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Success of intracoelomic radiotransmitter
implantation in the treefrog

(Hyla versicolor)

Jarrett R. Johnson, PhDD

Concern about the effects of habitat modification on the natural movements and
behavior of amphibians has led researchers to devise several methods to follow
individual animals as they migrate among seasonal resources; one such method is

the surgical insertion of radiotransmitters. Intracoelomic implantation has come into
general use despite the relative lack of specific procedural guidelines and information
about the effects of transmitter insertion and removal. The author outlines the surgical
implantation procedures used on a small amphibian (gray treefrog) and provides
insight into the effects of multiple major surgical invasions on the long-term survival
of amphibians. Multiple survival surgeries were successful in this study and may be an

alternative to euthanasia in some instances.

Concern about the status of amphibian populations
across the globe has led to an increase in the need for
information about the location and habits of individu-
als throughout their life cycle. Determination of terres-
trial habitat requirements (i.e., space-use estimates) and
quantification of migration and dispersal distances are
crucial pieces of information when the goal is to ensure
population stability despite increasing habitat modi-
fication. These data are particularly difficult to obtain
for many amphibians because of their cryptic life-style.
Although amphibians may be easily located and studied
during the breeding season, when they are congregated
in large numbers, they spend the majority of their time
in the terrestrial habitat, where they are typically secre-
tive and difficult to find. Of the many methods that have
been developed for tracking amphibians as they emigrate
from breeding aggregations (e.g., thread trailing, radio-
active tagging, fluorescent powders), the most successful
method for elucidating amphibian activities at distances
from breeding sites has been radiotelemetry.

For amphibians, radiotelemetry requires that indi-
viduals have transmitters implanted intracoelomi-
cally'=? or subcutaneously*, attached externally via
backpacks“’ or waistbands”®, or contained within
the gastric cavity following forced ingestion®. The
most appropriate method of attachment depends on

the morphology of the target species and the particu-
lar habitat in which tracking will occur. To study the
movement and activity patterns of the gray treefrog
(Hyla versicolor) during the nonbreeding season, the
author surgically implanted radiotransmitters into the
coelomic cavity. Implantation was preferable because
of concern that backpacks would hinder the ability of
the animals to maneuver in tight spaces (e.g., treeholes)
and waistbands would not remain attached to the slen-
der treefrogs. Although ingestion of transmitters has
been shown not to influence feeding behavior of larger
amphibian species” or snakes!?, the large size of the
transmitter compared with the size of the treefrog sug-
gested that forced ingestion may be inappropriate.
Several workers have reported that implantation
of foreign elements into the body cavity has in some
instances pathological and behavioral effects on birds'!
and mammals'?, but limited information exists about
the effects of implantation in amphibians'?. In fact,
only a few investigators have reported procedural tech-
niques for insertion of transmitters (or dataloggers)
into the body cavity of amphibians'=*'*13, despite a
preference for the method for the relocation of marked
animals in a variety of habitats. Although descriptions
of general surgical techniques for amphibians have
appeared in the literature'®!7, this report details the
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FIGURE 1 | Individual no. 0895 showing positioning for surgery, and the location/length
of incision (a).

surgical procedures used for implantation and subse-
quent removal of transmitters in gray treefrogs, and
provides insight into the fate of individuals during the
weeks following the implantation surgery and trans-
mitter removal | year later in a second survival sur-
gery.

METHODS

Animals and radiotransmitters

The University of Missouri Animal Care and Use
Committee (Protocol 3950) approved all of the
procedures.

We captured a total of 22 adult (10 male and 12
female) gray treefrogs in experimental arboreal
retreats constructed from acrylonitrile butadiene sty-
rene conduit and marked them by toe excision during
the course of a separate study. The timing of capture
(~25 d before the first 0° C night) and body mass deter-
mined the selection of frogs for surgery. We captured 10
frogs from 2 October to 21 October 2003 and 12 frogs
from 27 September to 14 October 2004. Transmitters
were not to exceed 10% of an individual’s mass'®, and
we included in the study only frogs weighing more than
8.5 g. At the time of capture, the average length of
individuals was 50.8 mm (£1.2 mm s.e.) from snout
to vent, and the average weight was 11.5 g (£0.9 g s.e.).
Individuals were kept overnight in individual ventilated
plastic containers (23.5 x 15.2 x 16,5 cm) with several
wetted paper towels until surgery the following day.

