1. Dorsal (A) and ventral (B) color morphology of a partially leu-
cistic A. americanus.
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334), we believe this is the first account of partial leucism to be 
reported for this species.

MEAGAN A. THOMAS, Department of Biology, Davidson College, 
Davidson, North Carolina 28035, USA (e-mail: mathomas023@gmail.com); 
STEVEN C. FOLLUM, 324 W. Statesville Ave, Mooresville, North Carolina 
28115, USA (e-mail: steven@stevenfollumpc.com).

ANAXYRUS BAXTERI (Wyoming Toad). INTERACTIONS WITH 
CATTLE. The Wyoming Toad (Anaxyrus baxteri) is a critically 
endangered anuran endemic to the Laramie Basin in Wyoming, 
USA. Reintroductions of captive bred Wyoming Toad individuals 
over the past two decades had low levels of success (Odum and 
Corn 2005. In Lannoo [ed.], Amphibian Declines: Conservation 
Status of United States Species, pp. 390–392. University of Cali-
fornia Press, Berkeley, California). The Mortenson Lake National 
Wildlife Refuge (MLNWR), Wyoming, USA has been the focal site 
of nearly all reintroductions of captive bred animals and the last 
known location of wild A. baxteri. Before it was declared a wild-
life refuge, MLNWR was used for cattle ranching over decades. 
Domestic cattle (Bos taurus) are still brought onto the refuge to 
graze during parts of the year, however the intensity, timing, and 
length of grazing period has varied widely since the refuge was 
created. It is unclear how cattle have impacted reintroduced cap-
tive bred animals over the last two decades.

Cow dung (also called cow patties or cow pies) are rich in 
nutrients, and are often utilized by high numbers of arthropods 
(Floute 2007. In Floute [ed.], Arthropods of Canadian Grasslands. 
Vol. 2, pp. 71–88. Biological Survey of Canada, Ottawa, Ontario). 
A few amphibian species have been documented using cow 
or water buffalo dung as a foraging or hydration site including 
Spea multiplicata (Barragan-Ramirez et al. 2014. Herpetol. Rev. 
45:115–116) and Rhinella marina (González-Bernal et al. 2012. 
PloS ONE 7:e49351). 

In the summer of 2015, cattle were not allowed on MLNWR 
land until 3 August 2015 when approximately 200 animals were 
introduced to the refuge. Foraging and trampling of the cattle 
greatly reduced the height of vegetation over the entire refuge. At 
1400 h on 29 August 2015 the authors encountered four instances 
of A. baxteri (three juveniles and one adult) atop separate cow 
patties within a 15-minute period at MLNWR (41.2098°N 
105.8396°W, WGS 84, 2215 m elev.). At that time, there was 0% 
cloud cover, and the air temperature and humidity were 30°C and 
22%, respectively. Two of the juvenile toads were actively seen 
foraging on small arthropods on the cow dung. The adult toad 
had partially burrowed half of its body into a fresh, moist cow 
patty where a cow hoof had broken the dried crust of the dung 
and exposed the moist interior (Fig. 1). Additionally, two more 
individuals (one adult and one juvenile) were seen on different 
cow patties at 1600 h on 30 August 2015 at MLNWR. There was 
60% cloud cover, and the air temperature and humidity were 
24°C and 43% respectively. One of the authors (LL) had not seen 
this behavior previously in A. baxteri in several hundred survey 
hours, and over 800 relocations of tagged A. baxteri during 
multiple telemetry studies. Seeing six toads within such a short 
period on top of cow dung was unprecedented considering 
finding such rare toads on any substrate is very difficult. There 
is some anecdotal evidence that utilization of cow dung by 
Wyoming toads was seen sporadically by other people prior 
to our observations, but it has never been documented or 
verified. Cow dung may present a unique foraging site or moist 
microhabitat preferred by the toads under certain environmental 
or habitat conditions. After these two days, no additional toads 

were seen using cow dung in the following two weeks. We suspect 
that the extensive loss of vegetation on the refuge from grazing 
pressure may have facilitated toads seeking out new foraging or 
microhabitat locations in the newly disturbed habitat. 

We have also documented mortality events resulting from 
toad-cattle interactions. On 16 August 2015 one of us (LL) 
encountered two deceased A. baxteri juveniles at the MLNWR 
site (Fig. 2). Each toad was crushed in the bottom of separate 
cattle hoof prints in soft soil. One of the deceased toads appeared 
to have been trampled recently because it was not desiccated. 
Several dozen cattle were within 100 m of the location where 
both toads were found. On 18 August 2015 a third Wyoming 
Toad (a yearling) was found deceased at the bottom of another 
cattle hoof print at MLNWR. While we did not personally witness 
the cattle trample and kill any of the individual toads, we feel 
confident that trampling was their ultimate cause of death 
resulting from their location in a hoof print, proximity to grazing 
cattle and their crushed and flattened bodies. After the first 
trampled toads were found, over 20 hours of random-walk, visual 

Fig. 1. An adult Wyoming Toad (Anaxyrus baxteri) half burrowed in 
fairly fresh cow dung. The toad is tucked under the edge of a recent 
cow hoof print in the cow dung, which broke the thin, dried crust 
and exposed the moist interior. 

Fig. 2. A dead juvenile Wyoming Toad (Anaxyrus baxteri) that was 
found crushed inside a fresh domestic cattle hoof print. Several cows 
were actively grazing within 10 m of the dead toad.
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encounter surveys were performed by four different researchers 
over two weeks at MLNWR to search for any other instances of 
toad mortality via trampling. No additional trampled toads were 
found. Because A. baxteri is one of the rarest vertebrate species in 
the world, single mortality events are important and can inform 
management practices. A greater understanding of what impact 
cattle may have on A. baxteri populations is likely critical for the 
conservation of the species. 

Funding and support for field research was provided by a 
National Science Foundation Graduate Research Fellowship to 
LL (grant #2013172527), and our research was conducted under 
IACUC protocol #14-004 approved by the FIU Animal Care and 
Use Committee.

LUKE LINHOFF (e-mail: llinh001@fiu.edu), and MAUREEN DONNEL-
LY, Department of Biology, Florida International University, 11200 S.W. 8th 
Street, Miami 33199, Florida, USA.

ANAXYRUS FOWLERI (Fowler’s Toad). ECTOPARASITES. On 8 
August 2014, four adult male Anaxyrus fowleri (mean SVL = 50.0 
mm, range 40.0–58.0 mm) were collected by hand in northern 
Louisiana (vicinity of Spearsville, Co. Rd 3121, Union Parish, 
Louisiana, USA; 32.9434°N, 92.6037°W, WGS84) and examined 
for ectoparasites. Hannemania chiggers were carefully removed 
from dermal encapsulations and stored in vials of 70% ethanol 
until they could be cleared in lactophenol and slide-mounted in 
Hoyer’s medium (Walter and Krantz 2009. In Krantz and Walter 
[eds.], A Manual of Acarology, pp. 83–96. Texas Tech University 
Press, Lubbock, Texas). The voucher specimen of the infested A. 
fowleri is deposited in the Arkansas State University Museum of 
Zoology Herpetological Collection, State University, Arkansas 
(ASUMZ 33363), and voucher ectoparasites are deposited in the 
General Ectoparasite Collection in the Department of Biology at 
Georgia Southern University (accession no. L3703). 

One of four A. fowleri (SVL = 58.0 mm) was infested with 
two larval Hannemania dunni chigger mites. This ectoparasite 
has been reported to infest a variety of amphibians, including 
anurans (Walters et al. 2011. Fac. Publ. H. W. Manter Lab 
Parasitol. 697:1–183). Although H. dunni has been reported 
from Alabama, Arkansas, Kansas, North Carolina, Oklahoma, 
Texas, Virginia, and West Virginia (McAllister et al. 2013. Comp. 
Parasitol. 80:69–79), this is the first report, to our knowledge, of 
this chigger from Louisiana and the first report of this chigger 
from A. fowleri. Other chiggers known to infest A. fowleri include 
H. penetrans and Trombicula irritans (Walters et al. 2011, op. cit.).

We thank S. E. Trauth (ASUMZ) for expert curatorial assis-
tance. The Louisiana Department of Wildlife and Fisheries issued 
a scientific collecting permit to MBC.

MATTHEW B. CONNIOR, Life Sciences, Northwest Arkansas Commu-
nity College, Bentonville, Arkansas 72712, USA (e-mail: mconnior@nwacc.
edu); LANCE A. DURDEN, Department of Biology, Georgia Southern Uni-
versity, Statesboro, Georgia 30458, USA (e-mail: ldurden@georgiasouthern.
edu); CHRIS T. McALLISTER, Science and Mathematics Division, Eastern 
Oklahoma State College, Idabel, Oklahoma 74745, USA (e-mail: cmcallis-
ter@se.edu).

ANAXYRUS PUNCTATUS (Red-spotted Toad). ENDOPARA-
SITES. Anaxyrus punctatus occurs in arid and semi-arid environ-
ments of the southwestern and southeastern of North America, 
and in the center and northwest of Mexico (Lemos-Espinal and 
Smith 2008. Amphibians and Reptiles of the State of Coahuila, 
Mexico. Universidad Nacional Autónoma de México, Comis-
ión Nacional Para el Conocimiento y Uso de la Biodiversidad, 

México. 534 pp.). There are three helminth species known from 
A. punctatus from the state of Arizona in the United States: Dis-
toichometra bufonis, Aplectana itzocanensis and Oswaldocru-
zia pipiens (Goldberg and Bursey 1991. Proc. Helm. Soc. Wash. 
58:267–269). To our knowledge, there are no published records 
of helminths from A. punctatus from Mexico. In this note, a re-
port of the helminth parasites for A. punctatus from Zacatecas, 
Mexico is presented.

Twenty-six A. punctatus (mean SVL = 49.33 mm ± 8.39 
SD, range = 27.22–59.55 mm) collected between March 
2014 and August 2015 in La Concepción, Loreto, Zacatecas 
(22.2283°N, 101.858°W, NAD27, 2226 m elev.) were examined 
for helminths. Toads were deposited in the Colección de 
Vertebrados (amphibians and reptiles section [CVZH]), at 
Laboratorio de Colecciones Biológicas y Sistemática Molecular, 
Unidad Académica de Ciencias Biológicas (UACB), Universidad 
Autónoma de Zacatecas (UAZ), Zacatecas, México, as CVZH 
0367, 0395, 0398, 0489–0501, 0514, and 0538–0546.

The host body cavity was opened by a longitudinal incision; 
all the organs were removed, and examined separately using a 
dissecting stereoscope. Only cestodes and nematodes were found 
in the intestine, no helminths were recovered from elsewhere in 
the body. A total of 1241 helminths were collected, representing 
three species (Table 1). Cestodes were stained in Hematoxylin of 
Ehrlich and mounted in Canada Balsam, and nematodes were 
cleared in a drop of glycerin, cover-slipped and studied using 
a compound microscope. Parasitological terminology follows 
Bush et al. (1997. J. Parasitol. 83:574–583): prevalence (number 
of hosts infected / number of hosts examined x 100), mean 
abundance (the number of individual parasites / total number of 
hosts examined [infected + uninfected]), mean intensity (average 
number of parasites per infected host). In general, the nematode 
A. iztocanensis showed high prevalence (Table 1). Voucher 
helminths were deposited in the Colección de Invertebrados no 
Artrópodos (CINZ), at the UACB-UAZ with catalogue numbers: 
A. itzocanensis (CINZ 203), Physaloptera sp. (CINZ 204) and 
Distoichometra sp. (CINZ 205); and at the Colección Nacional de 
Helmintos (CNHE), Instituto de Biología, Universidad Nacional 
Autónoma de México, Mexico City, México: A. itzocanensis 
(CNHE 9776). 

