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 The use of simple and inexpensive amphibian monitoring 
techniques is often necessary due to limited time and funds. 
When individuals can be uniquely identified, mark-recapture 
can be used to estimate abundance, other demographic vari-
ables (e.g., survivorship and recruitment), habitat use and indi-
vidual growth rates (Donnelly and Guyer 1994). In comparison 
with other marking techniques, spot pattern recognition is less 
invasive and generally costs less than other methods. However, 
it is only useful when markings are variable and the pattern does 
not change ontogenetically (Donnelly et al. 1994; Plăiaşu et al. 
2005).
 Spot pattern recognition has been used successfully in a vari-
ety of studies for individual identification of amphibians (Ferner 
2007, 2009; Schlüpmann and Kupfer 2009), and has been rec-
ommended as an ideal method for salamander identification 
by Ferner (2007) (e.g., Loafman 1991; Plăiaşu et al. 2005; Tilley 
1980). Varying spot pattern recognition methods exist, but most 
rely on overall pattern, spot count, or a combination thereof. In 
this study, we tested whether head-spot counts can be used as a 
component of overall spot pattern recognition in order to iden-
tify individual Long-tailed Salamanders (Eurycea longicauda 
longicauda) in the field. We also employed digital photographs 
of Long-tailed Salamanders to determine if the number of head-
spots was related to salamander size.
 Methods.—Long-tailed Salamanders are found under rocks 
and woody debris near forested springs or streams (Petranka 
1998). In southeastern Pennsylvania and northern Delaware, 
they are commonly found in springhouses because these houses 
are damp and dark and ideal substitutes for their natural habi-
tat. These salamanders are yellowish-orange to yellowish-brown 
with black spots (Petranka 1998), which makes these salaman-
ders an ideal study organism.
 We captured Long-tailed Salamanders from four populations 
associated with springhouses in southeastern Pennsylvania and 
northern Delaware. We visited springhouses every 12–16 days 

during 2002–2006 during peak activity periods (April–May and 
August–November), and every 19–23 days during the summer 
(June–July). We waited until after dusk to search outside spring-
houses because Long-tailed Salamanders forage at night (Pe-
tranka 1998). Using aquarium nets inside springhouses and by 
hand when outside, we captured individuals and them placed 
into 25 × 25 cm zip lock bags containing paper towel moistened 
with water from the springhouse. 
 We measured, weighed, and determined the sex of each sala-
mander, noting whether the individual was gravid or had any 
injury or deformity. For measuring, we placed salamanders into 
a 15 × 15 cm zip lock bag so they could easily be straightened 
and turned upside down without injury. We recorded snout–vent 
length (SVL) and tail length (TL) to the nearest 1 mm, noting 
broken or regenerating tails, and weighed each salamander to 
the nearest 0.01 g using a digital balance. We determined sex by 
checking for secondary sexual characteristics: specifically, en-
larged teeth and a submandibular mental gland in males and the 
presence of white developing ova that can be seen through the 
skin lateral to the belly on females. After we documented physi-
cal characteristics, we digitally photographed each salamander 
in the dorsal orientation (Donnelly and Guyer 1994).
 To identify individual salamanders, we counted each dorsal 
spot from the tip of the nose to the beginning of the forelimbs, 
ignoring the lateral spot pattern down the sides of the body (Fig. 
1). We considered a spot to be any mark (oval or otherwise) that 
had a distinct black coloring. If a spot was faint or blurry, we 
classified it as a spot if we could see a definite black mark in the 
center as opposed to being uniformly faint throughout. This cri-
terion was only used for faint or very small markings. If the mark-
ing was faint throughout but still large enough to be definitively 
seen as a spot, then we counted it. When two spots touched, we 
classified it as a single spot if the outline created was a gener-
ally continuously oval with minimal indentation where the spots 
conjoined. We classified two spots as independent if the outline 
created allowed for the two spots to have a major indentation at 
the point of contact. We counted spots if more than half of the 
total area of a spot fell anterior to the forearms.
 We sequentially organized digital photographs from capture 
events for each study site. We then used this database to visually 
match more than 4000 photographs of newly caught individuals 
from subsequent capture events. Because it was not logistically 
feasible to inspect more than 4000 photographs, we took a ran-
dom sample of the photographs. After identification, we sorted 
captures into seven 0.5-cm size categories based on SVL (range 
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3.5–6.9 cm). We established the seven categories by graphing the 
data to find natural breaks.  For each study site, we randomly 
selected 40 individuals of each size group for a total of 926 in-
dividuals. We only selected unique individuals; recaptures were 
not included in the analysis. We used an ANOVA, blocked for site, 
to determine the relationship between spot number and size (a 
= 0.05). When we detected differences, we used a planned Least 
Significant Differences mean separation test to determine dif-
ferences among means (Sokal and Rohlf 1995).  We did not use 
a linear regression because the relationship was curvilinear and 
the presentation of categories provided a clearer picture of the 
data as it related to our objectives.
 Results.—Spot number increased with the size of salamander 
(F

6,925 
= 20.87, p < 0.001; range 13–21). The increase in number of 

spots was small (< 2) except for large salamanders (6.0–6.9 cm), 
which increased by 2.5–3 spots per size category. The number of 
spots was usually similar in adjacent size categories except for 

salamanders 6.0–6.4 cm and 6.5–6.9 cm, which were not simi-
lar to any other size categories (Table 1). Although spot number 
increased as a salamander grew, photographic analysis showed 
that the general pattern of spotting stayed the same. Identifica-
tion of individual salamanders was possible because the addi-
tion or subtraction of a few spots did not deter recognition of the 
overall pattern (Fig. 2).
 Discussion.—Head-spot counts varied by size groupings in 
E. longicauda suggesting that head-spot number changes over 
time; however, spot pattern recognition is still a useful tech-
nique. Approximately half (50.4%) of the salamanders caught 
were within groups 3, 4, or 5, which are the groups in which spot 
number remained similar. Therefore, half the captured salaman-
ders had spot numbers that did not change among size group-
ings. When salamanders grew to 6.0–6.4 cm and 6.5–6.9 cm 
(groups 6 and 7, respectively), spot number increased. Because 
we did not determine the age of the salamanders, we cannot de-
termine if spot addition is related to age or to size.
 Despite an overall mean spot number increase, many poten-
tial points for identification existed so mismatches were unlikely 
to occur. Because we rarely observed spots disappearing and 
spots tended to appear rather than disappear, previous identi-
fication markers remained visible. As a result, the most impor-
tant component to identification was overall pattern recognition 
despite the increase in mean spot number. These findings high-
light the importance of understanding ontogenetic differences 
among salamander species before incorporating spot pattern 
recognition into a mark-recapture study. Our results challenge 
the assumption that pattern marks must stay constant in order 
for spot pattern recognition to be successful (Ferner 2009; Gill 
1978) since changes in head-spot counts did not affect overall 
spot pattern recognition.
 Many studies have successfully incorporated head-spot 
counts and spot pattern recognition techniques (Grant and 
Nanjappa 2006; Plλiaλu et al. 2005; reviewed by Schlüpmann and 
Kupfer 2009). However, we recommend conducting a pilot study 
on head-spot counts to determine if data suggest spots remain 
constant through time for the species of interest. If head-spot 
counts do change, a pilot study could confirm that using overall 

Fig. 2. Examples of three Long-tailed Salamanders that we recaptured after two years. Salamanders on top captured in 2004 (top) were re-
captured again in 2006 (bottom).  Note that addition or subtraction of a small number of spots does not deter recognition of overall pattern. 

