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Internal implantation of radio-transmitters is the preferred attachment technique for snakes, but the high costs and
invasive nature of the surgery make a functional alternative desirable. Attaching radio-transmitters externally can be a
cost-effective alternative to surgical implantation. External transmitter attachment site and methodology depend on
the unique morphology of a given study species, making external adherence impractical for most snake species.
Rattlesnake rattles are unique morphological features that can serve as an attachment site for external radio-
transmitters. From 2011 to present, we have been attaching transmitters to the rattles of Eastern Diamondback
Rattlesnakes (Crotalus adamanteus; EDB) using thread and epoxy. We calculated average monitoring duration using
radio-telemetry data collected from 49 adult EDBs telemetered from 2014 to 2017 in coastal South Carolina. On
average, we monitored EDBs for 189678 days with 14 EDBs monitored .240 days and 3 EDBs monitored .300 days.
External transmitter attachment is a viable alternative to surgical implantation, providing a noninvasive approach to
monitoring rattlesnakes.

P
RIOR to the 1990s, studies that focused on snake
ecology constituted a small fraction of the ecological
literature, but have since increased significantly with

the advent of miniature radio-transmitters (Shine and
Bonnet, 2000; Beaman and Hayes, 2008; Dorcas and Willson,
2009). Miniature radio-transmitters allowed researchers to
experiment with a variety of attachment techniques, includ-
ing force-feeding (Osgood, 1970; Fitch and Sheier, 1971;
Jacob and Painter, 1980; Shine and Lambeck, 1985; Rivas,
2001), external adhesion (Gent and Spellerberg, 1993; Cobb
et al., 2005; Jellen and Kowalski, 2007; Tozetti and Martins,
2007; Figueroa et al., 2008; Madrid-Sotelo and Garcı́a-
Aguayo, 2008; Wylie et al., 2011; Howze et al., 2012; Riley
et al., 2017; Robinson et al., 2018; Wolfe et al., 2018),
subcutaneous attachment (Ciofi and Chelazzi, 1991; Riley et
al., 2017), and intracoelomic (surgical) implantation (Reinert
and Cundall, 1982; Madsen, 1984; Weatherhead and Ander-
ka, 1984; Cobb et al., 2005; Bryant et al., 2010; Lentini et al.,
2011). While each attachment technique has its own set of
advantages and disadvantages, surgical implantation is the
most popular and frequently used technique for radio-
transmitter attachment (Reinert, 1992; Dorcas and Willson,
2009; Cardwell, 2017).

Surgical transmitter implantation is popular, in part,
because it allows for long monitoring duration (e.g., two
years), has a low risk of detachment, and has a low risk of
mortality (Reinert, 1992; Dorcas and Willson, 2009; Card-
well, 2017). Other methods of attachment, such as glue-on or
tape-on techniques, can detach prematurely and can cause
skin irritation, injury, scarring, and/or death (Ujvari and
Korsos, 2000; Jellen and Kowalski, 2007; Tozetti and Martins,
2007; Wylie et al., 2011; Riley et al., 2017). Force-feeding is
seldom used as it has a short monitoring duration and affects
snake movement and thermoregulation (Lutterschmidt and
Reinert, 1990; Reinert, 1992). Some external transmitter

attachment techniques (e.g., subcutaneous placement and
taping/gluing) have shown promise as cost-effective alterna-
tives to surgical implantation, but they still fall short in terms
of reliable attachment and monitoring duration as well as
animal health in some cases (Ciofi and Chelazzi, 1991; Jellen
and Kowalski, 2007; Tozetti and Martins, 2007; Figueroa et
al., 2008; Riley et al., 2017; Wolfe et al., 2018).

Researchers preferring a completely sterile environment for
surgical implantation will require access to sterile/clean
facilities (or access to a veterinarian), which may not be
applicable for remote study sites (Anderson and Talcott,
2006; Tozetti and Martins, 2007). Furthermore, veterinarian
costs can strain budgets given that at least two surgeries are
required per snake (i.e., implantation and removal; Goodman
et al., 2009; Robinson et al., 2018). Transmitter implantation
surgery requires time to recover from the incision, altering
behavior in the short term (e.g., sedentariness, basking,
fasting, and ecdysis; Rudolph et al., 1998; Weatherhead and
Blouin-Demers, 2004; Lentini, 2008; Wylie et al., 2011). The
antenna of the transmitter can protrude from the body or
wrap around organs (Hardy and Greene, 1999; pers. obs.),
and abscesses can form around or near the transmitter
(Lentini et al., 2011; pers. obs.). Additionally, snakes can get
infections from surgery and even die (Rudolph et at., 1998;
Lentini et al., 2011). Finally, a surgically implanted transmit-
ter that dies prematurely could have unknown adverse effects
for the snake if it is not recovered and the transmitter
removed (Wylie et al., 2011).

