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Promising Surgical Implantation Method for
Radio-tracking Eastern Tiger Salamanders

(Ambystoma tigrinum tigrinum)

A critical objective of radio-telemetry is detecting transmitter
signals to repeatedly relocate individual animals as they move
across a landscape. For mammals sufficiently large to wear GPS-
collars powered by large batteries, this is not a problem. Small
animals (e.g., smaller snakes, lizards, anurans, and salamanders),
require small batteries and weaker transmitters that produce
shorter detection ranges, requiring frequent trips to the field to
prevent losing tagged animals. Many anurans can be fitted with
one of several belt designs (e.g., Rathbun and Murphey 1996;
Bartelt and Peterson 2000; Muths 2003; Burrows et al. 2012), that
attach transmitters externally around the waist, leaving the whip
antenna to trail behind, maximizing the detection range (e.g.,
400-600 m, depending on topography, the anuran’s behavior,
such as sitting in a burrow; pers. obs.).

The smooth, linear body form of snakes precludes externally
attaching transmitters. Instead, snake ecologists surgically
implant the radio and battery of a transmitter into the body
cavity, then run the long whip antennae under the skin to
maximize the detection range of these transmitter (Reinert and
Cundall 1982).

The body shape, delicate skin, and burrowing habits of
salamanders also generally preclude any external attachment
of transmitters; instead, they also are surgically implanted (e.g.,
Stebbins and Barwick 1968; Kroll et al. 1973; Reinert and Cundall
1982; Blouin-Demers and Weatherhead 2001; Carfagno and
Weatherhead 2008). These transmitters typically are equipped
with an antenna tightly wound into a helical coil (“helical
antenna”) to prevent it from puncturing the body wall or
entangling internal organs. A disadvantage of a helical antenna
is their apparent and substantially shorter detection ranges (e.g.,
25-60 m, Eggert 2002; 4-60 m, Goldberg et al. 2002), often less
than an animal’s average daily movement.

We study Eastern Tiger Salamanders (Ambystoma t.
tigrinum) in northern Iowa, where they typically breed in semi-
permanent, fishless wetlands (Lannoo 1996). After breeding,
these highly cryptic salamanders enter terrestrial habitats and
spend much time underground in burrows they dig (Semlitsch
1983) or that are excavated by small mammals (Collins et al.
1993; Kolbe et al. 2002). They can disperse long distances from
the breeding pond (up to 10 miles; Lannoo 1996), though many
studies report shorter distances traveled throughout the active
season, from breeding to hibernation (e.g., 229 m, Gehlbach
1967, cited in Lannoo and Phillips 2005; 162 m, Semlitsch 1983;
500 m, Madison and Farrand IIT 1998). We wanted an alternate
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antenna configuration on implanted transmitters that would
extend the detection range and help us track Tiger Salamanders
as they dispersed among multiple, recently restored wetlands.
We also wanted an alternate configuration that would not injure
the animal nor interfere with its movements or burrowing habits.

We purchased 23 BD-2 radio transmitters (1.8 g, 150-152
Mhz, pulse rates between 0.50-0.65 s; Holohil Systems, Ltd.,
Carp, Ontario, Canada), each equipped with a 10-cm flexible,
whip antenna with a typical range of 400-600 m and a ca. 4-mo
battery life (based on work completed 2009-2011; Bartelt and
Klaver 2017). After modifying each antenna, we implanted
these transmitters into adult salamanders that we trapped with
unbaited minnow traps placed among 10 restored wetlands in
Winnebago County, Iowa, in 2015 (13 salamanders) and 2016 (23
salamanders; 10 of these salamanders received new transmitters
and 13 refurbished units). We tracked the salamanders for the
season and compared the performance of these transmitters
to identical transmitters (equipped with helical antennae) and
tracked with identical or similar equipment in other studies.

