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Amphibians are well-known for their sensitivity to water loss 
and relatively few species have developed adaptations that allow 
them to survive in xeric environments (Duellman and Trueb 1986; 
Warburg 1997; Zug et al. 2001). Adaptations to xeric environ-
ments include a nocturnal lifestyle, typical water-conserving rest-
ing postures, aestivation during dry conditions, and dehydration 
tolerance (Hillman 1980; Kobelt and Linsenmair 1992; Pough et 
al. 1998). Only a few species have evolved adaptations that allow 
them to bask in bright sun when not immersed in water (Brattstrom 
1979; Buttemer 1990; Christian and Parry 1997; Duellman and 
Trueb 1986; Stebbins and Cohen 1995). I define sun-basking as 
sitting exposed to the sun for prolonged periods while access to 
shade is possible. Sun-basking has the advantage of allowing at-
tainment of an increased body temperature which benefits diges-
tion and growth (Lillywhite et al. 1973), and hence may reduce 
time to reach sexual maturity and allow attainment of larger body 
size. 

Given the desiccating conditions to which frogs living in semi-
arid zones are exposed they should avoid sun-basking. To my 
knowledge sun-basking in desert frogs has been reported only for 
young Bufo debilis (Seymour 1972). Here I report observations 
on sun-basking and desiccation in two frog species from the pe-
riphery of the arid zone in Australia. 

The observations were made incidentally as part of a study of 
the population and community ecology of reptiles in Kinchega 
National Park, western New South Wales, Australia (32°28'S, 
142°20'E). Kinchega National Park is located at the periphery of 
the arid zone with an average yearly rainfall of 236 mm that is 
highly variable between years but evenly spaced across the year 
(Robertson et al. 1987). Mean annual maximum temperature 
(1995-2002) ranged between 25.4 and 27.6 °C and mean monthly 
maximum temperature (1992-2002) varied between 14.6 and 
39.2°C. 

The study area extended ca. 500 m to the north, 200 m to the 
east, and 500 m to the west of Kinchega Station. It consisted of 
Black Box (Eucalyptus largiflorens) riverine woodland on grey 
clay soil and the adjacent red sand dunes. Partial flooding of the 
study sites occurred in 1989, 1990, 1998, and 1999. For more de-
tails on the study area see Caughley et al. (1987) and Henle (1990). 

The study site was visited every second month from September 
1985 to May 1987 and yearly from 1996-2006 in February/March. 
During each visit, at least eight daytime and eight nocturnal visual 
searches of 2-3 h duration were made. In addition, temporary ponds 
and puddles that formed in the vicinity of the study area after heavy 
local rains were checked for amphibians at least once per visit at 
night and during the day. 

The frog community in the study area consisted of four species: 
Limnodynastes tasmaniensis, Neobatrachus cf. pictus, Litoria 
caerulea, and Litoria peronii. A single adult of a fifth species, 
Crinia parinsignifera, was caught in a pitfall trap. All recently 
metamorphosed N. cf. pictus (N = approx. 50) and L. tasmaniensis 
(N = 11) were observed at night. Of 106 juvenile L. caerulea, 
eight individuals and the single juvenile L. peronii were observed 
sun-basking in May 1998. No adults of any of the four species 
were ever observed sun-basking in spite of > 500 L. tasmaniensis, 
> 500 L. peronii, > 1000 L. caerulea, and > 5000 N. cf. pictus 
observed. The difference is highly significant for L. caerulea (x2  
= 70; a = 0.00) and L. peroni (x 2  = 500; a = 0.00). Seymour (1972) 
and Freed (1980) also observed that recently metamorphosed 
anurans are more prone to expose themselves to the sun than adult 
frogs. 

All sun-basking juveniles were sitting fully exposed to the sun, 
either on the ground between herbs (3 L. caerulea) or in the axilla 
of large leafs (1 L. peronii and 5 L. caerulea). They retained their 
position for the whole observation period (approximately 10 min-
utes) and made no effort to seek nearby shade underneath herbs or 
in the numerous cracks in the soil. At the time of observations 
there were neither clouds nor wind. It was the hottest part of the 
day with temperatures reaching 37.7°C (L. caerulea) and 29.5°C 
(L. peronii) in the shade 2 m above the ground. For L. caerulea, 
the shade temperature reached the lower limit of the range of the 
Critical Thermal Maximum determined by Johnson (1970). 

Although limited diurnal activity also occurred in adults of all 
species, diurnal activity invariably occurred in shelter, such as 
calling from within very dense flooded bushes or from within hol-
low trees after rain. In addition, L. caerulea occasionally was seen 
active during the day close to artificial water bodies such as toilets 
or water tanks that were sheltered from the sun. 

Three adult L. caerulea were found desiccated on dirt tracks in 
the morning of a sunny day and apparently failed to locate a safe 
retreat. In all cases, the closest safe retreats were in a distance of 
20 m. These dead frogs were in a resting position with the feet 
tightly tucked underneath the body and the whole body forming a 
hemisphere. 

Shady retreats are less available for adult frogs due to their larger 
size. Therefore, they likely have a higher desiccation risk, which 
probably explains why adult frogs were not observed sun-bask-
ing. A difference between juveniles and adults to withstand desic-
cating conditions has been shown for the African reed frog 
Hyperolius nitidulus (Rodel 2000). Physiological adaptations to 
winds associated with canopy locations (Buttemer 1990) may ex-
plain why sun-basking is more prominent in more arboreal frog 
families, such as hylids and hyperoliids, and absent in syntopic 
species of more terrestrial families (McClanahan and Shoemaker 
1987; Rode 2000; this study). 
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Regulation of body temperature is a critical function in the lives 
of many ectotherms, particularly lizards (Huey and Slatkin 1976; 
Pianka and Vitt 2003). The cost of thermoregulation in ectotherms 
comes in the form of tradeoffs with other activities that are impor-
tant for survival (e.g., feeding or predator avoidance), whereas the 
benefits include performing at peak metabolic and behavioral ca-
pacity (Huey and Slatkin 1976; Pianka and Vitt 2003). Lizards of 
the genus Aspidoscelis (formerly included in Cnemidophorus; 
Reeder et al. 2002) are well known for their precise thermoregula-
tion of high body temperatures (36-42°C), which they achieve by 
shuttling between thermal sources and sinks (Bowker and Johnson 
1980; Fitch 1958; Milstead 1957). 

Thermoregulation is considered important to the metabolic and 
behavioral performance of racerunners (e.g., Fitch 1958; Hardy 
1962). Although the thermal ecology of Prairie Racerunners 
(Aspidoscelis sexlineata viridis; previously classified in much of 
the upper Midwestern United States as the Six-lined Racerunner 
A. sexlineata sexlineata; Conant and Collins 1998) and other 
Aspidoscelis has been studied in other regions of the United States 
(e.g., Fitch 1958; Hardy 1962; Paulissen 1988; Witz 2001; Wright 
and Vitt 1993), very little empirical information has been pub-
lished on this subspecies in the upper Midwest United States 
(Warner 2000). Because these regions represent the northern dis-
tributional limit of A. s. viridis (Conant and Collins 1998), studies 
of active-season duration, habitat use, and environmental tempera-
ture selection should yield important insights into the biology of 
this subspecies. 

The duration of the active season and habitat selection by A. 
sexlineata have been reported for several regions of the United 
States (Fitch 1958; Hardy 1962; Witz 2001). For the upper Mid-
west, most information on the habitat preferences and seasonal 
activity of racerunners is summarized in field guides (Harding 
1997; Oldfield and Moriarty 1994; Phillips et al. 1999; Vogt 1981). 
According to these sources, this subspecies prefers open-canopy 
habitats such as pine barrens, open grasslands, and oak savannas 
with loose dry soil and sparse ground vegetation. These habitats 
can experience high environmental temperatures (JMK, pers. 
observ.). Unfortunately, this information is qualitative, and to our 
knowledge there have been no attempts to quantitatively charac-
terize the habitats used by A. s. viridis in the upper Midwest. 
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Our study was conducted to ob-
tain quantitative ecological data, 
which are lacking for A. s. viridis 
in the upper Midwest. First, we 
determined the length of the activ-
ity season and compared our find-
ings to other reports for the sub-
species. Second, we quantified 
habitat use at our study site. Third, 
we determined whether ground-
surface temperatures differed 
among habitats used by A. s. 
viridis. The second and third points 
begin to circumscribe the niche of 
this subspecies, which may need 
to be managed to insure its long-
term survival in this region. 

The study site was located in 
southwestern Wisconsin (Sauk 
County) on 824 ha of land man- 

TABLE 1. Type, amount, and observed use of habitats by Aspidoscelis sexlineata viridis in Sauk County, 
Wisconsin, USA. 