The genus Aplectana can infect anurans in three ways: (1) 
through skin penetration by the infective third-stage larvae; (2) 
through larval consumption by tadpoles; and (3) via predation, 
the infected tadpoles or metamorphosed individuals are ingested 
by conspecifics and other anurans (Chabaud and Brygoo 
1958. Mém. Inst. Sci. Madagascar 12:159–176; Anderson 2000. 
Nematode Parasites of Vertebrates, Their Development and 
Transmission. CABI Publishing Oxon, Wallingford, UK. 650 pp.). 
Aplectana itzocanensis was originally described by Bravo-Hollis 
(1943. Anales Inst. Biol. Univ. Nac. México. 14:69–78) from Spea 
multiplicata from Puebla, Mexico; and re-described by Baker 
(1985. Trans. Am. Microsc. Soc. 104:272–277). This intestinal 
nematode is widely distributed in Mexico (Caballero-Deloya 
1974. Anales Inst. Biol. Univ. Nac. México 45:45–50), United States 
(Tinsley 1990. Am. Zool. 30:313–324; Goldberg and Bursey 1991, 
op. cit.), and Costa Rica (Brenes and Bravo-Hollis 1959. Rev. Biol. 
Trop. 7:35–55). In Mexico, A. itzocanensis is frequently found in 
other anurans: Anaxyrus kelloggi (Goldberg and Bursey 2002. West. 
N. Am. Naturalist 62:160–169), Dendropsophus microcephalus 
(Goldberg et al. 2002. Southwest. Nat. 47:293–299), Lithobates 
magnaocularis (Goldberg and Bursey 2002, op. cit., Lithobates 
sp. Colima (Cabrera-Guzmán et al. 2010. J. Parasitol. 96:736–739), 
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Leptodactylus melanonotus (Mata-López et al. 2013. J. Parasitol. 
99:564–569), Incilius mazatlanensis (Goldberg and Bursey 2002. 
West. N. Am. Naturalist 62:160–169), Incilius nebulifer (Galicia-
Guerrero et al. 2000. Comp. Parasitol. 67:129–133), Incilius 
valliceps (Espínola-Novelo and Sergio Guillén-Hernández 2008. 
J. Parasitol. 94:672–674), Pachymedusa dacnicolor (Goldberg and 
Bursey 2002, op. cit.), Pseudacris hypochondriaca (= P. regilla) 
(Goldberg et al. 2001. Southwest. Nat. 46:223–230), Rhinella 
marina (Espinoza-Jiménez et al. 2007. J. Parasitol. 93:937–944), 
Smilisca baudini (Goldberg and Bursey 2002, op. cit.), and 
Smilisca cyanosticta (Goldberg et al. 2002, op. cit.). 

The cosmopolitan genus Physaloptera parasitizes several 
terrestrial and semi-aquatic vertebrates (mammals, reptiles, 
and amphibians). The genus had been found parasitizing the 
stomach of 12 species of anurans in Mexico: A. kelloggi (Goldberg 
and Bursey 2002, op. cit.), D. microcephalus (Goldberg et al. 2002, 
op. cit.), Lithobates forreri (Goldberg and Bursey 2002, op. cit.), 
Lithobates tarahumarae (Bursey and Goldberg 2001. J. Parasitol. 
87:340–344), Lithobates montezumae (Velarde et al. 2014. Rev. 
Mex. Biodivers. 85:304–307), O. mazatlanensis (Goldberg and 
Bursey 2002, op. cit.), P. dacnicolor (Goldberg and Bursey 2002, 
op. cit.), P. hypochondriaca (Goldberg et al. 2001, op. cit.), R. 
marina (Espinoza-Jiménez et al. 2007, op. cit.), and S. baudini 
(Goldberg and Bursey 2002, op. cit.). It has an indirect life cycle, 
the definitive host acquires the infection by ingestion of infected 
intermediate hosts with the third-stage larvae harbored in the 
wall of the stomach or intestine. This genus is relatively common 
in amphibians, that act as a paratenic host (Anderson 2000, op. 
cit.; Goldberg and Bursey 2002, op. cit.).

Distoichometra spp. are nematotaeniid cestodes considered 
a generalist of the intestinal tract of amphibians of North 
America (Goldberg and Bursey 1991, op. cit.; Goldberg et al. 
2001, op. cit.; McAllister et al. 2014. Proc. Oklahoma Acad. Sci. 
94:51–58); the life cycle is unknown for parasites of this genus. 
Unfortunately, we could not identify the cestode to species level 
because of damage to it; our specimen is characterized by the 
presence of a cylindrical body form, and the parauterine organs 
developing anterior to the ovary with bases fused, corresponding 

to the genus Distoichometra (Schmidt 1986. CRC Handbook of 
Tapeworm Identification. CRC Press, Inc., Boca Raton, Florida. 
675 pp.). To our knowledge, only D. bufonis has been previously 
reported from other species of anurans in Mexico: Lithobates 
sp. (Martínez-Villarreal 1969. Bachelor thesis. Universidad 
Autónoma de Nuevo León, México), I. nebulifer (Martínez-
Villarreal 1969, op. cit.), P. hypochondriaca (Goldberg et al. 2001, 
op. cit.), and R. marina (León-R ѐgagnon et al. 2005. Southwest. 
Nat. 50:251−258). This species has been previously reported in 
A. punctatus in Arizona (Goldberg and Bursey 1991, op. cit.). 
More specimens, and the use of morphological and molecular 
analyses will be required for a proper species-level identification 
of this parasite.

La Concepción, Loreto, Zacatecas is a new locality record 
for these parasites and A. punctatus is a new host record for 
Physaloptera sp. This is the first report of helminth parasites of A. 
punctatus for Mexico.

We are grateful to Anarosa Martínez-Olmedo for her help 
with collecting the hosts, and assistance in the laboratory work; 
to PRODEP-SEP through the program NPTC UAZ-PTC-194, 
UAZ-PTC-169, and UAZ-2013-36452. Edgar S. Ramírez-Cruz was 
funded through the program BECAS SEP-SUBES. Special thanks 
to Crystal Kelehear for her revision and suggestions that greatly 
improved the manuscript.

EDGAR S. RAMÍREZ-CRUZ, ROGELIO ROSAS-VALDEZ, and ELIZA-
BETH A. MARTÍNEZ-SALAZAR, Laboratorio de Colecciones Biológicas y 
Sistemática Molecular, Unidad Académica de Ciencias Biológicas, Univer-
sidad Autónoma de Zacatecas. Av. Preparatoria S/N, Campus Universitario 
II, Col. Agronómica, C.P. 98066. Zacatecas, Zacatecas, México (e-mail: eam-
suaz@gmail.com).

ANAXYRUS TERRESTRIS (Southern Toad). FORELIMB MAL-
FORMATION. Anaxyrus terrestris is widely distributed across the 
southeastern United States from eastern Virginia to the Missis-
sippi River (Jensen 2005. In Lannoo [ed.], Amphibian Declines: 
The Conservation Status of United States Species, pp. 867–868. 
University of California Press, Oakland, California). Some of the 
causes for declines in anuran populations, such as chytridiomy-
cosis, parasites, UV-B radiation, and chemical contamination, 
have also been linked to a higher frequency of morphological 
abnormalities (Cohen 2001. Am. J. Med. Genet. 104:101–109). 
Genetic factors are presumably responsible for some portion (0-
2%) of the background rate of malformations (Ouellet 2000. In 
Sparling et al. [eds.], Ecotoxicology of Amphibians and Reptiles, 
pp. 617–661. Society of Environmental Toxicology and Chem-
istry, Boca Raton, Florida), but these factors have received less 
attention than the aforementioned environmental factors. Here 
we report on the observation of a female A. terrestris exhibiting 
a case of bilaterally symmetrical pre-axial polyphalangy (Fig. 1). 

On 2 November 2015, EYK and BRK encountered this toad 
(SVL = 45 mm) in eastern Forrest Co., Mississippi, USA (31.3452°N, 
89.1616°W, WGS 84). This mostly rural locale has been monitored 
informally for anurans over the past five years, and this is the first 
observation of an individual with this type of malformation (two 
individuals missing an eye have also been observed). In contrast 
to polydactyly, where there is a complete extra digit including 
the metatarsal or metacarpal bones, our specimen appears to 
have a duplication of the distal phalange of the first digit of both 
forelegs, although we do not have radiographic evidence to verify 
this claim. The symmetric, bilateral nature of the malformation 
suggests that it may be the product of genetic mutation. Heritable, 
symmetric and bilateral polydactyly has been observed in the 

Table 1. Ecological parameters for the helminths of Anaxyrus punc-
tatus, from La Concepción, Loreto, Zacatecas, México. N = total 
number of helminths collected; % = prevalence; A = abundance; MI 
= mean intensity (minimum–maximum); 1 = adults; 2 = third-stage 
larvae.

Helminths N % A MI

Phylum Nematoda
Class Secernentea
Family Cosmocercidae
Aplectana itzocanensis1 1217 80.76 46.807 57.95 ± 57.56 SD
    (2–238)

Phylum Nematoda
Class Secernentea
Family Physalopteridae
Physaloptera sp.2 5 3.84 0.192 5
    (5)

Phylum Platyhelminthes
Class Cestoda
Family Nematotaeniidae
Distoichometra sp.1 19 23.07 0.730 3.16 ± 2.48 SD 
    (1−8)
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offspring from experimental crosses of Xenopus (Uehlinger 1969. 
J. Embryol. Exp. Morphol. 21:207–218), and has been proposed 
as the mechanism behind limb and digit-related malformations 
in other anurans (Ouellet 2000, op. cit.). Hyper-regeneration due 
to injury typically results in asymmetric malformations. Further, 
the malformation observed in this toad is not likely the result of 
injury to the forelimb-bud during the larval stage because for the 
majority of its development the forelimb is protected within the 
branchial chamber (Ouellet 2000, op. cit.). Although UV exposure 
can result in relatively symmetric, bilateral malformations in 
anurans, these often involve the hind limbs and typically involve 
missing or reduced, rather than duplicated, digits (Ankley et al. 
2000. Can. J. Zool. 78:1092–1100). 

BRIAN R. KREISER (e-mail: brian.kreiser@usm.edu), ERIN Y. KREISER, 
and JENNIFER Y. LAMB, Department of Biological Sciences, University of 
Southern Mississippi, Hattiesburg, Mississippi, 39406 USA.

APARASPHENODON ARAPAPA (Bahia’s Broad-snout Casque-
headed Treefrog). PHORETIC OSTRACODS. Ostracods (often 
known as seed shrimp) are organisms adapted to inhabit tempo-
rary ponds, such as those available in bromeliads. These plants 
represent an unconnected habitat and a barrier to dispersion 
for these crustaceans. Therefore, these organisms need other 
animals, such as anurans, to disperse between bromeliads. This 
association has already been reported from at least nine anuran 
genera, including Aparasphenodon (Lopez et al. 1999. Biotropica 
31:705–708; Lopez et al. 2005. Hydrobiologia 549:15–22; Sabagh 
et al. 2011. Biodivers. Conserv. 20:1837–1841; Sabagh and Rocha 
2014. Naturwissenschaften 101:493–497). Aparasphenodon ara-
papa is a medium-sized treefrog that inhabits areas of “resting” 
and “mussununga,” two phytophysiognomies of Atlantic Forest 
in Brazil (Lantyer-Silva et al. 2014. An. Acad. Bras. Cienc. 86:867–
880). Adults of A. arapapa use bromeliads as a reproductive site 
and their tadpoles use them as a development site (Lantyer-Silva 
et al. 2014, op. cit.).

During a year of field work (2011–2012) in the Natural Reserve 
Boa União, Ilhéus, state of Bahia, Brazil (15.0666°S, 39.0500°W, 
WGS84; 95 m elev.), we observed many male A. arapapa 
(approximately 70 individuals) with ostracods (Elpidium sp.) 
attached to their bodies. We found one male (SVL = 4.68 cm; 4.1 g) 
with 28 ostracods on its skin (Fig. 1). Additionally, we also found 
two tadpoles of A. arapapa with Elpidium sp. inside their digestive 

system. Since tadpoles were immediately fixed (MZUESC 14474 
- Museu de Zoologia da Universidade Estadual de Santa Cruz) 
we were unable to verify if these ostracods pass through the 
digestive system unharmed as does Elpidium bromeliarum 
passing through the digestive tract of Scinax perpusillus (Lopez 
et al. 2002. Hydrobiologia 485:209–211). Ostracods may also feed 
on anuran eggs (Ottonello and Romano 2011. Aquat. Ecol. 45:55–
62). We recommend further studies to investigate the effects of 
these possible trophic relationships between populations of A. 
arapapa and Elpidium sp. 

We thank João Carlos Coimbra (Universidade Federal do Rio 
Grande do Sul) for identifying the ostracods to genus level.

