
Desmognathus brimleyorum, and a comparison with other 
desmognathine salamanders. J. Zool. 243:21-27. 

APPENDIX 1. Collection data for specimens examined. 

Species Museum No. Date of collection SVL County 
(ASUMZ) (mm/dd/yy) (mm) 

P albagula 22419 4/17/98 70 Crawford 

P. albagula 15887 4/14/90 72 Crawford 

P. albagula 15464 3/13/90 71 Newton 

P. albagula 22756 5/27/98 72 Polk 

P. albagula 19201* 9/22/93 62 Pike 

P. ouachitae 22762 5/27/98 56 Polk 

P. ouachitae 24016 4/15/00 60 Polk 

D. brimleyorum 22397 3/27/98 68 Montgomery 

D. brimleyorum 21840 5/11/97 76 Polk 

D. brimleyorum 22523 4/18/98 84 Polk 

D. brimleyorum 21749 4/19/97 85 Polk 

D. brimleyorum 23156 4/16/99 79 Logan 

D. brimleyorum 3561** 8/15/80 89 Polk 

*Animal collected during non-reproductive season. 
**Animal collected during non-reproductive season; skin only excised 

from dorsal trunk region. 
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The Panamanian Golden Frog, Atelopus zeteki Dunn (Anura: 
Bufonidae), is a taxon of concern endemic to the Code and Panama 
Provinces of Panama (Dunn 1933; Savage 1972), principally in-
habiting lowland rainforest (Savage 1972) on the Pacific cordille-
ran slope. Bufonidae are among four families of amphibians con-
taining more "rapidly declining" species than the average (Stuart 
et al. 2004), and of 34 species of amphibians which have gone 
extinct since 1500 (Stuart et al. 2004), three were in the genus 
Atelopus (IUCN et al. 2004). In addition, of 77 described species 
of Atelopus (Frost 2004), 61 (82%) are listed as Critically Endan-
gered (IUCN et al. 2004), and it has been suggested that this is the 
first example of a species-rich lineage being so uniformly imper- 

iled (Loners et al. 2004). In particular, Atelopus zeteki is listed as 
Critically Endangered (IUCN et al. 2004) and given the highest 
level of protection by the Convention on International Trade in 
Endangered Species (CITES I). Development of conservation 
strategies and long-term monitoring programs for threatened spe-
cies is contingent upon understanding species' life histories. As 
basic biological and ecological information is lacking for many 
Atelopus species, collection of such data may be crucial for con-
servation efforts. 

Relatively little is known about the reproductive ecology of 
Atelopus frogs (Utters 1996). While breeding phenology usually 
varies somewhat among species and populations depending upon 
local climatic conditions, limited data suggest that Atelopus breed-
ing generally occurs at the beginning of the dry season (L6tters 
1996, Savage 2002). Atelopus oviposit in cryptic locations, attach-
ing their eggs to the undersides of rocks in swiftly flowing streams 
generally during periods of low water flow (Savage 1972, Utters 
1996). Previous descriptions of egg-laying and clutch characteris-
tics come principally from captive or dissected animals. The few 
reported field observations of egg masses or oviposition sites pro-
vide limited data on clutch sizes, ovum diameter, and/or oviposi-
tion site characteristics in A. flavescens (Lescure 1981) and A. 
franciscus (Boistel et al. 2005) from French Guyana, and A. muisca 
(Rueda-Almonacid and Hoyos 1991) from Colombia. To our 
knowledge, no published information from the field or laboratory 
exists on the reproductive ecology of A. zeteki. Our objectives were 
to describe the clutches and oviposition sites of A. zeteki and com-
pare their reproductive ecology with that of other Atelopus spe-
cies. 

Materials and Methods.—In 10-16 December 2004 and 8-15 
December 2005, we conducted surveys for Atelopus zeteki in 
Panama Province, Panama, in a small stream ca. 5-15 m in width 
with steep rocky slopes. We searched for A. zeteki egg masses by 
overturning rocky substrates and submerged woody debris and 
examining accumulations of leaf litter within the stream channel 
along a 200 m reach. These searches were conducted in conjunc-
tion with surveys for adult A. zeteki along the stream margins and 
on exposed rocks and small islands within the stream. All frogs 
were marked by toe-clipping. When clutches were found, we 
counted the number of eggs per clutch and measured the diam-
eters of at least 20 eggs, randomly chosen, from each of three 
clutches. Embryo developmental stages were estimated (Gosner 
1960). To characterize the microhabitat at oviposition sites, we 
measured overstory canopy closure using a concave spherical 
densiometer (only in 2005), size of substrate (Platts et al. 1983) to 
which an egg mass was attached, predominant size of surround-
ing substrate (visually estimated within a 1 m 2  area centered on 
the oviposition substrate), water depth at the location of the clutch 
(only in 2004), distance of oviposition substrate to wetted edge, 
wetted width of stream at each oviposition site, stream velocity 
(m/s) near each egg mass, and instream habitat type (e.g., pool or 
riffle, Platts et al. 1983). Stream velocity at oviposition sites was 
estimated by determining the time it took for a floating object to 
travel a 1 m stream segment centered on the location of an egg 
mass. Velocity was calculated as the distance traveled divided by 
the time elapsed. In addition, we measured the distance between 
clutches within each year. In 2004, we measured general habitat 
conditions for five of the variables along the stream reach and 
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compared these with microhabitat characteristics at oviposition 
sites using Student's t-tests. Canopy closure was measured at the 
beginning and every 10 m along the reach within one m of the 
stream margin and averaged. We visually estimated the propor-
tion of the surface of the streambed made up of cobble, gravel, 
pebble, sand, and silt (after Platts et al. 1983) within 20 randomly 
located 1-m wide bands that bisected the reach. Water depth was 
measured at three equidistant points across the width of the stream 
at 20 randomly selected locations along the 200 m reach. Depth 
measurements were averaged. We determined mean wetted width 
from measurements at 20 randomly selected locations along the 
reach. Stream velocity was measured within one meter of the mar-
gin at 20 randomly selected locations along the reach and aver-
aged. 

Results.-Over two breeding seasons, we found 17 clutches of 
eggs of A. zeteki within the 200 m-long reach and one clutch up-
stream of the reach. In 2004, we found 41 amplectant pairs, 208 
single frogs, and seven clutches of eggs of A. zeteki during five 
surveys over a seven-day period. In 2005, we found four pairs, 
166 individuals, and 11 clutches in five surveys over eight days. 
Each intact clutch appeared to contain a single strand of small, 
cream-colored eggs attached to a rocky substrate in the stream 
(Table 1). Strands were attached to the substrate and then wrapped 
back up on themselves creating two or more layers of eggs in a 
loose, elongated mass (Fig. 1). In 2004, most of the clutches found 

FIG. 1. Clutch of Atelopus zeteki attached to boulder in Panama Prov-
ince, Panama. Photo by N. Karraker.  

appeared to have been recently oviposited, but in 2005 many of 
the clutches had begun hatching or had already hatched. Accurate 
counts of clutch size were made for five clutches in 2004 and four 
in 2005. Mean clutch size was 370 ± 137 (SD) (N = 9; Table 1). 
Eggs ranged in developmental stage from cleavage to hatching. 
We were unable to determine the duration of embryonic develop-
ment in the field. But in captivity, the embryonic period of A. zeteki 
ranged 7-11 days at 22.0°C and averaged 8.9 ± 1.3 days (N = 9) 
(Detroit Zoo, unpubl. data). 

Embryos averaged 1.8 ± 0.2 mm in diameter (range 1.4-2.5 
mm, N = 60). Mean water temperature at oviposition sites was 
23.4 ± 0.8°C (N = 15). On 11 December 2004, pH of the stream 
was 7.8. Six clutches were attached on the top, one on the side, 
and 11 on the undersides of substrates. All but one clutch were 
attached to cobble- or boulder-sized substrates (Table 1). All 
clutches but one were found within 2 m of the stream margin and 
were evenly distributed between riffle and run habitats. Percent 
canopy closure was lower (t = 2.04, P = 0.050) above oviposition 
sites at 93.1 ± 5.8 (range 85-100; N = 9), while the average for the 
reach was 96.9 ± 1.9 (range 91-99; N = 21). Sand was the pre-
dominant substrate type around oviposition sites for 15 of 18 (83%) 
clutches, while the proportions of surface substrates overall within 
the reach were 36% cobble, 31% sand, 20% pebble, 6% gravel, 
and 7% silt (N = 20). Water depth at oviposition sites averaged 
16.5 ± 15.7 cm (range 1-44; N = 6), and was lower (t = 2.44, P = 
0.022) than the average depth for the reach of 30.8 ± 11.0 cm 
(range 17-63; N = 20). Mean wetted width of the stream at ovipo-
sition sites was 9.9 ± 3.7 m (range 6.1-18.7; N = 15), and was 
higher (t = 2.94, P = 0.006) than the reach average of 7.7 ± 2.1 m 
(range 4.2-11.8; N = 20). Mean stream velocity at oviposition 
sites was 0.34 ± 0.15 m/s (range 0.10-0.50; N =15), and compa-
rable (t = 0.74, P = 0.463) to the average for the reach of 0.37 ± 
0.10 m/s (range 0.23-0.50; N = 20). Two clutches were separated 
from others by 22 m each, but the mean nearest neighbor distance 
between all other clutches within the reach was 1.1 ± 1.3 m (N = 
15). Two clutches were found attached to the underside of the same 
boulder, 11 and 12 cm apart, in 2004 and 2005, respectively. In 
2005, we found two clutches attached 12 cm apart on the under-
side of another boulder. Aside from the single clutch found up-
stream of the reach, all clutches in both years were located within 
a 25-m reach of stream. 

Seven clutches were no longer submerged under water when 
found and one appeared to be covered by a white fungus. It had 
rained heavily in the area just prior to surveys each year, so pre-
sumably these exposed clutches were oviposited when the water 
level was higher in the stream. 

Discussion.-We observed eggs of Atelopus zeteki in Decem-
ber 2004 and 2005, which marks the transition between rainy and 
dry seasons in most years. We observed amplectant pairs as early 
as 8 December in 2005 and as late as 25 January in 2004. Surveys 
of this site, associated with a separate study on population dynam-
ics, in February, March, July, and August yielded no amplectant 
pairs. Small, but well-developed, larvae were observed in the 
stream in mid-December 2005, but no metamorphs or subadults 
were found, indicating that the breeding season probably begins 
in late November or early December and continues into January. 
Further evidence comes from observations made on 4 December 
2003, in which no adults were observed along the stream, but males 
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A. carbonerensis 

A. chiriquiensis 

A. chiriquiensis 

1 
1 

14 

279 
364 

370 (108) 

1.5 
2.05 

A. cruciger 1 271 1.5-1.6 

A. flavescens 1 - 1.5-1.7 
A. franciscus >1 -250 
A. gracilis I 350 0.8 
A. ignescens I 372 1.3 
A. muisca I 69 -2.0 
A. sernai I 220 
A. subornatuc I 189 1.8-2.2 
A. varius I 910 1.0 
A. varius 1.6 
A. varius 3 723 (26) 

A. zeteki 9 370 (137) 1.8 

Dissection 
Oviposited in captivity 
Dissection 
Oviposited in captivity 
Field observation 
Field observation 
Dissection 
Dissection 
Field observation 
Dissection 
Dissection 
Dissection 
Oviposited in captivity 
Dissection 
Field observation 

La Marca 1984 
Lindquist and Swihart 1997 
UMMZ' 147970-72, 147974-79, 14985, 14987 
Mebs 1980 
Lescure 1981 
Boistel et al. 2005 
McDiarmid 1971 
McDiarmid 1971 
Rueda-Almonacid and Hoyos 1991 
Ruiz-Carranza and Osomo-Mufioz 1994 
Lynch 1986 
McDiarmid 1971 
Starrett 1967 
UMMZ' 147973, 147980, 147988 
This study 

TABLE 1. Clutch sizes, developmental stages (after Gosner 1960), and characteristics of oviposition sites of Atelopus zeteki observed in Panama 
Province, Panama. Substrate size categories: silt (<0.06 mm), sand (0.06 to 2 mm), gravel (2 to 64 mm), cobble (64 to 256 nun), boulder (256 to 4096 
mm), and bedrock (>4096 mm), as measured across the longest diameter (Platts et al. 1983). Habitat types follow Platts et al. (1983). - Indicates data 
were not collected. 'Indicates clutches for which accurate counts could not be made. 'Indicates clutches in which all other eggs appeared to have 
hatched. 

Clutch 
size 

327 
256 
243 
no count' 
202 
72' 
481 
48' 
465 
623 
416 
318 
-83' 
-50' 
-150' 
3' 
11 2  
02  

Stage of Canopy Water Substrate 	Surrounding 
development closure temp. (°C) type 	substrate 

type 

cleavage 24.2 cobble, boulder 	sand 
cleavage 22.5 bedrock 	sand 
cleavage 22.5 cobble 	sand 
hatching 22.5 boulder 	gravel, cobble 

cleavage 22.5 cobble 	cobble, boulder 
hatching 22.5 boulder 	sand 

neurulation 22.5 boulder 	sand 
none evident 99 23.2 boulder 	sand 

hatching 100 23.6 boulder 	sand 

organogenesis 100 23.6 boulder 	sand 
hatching 96 23.6 boulder 	sand 

none evident 97 23.1 boulder 	sand 
none evident 94 23.1 boulder 	sand 
neurulation 88 24.4 boulder 	sand 

none evident 88 24.4 boulder 	sand 

hatched 85 24.4 boulder 	sand 
hatched 85 24.4 boulder 	sand 

hatched 94 24.4 boulder 	gravel 

Water Habitat Stream Wetted 
depth type flow width 
(cm) (m/s) (m) 

10 riffle 0.20 6.9 
44 run 0.10 10.4 

1 run 0.10 10.6 
10 run 0.33 8.8 
8 run 0.33 8.9 

26 run 0.33 15.7 
26 run 0.33 15.7 

run 0.25 18.7 
run 0.50 14.8 
run 0.50 14.8 

riffle 0.50 8.9 
riffle 0.50 6.1 
riffle 0.50 6.1 
riffle 0.20 10.4 
riffle 0.20 10.4 
riffle 0.50 8.2 
riffle 0.50 8.2 
riffle 0.33 6.6 

Distance 
from stream 
margin (cm) 

0 

0 

0 

77 

0 

76 

76 
92 
55 
67 
54 
35 
57 
127 
115 
34 
66 

269 

TABLE 2. Clutch sizes and ova diameters of Atelopus. - indicates data were not available. 

Species 
	 N 	Mean clutch 	Mean ovum 	Method of 

	
Source 

size (SD) 	diameter (mm) 	determination 

'University of Michigan Museum of Zoology 
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were heard calling at the forest edge, approximately 50 m upslope 
of the stream, and in damp wooded ditches that extended up into 
the adjacent clearing. No females were observed on that date, but 
on 12 December, 10 amplectant pairs were found by the stream 
(K. Zippel, pers. comm.). Hundreds of metamorphs were observed 
along the stream on 27 April 2002 (K. Zippel, pers. comm.). Ovi-
position in A. chiriquensis, another Panamanian species, probably 
occurs during the dry season as amplectant pairs were collected in 
February (Lindquist and Swihart 1997). Egg masses of A. 
franciscus from French Guyana were found in late April or early 
May (Boistel et al. 2005). In the same country, a clutch of A. 
flavescens eggs was found in July (Lescure 1981). In late Octo-
ber, a clutch of A. muisca was reported in Colombia (Rueda-
Almonacid and Hoyos 1991). In A. varius in Costa Rica, breeding 
is estimated to begin in October and continue into early December 
(Crump 1988). These examples demonstrate the tremendous varia-
tion in timing of oviposition within this genus, which may be re-
lated to climatic differences between regions. 

To our knowledge no clutches of A. zeteki have been previously 
reported, but descriptions of eggs and oviposition sites exist for 
other Atelopus species (Table 2). There appears to be much in-
traspecific variation in Atelopus clutch sizes. Fourteen clutches of 
A. chiriquiensis ranged from 170-603 eggs. We found that five 
clutches of A. zeteki ranged in size from 202-623 eggs. There is 
also interspecific variation in Atelopus ranging from 69 eggs in 
one clutch of A. muisca (Rueda-Almonacid and Hoyos 1991) to 
one of A. varius containing 910 eggs (McDiarmid 1971). In addi-
tion, ovum diameter varies widely in the genus, with 0.8 mm for 
A. gracilis (McDiarmid 1971) to 2.2 mm for A. subornatus (Lynch 
1986). Ovum diameter in A. zeteki averaged 1.8 mm. 

Duration of embryonic development has not been previously 
reported for A. zeteki. The duration of 7-11 days at 22°C reported 
here is comparable to the short periods described for other species 
of Atelopus. In the laboratory, eggs of A. cruciger hatched in three 
to four days at 20°C (Mebs 1980). Embryos of A. varius took six 
days to hatch in captivity (Starrett 1967), although no water tem-
perature data were given. It appears from these limited data that 
the embryonic period in Atelopus may be relatively short. 

Within our sampled reach, A. zeteki oviposited in wider stream 
sections, along shallow margins, and in fast water habitats with 
slightly lower canopy closure. In our study area, all clutches were 
attached to rocky substrates and 83% were attached to larger sub-
strates, boulders, and bedrock. As eggs are laid during the transi-
tion between wet and dry seasons, selection of larger substrates 
for oviposition may reduce the risk of eggs being washed down-
stream in late rainy season storms, particularly in relatively con-
fined channels such as the one in which the clutches were located. 
Eggs in four clutches were hatching when found. In each instance, 
as the rock was turned over, larvae were unable to adhere to the 
rock, indicating that the ventral sucking disc (Starrett 1967) char-
acteristic of Atelopus either had not yet developed or does not 
function at hatching. Larvae slid from the remnants of the egg 
mass into the substrate below. It is notable that the larvae were 
similar in color to sand in the study area, which was the predomi-
nant substrate surrounding all but three of the clutches. 

Females may select oviposition sites due to several factors in-
cluding microhabitat characteristics, relative predation risk, and 
proximity to calling males. Although we searched 200 m of stream,  

16 of 18 clutches were found within an average of 1.1 m of an-
other clutch. Three pairs of these clutches, each pair at different 
development stages, were attached within 12 cm of each other on 
the underside of a boulder. This distribution of egg masses sug-
gests that important locations for oviposition may be present along 
the stream and that communal oviposition occurs in A. zeteki. Com-
munal oviposition has not been previously reported for any 
Atelopus. Communal oviposition occurs when the benefits of com-
munal reproduction outweigh the losses to individual reproduc-
tion, females have limited clutch sizes, and suitable oviposition 
sites are uncommon (Robertson et al. 1998). Communal oviposi-
tion sites of A. zeteki may increase an individual's fitness by re-
ducing the predation risk for a single clutch of eggs and distribut-
ing the risk among multiple clutches. The number of suitable lo-
cations for egg-laying in the vicinity of the oviposition sites re-
ported here for A. zeteki is not known. However, the locations 
used may represent sites that are relatively stable from high flow 
events, during the breeding period, within those streams. 
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We summarize information on acoustics recorded from the anu-
ran amphibians of Borneo. Currently, 154 species of frogs and 
toads (Amphibia: Anura) are known from Borneo (Das 2005; Das 
and Haas 2005; Inger and Stuebing 2005). The five species of 
Ichthyophiidae known from Borneo presumably do not call. The 
quality of acoustic information of Bornean amphibians reported 
in the literature varies significantly. In this review, we scored call 
data from 0-5, where 0 = unknown; 1 = abbreviated, onomato-
poeic or verbal description; 2 = analytical description only, no 
sonogram/oscillogram; 3 = sonogram/oscillogram only, no ana- 

lytical description; 4 = sonogram/oscillogram and analytical de-
scription; and 5 = recording on a CD. In the context of this review, 
"analytical description" refers to an explicit summary of impor-
tant call characters, such as fundamental frequency, dominant fre-
quency, and call rate. The respective references cited are in chro-
nological order. We report whether descriptions are based on ex-
tralimital samples; all other references pertain to Borneo, and where 
possible, the locality of recording is mentioned. 