Fig. 1. Using digital photographs to determine spot number for an 
individual Long-tailed Salamander, we counted spots from the tip of 
the nose to the beginning of the forelimbs, ignoring the lateral lines 
running down the sides of the body. The solid line indicates where 
counting stopped.
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Tracking animals provides a detailed picture of their be-
haviour and can be important in understanding their ecology. 
Tracking is especially useful for elucidating the ecology of ani-
mals that are cryptic during all or parts of their life cycle (Heyer 
et al. 1994; Langkilde and Alford 2002; Reynolds and Riley 2002). 
Amphibians, for example, can be hard to study outside breed-
ing aggregations, and wildlife telemetry can provide insight on 
otherwise unknown aspects of their biology (Heyer et al. 1994; 
Naef-Daenzer 1993; Naef-Daenzer et al. 2005; Rowley and Alford 
2007a, b, c; Rowley et al. 2007). 

Tracking devices should be small and unobtrusive (Hamley 
and Falls 1975; Heyer et al. 1994; Korpimaki et al. 1996; Ormings-
ton 1985). Many guidelines recommend that the mass of tracking 
devices should not exceed between 5% (Wilson and McMahon 
2006) and 10% (Blomquist and Hunter 2007; Gursky 1998; Rich-
ards et al. 1994) of the animal’s body mass, particularly when 
tracking vertebrates. Package shape is also an important con-
sideration; devices must not impede the tracked animal’s move-
ment (Blomquist and Hunter 2007; Greenwood and Sargeant 
1973; Wilson and McMahon 2006). Finally, devices should have 

long useful lifespans, reducing the frequency of capture, han-
dling, and other potentially stressful procedures (Langkilde and 
Alford 2002; Pereira et al. 2009). Tracking devices, therefore, typi-
cally reflect compromises among the needs for small size, low 
mass, long life, and high durability.

Two main approaches can be taken to track animals using ra-
dio signals. Tracking using tags containing active radio transmit-
ters allows researchers to locate subjects and identify them indi-
vidually (Heyer et al. 1994; Indermaur et al. 2008; Naef-Daenzer 
1993; Naef-Daenzer et al. 2005; Rowley and Alford 2007a, b, c), 
and may enable the retrieval of additional information, such as 
the subject’s physiological status and local environmental condi-
tions (Reynolds et al. 2002), but the method is restricted to larger 
species or individuals, due to the relatively high weight of the 
battery, harness, and transmitter package (Langkilde and Alford 
2002; Naef-Daenzer 1993; Naef-Daenzer et al. 2005; Rowley and 
Alford 2007c). Currently, minimum body mass of animals tracked 
using radio-transmitters is 2–4 g, based on a minimum package 
plus harness mass of 0.2 g for the smallest available transmit-
ters and limitations to 5–10% of the body mass (Naef-Daenzer et 
al. 2005). These extremely light tags have extremely short battery 
lives, measured in days; this further restricts their usefulness in 
field studies, where animals may require some time to return to 
normal behaviour following tag attachment (Langkilde and Al-
ford 2002; Rowley and Alford 2007c).

It is also possible to use tags that do not contain their own 
power sources. These tags fall into two categories: PIT (Passive 
Integrated Transponder) tags and harmonic radar tags. PIT tags, 

pattern recognition exclusively can still be a useful aid to indi-
vidual identification. 
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often used as implantable means of individual identification, 
eliminate the need for the battery by using an induction coil to 
provide the power to emit a very weak radio signal. However, 
the need for a powerful magnetic field and the very weak signal 
emitted limit their range and make them unsuitable for track-
ing applications (Ohashi et al. 2010; Vinatier et al. 2010). For 
tracking, the main alternative to self-powered transmitter tags is 
harmonic radar, also known as harmonic direction finding. The 
tracking devices used with this technology consist of a single di-
ode with an attached antenna, weighing as little as 0.11 g (Pel-
let et al. 2006). They absorb radio waves emitted by a handheld 
transceiver, re-emitting some of the energy as radio signals at a 
harmonic frequency of the initial signal. The re-emitted signal 
is detected by the transceiver unit, using a directional antenna. 
Compared to typical radio transmitter tags, harmonic tags have 
some disadvantages. First, they do not emit individually identifi-
able signals, so individuals carrying tags have to be distinguished 
by means other than a signal ID (Rowley and Alford 2007c). Sec-
ond, their maximum range is typically less than that of tags con-
taining radio transmitters (Langkilde and Alford 2002; Rowley 
and Alford 2007c). Finally, harmonic direction finding is more 
difficult than radiotracking in environments in which radio sig-
nals are attenuated (i.e., dense vegetation may absorb signals), 
or in environments that naturally re-emit radio waves (i.e., some 
boulders and rocky outcrops; Rowley and Alford 2007c). The 
great advantages of harmonic direction finding are that (i) it al-
lows tracking of vertebrates too small (typically approximately 2 
g) for even the smallest available radiotransmitters, and (ii) tags 
are not limited by battery life, and so can be used as long as they 
remain attached to the subject (Rowley and Alford 2007c).

The small size of tags used in harmonic direction finding has 
allowed tracking of a variety of vertebrates (Pellet et al. 2006, Row-
ley and Alford 2007a, b, c; Rowley et al. 2007) and flying insects 
(Naef-Daenzer et al. 2005, O’Neal et al. 2004, Vinatier, 2010; Wil-
liams et al. 2004). Tags used with a harmonic direction finder are 
often constructed from Schottky diodes (Langkilde and Alford 
2002; O’Neil et al. 2004; Rowley and Alford 2007c; Williams et al. 
2004), which are commonly used in electronic circuits. Schottky 
diodes are semi-conductor diodes that lower the voltage in an 
electrical current, have a very low forward-voltage drop, and a 
fast switching action (hence their sensitivity to radio waves). In a 
harmonic direction finding tag, the diode receives a signal from 
a transceiver unit, such as the commercially available ReccoTM 
transceiver, and re-emits a signal at a doubled frequency (Lang-
kilde and Alford 2002; Rowley and Alford 2007c).

Many studies have used germanium Schottky diodes in stan-
dard cylindrical packages (Langkilde and Alford 2002; Rowley 
and Alford 2007c). Tags have typically consisted of one germa-
nium diode with a single antenna soldered to the cathode (a 
monopole antenna). The diodes typically weigh approximately 
0.2 g, and thus the minimum mass of an assembled tag is ap-
proximately 0.27 g, limiting the size of study animals to a mini-
mum of 2.6–5 g depending on the particular rule for permissible 
package size that is followed (Blomquist and Hunter 2007; Gur-
sky 1998; Richards et al. 1994; Rowley and Alford 2007c; Wilson 
and McMahon 2006).

We have developed a new design for harmonic tags that sub-
stantially reduces their size and mass while maximizing clarity 
and range of the signal. We use surface-mount diodes, which are 
smaller and lighter than germanium diodes but require a differ-
ent tag assembly method (see Pellet 2008 for a technique using 
similar diodes). In contrast to Pellet and others (2008), we use a 

dipole antenna configuration that provides a strong signal using 
short, light antennae as well as a different attachment method 
(using a silicone belt integral to the package) allowing us to con-
struct tags that weigh 0.13 g. These can be attached to animals 
weighing a minimum of 1.3–2.6 g. A previous study using mono-
pole antennas (Rowley and Alford 2007c) found that detection 
distances were ca. 0.5 m when tagged animals were under rocks 
or in a few cm of water, and measured a maximum detection dis-
tance in the canopy of 12 m. Here our tags achieved ranges of 
more than 20 m when tested in open habitats, decreasing as an-
tennae are trimmed further than the lengths described here. In 
addition to this, the anode antennae unique to our tag increases 
the range provided by submerged tags to 2–5 m depending on 
obstructions blocking the signal. Animals sheltering in shrubs 
and sub-canopy also benefited from the strongest signals as ex-
posure of the antennae was maximised (very clear signal from 
animals 15+ m from the ground), but horizontal range close to 
the ground decreased rapidly when the animals moved away 
from the stream due to the density of the shrub layer at the study 

Fig. 1. A dipole harmonic tracking device with an Australian 10-cent 
coin (23 mm diameter) for scale.