Habitat Type Habitat Size (ha) % of Study Site Lizard Use (%) 

Agriculture 279 33.7 0.0 
Open bluffside 48 5.8 2.6 

Closed canopy forest (bluff) 298 36.1 0.0 
Conifer forest 3 0.4 0.0 
Edge habitat (natural/agricultural) 35 4.2 0.0 
Hillside with occasional brush/trees 12 1.5 0.0 
Residential landscape 25 3.1 0.0 

Oak savanna 58 7.0 58.9 
Open grassland 45 5.5 38.4 

Roadside grass 15 1.9 0.0 

Sandblown 6 0.7 0.0 

Totals 824 100.0 100.0 

aged by The Nature Conservancy 
(TNC) in the Lower Wisconsin River Valley. The habitats present 
included restored sand prairie and oak savanna in the lowlands, 
and adjacent west-to-south-facing bluffs with exposed limestone 
outcroppings cleared of overstory vegetation in some areas. Oak 
savannas had mostly sandy soils with sparsely clumped shrubby 
vegetation and leaf litter. Oak trees (Quercus), occasionally > 6 m 
in height and ranging from 5-40 m apart, occurred in clumped 
stands throughout the study site. Understory vegetation in these 
habitats occurred irregularly and usually consisted of raspberry 
(Rubus) tangles or xerophilous plants near the oak trees. Open 
grassland and sand prairie habitats also had sandy soils, but little 
canopy vegetation, and understory vegetation rarely exceeded 100 
cm in height. Often, this understory vegetation (Andropogon, 
Opuntia, and Sorghastrum) was clumped, with intervening areas 
of open sand. The land bordering the TNC property was domi-
nated by agriculture (row crops or pasture) and residential lawns 
with ornamental shrubs, or rubble piles near homes in the low-
lands. Closed canopy forests, consisting of cedar (Juniperus) and 
oak (Quercus), lined the west-to-south-facing bluffs that bordered 
TNC property. Some of the study site has been managed since the 
1970s, with past and ongoing management including native seed 
application, burning, and eradication of invasive plant species 
(Alliaria, Juniperus, and Robinia). 

Visual surveys for active A. s. viridis were conducted from early 
April until mid-October in 2004 and 2005 and four times in Au-
gust of 2003. Surveys were conducted at least 3 days each week 
from approximately 0930-1430 h. Typically only one surveyor 
(JMK) was present. The surveys were conducted by walking 
through all habitats at the study site (i.e., not solely in areas with 
high abundances of A. s. viridis). Although all habitats were 
sampled during each survey, it was not possible to survey all habi-
tat types equally on a given day. 

Upon encountering a basking lizard, several parameters were 
recorded at the position where it was observed. Because these liz-
ards are apt to flee when disturbed, we only recorded data for 
observations in which it could be determined where the lizard was 
resting prior to flight. Each location was recorded using a global  

positioning device (Garmin ®  GPS III Plus; Olathe, Kansas). Habitat 
type was characterized in the field and confirmed via geographic 
information system (GIS) based on an aerial photograph (ArcMap 
8.2; Table 1). Microhabitat analyses of the vegetation were also 
conducted, including the percent of ground cover in a 1-m 2  area 
centered on each lizard occurrence. We recorded soil type as sand, 
soil, sand/soil mix, or soil/gravel mix. Tree-canopy cover was 
measured via a convex densiometer (Ben Meadows, Atlanta, Geor-
gia). We estimated soil-surface temperatures at each lizard local- 
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FIG. 1. Box plots: (median, 25th and 75th percentile, and range) compar-
ing soil-surface temperatures between the two habitats in which 
Aspidoscelis sexlineata viridis was most commonly observed in Sauk 
County, Wisconsin. 
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ity by laying a glass-encased pocket thermometer (non-mercury) 
on the soil surface until it equilibrated, which did not exceed 5 
min. Comparison of soil-surface temperatures selected by lizards 
between habitats was accomplished via a two-sample t-test con-
ducted in Systat v. 10.0 (Point Richmond, California). The per-
centage of racerunner observations in a particular habitat was cal-
culated by taking the number of observations in that habitat and 
dividing it by the total number of racerunner observations; how-
ever, we did not account for search effort within each habitat. 

We observed active adult racerunners from 10 May-31 August 
in both years. The activity of hatchlings lasted several weeks longer 
in fall, with the latest observation occurring on 6 October. Thirty-
nine observations were deemed acceptable based on the previ-
ously mentioned criteria. Of these, we recorded soil temperature 
on 36 occasions. In most cases, adult lizards were observed in 
either oak savanna (N = 23) or open grasslands and prairie (N = 
15). These two habitats constitute a small portion (12.5%) of the 
study area (Table 1). The remaining individual (excluded from 
analyses) was found basking on rocky soil of a south-facing open 
bluff. The microhabitats in which lizards were observed had mean 
understory cover of 32% (range: 0-75%) and an estimated tree-
canopy closure of 17.6% (range: 0-70%). Lizards were observed 
on soils characterized as either sand (N = 38) or soil/gravel mix 
(N = 1). The soil-surface temperatures selected by racerunners 
were relatively high (Fig. 1) and differed (t = 2.34; P = 0.025) 
between oak savannah (34.7°C) and open grassland (39.2°C). 

The active season for adult racerunners at our study site (early 
May through late August) was 2-3 weeks longer than the mid-
May through mid-August season proposed by Vogt (1981) for 
Wisconsin. The active season we observed was also slightly longer 
than the late May through mid-August active season proposed for 
the Great Lakes region by Harding (1997) and the mid-May through 
late August season proposed for Minnesota by Oldfield and 
Moriarty (1994). Although our observations are based on a small 
area within the state, this may be the largest population of this 
subspecies in Wisconsin (B. Hay, pers. comm.). However, we can-
not eliminate annual variation in climate as a possible factor con-
tributing to the differences between our estimate of activity pe-
riod and the other sources. Nonetheless, because racerunners (1) 
are listed by the Wisconsin Department of Natural Resources 
(DNR; 2005) as a "Species of Greatest Conservation Need" and 
considered restricted in range or declining in other states within 
this region; (2) have short activity seasons (4 months or fewer) 
compared to populations in other parts of their range; and (3) their 
habitats in the upper Midwest, where protected, are often man-
aged by burning, knowing the earliest and latest possible dates for 
racerunner activity may reduce management-related mortality. 

Aspidoscelis sexlineata is widely reported to prefer open habi-
tats (Fitch 1958; Harding 1997; Hardy 1962; Oldfield and Moriarty 
1994; Phillips et al. 1999; Vogt 1981). Not surprisingly, lizards 
were never encountered in closed canopy habitats, such as low-
land and bluffside mixed hardwood forests, which dominated the 
landscape adjacent to most of our racerunner observations. The 
high soil-surface temperatures apparently preferred by this sub-
species were more commonly available in open-canopy habitats, 
but open grassland habitats may have been too hot (i.e., exceeding 
the upper preferred limit for this subspecies). This may partly ex-
plain why lizards were observed less often in open grassland than  

in oak savanna, although alternate hypotheses cannot be ruled out 
(e.g., predator or prey densities, etc.). 

Our findings are relevant to those involved in the management 
and restoration of upper Midwest prairie habitats where this sub-
species occurs. Because A. s. viridis is considered uncommon and 
declining in many upper Midwest states (Christoffel et al. 2002; 
Oldfield and Moriarty 1994; Phillips et al. 1999; Wisconsin De-
partment of Natural Resources 2005), proper management of 
canopy and under-story vegetation in areas where this subspecies 
occurs is of critical importance to its conservation (Mushinsky 
1985). Our results indicate that Prairie Racerunners are usually 
observed in two habitats that are rapidly declining throughout the 
United States: oak savannas and open grasslands. Therefore, pro-
tection or management of these habitats is critical, at least in this 
portion of the Prairie Racerunner's range. 
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Skeletochronology has been used successfully to estimate age 
in temperate and sub-temperate frogs (Halliday and Verrel 1988; 
Khonsue et al. 2002; Morrison et al. 2004; Reaser 2000; Ryser 
1988). In temperate species, lines of arrested growth (LAGs) in 
bones are usually distinct and are formed during winter (Halliday 
and Verrel 1988; Reaser 2000; Ryser 1988). Few attempts have 
been made to estimate age using this method in tropical frogs 
(Guarino et al. 1998; Khonsue et al. 2000; Kumbar and Pancharatna 
2001; Pancharatna et al. 2000) and it has not previously been ap-
plied to Indonesian frogs. 