In total, the calls of 101 species of anuran amphibians (65.6%) 
known from Borneo are described in the literature. The list in-
cludes calls of several species that have been described exclu-
sively from extralimital areas (including India, Nepal, Thailand, 
and the Malay Peninsula). At least in some cases (e.g., Fejervarya 
limnocharis and F cancrivora), the extralimital calls refer to non-
conspecific cryptic species. In a manuscript under preparation, we 
will describe the calls of three additional species: Bufo 
quadriporcatus, Leptolalax maurus and Microhyla borneensis 
(Sukumaran et al., in prep.). 

Species with unknown calls include the sole Bornean represen-
tative of Bombinatoridae (Barbourula kalimantanensis, an endemic 
of Kalimantan, Indonesia); 15 species of Bufonidae; four species 
of Megophryidae; 12 species of Microhylidae; 12 species of 
Ranidae; and nine species of Rhacophoridae. A number of famil-
iar species from the family Ranidae have unknown calls, or have 
calls inadequately described in the literature. This may be due to 
the logistical difficulty in getting reliable recordings due to either 
calling behavior (such as short, sporadic calls; call shyness; or 
long periods between calls) or environment (e.g., high ambient 
noise levels in the stream habitat characteristic of many such 
ranids). In addition, males of some members of the genus 
Limnonectes lack vocal sacs, resulting in their characterization in 
the past as 'voiceless frogs' (e.g., Emerson and Inger 1992; 
Emerson and Berrigan 1993; Emerson et al. 1993; Emerson and 
Voris 1992). However, further observations have since established 
that females of some of these 'voiceless frogs' do indeed vocalize 
(see, for instance, Emerson 1992; Inger and Stuebing 2005; Matsui 
1995). 

Even when call descriptions are available, these may be in an 
abbreviated form (descriptive or onomatopoeic), lacking 
sonograms or oscillograms, and thereby not available for analy-
sis. When descriptive accounts of calls are excluded, only 75 spe-
cies (48.7% of the fauna) of Bornean frog calls have been ana-
lyzed. In many cases, no vouchers are listed, sometimes making 
identification of the species concerned uncertain. 
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TABLE 1. Checklist of anuran amphibians of Borneo, annotated with status information on bioacoustics and their sources. Status of descriptions: 0 = 
unknown; 1 = abbreviated, onomatopoeic or verbal description; 2 = analytical description only, no sonogram/oscillogram; 3 = sonogram/oscillogram 
only, no analytical description; and 4 = sonogram/oscillogram and analytical description. 

Status of description 

Bombinatoridae 
Barbourula kalimantanensis 

	
0 

Bufonidae 
Ansonia albomaculata 	 1 (Inger and Stuebing, 2005) 
Ansonia anotis 	 0 
Ansonia fuliginea 	 0 
Ansonia guibei 	 0 
AnsOnia hanitschi 	 1 (Inger and Stuebing, 2005); 4 (Malkmus et al., 2002: from Sungei Liwago, Gunung Kinabalu National Park, Sabah) 
Ansonia latidisca 	 0 
Ansbnia leptopus 	 1 (Inger and Stuebing, 2005); 4 (Inger and Dring, 1988: from Kalabakan, Nanga Tekalit and Gunung Mulu National Park, both 

in Sarawak) 
Ansonia longidigita 	 1 (Inger and Stuebing, 2005); 4 (Inger and Dring, 1988: from Gunung Mulu National Park, Sarawak; Malkmus et al., 2002: 

from Sungei Langanan, Gunung Kinabalu National Park, Sabah) 
Ansonia minuta 	 0 
Ansonia platysoma 	 1, 4 (Malkmus et al., 2002: from Sungei Wariu, Gunung Kinabalu National Park, Sabah) 
Ansonia spinulifer 	 4 (Matsui, 1982b: from Sungei Muruk near Long Bawan, in East Kalimantan: as Ansonia leptopus; corrected to Ansonia 

spinulifer by the author via hand-written corrections in a reprint given to the authors) 
Ansonia torrentis 	 4 (Dring, 1983b: from Gunung Mulu National Park, Sarawak) 
Bufo asper 	 1 (Inger and Stuebing, 2005); 4 (Grosjean and Dubois, 2001: from Khao Chong, Thailand) 
Bufo divergens 	 1 (Malkmus et al., 2002; Inger and Stuebing, 2005) 
Bufo juxtasper 	 1 (Malkmus et al., 2002; Inger and Stuebing, 2005); 4 (Matsui, I982a: from Ranau, Sabah) 
Bufo melanostictus 	 1 (Daniel, 2002: India); 4 (Mou and Zhao, 1992: from China; Kanamadi et al., I995b: from India; Roy et al., 1998: from India; 

Grosjean and Dubois, 2001: from India, Nepal, and Thailand); 5 (McKay and Case, 2005: from Bali, Indonesia) 
Bufo quadriporcatus 	 4 (Sukumaran et al., in prep: from Sama Jaya Nature Reserve, Sarawak) 
Leptophryne borbonica 	 0 
Pedostibes everetti 	 0 
Pedostibes hosii 	 I (Dring, 1979: from Sungei Kelebang, Gunung Lawit, Peninsular Malaysia; Inger and Stuebing, 2005) 
Pedostibes maculatus 	 0 
Pedostibes rugosus 	 0 
Pelophryne api 	 4 (Dring, 1983b: from Gunung Api and Bukit Pala, Gunung Mulu National Park, Sarawak) 
Pelophryne brevipes 	 0 
Pelophryne exigua 	 0 
Pelophryne guentheri 	 0 
Pelophryne macrotis 	 0 
Pelophryne misera 	 1 (Inger and Stuebing, 2005); 4 (Malkmus et al., 2002: from Sungei Liwago, Kinabalu National Park, Sabah) 
Pelophryne rhopophilus 	 0 
Pelophryne signata 	 0 
Pseudobufo subasper 	 1 (Kiew, 1972: from Tasek Bera, Peninsular Malaysia; Lim and Ng, 1992: from Peninsular Malaysia) 

Megophryidae 
Leptobrachella baluensis 	 1, 4 (Dring, 1983a: from Gunung Mulu National Park, Sarawak) 
Leptobrachella brevicrus 	 1, 4 (Dring, 1983a: from Gunung Mulu National Park, Sarawak) 
Leptobrachella mjobergi 	 I, 4 (Dring, 1983a: from Gunung Mulu National Park, Sarawak; tentatively assigned to Leptobrachella mjobergi) 
Leptobrachella parva 	 1, 4 (Dring, 1983a; Malkmus et al., 2002: from Gunung Mulu, Fourth Division, Sarawak) 
Leptobrachella palmata 	 0 
Leptobrachella serasanae 	 0 
Leptobrachium abbotti 	 1 (Inger and Stuebing, 2005); 4 (Malkmus et al., 2002: from Sungei Kipungit, Gunung Kinabalu, Sabah) 
Leptobrachium gunungense 	 4 (Malkmus et al., 1996b; 2002: from Sungei Carson, Gunung Kinabalu National Park, Sabah; comparisons with that of 

Leptobrachium montanum) 
Leptobrachium hendricksoni 	 0 
Leptobrachium montanum 	 1 (Inger and Stuebing, 2005); 4 (Malkmus, 1996; Malkmus et al., 2002: from Gunung Kinabalu National Park Headquarters, 

Sabah; compared with that of Leptobrachium gunungense) 
Leptobrachium nigrops 	 1 (Kiew, 1972: from Tasek Bera, Peninsular Malaysia) 
Leptolalax arayai 	 4 (Matsui, 1997: from Gunung Kinabalu National Park Headquarters, Sabah; Malkmus et al., 2002: from Silau-Silau, Gunung 

Kinabalu National Park, Sabah); also, as Leptolalax gracilis by Malkmus and Riede (1993) 
Leptolalax dringi 	 4 (Matsui, 1997; Malkmus et al., 2002: from Gunung Mulu National Park, Sarawak) 
Leptolalax gracilis 	 4 (Matsui, 1997: from Gunung Serapi, Matang, Sarawak; Camp Two, Gunung Mulu National Park, Sarawak; comparison 

made between audio data from these recordings by Malkmus and Riede, 1993). However, the identity of the individual from 
latter locality is tentative, as its call structure varies significantly from other documentations of gracilis calls 

Leptolalax hamidi 	 4 (Matsui, 1997: from Bukit Lanjak, Sarawak) 
Leptolalax maurus 	 4 (Sukumaran et al., in prep.: from Sungei Mesilau, Gunung Kinabalu National Park, Sabah) 
Leptolalax pictus 	 4 (Malkmus and Riede, 1993: from Sungei Langanan, Gunung Kinabalu National Park, Sabah; compared with that of Leptolalax 

gracilis; Malkmus et al., 2002: from Sungei Kipungit, Gunung Kinabalu National Park, Sabah) 
Megophrys baluensis 	 4 (Malkmus and Riede, 1996c: from Sungei Liwago, Gunung Kinabalu National Park, Sabah; Malkmus et al., 2002: from 

Sungei Lanaga, Gunung Kinabalu National Park, Sabah) 

290 	 Herpetological Review 37(3), 2006 



TABLE 1. Continued. 

Status of description 

Hoplobatrachus sinensis 
Huia cavitympanum 
Ingerana baluensis 
Limnonectes asperata 
Limnonectes finchi 
Limnonectes ibanorum 
Limnonectes ingeri 
Limnonectes kenepaiensis 
Limnonectes kuhlii 
Limnonectes laticeps 
Limnonectes leporinus 
Limnonectes malesianus 
Limnonectes palavanensis 
Limnnectes paramacrodon 
Limnonectes rhacodus 
Meristogenys amoropalamus 
Meristogenys jerboa 
Meristogenys kinabaluensis 
Meristogenys macrophthalmus 
Meristogenys orphocnemis 
Meristgenys phaeomerus 
Meristogenys poecilus 
Meristogenys whiteheadi 
Occidozyga baluensis 
Occidozyga laevis 

0 
4 (Malkmus and Matsui, 1997; Malkmus et al., 2002: from Gunung Kinabalu National Park Headquarters, Sabah) 

1 (Dring, 1979: from Sungei Kelebang, Gunung Lawit, Peninsular Malaysia; Inger and Stuebing, 2005); 1, 4 (Malkmus et al., 
2002: from Poring, Gunung Kinabalu National Park, Sarawak) 

0 
0 
0 
1 (Inger and Stuebing, 2005); 1, 4 (Malkmus et al., 2002: from Sayap, Gunung Kinabalu National Park, Sabah) 
0 
1 (Inger and Stuebing, 2005); 4 (Malkmus and Riede, 1996c; Malkmus et al., 2002: from Gunung Kinabalu National Park 
Headquarters; Sabah); 3 (Malkmus, 1994) 
1 (Das and Haas, 2003: from Long Re, Sarawak) 
0 
0 
4 (Dring, 1983b: from Gunung Mulu National Park, Sarawak; three distinct call types were identified, which may be attribut-
able to genetic variation as well as environmental factors) 
4 (Matsui, 1996: from Sepilok, Sabah, and Niah, Sarawak; with comparison with calls of Kalophrynus interlineatus); 4 (Malkmus 
et al., 2002: from Sepilok, Sabah) 
0 
0 
1 (Inger and Stuebing, 2005); 4 (Malkmus et al., 2002: from Poring, Gunung Kinabalu National Park, Sabah); 5 (McKay and 
Case, 2005: from Bali, Indonesia) 
1 (Inger and Stuebing, 2005); 3 (Heyer, 1971: from Thailand) 
1 (Inger and Stuebing, 2005); 3 (Matsui et al., 1996; Lardner and bin Lakim, 2002: from Poring, Sabah); 4 (Hoffmann, 2000; 
Malkmus et al., 2002; Lardner and bin Lakim, 2004: from Poring, Sabah). Also, discussion of possible acoustic convergence 
with Tympanophyllum sp. (Orthoptera: Tettigoniidae) in Malkmus (1995) 
0 
4 (Sukumaran et al., in prep: from Kubah National Park, Sarawak) 
0 
0 
0 

4 (Matsui, 1982b: from Tarakan, East Kalimantan) 
1 (Kiew, 1972: from Tasek Bera, Peninsular Malaysia; Inger and Stuebing, 2005); 2 (Dring, 1979: from Sungei Kelebang, 
Gunung Lawit, Peninsular Malaysia); 4 (Dubois, 1975: from Nepal; Mou and Zhao, 1992: from China; Kanamadi et al., 
1995a: from India; Roy and Elepfandt, 1993; Roy, 1994; Roy et al., 1995; 1998: from northeast India; Malkmus et al., 2002: 
from Peninsular Malaysia); 5 (McKay and Case, 2005: from Bali, Indonesia) 
1 (Inger and Stuebing, 2005) 
1 (Inger and Stuebing, 2005) 
1 (Malkmus et al., 2002) 
0 
1 (Malkmus et al., 2002; Inger and Stuebing, 2005) 
0 
0 
0 
1 (Inger and Stuebing, 2005); 3 (Tsuji, 2004: from Taiwan, Republic of China); 4 (Malkmus et al., 2002) 
1, 2 (Dring, 1979: from Sungei Kelebang, Gunung Lawit, Peninsular Malaysia) 
1 (Emerson, 1992: from Sabah: as Rana blythi) 
0 
1 (Inger and Stuebing, 2005); 4 (Malkmus et al., 2002: from Gunung Mulu National Park, Sarawak) 
0 
0 
0 
4 (Matsui et al., 1993: from Gunung Serapi, Matang, Sarawak) 
1 (Malkmus et al., 2002) 
0 
4 (Malkmus et al., 2002: from Sungei Kepungit, Poring, Gunung Kinabalu National Park, Sabah) 
1 (Inger and Stuebing, 2005) 
0 
0 
1 (Inger and Stuebing, 2005); 4 (Malkmus et al., 2002: from Gunung Mulu National Park, Sarawak) 
1 (Alcala, 1962: from Negros, Philippines); 3 (Malkmus et al., 2002); 4 (Alcala et al., 1986: from Luzon. Philippines); 5 
(McKay and Case, 2005: from Bali, Indonesia) 

Megophrys edwardinae 
Megophrus kobayashii 
Megophrys nasuta 

Mierohylidae 
Calluella brooksi 
Calluella (lava 
Calluella smithi 
Chaperina fusca 
Gastrophrynoides borneensis 
Kalophrynus baluensis 

Kalophrynus eok 
Kalophrynus heterochirus 
Kalophynus intermedius 
Kalophrynus nubicola 

Kalophrynus pleurostigma 

Kalophrynus punctatus 
Kalophrynus subterrestris 
Kaloula baleata 

Kaloula pulchra 
Metaphrynella sundana 

Microhyla berdmorei 
Microhyla borneensis 
Microhyla maculifera 
Microhyla perparva 
Microhyla petrigena 

Ranidae 
Fejervarya cancrivora 
Fejervarya limnocharis 
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TABLE 1. Continued. 

Status of description 

Rana baramica 	 1 (Arak, 1984: from Ulu Gombak, Selangor, Peninsular Malaysia; Inger and Stuebing, 2005); 1, 2 (Dring, 1979: from Sungei 
Kelebang, Gunung Lawit, Peninsular Malaysia); 2 (Matsui, 1993); 4 (Leong et al., 2003: from Semantan and Niah, Sarawak, 
and Kuala Lumpur and Templer's Park, Peninsular Malaysia, with particular attention to distinguish from calls of Rana 

laterimaculata) 
Rana erythraea 	 1 (Malkmus et al., 2002; Inger and Stuebing, 2005); 3 (Arak, 1984: from Ulu Gombak, Selangor, Peninsular Malaysia; 4 

(Alcala et al., 1986: from Negros, Philippines). The record of Roy et al., 1995 (from northeast India) are here considered to be 
based on one or more non-conspecific individuals, as their Fig. IA, purported to be this species, is actually Polypedates 

maculatus; while Fig. 2A is an indeterminate species of Rana (of the Sylvirana group). 
Rana glandulosa 	 1 (Inger and Stuebing, 2005); 2 (Matsui, 1993); 4 (Sanchez-Herraiz et al., 1995: from Gunung Mulu National Park and Bako 

National Park, both in Sarawak) 
Rana hosii 	 1 (Arak, 1984: from Ulu Gombak, Selangor, Peninsular Malaysia; 2 (Malkmus et al., 2002; Matsui, 1993); 4 (Matsui, 1982b: 

from Bawan River, East Kalimantan) 
Rana laterimaculata 	 1 (Arak, 1984: from Ulu Gombak, Selangor, Peninsular Malaysia: as Rana cryptica nomen nudum); 4 (Leong et al., 2003: 

from Semantan and Niah, Sarawak, and Kuala Lumpur and Templer's Park, both in Peninsular Malaysia, with particular 
attention to distinguish from calls of Rana baramica) 

Rana luctuosa 	 1 (Malkmus et al., 2002; Inger and Stuebing, 2005); 2 (Matsui, 1993) 
Rana nicobariensis 	 1 (Kiew, 1972: from Tasek Bera, Peninsular Malaysia; Inger and Stuebing, 2005); 2 (Matsui, 1993); 3 (Arak, 1984: from Ulu 

Gombak, Selangor, Peninsular Malaysia; 4 (Matsui, 1982a: from Ranau, Sabah: as Rana erythraea, fide hand-corrected re-
print received from M. Matsui; Malkmus et al., 2002: from Poring, Gunung Kinabalu National Park, Sabah); 5 (McKay and 
Case, 2005: from Bali, Indonesia). Also, 4 (Matsui, 1982b: from Long Bawan, East Kalimantan, compares the Ranau, Sabah, 
population, as Rana erythraea) 

Rana picturata 	 Due to the confusion between Rana picturata Boulenger, 1920 and Rana signata (Gunther, 1872) (and possibly others within 
the complex), it is difficult to treat call attributions as reported in literature with any degree of confidence. Malkmus et al. 
(2002) discuss the conflicting call descriptions that result from the confusion over the species complex and provide a sonogram 
of a call attributed to Rana signata and Rana picturata. Sonograms and analysis of calls of individuals identified as Rana 

signata from Gunung Mulu National Park and Bako National Park, Sarawak given in Sanchez-Herraiz et al. (1995). Inger and 
Stuebing (2005) provide a description of a call attributed to Rana picturata 

Rana raniceps 	 1 (Inger and Stuebing, 2005; Malkmus et al., 2002: as Rana chalconota); 2 (Matsui, 1993: as Rana chalconota) 

Rana signata 	 2 (Dring, 1979: from Gunung Lawit, Peninsular Malaysia; 2 (Matsui, 1993). See also comments under Rana picturata 

Staurois guttatus 	 1 (Malkmus et al., 2002; Inger and Stuebing, 2005: as Staurois natator) 

Staurois latopalmatus 	 1 (Davison, 1984: from Kuala Temawai, Brunei Darussalam; Malkmus et al. 2002; Inger and Stuebing, 2005); 4 (Hodel and 
Amezquita, 2001: from Danum Valley, Sabah) 

Staurois parvus 	 0 
Staurois tuberilinguis 	 1 (Inger and Stuebing, 2005); 4 (Malkmus et al., 2002: from Sungei Liwago, Gunung Kinabalu National Park, Sabah) 

Rhacophoridae 
Nyctiralus pictus 	 1, 4 (Matsui, 1996: from the Park Headquarters, Gunung Mulu National Park, Sarawak; Malkmus et al., 2002: from Sungei 

Liwago, Gunung Kinabalu National Park, Sabah) 
Philautus acutus 	 4 (Dring, 1987: from Gunung Mulu National Park, Sarawak) 
Philautus amoeanus 	 4 (Malkmus and Riede, 1996a; Malkmus et al., 2002: from Pondok Ubah, Gunung Kinabalu National Park, Sabah) 
Philautus aurantium 	 4 (Malkmus and Riede, 1996b, compared with Philautus gunungensis). 