Modifying the Antenna—To minimize the reduction in
detection range, we gently bent the whip antenna into a single
loop, reducing its length by about half (the exact amount of
reduction was based on the size of each animal). To stabilize
the antenna and prevent it from damaging internal organs, we
encased the antenna loop in a thin layer of biologically inert
silicone caulk (flattened by compressing between two layers of
wax paper; Fig. 1). During the silicone curing process (24-48 h),
toxic methanol and acetic acid is released (General Electric, 2015;
DAP Products Inc. 2015). We allowed the silicone to completely
cure = 72 h before surgery to minimize risks of toxicity. We aimed
to minimize the additional weight of the silicone so that each
transmitter would weigh < 10% of the animal’s body weight
(Heyer et al. 1994, cited in Johnson 2006; Rowley and Alford 2007;
Dodd 2010). During our first season (Spring 2015), the mean
(+ SD) added weight was 0.76 + 0.144 g; during Spring 2016, we
reduced these added weights to 0.21 + 0.08 g (Table 1). Hence, for
three salamanders in Spring 2015, the total weight exceeded the
recommended weight limit (10.7, 11.2, and 11.3%); for the other
nine, weights were < 10% (within the range used by Eggert 2002).
Learning from this experience, we were able to reduce mean (+
SD) total weights in Spring 2016 to 5.44 + 0.01% of salamander
weights. To maximize battery life, we waited until just before
surgical implantation to remove the magnet, activating the radio
and signal.

Surgical Methods.—To minimize infection during surgery, we
used sterile utensils and techniques, and treated salamanders
with 2.27% Enroflox (enrofloxacin, an antibiotic) up to 5 d before
and 5 d after surgery. Using a ¥2-cc insulin syringe, we mixed 0.03
mL of 100-mg Enroflox with 0.07 mL of distilled water per 40 g
(B. Wayne D.V.M., pers. comm.) and dripped the mixture onto
the animal’s skin. We also used a standard amphibian Ringer’s
solution (sterilized) to prep animals and maintain their moisture.
We anesthetized each salamander by immersing it in 0.03% MS-
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Fic. 1. Holohil BD-2 radio transmitter with a 10-cm whip antenna
looped and encased in a thin layer of clear silicone. Transmitter
length varies due to varying loop lengths to fit the coelomic cavity of
individual animals.

TasLE 1. Maximum detection ranges for BD-2 radio transmitters with
modified whip-antennae.

No. Range (m) Year
1 75 2015
2 75 2015
8 75 2015
4 100 2015
5) 117 2016
6 137 2016
7 140 2016
8 140 2016
9 152 2016
10 154 2016
11 154 2016
12 155 2015
13 156 2016
14 156 2015
15 183 2015
16 183 2015
17 187 2016
18 189 2015
19 192 2016
20 195 2016
21 204 2015
22 205 2015

222 (tricaine methanesulfonate) solution, mixed in a ratio of 5
g/200 mL Ringer’s solution for 10-15 min or until the animals
were unresponsive.

We made a 2-3 cm incision slightly offset and parallel to the
midline of the ventral surface (avoiding any ventral abdominal
veins). The transmitter apparatus was soaked in ethanol for 1
min, retrieved with sterile forceps, air dried, and immediately
implanted. We placed the bulk of the unit (radio and battery)
into the pelvic area of the coelomic cavity, with the thin, flexible
antenna loop laid into the thoracic region. Putting the bulk of
the unit posteriorly avoided placing pressure on vital thoracic
organs (e.g., heart and major arteries). After implantation, the
incision was closed with sterile sutures (6/0 VISORB® absorbable
sutures; C.P. Medical, Portland, Oregon, USA). We placed each
salamander into a sterilized 1-L beaker with a sterilized paper
towel soaked with amphibian Ringer’s solution for post-surgical
observations; we monitored the incision site and daily treated
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each salamander with antibiotics. Earthworms were offered
to salamanders after 24-48 h. We released animals 5 d post-
surgery to minimize the effects of prolonged activity that may
delay or shut down normal field behavior (Madison and Farrand
II1,1998). Previous studies involving radio implantation in
amphibians have allowed similar recovery times (24 h, Werner
1991, and Johnson 2006; 1-9 d, Madison and Farrand III 1998; 2
d, Eggert 2002).

Post-implantation.—Surgical implantation for all salaman-
ders was successful, though one died 2 d post-surgery (likely
because we retained it for an extended time pre-surgery and it
had poor body condition). During the 5-d recovery periods, the
remaining individuals were alert, active, and without signs of in-
fection. Incision sites healed quickly with substantial healing at
the time of release. After being released into its pond, each sala-
mander vigorously swam into the water. As a control (to help us
evaluate the health effects of this new technique), we implanted
a transmitter into another salamander that was a “resident” in
our laboratory, fed it weekly, and retained for observations.