Holohil Systems Ltd. (Carp, Ontario, Canada) sup-
plied 12 BD2 radiotransmitters (weight 0.85 g, dimen-
sions 14 x 6.5 % 3.5 mm) with internal helical antennae
and an expected battery life of ~28 d in 2003 and 25 d
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in 2004. We soaked radio transmitters that had been
encapsulated in an inert waterproof expoxy in ethyl
alcohol and then rinsed them with sterile water imme-
diately before implanting them.

Implantation procedure

We performed all surgical procedures in a facility
approved by the University of Missouri Animal Care
and Use Committee. Before surgery, we sterilized a lab-
oratory table with a 10% bleach solution followed by
ethyl alcohol. Surgeries took place on new paper tow-
els moistened with sterilized water, under a dissecting
microscope with supplemental fiber optic light source,
with the surgeon wearing latex examination gloves
throughout the surgical procedures.

Before surgery we weighed each frog with a digital
scale and measured it with a digital caliper, then sub-
merged the frog in a 0.2% (in 2003) or 0.4% (in 2004)
aqueous solution of ethyl-m-aminobenzoate methano-
sulfonate (MS-222, Sigma-Aldrich Co., St. Louis, MO)
buffered to pH ~7 with sodium bicarbonate!”. MS-222
is in common use for anesthesia of fish and amphib-
ians'”. We kept the frogs in the anesthetic solution
until a loss of righting behavior and lack of response
to toe pinching (x = 6 min, £2.5 min s.¢.) indicated
deep sedation. Immediately after anesthesia we rinsed
frogs with sterile water to remove residual anesthetic'?,
although other reports of amphibian surgery suggest
that individuals be held in the anesthetic solution for
the duration of the procedure to maintain hydration
and unconsciousness. No breathing or buccopharyngeal
movement was detectable in anesthetized frogs, but the
heartbeat remained visible under the dissecting micro-
scope when dorsally recumbent. Following removal
from the MS5-222 solution, frogs remained immobile
for a little less than 30 min. Obvious breathing and
gulping behavior preceded awakening. Supplemental
drops of anesthesia solution occasionally administered
to the throat and chest region maintained sedation and
prevented desiccation. Individuals righted themselves
~20 min after surgery.

Radiotransmitter implantation consisted of a 6-
mm incision in the ventrolateral abdominal muscu-
lature lateral from and parallel to the ventral mid-
line and anterior to the right hindlimb (Fig. 1). We
positioned the incision site in such a way as to avoid
major veins and minimize rubbing of the wound by
the hindlimbs and substrate. We inserted the trans-
mitters into the coelomic cavity, positioning them
parallel to the intestines and gonads'. Between five
and six sutures closed the musculature and the epi-
dermis separately'® with absorbable 4-0 (in 2003) or
5-0 (in 2004) chromic gut monofilament (Ethicon,
Inc., Somerville, NJ). VetBond tissue adhesive (3M
Animal Care Products, St. Paul, MN) sealed the inci-
sion site; after the VetBond had dried we applied a
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minimal amount of the topical analgesic lidocaine
(2%; Akorn Inc. Buffalo Grove, IL).

Within 24 h after implantation we released the frogs
at the point of capture and tracked them for the dura-
tion of the transmitter battery life (~25 d).

Radiotransmitter removal

Before the batteries failed, we removed the radiotrans-
mitters and allowed the animals to recover in clean
plastic containers with newly moistened paper towels
for at least 24 h before returning them to the field.

We used sterilized forceps® to remove the radiotrans-
mitters from anesthetized frogs via a slightly larger inci-
sion (7 mm) in a similarly lateral position on the opposite
side from the initial surgical site. After closing the extri-
cation incisions with six to seven stitches in the muscle
and between seven and eight stitches in the epidermis,
we applied VetBond and lidocaine on the surface of the
wound as described earlier for implantation procedures.
Frogs recovered from their second surgery in individual
plastic containers with moistened paper towels for sev-
eral days (depending on the outside temperature) before
being permanently released.

Before release, the behavior (i.e., body posture, avoid-
ance behavior) of each animal had returned to normal.
Monitoring of experimental arboreal refugia continued
through the spring of 2005. We recorded the recapture
of any animals after surgical procedures occurred.