Philautus bunitus 	 I, 4 (Malkmus and Riede, 1996a; Malkmus et al., 2002: from Sungei Liwago, Gunung Kinabalu National Park, Sabah) 
Philautus disgregus 	 0 
Philautus erythropthalmus 	 0 
Philautus gunungensis 	 4 (Malkmus and Riede, 1996b; Malkmus et al., 2002: from Silau-Silau, Gunung Kinabalu National Park, Sabah) 
Philautus hosii 	 1 (Dring, 1987: from Gunung Mulu National Park, Sarawak; Inger and Stuebing, 2005) 
Philautus ingeri 	 1 (Dring, 1987: from Gunung Mulu National Park, Sarawak; Malkmus et al., 2002; Inger and Stuebing, 2005) 
Philautus kerangae 	 4 (Dring, 1987: from Gunung Mulu National Park, Sarawak) 
Philautus longicrus 	 1 (Malkmus et al., 2002) 
Philautus mjobergi 	 1, 4 (Malkmus et al., 2002: from Sungei Silau-Silau, Gunung Kinabalu National Park, Sabah; 4 (Dring, 1987: from Gunung 

Mulu National Park, Sarawak). Also, sonograms and comparison with call of Philautus saueri in Malkmus and Riede, 1996a) 
Philautus petersi 1 (Inger and Stuebing, 2005); 4 (Dring, 1987: from Gunung Mulu National Park, Sarawak; Malkmus and Riede, 1996a; 

Hoffmann, 1998: from Sayap, Gunung Kinabalu National Park, Sabah; Malkmus et al., 2002: from Sungei Liwago, Gunung 
Kinabalu National Park, Sabah) 

Philautus refugii 	 0 
Philautus saueri 	 1, 4 (Malkmus and Riede, 1996a: Malkmus et al., 2002: from Pakka Cave, Gunung Kinabalu National Park, Sabah; compara- 

tive analysis with call of Philautus mjobergi in Malkmus and Riede, 1996a) 
Philautus tectus 	 1 (Dring, 1987: from Gunung Mulu National Park, Sarawak) 
Philautus umbra 	 1 (Dring, 1987: from Gunung Mulu National Park, Sarawak) 
Polypedates chlorophthalmus 	0 
Polypedates colletti 	 1 (Inger and Stuebing, 2005) 
Polypedates leucomystax 	 1 (Kiew, 1972: from Tasek Bera, Peninsular Malaysia; Inger and Stuebing, 2005); 4 (Matsui, 1982a: from Ranau, Sabah; 

Brzoska et al., 1986: from Negros, Philippines; Sanchez-Herraiz et al., 1995: from Gunung Mulu National Park and Bako 
National Park, both in Sarawak; Narins et al., 1998: from Ulu Gombak, Peninsular Malaysia; Roy et al., 1998: from India; 
Trepanier et al., 1999: from Vietnam); 5 (McKay and Case, 2005: from Bali, Indonesia) 

Polypedates macrotis 	 I (Inger and Stuebing, 2005); 4 (Matsui, 1982b; Malkmus et al., 2002: from Long Api, East Kalimantan) 
Polypedates otilophus 	 1 (Inger and Stuebing, 2005; Malkmus et al., 2002) 
Rhacophorus angulirostris 	 1 (Inger and Stuebing, 2005); 1, 2 (Malkmus et al., 2002) 
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TABLE 1. Continued. 

Status of description 

Rhacophorus appendiculatus 

Rhacophorus baluensis 
Rhacophorus cyanopunctatus 

Rhacophorus dulitensis 
Rhacophorus everetti 
Rhacophorus fasciatus 
Rhacophorus gadingensis 
Rhacophorus gauni 
Rhacophorus harrissoni 
Rhacophorus kajau 

Rhacophorus nigropalmatus 
Rhacophorus pardalis 
Rhacophorus reinwardtii 

Rhacophorus rufipes 
Theloderma horridum 

I (Inger and Stuebing, 2005); 2 (Dring, 1979: from Sungei Kelebang, Gunung Lawit, Peninsular Malaysia); 4 (Malkmus et 
al., 2002: from Danum Valley, Sabah; Hopkins et al., in prep.: from Sepilok, Sabah) 
I (Inger and Stuebing, 2005); 1, 4 (Malkmus et al., 2002: from Gunung Mulu National Park, Sarawak) 
1, 2 (Dring, 1979: from Sungei Kelebang, Gunung Lawit, Peninsular Malaysia); 3 (Malkmus et al., 2002, provided analysis 
of Dring's 1979 data) 
I (Malkmus et al., 2002; Inger and Stuebing, 2005) 
1 (Malkmus et al., 2002; Inger and Stuebing, 2005) 
0 
0 
I (Malkmus et al., 2002; Inger and Stuebing, 2005) 
0 
4 (Dring, 1983b: from Gunung Mulu National Park, Sarawak; compared with calls of Rhacophorus appendiculatus by 
Heyer (1971) 
1 (Grandison, 1972: from Gunung Benom, Peninsular Malaysia) 
1 (Alcala, 1962: from Negros, Philippines; Malkmus et al., 2002; Inger and Stuebing, 2005) 
1 (Grandison, 1972: from Gunung Benom, Peninsular Malaysia; Inger and Stuebing, 2005); 3 (Dring, 1979: from Sungei 
Kelebang, Gunung Lawit, Peninsular Malaysia; identified as Rhacophorus cf. reinwardti') 
0 
0 
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In reptiles, skin pigmentation can be important in crypsis, com-
munication, and thermoregulation (Cooper and Greenberg 1992). 
Patterns of melanism of skin and shells of freshwater turtles can 
be described as permanent (heavy pigmentation of the shell 
throughout life), seasonal (changes in melanin distribution during 
sexual cycles), senile reticulate (melanization of some areas in 
some old individuals within the population), and ontogenetic (in-
creases or decreases in skin melanin content with age, Lovich et 
al. 1990). Under laboratory conditions, melanin content of the skin 
of some side-neck turtles increases when turtles are maintained 
on dark-colored backgrounds when compared to those maintained 
on light-colored backgrounds (Banks 1986; Woolley 1957). Such 
phenotypic plasticity (Alpert and Simms 2002) in melanin con-
tent in dorsal skin may facilitate background color convergence in 
a turtle species that resides in different habitats with variable sub-
strate colors (Lovich et al. 1990). Background color convergence 
may reduce predation rates (Cooper and Greenberg 1992) or make 
turtles more effective predators because they are less easily de-
tected by prey (Green and Leberg 2005). To date, little informa-
tion exists on how integument color varies among populations of 
freshwater turtles residing in environments with different substrate 
colors. Such studies might generate insights into the ecological 
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FIG. I. Map of study sites on Garden Island (GI) and Beaver Island 
(BI) and the location of the Beaver Island Archipelago in northern Lake 
Michigan between the Upper and Lower Peninsulas of Michigan (inset). 

and evolutionary importance of pigmentation in freshwater turtles. 
Painted Turtles (Chrysemys picta) are a North American emydid 

that occupy a range of freshwater habitats and therefore are ideal 
for assessing inter-population variation in shell color. The cara-
pace of Chrysemys picta ranges from olive to black (Ernst et al. 
1994), and sexual dimorphism in shell color is not apparent other 
than the reticulate melanism that may develop on the carapaces of 
some older male individuals (MacCulloch 1981; Smith et al. 1969). 
The plastron tends to lack dark pigment at the margins but may 
have more centrally-located dark pigment. We studied shell color 
within and among populations of wild-caught Midland Painted 
Turtles (Chrysemys picta marginata) of the Beaver Island Archi-
pelago using photographic digital and spectrometric techniques in 
the laboratory. We compared the degree of shell darkness (inten-
sity) among populations residing in black-substrate inland swamps, 
marshes, and lakes, as well as in the relatively light-colored sand 
and algae covered substrates of Lake Michigan bays. We focused 
on the carapace ground color because it is the largest dorsal re-
gion that would be viewed against the substrate by picine or avian 
predators (Stuart-Fox et al. 2004). Although background color con-
vergence would presumably be most important to small, juvenile 
turtles that would be most vulnerable to predation, our data set 
included mainly sub-adult or adult turtles. Color change, how-
ever, has been shown to occur in adult individuals (Banks 1986; 
Woolley 1957) and therefore background color convergence might 
be manifested in all ages and sizes of turtles. If background color 
convergence occurs, then turtles from environments with dark-
bottomed substrates would be expected to have darker carapaces 
than individuals from light-colored substrates of Lake Michigan 
harbors. 

MATERIALS AND METHODS 

Study sites and collection of turtles.—We collected turtles dur-
ing June and July in 2000-2003 by hand or using baited hoop 
nets, fyke nets, and basking traps. We selected study sites where 
the substrate of the bottom was relatively uniform throughout the 
habitat and avoided sampling from populations living in habitats 
with heterogeneous bottom substrates (e.g., with sandy, muck, and 
leaf-covered mosaics). We collected turtles from three inland sites 
on Beaver Island (45°36'N, 85°35'W, Fig. 1). Miller's Marsh and 
Greene's Lake are relatively small bodies of water with dark muck 
bottoms and clumps of water lilies (Nuphar sp. or Nymphaea sp.), 
cattails (Typha latifolia), and various Potamogeton species. Welke 
Swamp is an inland cedar swamp of northeastern Beaver Island 
that is mainly a black muck-bottomed habitat with some submerged 
aquatic vegetation. Inland sites on Garden Island (45°47'N, 
85°30W) included Sorry Burn Lake and Garden Island Inland Lake 
that were both dark muck-bottomed lakes and surrounded by float-
ing vegetation mats. Lake Michigan harbor sites included Monitou 
Bay and Garden Island Harbor that were both relatively shallow 
bays (< 5 m maximum depth) associated with Lake Michigan. 
Although these Lake Michigan habitats were heterogeneous in that 
they had rock or soft bottoms, a thin layer of light brown to green-
yellow algae covered each type of substrate giving the substrate a 
relatively uniform color. Large stands of aquatic vegetation were 
present, mainly wild celery (Vallisneria americana) and coontail 
(Ceratophyllum demersum). 

Photographic digital images.—We obtained JPEG images (1600 
x 1200 pixels) of turtles collected during 2000 (ca. 90%) and 2001 
(ca. 10%). A Nikon Coolpics 800 digital camera was placed on a 
camera stand equipped with four 60-watt soft-light incandescent 
bulbs. Turtle shells were rinsed with tap water, dried completely 
and then placed horizontally in a restraining device such that the 
top of the carapace was relatively level and 20 cm below the cam-
era lens. Lights were adjusted such that they shined from anterior 
and posterior locations with ray angles that were at about 30° to 
the perpendicular of the carapace or plastron. The camera was set 
to accommodate incandescent light at f 3.5 at 1/60 sec and macro 
settings were employed although no zoom was used. To provide a 
color standard, a 2 x 4 cm gray card was placed on the turtle's 
shell at a location that was off-center within the field of view. We 
used a personal computer equipped with Image-Pro Express 4.0 
software to determine intensity values of carapaces and plastrons 
from the JPEG images, which was measured as pixel counts of 8-
bit values that ranged between 0 (black) and 255 (white). Inten-
sity, or brightness, is a dimensionless variable that measures the 
relative reflectance of an object where low values represent dark 
color and high values represent light color (Cooper and Greenberg 
1992). The third vertebral scute of the carapace was used to repre-
sent the carapace as it was relatively flat which eliminated glare. 
Using the geometric shape function of the software program, we 
formed a rectangle that enclosed a majority of the area of the third 
vertebral scute and determined intensity for that area. While the 
ventrally-located plastron would not be expected to vary in color 
as a function of substrate color, we measured intensity of the left 
abdominal scute of the plastron for comparison with the carapace. 
We restricted our measurements to a rectangular area of the lateral 
region of the abdominal scute of the plastron because it lacked 
black pigment allowing us to evaluate variation in relative dark-
ness between the plastron and carapace. We also took intensity 
readings from the gray cards in each image of the carapace and 
plastron. Most turtles that were less than 50 mm could not be used 
because the curvature of the carapace of these individuals caused 
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noticeable glare. Also, we collected only one individual that was 
less than 120 mm at the Lake Michigan habitats (Garden Island 
Harbor and Monitou Bay). Turtles whose shells were greatly flak-
ing or that were opaque because they were in the advanced stages 
of scale sloughing were also excluded from the data set. 

Spectrometric analysis of shell color.—To assess color quality 
in terms of reflected wavelengths and intensity, we used a spec-
trometric technique on turtles from three of the seven populations 
that were studied using the JPEG digital image technique (Garden 
Island Harbor, Miller's Marsh, and Welke Swamp which repre-
sented carapace intensity extremes and an intermediate shell color). 
Reflectance spectra of turtle carapaces were obtained in the labo-
ratory under standardized conditions (June and July, 2002 and 
2003) using a reflectance probe (Ocean Optics R-400) connected 
to a deuterium-halogen lamp (Ocean Optics) of an Ocean Optics 
USB 2000 portable spectrometer, and a notebook computer run-
ning Ocean Optics 00I Base 32 software. Subjects were placed at 
a fixed distance of 0.5 cm from the probe and reflectance of the 
shell surface was sampled at 30° from the perpendicular. A white 
standard (Labsphere Spectral WS-1) was scanned and dark cur-
rent removed from the signal immediately before a reading was 
taken. Our data included wavelengths that spanned both the vis-
ible and ultraviolet spectra (330-700 nm). We included a portion 
of the UV spectrum as some potential fish predators may have 
visual systems that are UV-sensitive (Bowmaker 1991; Yokoyama 
and Yokoyama 1996). Intensity was measured as the total area 
under the spectral curve between 330-700 nm where the median 
% reflectance of each 20-nm increment was determined and 
summed per spectral reading (Macedonia et al. 2003). 

Statistical analyses.—Carapace and plastron intensities as de-
termined by JPEG and spectrometric techniques were approxi-
mately normally distributed and so were analyzed by ANOVA. 
Post hoc tests were conducted using least squares means multiple 
t-tests. Alpha values for all tests were 0.05. 

RESULTS 

Photographic digital images.—Intensities of the third vertebral 
scute and its associated gray card were not correlated (P > 0.05 in 
all correlations) indicating that variation in lighting conditions 
among JPEG images was minimal. Within a site, intensity of the 
third vertebral scute of the carapace (carapace intensity or CI) was 
not correlated with carapace length (P > 0.05 in all cases) nor did 
it vary between male and female turtles (P > 0.05 in all cases). 
Therefore, we combined juveniles, males, and females into single 
data sets that represented individuals from each study site. There 
were significant differences in CI among sites (model: F6191=  26.7, 
P < 0.0001, R2  = 0.46, Fig. 2A and Fig. 3A–C). Least squares (LS) 
means multiple t-tests indicated that turtles from Garden Island 
Harbor (a light-substrate Lake Michigan harbor habitat) were 
lighter (i. e. had greater LS mean CI values) than turtles from other 
localities, and turtles from Welke Swamp and Garden Island In-
land Lake (dark-substrate inland habitats) were darker than turtles 
from all other populations (P < 0.05 in all comparisons). Mean 
intensity of the third vertebral scute of turtles from Monitou Bay 
(a light-substrate Lake Michigan harbor habitat), Sorry Burn Lake, 
and Miller's Marsh (both inland habitats with dark substrates) were 
not significantly different from one another (P> 0.05 in each case) 
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FIG. 2. Mean intensity values for (A) the third vertebral scute and (B) 
the lateral margin of the left abdominal scute of Chrysemys picta from 
seven different locations on Beaver and Garden Islands. Vertical lines are 
± 1 SD and sample sizes are shown below. 

and each had greater LS mean intensity than turtles from the dark 
substrate, inland Greene's Lake (P < 0.05 in all comparisons). 
Therefore, although mean carapace intensity was highest (lightest 
in color) and lowest (darkest in color) in environments with light 
and dark substrates respectively, mean carapace intensity was in-
termediate in some populations that had either light or dark sub-
strates. 

Within populations, plastron intensity (PI) was not affected by 
gender or body size, and gender and body size data were com-
bined within sites for analyses among sites. There was significant 
variation in PI among sites (F 6,191  = 13.9, R2  = 0.31)(Fig. 2B and 
Fig. 3D–F). Turtles from Monitou Bay had significantly greater 
LS mean PI than turtles from other populations (P < 0.005 in all 
cases). Plastrons of turtles from Sorry Burn Lake, Garden Island 
Harbor, and Miller's Marsh were similar in intensity (P > 0.05 in 
all comparisons) and each had greater LS mean PI than turtles 
from Welke Swamp, Greene's Lake, and Garden Island Inland Lake 
which were all statistically indistinguishable from one another. 

We did not notice any obvious dark staining by exogenous fac-
tors (e.g., tannins) of the shell within any population, particularly 
on the plastron where it would be most evident because of its light 
color (Fig. 3D–F). Within sites, PI and CI were not correlated (P > 
0.05 in all regressions) as would be expected if an exogenous fac-
tor affected intensity values of the shell. When PI is regressed on 
CI, a slope of approximately one would be expected if exogenous 
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FIG. 3. Dorsal views of Chrysemys picta carapaces that represent mean intensity values from (A) Garden Island Harbor (light-shelled extreme), (B) 
Miller's Marsh (intermediate value), and (C) Welke Swamp (dark-shelled extreme) and ventral views of plastrons that represent mean intensity values 
from (D) Monitou Bay (light-shelled extreme), (E) Miller's Marsh (intermediate value), and (F) Welke Swamp (dark-shelled extreme). 

factors, which would affect both the plastron and carapace in a 
similar way, affect shell color. Overall, PI was significantly but 
weakly related to CI (PI = 135.32 + 0.40CI, F1195  = 26.7, P < 0.0001, 
R2  = 0.13) but by a slope much less than unity (t = 4.0, P < 0.0001). 
A regression of the difference between PI and CI (PI - CI) on CI 
was significant (PI - CI = 135 - 0.61CI, F1195 = 62.9, P < 0.0001, 
R2  = 0.26) indicating that over a range of carapace intensities, 
dark carapaces diverged greatly from plastrons which would not 
be expected if exogenous factors were affecting both carapaces 
and plastrons. 

Spectrometric analysis of shell color—There was significant 
variation among all sites (Garden Island Harbor, Miller's Marsh, 
and Welke Swamp) in mean intensity of the third vertebral scute 
(F251 = 27.0, P < 0.0001, R 2  = 0.54). Least square mean intensity, 
expressed as percent reflectance, was highest at Garden Island 
Harbor (a light-substrate Lake Michigan harbor habitat), lowest at 
Welke Swamp, and intermediate at Miller's Marsh which were 
both inland habitats with dark substrates (P < 0.05 in all compari-
sons, Fig. 4A). 

Mean intensity of the third vertebral scute, as determined from 
JPEG images on the same turtles that were used in the spectral 
analysis, varied significantly among sites (F 251 = 10.6, P < 0.0001, 
R2  = 29). Least square mean CI was greater at Garden Island Har-
bor than at Miller's Marsh and Welke Swamp (P < 0.05 in both 
comparisons, Fig. 4B). Intensities as determined by spectroscopy 
and from JPEG images were positively correlated (r = 0.61, P < 
0.0001). 

Mean percent reflectance of wavelengths between 330-700 nm 
for Garden Island Harbor, Miller's Marsh, and Welke Swamp are 
shown in Fig. 5. The elevation of the lines indicates differences in  

intensity where Garden Island Harbor turtles had the lighest shells 
and Welke Swamp turtles had the darkest shells. Turtles from 
Miller's Marsh and Welke Swamp had similar shaped curves with 
slight increases between 500-600 nm. Carapaces from Garden 
Island Harbor had lines that diverged from Miller's Marsh and 
Welke Swamp in the green region of the spectrum. 