As part of a population study of three species of edible frogs in 
Indonesia, we examined phalanges taken from toe clips of 
Fejervarya limnocharis, F cancrivora, and Limnonectes macrodon 
to determine whether it is possible to estimate the ages of indi-
viduals of these tropical species using skeletochronology. For every 
frog captured, we recorded sex, body size as measured by SVL  

(snout—vent length) and mass, and clip code. Since each frog was 
numbered uniquely, phalanges used for skeletochronological analy-
sis were taken from different toes. Fejervarya limnocharis and F 
cancrivora were encountered in rice fields, and L. macrodon was 
found primarily at streams. 

We analysed samples from 103 F limnocharis (SVL = 15.68-
53.00 mm), 35 F cancrivora (SVL = 14.50-56.68 mm) and 42 L. 
macrodon (SVL = 47.06-105.22 mm). Samples of the rice field 
frog species were taken during surveys carried out between Sep-
tember 2001 and June 2002 in West Java province, Indonesia, in 
the Residencies of Bogor and Sukabumi. Samples from Bogor were 
taken from rice fields in Situ Gede (06 °33'50.8"S, 106 °44'10.2"E, 
elevation 220 m above sea level) and Caringin (06 °43'22.4"S, 
106°49'22.8"E, elevation 478 m asl) while samples from Sukabumi 
were taken from Ciptarasa (06°51'07.3"S, 106°30'22.9"E, eleva-
tion 810 m asl), and Panguyangan (06°52'13.1"S, 106°31'04.4"E, 
elevation 760-800 m asl); both are village enclaves within Mount 
Halimun National Park. Samples of L. macrodon were taken dur-
ing surveys carried out in streams at Cilember (06 °39'36.7S, 
106°56'42.1"E) and Ciapus Leutik (06°39'48.0"S, 106°44'42.7"E) 
both in Bogor Residency, from June 2002 to May 2003. Mean 
monthly temperatures in the area normally vary by less than 10°C 
over the year. The Bogor and Sukabumi Residencies are one of 
the wettest regions in Java, with monthly rainfalls greater than 
200 mm in most locations throughout the year (Whitten et al. 1997). 

Clipped toes were stored in 4% formalin and returned to our 
laboratory at James Cook University, Australia for processing. Each 
toe was wrapped in sponge and placed individually in a cassette, 
then decalcified overnight (approximately 24 h) in 10% formic 
acid solution. Toes were then embedded in wax in a vacuum infil-
trated processor and cut into sections transversely at 10 1.A.M thick-
ness using a rotary microtome. Sections were put on slides and 
stained with Mayer's Haematoxylin. The best and clearest sec-
tions were chosen for observations and were examined using an 
Olympus BH dual-head microscope at 100x magnification to view 
marks of skeletal growth. Due to staining problems (sections too 
dark or/and curled), which make interpretation difficult, sections 
from 7 F limnocharis, 5 F cancrivora, and 1 L. macrodon were 
not included in the analysis. Lines of arrested growth (LAG) were 
interpreted from the occurrence of hematoxylinophilic lines in the 
periosteal layer in sections taken from the central regions of the 
diaphysis. We examined the results by analyzing the differences 
of mean SVL between groups that have LAGs and no LAGs (F 
limnocharis and F cancrivora) and evaluated the relationship be-
tween body size and number of LAGs using Spearman's correla-
tion (for L. macrodon). 

LAGs appeared as faint lines in the periosteal layer of cross 
sections of phalanges of E limnocharis and F cancrivora, whereas 
in L. macrodon they were darkly stained and distinct lines (Fig. 
1). The maximum number of LAGs found in samples from F 
limnocharis and F cancrivora was one and for L. macrodon was 
five. The most common state for all species was to have no LAGs 
visible (73% of F limnocharis, 63% of F cancrivora, and 61% of 
L. macrodon). One LAG occurred in 27% of E limnocharis, 37% 
of E cancrivora, and 20% of L. macrodon. Only L. macrodon had 
more than one LAG (10% with 2, 7% with 3, and 2% (1 indi-
vidual) with 5). 

There were no significant differences in mean body size be- 
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FIG. 1. A (top, left): Female L limnocharis (SVL = 41.5 mm, mass = 5 
g), 1 LAG (arrow): scale 40 mm. B (top, right): Male F limnocharis, no 
LAGs, SVL = 43 mm, mass = 6.4 g. (MC = Marrow cavity; EB = En-
dosteal Bone; PM = Periosteal Bone). C (middle, left): Female E 
cancrivora (SVL = 42 mm, mass = 4.6 g); LAG (arrow) = 1. D (middle, 
right): Limnonectes macrodon from the Cilember stream with 5 LAGs; 
(SVL 77.8 mm, mass = 61 g). E (lower, left): Limnonectes macrodon 
from the Cilember stream with 3 LAGs; (SVL 101.74 mm, mass = 126.5 

Iv g). 

tween groups that had LAGs and no LAGs, both in F limnocharis 
(t93 = 0.358, P= 0.723) and in F cancrivora (t28 = 0.369, P = 0.723). 
However, there was a significant positive relationship between 
body size and LAG number in L macrodon (Spearman correla-
tion, rs  = 0.399, P = 0.01); larger L. macrodon tended to possess 
more LAGs than smaller individuals (Fig. 2). This suggests that 
the number of LAGs may reflect age in this species. However, 

since each LAG class spanned wide and overlapping ranges of 
snout-vent lengths, it is impossible to estimate age from the size 
of frogs. 

Our results suggest that skeletochronology may not be useful 
on some species such as F limnocharis and F cancrivora that are 
active all year and live in environments in which temperature does 
not show major seasonal fluctuations, even when there are dis- 
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FIG. 2. Snout—vent length (mm) versus number of lines of arrested 
growth (LAGs) for Limnonectes macrodon. 

tinct wet and dry seasons. Both species only showed weak LAGs, 
when any were evident. Population studies (Kusrini 2005) indi-
cated that they remain in an area of habitat while conditions are 
favourable, but move on when conditions become unfavourable. 
Because individual paddy fields have varying seasonal patterns of 
filling and draining, sowing and harvesting, paddy-field systems 
taken as a whole tend to be largely aseasonal. The lack of sea-
sonal effects on growth in these species could therefore be due to 
the frogs moving locally to favorable habitats as conditions change. 
It is also possible, however, that the age structure suggested by the 
LAGs we detected in these species is correct; both have been sug-
gested to be short lived (Jaafar, 1994; Kusrini 2005). 

Our results show that skeletochronology may be applicable to 
L. macrodon. LAGs found in L. macrodon were quite distinct, 
suggesting that growth was slower during certain times. In con-
trast to the paddy-field species, mark recapture data showed that 
L. macrodon is philopatric, remaining in place during the dry sea-
son but reducing its activity levels (Kusrini 2005). This suggests 
that the pattern of LAGs we found in L. macrodon may be due to 
changes in growth rate caused by seasonal rainfall patterns, with 
reduced growth during the dry season, which typically occupies 
three months each year. 

Further study is required to validate that LAGs are formed an-
nually in L. macrodon, either by clipping recaptured frogs in the 
future or possibly by examining museum specimens covering a 
wide range of SVL sizes. 
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Most population studies of snakes require that researchers visit 
the population under investigation for more than one season, and 
a reliable permanent marking method is thus required for long-
term recognition of individual snakes. Scale-clipping was the first 
technique used for long-term marking of snakes (Blanchard and 
Finster 1933). Researchers have variously marked subcaudal 
scales, ventral body scales (scutes), or a combination of the two 
(Lang 1992). A drawback of this technique is that removed parts 
of scales can regenerate with time (Carlstrom and Edelstam 1946). 
Three additional disadvantages of scale-clipping have been ob-
served: 1) it is time consuming; 2) it may draw blood and increase 
risk of infection; and 3) it may not be practical for small snakes 
(Weary 1969). Passive integrated transponders (PIT tags) have been 
tested on neonatal snakes without observable ill effects (Keck 
1994), but use of this technology can be expensive (Morley 2002; 
Gibbons and Andrews 2004). However, compared to the use of 
PIT tags (Gibbons and Andrews 2004), cold branding with a mix-
ture of dry ice and 95% ethyl alcohol as a coolant (Lang 1992), or 
heat branding (Winne et al. 2006), scale-clipping remains the most 
economical method for marking snakes, and has been in use for 
over sixty years. Typically, the selected scale is excised with a 
pair of small scissors (Blanchard and Finster 1933). 