Fig. 2. The Common Mistfrog, Litoria rheocola, exhibiting a 
natural posture directly after handling and the attachment of a 
harmonic direction finding tag. This individual is a male weighing 
approximately 1.9 g (package weight = 0.13 g).
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sites (10–15 m from stream center, depending on steepness of 
edge and density of vegetation). 

Our tags are based on surface-mount SOT-23 Low Distor-
tion Attenuator Diodes (Manufacturer HSMS, model 205B-G 
Surface-Mount Schottky diode). The antennae are constructed 
from 9 lb. test fishing leader made up of seven individual strands 
of stainless-steel wire (any make but bare wire adheres better to 
the trace on diodes). We use fishing leader wire because it is very 
flexible and elastic, tending to remain straight rather than as-
suming a curled shape after being bent, as do many other forms 
of wire. The length, thickness and material of the antenna affect 
the resonance of the tracking device, and therefore dictate the 
strength and range of the signal (Langkilde and Alford 2002). We 
found that, with the fishing leader wire used here, the best com-
bination of lengths was 13 cm for the cathode wire and 3 cm for 
the anode wire. Longer wires increased the range of the tag, but 
were impractical because of both size and weight when attach-
ing the package to very small animals.

We used conductive epoxy (Chemtronics®, Circuit Works® 
- Conductive Epoxy CW2400) to attach the diode and antenna. 
Lead-based solder is impractical both because the tiny size of 
surface mount diodes makes it difficult to solder to them with-
out heating them excessively and because the solder would add 
substantially to the mass of the final tag. In assembling tags, we 
first placed double-sided adhesive tape on the work surface, and 
attached the diode to the tape. We then applied the epoxy in very 
small amounts to one tip of each antenna wire, and placed this 
tip on the appropriate trace on the diode. Both antennas are at-
tached to the diode such that they extend away from the same 
side of the diode in parallel to one another (Fig. 1). We left the as-
sembly undisturbed for 24 h to allow the epoxy to cure, and then 
removed the assembled tag from the tape. To prevent contact 
between sharp metallic components or epoxy and the skin of 
the tracked amphibian, we coated the diode with silicone rubber 
(Selley’s Glass Silicone Sealant®), in which is embedded a length 
of silicone tubing, oriented at 90° from the long axis of the tag as 
defined by the antennae; this is used as a harness to attach the 
tracking device to the frog (Fig. 1).

To minimize the weight of the assembled tag, the silicone in 
which the diode is embedded is trimmed after drying. We have 
found that when animals are located in the field, the distal end 
of the longer antenna is often easily visible, even if the individual 
is in a retreat site. The distal end of the antenna can be colour-
coded using waterproof paint. We coated the color-bands on the 
antenna with a thin layer of silicone seal to prevent their removal 
by abrasion in the field.

Tags are attached to frogs by placing the silicone tube around 
the frog’s inguinal region (or ‘waist’). The tubing is trimmed so 
that it just reaches around the frog’s waist, with its ends meeting 
on the ventral centerline. The attachment must be of the correct 
tightness, which can only be determined with some practice. If 
attached too loosely, the diode can rotate around the body of the 
frog to the ventral side, hindering the movement of the animal. If 
too tight, it can cause abrasion, eventually producing lesions on 
the frog’s skin. Attachment is completed by passing a length of 
very fine, 100% cotton thread through the silicone tubing, plac-
ing the tag on the animal and tying off the thread so that it just 
draws the ends of the tubing into contact. Using extremely fine, 
100% cotton thread ensures that the tag will eventually fall off as 
the thread deteriorates, in case the animal is not recovered for 
tag removal (the time taken for the thread to wear off and break is 
uncertain and would depend on humidity and abrasion).

We used tags constructed as above in densely vegetated habi-
tats (low elevation rainforests of North Queensland, Australia) to 
track 26 individual frogs (Litoria rheocola, mass 0.95–3.30 g in 
the sampled population; only individuals weighing 1.8 g or more 
were tracked to meet ethical requirements) for periods of up to 5 
days. Diurnally, frogs were found in retreat sites, with 51% found 
in water and 35% in vegetation near the ground. Apparently nor-
mal movement between diurnal retreats and nocturnal activity 
sites occurred: nocturnally, 100% of frogs moved to vegetation 
bordering the stream (from shrubs 1–2 m off the ground to some 
recorded in sub-canopy 12 m). Frogs appeared to climb, jump 
and swim as they did prior to tracking device attachment (Fig. 2). 
Tags constructed as we have just outlined have been used suc-
cessfully by other researchers since our study, focusing on other 
species (L. serrata and L. junguy) as well as L. rheocola in lowland 
rainforests in the Wet Tropics.

Harmonic direction finding, using tags constructed as we 
outline here, makes it possible to track animals approaching 
the lower limits of adult vertebrate body size. Our construction 
method provides a sturdy and stable attachment method for tags 
that fulfil ethical requirements for tracking very small animals 
while maximizing the ability to relocate the tags at the greatest 
possible distances. The continued reduction in size and weight 
of tracking devices opens up many exciting new opportunities to 
describe habitat use and movement of particularly minute and 
discreet organisms, increasing our understanding of the ecology 
of these poorly understood animals.

 Acknowledgments.—We thank the Powerlink Corporation 
Queensland for funding this research, as well as the Queensland Gov-
ernment and Environmental Protection Agency for supplying the 
necessary permits. Thanks to James Cook University and ethics com-
mittee for approval of our research. 

Literature cited

BLomquist, s. m., and m. L. hunter jr. 2007. Externally attached radio-
transmitters have limited effects on the antipredator behavior and 
vagility of Rana pipiens and Rana sylvatica. J. Herpetol. 41:430–438.

greenwood, r. j., and a. B. sargeant. 1973. Influence of radio packs 
on captive mallards and blue-winged teal. J. Wild. Manag. 37:3–9.

gursky, s. 1998. Effects of radiotransmitter weight on a small 
nocturnal primate. Am. J. Primatol. 46:145–155.

hamLey, j. m, and j. B. FaLLs. 1975. Reduced activity in transmitter-
carrying voles. Can. J. Zool. 53:1476–1478.

heyer, w. r., m. a. donneLLy, r. w. mcdiarmid, L. c. hayek, and m. s. 
Foster (eds.). 1994. Measuring and Monitoring Biological Diversity: 
Standard Methods for Amphibians. Smithsonian Institution Press, 
Washington, DC. 364 pp.

indermaur, L., B. r. schmidt , and k. tockner. 2008. Effect of transmitter 
mass and tracking duration on body mass change of two anuran 
species. Amphibia-Reptilia 29:263–269.

korpimaki, e., V. koiVunen, and h. hakkarainen. 1996. Do radio-collars 
increase the predation risk of small rodents? Ethol. Ecol. Evol. 
8:377–386.