DISCUSSION 

Using both digital image and spectrometric techniques, we de-
tected variation in the degree of carapace darkness of Chrysemys 
picta shells among populations of the Beaver Island Archipelago. 
Turtles that resided in Lake Michigan harbor habitats with light-
colored substrates either had relatively light carapace ground color 
(Garden Island Harbor) or were intermediate in the degree of dark-
ness (Monitou Bay). In turtles from inland habitats with dark-col-
ored substrates, turtles had either relatively dark-colored carapaces 
(Garden Island Inland Lake, Greene's Lake, Welke Swamp) or 
carapaces that were intermediate in the degree of darkness (Sorry 
Burn Lake and Miller's Marsh). Therefore, our prediction that 
turtles would show background color convergence in their respec-
tive environments seemed valid for some localities but not for 
others. 

Pigmentation patterns of reptile integuments result from differ-
ential distribution and activity of epidermal or dermal melano-
phores or melanocytes that work together with other types of chro-
matophores to determine color quality (Cooper and Greenberg 
1992). Lovich et al. (1990) suggested that in Trachemys scripta 
morphological color (long-term or permanent darkening of the 
integument) variation might result from hormone-mediated sup- 
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FIG. 4. Mean intensity values for the third vertebral scute of Chrysemys 
picta as determined by (A) spectrometry and (B) JPEG digital analysis 
for three localities. Vertical bars are ±1 SD and samples sizes are shown 
below. 

pression of dermal melanophores in light-colored individuals and 
enhancement of epidermal melanophores in melanistic individu-
als. A similar mechanism would presumably be operating in the 
closely-related Chrysemys picta. In our study, relatively unpig-
mented regions of the plastron also varied among populations in 
roughly the same way as that of the carapace. Such a pattern might 
represent plastron chromatophore activity that parallels melano-
phore activity of the carapace. While we cannot discount the in-
fluence of exogenous factors (e.g., tannins) on the degree of shell 
darkening among populations, the degree of carapace darkness 
strongly diverged from the plastron in dark individuals indicating 
that most variation in carapace darkness was due to pigment dif-
ferences between individuals. 

Whether the differences in carapace color among the Chrysemys 
picta populations of this study represented phenotypically plastic 
responses to variations in environmental conditions among habi-
tats or fixed genetic differentiation within populations remains to 
be determined. Short-term increases in melanin content in the skin 
can be induced by dark substrate colors in some turtle species 
(Banks 1986; Woolley 1957) and a similar mechanism of shell 
color determination may exist in C. picta. Assuming that such plas-
ticity would require visual input where melanin deposition is in-
versely related to substrate light reflection, variables such as wa-
ter clarity or water depth might affect light conditions indepen-
dent of substrate color (Marshall et al. 2003; Yokoyama and 
Yokoyama 1996). Therefore, intermediate carapace color in envi- 

300 	400 	500 	600 	700 

Wavelength (nm) 

FIG. 5. Mean percent reflectance in wavelengths between 330 and 700 
nm for the third vertebral scute of Chrysemys picta carapaces from Gar-
den Island Harbor (solid line), Miller's Marsh (dashed line), and Welke 
Swamp (dot-dash line). 

ronments with either dark or light substrates might occur if there 
is variation in light transmission through water. Alternatively, it is 
possible that light or dark-colored turtles migrated from habitats 
with light or dark-colored substrates respectively to habitats with 
dark and light-colored substrates respectively. As a result, patterns 
of shell color relative to substrate color could be confounded. It is 
certainly possible that turtles could migrate between the dark-bot-
tomed inland and light-bottomed Lake Michigan harbor habitats 
of Garden and Beaver Islands, especially through creeks and ce-
dar swamps. However, long-distance movements away from 
Miller's Marsh, an inland dark-bottomed habitat on Beaver Island 
and with turtles with an intermediate degree of shell darkness, are 
not known to occur (Rowe 2003). While we cannot rule out di-
etary influences on color variation, we know of no instances where 
variation in dietary composition has been shown to cause varia-
tion in pigmentation of reptiles. Furthermore, we presume that 
variation in deposition of melanin, a pigment that is not directly 
derived from the diet (Cooper and Greenberg 1992), is primarily 
responsible for variation in shell intensity among individuals and 
populations of Chrysemys pieta. In some reptiles, short-term dark-
ening of the integument might be associated with enhancing heat 
absorption under cool conditions (Parker 1998; Pearson 1977). It 
is unlikely that thermal conditions of the environments of our popu-
lations had any influence on color determination as the Lake Michi-
gan habitats, where turtles were light in color, tend to have cooler 
water temperatures than more inland sites (Rowe 2003; Rowe and 
Bowen 2005). 
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Garman (1887) described Phyllobates trinitatis based exclu-
sively on specimens from the island of Trinidad. This species was 
most recently transferred into the genus Mannophryne by La Marca 
(1992) after having been placed into Prostherapis and Colostethus 
by previous authors (Prostherapis-Mole and Urich 1894, Rivero 
1961; Colostethus-Edwards 1971, Rivero 1990). It is a commonly 
encountered inhabitant of streams running through forests in the 
Northern Range and the Central Hills of Trinidad (Kenny 1969; 
Murphy 1997). The species description was apparently based on 
20 Trinidadian specimens according to a comment at the end of 
the original description (Garman 1887), although not all of them 
may now be extant. Even though the type series (Table 1) came 
from Trinidad, the specific epithet trinitatis has also consistently 
been applied to coastal Venezuelan populations of rocket frogs 
(under the generic names Prostherapis, Colostethus, and 
Mannophryne) since at least the 1920s (e.g., Lutz 1927). The ex-
ception for identification of such populations as M. trinitatis has 
been the description of readily distinguishable new species (e.g., 
Prostherapis neblina Test, P. riveroi Donoso-Barros, Colostethus 
guatopoensis Dixon and Rivero-Blanco, C. oblitteratus Rivero) 
and the resurrection of P. herminae from synonymy by La Marca 
(1984, 1994). All other rocket frog populations throughout the 

TABLE 1. Syntypes of Mannophryne trinitatis in the collections of The 
Natural History Museum, London (BMNH), the University of Michigan 
Museum of Zoology (UMMZ), and the Museum of Comparative Zool-
ogy, Harvard University (MCZ). Eight additional syntypes may exist ac-
cording to Garman (1887). 

Specimen number 	Comments 

BMNH 1947.2.14.23-24 

MCZ A-2181 	 nine specimens, collected on 4 June 
1879, examined by HK 

UMMZ 47218 
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Venezuelan coastal range have been rather serendipitously assigned 
to M. trinitatis even after indications that this may be unwarranted. 

In the early 1960s, Rivero (1961) already intimated that Ven-
ezuelan populations of M. trinitatis should be considered distinct 
from M. trinitatis at the species level but fell short of providing a 
name and a species diagnosis. In his unpublished dissertation, 
Edwards (1974) proposed the manuscript name "praecia" for a 
population at Cerro Azul in the Peninsula de Paria, but this name 
is not available since the dissertation was never published. The 
distinction of Venezuelan populations was again revisited by La 
Marca (1994), who provided a detailed redescription of M. trinitatis 
based on Trinidadian material. Despite of the differences noted 
between Venezuelan and Trinidadian specimens, La Marca (1994) 
initiated no taxonomic change. In his online database, Frost (2004) 
shows the distribution of M. trinitatis as restricted to Trinidad. 
This restriction first appeared online in the version of the database 
posted in 2000, but without analysis or further explanation. Kai-
ser et al. (2003) described inconsistencies between rocket frogs 
from Trinidad (referred to as M. trinitatis) and Venezuela (referred 
to as M. cf. trinitatis) at the chromosomal level, providing a data 
set independent of the morphological information to confirm the 
assertion that Trinidadian and Venezuelan populations, at least from 
the Caracas area, are distinct. 

We believe that the combined morphological and chromosomal 
evidence now clearly supports the hypothesis that the distribution 
of M. trinitatis includes only the island of Trinidad. Even though 
the information posted on the webpage for M. trinitatis in Frost's 
(2004) Amphibian Species of the World database indicates that the 
species is restricted to Trinidad, and has done so since an earlier 
version in 2000, this information has not entered the literary main-
stream. We presume that this may be because Amphibian Species 
of the World is an online-only reference that does not provide the 
data used to arrive at the decision to restrict the distribution of the 
species. As a consequence, authors have continued to report M. 
trinitatis from Venezuela (e.g., B arrio-Amoros 1998, 2004; 
Manzanilla and La Marca 2005). The proper application of the 
name M. trinitatis to the correct populations is of considerable 
importance, not only from the point of taxonomy or biogeogra-
phy, but especially since isolated populations in Venezuela have 
been given the IUCN Red List status of vulnerable (IUCN et al. 
2004). 

Unfortunately, there is no name available that could be applied 
to the coastal Venezuelan populations of these commonly encoun-
tered rocket frogs. Populations throughout the Venezuelan Cor-
dillera de la Costa and other coastal habitats, however, require 
additional sampling and further study to ascertain how many spe-
cies have been hiding under the improperly applied name M. 
trinitatis for the better part of a century. 
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Concerns about declines in amphibian populations have in-
creased the need for long-term studies of amphibians (McCoy 
1994). These studies often require methods of marking that are 
readily applied, safe for the organism, and allow reliable identifi-
cation (Nace 1982). Marks should: 1) not effect mortality rates or 
behavior; 2) allow identification of individuals; 3) be permanent; 
and 4) be easily interpreted (Ricker 1956). Toe clipping is com-
monly used to mark amphibians but may alter feeding behavior, 
reduce potential for weight gain, cause infection, and toes may 
regenerate (Clarke 1972; Davis and Ovaska 2001; Ferner 1979; 
Golay and Durrer 1994). Passive Integrated Transponders (PIT) 
tags are useful in marking amphibians for long-term studies, how-
ever the process of tagging can be time-consuming, materials are 
expensive, and some animals may be too small for the technique 
(Ireland et al. 2003; Ott and Scott 1999). Visible Implant Elas-
tomers (VIE; see Anholt et al. 1998; Bailey 2004; Davis and Ovaska 
2001; Marold 2001; Nauwelaerts et al. 2000) are long lasting and 
allow many individuals to be marked (Northwest Marine Tech-
nology 2000). Several colors, which fluoresce under blue light, 
can be injected at various body locations, providing hundreds of 
unique marks. Another subcutaneous marking technique, alpha 
numeric fluorescent tags, may have similar advantages over tradi-
tional methods (Buchan et al. 2005). 

Retention of VIE marks has been studied in Rana esculenta 
(Nauwelaerts et al. 2000), Plethodon vehiculum (Davis and Ovaska 
2001), Eurycea bislineata (Bailey 2004; Marold 2001), and 
Desmognathus fuscus (Marold 2001). Although these studies found 
that marks were retained, further information is needed on the 
potential subcutaneous movements of marks away from their origi-
nal locations. In a laboratory study, Marold (2001) used 14 mark 
locations on Eurycea bislineata and found marks in the mid-body 
region were easily confused with those in surrounding locations. 
Davis and Ovaska (2001) marked Plethodon vehiculum on six 
ventral surfaces and noted that 13 of 69 (19%) individuals were 
difficult to identify due to subcutaneous movements of marks. 
Bailey (2004) found that observers misidentified E. b. wilderae 
on 39 of 300 (13%) occasions. Our study objectives were to: 1) 
determine if subcutaneous movement of marks varied depending 
on where in the body they were applied; and 2) identify optimal 
regions for marking wood frogs (Rana sylvatica). 

Twenty-four (23 males and 1 female) adult Rana sylvatica were 
collected on 29 January 2001 at a breeding pond in Madison 

County, Kentucky, USA. In the laboratory, five frogs were placed 
into each of four tanks, with four frogs in an additional tank. Each 
37.9 L tank contained pebble and soil substrate and a water dish. 
Tanks were watered daily to ensure moist conditions and tempera-
ture was maintained at 20°C. Frogs were inspected for mortality 
and infection daily and were fed crickets weekly. 

Each frog was marked in two regions of the body by injecting 
VIE under the skin. Six injection sites were tested: the centers of 
the dorsal and ventral aspects of the forelimb, mid-body, and 
hindlimb (Fig. 1). Borders of each body region were defined by 
proximal ends of the limbs and dorso-ventral midlines of the body 
(Fig. 1). Frogs were not anesthetized and were hand-held during 
injections. Individuals in each tank were marked in the same com-
bination of body regions, including: tank 1 - ventral surfaces of 
the mid-body and hindlimb; tank 2 - ventral surfaces of the mid-
body and forelimb; tank 3 - dorsal surfaces of the mid-body and 
hindlimb; tank 4 - dorsal surfaces of the mid-body and forelimb, 
and; tank 5 - contained one individual from each of the four marked 
groups. 

Frogs were marked on 1 February 2001, and positions of VIE 
were monitored weekly until 2 March 2001. Marks were inspected 
using a flashlight with blue light emitting diodes, while wearing 

FIG. 1. Six sites used to mark Rana sylvatica (solid ovals). Dashed 
lines indicate boundaries between dorsal and ventral forelimbs, midbody, 
and hindlimbs. 
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TABLE 1. Percentages of Visible Implant Elastomer marks that exhib-
ited subcutaneous movements out of assigned body regions (N) in cap-
tive Rana sylvatica. 

Forelimb 
(12) 

Midbody 
(24) 

Hindlimb 
(12) 

Overall 
(48) 

Dorsal 
Ventral 
Overall 

17 
0 
8 

0 
100 
50 

0 
33 
17 

6 
44 

filter glasses (Northwest Marine Technology) that only permitted 
green, yellow, orange, and red colors to be viewed. Positions of 
marks were scored as '0' if they were within defined borders of 
the marked region, or ' 1' if they were outside of or touched the 
borders of the marked region (Fig. 1). Effects of location (fore-
limb, mid-body, or hindlimb) and aspect (dorsal or ventral) on 
fidelity of marks to defined body regions were determined at the 
end of week four using two Chi-square contingency tables at a = 
0.05 (Zar 1999; SPSS 13.0). A multi-dimensional contingency 
table was not used because average expected frequencies were < 
6 (Zar 1999). 

Fifteen of 48 marks (31%) exhibited subcutaneous movements. 
Movements of marks occurred non-randomly with respect to lo-
cation (x 2  = 8.05, P < 0.018, d. f. = 2) and aspect (x 2  = 16.39, P < 
0.001, d. f. = 1). Marks on limbs and the dorsal aspect showed 
fewer subcutaneous movements than mid-body and ventral marks 
(Table 1). Although we did not test for an interaction between 
location and aspect, marks in some body regions showed rela-
tively high percentages of subcutaneous movements. Specifically, 
all marks on the ventral mid-body exhibited subcutaneous move-
ments; whereas, all marks on dorsal mid-body and hindlimb, and 
ventral forelimb remained in defined regions (Table 1). No inju-
ries, infections, or mortalies occurred over the one-month study. 

Our results indicate that Visual Implant Elastomers may not be 
useful in the dorsal forelimb, ventral midbody, and ventral hindlimb 
of Rana sylvatica. Researchers that assign marks in these regions 
may misinterpret mark combinations. Other regions (dorsal mid-
body and hindlimb, and ventral forelimb) may be more suitable 
for marking ranids. Several factors may have contributed to dif-
ferential mark fidelity, including: how deeply marks were injected, 
degree of connectivity between skin and underlying muscle, abra-
sion with substrate, and handling by researchers (frogs were re-
strained by grasping the mid-body and hindlimbs). On several 
occasions, we observed that marks moved as a result of handling. 
Northwest Marine Technologies (2000) recommended handling 
specimens with care for at least ten days after tagging. If speci-
mens are handled excessively before elastomers cure, marks may 
be forced out the needle wound (Northwest Marine Technology 
2000). Loss of marks did not occur during our study, although 
subcutaneous movements of elastomers were observed within the 
first week after injection. On two occasions, marks appeared to be 
lost when they moved behind dark pigment; the marks became 
visible again after moving to areas with lighter pigmentation. 
Additionally, we had difficulty differentiating between red and 
orange marks, particularly when they were behind pigmented ar-
eas. 

Our study was limited to four weeks under laboratory condi-
tions; long-term field studies may be needed to determine the over-
all efficacy of using VIE for marking ranids. Conditions or behav-
iors in the field (e.g., amplexus, burrowing, or abrasion with sub-
strate) also may result in differential mark movement. Likewise, 
movement of marks behind dark pigment may increase chances 
of misinterpreting colors or failing to detect marks. Unfortunately, 
except for the ventral forelimb, regions with the highest mark fi-
delity also had the darkest pigmentation (i.e., dorsal regions). Con-
ceivably, other subcutaneous marking methods (alpha numeric 
fluorescent tags) may suffer from similar problems. We recom-
mend that researchers avoid applying marks in neighboring body 
regions or those with low mark fidelity. In some cases, it may be 
necessary to avoid marking densely pigmented regions. 

Acknowledgments.-We thank Peggy Hoppe for assistance with injec-
tions of the VIE, and Paul Cupp and Anthony Guarino for assistance with 
data analyses and manuscript preparation. 

LITERATURE CITED 

ANHOLT, B. R., S. NEGOVETIC, AND C. SOM. 1998. Methods for anaesthetiz-
ing and marking larval anurans. Herpetol. Rev. 29:153-154 

BAILEY, L. L. 2004. Evaluating elastomer marking and photo identifica-
tion methods for terrestrial salamanders: marking effects and observer 
bias. Herpetol. Rev. 34:38-41. 

BUCHAN, A., L. SUN, AND R. S. WAGNER. 2005. Using alpha numeric fluo-
rescent tags for individual identification of amphibians. Herpetol. Rev. 
36:43-44. 

CLARKE, R. D. 1972. The effect of toe clipping on survival in Fowler's 
toad (Bufo woodhousei fowleri). Copeia 1972:182-185. 

DAVIS, T. M., AND K. E. OVASKA. 2001. Individual recognition of amphib-
ians: effects of toe clipping and fluorescent tagging on the salamander 
Plethodon vehiculum. J. Herpetol. 35:217-225. 

FERNER, J. W. 1979. A review of marking techniques for amphibians and 
reptiles. SSAR Herpetol. Circ. No. 9:1-41. 

GOLAY, N., AND H. DuRRER. 1994. Inflammation due to toeclipping in the 
natterjack toads (Bufo calamita). Amphibia-Reptilia 15:81-83. 

IRELAND, D., N. OSBOURNE, AND M. BERRILL. 2003. Marking medium- to 
large-sized anurans with passive integrated transponder (PIT) tags. 
Herpetol. Rev. 34:218-220. 

MAROLD, M. R. 2001. Evaluating visual implant elastomer polymer for 
marking small, stream-dwelling salamanders. Herpetol. Rev. 32:91-
92. 

McCoy, E. D. 1994. "Amphibian decline:" A scientific dilemma in more 
ways than one. Herpetologica 50:98-103. 

Orr, J. A., AND D. E. Scorr. 1999. Effects of toe-clipping and PIT-tagging 
on growth and survival in metamorphic Ambystoma opacum. J. 
Herpetol. 33:344-348. 

NACE, G. W. 1982. Marking individual amphibians. J. Herpetol. 16:309-
311. 

NAUWELAERTS, S., J. COECK, AND P. AERTS. 2000. Visible implant elastomers 
as a method for marking adult anurans. Herpetol. Rev. 31:154-155. 

NORTHWEST MARINE TECHNOLOGY, INC. 2000. Visible Implant Elastomer 
Sample Kit: Instructions for Use. Northwest Marine Technology, Inc., 
Shaw Island, Washington. 

RICKER, W. E. 1956. Uses of marking animals in ecological studies: the 
marking of fish. Ecology 37:666-670. 

ZAR, J. H. 1999. Biostatistical Analysis, fourth edition. Prentice Hall, Upper 
Saddle River, New Jersey. 