RESULTS AND DISCUSSION

Previous research indicated that chromic gut sutures
were a source of irritation in several taxa, including rep-
tiles, but gave no mention of effects on amphibians?.
In this study the sutures did not appear to cause any
irritation. Absorbable sutures have been reported to
dissolve too rapidly in moist amphibian habitats, and
some have suggested the use of nonabsorbable mono-
filament sutures for the epidermis'”. My results sup-
port this contention when using 5-0 sutures, because
surgeries performed in 2004 had a higher occurrence
of dehiscence than in 2003, but 4-0 sutures appeared
to be sufficiently large to persist until wounds had
healed. The arboreal habits of adult gray treefrogs may
allow absorbable sutures to persist long enough for the
wounds to heal. Furthermore, the sealing of incision
sites with tissue adhesive provided additional strength
to the sutures. There has been poor documentation of
the proper dosages of analgesics for amphibians'?, so
lidocaine was used sparingly. Lidocaine produced tem-
porary redness in some instances.

Of the 22 frogs carrying radiotransmitters, 7 disap-
peared during the course of the two study periods (2003
and 2004) or remained missing after the termination of
the study. At least one disappearance was the result of pre-
dation, and the rest were probably due to battery failure
before recapture for transmitter extraction. Some wounds
healed more rapidly than others, but all insertion wounds

TABLE 1. Surgery and last recapture dates for all animals tracked during 2003 and 2004 that underwent

survival transmitter removal?
Extraction Initial Number of Final Minimum

Animal surgery recapture days until recapture days
1] Sex date date first recapture date surviving
0330 M 7 Dec 2004 13 Apr 2005 127 13 Apr 2005 127
0736 F 19 Nov 2003 16 Apr 2004 149 22 May 2004 185
0745 M 31 Oct 2003 23 Apr 2004 175 13 May 2004 195
0769 F 2 Nov 2003 9 Apr 2004 159 10 Apr 2005 543
0837 M 3 Nov 2003 N/A N/A N/A N/A
0881 F 6 Dec 2004 5 Apr 2005 120 5 Apr 2005 120
0884 F 18 Nov 2003 23 Apr 2004 157 19 Aug 2004 275
0888 M 30 Oct 2003 N/A N/A N/A N/A
0895 F 5 Nov 2004 N/A N/A N/A N/A
1026 M 3 Oct 20030 23 Apr 2004 203 23 Apr 2004 203
1161 F 6 Dec 2004 N/A N/A N/A N/A
1720 M 6 Dec 2004 N/A N/A N/A N/A
2838 F 16 Nov 2003 21 Apr 2004 157 21 Apr 2004 157
4032 F 8 Oct 2004" 5 Apr 2005 179 5 Apr 2005 179
4070 F 8 Oct 2004P 13 Apr 2005 187 13 Apr 2005 187
4074 F 3 Nov 2004 N/A N/A N/A N/A
4080 M 6 Dec 2004 N/A N/A N/A N/A
4087 M 6 Dec 2004 N/A N/A N/A N/A

X 149° e 229°

"All recaptures were recorded in experimental arboreal refugia.
Implantation surgery.
“Excluding implantation surgery dates,
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FIGURE 2 | Individual no. 0769 showing (a) scarring of early surgery with insufficient
epidermal stitches 204 days after surgery, and (b) scarring of transmitter removal surgery
with use of nine epidermal stitches and VetBond 173 days after surgery.

healed before the extraction procedures were performed.
All sutures in muscle tissue maintained integrity, but early
surgeries with fewer epidermal sutures (two to three) did
show some evidence of minor dehiscence of the skin
incision. Upon recapture, these frogs appeared to remain
healthy and free from infection.

Of the five individuals lost because of presumed
battery failure, we recaptured three (frogs no. 1026,
no. 4032 and no. 4070) in arboreal retreats ~6 months
after implantation and identified them by their unique
toe clip markings. A larger amount of fibrous tissue
had accumulated around the surface of the transmit-
ter implanted in no. 1026 than around those that had
been removed after the typical 25-d period, and that
animal expired several days following removal surgery.
Excess tissue was not apparent in frogs no. 4032 and
no. 4070, and the extraction surgeries were successful.
No other direct mortality occurred from surgical proce-
dures. There was no evidence of infection at or around
the incision sites; however, individual no. 0895 devel-
oped swelling in the right hindlimb during the course

of tracking and died several days after the transmitter
removal surgery.

During 2004 we recaptured six of the seven frogs that
underwent transmitter removal surgery in 2003 (Table
1) and identified them by their toe clip markings. These
individuals showed varying degrees of scarring that
appeared to be a corollary of the investigator’s improve-
ment in surgical proficiency (Fig. 2). All six recaptured
animals were in the same experimental arboreal refuge
in which they were initially captured (before surgery)
and appeared to be behaving normally. We observed
one female (no. 0769) in amplexus at a breeding site;
the frog traveled 100 m back to its diurnal refuge site
within a 48-h period. During brief monitoring in the
spring of 2005 (5 April-14 April), we also recaptured
four individuals that we had tracked in 2004 (Table
1). In total, we recaptured 10 of the 18 individuals that
underwent transmitter removal surgery, and cach sur-
vived for at least 120-543 days (Table 1). Overall, indi-
viduals weighed an average of 1.1 g (9%) less directly
after the removal of the radiotransmitter than they did
directly before implantation (Table 2).