We relocated each salamander every 2-3 d with aTR-2 or TR-4
receiver and a 2-element RA-2H directional antenna (Telonics,
Inc., Mesa, Arizona, USA). Animals were handled and assessed
only if they were visible above ground or if there was concern for
their well-being (usually 1-2 times per season).

Detection Range and Tracking—We measured the detection
range for each transmitter as we released each salamander
(the presumed maximum range). This silicone-loop technique
achieved a mean (+ SD) detection range of 151 + 41 m (range =
75-205 m; Table 1). Differences in this range relate largely to the
size of the animal: smaller animals requiring a shorter loop to
fit the coelomic cavity had the shorter ranges of detection, and
larger animals had the longer ranges.

In 2015, we tracked the animals a mean of 125 + 46 d, with
the longest length of time being 177 d from implantation. We
made a total 93 observations of 12 salamanders over 89 d (17
April-15 July; one salamander died before release). They traveled
a mean (+ SD) total distance of 286 + 168 m (135-659 m), and a
mean daily distance of 12.4 + 8.2 m (max = 147 m). The duration
of telemetry was substantially shortened for all but three
salamanders. Predators caught five, possibly seven, salamanders;
one likely died when sutures came loose; another was killed
by heavy agricultural machinery after it moved into a soybean
field; and we lost track of three when the batteries expired. The
control salamander, a laboratory resident, remained active,
demonstrated usual movements and behaviors, and accepted
food offerings consistently. The radio was retrieved after 6 mo.

In 2016, we made a total 300 observations of 23 salamanders
over 109 d (3 April-21 July). They traveled a mean daily distance
of 5.8 + 4.3 m (max = 308 m) and a mean (+ SD) total distance
of 251 + 179 m (50-708 m). We recovered 12 radios in the field
with signs of digestion and/or visible predator bite marks; four
more signals were lost, either by animals moving out of detect-
able range or carried away by predators. Two bodies were recov-
ered: one animal died within a couple days of the prairie habitat
being burned (it was matted with ash); the other was killed and
the radio removed by a predator (both the body and radio were
found). Two radio signals never left the pond (release site); we
were unable to retrieve the radios and suspect the salamanders
were eaten by an aquatic predator. We retrieved three animals
alive at the end of the tracking season; all were active and had in-
creased body weight with slight to no scarring at the implant site.
We successfully recovered these transmitters through surgery.
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Mortality.—Predation was a major challenge to salamander
survival during our two seasons of telemetry. Of our 35 animals
implanted and released, 16 radios were recovered without the
salamander, with similar signs of digestion as a radio recovered
from a garter snake (Thamnophis sp.; digestive juices stained the
silicon a yellow-green color) or, in many cases, frayed antenna
or signs of chewing of a larger animal. Assessing the natural rate
of predation of adult salamanders is difficult, but they do fit
within the diet of a plethora of predators within wetlands (e.g.,
Common Snapping Turtle, Chelydra serpentina) and prairie sites
(e.g., Raccoon, Procyon lotor; Coyote, Canis latrans; Red Fox,
Vulpes vulpes; Striped Skunk, Mephitis mephitis). Are these high
predation rates typical? We were unable to develop a method
to compare the predation of our implanted salamanders with
other free-ranging salamanders in these same habitats, but the
mortality rates experiences by our salamanders reflected those
observed in other studies for A. tigrinum (e.g., Madison and
Farrand III 1998). In addition, D. Madison (pers. comm.) has
documented very high predation rates in both implanted and
non-implanted adults, and is confident that documented high
mortality had very little to do with any increased susceptibility of
implanted salamanders to predators.

Summary—This antenna modification did not alter sala-
mander behavior, compared to results from other studies. It also
increased the detection range compared to transmitters with he-
lical antennae. Holohil Systems, Ltd., lists typical ranges of the
BD-2H (“H” = helical antenna) transmitter as 50-100 m and the
BD-2HX (“X” = helical around a short post) as 100-200 m. This
assumes, however, the use of a 3-element Yagi antenna, not a
2-element antenna (e.g., RA-2H), for which the range would be
less (J. Edwards, pers. comm.).