LangkiLde, t., and r. a. aLFord. 2002. The tail wags the frog: harmonic 
radar transponders affect movement behaviour in Litoria lesueuri. 
J. Herpetol. 36:711–715.

naeF-daenzer, B. 1993. A new transmitter for small animals and 
enhanced methods of home-range analysis. J. Wild. Manag. 
57:680–689.

–––––, d. Fruth, m. staLder, p. weLti, and e. weise. 2005. Miniaturisation 
(0.2g) and evaluation of attachment techniques of telemetry 
transmitters. J. Exp. Biol. 208:4063–4068.



Herpetological Review 42(4), 2011

techniqueS     525

 Technological developments over the past two decades have 
contributed tremendously to the study of wildlife ecology, bring-
ing new insights to the management and conservation planning 
of animal species. In the Amazon, study of Amazonian turtle spe-
cies using traditional methods has been conducted for 20 years, 
but researchers have lacked data concerning where turtles go af-
ter nesting. The need for essential information not collected by 
dated methodology called for technological applications to an-
swer specific ecological questions. This review was based upon 
experience acquired in three ongoing studies of the ecology of 
turtles in the Amazon Basin.
 In this study, three technologies were applied to study fresh-
water turtles in the Amazon for the first time: Passive Integrated 
Transponder (PIT), Very High Frequency radio (VHF), and sat-
ellite radio. For decades, ecologists and wildlife biologists have 
used a technique called mark-recapture, in which animals are 
captured and then externally marked or tagged in some way 
with a personal identification number before being released 
(Gibbons and Andrews 2004). With the advent of PIT technology, 
animals may be internally tagged with the advantage of not be-
ing affected by external factors or not affecting intraspecific so-
cial interactions or altering behavior toward tagged individuals 
(Gibbons and Andrews 2004; Jackson and Bunger 1993). PIT tags 
are tiny identification chips which are injected into specimens 
for permanent identification and have been retrieved with great 
success for more than 20 years (Boarman et al. 1998). The tags 
are injected into the caudal musculature of the turtle and read 
by an external reader which bounces an electronic signal off the 
tags to identify them. 

 In VHF radio telemetry, a small electronic device is attached 
to an individual, allowing it to be accurately tracked and moni-
tored using a receiving unit (Marshall et al. 1971; Schemnitz and 
Owen 1969). Over the years, the decrease in size of the electronic 
components, circuit boards, and batteries has resulted in trans-
mitters smaller than 0.4 g, enabling the study of smaller species 
and even hatchlings (Warnock and Takekawa 2003). 
 The third and more recent technology used to track animals 
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is the satellite system. This technology became an operational 
tool for tracking the long-range movements of animals in the 
1980s. Applying satellite system technology initially represented 
a challenge because most animal species were smaller than the 
biggest pixel of public access satellites data (0.6 m) and the pas-
sage times of satellites over the equator in the Amazon were so 
infrequent that animal positions could not be determined. How-
ever, with the advents of ARGOS (Advanced Research and Global 
Observation Satellite), the tracking of animal movement pat-
terns became more feasible (Gillespie et al. 2008). 
 These three technologies have been important in field stud-
ies driven by the need to answer new questions regarding the 
ecology of Amazonian turtles in order to develop rigorous con-
servation measures. However, these devices are generally de-
signed and tested to work successfully in temperate climates 
where they have been developed. Conditions in the Amazon, a 
tropical rainforest environment, are sufficiently different to af-
fect the use of these devices. 
 In this paper we report the use of technical equipment to 
identify and track freshwater turtles in the Amazon region and 
provides advice on how devices that may be designed for tem-
perate areas can successfully be used in tropical climates. Ad-
vantages, disadvantages, problems, and possible improvements 
of using technologies to track animals in tropical areas are dis-
cussed.

MATERIAL AND METHODS
 Study areas.—The Mamirauá Sustainable Development 
Reserve (MSDR; 01.8347°S, 65.7053°W) is located on the flood-
plain between the Middle-Solimões and Japurá rivers (Fig. 1). 
Mamirauá is a reserve covering an area of 1,124,000 ha (Raeder 
and Bernhard 2003). In this area, we conducted field work from 
1996 to 2004 using PIT tags with Podocnemis sextuberculata and 
Podocnemis unifilis.
 Rio Quimicuri (00.7069°S, 63.2325°W) is part of the Rio Ne-
gro Basin (Fig. 1) (De la Ossa 2007). The Quimicuri River is a 
blackwater river with well-defined high and low water seasons 
(Castillo et al. 2004). In this river, individuals of Peltocephalus 
dumerilianus were captured from 2001 to 2006 and fitted with 
VHF transmitters. 
 Reserva Florestal Adolpho Ducke (3.1333°S, 60.0667°W) is lo-
cated 25 km E of Manaus (Fig. 1) and has gradually become iso-
lated from adjacent forests by the development of villages and 

agricultural activities (Magnusson et al. 1997). In this reserve, 
VHF transmitters were used to monitor Platemys platycephala in 
1993.
 The Trombetas Biological Reserve (1.3333°S, 56.75°W) is in 
northwestern Pará state, northern Brazil (Fig. 1). The Trombetas 
meanders generally southward for 760 km and joins the Amazon 
River in Obidos at Oriximina (Goulding et al. 2003). This area was 
selected for its large population of Podocnemis expansa, which is 
now listed as Critically Endangered by the IUCN and is the most 
threatened turtle species in the Brazilian Amazon. In this river, 
P. expansa and P. unifilis were studied at different times between 
1989 and 2009, when all three technologies were used. 
 Equipment and brands applied.—Devices and species stud-
ied are detailed in Table 1. PIT tags were purchased from AVID 
Northwest Marine Technology, Inc. PIT tags are glass-encased 
electronic transponder tags that are inserted into turtle muscle. 
PIT tags have been used for over 20 years to permanently iden-
tify individual animals. The tag has no battery so the microchip 
remains inactive until read with a scanner. The scanner sends a 

low frequency signal to the microchip within 
the tag providing the power needed to send 
its unique code back to the scanner and 
positively identify the animal. Passive tags 
are designed to last longer than the life of the 
animal, providing a reliable, long-term iden-
tification method. 

VHF-monitored radio tracking equip-
ment was purchased from AVM Instru-
ment Company, Ltd. The system consisted 
of a handheld Yagi 4-element antenna and 
receiver to collect signals from deployed 
transmitters. The system remained fully op-
erational 24 h a day while the batteries were 
working. The modulation format used in 
this study is AM (amplitude modulation). 
Expected transmission lifespans range from 
10–14 months for the 120 g transmitters de-
ployed on the turtles. 

Fig. 1. Localization of the four study sites in the Amazon Basin with 
the Brazilian location on the right corner: (1) Mamirauá Sustainable 
Development Reserve, (2) Rio Quimicuri, (3) Reserva Florestal Adol-
pho Ducke, (4) Rio Trombetas. 

taBLe 1. Locations of this study, detailing the devices used to mark and track freshwater 
turtles species in the Brazilian Amazon.
 
Location Equipment Species No. of  
   devices

RDS Mamiraua PIT tags Podocnemis sextuberculata 240

Rio Quimicuri VHF Transmitters Peltocephalus dumerilianus 10

Rio Trombetas PIT tags Podocnemis expansa 8150
  Podocnemis unifilis 2000
 VHF Transmitters Podocnemis expansa 53
 Satellite Radio Podocnemis expansa 10

R.F. Adolpho Ducke VHF Transmitters Platemys platycephala 4
  Phrynops rufipes  8
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Fig. 2. Insertion of a pit tag in a hatchling of Podocnemis expansa in 
Rio Trombetas. Tags were inserted right below the carapace of the 
turtles. 