Intraperitoneal implantation of radiotransmitters
did not adversely affect gray treefrog behavior either
while implanted or after removal. We recaptured the
vast majority of individuals within their presumed non-
breeding season foraging grounds between 120 and 543
days after their final surgeries. Similarly, we also recap-
tured frogs that were not subject to surgical procedures
within their fall foraging sites during spring monitoring
of diurnal refugia. All recaptured animals that had had
surgery appeared to be in good health, were active, and
did not display any external malformations as a result
of two major survival surgeries.

Although the procedures outlined subject individuals
to stress, these data suggest that normal behavior resumes
quite rapidly and long-term effects are minimal. Other
studies that have used less invasive external transmitter

TABLE 2. Weight loss during the interval of transmitter implantation for all frogs tracked during 2004 that

underwent transmitter removal

Mass (g) Mass (g) Weight Percent Days
Animal before following change weight with
1D Sex implantation extraction (g) loss implant
0330 M 9.90 8.49 -1.41 14.24 28
0881 F 14.93 12.13 -2.80 18.75 15
0895 F 14.46 14.35 -0.11 0.76 26
1161 F 12.20 10.34 -1.86 15.25 23
1720 M 9.19 9.17 -0.02 0.22 30
4074 F 13.58 12.30 -1.28 9.43 27
4080 F 11.60 10.93 -0.67 5.78 30
4087 _M o I h 11.19 1(_].32 -0.87 1T 25
X 12.13 11.00 -1.13 9.02 25.50
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attachment procedures (e.g., waistbands) have reported
problems with external lesions on the skin after pro-
longed attachment of transmitters. Certainly, these irri-
tations can pose a great stress to individuals due to the
prolonged duration of the irritation and, as a result, may
bias any movement data collected. Similarly, individuals
no. 1026, no. 4032, and no. 4070 demonstrate that the
extended presence of a transmitter within the body cavity
does not prevent successful overwintering but may lead
to complications during extraction. The duration of any
study involving tracking of amphibians should receive
careful consideration in light of these limitations.

Most, if not all, of the animals used in this study were
able to survive the winter immediately after a second
surgical procedure, barring extraneous circumstances.
These data suggest that the standard Animal Care and
Use Committee protocol, requiring that animals be
euthanized instead of undergoing a second major sur-
vival surgery, should have a case-specific application.
The possible benefits of returning individuals to a popu-
lation (especially in the case of endangered species) may
outweigh the temporary stressor of additional surgery
in some instances. The loss of weight during the study is
of some concern when one considers that the primary
activity of anurans between breeding and hibernation is
to forage and restore energy reserves that were used dur-
ing breeding activities. However, all animals were able
to survive the winter and to resume foraging the follow-
ing spring, and no. 0769 was healthy enough to produce
a clutch of eggs during the breeding season after two
major surgeries (Fig. 2). Without information about
typical patterns of weight loss (or gain) of amphibians
after a prolonged breeding season, the observed weight
loss is difficult to put into context. However, during a
study of the effect of desiccation on body mass of gray
treefrogs, individuals were able to recover from weight
loss of as much as 30% and typically varied by 5% in the
control group (unpublished data).

To the author’s knowledge no other study has reported
wild recaptures of radiotracked individuals after removal
of internally housed transmitters. Despite the use of such
surgical implantations in the past"3"“'3', little informa-
tion exists about the effects of surgical procedures follow-
ing multiple major survival surgeries. Multiple surgeries
did not have any obvious adverse effects on individuals,
and when done properly, may be appropriate for use on
critically imperiled species. When followed, the methods
outlined in this study will help to generate crucial infor-
mation about the movements and activities of amphib-
ians that are moderate to large in size.

ACKNOWLEDGMENTS

Funding for this research was provided by a TWA Fellowship. The
author thanks R. Semlitsch for supplies provided by NSF grant
DEB-023 9943; J. Millspaugh for access to field sites; R. Mahan,
J. Haynes, D, Johnson, and G. Johnson for assistance in capturing
individuals; and R. Semlitsch, M. Dyson, and T. Rittenhouse

for helpful comments on an early draft of the manuscript and
discussions about surgical methods.