Various factors (e.g., battery size and power, type of receiving
antenna, animal behavior) can affect detection range. To better
estimate the benefit of our method, we compared our results with
two independent studies that used nearly identical equipment.
Bartelt (2000) used four BD-2H transmitters and a Telonics TR-2
receiver and a 2-element RA-2H directional antenna to monitor
Western Toads (Anaxyrus boreas) in southeastern Idaho; the
detection range for these four varied between 30 to a max. of
ca. 50 m. Swanson (2017) used 25 BD-2H transmitters in 2015
and 2016 to track Northern Leopard Frogs (Lithobates pipiens)
in northern Iowa. She detected the signals with a model 2400
receiver (Advanced Telemetry Systems, Isanti, Minnesota, USA)
and a Telonics 2-element RA-14 directional antenna (same
performance as a RA-2H antenna; Telonics, Inc., pers. comm.);
the detection range in this study ranged from 20 to a max. of ca.
70 m. She used ca. 10 BD-2HX units in 2016; maximum ranges
for these were 20-30 m greater (J. Swanson, pers. comm.).
Transmitters with the shortest range in this study exceeded
the best results of Bartelt (2000) by 25 m and those of Swanson
(2017) by 5 m; ranges of the other transmitters were at least twice
greater than BD-2H transmitters in the two other studies.

As with any other transmitter, the animal’s behavior (e.g., un-
derground or under water) caused some shortening of the range
(e.g., est. usually 10-20%; 25% in the most extreme situations). Re-
gardless, this longer range allowed us to follow individuals more
effectively. For example, on 11 different occasions in 2015, 7 sala-
manders moved > 90 m (93-205 m) in one day; on 15 occasions in
2016, 12 salamanders moved = 80 m (80-318 m) in one day. Given
the more limited range of helical antennas, the above data sug-
gests we may have lost over half of the salamanders (because they
moved well beyond the detection range of a helical antenna).

Limitations.—Limitations with this method include the need
for alonger incision and more sutures, when compared to helical
antenna radios. If not applied carefully, the addition of silicone
can substantially increase the percent body weight ratio, but
with practice we were able to keep the total weight ratio to ca.
5%. Finally, because longer antenna loops provide greater ranges
than shorter loops, one will achieve best results when using
medium to larger animals (e.g., ca. 35 g or more). Except for the
largest species, we suspect this method to have limited use with
anurans, due to their shorter, truncate bodies.

Acknowledgments—Funding for this study was provided by the
Wildlife Diversity Program of the lowa DNR, the Iowa Science Foun-
dation, and Waldorf University. For assistance in the field we thank
C. Saavedra, L. Gehl, D. Nichols, S. Vettleson-Trutza, K. Kern, M. Rob-
erts, and G. Novbatova. We also are grateful for the cooperation of
private and public (Winnebago County Conservation Board, Iowa
Department of Natural Resources, USDA Natural Resources Con-
servation Service, and USDI Fish & Wildlife Service) landowners. We
followed all procedures as approved by Waldorf College IACUC 2014-
001 and recommendations provided us by Bryan Wayne, D.V.M.

LiTERATURE CITED

Barterr, P E. 2000. A Biophysical Analysis of Habitat Selection in
Western Toads (Bufo boreas) in Southeastern Idaho. Ph.D. Disser-
tation. Idaho State University, USA.

, AND R. W. Kraver. 2017. Response of anurans to wetland res-

toration on a midwestern agricultural landscape. J. Herpetol.

51:504-514.

, AND C. R. Peterson. 2000. A description and evaluation of a
plastic harness for attaching radio-transmitters to western toads
(Bufo boreas). Northwest. Nat. 81:122-128.

BrouiN-DEeMERS, G., AND P. J. WeaTHERHEAD. 2001. Habitat use by black rat
snakes (Elaphe obsoletus obsoletus) in fragmented forests. Ecology
82:2882-2896.

Burrows, A. L., A. L. Herrick, A. C. GErrre AND P. E. Barterr. 2012. A fully
adjustable transmitter belt for ranids and bufonids. Herpetol. Rev.
43:66-68.

CarraGNoO, G. L. E, anDp P WeATHERHEAD. 2008. Energetics and space use:
Intraspecific and interspecific comparisons of movements and
home ranges of two colubrid snakes. J. Anim. Ecol. 77:416-424.