Rattlesnakes (genus Crotalus) are ideal models for snake
telemetry studies because their large body size is appropriate
for transmitters that provide an extended monitoring period,
allowing researchers to address many spatial, physiological,
and demographic research questions (Ujvari and Korsos,
2000). However, in light of the invasive nature of, and the
financial and logistic constraints associated with, transmitter
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implantation surgeries, we examined the utility of external
transmitter attachment on the rattlesnake rattle as an
alternative means of radio-telemetrically monitoring free-
ranging rattlesnakes in long-term studies. We expected that
rattle anatomy provided a unique transmitter attachment
location that would pose little threat to survival and
minimally affect behavior. Unlike other external transmitter
attachment methods, a rattle attachment approach limits
transmitter contact with skin (i.e., reducing risk of skin
lesions) and would be less likely to detach when rattlesnakes
shed, which means attachment to the rattle could serve as a
long-term monitoring technique since shedding is a leading
cause of losing study snakes (Riley et al., 2017).

In 2011, we began externally attaching radio-transmitters
to rattles of Eastern Diamondback Rattlesnakes (Crotalus
adamanteus; EDBs) with the initial goal of monitoring snakes
for short durations. For example, we externally attached
transmitters to pregnant females to locate gestation areas,
and to snakes that were captured during winter, since winter
was outside the window in which transmitters can be safely
implanted (Rudolph et al., 1998). Here, we present the
methodology for attaching radio-transmitters to EDB rattles
as a reliable, long-term, noninvasive, cost-effective alterna-
tive to surgical implantation for monitoring large-bodied,
free-ranging rattlesnakes.

MATERIALS AND METHODS

We captured EDBs on the Marine Corps Recruit Depot
(MCRD), Parris Island, South Carolina, USA, using visual
encounter surveys and incidental encounters on roads and
during radio-telemetry monitoring efforts. Anesthesia is not
required for attaching radio-transmitters using this tech-
nique. After capture, we restrained rattlesnakes using snake
hooks and clear tubes before measuring snout–vent length
(SVL; cm), mass (g), total length (TL; cm), marking with
passive integrated transponders (Biomark), and attaching the
radio-transmitters (Model R1640; Advanced Telemetry Sys-
tems, Isanti, MN; 2 g, 9–11 mm wide x 5 mm deep x 22 mm
long; pulse rate: 17 ppm; pulse width: 15 ms; manufacturer
guaranteed battery life: 240 days) to the rattle. We measured
length using a flexible tape measure and measured mass by
placing the rattlesnake in a zeroed-out box on top of a spring
scale. The radio-transmitter was less than 1% of the total
body mass and had a maximum width less than or equal to
the width of the rattle, and thus conducive for attachment to
the rattle without hindering movement or behavior.

We attached radio-transmitters to the lateral surface of the
rattle using quilting thread (Brown; 100% polyester all-
purpose thread; 50 weight and 2-ply) and epoxy (J-B Weld
Company; MinuteWeld instant-setting epoxy; clear; set time
1 minute; Fig. 1). All rattles were dry or dried before attaching
transmitters using this method. We tied the transmitter to
the rattle by wrapping the thread between each rattle
segment along the length of the transmitter. Starting at the
base of the transmitter, leaving extra thread for tying a knot,
we wrapped thread around the transmitter and the space
between rattle segments four times and then proceeded to
the next rattle segment division. We wrapped thread around
the transmitter and the space between rattle segments eight
times at the distal end of the transmitter, then wrapped
thread around the transmitter and the space between rattle
segments four additional times moving back toward the
proximal end of the transmitter before tying a knot at the
base of the transmitter, such that each rattle division was

wrapped with thread eight times before the knot was tied. We
did not standardize knot placement because we completely
covered the knot with a one-minute setting epoxy, eliminat-
ing the risk of the knot coming untied. We covered the entire
attachment area with epoxy, including the thread between
rattle segments, the area where the distal end of the
transmitter meets the rattle, and the area where the base of
the transmitter meets the first rattle segment. We applied the
epoxy with the use of a toothpick which enabled us to get the
epoxy on all surfaces where the thread, rattle, and transmitter
come into contact. We allowed the epoxy to dry completely
while the snake was restrained to ensure that the transmitter
did not adhere to the snake’s skin or the holding container.
Epoxy dried in approximately ten minutes and snakes were
restrained for approximately 20 minutes overall for measure-
ments, transmitter attachment, and drying the epoxy.
Following processing, the snake was released at its capture
location. We used the external attachment technique on
snakes with a range of rattle segments (0–13; Fig. 2).