AMANDA SANTIAGO FERREIRA LANTYER-SILVA, Instituto de Bio-
ciências, Pós-graduação em Zoologia, UNESP - Universidade Estadual Pau-
lista Júlio de Mesquita Filho, CEP: 13506-900, Rio Claro, São Paulo, Brazil (e-
mail: asbiologa@gmail.com); CAMILA CAMARGO DE SOUZA, Pontifícia 
Universidade Católica do Rio Grande do Sul, CEP: 90619-900, Porto Alegre, 
Rio Grande do Sul, Brazil; IARA MAÍRA JALORETTO BARREIRO, MIRCO 
SOLÉ, Laboratório de Vertebrados, UESC- Universidade Estadual de Santa 
Cruz, CEP: 45662-900, Ilhéus, Bahia, Brazil.

EUPARKERELLA BRASILIENSIS (Sapinho-de-folhiço-
brasileiro). ANTIPREDATOR BEHAVIOR. Euparkerella is an 
Atlantic Forest endemic genus composed of five slow-moving 
leaf litter species (Hepp et al. 2015. Zootaxa 3973:251–270). 
Euparkerella brasiliensis is distributed throughout southwestern 
and central regions of the state of Rio de Janeiro, southeastern 
Brazil (Hepp et al. 2015, op. cit.). All Euparkerella species have 
cryptic habits and thus little is known regarding their life history. 
Here we report for the first time antipredator behavior of E. 
brasiliensis. During fieldwork on 19 September 2006, we hand-
captured two individuals of E. brasiliensis (ZUFRJ 9579, 9586) on 
the surroundings of the Açude da Solidão at the Parque Nacional 
da Tijuca, municipality of Rio de Janeiro, southeastern Brazil 
(22.96167°S, 43.2887°W, WGS 84, ~ 400 m elev.). In the laboratory 
during daytime, both individuals displayed mouth-gaping 
behavior when disturbed by us (Fig. 1; ZUFRJ 9586). Defensive 
call was not emitted during the mouth-gaping display. Stiff-
legged behavior has been reported for E. cochranae (Toledo et 
al. 2011. Ethol. Ecol. Evol. 23:1–25) and mouth-gaping behavior, 
immobility, and active escape have been reported for E. tridactyla 

Fig. 1. Female Anaxyrus terrestris exhibiting bilaterally symmetrical 
polyphalangy.

Fig. 1. Adult male Aparasphendon arapapa. Inset: specimen of 
Elpidium sp. found in A. arapapa tadpole’s digestive tract. 
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(Ferreira et al. 2013. Herpetol. Rev. 44:655). Mouth-gaping display 
presumably intimidates visually-oriented predators (Toledo et 
al. 2011, op. cit.).

We thank Mariane Targino for help during fieldwork and 
Parque Nacional da Tijuca for logistic support and permission 
to fieldwork. The authors received financial support from 
Coordenação de Aperfeiçoamento de Pessoal de Nível Superior 
(CAPES), Conselho Nacional de Desenvolvimento Científico e 
Tecnólogico (CNPq), Fundação Carlos Chagas Filho de Amparo 
à Pesquisa do Estado do Rio de Janeiro (FAPERJ). Sampling 
permit (#12164-2) was issued by the Instituto Brasileiro do Meio 
Ambiente e dos Recursos Naturais Renováveis – IBAMA.

FÁBIO HEPP, Universidade Federal do Rio de Janeiro, Museu Nacional, 
Departamento de Vertebrados, Setor de Herpetologia, Quinta da Boa Vista, 
São Cristóvão, s/n, CEP 20940-040, Rio de Janeiro, Brazil (e-mail: fabio-
hepp@gmail.com); THIAGO SILVA-SOARES, Instituto Nacional da Mata 
Atlântica, Lab. de Zoologia, Av. José Ruschi, nº 4, CEP 29650-000, Santa Te-
resa, Espírito Santo, Brazil (e-mail: thiagosilvasoares@hotmail.com); PAU-
LO NOGUEIRA-COSTA, Universidade do Estado do Rio de Janeiro,  De-
partamento de Ecologia, Laboratório de Ecologia de Vertebrados, Rua São 
Francisco Xavier, 524, Maracanã, Rio de Janeiro, RJ, Brazil (e-mail: nogpj@
yahoo.com.br); RODRIGO B. FERREIRA (e-mail: rodrigoecologia@yahoo.
com.br), Department of Wildland Resources and Ecology Center, Utah State 
University, Logan, Utah 84322-5230, USA and Laboratório de Ecologia de 
Populações e Conservação, Universidade Vila Velha, Vila Velha, Espírito 
Santo, Brazil; and SERGIO P. CARVALHO-E-SILVA, Universidade Federal 
do Rio de Janeiro, Instituto de Biologia, Departamento de Zoologia, Labo-
ratório de Anfíbios, Caixa Postal 68044, CEP 21944-970, Rio de Janeiro, Bra-
zil (e-mail: sergio@biologia.ufrj.br).

FEJERVARYA SAKISHIMENSIS (Sakishima Rice Frog). PREDA-
TION BY TERRESTRIAL BEETLE LARVA. Juvenile and adult am-
phibians are prey for a variety of invertebrate predators, includ-
ing terrestrial beetle larvae (de Silva et al. 2009. Froglog 91:5–7; 
Barve and Chaboo 2011. Herpetol. Rev. 42:83–84). Within the 
Family Carabidae, beetle larvae of the genus Epomis feed exclu-
sively on amphibians, using movements of their antennae and 
mandibles to lure prey. When the amphibian attacks, the larva 
usually evades capture and instead attaches itself to the amphib-
ian’s body to become the predator. These attacks always result in 
the death of the amphibian (Wizen and Gasith 2011a. PLoS ONE 
6:e25161). Such instances of predation are not restricted to the 
larval stage: adult Epomis beetles are also voracious predators of 
juvenile and adult amphibians (Wizen and Gasith 2011b. ZooK-
eys 100:181–191).

Epomis beetles occur in tropical Africa, southeast Asia, and 
the Palearctic region (summary in Wizen and Gasith 2011b, op. 
cit.). Despite this wide distribution, published observations 
of larvae attacking amphibians are rare. On the main island 
of Japan (Honshu), larval Epomis nigricans prey upon Hyla 
japonica and Rhacophorus schlegelii; Shiina and Tachikawa 1988. 
Abstr. 48th Ann. Meet. Entomol. Soc. Japan p. 35; Tachikawa 1994. 
In Amazing Life of Insects, Atlas of the 48th Special Exhibition, 
p. 20, Otaru Museum, Otaru). Other observations on Honshu 
are adult E. nigricans preying on juvenile Rana nigromaculata 
(Toshiaki 2006. Bull. Herpetol. Soc. Japan 2:99–100), and a beetle 
larva (species not identified) preying on Rhacophorus arboreus 
(Masubuti 1980. Nippon Herpetol. J. 16:29–30). As far as we are 
aware, no records exist for predation by Epomis larvae on any 
other islands in Japan. Here, we report an observation of an E. 
nigricans larva preying on an adult Fejervarya sakishimensis on 
Ishigakijima, Okinawa prefecture.

At 2215 h on 3 May 2015, numerous F. sakishimensis were 
observed in a rice field on the edge of Ishigaki City, Ishigakijima 
(24.2114°N, 124.0849°E, WGS84, 11 m elev.; Fig. 1). All frogs 
except one hopped away when approached within 2–3 m. The 
one frog that did not hop away was approached within 0.3 m and 
photographed (Fig. 2). The frog remained stationary for 1 min 35 
sec before hopping away. This frog had a beetle larva attached 
to the underside of its lower jaw. Given that previous data have 
shown attacks by Epomis larvae are always fatal to amphibians 
(Wizen and Gasith 2011a, op. cit.), we expect the frog we observed 
would have died from this attack. Based on the photograph, 
the beetle larva is identified as E. nigricans (Tsuyoshi Takeuchi 
and Ken Ikeuchi, Osaka Prefecture University, pers. comm.). 
Other anurans seen in this rice field were two native species: 
Microhyla ornata and Buergeria japonica, and the invasive 
Rhinella marina. Despite frequent night visits to this rice field 
over a seven-week period in April–May 2015 to observe anurans, 
no other individuals of any anuran species were observed with a 
beetle larva attached.

Our observation is the first report of anuran predation by an 
Epomis larva outside the main island of Honshu in Japan, and 
the first record of such predation on F. sakishimensis. The low 
incidence of E. nigricans larvae seen attached to anurans in the 
rice field on Ishigakijima is consistent with the few published 
data for other species. Elron et al. (2007. Herpetol. Rev. 38:30–33) 
examined large numbers of anurans in Israel (N = 5816 Bufo 
viridis; N = 1958 Hyla savignyi) and found predatory Epomis 
beetle larvae on less than 0.5% of individuals of both species (see 
Wizen et al. 2011–2012. Isr. J. Entomol. 41/42:95–106 for updated 
taxonomy of some of these larvae). Epomis nigricans larvae 

Fig. 1. Postures of Euparkerella brasiliensis (ZUFRJ 9586): A) natural 
posture, and B) mouth-gaping display. 
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complete their life cycle in a month after eating three anurans 
(Shiina and Tachikawa 1988, op. cit.). Similarly, Epomis dejeani in 
Israel complete their larval development in 40 days after eating 
four or more anurans (Elron et al. 2007, op. cit.). The relatively low 
number of anurans required to complete larval development, 
combined with the low incidence of predation, suggests the 
effect of these beetles on anuran populations is unlikely to be 
significant (Elron et al. 2007, op. cit.).

In Japan, the anurans reported as prey for E. nigricans larvae 
belong to the families Hylidae, Rhacophoridae, and Ranidae 
(Shiina and Tachikawa 1988, op. cit.; Tachikawa 1994. op. cit.; 
Toshiaki 2006, op. cit.; present study). On Ishigakijima, another 
potential prey is the introduced R. marina (Bufonidae). Although 
Japan has native anurans belonging to the Bufonidae, none occur 
on Ishigakijima. In Australia, a country lacking native bufonids, 
R. marina is highly toxic to some native invertebrate predators 
but not others (Crossland and Alford 1998. Aust. J. Ecol. 23:129–
137; Ward-Fear et al. 2009. Funct. Ecol. 23:559–568). The ability 
of E. nigricans to prey upon toxic R. marina in Japan remains to 
be determined.

This research was supported by the Environment Research 
and Technology Development Fund (4FR-1402) of the Ministry 
of the Environment, Japan. We thank Cam Hudson for tentatively 
identifying the beetle larva as belonging to the genus Epomis, 
and Tsuyoshi Takeuchi and Ken Ikeuchi for formal species 
identification as E. nigricans.
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Sydney, Heydon-Laurence Building A08, New South Wales 2006, Australia 
(e-mail: michael.crossland@sydney.edu.au); TAKASHI HARAMURA, Haku-
bi Center for Advanced Research, Field Science Education and Research 
Center, Kyoto University, Sakyo, Kyoto 606-8501, Japan (e-mail: haramura.
takashi.2n@kyoto-u.ac.jp); RICHARD SHINE, School of Biological Sciences, 
University of Sydney, Heydon-Laurence Building A08, New South Wales 
2006, Australia (e-mail: richard.shine@sydney.edu.au).

HYLA CHRYSOSCELIS (Cope’s Gray Treefrog), HYLA VERSI-
COLOR (Gray Treefrog), and PSEUDACRIS CRUCIFER (Spring 
Peeper). DISPERSAL BY MOTOR VEHICLE. The negative effects 
of roads and motor vehicles on amphibians are well-documented 
(for review see Beebee 2013. Conserv. Biol. 27:657–668). Less well-
documented are positive effects of roads such as construction of 
drainage ditches and borrow pits that can provide dispersal cor-
ridors or pond habitats. Motor vehicles may also provide a means 
of dispersal, potentially further than by natural means (Herman 
2013. Herpetol. Rev. 45:203–205). Herman (2013, op. cit.) reported 
vehicle dispersal of three treefrog species (Hyla cinerea, H. squire-
lla, and Osteopilus septentrionalis) to a maximum distance of 12 
km (linear) and 22 km (road) over ca. 25 min. travel time. Here we 
report evidence for motor vehicle dispersal of three additional hy-
lid species.

