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The use of telemetry in studies under natural
conditions provides important ecological information
about the behavior of animals in their environment
(Naef-Daenzer et al. 2005, White and Garrott 1990).
The diverse morphology of lizards, as well as their
habits and habitats, require adapting the methods of
attaching external transmitters to the needs of each
family or species. Thus, the principal limitation of
radiotelemetry is the development of a reliable and
safe fixation technique (Blomquist and Hunter 2007).
Different methods to attach transmitters have been
used on lizards with pronounced heads, pectoral or
pelvic girdles (Riley et al. 2016) such as backpacks
(Amphibolurus muricatus, Warner and Shine 2006,
Aspidoscelis spp., Mundo Herndndez et al. 2017), neck
collars and glue (Phrynosoma cornutum, Miller et al.
2019), backpacks and glue (Phrynosoma coronatum,
Richmond 1998), neck collars and backpacks
(Phrynosoma mcalli, Fisher and Muth 1995), neck
collars (Phrynosoma orbiculare, Martinez-Nova 2019),
and pelvic girdles made from monofilament (Cyclura
spp.» Knapp and Owens 2005, Aspidoscelis sexlineata,
Buffery et al. 2012). However, these methods are
not suitable for use in Anguid lizards, as these lizards
have a slender and elongated body, with small limbs
that in some species are completely absent; they
also lack a pronounced pectoral or pelvic girdle and
possess smooth ventral scales (Canseco-Marquez and
Gutiérrez-Mayén 2010). As a result, Anguid lizard
morphology increases the difficulty of attaching
external radio-transmitters, as they can easily slide off
(Riley et al. 2016). This limits the use of telemetry
for studies of mobility, home range, or habitat use
in natural conditions. Only three telemetry studies
have been performed in the family Anguidae, where
different attachment methods have been used:
glue on Abronia campbelli (Torres-Almazén 2012),
monofilaments and glue on Abronia graminea (Clause
2018), and tape on Gerrhonotus infernalis (Garcia-
Bastida et al. 2012). We tested different external
methods to attach transmitters on the Imbricate
Alligator Lizard (Barisia imbricata).

The Imbricate Alligator Lizard is a viviparous lizard
endemic to Mexico, listed as “Special Protection”
(Pr) under the NOM-059-SEMARNAT-2010
(SEMARNAT 2010). We captured adult individuals of
B. imbricata from Campus El Cerrillo, Piedras Blancas,
Toluca, Estado de Mexico, México, with a weight
above 20 g and Snout-Vent Length (SVL) greater
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than 112 mm. The lizards were captured by hand

and transported to the Laboratorio de Herpetologia
(Facultad de Ciencias, Universidad Auténoma del
Estado de México), so that a radiotransmitter (Telenax
TXC-006G with battery life 80 or 170 days, weight
1.8 g) with an external whip antenna (13 cm), could
be attached through three distinct methods. The
lizards were kept in the laboratory for 24-48 hours for
observation before being released, and then monitored
2-3 times per week using a receiver (Telenax RL-TLX)
and yagi antenna.

Methods to Attach Transmitters

Collar + kinesiotape—Similarly to techniques used
on Phrynosoma mcalli (Fisher and Muth 1995) and
Tiliqua rugosa (Price-Rees and Shine 2011), we used
a rectangle 1.5 cm x 3.5 cm of kinesiotape (cotton
tape with acrylic glue) on which the transmitter was
affixed with a 7-10 cm of pediatric feeding tube (with
nylon thread placed inside; Fig. 1a). The tape was then
folded in half to cover the transmitter and the feeding
tube. The device was placed around the animal’s neck,
tied with a knot, and then a drop of superglue was
applied. The transmitter was attached to the animal’s
body/back using kinesiotape (1 cm wide and 7 cm
long; Fig. 1b, 1c).

Adbesive tape + kinesiotape—Based on the
technique used by Garcia-Bastida et al. (2012) as
well as Madrid-Sotelo and Garcia-Aguayo (2008),
the transmitter was attached by adhesive tape to the
back of the lizards. We looped the tape to the body,
and then the transmitter was glued to the back using
UHU?® glue. A second loop with the tape was attached
to further secure the transmitter (Fig. 1d, 1e). Due
to the white color of the tape, a piece of camouflage-
colored kinesiotape was placed on the back to avoid
attracting the attention of predators (Fig. 1f).

Sports Tape® (Ruban Hockey Tape)—We made
a modification to the technique of adhesive tape +
kinesiotape, using SportsTape® (gripply, tightly woven
poly-cotton cloth, black in color; Fig. 1g). We looped
the tape to the body, then placed the transmitter on
the back. Afterwards, we applied tape again in a second
loop, then added a drop of UHU?® glue in between
the transmitter and the tape to further secure the
transmitter (Fig. 1h, 1i).
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Fig. 1. Methods and materials used to attach transmitters in Barisia imbricata. a) Material used in collar + kinesiotape method, b)
ventral view, and c) lateral view of collar + kinesiotape method; d) material used in adhesive tape + kinesiotape, e) lateral-dorsal

view of adhesive tape with transmitter, f) camouflage-colored kinesiotape covering the adhesive tape, g) material used in Sports
Tape® method, h) ventral view, and i) dorsal view using Sports Tape® (Photographs by Ailed Pérez-Pérez).