In September 2004, we initiated a population monitoring pro-
gram for wetland and forest snakes in Taoyuan and Ilan Counties, 
northern Taiwan. Our scale-clipping technique is based on use of 
the 12-gauge hypodermic needle of a PIT tag injector. The hypo-
dermic needle of the PIT syringe largely replaces the scissors when 
marking the snake, especially on small to medium sized individu-
als. First, the needle is inserted under the posterior end of the ven-
tral or subcaudal scales (Fig. 1). It is then pushed under the ventral 
plate (scute) and through the dermis of the scale base on the other 
side of the scale (the underlying muscle should be exposed). The 
needle tip is then raised, rupturing the base of the ventral scale. 
This results in a well-defined triangular scar on the ventral scute 
(Fig. 2). The removed tissue can be preserved in ethanol for mo-
lecular studies. When the scale does not rupture as neatly as de-
sired, a pair of scissors can be used to smooth out the margins. To 
date, we have marked seven snake species (Amphiesma sauteri, 
A. stolatum, Elaphe carinata, Oligodon formosanus, Ptyas korros, 

FIG. 1. The initial stage of inserting the hypodermic needle, as seen 
here demonstrated on the ventral scales of a female Trimeresurus 
stejnegeri. 

FIG. 2. The scar and regenerated condition of the ventral scales of a 
Trimeresurus stejnegeri two months after it was made with the technique 
described herein. 

Trimeresurus stejnegeri, and Xenochrophis piscator) and >50 in- 
dividuals over a six month period using this technique. We have 
experienced no problems in the execution of scale clipping and 
have observed scale complete regeneration. 
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A variety of methods have been used to study lizard popula-
tions including rubber bands, active searching and noosing 
(Campbell and Christman 1982; Karns 1986; Simmons 1987), pit-
fall traps (Fair and Henke 1997; Moseley 2004; Sutton et al. 1999), 
glue boards (Bauer and Sadlier 1992; Downes and Borges 1998; 
Durtsche 1996; Moseley 2004; Whiting 1998), extraction by hook 
(Bedford et al. 1995), conspecifics as bait (Zani and Vitt 1995), 
crickets as bait (Durden et al. 1995), refuge tubes (Moseley 2004; 
Strong et al. 1993), and a water-spray method (Estrada-Rodriguez 
et al. 2004). All of these can be used to capture lizards with vary-
ing degrees of effectiveness depending on the species, but in some 
cases they result in lizard mortality or stress. For example, in the 
southeastern United States many traps (pitfalls, glue boards, etc.) 
that capture anoles are frequented by red imported fire ants 
(Solenopsis invicta) that prey on captive lizards (K. Moseley, pers. 
comm.). Also, lizards may die before traps are rechecked or may 
go for extended periods without food. Likewise, techniques such 
as removing bark from dead wood alter the local habitat. 

Burlap bands are a simple, inexpensive, and effective way to 
catch or monitor bole-active lizards, and may be useful for sam-
pling other herpetofauna. Burlap bands have been used to monitor 
insect pests occurring in orchards (Mizell and Schifffhauer 1987; 
New 1967) or to simulate bark where insects hide in both hard-
wood (Campbell and Sloan 1977) and pine (Horn 2000) forests. 
Because burlap bands often harbor insect prey and serve as a ref-
uge from predators or adverse climatic conditions, they may be 
effective at sampling a number of arboreal lizard species. Herein, 
we describe our observations of Green Anoles (Anolis carolinensis) 
and other herpetofaunal species beneath burlap bands used for 
monitoring insects in mature pine forests in the southeastern 
Coastal Plain. 

Our study plots were located on the Savannah River Site, a Na-
tional Environmental Research Park in the Upper Atlantic Coastal 
Plain of South Carolina, USA. Stands consisted of loblolly pine 
(Pinus taeda) ca. 50-55 years in age in well-drained upland soils. 
We placed burlap bands (Fig. 1) around mature pine trees that had 
been scraped to remove the outer bark at a height of 1-1.5 m. 
Bands were 1 x 1 m pieces of burlap fabric folded in half and 
sewn along the fold ca. 3 cm from the folded edge. A 1.5 m-long 
piece of cotton rope was threaded through the fold and tied around 
the tree to hold the band in place (Fig. 1). Burlap bands were 
checked by untying the rope and slowly pulling the burlap away 
from the tree while walking around the tree and examining the 
bole underneath. 

On 19 October 2004 and 20 April 2005 we monitored 240 bur-
lap bands spaced ca. 50 m apart throughout 16 10-ha plots (15 
bands per plot). It took ca. 8 h to check all 240 burlap bands on 
each sampling date. We selected these dates to coincide with 
Moseley's (2004; see below) sampling periods in previous years 
on the same plots so we could compare our results to his. Burlap 
bands were always in the field, and data reported here are from 
two days of observation following long intervals without check-
ing bands. We collected 45 Green Anoles of all age classes, aver-
aging one anole for every 10.6 bands checked. We also observed 
other species beneath bands such as Eastern Fence Lizards 
(Sceloporus undulatus) (N = 7), a Gray Tree Frog (Hyla 
chrysoscelis) (N = 1), a juvenile Black Ratsnake (Pantherophis 
obsoleta) (N = 1), and Broad-headed Skinks (Eumeces laticeps) 

FIG. 1. Burlap band used for sampling arboreal insects and herpetofauna 
on pine tree boles at the Savannah River Site near Aiken, South Carolina. 
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(N = 2). Skinks have also been noted under burlap bands on both 
pine and hardwood trees in a nearby forest on the Savannah River 
Site (W. Gibbons, pers. comm.). 

Green Anoles are commonly encountered in the southeastern 
U.S., yet it is unclear whether existing sampling techniques repre-
sent actual population levels. For example, Greenberg et al. (1994) 
conducted a study in Florida scrub habitat using pitfall and funnel 
trap arrays to assess their relative effectiveness for capturing local 
herpetofauna. They captured a total of 38 anoles during a 13 month 
period. 

Recently, Moseley (2004) sampled herpetofauna (using pitfalls, 
refuge tubes, and glueboards) on the same plots used in this study 
and captured a total of 111 Green Anoles during 14 trap-days in 
October 2002 and 24 trap-days in April 2003. Glueboards (N = 
96) resulted in 1.97 anoles captured/trap-day, pitfall trap arrays 
(N = 12) resulted in 0.63 anoles/trap-day, and refuge tubes (N = 
192) resulted in 0.32 anoles/trap-day. In comparison, we averaged 
22.5 anoles/observation-day using burlap bands. We acknowledge 
limitations in these comparisons becasue varying methods sample 
the local community differently. However, our data show that 
burlap bands can be an efficient technique for targeting specific 
species such as Green Anoles and other arboreal lizards. 

Refuge tubes are similar to burlap bands in that they are non-
destructive, but refuge tubes on tree boles were not as successful 
in attracting anoles (K. Moseley, pers. comm.). Unlike pitfall traps 
and glueboards that can harm or kill captured lizards, burlap bands 
were non-destructive (i.e., lizards were not captured until observed, 
thus avoiding mortality, stress, or environmental hazards). For ex-
ample, glueboards resulted in 25% mortality of anoles captured in 
October 2002 and 41% mortality in April 2003. The increased 
mortality in April was likely because of increased temperatures 
and fire ant activity (K. Moseley, pers. comm.). 

Burlap bands provide an inexpensive monitoring tool for stud-
ies of lizards and other reptiles. Although our sampling was lim-
ited to pine forests in South Carolina, this technique should be 
useful for sampling bole or canopy active lizards in other forest 
types. This might be especially true in tropical regions where bur-
lap is widely available and sampling may be sporadic. More re-
search is needed to determine the efficiency of this technique for 
collecting different species under varying conditions and whether 
observations beneath burlap bands reflect actual lizard abundance. 

Acknowledgments.-We are thankful to the U.S. Department of En-
ergy for access to the Savannah River Site. Funding for this project was 
provided by the U.S. Department of Energy-Savannah River Operations 
Office through the U.S. Forest Service under Interagency Agreement DE-
AI09-00SR22188. We thank Danny Dyer for help with fieldwork and 
Kurds Moseley for access to data and helpful comments on the manu-
script. 

LITERATURE CITED 

BAUER, A. M., AND R. A. SADLIER. 1992. The use of mouse glue traps to 
capture lizards in trees and rock crevices. Herpetol. Rev. xx:xx-xx. 

BEDFORD, G. S., K. CHRISTIAN, AND B. BARRETTE. 1995. A method for catch-
ing lizards in trees and rock crevices. Herpetol. Rev. xx:xx-xx. 

CAMPBELL, H. W., AND S. P. CHRISTMAN. 1982. Field techniques for 
herpetofaunal community analysis. In N. J. Scott, Jr. (ed.), Herpeto-
logical Communities, pp. 193-200. U.S. Fish and Wildlife Service, 
Wildlife Res. Rep. 13, Washington, D.C. 

CAMPBELL, R. W., AND R. J. SLOAN. 1977. Release of gypsy moth popula- 
tions from innocuous levels. Environ. Entomol. 6:323-330. 

DOWNES, S., AND P. BORGES. 1998. Sticky traps: An effective way to cap- 
ture small terrestrial lizards. Herpetol. Rev. 29:94-95. 