Satellite monitored radio technology requires satellite trans-
mitters, known as Platform Transmitter Terminals (PTTs). In 
this study the PTTs were purchased from Sir Track, Ltd., and the 
satellite data were transmitted via satellite using the ARGOS Sys-
tem. The ARGOS environmental satellite system currently con-
sists of six polar satellites orbiting at altitudes of 740–850 km with 
5000 km visibility circles (footprints). During the satellite orbit, 
this footprint sweeps in a wide swath around the earth, receiving 
signals from the PTTs. The number of daily passes over a PTT 
increases with latitude. At the earth’s poles, a PTT is within the 
visibility circle of the six satellites approximately 80 times per 

day, whereas at the equator (e.g., the Amazon region), a PTT can 
be visible perhaps 20 times per day (ARGOS 2008). Our study 
recorded a maximum of six passes per day, which is every four 
hours. 
 Transmitters can be programmed to send signals to satel-
lites at periodic intervals. In salt water, transmitters are activated 
only when the turtle is at the surface and deactivated when sub-
merged by a saltwater switch. Now new technology has been de-
veloped which includes a freshwater switch as well, which will 
increase the battery life by many months, since the transmitter 
will only be activated when the turtle is at the surface.  To in-
crease the life of the transmitter in our initial use in freshwater, 
the PTTs remained active for 24 h only for the first three months, 
then were active from 0600–1200 h every four days. Expected 
transmission lifespans for the 1800 g transmitters we deployed 
on 10 turtles ranged from 10 to 12 months. ARGOS satellites pass 
over about once every 4 h and if the turtle is on the surface of the 
water, both temperature and position are recorded.  
 Attachment of the equipment.—The PIT tags were inserted 
dorsally into the base of the tail just below the carapace in adult 
and juvenile turtles, using the injecting applicator needle sup-
plied with the tags (Fig. 2). However, these applicator needles are 
too large to be used with hatchling turtles.  Instead, a 2-mm hole 
was made by piercing the skin with the point of a blood collector 
(Fig. 3). The tag was inserted through the hole deep into the tail 
musculature using a fine tipped Inox 25 forceps. All material was 
sterilized first in an ethyl alcohol bath. After inserting a tag in an 
animal, the local area was cleaned using iodine and protected by 
liquid band aid.
 Transmitters, both VHF and satellite, were glued to the cara-
pace of the turtle with Turbolit, a marine product used for patch-
ing holes underwater in marine vessels.  Two resins are mixed 
together with wet hands to form a uniform pliable paste.  The 
turtle shell is prepared by scrubbing with soap and water and 
then roughened with sandpaper to ensure that the glue will hold 
the transmitter onto the turtle. The paste is then molded onto 
the front of the turtle shell, followed by pressing the transmit-
ter into the paste and folding the paste over the transmitter to 
make a secure bond.  The turtle is kept out of water for 24 h to 
make sure the gel has dried before release (Fig. 4).  Prior to the 
discovery of Turbolit in 2005, VHF transmitters were first glued 
to the turtle carapace on the 9th–10th marginal scutes with ep-
oxy quick-drying cement. When fixed in place, four 3-mm holes 
were drilled in these scutes, two on each side of the transmitter, 
and the transmitter was secured with 2 mm diameter stainless 
steel wire looped through the holes and around the transmitter.  
A cover of duropoxy was used to form a cap over the transmit-
ter and wire such that it appeared as a tumor on the shell of the 
turtle with no jagged edges to catch on branches.

RESULTS
 The devices used in this study were functional. However, 
because of the tropical rainforest environment of the Amazon, 
the high temperature decreased battery life. Regardless of the 
equipment efficiency, we also found problems with the discard-
ing of equipment by poachers who caught turtles for illegal sale 
as food. Table 2 displays real battery life time in the Amazon en-
vironment compared to expected battery life, showing that the 
battery life obtained for VHF radio and satellite radio equipment 
was much lower than expected.
 PIT tags.—The efficiency of PIT tag technology was difficult 
to analyze because it was impossible to distinguish unmarked 

taBLe 2. Battery life expected by the manufacturers and actual results 
obtained in this study in the Brazilian Amazon. 

Technology Expected Life Average life 
   obtained (min. – max. )

Satellite radio  12 months 8.2 months (6–10)
VHF radio 12 months 8.3 months (8–11)
PIT tags unlimited Over 15 years 

Fig. 3. Insertion of a pit tag in hatchling turtles. Applicator needles 
supplied by the pit tags companies are too large to be used, so a 2 
mm hole was made by piercing the skin with the point of a blood 
collector.
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turtles from turtles whose PIT tags had ceased to function. How-
ever, from the 2000 PIT tags implanted in P. unifilis hatchlings 
in Rio Trombetas, seven were recovered still functioning. Three 
were found 13 years following implantation and four after 15 
years. In addition, five PIT tags were encountered by people 
while eating cooked turtles. The tags no longer functioned, sug-
gesting that the heat used in cooking the turtle meat destroyed 
the tags.  
 VHF radio.—A total of 76 VHF radios with a putative 
12-month battery life were attached to turtles.  Of these 76 VHF 
radios, eight were removed from the study by poachers. Eight 
were lost because of long-distance migration immediately fol-
lowing release and 16 either failed after three months operation 
or because turtles moved out of range. Most of the transmitters 
stopped working because the battery died: 36 after eight months, 
two after nine months, four after 10 months, and two after 11 
months (Table 2). 
 In the study of Peltocephalus dumerilianus, two VHF radios 
worked for nine months and four for 11 months. All four VHF 

radios attached to Platemys platycephala worked for 10 months. 
With Podocnemis expansa in Rio Trombetas, of a total of 52 non-
poached turtles monitored by VHF radios, seven were lost after 
three months because of the turtles entering deep into the flood-
ed forest. Thirty-six VHF radios functioned for eight months. Fi-
nally, eight P. expansa were lost within five days after they had a 
VHF radio attached, by migrating  far downstream from the nest-
ing areas, moving up to 45 km in two days.
 Satellite radio.—Of the 10 satellite transmitters used in this 
study, two were removed by turtle hunters almost immediately 
and one following eight months of use. Of the seven not discard-
ed by local people, six suffered a reduced battery life, six failed to 
provide location signals after eight months, and one failed after 
10 months (Table 2). 
 Two transmitters were recovered at the nesting beach four 
years later, still attached to turtles, demonstrating the bonding 
potential of Turbolit. Upon recapture, the PTTs were easily pried 
off the turtle shells with a Swiss army knife blade, leaving the 
carapace undamaged (Fig. 5). 