On 15 May 2012 we began our annual night call and visual 
surveys for amphibians at the Galbraith Conservation Area near 
the village of Donegal, Perth Co., Ontario, Canada (43.6401°N, 
80.0145°W; WGS84). A full chorus of Spring Peepers was calling at 
the pond (2030 h, 18.2°C air, 20.3°C water). After completing the 
survey we returned to our field vehicle (Dodge Caravan minivan) 
and began driving westward to our next survey site at the Sunshine 
Conservation Area near Brussels, in Huron Co., Ontario, Canada 
(43.7560°N, 81.3093°W; WGS84). During the 50-min. drive a 
peeper began calling from the rear of the interior among our field 
equipment and luggage. We stopped the vehicle and searched 
unsuccessfully for the stowaway. We continued driving and the 
individual resumed calling. After parking, the calling stopped and 
we searched the interior again with no success. We left the rear 
hatch door open and began our survey of the site where there was 
another full chorus of peepers (2130 h, 15.6°C air, 20.5°C water) 
in hopes that the peeper would attempt to exit the vehicle. Upon 
our return we observed and photographed the calling adult male 
perched on the edge of rear door plate. The male evaded capture 
leaving the vehicle towards the chorus ca. 130 m distant. This 
represents a dispersal distance of 42 road km or 34 linear km in 
about ca. 50 min. travel time.

In 1999 a female Cope’s Gray Treefrog emerged from the 
windshield wiper recess under the hood of a vehicle when it 
stopped in Thunder Bay, Thunder Bay District, Ontario, Canada 
(48.4220°N, 89.2640°W). The driver had been in the Whiteshell 
area of Manitoba near the eastern edge of the species’ range and 
drove non-stop after fueling near the provincial border 460 km to 
Thunder Bay.

At 2019 h On 21 June 2014, we heard two male Gray Treefrogs 
calling from a pond adjacent to the parking lot at a rest stop on 
the Trans-Canada Highway near White River, Algoma District, 

Fig. 1. Rice field where the predation event was observed, Ishigaki 
City, Ishigakijima.

Fig. 2. Epomis nigricans larva attached to Fejervarya sakishimensis.
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Ontario (48.5925°N, 85.2772°W; 19°C air). There are few highway 
rest stops through this remote area and the site is 160 and 
242 km from the nearest neighboring populations southeast 
near the Montreal River and northwest near Nipigon, Ontario 
respectively (Ontario Reptile and Amphibian Atlas, http://www.
ontarionature.org; 4 February 2015). After listening to the calls 
for about 20 min. we checked three nearest adjacent wetlands 
but did not hear any treefrogs calling. We stop at this site 2–6 
times per year (past 16 years) while traveling between field sites 
and had not previously heard Gray Treefrogs calling. Natural 
dispersal this far out of the range is highly unlikely but can be 
explained by vehicle-assisted dispersal.

STEPHEN J. HECNAR and DARLENE R. HECNAR, Department of Biol-
ogy, Lakehead University, 955 Oliver Road, Thunder Bay P7B 5E1, Ontario, 
Canada (e-mail: shecnar@lakeheadu.ca).

HYLA EXIMIA (Mountain Tree Frog). HABITAT. Hyla eximia is 
found from approximately southern Durango southward to Jalisco 
and Guerrero, Mexico (Gergus et al. 2004. Copeia 2004:758–769), 
where it inhabits coniferous forests, mesquite-grassland, and 
wet meadows from 900–3000 m elevation (Wilson and McCranie 
1979. J. Herpetol. 13:271–278). Most specimens have been collect-
ed from ditches near highways, in bromeliads in pine trees, and 
beneath rocks near ponds or streams (Holman 1965. J. Herpetol. 
5:34; Duellman 2001. The Hylid Frogs of Middle America. Society 
for the Study of Amphibians and Reptiles, Ithaca, New York. 1159 
pp.). Hyla eximia breeds in shallow ponds or in vegetation near 
streams (Gergus et al. 2004, op. cit.). 

Here, we report a new microhabitat for this frog. Occasionally, 
stems of columnar cacti are damaged by a physical trauma or fire, 
initiating necrosis. Necrotic cactus tissue forms moist pockets 
and is best known as a feeding and breeding site for specialist 
Drosophila species (Heed 1978. In P. F. Brussard [ed.], Ecological 
Genetics: the Interface, pp. 109–126. Springer, New York; Heed 
1982. In J. S. F. Barker and W. T. Starmer [eds.], The Cactus-Yeast-
Drosophila Model System, pp. 65–80. Academic Press, Sydney, 
Australia). It is also the habitat of a variety of yeasts, bacteria, 
and arthropods (Castrezana and Markow 2001. Can. Entomol. 
133:301–309). While searching for Drosophila in necrotic pockets 
of columnar cacti, we encountered 19 individuals of H. eximia. The 
frogs were occupying the inside of a necrotic stem of Pachycereus 
marginatus in the botanical garden El Charco del Ingenio, near San 
Miguel de Allende, Guanajuato, Mexico (20.8500°N, 100.8167°W; 
WGS 84). The frogs were found ca. 100 m from the closest body of 
water (Presa Las Colonias), which likely serves as breeding habitat. 
In addition to providing a moist habitat for frogs, the necrotic 
cactus had a rich insect fauna, including adult Coleoptera and 
Diptera, that likely serves as a food source for the frogs and may 
have attracted them to the cactus. 

ALEJANDRA PEREZ-LEAÑOS, SEAN ROVITO, Laboratorio Nacio-
nal de Genomica para la Biodiversidad, Km 9.6 Libramiento Norte Carret-
era León, 36821 Irapuato, Guanajuato, Mexico; THERESE A. MARKOW, 
University of California San Diego, 9500 Gilman Drive, La Jolla, California 
92093, USA (e-mail: tmarkow@ucsd.edu).

HYPEROLIUS MOLLERI (Moller’s Reed Frog) and PHRYNOBA-
TRACHUS DISPAR (Peters’ River Frog). HETEROSPECIFIC AM-
PLEXUS. The oceanic island of Príncipe is located off the west-
ern coast of Central Africa and although it has remained isolated 
from continental Africa throughout its history, it hosts three en-
demic anuran species from three different families. Two of these 
species, Hyperolius molleri and Phrynobatrachus dispar, are 

widely distributed across this 136-km2 island and can be found 
in highly disturbed habitat. Here, we report heterospecific am-
plexus by P. dispar on H. molleri. 

On 7 October 2015 at 1957 h, we observed a male P. dispar 
engaging in axillary amplexus with a male H. molleri (Fig. 
1) in Novo Estrela, on the eastern side of Príncipe Island 
(1.6165°N, 7.4287°E, WGS84; 219 m elev.). The frogs were in a 
residential hedge on the edge of a ca. 8-m2 puddle in the main 
road through town. This area had high density of both species 
and dozens of chorusing H. molleri. The male H. molleri was 
calling intermittently during the ten minutes we observed the 
pair. Following collection, the frogs remained in amplexus for 
the next 14 h until we separated them. We did not observe any 
other conspecific or heterospecific amplexus at the site although 
multiple egg clutches of H. molleri were present.

Voucher specimens were deposited at the California Academy 
of Sciences (CAS 258924 and 258932). We thank Robert C. Drewes 
for spearheading the Gulf of Guinea IX expedition and Nho for 
abandoning us in this choice location while recovering our field 
vehicle. Financial support provided by the Gulf of Guinea Fund. 

RAYNA C. BELL, Museum of Vertebrate Zoology, University of Califor-
nia, Berkeley, California 94720, USA (e-mail: raynabell@berkeley.edu); LAU-
REN A. SCHEINBERG, Department of Herpetology, California Academy of 
Sciences, 55 Music Concourse Drive, San Francisco, California 94118, USA 
(e-mail: lscheinberg@calacademy.org). 

HYPSIBOAS ALBOMARGINATUS (White-edged Treefrog). PRE-
DATION. Hypsiboas albomarginatus is a medium-sized noctur-
nal hylid frog distributed in the Atlantic Forest, from northward 
Pernambuco state to Santa Catarina state in eastern Brazil. It 
lives on the edge of tropical moist forests, in degraded remnants 
and in open areas near forests and water bodies (Haddad et al. 
2013. Guia dos anfíbios da mata atlântica - diversidade e biolo-
gia. Anolis Books, São Paulo. 544 pp.). The males call in marginal 
vegetation near ponds and wetlands, sometimes on the ground, 
usually in open areas (Bokermann 1967. An. Acad. Bras. Cienc. 
39:438–443) and reproductive events are associated with ponds 
and streams (Condez et al. 2009. Biota Neotrop. 9:157–185).

Fig. 1. Heterospecific amplexus by Phrynobatrachus dispar on 
Hyperolius molleri. 
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Herein, we report an event of predation by Trachops cirrhosus 
(Fringe-lipped Bat) on the anuran H. albomarginatus in the 
Atlantic Forest, southern Brazil. Our observation occurred on 
13 January 2014 in an Atlantic forest remnant, in Salto Morato 
Reserve (25.1028°S, 48.1754°W; WGS 84), north coast of 
Paraná state, during a study on vertical stratification of the bat 
community. Bats were sampled monthly from September 2013 
to August 2014 using mist-nets installed in three forest layers 
(understory, canopy and sub-canopy). The mist-nets remained 
active for six hours after sunset and were checked every 15 
minutes. At 2155 h an adult male T. cirrhosus (forearm 57.1mm; 
33 g; Fig. 1A) was captured in an understory mist-nest carrying 
a frog (Fig. 1B). The frog had teeth marks in its dorsal region, 
close to the skull; it was collected and identified as an adult H. 
albomarginatus (SVL ca. 50 mm). 

It is known that T. cirrhosus preys on amphibians (Rocha et al. 
2012. Chiropt. Neotrop. 18:1136–1138), but most records pertain 
to one species: Physalaemus pustulosus (Túngara Frog; Ryan et 
al. 1981. Behav. Ecol. Sociobiol. 8:273–278; Tuttle and Ryan 1981. 
Science 214:677–678). Although H. albomarginatus is known 
prey for several animal groups (e.g., arthropods, other frogs, 
turtles, birds, and mammals; Santos 2009. Bol. Mus. Biol. Mello 
Leitão. 25:77–82; Cicchi et al. 2010. Herpetol. Rev. 41:64; Baracho 
et al. 2013. Herpetol. Notes. 6:599–601), there is no record of 
predation by bats, thus this is the first confirmed record of H. 
albomarginatus in the diet of this group of mammals. 
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HYPSIBOAS ALBOMARGINATUS (White-edged Treefrog). 
PREDATION. Anurans are preyed upon by a wide variety of taxa 
(Toledo et al. 2007. J. Zool. 271:170–177), including mammals 
such as primates (Canale and Lingnau 2003. Herpetol. Rev. 
34:136; Cicchi et al. 2010. Herpetol. Rev. 41:64). Despite the low 
number of reports, predation events in nature are generally 
difficult to quantify due to the rarity of observations (Shepard 
2007. Herpetologica 63:193–202). Here we report the predation 
of a Hypsiboas albomarginatus by a Callithrix jacchus (White-
tufted Common Marmoset). The event took place in the Mata 
do Junco Wildlife Refuge (10.5299°S, 37.0590°W, WGS84; 900 ha), 
municipality of Capela, state of Sergipe, northeastern Brazil. The 
Refuge is comprised of seasonal tropical forest and forms part of 
the coastal Atlantic Forest biome. At 1358 h on 19 August 2011, 
we discovered an adult C. jacchus holding a H. albomarginatus in 
its hands; it began to eat the frog by biting its head. The treefrog 
immediately stopped reacting. Following this, the marmoset 
moved out of sight of the observers and, therefore, we did not 
make any further observations.

The low number of reports of predation of anurans by 
primates may be due to a lack of overlap in activity periods, 
with the majority of anurans being nocturnal and the majority 
of primates being diurnal. Further, anuran camouflage may 
prevent detection by primates. 

We thank the Secretaria de Meio Ambiente e dos Recursos 
Hídricos do Estado de Sergipe for logistical support and Marina 
Marques Santana for field assistance. We also thank the CNPq 
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of Ecology, Federal University of Sergipe, São Cristóvão, Sergipe, Brazil (e-
mail: ferrari@pq.cnpq.br).