DURDEN, L. A., E. M. DOTSON, AND G. N. VOGEL. 1995. Two efficient 
techniques for catching skinks. Herpetol. Rev. 26:137. 

DURTSCHE, R. D. 1996. A capture technique for small, smooth-scaled liz-
ards. Herpetol. Rev. 27:12-13. 

ESTRADA-RODRIGUEZ, J. L., S. V. LEYVA PACHECO, AND H. L. CORRUJEDO. 

2004. A new capture technique for the Coahuila fringe-toed lizard (Uma 
exsul) and other desert lizards. Herpetol. Rev. 35:244-245. 

FAIR, S. W., AND S. E. HENKE. 1997. Efficacy of capture methods for a low 
density population of Phrynosoma cornutum. Herpetol. Rev. 28:135-
137. 

GREENBERG, C. H., D. G. NEARY, AND L. D. HARRIS. 1994. A comparison of 
herpetofaunal sampling effectiveness of pitfall, single-ended and 
double-ended funnel traps used with drift fences. J. Herpetol. 28:319-
324. 

HORN, G. S. 2000. Relationship of coarse woody debris to red-cockaded 
woodpecker prey diversity and abundance. M.S. Thesis, University of 
Georgia. 

KARNS, D. R. 1986. Field herpetology. Methods for the study of amphib-
ians and reptiles in Minnesota. Occas. Pap. James Ford Bell Mus. Nat. 
Hist. 18:1-18. 

MIZELL, R. F. III, AND D. E. SCHIFFHAUER. 1987. Trunk traps and overwin-
tering predators in pecan orchards: survey of species and emergence 
times. Florida Entomol. 70:238-244. 

MOSELEY, K. R. 2004. Response of herpetofauna and soricids to coarse 
woody debris manipulations in upland loblolly pine stands. M.S. The-
sis, University of Georgia. 

NEW, T. R. 1967. Trap-banding as a collecting method for Neuroptera 
and their parasites and some results obtained. Entomol. Gazette 18:37-
45. 

SIMMONS, J. E. 1987. Herpetological collecting and collections manage-
ment. SSAR Herpetol. Circ. 16:1-70. 

STRONG, D., B. LEATHERMAN, AND B. H. BRArrsiRom. 1993. Two new meth-
ods for catching small fast lizards. Herpetol. Rev. 24:22-23. 

SUTTON, P. E., H. R. MUSHINSKY, AND E. D. McCoy. 1999. Comparing the 
use of pitfall drift fences and cover boards for sampling the threatened 
sand skink (Neoseps reynoldsi). Herpetol. Rev. 30:149-151. 

WHITING, M. J. 1998. Increasing lizard capture success using baited glue 
traps. Herpetol. Rev. 29:34. 

ZANI, P. A., AND L. J. Vrrr. 1995. Techniques for capturing arboreal liz-
ards. Herpetol. Rev. 26:136-137. 

Agkistrodon bilinteatus russeolus (Cantil). Mexico: Yucatan: 20 km 
ESE Merida. UMRC 88-3. Illustration by Julian C. Lee. 

428 	 Herpetological Review 37(4), 2006 



Herpetological Review, 2006, 37(4), 429-430. 

et 2006 by Society for the Study of Amphibians and Reptiles 

A Portable Non-Invasive Trapping Array for 
Sampling Amphibians and Reptiles 

AMANDA N. RICE* 
Everglades National Park, University of Florida 

40001 S.R. 9336, Homestead, Florida 33034, USA 

KENNETH G. RICE 
Florida Integrated Science Center; U.S. Geological Survey 

3205 College Avenue, Fort Lauderdale, Florida 33314, USA 
e-mail: ken_g_rice@usgs.gov  

J. HARDIN WADDLE** 
Florida Cooperative Fish & Wildlife Research Unit 

P.O. Box 110485, University of Florida 
Gainesville, Florida 32611, USA 
e-mail: hardin_waddle@usgs.gov  

and 
FRANK J. MAZZOTTI 

Fort Lauderdale Research and Education Center; University of Florida 
3205 College Avenue, Fort Lauderdale, Florida 33314, USA 

e-mail: fima@  ulfedu 

*Current address (ANR): 
Florida Fish and Wildlife Conservation Commission 
7922 NW 71° Street, Gainesville, Florida 32653, USA 

e-mail: Amanda.Rice@MyFWC.com  

**Corresponding author 

Trapping is an effective means for sampling and monitoring 
amphibian communities within and across habitats. Amphibian 
trapping can involve the use of drift fences with funnel or pitfall 
traps (Dodd 1991; Enge 1997), or poly-vinyl chloride (PVC) pipe 
refugia (Boughton et al. 2000; Zacharow et al. 2003). Most am-
phibian monitoring projects based on trapping focus on either drift 
fence trapping or PVC pipe refugia, not a combination of both 
(Boughton et al. 2000; Dodd 1991; Enge 1997). Trapping was 
adopted as one of our methods to inventory amphibians in a sea-
sonally flooded marsh habitat in Everglades National Park (ENP), 
Florida, USA. However, trapping in marsh habitat in ENP posed 
three challenges: a thin layer of marl soil with exposed limestone, 
a lack of trees on which to hang PVC pipe, and a wilderness des-
ignation that precludes mechanical disturbance to soil or substrate. 
We designed trapping structures that were non-invasive to the en-
vironment, portable, and combined PVC pipe refugia with funnel 
trapping along a drift fence. 

Each trapping structure comprises the following items: one 2.5 
cm x 10.2 cm x 305-cm wood plank, two 2.5 cm x 10.2 cm x 
30.5-cm wood extensions for stability on each end, three 61-cm 
wood stakes, and one 122 cm x 305-cm piece of silt fencing. Three 
1.2-m lengths of 5.1-cm-diameter PVC pipes were used along with 
three small elastic cords with hooks to support the top of the drift 
fence. We used collapsible, rectangular minnow traps measuring 
39 cm x 24 cm x 24 cm with a 5.5 cm diam opening on each end 
(Nylon Net Company, Model MT4). Each structure was assembled 
by attaching wood stakes with screws to a 305-cm plank at both 
ends and the center. One 30.5-cm-long wood extension was at-
tached perpendicular to each end of the structure for stability. The 

Fig. 1. Trapping structures were assembled from wood planks, stakes, 
silt fencing and PVC pipes to form a portable, non-invasive structure 
used to trap amphibians. 

silt fencing, available commercially through construction suppli-
ers (Enge 1997), was stapled to one side of the structure leaving a 
30-cm flap at the bottom. PVC pipes were placed on the stakes 
and the drift fence was held taut by attaching small elastic cords 
from grommets to the PVC pipes (Fig. 1). We constructed 40 trap-
ping structures at a cost of US $47.55 each, excluding the cost of 
minnow traps, and an average time of 0.3 h per structure. 

Assembled trapping structures (— 4.5 kg) were carried to the 
study site (100-300 m from road), along with bricks, chain, and 
PVC pipes (several trips are needed to get all supplies to sites). 
Two bricks were placed on each end of the trapping structures for 
stability against wind and water, and metal link chain (5-mm di-
ameter) was draped along the flap of the drift fence to secure it to 
the uneven ground. Trapping structures were completed by plac-
ing one minnow trap at both ends of the drift fence (Fig. 2). Min-
now traps were held snug against the fence with stakes where there 
was enough soil, and with rocks or bricks at other sites. 

We sampled amphibians at two sites in ENP (Main Park Road 
and Context Road). Each site had five plots and each plot con-
tained an array of four trapping structures arranged in an open 
square design for a total of 12 PVC pipes and eight minnow traps 

Fig. 2. PVC pipes and collapsible minnow traps were used in combina-
tion to trap amphibians. 
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TABLE 1. Number of species captured using portable, non-invasive trapping structures at two sites in Everglades National Park. 

Species 
Main Park Road 

PVC Pipe 	Minnow Total 
Context Road 

PVC Pipe 	Minnow Total 

Oak Toad (Bufo quercicus) I 1 
Green Treefrog (Hyla cinerea) 197 1 198 746 1 747 
Squirrel Treefrog (Hyla squirella) 802 2 804 239 2 241 
Cuban Treefrog (Osteopilus septentrionalis) 3 3 
Southern Leopard Frog (Rana sphenocephala) 2 2 13 13 
Green Anole (Anolis carolinensis) 31 13 44 107 11 118 
Brown Anole (Anolis sagrei) 2 2 
Striped Mud Turtle (Kinosternon baurii) 1 1 
Striped Crayfish Snake (Regina alleni) 1 1 
Common Garter Snake (Thamnophis sirtalis) 1 1 
Total captures 1033 21 1054 1092 30 1122 

per plot. Twenty trapping structures were used in each of the sites 
with a total of 60 PVC pipe refugia and 40 minnow traps per site. 
Sites were sampled monthly and each trap was checked on two 
consecutive days. Between trapping events, the elastic cords were 
unhooked, the drift fence was laid down, and minnow traps were 
closed. 