DISCUSSION
 Technology plays an important role in the monitoring of ani-
mal species. The choice of the technology to be applied depends 
mainly on the range of the species, its habitat, and the objectives 
for which the technology is used. Any decision to invest in and 
implement a technology should be based on an analysis of costs 
and benefits for a project to be successful. Any technology used 
must be appropriate for the operating conditions. This is true for 
the technology design, the resources required to implement it, 
and its ability to withstand challenging conditions. High tem-
peratures and high humidity in remote field locations in areas 
such as the Amazon affect electronic devices negatively. Impacts 
of field conditions, such as dust, heat, humidity, water, and en-
ergy should be considered.
 We strongly suggest that when choosing identification mark-
ers one consider consistency, standardization, and availability 
of a common database between researchers and organizations 
studying the same animal groups or animals studied. In addi-
tion, tag frequencies, manufacturers, and tag readers may not 
always be compatible. We suggest always using products com-
patible with those used in previous studies.
 However, even though the VHF radios did not function for 
12 months, the transmitters functioned satisfactorily until the 
batteries died, giving constant signals with an acceptable signal 
range. 
 The reduced lifespan of the satellite transmitters also was 
due to the high temperatures which reduced battery life. This 
could be improved by using devices which only give signals 
when they can be captured by the satellite and are more adapted 
to high temperatures. For this study the amount of energy con-
sumed by the transmitter had not been calculated correctly, even 
though it was known that the transmitters consume more en-
ergy in hot climates. The transmitters were programmed based 
on ocean-going animals where the water is much colder than in 
the Amazon. It was not realized that the current drain would be 
so much higher in the Amazon heat. Now, reprogramming the 
two recovered transmitters on a different cycle with new batter-
ies will enable them to function with the same number of bat-
teries for the full 12 months or longer. This type of transmitter 
was used for the first time in a freshwater ecosystem and in the 
tropics. New transmitters can be programmed differently, using 
new calculations based on temperatures in the tropics, so that 

Fig. 4. Satellite and VHF Transmitters glued on the carapace of the 
turtle (Podocnemis expansa) with Turbolit. The paste is molded onto 
the turtle shell, followed by pressing the transmitter into the paste 
and folding it over the transmitter to make a secure bond. In this pic-
ture the turtle has just been released. 

Fig. 5. Podocnemis expansa recaptured at the nesting beach with sat-
ellite transmitter attached four years after deployment, demonstrat-
ing the bonding potential of Turbolit glue. The PTT was easily pried 
off the turtle shell, leaving the carapace undamaged. 
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they can produce signals for the entire year.  There is also now 
available a freshwater on/off  switch, such that the transmitter 
is only activated when it is at the surface out of the water, which 
will greatly conserve battery life.
 We recommend that researchers collect data 24 h a day at the 
initiation of each study. After the movement patterns and activity 
patterns are determined, the transmitters may be programmed 
to operate only during the optimal time to send signals to satel-
lites. If the turtles are relatively stationary for a period of time, 
battery life may be optimized by only activating the transmitter 
6 h a day every four days, allowing for the collection of data for 
a longer time. The discarding of equipment by poachers compli-
cates use of technology, because one cannot ascertain whether 
loss is due to emigration, equipment failure, or poaching. In this 
study we documented some transmitters that were disabled by 
poachers because some were recovered where the poachers had 
discarded them. The PTT was cut off the turtle and probably de-
stroyed or thrown into the water, from which signals cannot be 
received. Local fishermen told us of one PTT that was recovered 
from where it was taken off a turtle. If the battery dies, signals will 
not be received either, but both the VHF signal and the satellite 
transmitter are not likely to die at the same time. 
 In the case of VHF radios applied to Podocnemis expansa, 
seven turtles were simultaneously marked with VHF and satel-
lite technology.  VHF signals were lost when these individuals 
entered flooded forest, while satellite technology continued to 
provide data.

APPLICATIONS AND RECOMMENDATIONS
 Satellite radio versus VHF radio.—Locations derived from 
satellite tracking helped to delineate the reproductive, flooded, 
and dry season ranges of turtles to migration sites. Such infor-
mation is essential to establish where females observed at a giv-
en beach live during the remainder of the year. For long-distance 
migrants, satellite tracking is a useful tool for monitoring migra-
tion routes. However, for species with limited migration or dis-
persal distances, satellite tracking may not be productive, while 
a VHF radio tracking system would provide better data 
 For some species the use of both methods might be appro-
priate, using satellite tracking to study their ranges, habitat use, 
and migratory routes and the VHF system to study habitat patch 
utilization and other fine-scale ecological interactions. When 
working with both technologies simultaneously, the satellite ra-
dio provides coordinates that facilitate approximating the gen-
eral location of the individual so that the VHF radio may yield its 
exact position. 
 For an animal that does not move often, VHF is more precise 
and cheaper than satellite tracking. This system successfully col-
lects continuous presence and absence data and turtle mortality 
data from local people and also estimates the amount of time 
that turtles spend on or near nesting beaches. 
 In the Amazon, the satellite system has shown high perfor-
mance in tracking animals. However, Mantovani et al. (2003) re-
ported that this method is not appropriate for tracking animals 
in fragmented areas and small rivers like those in the southeast 
region of Brazil. This was not a problem in tracking turtles in the 
Amazon Basin because, although there may be errors of hun-
dreds of meters in their exact locations, the large size of rivers in 
the Amazon makes up for any error in the tracking location.
 PIT tags versus plastic tags.—This study has confirmed that 
PIT technology is a reliable and promising method for identifying 
and monitoring individuals over long periods of time and is very 

efficient as a tool to study capture-recapture, movement, abun-
dance, survival, and recruitment. In addition, the use of passive 
tags for animal identification and research provides many bene-
fits, including the reduction of error in recording data, rapid data 
collection, and long-term reliability. They allow researchers to 
permanently mark animals internally without altering external 
appearance and eliminating negative impact on animals as they 
have little or no influence on growth rate, behavior, health, and 
predator susceptibility.
 Previous experience indicates plastic tags were not as suc-
cessful as the PIT tag system because plastic tags were lost faster 
and within four years of being marked. No turtles were recap-
tured with a plastic tag after four years. 
 Disadvantages and limitations.—Satellite and VHF-moni-
tored radio tracking:  The use of the satellite system is worth the 
expense because there is no need to track the animals in the field 
by boat or airplane which increases the costs. However, because 
turtles are a source of traditional local cuisine, they are heavily 
harvested by locals and consequently some of our equipment at-
tached to these turtles is destroyed. Since a VHF radio is cheaper, 
it is therefore recommended if the species can be tracked and the 
signal received within the turtle’s home range. In addition, VHF 
works better in fragmented areas, as already reported by Man-
tovani et al. (2003).
 Passive Integrated Transponders.—The primary disadvantage 
of this technique is the cost (approximately US $4 per tag plus 
the cost of the tag reader). The standard version of this type of 
tag is 10–14 mm long and as the tag is inserted into the caudal 
musculature, experience and care are required in this procedure. 
However, when compared to plastic markers, PIT tags are still 
worth the cost.
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using tattoos to mark Apalone ferox for individual Recognition
Researchers use numerous methods to mark turtles for in-

dividual recognition (Ferner 2007; Plummer 1979). The most 
widely used method for hard-shelled turtles is shell notching 
(Cagle 1939) or a variant thereof. Other techniques used for 
marking hard-shelled turtles include passive integrated tran-
sponders (PIT; Buhlmann and Tuberville 1998; Rowe and Kelly 
2005; Runyan and Meylan 2005) and metal tags attached to the 
carapace (Obbard and Brooks 1981) or flippers (Balasz 1985). 
Techniques that have been employed for soft-shelled turtles 
include hole punching (Doody and Tamplin 1992), inserting 
plastic spaghetti tags (Dreslik 1997), branding (Woodbury and 
Hardy 1948), notching the edge of the carapace (Breckenridge 
1955; Plummer 1977, 2008), and tattooing (Breckenridge 1955). 
Overall, few studies have examined the effectiveness of tattoo-
ing as a marking technique for reptiles but there are reports of 
limited success in snakes (Woodbury 1948) and turtles (Balazs 
1978; Breckenridge 1955).