Some snakes used in this analysis had surgically implanted
internal radio-transmitters. Intent of all transmitter attach-
ments fell into two categories: temporary transmitter attach-
ment as a means of monitoring snakes prior to surgery
(temporary), and transmitter attachment to track the snake
for the entire battery life of the transmitter (long-term). We
used descriptive statistics to evaluate the effectiveness of the
attachment technique for monitoring adult EDBs. We
calculated total monitoring duration in days for each
individual and calculated mean monitoring duration and
percent battery life used for all individuals. Monitoring
duration ended one of two ways: the transmitter detached
and the snake was lost (dropped) or the transmitter did not
detach and the snake was captured to replace or remove the
transmitter (retained). We used surgical scissors to remove
transmitters from rattles. We carefully cut the epoxy and
thread along one of the sides where the transmitter meets the
rattle. We made small initial cuts between the transmitter
and the rattle and were careful not to cut into the rattle itself.
Once we were able to cut through one side, we carefully
peeled the transmitter away from the rattle and pulled off the
remaining thread and epoxy from between the rattle
segments.

Four snakes were intentionally killed by humans after 81–
135 days and were removed from analyses because tracking
duration did not reflect the utility of the attachment
technique. We conducted multiple analyses using all catego-

Fig. 1. Radio-transmitter attached to rattle with thread and epoxy.
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ries of monitored snakes: temporary, long-term, dropped,

and retained. We analyzed the data from all snakes (n ¼ 49)

regardless of outcome or intent, then analyzed the data based

on outcome (dropped vs. retained; n ¼ 49) and intent

(temporary vs. long-term; n ¼ 49) to better understand the

utility of the attachment technique. We used correlation

analysis in SAS 9.4 to examine the relationship between the

number of rattle segments at the time of transmitter

attachment and tracking duration. We used a t-test to

examine the difference in monitoring duration between

EDBs that dropped and retained transmitters. We located

each snake two to three times a week, on average, over the

course of the study.

RESULTS

We attached external radio-transmitters to 52 adults and one

juvenile and monitored them between September 2014 and

October 2017. Transmitter batteries did not expire prema-

turely in this study according to the manufacturer guarantee

of 240 days. No snakes were injured or died as a result of

attaching a radio-transmitter to their rattle. One female was

depredated during the course of this study but was likely left

vulnerable from being translocated approximately 48 kilo-
meters in March 2016 and giving birth in August 2016 rather
than affected by an external transmitter. Total monitoring
duration varied across individuals (range: 28–361 days).
Mean monitoring duration for all snakes with external
radio-transmitters attached to their rattle was 189 days
(679 SD), or 79% of guaranteed battery life (Table 1). Mean
monitoring duration for snakes that dropped their transmit-
ter (n ¼ 22; 45%) was 156 days (677 SD). In most cases,
snakes dropped their transmitters when the transmitter got
caught in thick vegetation and pulled off the rattle or as a
result of ecdysis. Mean monitoring duration for snakes that
retained their transmitters (n ¼ 27; 55%) was 216 days (670
SD; Table 1). Transmitters attached with an intention to
monitor for the entire guaranteed battery life (n ¼ 33) were
retained for 205 days, on average (688 SD). Temporarily
attached transmitters were retained for 155 days, on average
(640 SD; Table 1). We monitored 14 snakes for more than
240 days, three snakes for more than 300 days, and one snake
for 361 days. We monitored ten snakes for less than 120 days
and two snakes for less than 60 days, although three of these
snakes were monitored temporarily before being captured
and taken to surgery.

The number of rattle segments was not correlated with
monitoring duration (r49¼0.04, P¼0.80). Average number of
rattle segments at the time of transmitter attachment was 6
segments (63 SD). The number of rattle segments ranged
from zero (i.e., the basal/blood rattle) to 13 segments.
Removing and/or replacing radio-transmitters attached to
the rattle did not damage rattles. Rattlesnakes that dropped
their transmitters had a significantly shorter monitoring
duration than those that retained transmitters (t47¼2.78, P ,

0.008). All EDBs with transmitters attached could still rattle,
although with some muffling.

DISCUSSION

Attaching radio-transmitters to EDB rattles has potential as a
noninvasive, functional, transmitter attachment method
with long-term tracking capabilities. As with many other

Fig. 2. Rattle with radio-transmitter attached to the basal rattle with many segments (left) and shorter rattle with radio-transmitter attached two
segments above the basal rattle (right).

Table 1. Average monitoring duration (days) with standard deviation
for all snakes. Average monitoring duration for all snakes calculated by
outcome (dropped or retained) and intent (long-term or temporary).
Percent battery life is the average percent of guaranteed battery life
(240 days) the snake was monitored.