HYPSIBOAS FABER (Blacksmith Treefrog). PREDATION. Frogs 
are preyed upon by invertebrates and by vertebrates, such as 
birds (Toledo et. al. 2009. J. Zool. 271:170–177). Potentially, many 
non-carnivorous birds complement their diet with frogs during 
the breeding season, as these prey items are great sources of pro-
tein and other nutrients (e.g., Toledo et al. 2005. Herpetol. Bull. 
92:31–32). Hypsiboas faber is a large Neotropical tree frog en-
demic to the Atlantic Forest of southeastern South America (Lutz 
1973. Brazilian species of Hyla. University of Texas Press, Austin. 
260 pp.). Here we report a predation event on H. faber by Ram-
phastos dicolorus (Red-breasted Toucan), a primary frugivorous 

Fig. 1. An adult male Trachops cirrhosus (A) captured in a mist-net 
while carrying (B) an adult Hypsiboas albomarginatus. 
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bird endemic to the Atlantic Forest (Sick 1997. Ornitologia 
Brasileira. Editora Nova Fronteira, Rio de Janeiro. 912 pp.). 

At 1625 h on 20 November 2015, in a semi-urban backyard 
(28.6593°S, 49.4695°W, WGS84; 120 m elev.), municipality of 
Nova Veneza, state of Santa Catarina, Brazil, we observed an 
adult Red-breasted Toucan preying on an adult H. faber (Fig. 1). 
Observations lasted ca. 15 min and took place after the toucan 
captured the frog and thus, only predator management of prey 
could be recorded. The toucan was pressing the frog against 
the branch it was perched upon and pecking it. Sometimes the 
toucan grabbed the frog with its talons and tried to break the legs 
of the frog. Consumption was not observed as the toucan was 
interrupted by a noise and flew away.

The role of frog predation by primarily non-carnivorous birds 
is still unclear in the Neotropics. It is relevant to mention that 
our record occurred in the breeding season for the Red-breasted 
Toucan in Brazil (Jesus et al. 2012. Ornithologia 5:19–25). In 
addition to isolated observations such as this, seasonal stomach 
content analysis may provide valuable insights on frog and bird 
interactions in the Neotropics.

JOÃO PAULO GAVA-JUST (e-mail: joaop_gava@hotmail.com) and 
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tremo Sul Catarinense (UNESC), Av. Universitária, 1105, CEP: 88806-000, 
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HYPSIBOAS PULCHELLUS (Montevideo Treefrog). MULTIPLE 
AMPLEXUS. Male anuran amphibians may adopt many behav-
ioral strategies as a way to obtain breeding pairs. The most com-
mon (and best known) are the mating calls. However, other ways 
that amphibian males obtain partners include the satellite male 
strategy, displacement of rivals, active searching for females, and 
polyandry (Rowe 1992. Anim. Behav. 44:189–202). Multiple am-
plexus can be common among explosive breeders, due to the 
short time for breeding and the high number of adults in a given 

site (Wells 2007. The Ecology and Behavior of Amphibians. The 
University of Chicago Press, Chicago, Illinois. 1148 pp.). Never-
theless, reports of multiple amplexus in frogs with prolonged 
breeding seasons are scarce (dos Santos-Silva et al. 2012. Herpe-
tol. Notes 5:171–172). Multiple amplexus has been recorded in 
several anuran families: Ranidae (Ayres 2008. North-West. J. Zool. 
4:327–330; Trauth et al. 2000. J. Arkansas Acad. Sci. 54:154–156), 
Myobatrachidae (Roberts et al. 1999. Anim. Behav. 44:189–202; 
Byrne and Roberts 2000. Evolution 54:968–973), Rhacophoridae 
(Jennions et al. 1992. Anim. Behav. 44:1091–1100), Hylidae (Rob-
erts 1994. J. Herpetol. 28:193–199) and Bufonidae (Verrell and 
McCabe 1986. Herpetol. Bull. 26:28–29), among others. 

Hypsiboas pulchellus is one of the most common frogs 
inhabiting the Pampas Biome. This hylid frog is a habitat generalist 
and a prolonged breeder. Although males can be heard calling 
the entire year, amplexus has been recorded mainly in summer 
(Maneyro and Carreira 2012. Guía de Anfibios del Uruguay. 
Ediciones de la Fuga. Montevideo. 207 pp.). We report for the first 
time multiple amplexus in H. pulchellus. The observations were 
made 11 km N of Mariscala, Lavalleja Department, Uruguay. 
The study area is characterized by a landscape dominated by 
plantations of Eucalyptus. The only lentic breeding habitats 
available are temporary ponds that persist after heavy rains. 
Three observations of multiple amplexus were seen in this 
population of H. pulchellus. These were recorded between 2325 
h and 2350 h on 20 March 2012 in two temporary ponds < 30 cm 
deep (34.0119°S, 54.8943°W and 34.0121°S, 54.8967°W; WGS84). 
In one pond, four males were trying to amplect one female. 
The two males that were in direct contact with the back of the 
female remained in position and emitted release calls, while the 
other two males tried to displace the former males using their 
forelimbs. In the other pond, there were two separate females 
being amplexed: one by three males (Fig. 1) and one by two 
males. In the latter two cases, the males’ behavior was slightly 

Fig. 1. Hypsiboas faber being preyed upon by a Red-breasted Toucan 
(Ramphastos dicolorus) in southern Brazil.

Fig. 1. Multiple amplexus in Hypsiboas pulchellus where three males 
are amplexing one female.
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different to the first case. In these last two cases both females and 
males remained absolutely motionless (apparently exhausted) 
and the males emitted release calls. In all observed cases, male 
density was high and a male-biased sex ratio existed. This mating 
behavior had not been previously reported in H. pulchellus.

IGNACIO LOMBARDO (e-mail: ilombardo82@gmail.com), SAN-
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KALOULA BOREALIS (Boreal Digging Toad). HABITAT USE. 
Kaloula borealis is an explosive breeding species, producing ad-
vertisement calls immediately after heavy rains (Shannon 1956. 
Herpetologica 12:22–49). This species is generally associated 
with wetlands when breeding (Sung et al. 2006. J. Ecol. Environ. 
29:331–335) and with soil, in which it is able to bury itself, when 
not breeding. Microhylids display a wide range of habitat use, 
from arboreal to scansorial to fossorial. Within the genus Kalou-
la, some species are obligate forest species, with activity varia-
tions such as perching when active or exclusively occurring in 
tree holes (Blackburn et al. 2013. Evolution 67:2631–2646). Since 
its hind legs are adapted specifically for digging, K. borealis is 
known to display fossorial behaviors only.

At 2230 h on 10 September 2013, we observed two K. borealis 
individuals climbing trees between 2 and 3 m above ground in 
Paju, Republic of Korea (37.7524°N, 126.728°E, PNU95). At 0130 h 
on 12 June 2014, we observed another individual displaying the 
same behavior. All three individuals climbed Chinese Chestnut 
Trees (Castanea crenata), despite the presence of Japanese Red 
Pine Trees (Pinus densiflora) at that locality. Scansorial behavior 
has not been reported for the species. The tree-climbing behavior 
of K. borealis is not necessarily a pre-hibernating behavior such 
as seen in the Hyla japonica (Japanese Treefrog), because this 
behavior occurred during both pre-hibernation and the breeding 
season. The possibility of breeding was excluded as calls of K. 
borealis were not recorded in the forest at the time of sampling. 
The forested habitat is partially shared with H. japonica, and 
it is hypothesized that both species use tree holes in chestnut 
trees for foraging or sheltering, due to the high number of insect 
prey and shelters available (Johnson et al. 2008. Herpetologica 
64:259–269). In addition, predation pressure may be lower high 
up in trees as numerous predatory snakes (Elaphe spp.) were 
observed at ground level. 

AMAËL BORZÉE, School of Biological Sciences, Seoul National Univer-
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Division of EcoScience, Ewha Womans University, Seoul, 120-750, Republic 
of Korea (e-mail: jangy@ewha.ac.kr).

LEPTODACTYLUS CHAQUENSIS (Creole Frog). DIET. Most am-
phibians have a generalist diet that depends on the availability 
of prey in the environment (Duellman and Trueb 1994. Biology 
of Amphibians. Johns Hopkins University Press, Baltimore. 670 
pp). Prey intake can be influenced by the availability of food 
throughout the year resulting in seasonal variation. Leptodacty-
lus chaquensis is a nocturnal terrestrial species (Uetanabaro et 
al. 2008. Guia de Campo dos Anuros do Pantanal Sul e Planal-
tos de Entorno. Editora UFMS/UFMT. Campo Grande, Editora 
UFMS. 196 pp.), often found near ponds and wetlands. The spe-
cies is widely distributed in South America: found in Argentina, 
Paraguay, Uruguay and Brazil (Duellman 1999. In Duellman 
[ed.]. Patterns of Distribution of Amphibians, pp. 255–327. Johns 

Hopkins University Press, Baltimore; Calderon et al. 2009. Check 
List 5:425–427). In general, the diet of this species is composed 
of insects, arachnids, crustaceans, mollusks and small verte-
brates, such as rodents, frogs and fish (Duré 1999. Herpetol. Rev. 
30:92; Piatti and Souza 2011. Braz. J. Biol. 71:653–661; Schaefer 
et al. 2006. Herpetol. J. 16:387–394). On 31 March 2015 a male 
L. chaquensis was collected (SVL = 85 mm; 59.5 g) in munici-
pality of Selvíria, state of Mato Grosso do Sul, Brazil (20.3956°S, 
51.3945°W, WGS84; 335 m elev.). The frog was dissected and its 
stomach contents examined (Fig. 1). Food items were identified 
to the lowest possible taxonomic category using stereomicros-
copy. Each dietary item was quantified by wet weight to 0.001 g 
and the diet was analyzed by gravimetric index (weight %) (Hys-
lop 1980. J. Fish Biol. 17:411–429). The diet was composed of: 
Macrobrachium amazonicum - Decapoda (65.2%), Orthoptera 
- Acrididae (23.7%), plant fragments (7.3%), Coleoptera (2.0%), 
Formicidae - Hymenoptera - Vespidae (1.1%), Formicidae - Hy-
menoptera (0.5%). The diet was composed mainly of the crusta-
cean M. amazonicum. This is the first record of M. amazonicum 
in the diet of L. chaquensis.
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LEPTODACTYLUS PODICIPINUS (Pointedbelly Frog). MAL-
FORMATIONS. Limb abnormalities in anurans can be caused by 
trauma, mutations, predation, parasites, hybridization, exposure 
to chemicals contaminants and UV radiation (Lannoo 2008. The 
collapse of aquatic ecosystems: malformed frogs. University of 
California Press, Berkeley, 288 pp.). Leptodactylus podicipinus is 
a small-moderate sized species (adult SVL = 24–54 mm) of the 
Leptodactylus melanonotus group, occurring in Paraguay, Argen-
tina, Bolivia, northwestern Uruguay, and central Brazil, (De Sá et 
al. 2014. South Am. J. Herpetol. 9:1–128).

At 1900 h on 10 October 2014, in a wetland in the munipality 
of Santana, Amapa State, Brazil (0.0363°N, 51.1625°W, WGS84, 26 
m elev.), two adult male L. podicipinus were collected (SVL = 30 
mm and 35 mm). Three types of malformations were observed 

Fig. 1. Dissected stomach of Leptodactylus chaquensis containing 
freshwater prawns (Macrobrachium amazonicum). 
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in this species for the first time: ectrodactyly, brachydactyly, 
and ectromelia (Fig. 1). The specimens were deposited in the 
Herpetological Collection of Universidade Federal do Amapá 
(CECCAMPOS 00913, 01245; ICMBio collecting permit number 
34220-2). The malformations are potential signals of ecosystem 
disruption, and the additional influence that this might have 
on other sympatric organisms is an important research priority. 
Further work at this site should include monitoring and wetland 
conservation plans in order to reduce the direct impact of human 
activities.
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OOPHAGA PUMILIO (Strawberry Poison Frog). PREDATOR-
PREY INTERACTIONS. While a wide variety of vertebrates and 
invertebrates prey upon anurans (Toledo 2005. Herpetol. Rev. 
36:395–400), very little is known about predators that attack and 
reject (or avoid) frogs with chemical defenses. Poison frogs are 
chemically defended by skin alkaloids, which are thought to be 
effective at deterring potential predators due to their unpalat-
ability and/or toxicity (for review, see Saporito et al. 2012. Che-
moecology 22:159–168). Anecdotal reports of successful preda-
tion upon dendrobatid poison frogs (Dendrobatidae) include 
an ant, fish, amphibian, and bird, as well as spiders and snakes 
(Alvarado et al. 2012. Herpetol. Rev. 44:298; Lenger et al. 2014. 