Herpetological Review 37(3), 2006 	 301 



Herpetological Review. 2006, 37(3), 302. 
2006 by Society for the Study of Amphibians and Reptiles 

Marking Amphibians with Alpha Numeric 
Fluorescent Tags: Caecilians Lead the Way 

DAVID J. GOWER* 
Department of Zoology, The Natural History Museum 

London SW7 5BD, UK 

OOMMEN V. OOMMEN 
Department of Zoology, University of Kerala, 

Kariavattom, Trivandrum, Kerala, India, Pin - 695017 

and 
MARK WILKINSON 

Department of Zoology, The Natural History Museum 
London SW7 5BD, UK 

*Corresponding author; e-mail: d.gower@nhm.ac.uk  

Buchan et al. (2005) considered their testing of alphanumeric 
fluorescent tags (VIAlpha tags) to mark frogs and salamanders to 
be a first for amphibians. However, previously we reported the 
successful use of these tags in the Indian caecilian Gegeneophis 
ramaswamii in both the laboratory (Measey et al. 2001) and field 
(Measey et al. 2003a). Our aims here are to compare use of VIAlpha 
tags in different amphibians now that they have been tested in 
representatives of all three orders, and to draw attention to other 
recent progress in caecilian ecology. 

Measey et al. (2001, 2003a) both made incisions and inserted 
VIAlpha tags using only the manufacturer's supplied injector. 
Buchan et al. (2005) made incisions with a blood lance and used 
the injector only to deliver the tags. On a subsequent visit to the 
study site reported by Measey et al. (2003a), we also used a blade 
(scalpel) to make the initial incision in G. ramaswamii, obviating 
the need to resharpen the injector. This reduced tagging time from 
up to 5 mins (Measey et al. 2001) to less than 1 min per indi-
vidual. This is still longer than that reported for frogs and sala-
manders by Buchan et al. (2005), perhaps because caecilians have 
annulated bodies with a tighter connection between the skin and 
external muscular sheath (Nussbaum and Naylor 1982). 

Buchan et al. (2005) did not anaesthetize frogs and salamanders, 
whereas Measey et al. (2001: table 1) asserted that inserting tags 
into caecilians requires anaesthesia. Restraining caecilians in the 
hand is difficult so that tagging precision is impractical without 
anaesthesia, something that might also be expected for some sala-
manders. Unlike Buchan et al. (2005), we did not sterilize equip-
ment before tagging each individual at our site, but we recognize 
that this represents best practice. Equipment should also be steril-
ized before use in other sites to prevent spread of pathogens (e.g., 
Fellers et al. 1994). 

Caecilian biology in general remains much less known than for 
frogs and salamanders (Gower and Wilkinson 2005). Despite this, 
much progress has been made recently in quantitative caecilian 
ecology, including studies of abundance (Measey 2004; Measey 
et al. 2003a, b), condition (Measey and Gower 2005), niche sepa-
ration (Gower et al. 2004), diet (Jones et al. 2006; Kupfer et al. 
2005a; Measey et al. 2004), and life history (Kupfer et al. 2004, 
2005b; Malonza and Measey 2005). 
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Tricaine methanesulfonate (also known as MS-222, Tricaine, 
Metacaine, or ethyl m-amino-benzoate methanesulfonate) is a com-
monly used anesthetic for fish and amphibians. Previous research 
has shown that the pH of MS-222 solutions has an effect on anes-
thetic efficacy and physiological functions (Letcher 1992; Lowe 
2004; Ohr 1975a,b; Robinson and Scadding 1983). Current rec-
ommendations are to buffer solutions of MS-222 to a neutral pH 
(Crawshaw 1993; Robinson and Scadding 1983; Ohr 1975a). MS-
222 solutions can be buffered using NaHCO 3  (sodium bicarbon-
ate; Cooper 2003), aqueous buffers such as dihydrogen potassium 
phosphate and sodium hydroxide (Lowe 2004), or can be titrated 
with NaOH (Ohr 1975a). Although MS-222 is widely used and 
the benefits of buffering solutions are well known, few studies 
elaborate on the effects of its concentration on amphibian anes-
thetization and subsequent recovery time (see Letcher 1992; 
Robinson and Scadding 1983). We assessed the effects of MS-
222 (Sigma, catalogue number A5040-25G) concentration in aque-
ous solutions on the time to anesthetization and recovery. Four 
species of semi-aquatic, stream-breeding salamanders 
(Desmognathus monticola, D. ocoee, D. quadramaculatus, and 
Eurycea wilderae) were tested at three different concentrations 
(500 mg/L, 1000 mg/L, and 2000 mg/L). 

Materials and Methods.—We used 45 salamanders per species 
for this experiment. Animals were housed with moist paper tow-
els in plastic GladwareTM containers (15.5 x 15.5 x 5 cm) within 
an environmental chamber on a 12/12 light cycle at 20°C and 75% 
humidity. Depending upon the species and size of the salamanders, 
2-10 animals were kept together in the same container. No sala-
mander was held in the environmental chamber for more than 72 
h prior to testing. Fifteen salamanders per species were tested at 
each of three experimental concentrations (500 mg/L, 1000 mg/L, 
and 2000 mg/L) of MS-222. Salamanders were tested only once, 
at one concentration to ensure independence between replicates. 
After testing, all salamanders were returned to the environmental 
chamber for at least 24 h before being returned to their stream of 
capture. Solutions were made using 0.250 g, 0.5 g, and 1.0 g of 
MS-222 dissolved in 500 ml of distilled water. Solutions had an 
instantaneous pH of 3.9-2.8, and were neutralized with varying 
amounts of sodium bicarbonate (0.4 g for 500 mg/L to 0.93 g for 
2000 mg/L), added in small amounts while monitoring the pH 
with a pH meter (Oakton Instruments, product # 35624-33). Solu-
tions were buffered to a pH of approximately 6.5 as the pH would 
continue to rise throughout testing. 

To test the effects of concentration, salamanders were submerged 
in the MS-222 solution and the time to complete anesthetization  

was recorded. An animal was deemed anesthetized (the induction 
time, Robinson and Scadding 1982) when unable to right itself 
and reflexive and voluntary responses to gentle pinching of the 
limbs and tail with forceps ceased. Salamanders were then rinsed 
in pure distilled water and laid in a shallow dissecting tray with 
distilled water (partially submerging the animal). Salamanders were 
monitored with gentle pinching of the limbs until a response was 
detected. Two to three salamanders were tested in the MS-222 
solution at a time, being replaced by others after induction. Solu-
tion mixtures were used repeatedly until the pH rose above 8. There 
was a 45 minute cut-off for induction, after which animals were 
removed from the MS-222 solution and omitted from the data set. 
The mean body mass, mean pH, mean temperature, mean induc-
tion time, mean time to recovery, and all standard errors were cal-
culated. Analyses of covariance (ANCOVA, SPSS v.13) were run 
for each MS-222 concentration, comparing species to induction 
and recovery time, with mass as the covariate. All factors were 
log transformed. Tukey-Kramer's multiple comparisons tests were 
run to identify significant species differences based on induction 
and recovery times. 

Results.—Induction time generally decreased and time to re-
covery increased with increasing MS-222 concentration (Table 1). 
The smaller salamanders, D. ocoee and E. wilderae, closely fol-
lowed this pattern with little variation. The larger two species, D. 
quadramaculatus and D. monticola, exhibited the most variation 
in both induction and recovery times. Most notably, D. 
quadramaculatus had a substantially longer recovery time at 1000 
mg/L than either the 500 or 2000 mg/L concentrations. It was found 
that species differences were highly significant (P<0.001) at all 
concentrations for both induction and recovery times. Tukey-
Kramer 's multiple comparisons showed extreme variability in 
species differences both between concentrations and between in-
duction and recovery times. The covariate mass was significant 
for both the 500 and 2000 mg/L concentrations (F 157  = 6.39, P = 
0.014; F154  = 7.84, P = 0.007 respectively). Contrary to the low 
and high concentrations, mass was not significant in the 1000 mg/ 
L concentration (F 159 = 0.095, P = 0.760). Mass was also not sig-
nificant in relation to recovery time for any MS-222 concentra-
tion, though was nearly significant in the anomalous 1000 mg/L 
concentration (F 159 = 3.62, P = 0.062). We had 100% survival of 
all tested salamanders at all concentrations and no abnormal be-
havior or visible external impairments were incurred as a result of 
testing. The temperature of aqueous MS-222 solutions was held 
constant (mean temperature = 26.9°C, SE = 0.061, N = 173) and 
the pH was kept neutral (mean pH = 7.15, SE = 0.020, N = 173). 

Discussion.—Increasing the concentration of MS-222 in a neu-
tral solution led to shorter induction times and longer recovery 
times. These results correspond to those found by Robinson and 
Scadding (1983) and Letcher (1992). As concentration increased, 
variation in induction time within species generally decreased, 
while variation in recovery time generally increased. The larger 
salamander species, D. quadramaculatus and D. monticola, gen-
erally took longer to reach complete induction than the smaller D. 
ocoee and E. wilderae (Table 1). Desmognathus monticola was 
the most anomalous species tested, showing no consistent pattern 
between concentrations, and many individuals did not become 
inducted within the 45 minute cut-off (note sample sizes in Table 
1). For its size, D. ocoee reached induction more slowly and re- 
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TABLE 1. Mean and standard error (±SE) estimates of body mass (g), induction time (min), time to recovery (min), pH, and temperature (°C) for 
each species in each MS-222 concentration (mg/L). 

Mass Induction Recovery pH Temperature 

D. quadramaculatus 
500 (N = 14) 9.35 (±1.13) 14.04 (±2.19) 12.64 (±2.14) 7.29 (±0.10) 26.43 (±0.14) 

1000 (N = 15) 9.71 (±1.09) 6.03 (±0.37) 21.99 (±1.02) 7.30 (±0.09) 27.00 (±0.00) 
2000 (N = 15) 11.06 (±1.41) 3.10 (±0.18) 18.65 (±2.38) 6.88 (±0.02) 28.00 (±0.00) 

D. monticola 
500 (N = 14) 3.46 (±0.50) 7.82 (±0.76) 6.95 (±0.74) 7.00 (±0.06) 26.43 (±0.23) 

1000 (N = 15) 3.77 (±0.57) 5.13 (±0.82) 8.33 (±0.91) 7.11 (±0.06) 26.93 (±0.27) 
2000 (N = 10) 4.61 (±0.57) 8.29 (±1.77) 7.43 (±0.95) 7.13 (±0.08) 27.00 (±0.33) 

D. ocoee 
500 (N = 15) 0.82 (±0.99) 12.73 (±1.86) 3.67 (±0.24) 7.00 (±0.00) 26.00 (±0.00) 

1000 (N = 15) 0.83 (±0.12) 4.60 (±0.27) 6.96 (±0.35) 7.30 (±0.00) 27.00 (±0.00) 
2000 (N = 15) 0.67 (±0.09) 2.35 (±0.08) 9.72 (±0.78) 7.35 (±0.00) 28.00 (±0.00) 

E. wilderae 
500 (N = 15) 0.61 (±0.10) 4.70 (±0.31) 8.50 (±0.36) 7.14 (±0.02) 26.60 (±0.13) 

1000 (N = 15) 0.59 (±0.10) 2.36 (±0.12) 14.12 (±0.56) 7.35 (±0.09) 27.00 (±0.00) 
2000 (N = 15) 0.71 (±0.07) 1.90 (±0.13) 21.54 (±1.15) 6.91 (±0.00) 26.00 (±0.00) 

covered faster than expected in 500 mg/L. Desmognathus 
quadramaculatus also exhibited unexpected variation in its recov-
ery time in the 1000 mg/L concentration. 

Contrary to Lowe (2004), mass played a significant role in time 
to induction in two of the three concentrations (500 and 2000 mg/ 
L), although mass was not significant in time to recovery in any 
concentration. But in accordance to Lowe (2004), species differ-
ences were most significant (P<0.001) and present in all concen-
trations for both induction and recovery times, but the inconsis-
tency of significant differences between species attests to the vari-
ability within this system. The latter may be indicative of a phylo-
genetic variation (Lowe 2004), but other factors influencing the 
induction and recovery times of salamanders may include the time 
since last feeding, age, sex, and reproductive status. 

It was our goal to provide information for practical and efficient 
use of MS-222. Researchers should choose the most appropriate 
concentration for their needs of handling or operating upon sala-
manders. At 1000 and 2000 mg/L induction times for all species 
were 6 minutes or less, making recovery time the most important 
consideration when selecting a concentration in which to anesthe-
tize salamanders. If longer recovery times are required, animals 
can be left in MS-222 solutions for an extended period of time 
beyond the time of last response with no fatal effects (Robinson 
and Scadding 1983; pers. obs.), although this has not been explic-
itly tested. Higher concentrations of MS-222 may cause some 
physiological stress (Robinson and Scadding 1983) and should be 
avoided if possible. 

Although all of these salamander species share similar life his-
tory characteristics and three are congeners, extensive variation 
was present. Preliminary testing of species' responses to MS-222 
is recommended. For more control over the pH of a solution, we 
also recommend following buffering procedures described by 
Lowe (2004) or Robinson and Scadding (1983). Further, for ex- 

tended anesthetization, intraceolomic injection may be preferred 
(Letcher 1992). 
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Being able to recognize individual animals is important in stud-
ies of behavior, movements, social structure, population and den-
sity estimates, growth rates, as well as survival and mortality esti-
mates. According to Godley et al. (1999) these parameters are es-
sential for the conservation and management of threatened or en-
dangered species. 

Traditionally, shell notching has been the main method of mark-
ing turtles for identification of individuals (Cagle 1939). In recent 
years, use of PIT (Passive Integrated Transponder) tags has gained 
popularity (Godley et al. 1999). While use of PIT tags is non-
mutilating, it is still invasive and tags can be too large to implant 
in hatchlings (Buhlmann and Tuberville 1998) or small juveniles. 
Similarly, notching an adult turtle's carapace can be relatively quick 
and easy, but notching hatchlings and juveniles is more difficult 
and can cause serious shell fractures (Cagle 1939). 

The use of natural markings as a means to identify individuals 
is growing, especially where the animal being studied is secretive 
(Karanth 1995; Karanth and Nichols 1998), where tag loss is re-
portedly high (McDonald and Dutton 1996) or where traditional 
methods of capture to obtain information are not feasible due to 
threat of harm to the animal (Bretagnolle et al. 1994; Stevick et al. 
2001). Some studies of turtle populations have used photocopies 
or digital photographs of turtle plastron markings as a means of 
identifying individuals (Janzen et al. 2000a; Janzen et al. 2000b; 
Kolbe and Janzen 2001). 

In order for natural markings to be of value to long-term popu-
lation studies, it is crucial that they are stable over time and change 
very little throughout an animal's life (Vincent et al. 2001); the 
probability of correctly identifying an individual decreases if the 
pattern changes over time. Hatchling Wood Turtles (Glyptemys 
insculpta) do not hatch with their characteristic black plastron 
patterns. Instead, the plastrons of newly hatched Wood Turtles are 
a tawny brown with darker brown flecking. The purpose of this 
study was to determine if the plastral markings of Wood Turtles 
change as hatchlings mature and to evaluate the use of digital pho-
tographs of plastron markings as a non-mutilating, non-invasive 
technique for the identification of individuals. 

This study was carried out from February 2004 to February 2005 
with a group of 24 captive Wood Turtles that hatched in the late 
summer of 2003. These turtles are part of a head-starting program 
run by the Ontario Ministry of Natural Resources and the Kawartha 
Turtle Trauma Centre, in Peterborough, Ontario. Hatchlings were 
housed in large Rubbermaid containers and separated out accord-
ing to clutch; clutches were not mixed. In total, there were five 
separate tanks, one with three turtles (W4), one with eight turtles  

(W 1), one with five turtles (W3b) and two with four turtles each 
(W2, W3a). 

In order to track mortality, weight gain and growth of the 
hatchlings, volunteers caring for the Wood Turtles had to be able 
to recognize the individual turtles. Initially, a non-toxic, formal-
dehyde-free nail polish was painted on the turtles' marginal scutes 
in individual patterns according to Cagle (1939). Starting in Feb-
ruary 2004, digital photographs were taken of each turtle's plas-
tron and a photograph was also taken of the carapace if the turtle 
had any noteworthy abnormalities. Digital photographs were used 
primarily for identifying individuals (with the nail polish mark-
ings becoming the back-up to the photographs) until the volun-
teers began to notice that the plastron markings were changing, 
making identification by the photographs alone more difficult. 
Photographs of plastron patterns were updated in April, August, 
and November 2004, with the final set being taken in February 
2005. Photographs were used as back up for the nail polish mark-
ings as well as to determine the extent to which the patterns changed 
over time. All photographs were edited in Adobe Photoshop CS to 
make them the same size, and contrast levels were adjusted; no 
other alterations of the photographs or the plastron markings were 
made (Fig. 1). 

In order to determine if the plastron patterns changed over time 
as the turtles grew, 10 volunteers were shown a catalogue of pho-
tographs of the turtles and then asked to find the match for a pic-
ture taken at a later time. Pictures of 10 turtles were chosen at 
random from 24 possibilities and these were the ones used for this 
part of the study. The catalogue represented turtles that had been 
photographed at a previous time and the pictures of the turtles 
given to the volunteer were more recent shots of the catalogued 
turtles. All ten of the 'baby photographs' were laid out in front of 
the volunteers; they were then given one photo at a time of the 
pictures that were taken at a later date to match to the earlier pho-
tograph. This was repeated until each volunteer had attempted to 
match all ten turtles to their 'baby' pictures. Volunteers were pro-
vided with a best case scenario: the turtles they were given were 
included in the catalogue of the ten pictures. Volunteers were not 
timed, to avoid adding pressure. Volunteers were not told if they 
had chosen correctly or incorrectly to avoid matches being made 
by a process of elimination. 

The first trial involved photographs taken in February 2004, 
when the turtles were 6 months old, and photographs taken in Feb-
ruary 2005, when they were 18 months old. The second trial was 
conducted in the same manner as the first trial, but used the photo-
graphs taken at 12 months of age to compare to those taken at 18 
months. 

In the first trial the rate of success for correctly matching a pic-
ture of the plastron pattern of a test Wood Turtle to the same turtle 
taken a year earlier was only 29%. There were three instances in 
the first trial where the volunteers were unable to pick any of the 
pictures in the catalogue as the one they had in their hand. For the 
second trial when the catalogue turtles were a year old and the test 
photos were of 18 month old individuals, the rate of success for 
correctly matching the turtles was increased to 67%. Volunteer 
experience ranged from no experience with turtles to being expe-
rienced with handling turtles on a regular basis. Seven volunteers 
mismatched siblings from clutch W4 in at least one of the two 
trials. 
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FIG. 1. Digital photographs of the plastrons of juvenile Glyptemys 
insculpta. a) Turtle W1.6 in February 2004 and b) in February 2005. c) 
Turtle W3.2a in February 2004 and d) in February 2005. 

The stability of natural markings over time is essential if they 
are going to be used for long-term population studies (Vincent et 
al. 2001); the probability of correctly identifying an individual 
decreases if the pattern changes over time. Many naturally dis-
tinctive markings remain relatively unchanged over an animal's 
life and prove to be a reliable source of identification. McDonald 
and Dutton (1996) photographed the pineal (pink) spots of nest-
ing leatherback marine turtles (Dermochelys coriacea) to develop 
life history profiles and size estimates of nesting populations. They 
discovered that for leatherbacks, photo-identification was a more 
reliable means of recognizing individuals than was the use of flip-
per tags. A high success rate with using natural markings has also 
been found for spotted salamanders (Loafman 1991), tigers, mana-
tees, and many other animals (Karanth and Nichols 1998; 
Langtimm et al. 1998). 

This study looked at the stability of plastron markings in the 
endangered Wood Turtle (G. insculpta) and evaluated the feasibil-
ity of using the plastron markings as a means of identifying very 
young individuals as an alternative to notching or toe clipping. 
The volunteers matching the plastron patterns on pictures that were 
taken a year apart had a great deal of difficulty in doing so; the 
average percentage of correct matches in the first trial was 29%. 
Volunteers frequently commented on how difficult it was to match 
pictures taken in February 2005 to those taken in February 2004. 
A frequent error made during matching was the mistaking of clutch 
mates for one another as it was found that they often resembled 
each other in patterning. In the second trial, volunteers still com-
mented on how difficult it was to match the correct picture to one 
taken 6 months previously, despite a doubling in the rate of suc-
cessful matches. The rate of success for correctly matching a test 
turtle from February 2005 to catalogued pictures that were taken 
in August of 2004 was 67%. The higher success rate in the second  

trial suggests that markings become more stable as Wood Turtles 
mature. For other species, including the Box Turtle, the plastron 
markings appear to become set for life once a turtle reaches sub-
adult size (C. Swarth, pers. comm.). 