We captured five amphibian species and five reptile species 
between July 2004 and August 2005; four were caught in PVC 
pipe refugia and nine in minnow traps (Table 1). No aquatic sala-
manders were caught using these trapping structures, and only two 
non-hylid anuran species were captured in the minnow traps (Table 
1). We had 2,176 total captures and of those, 51 were from min-
now traps and the remainder were from PVC pipe refugia (Table 
1). Green Treefrogs (Hyla cinerea, N = 943), and Squirrel Treefrogs 
(Hyla squirella, N = 1041), captured in PVC pipes, accounted for 
the majority of captures. Cuban Treefrogs (Osteopilus 
septentrionalis), an introduced hylid frog species, were also cap-
tured three times in PVC pipes at the Main Park Road site. All 
animals captured were counted and released with no effort to mark 
them; therefore, the same individuals may have been captured on 
multiple dates. 

The number of species and individuals captured in minnow traps 
was very low relative to Dalrymple (1988) who captured 695 in-
dividuals of 30 species of reptiles and amphibians in minnow traps 
in seasonally flooded prairie habitat in ENP. Differences in array 
design and construction, length of study, and amount of time traps 
were opened all may have contributed to the differences in the 
number of species and individuals trapped. Dalrymple (1988) 
trapped for 2.5 yrs and his traps were open 50% of the time. He 
used a three-array design in prairie habitat; each array consisted 
of four 15-m lengths of shade cloth that intersected to form an 
"X." These arrays were configured by attaching shade cloth to 
iron reinforcing bars that had been hammered into the limestone. 
Our five arrays at each site consisted of four 3-m non-invasive 
trapping structures that did not penetrate the limestone and were 
only opened for two nights per month for a total of 24 nights. 

Corn (1994) recommends a drift fence design with three wings, 
each at least 5 m in length, radiating out from a central point and 
that funnel traps be placed in the middle of each array on either  

side. Our trapping structures could be made longer to meet these 
recommendations. A trapping structure 5 m in length may still be 
portable or two structures could be attached lengthwise to form a 
longer single structure. Alternatively, the trapping structure could 
be used with only PVC pipes, omitting the silt fence and funnel 
traps due to the success at capturing hylid frogs in PVC pipes and 
lack of success with the funnel traps. However, this design worked 
extremely well for capturing treefrog species and satisfied all re-
quirements for use in protected areas. 
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Methods for attaching radio transmitters to caudate amphibians 
are problematic (e.g., Blais 1996; Matsui 2003) because of their 
delicate skin, shape, and use of fossorial habitats and burrows. 
Available methods include surgical implantation (Blais 1996; Jehle 
and Arntzen 2000; Madison 1997; Madison and Farrand 1998; 
Stauffer et al. 1983), forced ingestion (Blais 1996; Schabetsberger 
et al. 2004), and suturing transmitters to animals (Blais 1996; 
Kakinoki 2000; Ota 1998). However, these methods have had lim-
ited use. 

The Japanese Giant Salamander, Andrias japonicus, is a gigan-
tic stream-dwelling salamander protected by the Japanese gov-
ernment (Matsui 2000). Radio telemetry can provide useful life 
history data for incorporation into conservation actions. Matsui 
(2003) surgically implanted transmitters subcutaneously into the 
hind limb of A. japonicus, but five of eight transmitters fell off 
within 16 days. A suturing attachment method was tested with 
eastern hellbenders, Cryptobranchus a. alleganiensis, where trans-
mitters were attached to the keel or tip of animals' tails and re-
mained attached for 1-8 weeks (Blais 1996). Kakinoki (2000) 
sutured transmitters to A. japonicus tails using nylon line and a 
pair of plastic washers, analogous to an ear-piercing. Eleven of 13 
transmitters remained more than 100 days, and three lasted more 
than 10 months. However, he sutured only relatively large adults 
(68.2-86.2 cm TL, 2140-4160 g), and the usefulness of the method 
for smaller adults is unknown. In addition, damage to salamanders 
and the cause of transmitter loss have not been reported. We tested 
the suturing method on 18 adult A. japonicus of various sizes to 
examine transmitter retention period, damage to salamanders, and 
cause of transmitter removal. 

MATERIALS AND METHODS 

Our study was conducted from July to November 2002 and in 
April 2003 at two sites in the Chugoku Mountains, western Honshu, 
Japan. The Tsuchiya River in Tottori Prefecture is relatively un- 

disturbed with plentiful rock cover flowing through woodlands. 
The average stream width is approximately 5 m. The Ouchi River 
in Hiroshima Prefecture is more heavily disturbed with three dams 
on a 300-m reach of river. Our study reach partially runs through 
rice paddies and cement walls line the riverbanks to prevent ero-
sion. Average stream width is approximately 3 m. Water depth in 
both rivers is less than 50 cm except in deep pools. 

We used BD-2 (1.2 g or 1.8 g, 17 x 9 x 7 mm, 21 cm whip 
antenna, 9-16 week battery life) and PD-2 (3.5 g, 23 x 12 x 6 mm, 
22 cm whip antenna, 6 month battery life) model transmitters 
(Holohil Systems Ltd., Ontario, Canada). The bottom edges of 
transmitters were embedded with a swivel or wire ring, used to 
connect to tail attachment assemblies (Fig. 1). Specifications for 
attachment assembly materials were as follows: polyethylene plas-
tic washer (15-19 mm diameter x 1 mm thick, 0.3 g x 2); monofila-
ment nylon line (0.78 mm diameter and 23 kg test fishing line for 
30-39.9 cm TL salamanders, 1.17 mm diameter and 45 kg test 
fishing line for salamanders > 39.9 cm TL); and aluminum crimp 
sleeve (3.5 x 2.5 x 1 mm, two sleeves with nylon line 0.1 g, to-
gether for a total of 0.7 grams). Plastic washers were cut from a 
plastic container and sanded smooth. The inside dimensions of 
sleeves were 2.5 x 1.2 mm. Sleeves come with 7.3 mm lengths, 
but were cut to 1 mm length. In Japan, these sleeves are common 
in electronics shops and are available in saltwater fishing tackle 
shops in the U.S.A. 

Salamanders were held without anesthesia in a halved PVC pipe 
along the stream bank while we attached transmitters. We covered 

FIG. 1. Diagram of a completed radio transmitter attachment assembly 
in the upper portion of the tail of a Japanese Giant Salamander (shaded 
part of figure), including: a) radio transmitter; b) swivel or wire ring; c) 
aluminum crimp sleeve; d) polyethylene plastic washer; e) foam polyeth-
ylene cushion; and f) monofilament nylon line. 
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salamanders from head to mid-dor-
sum with a wet cotton bag or towel 
to keep them calm and wet 
(Tochimoto 1994). Attachment pro-
cedure was similar to Kakinoki 
(2000). In overview, the procedure 
entailed attaching a transmitter to a 
monofilament line with a small loop, 
then threading the line through the 
salamander's tail and fastening the 
line, transmitter, and two plastic 
washers to the tail using aluminum 
crimps (Fig. 1 and 2). Before the pro-
cedure, a 50 cm length of nylon line 
was superglued to a sewing needle (5 
cm long, 1 mm thick) and sanded 
smooth. An end of nylon line was then 
passed through an aluminum crimp 
sleeve and the swivel ring of a trans-
mitter and back through the alumi-
num crimp. The aluminum sleeve was 
then crimped tight on the line, thus 
creating a small loop in the nylon line 
around the swivel ring of the trans-
mitter and crimped together (Fig. 1). 
The needle was then passed through 
a plastic washer. Needle and line were 
sterilized with 70% ethanol and, with 
washer and transmitter attached, were 
passed through the tail of the sala- 

Sal. 	Location 	Sex 
ID 	(River) 

TY23 	Tsuchiya 	M 
TY26 	Tsuchiya 	M 
TY43 	Tsuchiya 	M 
TY46 	Tsuchiya 	M 
TY51 	Tsuchiya 	M 
TY53 	Tsuchiya 	M 
TY55 	Tsuchiya 	M 
TY56 	Tsuchiya 	M 
TY28 	Tsuchiya 	F 
TY28 	Tsuchiya 	F 
TY44 	Tsuchiya 	F 
TY47 	Tsuchiya 	F 
TY42 	Tsuchiya 	U 
0C22 	Ouchi 	M 
0067 	Ouchi 	M 
0070 	Ouchi 	M 
0072 	Ouchi 	F 
0069 	Ouchi 	U 
0071 	Ouchi 	U 

SVL/TL Mass Transmitter Duration of Fate of 
(mm) (g) type retention transmitter 

(days) 