Herpetol. Notes 7:83–84); however, avoidance of these frogs due 
to their alkaloid-based defenses has only been reported in cer-
tain spiders, ants, and snakes (reviewed in Santos and Canna-
tella 2011. Proc. Natl. Acad. Sci. 108:6175–6180). Herein, we re-
port an attempted predation event and subsequent rejection of 
the dendrobatid poison frog Oophaga pumilio by an amblypygid 
Phrynus pseudoparvulus (Tailless Whip Scorpion) from the Caño 
Palma Biological Station, Tortuguero, in northeastern Costa Rica 
(10.5936°N, 83.5278°W, WGS84).

Oophaga pumilio is conspicuously colored, terrestrial, and 
diurnal, and inhabits Caribbean lowland tropical rainforest 
from Nicaragua, through Costa Rica, and into Panama (Savage 
2002. The Amphibians and Reptiles of Costa Rica. University of 
Chicago Press, Chicago, Illinois. 382–388 pp.). Amblypygids are 
opportunistic, nocturnal arachnid predators that prey mostly 
on arthropods (Armas and Víquez 2001. Rev. Ibér. Arac. 4:11–
15), though they are also known to consume small vertebrates, 
including frogs (Toledo 2005. Herpetol. Rev. 36:395–400; 
Hernández et al. 2012. Herpetol. Rev. 43:465). At 2120 h on 30 
May 2015, we observed an adult P. pseudoparvulus on a rotting 
log approach and seize the body of an adult O. pumilio that had 
been climbing the log (Fig. 1). Immediately after attacking (and 
similarly to predation attempts by ants and spiders reported in 
Santos and Cannatella 2011, op. cit.), the amblypygid released 
the frog and briefly wiped its pedipalps/chelicerae, potentially 
as a result of coming into contact with the frog’s unpalatable 
alkaloids. The frog appeared unharmed after the predation event 
and quickly hopped away. Although O. pumilio is primarily 
diurnal, they can sometimes be found moving through the leaf-
litter or on vegetation at night (Hilje and Yglesias 2010. Herpetol. 
Rev. 41:65), which would expose them to predators that are 
nocturnally active. Furthermore, the amblypygid was missing 
the post-femoral part of its left antenniform leg, and approached 
only after the frog’s front right leg brushed against its outstretched 
right antenniform leg. Given that chemoreceptors on the 
pedipalps and/or chelicerae appear to have detected alkaloids, 
leading to rejection of the frog as a prey item, this suggests that 
undetectable quantities of alkaloids were present on the frog’s 
leg, or that chemosensation associated with the amblypygid’s 
antenniform legs may have been impaired. To our knowledge, 

Fig. 1. Leptodactylus podicipinus with three types of malformations: 
A) Left limb: only two digits are present (ectrodactyly) and both are 
short (brachydactyly); Right limb: ectromelia of the humerus and 
radio-ulna, digits are absent; B) Ectromelia of the tibiale and fibulare 
- the right ankle joint is present, indicating that the tibiale and fibu-
lare are present, incomplete and the digits are absent.

Fig. 1. Attempted predation by an adult Phrynus pseudoparvulus 
on an adult Oophaga pumilio (Strawberry Poison Frog) at the Caño 
Palma Biological Station, Tortuguero, Costa Rica.
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this represents the first report of both attempted predation and 
active avoidance of a dendrobatid poison frog by an amblypygid.

KYLE J. HOVEY, MARYKATHLEEN O. VILORIA, and RALPH A. 
SAPORITO, Department of Biology, John Carroll University, University 
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OOPHAGA VICENTEI (Vicente’s Poison Frog). HABITAT USE. 
This diurnal species is considered to be an exclusive tree-
dweller with reproductive behavior that strongly depends on 
existence of bromeliads (Lötters et al. 2007. Poison Frogs. Bi-
ology, Species & Captive Husbandry. Edition Chimaira, Frank-
furt am Main. 668 pp.). This species bears potent skin alkaloids 
that must be acquired through its diet of leaf-litter arthropods 
(Saporito et al. 2004. Proc. Natl. Acad. Sci. USA 101:8045–8050; 
Saporito et al. 2009. Heterocycles 79:277–297). Here, we report 
the observation of a female Oophaga vicentei wandering and 
foraging on the forest floor. This species, similar to other mem-
bers of the genus, are rarely seen on the ground (Myers et al. 
1984. Am. Mus. Nov. 2783:1–20). 

At 1019 h on 18 March 2014, at Isleta town (8.5467°N, 
81.1282°W, WGS84; 571 m elev.), Santa Fe District, Veraguas 
province, Republic of Panama, we observed a female Oophaga 
vicentei wandering and foraging on the ground. The area is a 
primary premontane tropical forest with high slopes (> 30%), 
where the species is normally heard vocalizing above 15 m high 
in the trees and rarely seen. Our observation might suggest that 
this species is not fully tied to an arboreal lifestyle, adding to 
previous habitat descriptions for the species (see Jungfer et al. 
1996. Herpetofauna 18:17–26). Interestingly, in some terrestrial 
poison frogs like Dendrobates auratus, the male may climb up 
high on trees searching for bromeliads to transfer tadpoles from 
the ground (Summers 1989. Anim. Behav. 37:797–805) and in 
Oophaga pumilio a female transferred a tadpole as high as 12 
m up a tree (Young 1979. Biotropica 11:238–239). Our observed 
female was not carrying any tadpole when seen; therefore it is 
uncertain whether this behavior was driven by reproduction. 
As most of the known behavior of O. vicentei is based on captive 
observations, more research on this species in the wild is 
needed.

This work was conducted during a field research campaign 
under a scientific permit (SC/A-5-14) provided by the 
Panamanian National Authority for the Environment (ANAM).
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PAPURANA ELBERTI and DUTTAPHRYNUS MELANOSTICTUS 
(Asian Common Toad). INTERSPECIFIC AMPLEXUS. The Less-
er Sunda Islands of eastern Indonesia are oceanic islands with a 
small assemblage of anuran fauna that have colonized the region 
by over-water dispersal. The island of Sumba contains only five 
native frogs: Fejervarya cancrivora (Crab-eating Frog), Litoria ev-
eretti (Everett’s Tree Frog), Polypedates leucomystax (Four-lined 
Tree Frog), Kaloula baleata (Flower Pot Toad), and Papurana 
elberti. We conducted field surveys at the northern edge of Lai-
wangi Wanggameti National Park (Desa Priang Kareha, Keca-
matan Tabundung, Kabupaten Sumba Timor) on the southwest-
ern portion of the island and encountered a large stream flowing 
over limestone cliffs in a densely forested habitat. The only frogs 
found in this stream were P. elberti and a very large number of 
Duttaphrynus melanostictus (Asian Common Toad). This finding 
represents a new geographic distribution record for D. melanost-
ictus (see Reilly et al. 2016. Herpetol. Rev. 47, in press). Papurana 
elberti is restricted to Sumba, Timor, and Wetar Islands, while D. 
melanostictus is native to southern Asia and the Greater Sunda 
Islands of Java and Sumatra. While conducting a night survey of 
the stream on 24 October 2012, we found a male P. elberti am-
plexing a male D. melanostictus (10.0210°S, 120.0579°E, WGS 84; 
348 m elev.) (Fig. 1). Although the individuals observed in am-
plexus were not collected, other specimens from this expedition 
are housed at either the Museum of Vertebrate Zoology (MVZ), 
Berkeley, California, USA or at the Museum Zoologicum Bo-
goriense (MZB), Cibinong, Indonesia. 

SEAN B. REILLY (e-mail: sbreilly@berkeley.edu), ALEXANDER L. 
STUBBS (e-mail: astubbs@berkeley.edu), and JIMMY A. McGUIRE, Mu-
seum of Vertebrate Zoology, 3101 Valley Life Sciences Building, Berkeley, 

Fig. 1. Female Oophaga vicentei that was observed on the ground. 
Fig. 1. A male Papurana elberti in amplexus with an introduced male 
Duttaphrynus melanostictus on the island of Sumba, Indonesia. 
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PIPA CARVALHOI (Carvalho’s Surinam Toad; Sapo d’água). 
HINDLIMB MALFORMATION. Reports on skeletal abnormali-
ties in amphibians have been recorded for over 200 years and 
have revealed that the occurrence of malformations has signifi-
cantly increased on a global scale (Ouellet 2000. In Sparling et al. 
[eds.], Ecotoxicology of Amphibians and Reptiles, pp. 617–646. 
Society of Environmental Toxicology and Chemistry (SETAC), 
Pensacola, Florida). 

During a nocturnal survey on 9 May 2015 in the municipality 
of São Roque do Canaã in the northwest region of Espírito Santo 
in southeastern Brazil (19.6736°S, 40.7317°W; 150 m elev.), ATM 
collected an adult P. carvalhoi (SVL = 58 mm) with a malformation 
of the left hind limb (Fig. 1A). This specimen (MBML 7920) is 
deposited in the Zoological Collection of Museu de Biologia 
Mello Leitão, Santa Teresa municipality, Espírito Santo state, 
Brazil. The individual presented a malformation characterized by 
ectromelia of the tibia and fibula, which likely severely affected 
its range of motion and ability to swim. The radiography of the 
left hind limb confirmed that the bones were fused and not well 
developed (Fig. 1B). This malformation is a possible outcome 
of environmental contamination with pesticides or fertilizers 
(Sparlin et al. 2015. Ecotoxicology 24:262–278); this is plausible 
because the application of pesticides to crops is a regular practice 
in Espírito Santo. It is recommended that additional studies be 
performed at the site to verify whether the habitat may have 
been affected by pesticide use.
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PRISTIMANTIS ALTAE (Coral-spotted Robber Frog). VOCALIZA-
TIONS. Pristimantis altae is a small frog in the family Craugas-
toridae (Hedges et al. 2008. Zootaxa 1737:1–182). They occur in 
humid lowland and premontane forests on the Atlantic slopes of 
Costa Rica and western Panama (Savage 2002. The Amphibians 
and Reptiles of Costa Rica: A Herpetofauna between Two Conti-
nents, between Two Seas. University of Chicago Press, Illinois. 934 
pp.). Although described in 1942 (Dunn 1942. Not. Nat. Acad. Nat. 
Sci. Philadelphia 104:1–2), little is known about this species’ ecol-
ogy and behavior beyond that they can be found at night on low 
vegetation. For example, despite the description of an obvious 

Fig. 1. An adult Pipa carvalhoi with a malformed left hind limb. (A) 
Photo of the entire individual, (B) Radiography of the left limb. Scale 
bar = 5 mm.
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and well-developed vocal sac by both Dunn (1942, op. cit.) and 
Taylor (1952. Univ. Kansas Sci. Bull. 35:577–942), Savage (2002, 
op. cit.) states that the species does not vocalize and does not 
have vocal slits or a vocal sac. Herein we report the first observa-
tions on the vocalizations of P. altae and describe the character-
istics of the calls.

On 5 and 7 June 2014 from 2100–2400 h, we made in situ 
recordings of P. altae in a Tropical Lower Montane Wet Forest of 
the Cordillera de Tilarán. The site was within the Bosque Eterno de 
los Niños reserve, on the Caribbean versant of Guanacaste, Costa 
Rica (10.35°N, 84.79°W, WGS 84; 1510 m elev.). Weather conditions 
during both sampling periods consisted of intermittent periods of 

light fog and light rain. On 7 June 2014, relative humidity was 
97.7% and air temperature was 16°C with little to no wind 
(measured with a digital Merlin® 3000). Audio recordings were 
made using two different portable digital recorders: a Tascam® 
DR-100 with two built-in cardioid unidirectional microphones, 
and a Tascam® HD-P2 digital recorder with a Sennheiser® 
MKH-416 short shotgun microphone. Recordings are archived 
at the Fonoteca Zoológica Animal Sound Library at the Museo 
Nacional de Ciencias Naturales of Madrid, Spain (www.fonozoo.
com, MNCN_FZ sound 9691). Most recordings were made under 
ambient light conditions; however, we used a red LED light to 
visually confirm that calls originated from P. altae. 

Table 1. Museum specimens of Pristimantis altae inspected for the presence (+) or absence (–) of vocal sacs and vocal slits. Speci-
mens were observed under magnification and SVL was measured to the nearest 0.1 mm. Museum acronyms: LACM = Natural 
History Museum of Los Angeles County; KU = University of Kansas Biodiversity Institute & Natural History Museum.