The purpose of this study was to determine if the plastron pat-
terns of Wood Turtles changed as hatchlings grew and to deter-
mine if the plastron markings could be used as a means to identify 
individual hatchlings over time. The appeal of this technique is 
that it is less invasive and mutilating than either filing or cutting 
notches into the marginal scutes or toe clipping. Unfortunately, it 
does not appear as though the use of plastron markings will be a 
useful stand-alone technique in the field for identifying individual 
hatchlings over time; the markings are too unstable and change 
too much while the turtles are growing. 
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Basking traps are an effective means of capturing many species 
of turtles and commonly used in field research (Gibbons 1990; 
Lindeman 2000; McKenna 2001). However, there is little pub-
lished information about the relative efficacy of different basking 
trap sizes. Practical considerations of costs, handling and storage 
favor smaller traps but we suspected that larger traps were more 
effective in capturing turtles. Thus we modified a basking trap 
design that was developed by McKenna (2001), to include both 
large and small versions for tests in a field study. 

All traps were made of a floating, square frame with a mesh 
basket suspended underneath the frame. Small traps were con-
structed of 5.1 cm diameter polyvinyl chloride (PVC) pipe, joined 
with PVC elbows to form a 0.71 x 0.71 m floating frame. Large 
traps were constructed of 10.2 cm diameter PVC pipe, joined with 
PVC elbows to form a 0.93 x 0.93 m floating frame. Frames pipes 
were packed with buoyant, closed-cell plastic foam. Baskets had 
depths 18 cm and were made of plastic, garden mesh fencing 
(5.08 x 5.08 cm) attached to the floating frames with plastic cable-
ties. Ramps were constructed from plastic (polyethylene) land-
scaping lattice, cut into rectangles of the same width and approxi-
mately half the length of the traps, and attached on two, opposite 
sides of the floating frames with cable ties. Ramps extended from 
the top of the frames into the surrounding water on the outside of 
each trap. Turtles climb up the ramps to bask and are trapped when 
they fall or jump inside the floating frame. 

We conducted our field test of trap size in the Ottawa National 
Wildlife Refuge, Ottawa County, Ohio, USA (41°37'N, 83°12'W). 
The refuge consists of diked marshes separated by deeper chan-
nels used to control water levels. Ten traps of each size were set in 
both marshes and channels, and checked about every third week-
day between April 26 and July 21, for an average total of 44 trap-
ping days per trap. A total of 191 turtles were captured (Chrysemys 
picta: 97 female adults, 38 male adults, 2 juveniles; Graptemys 
geographica: 32 female adults, 15 male adults, 5 juveniles; 
Trachymus scripta elegans: 2 males), including 51 recaptures (C. 
picta: 25 female adults and 6 male adults; G. geographica: 7 fe-
male adults, 11 male adults, and 1 juvenile; T s. elegans: 1 male). 

C. p. + G. g. 	C. picta G. geographica 

Turtle Species 
FIG. 1. Trap success for large (black bars) and small (white bars) traps 

evaluated with Wilcoxon Sign Rank tests for Chrysemys picta, Graptemys 

geographica, and both species combined. Error bars represent one stan-
dard deviation. 

We estimated trapping success as the number of turtles captured 
per trap per day (turtles • trap -1  • day') to correct for variations in 
trapping periods for individual traps, due to occasional drift or 
wind damage. A Wilcoxon Sign-Rank test used this measure of 
daily trap success as the dependent variable for comparing mean 
capture rates for the two trap sizes (SAS version 8.0). Large-framed 
traps caught significantly more turtles than small-framed traps (Fig. 
1) for C. picta (P = 0.003), and for both species combined (P = 
0.012), but not for G. geographica. Hence, the convenience and 
monetary savings of small traps is offset by a reduction in their 
apparent capture effectiveness for at least some species. 

Acknowledgments.—This research was made possible by the coopera-
tive efforts of the US Fish & Wildlife Service, Ottawa National Wildlife 
Refuge, University of Toledo, Department of Earth, Ecological, and En-
vironmental Sciences, and the Lake Erie Research and Education Center 
and was supported, in part, by the University of Toledo Summer Research 
Award and Fellowships program and the National Science Foundation 
Research Experience for Undergraduates program (Grant # SES-0243872). 
The authors have complied with all applicable institutional Animal Care 
guidelines and have obtained all state and federal permits in order to con-
duct this research. 

LITERATURE CITED 

GIBBONS, J. W. 1990. Turtle studies at SREL: a research perspective. In J. 
W. Gibbons (ed.), Life History and Ecology of the Slider Turtle, pp. 
19-44. Smithsonian Institution Press, Washington, D.C. 

LINDEMAN, P. V. 2000. Resource use of five sympatric turtle species: ef-
fects of competition, phylogeny, and morphology. Can. J. Zool. 78:992-
1008. 

McKENNA, K. C. 2001. Chrysemys picta. Trapping. Herpetol. Rev. 32:184. 

Herpetological Review 37(3), 2006 	 307 



Herpetological Review, 2006,37(3), 308-312. 

0 2006 by Society for the Study of Amphibians and Reptiles 

The Relative Efficiency of Basking and Hoop 
Traps for Painted Turtles (Chrysemys picta) 

TONY GAMBLE 
Conservation Biology Graduate Program, University of Minnesota 

100 Ecology Bldg, 1987 Upper Buford Circle 
St. Paul, Minnesota 55108, USA 

e-mail: gambl007@umn.edu  

Trap efficiency, the rate at which a trap catches animals (Novak 
1987), is an important factor when gathering quantitative data such 
as relative abundance. Different techniques may catch individuals 
at different rates making comparisons across studies difficult or 
impossible (Heyer et al. 1994). Different trap types may also cap-
ture classes of individuals at different rates and lead to an over or 
under representation of animals of a specific age, size or gender 
(Frazer et al. 1990; Koper and Brooks 1998; Ream and Ream 1966). 
Increasing trap efficiency is an important way to increase the pre-
cision of population size estimates from mark-recapture data. The 
precision of population size estimates is increased as a higher pro-
portion of the population is captured and marked (Seber 1982) 
which will be achieved more readily using a maximally efficient 
trapping method. Efficient trapping is also important to research-
ers trying to maximize return for their effort in terms of time and 
money (Morton et al. 1988). 

Several methods exist for trapping aquatic turtles but there have 
been few studies comparing the relative efficiency and practical-
ity of different trap types. The two trap styles commonly used to 
capture aquatic turtles are basking traps and hoop traps. Basking 
traps, as the name suggests, take advantage of the basking behav-
ior of turtles. There are several basking trap designs and most con-
sist of a basking platform with a net or wire basket attached un-
derneath. Turtles are captured in the net after leaving the platform. 
Hoop traps consist of a cylindrical frame covered in mesh; turtles, 
attracted by bait, enter the trap through a submerged, funnel-shaped 
opening. Lagler (1943) claimed that hoop traps were "the most 
efficient and practical kind of trap for turtles" although he offered 
no evidence for this claim. Basking traps have been shown to be 
more effective than hoop traps in capturing Map Turtles 
(Graptemys geographica) and Painted Turtles (Chrysemys pieta) 
although both studies examined only single populations (Browne 
and Hecnar 2005; McKenna 2001). In this paper, I present a com-
parison of the relative efficiency of basking and hoop traps for 
catching Painted Turtles in 10 central Minnesota lakes over a two-
year period. 

Basking traps used for this study were modeled after traps used 
by local commercial turtle harvesters (Fig. 1). Traps consisted of 
a wood frame, 60 x 60 cm at the base, with a net basket under-
neath. Strips of styrofoam were attached to the bottom of the wood 
frame for buoyancy. The net basket, attached to the wood frame, 
was ca. 90 cm deep, 122 cm in circumference, and had 3.8 cm 
square mesh (Memphis Net and Twine, Tennessee, USA). The sides 
of the trap were sloped inward to facilitate entry and prevent es-
cape. A cross board was attached to the top of the trap to provide 
additional basking area and to increase the probability of turtles 
entering the trap. Hoop traps, made by Memphis Net and Twine,  

contained a single opening and were 72 cm in diameter with 3.8 
cm square mesh. Canned sardines packed in soybean oil were used 
as bait. 

I trapped C. pieta in 10 central Minnesota lakes that ranged in 
size from 6 to 64 ha. Trapping was conducted from 26 June to 31 
August 2001 and 13 May to 30 August 2002. Basking traps and 
hoop traps were set simultaneously on each lake for 1-5 days at a 
time. Traps were typically checked and emptied every day (N = 
95 days, range = 17-48 h/trap set, median = 24 h). Each lake was 
sampled at least seven times during the study (Table 1). Traps 
were set where turtles were observed to be most abundant which 
was near the shoreline, adjacent to cattails and other emergent 

A 
B 

C 

D 

Flo. 1. Top: Painted Turtles (Chrysemys picta) on a basking trap in 
central Minnesota. Bottom: Basking trap design used in this study. A -
wood frame; B - foam floats; C - net basket; D - anchor. 
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TABLE 1. Data summary comparing the mean catch-per-unit-effort (CPUE) of Painted Turtles (Chrysemys picta) captured in each lake for hoop and 
basking traps. Effort is measured in trap-hours. The number of traps is shown as the mean and the minimum and maximum number of traps used to 
sample each lake. 

Lake # of 
samples 

Hoop Traps Basking Traps 

# of traps 
mean 

(min, max) 

Total 
effort 

Males/ 
trap-hr 

Females/ 
trap-hr 

Juveniles/ 
trap-hr 

# of traps 
mean 

(min, max) 

Total 
effort 

Males/ 
trap-hr 

Females/ 
trap-hr 

Juveniles/ 
trap-hr 

Bjorkland 8 4, (4,4) 870 0.0081 0.0000 0.0000 6, (4,10) 1370 0.0482 0.0216 0.0133 
Gemini East 9 2.4, (0,5) 415 0.0037 0.0037 0.0000 5.9, (4,10) 1222 0.0158 0.0132 0.0155 
Gemini West 9 2.8, (1,5) 748 0.0204 0.0139 0.0000 5.8, (3,9) 1518 0.0226 0.0149 0.0017 
Half Moon 9 4.6, (3,7) 967 0.0335 0.0112 0.0000 8.8, (5,13) 1796 0.0188 0.0076 0.0052 
Henschien 7 5, (4,6) 777 0.0195 0.0061 0.0000 12.3, (10, 15) 1927 0.0320 0.0076 0.0131 
Lake 21 7 6, (5,9) 952 0.0065 0.0021 0.0009 11, (9,14) 1786 0.0593 0.0294 0.0230 
Maria 17 7.3, (2,11) 3013 0.0417 0.0116 0.0005 15.5, (8,25) 6521 0.0944 0.0442 0.0186 
Sagatagan 9 5.2, (4,7) 1175 0.0161 0.0074 0.0000 9, (4,16) 2139 0.0193 0.0083 0.0006 
Spurzem 12 4.8, (2,9) 1560 0.0280 0.0051 0.0004 13.5, (6,24) 4188 0.0188 0.0050 0.0066 
Stump 8 4.4, (2,6) 936 0.0101 0.0027 0.0005 10.1, (4,16) 2089 0.0211 0.0102 0.0070 

vegetation, in May and June, and out from shore near floating 
mats of vegetation in July and August. Traps were also set near 
sites where C. picta were observed basking. Trap efficiency was 
quantified as catch-per-unit-effort (CPUE) with effort measured 
as trap-hours, the number of traps on a lake multiplied by the num-
ber of hours set. CPUE was calculated for both trap styles for 
every sample. 

I recorded trap style, sex, and straight-line carapace length for 
every turtle captured. Front claw length and position of the cloaca 
relative to the rear edge of the carapace was used to classify each 
turtle as male or female. Juveniles were animals with no discernable 
secondary sex characteristics and a carapace length less than 10 
cm (Ernst and Ernst 1973). 

Two statistical analyses were conducted to determine whether 
catch differences between basking traps and hoop traps were sig-
nificantly different. The first analysis tested the difference of mean 
CPUE for basking traps and hoop traps for every sample using a 
nonparametric Wilcoxon rank sum test for independent groups. A 
nonparametric test was used because mean CPUE was not nor-
mally distributed. The nonparametric analysis compared the rela-
tionship between the number of turtles captured and trap style, but 
it did not take into account the numerous environmental, seasonal, 
and gender-based factors that are thought to influence trapping 
success in painted turtles. The second statistical analysis, there-
fore, included several independent variables in a multiple linear 
regression model. Effort was analyzed as an independent variable 
because CPUE data were not normally distributed even after trans-
formation. Independently examining variables that make up a ra-
tio is one way to overcome normality problems (Sokal and Rohlf 
1995). Catch data, the number of turtles captured in each sample, 
were transformed (ln[n+1]) to better fit a normal distribution. 
Normal quantile plots were inspected a posteriori to verify that 
residuals were normally distributed. The following linear regres-
sion model was used to analyze catch data: catch = trap style + 
lake + month + effort + sex + residual. Trap style was a categori-
cal variable that identified traps as a floating basking trap or sub- 

merged hoop trap; lake was a categorical variable that accounted 
for the numerous individual differences of each lake such as area, 
productivity, and suitable nesting habitat; month was a categori-
cal variable that accounted for seasonal differences in trappability; 
effort was measured as trap-hours, the number of traps multiplied 
by the number of hours they were set; and sex categorized turtles 
as males, females, and juveniles. 

Possible seasonal and gender biases of the two trap types were 
also explored. I used a series of Chi-square goodness of fit tests to 
determine if male: female sex ratios differed significantly from 
1:1 for each month for both trap types for each lake. The 1:1 sex 
ratio was chosen as an arbitrary reference point and was not meant 
to imply a 1:1 sex ratio actually exists in the populations under 
study. Statistical analyses were conducted using JMP IN Version 
4.0.4 (Sall et al. 2001). 

I marked 1690 C. picta and subsequently recaptured 426 C. picta 

(total captures = 2116). I captured 238 males, 72 females, and 5 
juveniles in hoop traps (total = 315) and 1081 males, 464 females, 
and 256 juveniles in basking traps (total = 1801). Basking traps 
had a significantly higher CPUE than hoop traps 42 = 79.3626, df 
= 1, P < 0.0001) with a mean CPUE of 0.068 turtles per trap-hour 
in basking traps compared to 0.029 turtles per trap-hour in hoop 

TABLE 2. Significance tests of the multiple linear regression comparing 
the number of Painted Turtles (Chrysemys picta) captured to individual 
lake effects (lake), seasonal effects (month), effort measured as trap hours 
(TH), trap style (either basking traps or hoop trap), and sex (male, fe-
male, or juvenile). 

Source df Sum of Squares F P 

Lake 9 42.596 9.24 < 0.0001 
Month 3 2.654 1.73 0.1603 
Effort (TH) 1 5.860 11.44 0.0008 
Trap Style 1 49.298 96.24 < 0.0001 
Sex 2 65.785 64.22 < 0.0001 
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TABLE 3. Results of the chi-square goodness of fit tests that examined whether Painted Turtle (Chrysemys picta) male: female sex ratios differed 
significantly from 1:1 for each month and lake for both basking traps and hoop traps. An asterisk notes samples that differed significantly from 1:1. 

Lake Month 

Hoop Traps Basking Traps 

Males Females 	X 2  P Males Females 

Maria May 41 12 15.87 0.0001* 383 143 109.51 0.0001* 

Spurzem May 1 0 1.00 0.3173 15 2 9.94 0.0016* 

Gemini East June 0 0 N/A N/A 12 6 2.00 0.1573 

Gemini West June 2 2 0 1 2 2 0 1 

Henschien June 1 0 1.00 0.3173 18 9 3.00 0.0833 
Lake 21 June 1 1 0 1 7 11 0.89 0.3458 
Sagatagan June 6 6 0 1 6 8 0.29 0.593 
Spurzem June 3 1 1.00 0.3173 16 1 13.24 0.0003* 
Stump June 0 0 N/A N/A 24 13 3.27 0.0705* 
Bjorkland July 3 0 3.00 0.0833 25 9 7.53 0.0061* 
Gemini East July 1 1 0 1 2 1 0.33 0.5637 
Gemini West July 0 0 N/A N/A 2 0 2.00 0.1573 
Half Moon July 1 0 1.00 0.3173 3 2 0.20 0.6547 
Henschien July 0 0 N/A N/A 14 5 4.26 0.0389* 
Lake 21 July 2 1 0.33 0.5637 33 15 6.75 0.0094* 
Maria July 23 10 5.12 0.0236* 88 44 14.67 0.0001* 
Sagatagan July 7 3 1.60 0.2059 0 1 1.00 0.3173 
Spurzem July 9 2 4.45 0.0348* 16 10 1.38 0.2393 
Stump July 1 0 1.00 0.3173 3 1 1.00 0.3173 
Bjorkland August 1 0 3.00 0.0833 24 14 2.63 0.1048 
Gemini East August 1 1 0 1 6 8 0.29 0.593 
Gemini West August 0 0 N/A N/A 18 14 0.50 0.4795 
Half Moon August 20 7 6.26 0.0124* 27 9 9.00 0.0027* 
Henschien August 12 4 4.00 0.0455* 30 1 27.13 0.0001* 
Lake 21 August 3 0 3.00 0.0833 84 31 24.43 0.0001* 
Maria August 33 9 13.71 0.0002* 150 84 18.62 0.0001* 
Sagatagan August 9 1 6.40 0.0114* 40 9 19.61 0.0001* 
Spurzem August 24 3 16.33 0.0001* 20 7 6.26 0.0124* 
Stump August 13 3 6.25 0.0124* 15 6 3.86 0.0495* 

traps. Basking traps caught more turtles per trap-hour in each age 
and sex class than hoop traps in most lakes (Table 1). The multiple 
linear regression analysis found the number of turtles captured 
was significantly correlated to trap effort, individual lake, turtle 
gender and age, and trap style, and the number of turtles captured 
was not correlated with the seasonal variable, month (Table 2). 

Both trap types caught more males than females and basking 
traps caught substantially more juvenile C. picta than hoop traps. 
Male: female sex ratios differed significantly from 1:1 for both 
trap types consistently in several lakes, particularly Lake Maria 
(Table 3). Male: female sex ratios also differed from 1:1 in most 
populations during August. Because not all populations were 
sampled every month it was not possible to statistically compare 
seasonal differences in sex ratio across all lakes. 

The basking trap design presented in this paper was substan-
tially more efficient than hoop traps for catching C. picta, particu-
larly juveniles. Basking traps captured twice as many turtles as  

hoop traps. The results presented here agree with other compari-
sons between basking traps and hoop traps in basking turtles 
(Browne and Hecnar 2005; McKenna 2001). The applicability of 
these results across the range of C. picta is unknown because sam-
pling by either hoop trap or basking trap depends on the behavior 
of turtles, and geographic variation in behavior is common (Fos-
ter and Endler 1999). With this in mind, researchers wanting to 
maximize the return for their effort, particularly for mark-recap-
ture studies, should consider the use of basking traps for capturing 
C. picta. 

Four of the five variables examined in the multiple linear re-
gression contributed to overall trap efficiency. The first variable 
was effort. Simply increasing the amount of time or the number of 
traps used increased the number of turtles captured. The second 
variable contributing to trap efficiency was differences between 
lakes. Environmental factors such as lake size, productivity, the 
availability of nesting areas, and proximity to roads can influence 
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the relative abundance of turtles in the sampled population which 
should be related to hoop trap and basking trap efficiency (Cagle 
and Cheney 1950; Seber 1982). Operating under the assumption 
that the number of turtles caught was proportional to the effort 
used to catch them (Seber 1982), traps should be more efficient in 
lakes with abundant turtle populations. Bury (1979) and Zweifel 
(1989) noted large differences in population density between dif-
ferent C. picta populations with some populations having an or-
der of magnitude more turtles per unit area than other popula-
tions. The CPUE of both hoop traps and basking traps differed 
significantly between lakes and was consistent with expected varia-
tion related to differences in the relative abundance of C. picta in 
different populations. 