In 2007, we began capturing and marking the soft-shelled 
turtle Apalone ferox in a spring-run complex located in Wekiwa 
Springs State Park, Florida, USA. Turtles were captured by snor-
keling or with baited hoop nets during biannual, five-day sam-
pling sessions. Captured individuals were tattooed with numbers 
(beginning with “1”) on the underside of the carapace posterior 
to each rear leg (Fig. 1). The areas to be marked were dried, blot-
ted with alcohol, and tattooed using a battery-operated tattoo-
ing gun (Permanent Marker Cordless Tattoo’r). After tattooing, 
the areas were rinsed with alcohol, allowed to dry, and then coat-
ed with a thin layer of antibiotic ointment. The tattooing process 

required ca. 10 minutes to complete. Tattooed turtles were kept 
dry for ca. 1 h before release. The process caused minimal bleed-
ing (Fig. 1), which stopped before turtles were released. Touch-
up tattoos were reapplied to all individuals recaptured during 
subsequent sampling sessions. Photographs of individuals were 
taken and in 2009 we began PIT tagging turtles to verify tattoo 
effectiveness.

Fig. 1 illustrates typical changes as observed in the tattoo of 
one turtle. The initial tattoo was dark (Fig. 1A) and when the in-
dividual was recaptured during the same five-day sampling ses-
sion, it exhibited a dark and legible tattoo (Fig. 1B). Seven months 
after original marking, the tattoos had faded, but a clearly-visible 
scar reflecting the number remained (Fig. 1C). Touch-up tattoos 
were reapplied and the turtle was released. Five months after 
remarking, the tattoo had again faded but the scar remained 
clearly visible (Fig. 1D). (Marks were more apparent in the field 
than is shown in photographs.) To date, 39 individuals have been 
tattooed, of which 12 were recaptured and remarked during a 
second (subsequent) sample, five were recaptured and remarked 
during a third sample, and two were recaptured and remarked 
during a fourth sample. Table 1 summarizes the time elapsed (in 
days) between marking and recapture. All recaptured individuals 
exhibited a visible tattoo or scar and the numbers have always 
been discernable. The long-term effectiveness of tattoos is sup-
ported by four recaptures ca. 1 year after marking, one recapture 
ca. 2 years after marking, and one recapture ca. 2.5 years after 
marking (Table 1). The most faded tattoos observed during the 
study were similar to the marks in Figs. 1C and 1D. PIT tags have 
aided in the verification of eight recaptures (Table 1) during later 
sampling sessions. In one instance (turtle 18), a PIT tag was lost 
or malfunctioned and the animal had to be re-tagged. The tattoo, 
along with body measurement data and previous photographs, 
positively identified this turtle.

Using body measurements, photographs, and PIT tags, we 
consider it unlikely that any turtles were misidentified. While 
fading of tattoos may make tattoos inappropriate for studies with 
long periods (several years) between samples, our data indicate 
that studies with at least annual sampling can employ tattoos. 

During this study, A. ferox with carapace damage sufficient 
to obscure marks from notching or hole punching have been 
observed.  To minimize mark loss, animals were tattooed twice 
in locations which are subjected to minimal wear. Breckenridge 
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(1955) placed tattoos in a high-wear area, the plastron. This may, 
in part, explain why he never recognized any recovered individu-
als as marked. 

Tattooing does not require the removal of tissue, making it 
less intrusive than carapace notching or hole punching (Breck-
enridge 1955; Doody and Tamplin 1992; Plummer 1977, 2008). 
Tattooing is less expensive to employ than PIT tagging, which 
can cost ca. US $400 for a scanner (Rowe and Kelly 2005; Runyan 
and Meylan 2005) and ca. US $4–6 for each tag. The tattooing 
device used in this study cost ca. US $50 and required only new 
batteries, ink, and needles (which came with the device). 

Apalone ferox is still a relatively little-known species com-
pared to other North American freshwater turtles. We attribute 
this, in part, to the difficulty of marking these animals. Our 
method provides researchers with an inexpensive, effective tech-
nique for marking soft-shelled turtles. We hope this method will 
encourage more research on soft-shelled turtles.

 Acknowledgments.—We thank the past and current staff of Weki-
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taBLe 1. The number of days that have passed between tattooing 
and subsequent recapture and tattoo reapplication for individual 
Apalone ferox. Asterisks (*) denote recaptures whose identity was 
verified through use of PIT tags.

  Number of days that have passed since
Turtle Original First Second
Number Tattoo Reapplication Reapplication
   
3 946  
4 209  
10 213 136 
12 213  
13 726  
14 350 373* 232*
15 213  
18 138 233 140*
21 233* 142* 
22 374*  
23 377* 138* 
24 239  
   
No. recaptures 12 5 2

Fig. 1. Appearance of a tattoo mark in Apalone ferox A) immediately after the initial tattooing process; B) after recapture ca. 24 h after the 
initial tattooing process; C) 213 days after the initial tattooing process; and D) 349 days after the initial tattoo process and 136 days after its 
secondary tattoo.
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The Eastern Hellbender (represented by two subspecies, 
Cryptobranchus alleganiensis alleganiensis and C. a. bishopi) is an 
impressively large, strictly aquatic salamander endemic to east-
ern North America (Petranka 1998). Hellbenders can grow to 74 
cm in total length and are gray, brown, or dark green with a dor-
soventrally flattened body and a laterally compressed, keeled tail. 
Although hellbenders have lungs, they are cutaneous respirators 
and require pristine, cool, swiftly moving streams and rivers with 
high levels of dissolved oxygen that equates to approximately 
100% saturation (Nickerson et al. 2002). Cutaneous respiration is 
aided by the hellbender’s conspicuous, undulating vascular lat-
eral skin folds, which increase surface area for gas exchange. 

Populations of hellbenders have declined throughout 
their range (Foster et al. 2009; Petranka 1998; Wheeler et al. 
2003) because of habitat alteration resulting from mining and 

agricultural activities, collection for the pet and bait trades, and 
potentially from chemical contamination (Foster et al. 2009; Pe-
tranka 1998). As a result, the species is listed as Near Threatened 
by the IUCN and is listed as Special Concern in New York State. 
The New York State Department of Environmental Conservation 
(NYSDEC) has acknowledged that without intervention, the hell-
bender in New York is expected to continue its decline (Bell et al. 
2010). In an attempt to address this, a statewide recovery plan 
has been written by a team of experts from within and outside 
the NYSDEC (Bell et al. 2010); the plan includes headstarting of 
wild-collected hellbender embryos. The NYSDEC and the Buf-
falo Zoo have spearheaded an effort to develop captive rearing 
or headstarting efforts for the Eastern Hellbender in New York 
State. The Wildlife Conservation Society (WCS)/Bronx Zoo was 
presented with the opportunity to help with this effort through 
fostering a portion of the larvae, which will be reared in captivity 
for two years at the Bronx Zoo prior to their return to their natal 
river in western New York State. However, we had to find a safe 
and effective way to transport them from Buffalo, New York to 
the Bronx (an approximately 640 km journey) in July, the hottest 
month of the year in the New York Metropolitan Area with an av-
erage monthly high temperature of 29°C (National Climatic Data 
Center; www.ncdc.noaa.gov). 

The particularly high oxygen needs of this species required 
that we manufacture a reliable system for maintaining low 
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temperatures and high dissolved oxygen during transport. Al-
though there are many published reports and accounts on the 
monitoring of wild C. alleghaniensis populations and proven 
methods of capture (e.g., Foster et al. 2008; Humphries 2007; 
Nickerson and Krysko 2003; Williams et al. 1981), there are very 
few notes and published reports on how to manage their safe 
transport and captive care (Indiviglio 2010). Moreover, although 
there are commercially produced refrigerated devices for trans-
porting fish, they are prohibitively expensive. Herein we describe 
a simple and cost-effective method we developed to transport 
hellbender larvae. 