Results

Collar + kinesiotape—The average weight of the
devices was 6.28% of the body weight (range 4.8-
8.4% body weight). The mean time the transmitters
remained attached was 6.3 days (range 4-8 days). Three
lizards were equipped with this method. Once they
were released in the field, two of the devices slipped
off completely from the lizards, and we found only the
transmitter (Fig. 2a). The other lizard was recaptured
twice with the collar on its body (Fig. 2b). Each time,
the device was readjusted and reattached, and the
lizard released. Unfortunately, after we attempted to
locate the lizard for the third time, only the transmitter
was found.

Adbesive tape + kinesiotape— The average weight of
these devices was 5.49% of the body weight (range 4.8-
8.4% body weight). Seven lizards were equipped with
this method. The mean time the transmitters remained
attached was 11 days (range 1-41 days). Of the devices
attached, two were found completely detached for the
next search, one more was replaced before shedding,
and in five of the lizards (twice for one), the tape was
replaced because it became rolled up, causing some
constriction in the abdomen (Fig. 2¢).

Sports Tape® (Ruban Hockey Tape)—With this
method, the lizards had a mean body weight gain of
7.22% (range 4.3-9.3% body weight). The average
duration of the devices was 25.1 days (range 3-106
days). Thirteen lizards were equipped with this method
(we employed it a total of 25 times). During the period
where we employed this method, five transmitters ran
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out of battery, so they were not located again; three
lizards had their transmitters replaced, as they had only
a few days of battery life left; the tape was replaced on
4 different occasions, in different lizards, because it
started to wear out or the transmitter could slip out of
the tape. The transmitters of two lizards were found

in the field due to shedding, and the transmitters

had detached (Fig. 2d). Subsequently, we checked

the onset of shedding in equipped lizards. Due to

this, the tape was removed in 6 individuals, which
were then transported to the laboratory and, once the
shedding was complete, the tape and transmitter were
reattached, and the lizards were released again. Two
lizards (a male and a gravid female) were found dead
in the field. We could not determine the cause of death
of the male, however, when the female was dissected
in the laboratory, it was found that two follicles had
burst, causing the demise of the lizard. One more
gravid female was predated upon, so we only located
the transmitter (Fig. 2e). There are scant reports on the
death of animals equipped with transmitters during
scientific spatial studies. In one study, the survivorship
of translocated wild-caught Texas Horned Lizards was
low (Miller et al. 2019), and although the number

of animals is small, it is still important to make the
report, as this variable should be considered in future
studies, even if the causes of death are not directly
related to the use of transmitters.

Discussion
Of the techniques tested for attaching transmitters,

we consider that the most appropriate for Barisia
imbricata and the one that may be the most feasible
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the field, b) collar slipped on the abdomen, c) adhesive tape rolled up in the abdomen, d) transmitter detachment by shedding, e)
lizard with transmitter depredated, and f) slight abrasions of the scales during the use on the Sports Tape® method (Photographs by
Ailed Pérez-Pérez).

for other species of the Anguidae family is the use
of Sports Tape®, since it was the one that remained
adhered the longest and presented the least difficulties.
As for the other procedures, due to the morphology of
Barisia imbricata, the main difficulty with the collar
+ kinesiotape method was that the collar tube slipped
into the body of the lizard, causing constriction in the
abdomen.

The sampling period was carried out during a
part of the rainy season, so the humidity of the
environment and microhabitats contributed to the
adhesive tape + kinesiotape method not remaining
attached for very long, since the glue diluted. Garcia-
Bastida et al. (2012) mentioned that it can be a viable
option in dry seasons, but in environments with high
humidity or rain, it is not a suitable option since the
risk of detachment of the devices is high. A great
advantage of using Sports Tape® (Ruban Hockey Tape)
is that the glue is more resistant to rain and humidity,
and once the tape becomes wet and dries again, the
glue does not lose adherence. This is important, as it
allows for the tracking of animals without losing the
transmitters due to detachment, even during the rainy
season.

Due to the low weight of lizards, lightweight
and short-lived transmitters must be used, so it is
important to maximize sampling time (Refsnider et
al. 2015) and avoid losses due to detachment; loss of
devices due to shedding has been reported by Price-
Rees and Shine (2011) and Garcia-Bastida et al.
(2012), so researchers must keep in mind that when
using methods that stick directly to the skin, it is
paramount to pay attention to the onset of shedding
during sampling to minimize the loss of devices.

With the use of Sports Tape®, no issues were
observed during lizard movement, though we detected
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slight scale abrasions in some individuals (Fig. 2f).
Such minor damage, however, did not jeopardized the
life of the lizards. In addition, it did not interfere with
reproduction, as during the sampling, males with bites
and gravid females were observed.

The average weight of the devices in the three
methods used remained below that proposed by Knapp
and Abarca (2009), which suggests not exceeding 7.5%
of body weight in lizards. We also did not record any
lizards trapped in the vegetation at any time during the
sampling.

It is important to continue adapting transmitter
attachment methods to the morphology and activity
of the species under study. The use of telemetry in the
Anguidae family involves a great challenge to keep the
transmitters in place, so it is important to continue
analyzing and discovering methods to use telemetry in
these species, since the information obtained through
telemetry can help us to improve conservation efforts
in this family, via better understanding of their activity
and habitat use, as little is known about these topics.
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