Specimen Number Collection locality (Country, Province: Site) SVL Vocal Sac Vocal Slits

LACM 172684 Costa Rica, San José: ~Bajo La Hondura 19.3 – –

LACM 172685 Costa Rica, San José: ~Bajo La Hondura 21.1 – –

LACM 172697 Costa Rica, San José: ~Bajo La Hondura 16.8 + +

LACM 172700 Costa Rica, Alajuela: Penas Blancas 16.1 – –

LACM 172701 Costa Rica, Heredia: Finca La Selva 18.5 + +

KU 028171 Costa Rica, Heredia: Volcan Poas, Isla Bonita 19.3 – –

KU 032970 Costa Rica, Cartago: Moravia de Chirripo 19.3 + +

KU 032971 Costa Rica, Cartago: Moravia de Chirripo 26.4 – –

KU 032972 Costa Rica, Cartago: Moravia de Chirripo 19.1 + +

KU 032974 Costa Rica, Cartago: Moravia de Chirripo 20.9 + +

KU 032975 Costa Rica, Cartago: Moravia de Chirripo 20.7 – –

KU 032976 Costa Rica, Cartago: Moravia de Chirripo 23.1 – –

KU 037009 Costa Rica, Cartago: Moravia de Chirripo 29.6 – –

KU 036943 Costa Rica, Guanacaste: Agua Buena 19.1 – –

KU 109975 Costa Rica, Cartago: Moravia de Turrialba 18.8 + +

KU 114765 Panama, Bocas del Toro: Cerro Pando 20.4 + +

KU 114772 Panama, Bocas del Toro: Cerro Pando, 21.9 + +

KU 114773 Panama, Bocas del Toro: Cerro Pando 21.6 + +

KU 114776 Panama, Bocas del Toro: Cerro Pando 19.5 + +

KU 114777 Panama, Bocas del Toro: Cerro Pando 20.5 + +

Table 2. Characteristics of advertisement calls (N = 122) of Pristimantis altae from the Bosque Eterno de los Niños reserve, Guanacaste, Costa 
Rica (10.35°N, 84.79°W, WGS 84; 1510 m elev.) recorded in situ 5 and 7 June 2014. *Audio and photo deposited at Fonoteca Zoológica Animal 
Sound Library at the Museo Nacional de Ciencias Naturales of Madrid, Spain (www.fonozoo.com), MNCN_FZ sound 9691.

Individual Number of calls Mean (SD) Number of Mean (SD) time Dominant
  analyzed call duration (sec) notes (N) between notes frequency (Hz)

 A 1 0.20 2(1) 0.152 2411.7

 B 1 0.25 2(1) 0.150 2497.9

 C 23 0.33 (0.09) 3(15), 2(8) 0.160 (0.014) 2584.0

 D 38 0.35 (0.09) 3(29), 2(6), 4(2), 1(1) 0.157 (0.011) 2756.2

 E 2 0.32 (0.1) 3(1), 2(1) 0.154 (0.006) 2842.4

 F 26 0.35 (0.05) 3(17), 2(7), 4(2) 0.160 (0.012) 2928.5

 G* 12 0.40 (0.1) 3(11), 4(1) 0.159 (0.011) 2928.5

 H 14 0.35 (0.08) 3(8), 2(3), 4(1) 0.159 (0.010) 3100.8

 I 5 0.40 (0.02) 3(5) 0.154 (0.006) 3273.0

Total Mean (SD)  Number of Notes (N)  Mean (SD) Mean (SD)

 0.35 (0.09) 3(88 ), 2(27 ), 4(6 ), 1(1) 0.158 (0.012) 2813.7 (282.4)
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We evaluated the reported inconsistencies of the vocal 
morphology (vocal sac, vocal slits) of P. altae (Dunn 1942, op. 
cit.; Taylor 1952, op. cit.; Savage 2002, op. cit.) by reviewing 15 
specimens from the University of Kansas Biodiversity Institute 
& Natural History Museum, and five specimens at the Natural 
History Museum of Los Angeles County Museum. We confirmed 
the presence of a single subgular vocal sac and paired vocal slits 
on 11 individuals (Table 1) and are confident they are males, 
whereas individuals lacking vocal sac and slits were presumed 
female. 

We recorded 122 calls from nine males at distances ranging 
from ~0.25–5 m. We obtained 20 calls of particularly high quality 
from five individuals at distances of ≤ 1 m. Calls were analyzed 
and graphically constructed using Raven Pro 64 v1.5 (Cornell 
University Bioacoustics Research Program). We captured one 
calling male (SVL = 19.8 mm, 0.7 g) after recording vocalizations 
to take a photo voucher (Fig. 1; MNCN_FZ sound 9691). 

We found that male P. altae call in dense vegetation from 
the upper surfaces of leaves at heights of ~2 m or less, with no 
individuals observed calling lower than ~0.5 m. Calling males 
exhibited a minimum spacing of several meters between 
adjacent males. When disturbed by investigators either moving 
vegetation or excessive white light, frogs would cease calling and 
if further disturbed would lower their posture and deflate their 
vocal sac. Extended periods (in one instance > 30 min) of silence 
and no white light were necessary for frogs to resume calling. 
During bouts of calling males sat on leaf tops with their heads 
elevated and with their single large subgular vocal sac distended. 
Vocalizations consisted of 1–4 (mode = 3) sharp “clicks” similar 
to two small stones being struck together, and were repeated 
after a long pause of several minutes (Fig. 2, Table 1). Analyses 
of the high quality calls (N = 20) determined that the mean (± 
SD) note length was 0.051 (± 0.015) sec. Calls had poor frequency 
modulation, but the dominant frequency was consistent for 
each individual. The dominant frequency ranged from 2411.7 to 
3273.0 Hz, with a mean (± SD) dominant frequency of 2813.7 (± 
282.4) Hz (Fig. 2, Table 2). 

The intensity of calling activity we recorded was slightly less 
than we had observed at this site on two previous evenings, 
also in June, but a year prior. During these earlier visits, calling 
activity was still limited to ~10 or fewer individuals, but the 
period between calls seemed shorter, resulting in more total calls. 
However, this is a qualitative assessment, as we did not record 

calls on the initial visits. It is likely that temporal variation in 
weather, and/or the lunar cycle influences nightly calling activity 
of P. altae. Further work will help identify environmental variables 
that regulate calling activity, and if calling occurs seasonally. 
The calls we have described are presumed to be advertisement 
calls. Additional work is necessary to elucidate the function of 
these calls and to determine if other vocalizations are used for 
courtship, male spacing, or reciprocal calling by females. 

It is likely that the vocalization of P. altae has not been 
previously noted because it is a rarely observed species (Savage 
2002, op. cit.; Guyer and Donnelly 2005. Amphibians and 
Reptiles of La Selva, Costa Rica, and the Caribbean. University of 
California Press, Berkeley. 367 pp.). Furthermore, males appear 
to be timid during calling activity, and their calls may be easily 
mistaken for a nocturnal insect. Our formal description of these 
vocalizations adds to the basic behavioral knowledge of this 
species and may help management efforts by providing a positive 

Fig. 1. Male Pristimantis altae temporarily collected to obtain a pho-
to voucher and morphometric data after advertisement calls were 
recorded in situ in the Bosque Eterno de los Niños reserve, Guana-
caste, Costa Rica.

Fig. 2. Time waveform (top) and frequency spectrogram (bottom) 
of a typical call of Pristimantis altae, recorded in situ in the Bosque 
Eterno de los Niños reserve, Guanacaste, Costa Rica.
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species identification that will facilitate calling surveys. Now 
that the call has been described, call monitoring of this species 
may help determine its population status, which is not well 
understood, but is listed as Near Threatened by the International 
Union for Conservation of Nature (http://www.iucnredlist.org/
details/56406/0; accessed 26 June 2015).
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improved this manuscript. This work was completed under 
MINAE permit #SINAC-SE-GASP-PI-R-054-2014.
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PSEUDIS BOLIVIANA (Harlequin Frog). PREDATION. We report 
on predation within anurans of the Hylidae family: Pseudis bo-
liviana (prey) and Pseudis paradoxa (Paradoxical Frog; [preda-
tor]). At 2135 h on 0 October 2013 three individuals of P. paradoxa 
were collected from a floodplain in Curiaú (0.2381°N, 51.1294°W; 
WGS84), municipality of Macapá, northern Brazil. In the stom-
ach contents of two individuals of P. paradoxa, dipterans and he-
mipterans were most common in the diet. The stomach contents 
of one P. paradoxa (SVL = 55.5 mm; Jaw Width = 24.9 mm; 54 g) 
included only an anuran species, P. boliviana. Pseudis paradoxa 
is a generalist predator that captures prey found in large concen-
trations in the emergent aquatic vegetation (Downie et al. 2010. 
Herpetol. J. 20:111–114), such as P. boliviana, which is an abun-
dant anuran in the floodplain and uses the aquatic vegetation 
for foraging, protection, and calling (Furtado et al. 2014. Biota 
Amazonia 4:68–73).

This research was authorized by permit 41586-1 SISBIO/
ICMBio and the specimens were deposited in the Herpetological 
Collection of the Laboratory of Herpetologia of the Universidade 
Federal do Amapá.
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(e-mail: eduardocampos@unifap.br), MAYARA FABIANA MELO FURTA-
DO, YURI BRENO SILVA E SILVA, Laboratório de Herpetologia, Departa-
mento de Ciências Biológicas e da Saúde, Universidade Federal do Amapá, 
Campus Marco Zero, 68903-280, Macapá, AP, Brazil. 

RANA LUTEIVENTRIS (Columbia Spotted Frog). CANNIBALISM 
OF EMBRYOS. Cannibalism is frequently reported in ranid frogs. 
Most accounts involve postmetamorphic life stages, although 
consumption of larvae does occur (Wells 2007. Ecology and Be-
havior of Amphibians. University of Chicago Press, Chicago, Il-
linois. 1148 pp.). Cannibalism has been observed or reported for 
most species of Pacific Northwest ranids: e.g., Rana boylii (Wise-
man and Bettaso 2007. Herpetol. Rev. 38:193), Rana cascadae 
(Rombough et al. 2003. Herpetol. Rev. 34:138), Rana luteiven-
tris (Pilliod 1999. Herpetol. Rev. 30:93; Bull 2003. Northwest. Sci. 
77:349–356). However, with the exception of R. cascadae, these 
cases all involve consumption of postmetamorphs. Here, I report 
the consumption of conspecific embryos by postmetamorphic 
Rana luteiventris. 

Observations were made at Malheur National Wildlife Refuge, 
Harney Co., Oregon, USA (43.2658°N, 118.8442°W; 1256 m elev.) 
in 2013 and 2014. During the breeding season of R. luteiventris 

(April–May), I observed a total of 32 frogs (31 juveniles, SVL 
= 32–40 mm; and one adult, SVL = 55 mm), at four separate 
breeding sites eating hatchling embryos (stages 20–23; Gosner 
1960. Herpetologica 16:183–190). Frogs sat beside or atop egg 
masses, and ate hatchlings as they wiggled free of the jelly and/or 
congregated on top of the mass (Fig. 1). In the case of the adult, 
the frog was too heavy to sit atop the deteriorating egg masses, 
which were floating in water too deep for the frog to stand. 
Consequently, the frog floated with its head above the surface, 
eating hatchlings as they wiggled and attracted it. 

I observed between one and six frogs eating hatchling 
embryos per mass. At one site where egg masses were stranding, 
I counted > 26 frogs feeding on hatchlings in an approximately 
3-m2 area. At another site, two juvenile frogs were observed on 
top of the same egg masses during two separate visits, four days 
apart (Fig. 2). In all cases, it appeared to be the movement of the 
hatchlings atop the egg mass that attracted the frogs’ attention. 
Given that aggregating atop egg masses is a common hatchling 
behavior, and because frogs are often present at breeding sites, 
this phenomenon may be more frequent than these observations 
indicate.

Fig. 1. Juvenile Rana luteiventris swallowing a hatchling embryo 
(Gosner Stage 20). Additional hatchlings (stages 19–22) are visible 
around the frog’s head.