The third variable contributing to trap efficiency was sex. Sig-
nificantly more males than females were captured in both trap 
types. The high capture rates of males implied: 1) the populations 
were male biased; 2) both trap types were male biased; or 3) a 
combination of a male biased population and trap bias. The con-
sistent male capture bias in Lake Maria for both trap styles in ev-
ery month suggests an actual male bias in that population. Several 
authors have suggested that hoop traps were male biased because 
of the attraction of males to captured females (Cagle and Cheney 
1950; Frazer et al. 1990; Ream and Ream 1966, Vogt 1979). Be-
cause the ratio of males: females was roughly the same between 
trap styles basking traps were no more or less biased toward cap-
turing males than hoop traps. Basking traps captured a larger pro-
portion of juveniles than hoop traps suggesting that juveniles were 
either not as attracted to the bait as adults or that juveniles could 
more easily escape from hoop traps. It is also possible that juve-
niles were over-represented in basking traps. Because of their size, 
juveniles gain and lose heat more quickly than adult turtles (Lefevre 
and Brooks 1995) and may need to bask more frequently, result-
ing in more frequent captures in basking traps. 

The fourth variable contributing to trap efficiency was the trap 
style. I observed both C. picta and Chelydra serpentina escaping 
from set hoop traps during this study, an occurrence also reported 
by Frazer et al. (1990). The decreased efficiency of hoop traps 
may have been related to the inability to retain captured turtles 
and not to differences in the attraction to the traps although these 
factors could not be separated here. 

Hoop trap and basking trap efficiency are affected by the trap's 
ability to attract turtles (Novak 1987). Turtles can be attracted to 
traps for several reasons such as the need to bask on basking traps 
(Plummer 1979) and the bait in hoop traps (Cagle and Cheney 
1950). My results may have been influenced by the choice of bait 
used, as some baits may be more effective at attracting C. picta 
than others (Jensen 1998), although Ernst (1965) found canned 
sardines, the bait used in this study, to be the most effective for 
trapping painted turtles. Male turtles may also be attracted to traps 
containing females and trap efficiency should increase for male 
turtles during periods of mate-searching activity (Cagle and Cheney 
1950; Frazer et al. 1990; Thomas et al. 1999, Vogt 1979). The 
increased male capture bias during August was likely a result of 
mate searching behavior as copulation in C. picta most often oc-
curs in the fall (Gist et al. 1990). 

The ability to detect differences in basking trap efficiency, based 
on the seasonal and reproductive energy requirements of C. picta, 
was not confirmed here. Basking trap efficiency should increase  

as the need to bask increases. The primary purpose of basking is 
thermoregulation (Boyer 1965) and turtles bask more or less based 
on seasonal and reproductive energy requirements (Krawchuk and 
Brooks 1998; Lefevre and Brooks 1995; Ream and Ream 1966; 
Thomas et al. 1999). Egg development and nesting in females and 
mate-searching and spermatogenesis in males are energetically de-
manding and correlated with increased basking (Krawchuk and 
Brooks 1998; Thomas et al. 1999). Detecting differences in male 
basking behavior due to differing energy requirements was con-
founded by the possibility of male turtles being attracted to fe-
males already in the traps. Furthermore, monthly differences in 
the CPUE of male turtles were observed in both trap types and 
could have been related to mate-searching behavior. Additional 
work with a different experimental design would be needed to 
tease apart the influence of these behaviors on trap efficiency. 
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Amphibian species and populations are declining all over the 
world (Houlahan et al. 2000; Stuart et al. 2004). Hence, conserva-
tion of biodiversity is a globally crucial topic. Genetic characters 
are essential in order to promote conservation of biodiversity, be-
cause they contain much information about populations and spe-
cies, such as intrinsic variability, population structure, historical 
patterns of gene flow, and phylogenetic relationships (Avise 2000). 
By using such information, we can define conservation units for 
each animal, and monitor genetic diversity. 

As a genetic method, protein electrophoresis has been widely 
used in animals This method requires fresh materials such as blood 
or other tissues (e.g., muscle, liver). DNA methods also have be-
come popular since the polymerase chain reaction (PCR) was in-
troduced in the late 1980s (Mullis and Faloona 1987; Saiki et al. 
1985). PCR-based genotyping methods have highly progressed, 
and enable us to use a variety of materials including a small num-
ber of cells. These materials include hair, feces, urine, and buccal 
cells in mammals, feathers and eggshells in birds, and scales and 
fins in fishes (reviewed by Morin and Woodruff 1996). 

In amphibians, both protein and DNA analyses have generally 
used materials obtained by sacrificing individuals. Therefore, sam-
pling might have a serious impact on declining populations and 
species. Consequently, it is essential to establish sampling meth-
ods that avoid irreversible damage or viability reduction. Conser-
vation genetic surveys should not contribute to the problem they 
seek to alleviate. 

There are several studies that describe sampling methods with-
out physical damage (Davis et al. 2002; Pidancier et al. 2003). 
Davis et al. (2002) used epidermis as DNA source material. 
Pidancier et al. (2003) used oral mucosa. In addition to these two 
materials, we employed molted skin and feces, and investigated 
four points: 1) collecting cells from oral mucosa, epidermis, molted 
skin, and fecal samples; 2) extracting DNA from each sample; 3) 
risk of contamination; 4) practicality of these methods. Materials 
were collected from Urodela and Anura in previous studies and 
Gymnophiona in the present study to include three orders of am-
phibians. 
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METHODS 

Sampling.—Four families (Typhlonectidae, Hynobiidae, 
Salamandridae, and Rhacophoridae) belonging to three orders of 
amphibians were tested. Samples were collected from one indi-
vidual each of the Cayenne Caecilian (Typhlonectes 
compressicauda), the Hokkaido (Yezo) Salamander (Hynobius 
retardatus) and the Japanese Fire-bellied Newt (Cynops 
pyrrhogaster), and three individuals of the Forest GreenTreefrog 
(Rhacophorus arboreus). The oral mucosa (buccal cells), and epi-
dermis and molted skin (epidermal cells) in Gymnophiona and 
Caudata, and the oral mucosa (buccal cells), epidermis (epider-
mal cells), and feces (intestinal cells) in Anura were used as ge-
netic source material. Each surface of mouth cavity, skin, and fe-
ces was scrubbed off with sterilized cotton swabs. In order to open 
the mouth for collecting buccal cells, we used a sterilized tooth-
pick. Each sample was shaken off a cotton swab in 1.5 ml tubes 
filled with 0.6 ml of TNE buffer (10 mM Tris-HC1 [pH 7.5], 100 
mM NaC1, 1 mM EDTA-2Na [pH 8.0]). A section of molted skin 
cut with sterilized scissors was thoroughly washed with TNE buffer, 
and soaked in 1.5 ml tubes filled with 0.6 ml of TNE buffer. To 
confirm whether or not the DNA sequences obtained from each 
sample actually represented the target ones, a liver sample of the  

tested individual, removed in fully anesthetized condition with 
acetone chloroform, was sequenced. 

Cell staining.—We ascertained the existence of cells scrubbed 
off from each animal by placing the cotton swab on a glass slide, 
dried in air, and fixed with May-Grunwald stain solution. They 
were washed with water, stained with Giemsa solution, and washed 
again with water. After drying, they were examined with a micro-
scope. 

Genotyping.—All samples preserved in TNE buffer were treated 
with 30 ill of 10% sodium dodecyl sulfate (pH 7.2), and digested 
with proteinase K (final concentration: 0.5 mg/ml) at 37°C for 15 
hours. Proteins were removed with a standard phenol chloroform 
extraction, followed by ethanol precipitation (Sambrook et al. 
1989), and DNA was resuspended in 100 µl of TE buffer (10 mM 
Tris-HC1 [pH 7.5], 1 mM EDTA-2Na [pH 8.0]). The concentra-
tion of DNA in all extracts was measured using spectrophotom-
eter. 

PCRs were performed on a TaKaRa PCR Thermal Cycler 480, 
with 3 ill of DNA solution and 0.9 units of Expand High Fidelity 
PCR System enzyme mix (Roche Diagnostics GmbH) in the total 
21.8W of a reaction mixture contained 2.5 pl of 10X Expand HF 
buffer with 15 mM MgC1 2  (Roche Diagnostics GmbH), 4 mM 
dNTPs, 25 pmoles of a mixture of a forward and reverse primer, 1 

FIG. 1. Buccal cells stained by May-Grunwald Giemsa method: A) Cayenne Caecilian (Typhlonectes compressicauda); B) Hokkaido 
(Yezo) Salamander (Hynobius retardatus); C) Japanese Fire-bellied Newt (Cynops pyrrhogaster); D) Forest Green Treefrog (Rhacophorus 
arboreus). These cells were observed in all samples. 
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1/5 	1/10 	1/50 	1/100  

abc abc abc abc 

FIG. 2. Electrophenogram of PCRs using DNA extracted from buccal cells of three Forest Green Treefrogs 
(Rhacophorus arboreus). Small letters (a–c) denote individual frog samples. From left to right, dilutions 
of DNA were 1/5, 1/10, 1/50, and 1/100. The amplification was clearly confirmed even at 1/100. 

TABLE 1. Results of PCR in all samples: A) Cayenne Caecilian 
(Typhlonectes compressicauda); B) Hokkaido (Yezo) Salamander 
(Hynobius retardatus); C) Japanese Fire-bellied Newt (Cynops 
pyrrhogaster); D) Forest Green Treefrog (Rhacophorus arboreus). A suc-
cessful PCR is indicated by "yes" and failure by "no." In a case of DNA 
from molted skin of the C. pyrrhogaster, PCRs succeeded by dilution of 
the quatity of DNA into one third (from 3 Ill to 1 A. 

oral mucosa superficial skin 	molted skin 	feces 

A 
	 yes 	yes 	yes 

B 
	 yes 	yes 	yes 

C 
	yes 	yes 	 no 	— 

D 
	 yes 	yes 	 yes 

.tl of dimethylsulfoxide (DMSO). The primers used were L2606 
(5'-CTGACCGTGCAAAGGTAGCGTAATCACT-3') and H3056 
(5'-CTCCGGTCTGAACTCAGATCACGTAGG-3')(Hedges et al. 
1993) for the 16S rRNA gene of mitochondrial DNA (mtDNA) 
for Gymnophiona and Urodela, and L14850 (5'- 
TATCTTCATTATGAAACTTTGGGTC-3') and H 15548 (5'- 
AACAGAAAATATCATTCTGGCTTAAT-3') newly designed for 
mtDNA cytochrome b gene in Anura. The numbering system fol-
lowed the human sequence (Anderson et al. 1981). A template-
free sample was used as a negative control. The PCR profiles con-
sisted of 10 min denaturation at 94°C, and then 35 cycles of 1 min 
denaturation at 94°C, 2 min annealing at 45°C, and 3 min exten-
sion at 72°C, and a final hold of 5 min extension at 72°C. The 
specific DNA fragments were separated by electrophoresis using 
3% NuSieve GTG (BioWhittaker Molecular Applications) agar-
ose gel. A gel containing specific DNA fragments was cut out. 
Double stranded DNA products for sequencing were purified from 
the gel by using EASYTRAPTM Ver.2 (TaKaRa). 

Thermo Sequenase Cycle Sequencing Kit (USB Corporation) 
was used for sequencing reaction. Sequencing products were sepa-
rated on a 5.5% Long Ranger 
(BioWhittaker Molecular Applica-
tions) gel by using a LI-COR 4200S-
1 DNA sequencer, and their se-
quences were subsequently optimized 
by eye. Sequences were aligned and 
compared with GENETYX-WIN 
(ver.4, Software Development Co., 
Ltd. 1999). 

RESULTS 

The presence of cells in oral mu-
cosa, epidermis, molted skin, and fe-
ces specimens was assessed by cell 
staining method. Buccal cells could 
always be observed sufficiently in all 
samples (Fig. 1), while numbers of 
cells from epidermis and feces were 
small. 

The concentration of DNA in the 
molted skin samples from 
Typhlonectes compressicauda and 

Cynops pyrrhogaster showed 0.2414/111 and 0.12 WA respec-
tively, but the others could not be measured. That is, they were 
under detectable limits. The presence of DNA extracted from each 
sample was ascertained by PCR. Firstly, PCR product was ob-
served in all samples except a case of molted skin of the C. 
pyrrhogaster (Table 1). The DNA solution extracted from molted 
skin of the C. pyrrhogaster showed brown color instead of usu-
ally colorless DNA solutions. In this case, PCR product was ob-
served by dilution of the quantity of DNA into one third: from 3 pi 
to 1 On the other hand, DNA extracted from buccal cells of 
Rhacophorus arboreus was amplified in large quantities. The am-
plification was achieved even in a case where the quantity of DNA 
was diluted into 1/100 (Fig. 2). Finally, PCR products could be 
obtained from all samples except the negative controls. 

All nucleotides between forward and reverse primers were se-
quenced in all samples. Base sequences were 431 base pairs (bp), 
465bp, 454 by of the 16S rRNA gene in Typhlonectes 
compressicauda, Hynobius retardatus, and Cynops pyrrhogaster, 
respectively, and 697 by for the cytochrome b gene in Rhacophorus 
arboreus. Base sequence of different isolates from the same indi-
vidual were consistent and identical to the sequence of DNA ex-
tracted from liver. No evidence of contamination among isolates 
was detected. 

DISCUSSION 

The previous genetic surveys in amphibians have employed pro-
tein analyses that have usually used materials like blood and tis-
sues. Similarly, mitochondrial DNA analyses have used muscle 
and liver, even when coupled with PCR methods, and a few re-
searchers used eggs and embryos (e.g., Yang et al. 1994). All of 
these methods require lethal sampling. Previous non-lethal sam-
pling methods include tail-tip tissues in live newts (Arntzen and 
Wallis 1991), toe-tip tissues in live frogs (Gonser and Collura 
1996), and tadpole tails (Zeisset et al. 2000). 

Toe-clipping was introduced more than a half century ago 
(Bogert 1947), and has been commonly used to identify individu- 
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als in the field (Donnelly et al. 1994). This is very convenient for 
individual recognition, and clipped toe-tip is available for age de-
termination (e.g., Francillon-Vieillot et al. 1990) as well as ge-
netic analysis. However, negative effects on survival have been 
shown in Anura (e.g., Clarke 1972; Golay and Duffer 1994). Fur-
ther, Arntzen et al. (1999) demonstrated that the tail-clipping-as 
generally used for marking and to obtain material for molecular 
analyses in Caudata-affected growth in Triturus cristatus, al-
though not survival. Recently, McCarthy and Parris (2004) indi-
cated that the estimated decline in return rate of 4-11% for each 
toe clipped assumed that the adverse effects are independent of 
the total number of toes clipped. For these several reasons, am-
phibian biologists should use noninvasive methods to collect DNA 
resources. 

In the present study, we tried several sampling methods that 
would minimize impacts to individuals. We collected the oral mu-
cosa (buccal cells), epidermis and molted skin (epidermal cells), 
and feces (intestinal cells) from four families (Typhlonectidae, 
Hynobiidae, Salamandridae, and Rhacophoridae) representing 
three orders of amphibians. Many buccal cells were obtained es-
pecially from Rhacophorus arboreus. Theoretically, more than 
3,000 PCRs are possible in this case. The body size (snout-vent 
length; SVL) of this frog is relatively large, 57 mm SVL on aver-
age in males and 72 mm SVL on average in females (Maeda and 
Matsui 1999). Hence, surface area sampled with a cotton swab 
was wide. Therefore, it is suggested that buccal cells can be ob-
tained effectively from animals with a large body size and large 
mouth cavity. Although there is a difference in efficiency among 
species, these methods must be able to be widely applied to am-
phibians. 

Epidermal sampling seems most convenient as Davis et al. 
(2002) reported. But as a practical matter, this method requires 
caution to prevent contamination by researcher because we catch 
animals by hand. It may be difficult to find either molted skin or 
feces except in captivity. Additionally, in cases where amphibians 
eat other amphibians, there is a possibility that the feces contain 
DNA from both. However, most of the cells ingested by animals 
are digested and destroyed. DNA in the cell is fragmented by deox-
yribonuclease. That is, in feces, DNA from other amphibians has 
already been fragmented. On the other hand, cells on the "sur-
face" of feces have been in quite recent contact with the intestinal 
wall, so that they contain DNA in better condition for PCR. In the 
field, these three sampling methods may not be practical in all 
cases. Buccal cells have few risks of contamination because re-
searchers seldom directly touch the mouth cavity. However, when 
buccal cells are collected without anesthetizing the animal, it may 
be necessary to provide additional restraint to minimize risk of 
injury to the animal. Notably, we were able to collect buccal cells 
easily from Salamandrella keyserlingii anesthetized by MS-222 
(Tanaka-Ueno, pers. obs.). Where the appropriate training is avail-
able, it may be better to anesthetize specimens in order to make 
sampling easy and improve animal welfare. Considering the quan-
tity of DNA included in each sample, the risk of contamination, 
and practicability in the field, the best sampling method may be 
swabbing buccal cells from oral mucosa. 

Buccal cell collection can minimize physical impact to animals 
and may enable us to acquire genetic information without reduc-
ing survivorship of endangered species. This noninvasive sam- 

pling method is convenient and reliable, and is therefore well suited 
not only for sensitive species but also animal welfare in general. 
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buckets distributed among the fences. Only pitfall traps known to 
have captured adult Houston Toads during previous survey peri-
ods were outfitted with PEDs. Eleven of 18 arrays captured B. 
houstonensis among 34 pitfalls. We outfitted 32 PEDs to the ter-
minal pitfalls of the 11 arrays. 

PEDs had a cover-board, two strips, four posts, cable ties, and 
binder clips. We built 40.64 x 40.64 x 1.27 cm cover boards from 
treated plywood. Each board had four 5.0 cm holes drilled 1.27 
cm from each corner and a 30.48 x 1.27 cm gap center cut so the 
cover board seated at the fence's end. Strips measured 7.62 x 40.64 
x 1.27 cm and had two 1.27 cm holes drilled at each end at 1.27 
cm from the end. We cut re-bar (1.27 cm) into 60.96 cm lengths 
for the posts (Fig. 1). For assembly, we first drove the posts 40.64 
cm into the ground and oriented the strips parallel to the fence at 
10.16 cm high. Second, we cinched cable ties on the posts above 
and below the strips then placed the cover board snugly on top of 
the strips. Lastly, we secured the cover board to the strips with 
two large binder clips. Our design enabled animals to crawl or 

A Device for Excluding Predators from 
Pitfall Traps 
	 a) 	

40.64 cm 
• ►  

ADAM W. FERGUSON 
and 

MICHAEL R.J. FORSTNER 
Department of Biology, Texas State University 

San Marcos, Texas 78666, USA 
e-mail: adamwferguson@gmail.com  

Pitfall trapping is a common technique for sampling small ver-
tebrates (Jenkins et al. 2003; Sutton et al. 1999). As with most live 
trapping methods, trapped animals might incur mortality through 
desiccation (Jenkins et al. 2003), drowning (Aubry and Stringer 
2000), starvation (Yunger et al. 1992), exposure (Padget-Flohr and 
Jennings 2001), and increased predation risks (Dodd and Scott 
1994). However, most studies rarely mention predation and typi-
cally only attempt to mitigate the other problems. Only anecdotal 
evidence of predation is mentioned and mainly deals with preda-
tion within the pitfalls (Jenkins et al. 2003) or disturbances to pit-
fall covers (Sutton et al. 1999). We present a device to reduce 
predation of animals captured in pitfall traps. Our design provides 
an alternative to cover boards that are often employed in drift fence 
studies as anti-predatory mechanisms (Phillips et al. 2002) and is 
unique in its ability to capture a wide array of small vertebrates, 
including frogs and toads, while providing secure protection from 
larger vertebrate predators. We devised predatory exclusion de-
vices (PEDs) in response to increased predator activity (scat, tracks, 
and disturbance) observed along specific drift fence arrays. Our 
ultimate goal was to design an inexpensive and time-efficient ex-
clusion device that would reduce predation risks to captured ani-
mals in pitfall traps without jeopardizing capture rates of target 
species. 