357/525 952 BD-2 123 Recovered 
457/685 2160 BD-2 113 Battery death 
376/547 1265 BD-2 120 Battery death 
256/373 392 BD-2 73 Battery death 
248/371 320 BD-2 74 Battery death 
336/531 918 BD-2 83 Battery death 
352/545 996 BD-2 67 Recovered 
320/490 754 BD-2 77 Recovered 
355/542 1065 BD-2 99 Recovered 

— 1010 PD-2 185 Recovered 
342/505 1095 BD-2 111 Battery death 
375/575 1280 BD-2 22 Shed 
250/375 372 BD-2 126 Battery death 
525/775 3880 BD-2 112 Recovered 
229/322 228 BD-2 39 Battery death 
369/540 1350 BD-2 39 Shed 
384/550 1225 BD-2 18 Shed 
320/459 940 BD-2 10 Shed 
282/437 628 BD-2 48 Shed 

TABLE 1. Individual A. japonicus radio tracked in Tottori (Tsuchiya River) and Hiroshima (Ouchi River) 
prefectures, Japan. U = unknown. 

mander. The device was attached at a location between 1/2 and 2/ 
3 the length of the tail back from hind legs, and approximately 3/ 
4 of the height of the tail at the point where the tail musculature 
and fin meet (Fig. 2). The needle was then passed through the 
second washer on the other side of the tail and through the second 

Fla. 2. Japanese Giant Salamander with radio transmitter and attach-
ment assembly  

aluminum crimp sleeve. This sleeve was crimped tight on the ny-
lon line and cut. There was approximately 5-10 mm slack be-
tween the salamander's tail and the plastic washers to prevent irri-
tation by the washer. Tagged salamanders were released at the point 
of capture. With practice, the attachment procedure took two people 
approximately 5 minutes. We also tested foam polyethylene cush-
ions (slightly larger than the resin washer, 1 mm thick) by insert-
ing them between resin washers and one salamander's skin during 
attachment (Fig.1). 

In the Tsuchiya River, transmitters were attached to twelve in-
dividuals (Table 1; 8 males, 3 females, 1 unknown). Eleven of 12 
individuals were tagged once and one was tagged twice using a 
total of one PD-2 and 12 BD-2 (8 large, 4 small) transmitters. 
Total salamander length (TL) ranged from 37.1-68.5 cm, while 
body mass was 320-2160 g. In the Ouchi River, large BD-2 trans-
mitters were attached to six individuals once (Table 1; 3 males, 1 
female, 2 unknown). Salamander TL ranged 32.2 —77.5 cm, while 
body mass was 228-3880 g. Transmitter packages weighed 1.9 g 
or 2.5 g (BD-2) and 4.2 g (PD-2), less than 1 % (0.1-0.8%) of the 
body mass of tracked salamanders. 

We tracked salamanders with a 3-element Yagi or loop antenna 
(Antronics, Inc., Illinois, USA) and a model CE-12 receiver (Cus-
tom Electronics of Urbana Inc., Illinois, USA). We received trans-
mitter signals with a 3-element Yagi antenna from about 100-130 
m on a road above the stream. Under suboptimal tracking condi-
tions, such as near stream bends, water gaps, or while wading in 
the stream, transmitter range was 40-50 m. 
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RESULTS AND DISCUSSION 

Transmitter retention period.—In the Tsuchiya River, the mean 
retention period was 97.9 days (SD = 37.7, range = 22-185). 
Twelve of 13 (92%) transmitters remained more than two months, 
one of 13 (8%) transmitters was shed in 22 days (Table 1). Five of 
the 13 (38%) transmitters were recovered but seven were lost be-
cause these salamanders settled in refuges such as deep cavities 
under rocks, artificial rock walls, or bank burrows just before bat-
tery death. In the Ouchi River, mean retention period was 44.3 
days (SD = 33.0, range = 10-112). Of the six transmitters, four 
(67%) were shed within 2 months, one was retained for more than 
2 months, and one was lost in artificial rock walls after 39 days 
(Table 1). Mean retention period differed between the Tsuchiya 
and Ouchi Rivers (Wilcoxon-Mann-Whitney test: P=0.018). There 
was no correlation between retention period and TL at either site 
(Tsuchiya: r = 0.01, N = 13, P = 0.97; Ouchi: r = 0.49, N = 6, P = 
0.12). 

Cause of removal.—We confirmed five (Ouchi: 4, Tsuchiya: 1) 
cases of shed transmitters. In the Ouchi River, the first transmitter 
was entwined in grass roots in an undercut bank, and the assembly 
remained on the salamander's tail until it was recaptured a few 
days later. The second and third transmitters were recovered from 
beneath broken slabs of concrete. The fourth transmitter was found 
in a perched rice paddy on the ground where it converged with the 
stream. This transmitter did not catch on vegetation, but the 
transmitter's swivel ring was broken, possibly by a predator. In 
the Tsuchiya River, one transmitter was caught in accumulated 
twigs at the river's edge, and we recovered the assembly from the 
salamander after two weeks. 

Mass change.—We assessed mass change between initial ra-
dio-tagging and recapture in five salamanders. Two males in the 
Tsuchiya River lost 14 g (1.9% of body mass) and 4 g (0.6%) after 
77 and 67 days respectively. One male and female gained 40 g 
(1%) and 15 g (1.2%) after 112 days and 36 days in the Ouchi and 
Tsuchiya Rivers, respectively. A gravid female in the Tsuchiya 
first lost 55 g (5.2%) after 99 days and then regained 45 g (4.5%) 
after 185 days. We did not consider these changes to be signifi-
cant because they were within mass changes observed in non-
transmittered individuals (S. Okada, unpubl. data). 

Injuries.—We observed two individuals with sores where the 
skin made contact with resin washers. These were in the Ouchi 
and Tsuchiya Rivers after 10 days and 22 days, respectively. The 
individual from the Tsuchiya had its attachment assembly removed 
and the salamander's injury had healed upon recapture in 16 days. 
In the Ouchi, another individual showed slight skin abrasion (about 
5 mm diameter) at the point of contact with the plastic washer 
opposite of the transmitter after 112 days. It appeared that we had 
attached the transmitter assembly relatively tightly to injured in-
dividuals. In the one case where foam polyethylene cushions were 
used, the cushions were worn down to 0.5 mm after 185 days, but 
no sores were observed, therefore we recommend their use in the 
future. It is also possible that in situations where transmitters were 
recovered but the salamander was not observed injuries might have 
occurred. 

Conclusion.— The suturing method was reliably effective for 
2-4 mos. in our relatively short-term radiotelemetric study of mul-
tiple-sized adult A. japonicus in the Tsuchiya River. We antici- 

pated that transmitters would snag on rocks. However it was not a 
problem in the Tsuchiya River even with plentiful rock cover in 
the stream. The Ouchi River, and areas of similar habitat, seem 
less suitable for the suturing method. The Ouchi River had vari-
ous obstacles such as roots and broken concrete with sharp edges 
and most transmitters remained attached only approximately one 
month. Internal attachments such as surgical implantation or forced 
ingestion are likely more effective in these circumstances. 

Our method was originally designed to minimize transmitter 
loss and salamander injury. However, future modifications such 
as thinner nylon line might prevent injuries such as skin sores be-
cause transmitters could be shed more easily when they become 
snagged. We also recommend attaching transmitters with approxi-
mately 10 mm slack between the washers and the salamander. Our 
suturing method is a viable option for researchers involved with 
A. japonicus telemetry because of its low cost, and ease of appli-
cation. Although injuries occurred in at least three out of 18 indi-
viduals, our suturing method reduced injuries compared to a study 
of hellbenders using tail suturing (Blais 1996); attaching trans-
mitters to tails with steel pins led to either chafing of skin or tear-
ing and a subsequent hole in the tail following a few weeks in 11 
of 12 salamanders (Blais 1996). Our method would also be appli-
cable for other cryptobranchid species and large aquatic sala-
manders. 
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Many studies of lizard species require individuals to be cap-
tured, marked, and then released. Commonly two methods are used 
to mark individuals: permanent marking via toe clipping (see 
Waichman 1992; Woodbury 1956), or temporary marking by paint-
ing unique color combinations of dots on the animal with non-
toxic paint. Alternative techniques such as radio transmitters (e.g., 
Losos et al. 1990) and passive integrated transponder (PIT) tags 
may be difficult to place in small reptiles (Bloch and Irschick 2004), 
and can be expensive. A recently developed method is to sew 
unique combinations of small colored beads into the base of the 
tail or nape of the neck (e.g., Martins et al. 1998), but like toe 
clipping, this method is invasive and may not be appropriate for 
all types of field studies or species. 