Coruns, J. P, K. E. Zersa, AND M. J. SrepL. 1993. Shaping intraspecific
variation: development, ecology and the evolution of morphology
and life history variation in tiger salamanders. Genetica 89:167—
183.

DAP Propucrs Inc. 2015. Safety Data Sheet: DAP 100% Silicone Win-
dow and Door Clear.

Dobp, C. K. 2010. Amphibian Ecology and Conservation: a Handbook
of Techniques. Oxford University Press, UK. 556 pp.

Eccerr, C. 2002. Use of fluorescent pigments and implantable trans-
mitters to track a fossorial toad (Pelobates fuscus). Herpetol. J.
12:69-74.

GenieacH, E R., 1967. Evolution of the tiger salamander (Ambystoma
tigrinum) on the Grand Canyon rims, Arizona. Yrbk. Amer. Phil.
Soc. 1967:266-269.

GeneraL ErLectric. 2015. Frequently Asked Questions: What is the typi-
cal cure time (dry time) for silicone caulk? Available at: http://www.
caulkyourhome.com/frequently-asked questions.php#prod_1.

GOLDBERG, C. S., M. GoopE, C. R. ScHWALBE AND J. L. JarcHow. 2002. Ex-
ternal and implanted methods of radiotransmitter attachment
to a terrestrial anuran (Eleutherodactylus augusti). Herpetol. Rev.
33:191-193.

Heyer, W. R., M. A. DonNELLY, R. W. McDiarmip, L. C. Havek aND M. S. Fos-
TER (eds.). 1994. Measuring and Monitoring Biological Diversity:

Herpetological Review 49(3), 2018



Standard Methods for Amphibians. Smithsonian Institution Press,
Washington, D.C. 364 pp.

Jounson, J. R. 2006. Success of intracoelomic radiotransmitter im-
plantation in the treefrog (Hyla versicolor). Lab Animal 35:29-33.

Kotsg, J.J., B. E. SmiTH, AND D. M. BrowniNG. 2002. Burrow use by tiger
salamanders (Ambystoma tigrinum) at a black-tailed prairie dog
(Cynomys ludovicianus) town in southwestern South Dakota. Her-
petol. Rev. 33:95-99.

KroLt, J. C., D. R. Crark, Jr., AND J. W. Arserr. 1973. Radiotelemetry
for studying thermoregulation in free-ranging snakes. Ecology
54:454-456.

Lannoo, M. J. 1996. Okoboji Wetlands: A Lesson in Natural History.
University of Iowa Press, Iowa City, Iowa. 156 pp.

, AND C. A. PuiLips. 2005. Species account: Ambystoma tigrinum.
InM.J. Lannoo (ed.), Amphibian Declines: The Conservation Sta-
tus of United States Species, pp. 636-639. University of California
Press, Berkeley.

Mabison, D. M., anp L. Farranp I1I. 1998. Habitat use during breeding
and emigration in radio-implanted tiger salamanders Ambystoma
tigrinum. Copeia 1998:402-419.

TECHNIQUES 469

Mutss, E. 2003. Home range and movements of boreal toads in un-
disturbed habitat. Copeia 2003:161-165.

RarHBuN, G. B., aND T. G. MurpHEY. 1996. Evaluation of a radio-belt for
ranid frogs. Herpetol. Rev. 27:187-189.

Renert, H. K., anp D. CunpatL. 1982. An improved surgical implanta-
tion method for radio-tracking snakes. Copeia 1982:702-705.

RowtEy, J. L., AND R. A. Arrorp. 2007. Techniques for tracking amphib-
ians: the effects of tag attachment, and harmonic direction finding
versus radio telemetry. Amphibia-Reptilia 28:367-376.

Semutsch, R. D. 1983. Burrowing ability and behavior of salamanders
of the genus Ambystoma. Can. J. Zool. 61:616-620.

SteBBINS, R. C., AND R. E. Barwick. 1968. Radiotelemetric study of ther-
moregulation in a lace monitor. Copeia 1968:541-547.

Swanson, J. E.. 2017. Amphibian occupancy and effects of habitat use
on pesticide exposure in Iowa agricultural wetlands. M.S. Thesis.
Iowa State University, lowa City, lowa.

WERNER, J. K. 1991. A radiotelemetry implant technique for use with
Bufo americanus. Herpetol. Rev. 22:94-95.