We operated eighteen terrestrial drift fences year-round and 
checked them daily at the Griffith League Ranch in north-central 
Texas, Bastrop County. Our study was part of a long-term study 
of the endangered Houston Toad (Bufo houstonensis). Arrays were 
either linear or Y-shaped (Bury and Corn 1987) and erected using 
aluminum flashing (Gibbons and Semlitsch 1981) with 39 19-L 
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hop underneath the PED thus preventing larger vertebrate preda-
tors from reaching the pitfalls' bottom. 

Creating a PED secure enough to deter predators yet still readily 
removed by the researchers was an important goal. With such a 
large trapping regime, checking each trap, especially on wet spring 
days with dozens of captures, might take anywhere from a few 
minutes to several hours. We estimated removal of PEDs added 
approximately one minute to check each pitfall. Beyond the labor, 
drift fences can be expensive creating problems in short-term stud-
ies with smaller budgets (Malone and Laurencio 2004). We esti-
mated the costs for wood, cable ties, re-bar, and binder clips at 
approximately US $5.00 per PED. An added benefit is preventing 
injury to unaware livestock and personnel, a concern when con-
ducting studies on sites with high activity. 

During an eight-month test, all PEDs remained intact with no 
damage or disturbance. Most importantly, the presence of PEDs 
did not affect the capture of the target species, the endangered 
Houston Toad. The proportion of B. houstonensis caught in un-
protected pitfalls out of total captures from 2003 did not signifi-
cantly differ from the proportion of B. houstonensis caught in PED 
protected pitfalls during the 2004 season (95% CI P 1 -P2  = -0.0947 
< P i  -P2  < 0.1227) indicating that capture success was not affected 
by the presence of the PEDs. The same pattern was observed in 
captures of the Southern Leopard Frog Rana sphenocephala, whose 
proportional captures in protected and unprotected pitfall traps did 
not significantly differ among the 2003 and 2004 seasons (95% 
CI P 1 -P2  = -0.0145 < P t -P2  < 0.1325). However, a majority of these 
frogs were juveniles, large adult ranids may be excluded from PED 
protected pitfalls due to the height limitation of the device. 

Three months into the study we documented failed predation 
attempts at ten pitfalls having PEDs using ten Deercam ® motion 
sensor cameras. Cameras recorded predators entering pitfalls with-
out PEDs and attempting, but failing to enter pitfalls with PEDs 
(specifically Procyon lotor). Despite the PEDs' effectiveness, ag-
ile predators (e.g., snakes) can still enter pitfalls and consume ani-
mals. Our PEDs provide an inexpensive solution to predation from 
larger vertebrates. Although alternatives to pitfall trapping that also 
help limit predation in herpetofaunal studies exist, these techniques 
are often limited in taxon sampling and even increase other mor-
tality factors such as desiccation (Jenkins et al. 2003; Lohoefener 
and Wolfe 1984). We think our technique provides an inexpensive 
and unbiased tool that will aid in reducing predation associated 
with pitfall trapping for other studies. 
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Blood sampling is useful for the study of behavior, ecology, and 
physiology. It is a minimally invasive method of obtaining tissue 
that allows, for example, genetic, toxicological, and stable iso-
tope analyses. Various techniques for obtaining blood from turtles 
have been described (Avery and Vitt 1984; Bennett 1986; Owens 
and Ruiz 1980; Rogers and Booth 2004; Wibbels et al. 1998; re-
viewed by Kutchling 1999). Most published techniques apply to 
adult turtles, with the exception of Bennett (1986) and Wibbels et 
al. (1998) who described blood sampling from the dorsal cervical 
sinus and the subcarapacial vein of hatchling sea turtles. We are 
unaware of a blood-sampling technique for hatchling emydid 
turtles, which are smaller (usually < 10 g) than cheloniid hatchlings 

20 g). Although we found the technique reported by Wibbels et 
al. (1998) to be useful on smaller emydid hatchlings, we success-
fully used an alternative technique that we believe is more appro-
priate and less detrimental. Here we describe this technique, re-
port our success, and discuss its advantages over the previously 
described techniques. 

In summer 2005, we collected 34 gravid female Common Map 
Turtles (Graptemys geographica) at a nesting site in Lake Opinicon 
(100 km S of Ottawa, Ontario) and induced oviposition with oxy-
tocin (10 IU/kg) (Ewert and Legler 1978). We incubated eggs in 
the laboratory at 29°C and we obtained blood on all hatchlings (N 
= 338) to determine paternity. Hatchlings weighed 4.7-10.3 g 
(mean = 7.5, S.D. = 1.1 g). We collected between 0.03 and 0.05 ml 
of blood with a 0.5 ml insulin syringe (B-D U-100) fitted with a 
13 mm long (28.5 ga) needle. We obtained blood from the coc-
cygeal vein, which runs along the dorsal midline of the tail (Fig. 
1). The venipuncture site was between the cloaca and the base of 
the tail, along the dorsal midline (common map turtles have a yel-
low stripe running along that midline). The needle was directed 
cranioventrally at a 45° angle and inserted approximately 2 mm 
deep between two adjacent vertebrae. If the needle went deeper 
than 2 mm, it meant that the needle was beside the vertebrae and 
no blood could be obtained. As soon as the opening of the needle 
was in the skin, the plunger of the syringe was withdrawn gently 
(up to the 0.2 ml mark) to create a vacuum. Care was taken not to 
apply excessive negative pressure to prevent collapse of the vein 
(Rogers and Booth 2004). If blood did not appear in the syringe 
immediately, we slowly rotated the syringe and/or gently increased 
or decreased the angle until blood was withdrawn into the syringe. 
If an insufficient amount of blood was obtained on the first try, we 
made a second attempt a few mm closer to the base of the tail. If 
no blood was obtained on the second attempt, however, we sampled 
the subcarapacial vein (a branch of the external jugular according 

FIG. 1. Two ways of handling hatchling turtles for sampling blood from 
the coccygeal vein. 

to Rogers and Booth (2004)) as described by Wibbels et al. (1998) 
to avoid damaging the tail blood vessels. For 248 of the 338 samples 
taken, we recorded the presence of extracellular fluid, the number 
of attempts (up to two), and the volume of blood taken in each 
attempt. 

In a maximum of two attempts, we were successful in taking at 
least 0.03 ml (mean = 0.047 ml) of blood from the coccygeal vein 
for 83% of the hatchlings. For the remaining 17% of the hatchlings, 
we obtained the blood from the subcarapacial vein (also in a maxi-
mum of two attempts). Our success at obtaining blood from the 
coccygeal vein was independent of hatchling size (logistic regres-
sion with carapace length as the independent variable: x2  = 0.0012, 
P = 0.97). This result suggests that the technique is practicable on 
hatchlings of smaller species, such as Painted Turtles (Chrysemys 
picta) or Spotted Turtles (Clemmys guttata) that overlap in size 
with the smaller hatchlings of Common Map Turtle (Ernst 1994). 
However, this technique may be difficult to apply on species with 
relatively short tails. 

We noted the presence of extracellular fluid or lymph in 16% of 
the samples from the coccygeal vein, but in 75% of those samples 
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it was estimated to be 0.01 ml. In the samples from the 
subcarapacial vein, extracellular fluid or lymph was noted in 58% 
of the samples and exceeded 0.01 ml in 86% of those samples. 
Extracellular fluid and lymph are undesirable in blood samples 
for both genetic analysis and haematological studies (Lopez-Olvera 
et al. 2003). We released most turtles 1-3 weeks after blood sam-
pling and none died or showed signs of weakness while in captiv-
ity. Another 120 hatchlings were kept in the laboratory for more 
than a month and none died. 

We believe that the coccygeal vein should be preferred over the 
subcarapacial vein for venipuncture in hatchlings for three rea-
sons. First, bleeding never occurred when we sampled from the 
coccygeal vein, whereas occasional bleeding occurred when we 
took blood from the subcarapacial vein. The subcarapacial vein is 
more likely to produce abundant bleeding because it is a larger 
vessel. Second, we obtained extracellular fluid more often and in 
greater amounts when we used the subcarapacial vein Finally, 
vital organs are less likely to be injured when blood is taken from 
the dorsal side of the tail rather than from the head and neck re-
gions. 
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Many ecological studies of amphibians and reptiles commonly 
use toe clipping to permanently mark small species. However, re-
searchers have noted deleterious effects on locomotion and even 
survival caused by toe clipping (Bloch and Irschick 2004; Clarke 
1972; Dodd 1993). Alternatives to toe clipping include implant-
able and surface-marking techniques, yet the former requires the 
species of interest to have transparent or semi-transparent skin, 
and the latter may be highly susceptible to wear or loss by shed-
ding. 

The Mediterranean House Gecko (Hemidactylus turcicus) is an 
introduced species that is found in association with human habita-
tion in many regions of the United States (Selcer 1986), including 
Tucson, Arizona where we conducted our study. In our experi-
ence, simple surface-marking techniques (permanent marker, cor-
rection fluid, etc.) are inadequate for monitoring individual H. 
turcicus because these lizards shed frequently. Our goal was to 
provide a permanent marking technique for individual H. turcicus 
for periods in excess of 2 wk to facilitate population monitoring. 

Based on our observations, the variation in dorsal patterns is 
not readily distinguishable among individual H. turcicus. For small 
species like H. turcicus (SVL = 44-59 mm; body mass = 2.1 g), 
external tags are often not appropriate. However, internal 
microtagging has been used successfully in a number of studies 
(e.g., Buckley et al. 1994 for fish). Here, we use implantable elas-
tomer tags (Northwest Marine Technology: Shaw Island, Wash-
ington) to mark small geckos. This method uses a two-part sili-
cone-based material mixed immediately before use, which is in-
jected subcutaneously. Injected as a liquid, it soon cures into a 
pliable, biocompatible solid that remains visible under translu-
cent skin. In H. turcicus the best tagging area was the ventral skin 
surrounding the leg joints because the dorsal surface has a darker, 
leopard-like pattern. Tag visibility can be enhanced by fluoresc-
ing the marker with a blue-light LED or UV light. A single color 
kit, including the injector, a 5-cc tube of elastomer, mixing sup-
plies, blue LED flashlight with amber glasses, carrying case, and 
instructions costs U.S. $215, although more complicated kits cost 
significantly more. These implantable microtags have been used 
in ecological studies of crustaceans (e.g., Godin et al. 1995), fish 
(e.g., Goldsmith et al. 2003), amphibians (e.g., Pfennig and Murphy 
2000), and reptiles (e.g., Losos et al. 2004). 
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Capture Methods.—Our preferred method involved a clear "cup" 
(we used half of a clear plastic water bottle, approximately 8-cm 
diam) and a thin, hand-sized manila card. The geckos were found 
mostly in small groups (usually three or four) surrounding the il-
luminated radii of porch lights of houses. Individuals were wary, 
and would dash for recesses and holes very quickly if startled. 
Using the plastic container, it was possible to slowly enclose gec-
kos without immediately startling them. We then slid the card un-
derneath the cup along the wall and the gecko was captured. Spot-
ting individuals proved difficult without using additional light; 
however, a flashlight usually startled them. Using a dimmer flash-
light or simply reflecting the porch light with the manila card pro-
vided sufficient light and did not startle the geckos. 

Shedding Observations.—We kept 16 geckos in a glass terrarium 
(60 x 30 x 40 cm). Geckos were provided with simulated porch 
light in the form of a 100-W overhead incandescent bulb, which 
provided both heat and a nighttime light source. Geckos were ex-
posed to sunlight through the windows of the lab during the day. 
Inside their terraria, geckos were provided with a refugium (egg 
crate cardboard). Hemidactylus turcicus live in groups under similar 
conditions (e.g., porch lights) on houses and apartment buildings 
(Davis 1974; Selcer 1986). Each day we fed the geckos small crick-
ets (Acheta domesticus) and mealworms (larval Tenebrio molitor) 
and misted them with water. During a 2-wk observation period, 
five of the 16 geckos shed including one individual that was ob-
served abrading its loose layer of skin against a rough surface. 
These observations reinforced our impression that shedding would 
limit the utility of simple surface-marking methods in the field. 

Retention Rates of Various Marking Methods.—After the initial 
2 wk of observation, each gecko was assigned to one of six groups. 
Two terraria (60 x 30 x 40 cm) were placed end-to-end lengthwise 
with two walls (5-mm foam board held in place with silicon) that 
divided each tank into three cells. Each cell contained a refugium 
(made of the same foam board) on one wall, accessible by small 
holes that provided shelter and darkness (as well as abrasion for 
shedding). The floor of each terrarium was covered in aquarium 
rock and artificial plants, which provided cover for ground forag-
ing and another surface to aid in shedding. Two 100-W incandes-
cent lamps were suspended just above the terraria to provide an 
evenly distributed light and heat source (close enough to simulate 
porch lights, but with shade provided by refugia). Seven more 
recently captured geckos were randomly assigned to the four treat-
ments with the original 16 geckos. Thus, we had a total of 23 
individuals, four placed in each of five compartments and three 
individuals in the last compartment (similar to the group sizes 
observed at porch lights in the field). Without marking any of them, 
we fed the geckos and allowed them to acclimate to the experi-
mental conditions for 2 d. 

We marked individual H. turcicus using one of three methods. 
The first method involved placing a raised cyanoacrylate superglue 
dot (SGD) on the back, measuring ca. 0.5 cm diam. The second 
method involved gluing an elastomer alphanumeric tag (ANT: 
Northwest Marine Technology's VI Alpha Tags, adhered with the 
same superglue) on the back to create a more visible external mark-
ing for comparison with SGD. The third method involved inject-
ing a visible implant elastomer (VIE) into a leg. Geckos were held 
by hand and the hind leg was extended so the VIE could be in-
jected into the ventral knee joint with a 1-ml syringe. 

TABLE 1. Calendar of shedding for 12 Hemidactylus turcicus with two 
surface-marking methods (SGD = superglue dot and ANT = alphanu-
meric tag). Geckos were marked on day 0. Numbers are the cumulative 
number of animals that had completely shed and lost their surface mark. 
Numbers in brackets are the number of individuals that escaped or died. 

Marking Day 
Treatment 3 4 5 7 8 10 13 15 

SGD 0 0 1 2 3 3 5 [1] 5 [1] 
ANT 0 1 1 2 2 3 5 5 

Geckos were distributed into the enclosures such that there was 
an individual marked by each method in each of the six cells. In 
all but the last compartment (which contained only three geckos), 
one gecko was left unmarked as a control. The experiment com-
menced with 23 geckos: six individuals marked with SGDs, six 
with AM's, six with VIEs, and five unmarked controls. By feed-
ing the geckos ad libitum, providing them adequate light and heat, 
and misting them with water, they were expected to achieve high 
levels of activity, thus providing a vigorous test of each marking 
method for 2 wk. 

By day 15, all but one SGD gecko had shed its skin and there-
fore its mark. The sixth SGD-marked individual died while shed-
ding. Over the same time period all but one ANT gecko shed its 
skin and mark. Each VIE gecko retained its mark for the 2-wk 
duration. Three individuals escaped their terrarium near the end 
of the experiment, but these were animals that had either been 
unmarked or shed their mark before escaping. A summary of shed-
ding records and mark retention among geckos in our study is 
presented in Table 1. Over the course of the 2-wk study, all im-
planted specimens were easily distinguished upon capture, but the 
surface marks were consistently shed. As early as day four there 
were visible signs of wear to surface marks; two SGD geckos were 
beginning to shed, with raised skin surrounding the glue spot, but 
the glue itself was retained. Our results indicate that Mediterra-
nean House Geckos might shed as often as every 2 wk under fa-
vorable conditions. Our experiment was not designed to deter-
mine if external marking promotes shedding, however, our results 
are suggestive of this and this warrants further testing. 

For studies of H. turcicus, a more permanent marking method 
(compared to surface methods) is necessary for observation peri-
ods exceeding a few days. Toe clipping is one such alternative, 
but this technique has proved harmful to Bufo fowleri (Clarke 1972) 
and Aspidoscelis [Cnemidophorus] sexlineata (Dodd 1993). More 
recently, toe clipping has been shown to reduce the clinging abil-
ity of pad-bearing arboreal lizards by 40% and 60% with two and 
four toes removed, respectively (Bloch and Irschick 2004). The 
primarily scansorial locomotion of H. turcicus warrants consider-
ation for the well being of their toes. 

Visible implant elastomer had a minimal impact on survival, 
growth, health, or behavior of reef fishes (Buckley et al. 1994). 
Likewise, we did not observe obvious reductions in activity or 
locomotor performance as a result of implanting elastomer under 
the left knee of six H. turcicus. Elastomer can be used on very 
small animals (Marold [2001] successfully injected larval sala-
manders < 2 cm SVL) and, by color-coding, can be readily used to 
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identify individuals in a population. For example, with 2-4 injec-
tion sites on our geckos (i.e., the near-transparent undersides of 
knee and elbow joints), a large number of unique color combina-
tions was possible given the availability of five readily distinguish-
able VIE colors, and the experimenter's own injection-pattern 
variability. The greater effort and higher cost of elastomer, rela-
tive to the other surface-marking methods we tested, are out-
weighed by the longer retention time of the VIE. 
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The origins of the diversity of breeding modes in anurans beg 
for more focused hypotheses, but no suggestion for the evolution 
of any grade of endotrophy (= development without a free-living, 
feeding tadpole sensu Altig and Johnston 1989) has received rig-
orous testing (e.g., Salthe and Duellman 1973). Direct develop-
ment occurs in at least nine anuran families (Thibaudeau and Altig 
1999), and other grades of endotrophy add to the list of deviations 
from the classical biphasic anuran life cycle. Selection has been 
proposed as the process by which these various reproductive modes 
arose (e.g., Downie 1993; Magnusson and Hero 1991). The preva-
lence of these breeding patterns in species rich, tropical assem-
blages has presumably been caused by selection for escaping 
crowded (i.e., competitors) and hostile (i.e., predators and abiotic 
factors) aquatic habitats (e.g., Duellman 1978). Yet, hundreds of 
species reproduce in aquatic sites in many habitats despite experi-
encing low and sporadic recruitment (e.g., Greenberg and Tanner 
2005). Accordingly, we should not assume that any of these repro-
ductive deviations afford vastly superior recruitment over the typi-
cal life cycle (e.g., Roberts 1994; ROdel et al. 2002), especially 
when egg survival is the only criterion that is commonly reported. 

In the near absence of prevailing hypotheses that address the 
evolution of these various developmental modes (see Callery et 
al. 2001), we discuss an alternative to selection. We argue for a 
nonhierarchical approach in a system that suggests a hierarchical 
structure. Adhering to a hierarchical system oversimplifies a com-
plicated process and inhibits finding a viable solution. Many broad 
questions need to be answered, and only after the collection of 
pertinent specimens and data can we eventually revisit the larger 
question of the evolution of divergent reproductive modes. We 
discuss three reproductive grades as examples that we propose 
have arisen independently by different genetic mechanisms, usu-
ally multiple times: arboreal eggs, nidicolous larvae (= variously 
modified, nonfeeding tadpoles usually confined to a "nest"), and 
direct developers (= froglet hatches from egg jellies). With an un-
derstanding of developmental biology increasing daily (e.g., Gil-
bert 2001; Raff 1996; Robert et al. 2001), discussions of compet-
ing hypotheses should help direct future studies. 

We argue that those taxa that lay arboreal eggs over water and 
develop normally as tadpoles achieved those capabilities via se- 
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