COMPETING INTERESTS STATEMENT
The author declares that he has no competing financial interests.

Received 29 August 2005; accepted 25 October 2005.
Published online at http://www.labanimal.com

1. Stouffer, R.H., Jr., Gates, J.E., Hocutt, C.H. & Stauffer, J.R.,
Jr. Surgical implantation of a t itter package for radio-
tracking endangered hellbenders. Wildl, Soc. Bull. 11(2),
384-386 (1983).

2. Smits, A.W. Activity patterns and thermal biology of the toad
Bufo boreas halophilus. Copeia 1984(3), 689-696 (1984).

3. Sinsch, U. Temporal spacing of breeding activity in the
natterjack toad, Bufo calamita. Oecologia 76(3), 399-407
(1988).

4. Werner, J.K. A radiotelemetry implant technique for use with
Bufo americanus. Herpetol. Rev. 22(3), 94-95 (1991).

5. VanMuland, G.J. & Claus, P.F.H. The development of a radio
tracking system for anuran species. Amph. Rept. 2(2), 107-
116 (1981).

6. Kingsmill, 5. How to track a toad: attach a designer backpack
and radio, of course. Int. Wildl. 21(1), 29 (1991).

7. Fukuyama, K., Kusana, T. & Nakane, N. A radio tracking study
of the behavior of the frog Buergeria buergeri (Rhacaphoridae,
Amphibia) in a breeding stream in Japan. Jap. J. Herpetol.
12(3), 102-107 (1988).

8. Rathbun, G.B. & Murphy, T.G. An evaluation for a radio-belt for
ranid frogs. Herpetol. Rev. 27(4), 187-189 (1993).

9. Oldham, R.S. & Swan, M.1.S. The effects of ingested
radiotransmitters on Bufo bufo and Rana temporaria. Herpetol.
J. 2(3), 82-85 (1991).

10. Plummer, M.V. & Congdon, J.D. Radiotelemetric study of
activity and movements of racers (Coluber constrictor)
associated with a Carolina bay in South Carolina. Copeia
1994(1), 20-26 (1994).

11. Mulcahy, D.M. & Esler, D. Surgical and immediate post release
mortality of Harlequin ducks (Histrionicus histrionicus)
implanted with abdominal radio transmitters with
percutaneous antennae. J. Zoo Wildl. Med. 30(3), 397-401
(1999).

12. Guynn, D.C., Jr., Davis, J.R. & von Recum, A.F. Pathological
potential of intraperitoneal transmitter implants in beavers,
J. Wildl. Manage. 51(3), 605-606 (1987).

13. Gray, M.J., Miller, D.L. & Smith, L.M. Coelomic response
and signal range of implant t itters in Bufo cognatu
Herpetol, Rev. 36(3), 285-288 (2005).

14. Bradford, D.F. Temperature modulation in a high-elevation
amphibian, Rana muscosa. Copeia 1984(4), 966-976 (1984).

15. Madison, D.M. The emigration of radio-implanted spotted
salamanders, Ambystoma maculatum. J. Herpetal. 31(4),
542-551 (1997).

16. Wright, K.M. Surgery of amphibians. Vet. Clin. North Am. Exot.
Anim. Pract. 3(3), 753759 (2000).

17. Wright, K.M. in Amphibian Medicine and Captive Husbandry
(eds. Wright, K.M. & Whitaker, B.R.) 111-121 (Krieger
Publishing Co., Malabar, FL, 2001).

18. Richards, S.J., Sinsch, U. & Alford, R.A. in Measuring
and Monitoring Biological Diversity: Standard Methods for
Amphibians (eds. Heyer, W.R. et al.) 155-158 (Smithsonian
Institution Press, Washington, DC, 1994).

19. Downes, H. Tricaine anesthesia in amphibia: a review. Bull.

Assoc. Rept. and Amphib. Vet. 5(2), 11-16 (1995).

Bennett, R.A. in The Veterinary Clinics of North America—Exotic

Animal Practice: Soft-Tissue Surgery (ed. Bennett, R.A.) 563-

585 (W.B. Saunders Co., Philadelphia, 2000).

21. Seitz, A. Faller-Doepner, U. & Reh, W. in Wildlife Telemetry:
Remate Monitoring and Tracking of Animals (eds. Priede, L.G. &
Swift, S.M.) 484-489 (Ellis Hornwood, Chichester, UK, 1992).

20

Volume 35, No. 2 | FEBRUARY 2006 33