Toe clipping may negatively affect locomotor performance and 
survival in some lizards (Bloch and Irschick 2004). Likewise, tem-
porary marks using paint may be lost quickly via skin shedding, 
reducing their long-term efficacy in observational studies. We used 
an alternative method to mark terrestrial lizards of small to mod-
erate body size, which causes no injury, and facilitates long-term 
observation and identification of individuals in behavioral stud-
ies. We used elastic hair bands (available in hair accessory stores), 
which are available in a variety of colors and diameters and can be 
fitted to a lizard's neck to allow individual identification. The hair 
bands are made of silicone, which is nontoxic, unreactive, and 
water-resistant. 

We marked adult Tropidurus torquatus (Iguania: Tropiduridae), 
a common species of open formations, with these elastic bands to 
estimate their home-range sizes. Our study occurred during por-
tions of the reproductive (November 2004 to February 2005) and 
nonreproductive (from March to June 2005) seasons on a rocky 
outcrop approximately 60 x 90 m in the Toledos district, Juiz de 
Fora municipality, Minas Gerais State, Brazil (21°48'27.5"S, 
43°35'31.7"W; 697 m elev., datum: WGS 84). During a four-day 
period each month, we collected lizards once with glue traps 
(Rodda et al. 2005), and then used sightings of the same individu-
als to estimate home range size. The diameter of the elastic hair  

bands varied from just over 15 mm for the smallest reproductive 
female to 25 mm for largest reproductive male, and each indi-
vidual had up to two bands of different colors. Elastic hair bands 
did not appear to affect lizard movement and remained intact on 
lizards for three months or longer, allowing a satisfactory period 
of observation and data collection. 

Adult male T torquatus averaged larger snout-vent length (88.4 
± 11.8 mm; range = 70.6-117.7 mm; N = 42) than adult females 
(78.9 ± 9.4 mm; range = 65.2-95.0 mm; N = 60) (t-test; t = -4.413, 
df= 101, P = 0.0001). During the reproductive season 378 sightings 
were recorded for 48 lizards (29 females and 19 males) with hair 
bands, and in the nonreproductive season 510 sightings for 73 liz-
ards (42 females and 31 males) were recorded. Mean number of 
sightings per individual during the reproductive and nonreproduc-
tive seasons was 5.3 and 7.9, respectively. Eleven females and 
eight males were sighted over eight months of study during which 
they were recaptured and their hair bands replaced because of wear 
and fading of their color. Twenty-one T torquatus were recap-
tured that had lost parts digits on their forelegs and/or hind legs, 
which, had toe-clipping been used, would have resulted in 
misidentification of individuals, whereas hair bands allowed un-
interrupted individual identification. Loss of toes can result from 
biting during territorial disputes (LBR, pers. observ.). 

In our study of T torquatus elastic hair bands proved effective, 
non-obtrusive, long-lasting, and inexpensive, but care must be 
taken to minimize the number and diameter of bands used to in-
sure that injuries do not result. This simple technique should be 
applicable in mark-recapture studies of small to moderate-sized 
lizard species living in a variety of habitats, so long as the species 
has a distinct neck (i.e., head much larger than neck diameter) and 
coarse scales (e.g., most skinks could slip the band over their 
heads). Like any marking technique using color (e.g., nontoxic 
paint or colored beads), this method may also be unsuitable for 
studies of social status or mate choice if the focal species uses 
color for communication. We therefore recommend that investi-
gators validate that the color-marking technique they choose does 
not interfere with the questions being asked of their study species. 
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NATURAL HISTORY NOTES 

Instructions for contributors to Natural History Notes appear in Volume 
37, Number 1 (March 2006). 

CAUDATA 

AMBYSTOMA TIGRINUM MAVORTIUM (Barred Tiger 
Salamander). EXTRALIMITAL POPULATIONS. The natural 
range of Ambystoma tigrinum mavortium extends from central 
Nebraska to south Texas, USA (Conant and Collins 1991. Reptiles 
and Amphibians Eastern and Central North America, Houghton 
Mifflin Co., Boston, Massachusetts). The common practice of using 
Tiger Salamander larvae (water dogs) as fish bait has resulted in 
introductions of A. t. mavortium beyond its natural range (Petranka 
1998. Salamanders of the United States and Canada, Smithsonian 
Press, Washington 587 pp.). 

We report extralimital populations of A. t. mavortium from the 
unincorporated communities of Alpine and Ramona, San Diego 
Co., California. We consider both populations to be established 
because of the documentation of larvae (Alpine) or recently trans-
formed individuals (Ramona). Specimen vouchers from the Al-
pine population have been deposited in the herpetological collec-
tion of the California Academy of Science, San Francisco, Cali-
fornia (CAS). Vouchers were also sent to H. Bradley Shaffer, De-
partment of Zoology, University of California, Davis, California, 
for genetic analysis. 

On 6 February 1996, A. t. mavortium larvae (ca. 30 mm TL) 
were first detected in the vicinity of upper Chocolate Canyon in 
the unincorporated community of Alpine (R2E T15S Sec 29). 
Subsequent surveys resulted in additional observations of A. t. 
mavortium larvae: Spring 1996 (ca. 35 mm TL); 16 March 2001 
(ca. 25 mm TL; CAS 233270); 28 March 2003 (ca. 17 mm TL; 
CAS 233721); 4 April 2003 (ca. 35 mm TL; CAS 233274); 4 May 
2003 (ca. 43mm TL); April 2004; and 12 March 2005 (ca. 50mm 
TL; CAS 233723). Three of the larvae collected in 2003 were 
maintained in aquaria and photographed 25 months later to deter-
mine the pattern and coloration of individuals representing this 
population. Additional locality records of A. t. mavortium within 
the town of Alpine include a surface-active adult taken during 
Winter 1994 (R2E T15S Sec. 32), another on 12 January 2005 
(R1E T16S Sec. 11), as well as the excavation of an adult from a 
residential garden in Spring 1999 (R2E T155 Sec. 33). Although 
no specimens were collected from these three additional locations, 
both surface-active individuals were photo documented. The Al-
pine population is now known to occupy an area of both the San 
Diego River watershed having been found in the area of upper 
Chocolate Canyon, and the Sweetwater River watershed, occur- 

ring in an unnamed drainage along Harbison Canyon Road. 
Additional records of A. t. mavortium within San Diego Co. 

include three individuals captured within a few meters of the West 
Branch drainage located southeast of the unincorporated commu-
nity of Ramona (R1W T13S Sec. 36). In Spring 2002, an adult 
was captured, and during Spring 2003, on separate dates, a re-
cently transformed individual and an adult were captured. Indi-
viduals were photo documented prior to being released at the places 
of capture. This population also occurs within the San Diego River 
watershed. 

Due to the limited amount of information, aspects of these popu-
lations such as source of introduction, length of time as an estab-
lished population, population size, and the extent of their distribu-
tion remain unresolved. 

This note provides source information for the A. tigrinum popu-
lation of Alpine, San Diego Co., represented on the range map 
(extreme southwest portion of mainland California) in Stebbins 
(2003. Western Reptiles and Amphibians, 3rd. ed., Houghton 
Mifflin Co., Boston, Massachusetts), as referenced in Jennings 
(2004. An Annotated Check List of the Amphibians and Reptiles 
of California and Adjacent Waters, California Dept. Fish and Game 
90[4]:161-213), and in Lemm (2006. Field Guide to Amphibians 
and Reptiles of the San Diego Region. University of California 
Press. Berkeley, California). 
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AMBYSTOMA TIGRINUM TIGRINUM (Eastern Tiger Sala-
mander). BURROW DESCRIPTION. Relatively little is known 
about burrows of the Eastern Tiger Salamander (Semlitsch 1983. 
Can. J. Zool. 61:616-620; Madison and Ferrand III 1998. Copeia 
1998:402-410; Gruberg and Stirling 1972. Herpetol. Rev. 4:85-
89). During winter 2005, we radio-instrumented four A. t. tigrinum 
as they exited a breeding wetland in southwest Georgia, USA. In 
all instances, animals were tracked to underground burrows with 
one or more visible entrances. The area and depth of burrows were 
measured when we attempted to recover the transmitters; mea-
surements varied considerably among individuals. 

One radio-tagged female was located in a burrow seven days 
after release. The burrow was adjacent to an agricultural field and 
firebreak, and was 6 m from the base of a large live oak, Quercus 
virginiana. The burrow meandered through an area ca. 0.5 x 0.50 
m and reached a maximum depth of 0.30 m. Only one entrance 
was found; the burrow terminus was an elliptical cavity. 

A tagged male was also located seven days after release. It spent 
two days in a shallow, branched burrow network. Total burrow 
length was ca. 4 m with a total area of 1.0 x 3.5 m. Although most 
of the tunnels were shallow, the burrow reached a maximum depth 
of 0.20 m. There was no tree canopy over the burrow system and 
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