Transporting cool-loving hellbenders in the middle of a 
North American summer presents logistical challenges. Origi-
nally, we investigated the possibility using a commercial airline 
to transport the hellbenders from Buffalo to the Bronx. However, 
because they breathe through their skin and through external 
gills as larvae, ground transportation was the safest option as 
when aboard a plane, it would have been impossible to observe 
them and to intervene in order to provide supplemental oxygen 
if needed. Only by driving the hellbenders could we carefully 
monitor their progress and troubleshoot oxygen levels if neces-
sary. This problem necessitated the planning and manufacture 
of an efficient transportation container that could simultane-
ously cool and oxygenate the animals for their relatively long 
journey to the Bronx Zoo. 

We constructed two transportation devices, which each 
housed approximately half of the 41 gilled hellbender larvae. 
Each hellbender transportation container was manufactured 
with a Coleman® Xtreme 114 liter-capacity cooler. Each cool-
er was filled with approximately 70 liters of water, which was 
brought from the filtered water supply at the Bronx Zoo. The wa-
ter system at the Bronx Zoo’s Amphibian Recovery Center (ARC) 
incorporates ozone treatment, carbon and cloth-bag filters, re-
moves chlorine and chloramines, and reduces phosphate levels 
from the New York City municipal water. Water temperatures in 
the hellbender room at the zoo are maintained at 18°C during 
the summer. In order to acclimate the hellbenders during their 
ride to the Bronx Zoo, our goal was to maintain transportation 
containers at 18°C throughout the round trip. 

Each cooler (A) was plumbed with a pump (Model 5® utility 
pump, 115 volt AC; Aquatic Ecosystems, Inc.), which was con-
nected with PVC piping to the drain spigot of the cooler with a 
2cm (3/4”) exterior bulkhead and internal strainer (Fig. 1). The 
pump was powered with the transportation vehicle’s battery, 
which is accessed with a voltage transformer (DC to AC voltage 
transformer with 12 volt DC input and 120 volt AC output with 
a power output of 700 watts or 5.8 amps; McMaster-Carr) con-
nected to the vehicle’s dashboard power source. The pump (G) 
circulated the water from the cooler to a heat exchanger and 
through the cooler. The heat exchanger (K) was made from a 

Fig. 1. The hellbender transportation device. Note that parts are not drawn to scale. Product brands are provided in the text. A) A 114 liter-ca-
pacity beverage cooler. Approximately 20 nine-month old juvenile hellbenders were transported in each container with the cooler lid closed 
during transport to keep the water cold. B) An external digital thermometer with an internal probe. The probe was secured underwater to the 
wall of the cooler with a suction cup that is provided with the product. C) A battery-operated aerator with an air stone; two were used for each 
cooler. D) The return hose from the heat exchanger, which passes through the wall of the cooler. E) The return hose from the pump, which 
passes through the wall of the cooler. F) The tank circulation valve, which can be closed completely to form a closed loop between the heat 
exchanger and the tank. To make the tank water warmer, this valve should remain fully open, while Valve I is shut off completely, thus shunting 
water flow to the heat exchanger and maintaining water current and oxygenation of the system. G) A 115-volt water pump. The pump is con-
nected to a power converter (H). The power converter converts 12-volt DC power to 115-volt AC power, allowing us to run the AC water pump 
off of the vehicle’s battery via the cabin power source or cigarette lighter. I) The heat exchanger valve. This valve can be completely opened or 
closed or closed partially to regulate the rate of flow of the water through the heat exchanger. The more open this valve is, the more quickly the 
water will cool. J) The outflow tube leading to the heat exchanger. K) The heat exchanger consists of a 431.8 cm long, 1.27 cm outer diameter 
HDPE plastic tube that is coiled inside a five gallon bucket filled with ice. The lid is placed tightly onto the bucket. The greater the number of 
hose coils inside the heat exchanger, the greater the surface area and efficiency of the heat exchanger; however hose length is negatively cor-
related with flow rate. L) The return or outflow hose from the heat exchanger to the hellbender tank. For illustrative purposes, the hose here is 
shown as an incomplete line but in reality it is continuous with D. 
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20-liter plastic bucket filled with ice. Through this bucket, a 430 
cm-long, coiled HDPE plastic hose (1.27 cm outer diameter) 
circulated the hellbenders’ water. Our heat exchanger had five 
coils of water-circulating hose inside the bucket. Two PVC ball 
valves regulated the flow of the water through the system. Valve F 
continuously regulated the flow rate of water through the cooler. 
The other valve (I) regulated flow through the heat exchanger. 
The temperature of the water holding the hellbenders was regu-
lated by adjusting Valve I. When Valve I was shut off completely, 
then water flow was only circulated through the cooler through 
Valve F and gradually became warmer. In contrast, when Valve I 
was fully open, it allowed maximum flow through the ice-filled 
heat exchanger, and decreased the temperature of the water 
inside the cooler (A). Thus, through closing or opening Valve I 
partially or completely, we could manage the water tempera-
ture very effectively, to within one or two degrees of our target 
temperature. The Coleman® beverage cooler also insulates very 
well and is highly efficient at maintaining stable temperatures. 
In each transportation container, two battery-powered aerators 
(Penn-Plax® Silent Air B10), each with airline hose and an air-
stone, were used to further aerate the water (C). The coolers were 
placed onto a sheet of insulating foam to help buffer them from 
the van’s hot floorboards and also to prevent them from sliding 
on the floor of the van.

On 13 July 2010, two of us (JP and JW) traveled to the Buf-
falo Zoo, New York to transport 41 hellbender larvae to the Bronx, 
New York. The round trip was made the same day and was ap-
proximately eight hours in each direction including rest stops. 
The highest outdoor ambient temperature along the route that 
day was 29°C. The van’s cabin was air conditioned with the am-
bient temperature fluctuating from 21°C to outdoor ambient. 
On our way to pick up the hellbenders we let the system run in 
order to make any necessary adjustments and to ensure that the 
optimal temperature could be maintained throughout the trip. 
Prior to their release into the water of the transport device, the 
hellbenders were suspended in plastic tropical fish bags for at 
least twenty minutes until the temperature inside the bag was at 
equilibrium with that of the transport container.

Both on the trip to Buffalo, New York, and during our return 
to the Bronx, we were able to maintain a nearly constant (~18°C) 
water temperature inside the transport containers. Approxi-
mately two, 2.2 kg bags of commercially prepared ice were used 
to fill the heat exchanger described above. The ice, purchased 
from convenience stores, was changed out twice during each leg 
of the trip. 

Upon arrival at the Bronx Zoo, the hellbenders were trans-
ferred immediately from the coolers to their new 75-liter 
(20-gallon long) aquaria (1–2 hellbenders per aquarium) in a 
biosecure room in the Amphibian Recovery Center. The water 
temperature of their new aquaria was nearly identical to that 
of the water in which they were transported. All 41 hellbend-
ers made the trip safely and are, as of publication, doing well at 
the zoo. This method was very effective for the transportation 

of hellbenders and may prove useful in the transport of other 
aquatic amphibians, particularly montane species such as frogs 
of the genus Telmatobius. The number of animals that can be 
carried in each device is dependent upon the dissolved oxygen 
(DO) needs and body mass of the particular species. It is recom-
mended that users of this device research the physiological pa-
rameters required of the species being transported. In this case, 
we set up our device, allowed it to run for several hours, and 
used a digital meter to determine the DO levels in each to en-
sure that they would be within reasonable limits for transport-
ing 41, 7 cm-long larvae. 
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