Fig. 2. Pair of juvenile Rana luteiventris capturing hatchling larvae 
from the surface of an egg mass. 
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This research was conducted by permission of the United 
States Fish and Wildlife Service, Malheur National Wildlife 
Refuge, Princeton, Oregon. Special thanks are due to Malheur 
NWR Manager Chad Karges for permitting this work.
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RHACOPHORUS KIO. OVIPOSITION AND NEST CONSTRUC-
TION. Rhacophorus kio (Rhacophoridae) is an old world “fly-
ing” frog that is distributed in China, Laos, Thailand, and Viet-
nam (Ohler and Delorme 2006. C. R. Biol. 329:86–97). Males call 
from high in the forest canopy above seasonal pools and, as with 
other rhacophorid frogs, eggs are laid within a foam nest that 
is attached to vegetation overhanging the pool (Karraker 2013. 
Herpetologica 69:257–264). Very little is known about the repro-
ductive ecology of R. kio, as the species was described relatively 
recently. Here we report, to our knowledge, the first observations 
of oviposition and nest construction in this species. 

Field observations were made at the Sakaerat Environmental 
Research Station in northeastern Thailand (14.5090°N, 
101.9537°E, WGS84) in 2011 and 2015, during which time we 
documented nine R. kio clutches, including oviposition and 
nest construction of two. At the study site, male R. kio have been 
documented calling in 2011 above three seasonal pools: two 
that were formed by the damming of different tributaries of an 
ephemeral stream and one by the wallowing of wild boars (Sus 
scrofa). Each pool was searched for egg masses between ca. 
0330 and 0600 h each day from 19 August–12 September 2011, 
and occasional night searches were also carried out during rainy 
periods between ca. 1700 and 2300 h in August–September in 
2011 and 2015. All egg masses were found at the boar wallow 
after heavy rains, including eight in 2011 and one in 2015 (Table 
1). On two occasions, we observed R. kio during the process of 
oviposition and nest construction. At 2133 h on 12 September 
2011, we found an amplectant pair of R. kio in the process of 
laying a foam nest on a single leaf (Fig. 1). Amplexus was axillary, 
with the female (SVL = 85 mm) kicking her hindlimbs to form the 
foam which contains eggs and mucus released by the female and 
sperm from the male (Wells 2007. The Ecology and Behavior of 
Amphibians. University of Chicago Press, Illinois. 1148 pp.). The 
male was observed kicking his hindlimbs on the surface of the 
egg mass a few times. At 2150 h, the male released his grip on the 
female and left the site of the clutch, while the female continued 
to kick her hindlimbs over the surface of the egg mass. At 2153 h, 

the female used her hindlimbs to pull in nearby leaves, pressing 
the leaves against the sticky surface of the foam, and then holding 
the leaves in position by wrapping her body and limbs around the 
whole leaf and foam nest structure for two minutes. The female 
repeated this behavior three times, initially with leaves from 
the same branch as that to which the egg mass was attached, 
and then with leaves from a neighboring branch. The female 
held the newly attached leaves in position for 1–2 minutes each 
time, until leaves formed a rough ellipsoid covering the entire 
surface of the egg mass. She then held the entire structure for an 

Table 1. Physical and biological features of Rhacophorus kio egg masses. — indicates that data were not collected.

Date Substrate to which Height above Egg mass Water depth No. leaves Egg mass
 attached ground (cm) overhanging below egg mass (cm) enveloping egg mass (L x W x D) (mm) 

23 Aug 2011 Woody shrub 148 Water 78 8 —

30 Aug 2011 Woody  shrub 146 Water 83 6 93 x 57 x 26

31 Aug 2011 Tree 650 Water 64 — 74 x 58 x 28

1 Sept 2011 Tree 1000 Water 82 — —

1 Sept 2011 Tree 600 Water 61 — —

8 Sept 2011 Woody shrub 106 Dry ground 0 8 118 x 51 x 48

12 Sept 2011 Tree 285 Water 503 9 —

12 Sept 2011 — a — — — 9 —

11 Aug 2015 Tree ~ 300 Water — — —

a Egg mass was found floating in the pool and was enclosed in leaves. Presumably it had broken off and fallen into the pool from a tree above.

Fig. 1. Amplectant pair of Rhacophorus kio laying foam nest. 
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additional 20 minutes (Fig. 2), before leaving the nest site at 2217 
h. Observations concluded after the female moved away from 
nest site. Similarly at 2154 h on 11 August 2015, a female R. kio 
was observed kicking her hindlimbs over the surface of a newly 
laid egg mass approximately 3 m above the water surface of the 
same boar wallow, presumably after the male frog had left. We 
observed the female using her hindlimbs to pull in leaves around 
the egg mass, attach them to the foam, and hold them in place 
with her body forming a structure similar to that documented 
in 2011. 

The National Research Council of Thailand granted 
permission for this research and The University of Hong Kong 
Committee on Use of Live Animals in Teaching and Research 
approved the research protocol (Permit #1830-09 issued to NEK). 
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HANNA E. R. JENKINS, LETITIA L. JACQUES, and EMILIO TAN, Sakaerat 
Environmental Research Station, Wang Nam Khieo District, Nakhon Ratcha-
sima 30370, Thailand; NANCY E. KARRAKER, Department of Natural Re-
sources Science, University of Rhode Island, Kingston, Rhode Island 02881, 
USA (e-mail: nkarraker@uri.edu).

RHINELLA ABEI and RHINELLA ICTERICA (Yellow Cururu 
Toad). HETEROSPECIFIC AMPLEXUS. Reproduction in toads 
of the family Bufonidae is explosive and when the breeding sea-
son overlaps spatially and temporally between multiple species, 
heterospecific amplexus may occur (Sodré et al. 2014. Herpe-
tol. Notes 7:287–288). Studies have shown that bufonid toads in 

particular have a limited capacity for recognizing conspecific 
females (Marco and Lizana 2002. Ethol. Ecol. Evol. 14:1–8) and 
males prefer larger females, which are potentially more fertile 
(Liao and Lu 2009. J. Ethol. 27:413–417).

On 3 October 2011, KC observed and photographed a male 
R. abei in amplexus with a larger female R. icterica (Fig. 1) in a 
pond in the municipality of Siderópolis, state of Santa Catarina, 
southern Brazil (28.3448°S, 49.2309°W, WGS84; 126 m elev.). The 
individuals were not captured. To our knowledge, this is the first 
confirmed report of heterospecific amplexus of R. icterica by R. 
abei. 

KAROLINE CERON (e-mail: karolceron@hotmail.com) and JAIRO 
JOSÉ ZOCCHE, Universidade do Extremo Sul Catarinense, Programa de 
Pós-Graduação em Ciências Ambientais, Av. Universitária, 1105, Criciúma, 
Santa Catarina, Brazil (e-mail: jjz@unesc.net).

RHINELLA MAJOR and RHINELLA SCHNEIDERI (Granular and 
Rococo Toad). REPRODUCTIVE BEHAVIOR. Rhinella major 
and R. schneideri are two common bufonids that occur sympat-
rically in the Chaco ecoregion of Argentina, Bolivia, and Para-
guay. Rhinella major is a moderately sized toad (maximum SVL 
= 81 mm; Narvaes and Rodrigues 2009. Arq. Zool. 40:1–73) while 
R. schneideri is considerably larger (maximum SVL = 210 mm; 
Cei 1980. Zool. Ital. Monogr. 2:1–609). Rhinella major are gener-
ally found calling at the edge of temporary ponds (Schalk and 
Morales 2012. Herpetol. Notes 5:369–370), whereas R.schneideri 
breed in both temporary and permanent ponds (Peltzer et al. 
2006. Biodiv. Cons. 15:3499–3513; Schalk and Ticona 2013. Her-
petol. Rev. 44:299–300).

Interspecific amplexus has been reported multiple times 
in anurans (e.g., Pearl et al. 2005. Am. Midl. Nat. 154:126–134; 
Mollov et al. 2010. Biharean Biol. 4:121–125; Medina-Rangel 
2013. Herpetol. Rev. 44:123; Stynoski et al. 2013. Herpetol. Rev. 
44:129–130). Herein I report interspecific amplexus between 
congeners of strikingly different body size. At 2225 h on 23 
March 2011, I encountered a chorus of R. major at a temporary 
pond in the Isoceño community of Yapiroa, Province Cordillera, 
Department of Santa Cruz, Bolivia (19.6043°S, 62.5756°W, 
WGS84). I encountered a male R. major calling from on top 
of an adult R. schneideri (sex unknown) that was sitting in the 
water approximately 15 cm from the pond’s edge (Fig. 1A). 
The R. schneideri remained motionless for approximately ten 

Fig. 2. Female Rhacophorus kio holding leaves that were wrapped 
around foam nest after eggs were laid. 

Fig. 1. Amplexus of a Rhinella icterica female by a Rhinella abei male.
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minutes as the R. major continued to call. After ten minutes, 
the R. schneideri began to move towards the pond’s edge after 
which the R. major began to amplex the R. schneideri (cephalic 
amplexus; Fig. 1B). The two toads maintained their position for 
at least an additional 20 minutes. During this entire time I did 
not hear the R. schneideri emit a release call. 

Funding was provided by the National Science Foundation’s 
Graduate Research Fellowship Program and the Applied 
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University (NSF-IGERT Award #0654377).
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TESTUDINES — TURTLES

CHELYDRA SERPENTINA (Snapping Turtle). STATE SIZE RE-
CORD. On 14 August 2014, we captured an adult male Chelydra 
serpentina at Wekiwa Springs State Park, 0.07 km from the Wekiwa 
Springs boil (28.71289°N, 81.45965°W, WGS84; elev. 6 m), Orange 
Co., Florida, USA. The turtle was captured by hand during snor-
keling surveys as a part of a long-term turtle population study at 
Wekiwa Springs State Park. This large turtle had a maximum car-
apace length of 448 mm, straight midline plastron length of 339 
mm, mass of 22.2 kg (Fig. 1; Florida Museum of Natural History, 
FLMNH 173686). This turtle was 24 mm longer than Florida’s 

historic record of carapace length (CL max) of 424 mm (FLMNH 
66157; Meylan 2006. Biology and Conservation of Florida Tur-
tles. Chelon. Res. Monogr. No. 3. Luneburg, Chelonian Research 
Foundation; Krysko et al. 2011. Atlas of Amphibians and Reptiles 
in Florida. Final Report, Florida Fish and Wildlife Conservation 
Commission, Tallahassee, Florida. 524 pp.). The previous Florida 
state record specimen was caught on 16 November 1928, at a lo-
cality simply listed as “Apopka, FL.” Wekiwa Springs is less than 
5 km from downtown Apopka, thus it is interesting that the his-
toric record is from the same general area as the new record. This 
turtle was the largest of several large Snapping Turtles captured 
over the years in the Florida freshwater springs under study. 
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emunscher@swca.com); ANDREW WALDE, Turtle Survival Alliance, P.O. 
Box 12074, Fort Worth Texas, USA (e-mail: awalde@turtlesurvival.org); NI-
COLE SALVATICO, University of Central Florida, Department of Biology, 
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CUORA AMBOINENSIS (Southeast Asian Box Turtle). DIET. 
Cuora amboinensis is a widely distributed and increasinly rare 
chelonian of Southeast Asia (Perpiñán et al 2008. J. Zoo Wildl. 
Med. 39:460–463). It is primarily herbivorous, with a diet con-
sisting of aquatic and terrestrial plants, fungi, and fruits as de-
termined by fecal examinations, and may be an important seed 
disperser in some ecosystems. (Schoppe and Das 2011. Chelon. 
Res. Monogr. 5:053.1–053.13). Secondary observations suggest C. 
amboinensis acts as a seed disperser for two important tree spe-
cies (Ficus spp. and Morinda citrifolia; (fide Peter Widmann, in 
Schoppe and Das, op. cit.), but no instances of actual fruit con-
sumption by C. amboinensis has been reported. 

On 7 August 2015 at 0313 h, we observed a female C. amboi-
nensis (plastron length = 18.2 cm; carapace length = 21.5 cm; 
carapace width = 21.5 cm) drinking in a rain puddle on a dirt 
trail in Pulau Ubin, Singapore (1.406577°N, 103.971735°E; WGS 
84). The puddle was situated under a fruiting Morinda citrifolia 
(Noni Tree) and one fallen noni fruit was floating in the puddle. 
At 0315 h, the turtle began attempting to bite the fruit, which 
would float away from the turtle. Independently, using one of its 
forelimbs, the turtle pinned the fruit to the bottom of the shallow 

Fig 1. A) Male Rhinella major calling from on top of an adult Rhinella 
schneideri (sex unknown) and B) the male R. major now in cephalic 
amplexus with the R. schneideri. 

Fig. 1. Photo of new Florida state record Eastern Snapping Turtle (UF 
173686) captured at Wekiwa Springs State Park. 