Category n
Duration
(days) [r]

Battery life
(%)

All 49 189 [79] 79
Outcome

Dropped 22 156 [77] 65
Retained 27 216 [70] 90

Intent
Long-term 33 205 [88] 86
Temporary 16 155 [40] 64
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external transmitter attachment methods, rattle attachments
are susceptible to detaching from the snake. We lost 22 of 47
snakes from rattle detachment. Transmitter detachments
usually resulted from the rattle being pulled off by vegetation
or other structures and during ecdysis. It is important to note
that we observed rattlesnakes retaining one or two rattles
after having much of their rattle removed with the
transmitter. We suspect that transmitters were more likely
to detach after subsequent sheds as the transmitter moved
further away from the basal rattle. We observed many EDBs
in ecdysis prior to losing them. Many transmitters detached
in tight spaces (e.g., small, tight root holes and stump holes)
and in dense vegetation (e.g., thick patches of yaupon holly).
Despite losing 22 EDBs to transmitter detachment, we were
able to monitor these individuals for 156 days, on average.
For comparison, other studies using external transmitters on
other snake species had monitoring durations ranging from
39–76 days (Cobb et al., 2005; Jellen and Kowalski, 2007;
Tozetti and Martins, 2007; Figueroa et al., 2008; Howze et al.,
2012; Riley et al., 2017).

Rattle transmitter attachment provides a versatile, cost-
effective alternative for rattlesnake telemetry studies. As
compared to surgical implantation, external attachment is
budget friendly, with the absence of veterinary costs and the
use of relatively inexpensive radio-transmitters. For a rough
comparison, surgical implantation costs around $800 per
rattlesnake and the external attachment technique costs
around $150 per rattlesnake. Larger sample sizes can be
achieved since money saved in veterinary costs can be used
to buy more transmitters. The technique does not silence the
rattle, although it does modify the sound, and transmitters
can be replaced with ease. Transmitter removal and replace-
ment should proceed with special attention to not cut into
the rattle and to remove the thread and epoxy from between
the rattle segments to ensure the next transmitter can be
attached effectively. Rattlesnakes in ecdysis should not have
transmitters attached to their rattles until after ecdysis to
reduce the risk of premature detachment. It is important to
wait a few days after ecdysis before attempting to attach a
transmitter to a rattle because the new rattle segment needs
to harden before a transmitter can be attached. This method
is versatile, can be attached in situ, and can be used for both
long-term and short-term studies.

An alternative transmitter attachment method is needed
for gravid females. We suspect the rattle attachment method
is appropriate for monitoring reproductive females, given
that transmitters can be attached at any time of year
regardless of female reproductive condition. Surgically
implanting transmitters into gravid females can add extra
stress and lead to follicle reabsorption following surgery
(Graves and Duvall, 1993), potentially causing a depletion of
energy reserves required for reproduction (Ford and Seigel,
1989). Considering that female EDBs only give birth once
every 2–4 years, it is vital that researchers limit any negative
impacts to recruitment. Thus, a less invasive transmitter
attachment method, such as our rattle transmitter attach-
ment technique, would allow researchers to monitor gravid
females without the possibility of impeding recruitment and
negatively impacting a given population.

Rattle transmitter attachment should be appropriate for
other large-bodied crotalids. In addition to EDBs, we tracked
a limited number of Timber Rattlesnakes (Crotalus horridus)
using external rattle attachment with similar results (unpubl.
data). Further, we expect that our attachment technique will

work well at northern latitudes, where rattlesnakes have
short active seasons, making surgical implantation difficult.

The success of this external transmitter attachment
technique lies in its inherent versatility and flexibility, but
also the long monitoring duration compared to other
external attachment techniques. Land managers and re-
searchers can use this technique to achieve a wide variety of
management, research, and safety objectives. For instance,
rattle transmitter attachment technique can be deployed to
monitor male rattlesnakes that have been opportunistically
captured during the breeding season. In this example,
researchers can obtain breeding movement data and poten-
tially acquire new female rattlesnakes that the male may visit
over the course of the breeding season. Likewise, the
technique can be deployed on large basking females
suspected of being gravid to record birthing site characteris-
tics, neonatal data, and parental behavior. The technique can
be used for something as simple as monitoring a captured
rattlesnake until it can be brought to the veterinarian to
surgically implant a transmitter. Furthermore, this technique
lends itself quite nicely to the pursuit of opportunistic
scientific inquiry. For example, we have used this technique
to monitor rattlesnakes that had been recaptured years after
the rattlesnakes had been released from monitoring. The data
obtained were used to examine long-term shifts in home
ranges and overall site fidelity. Finally, land managers and
researchers can use this technique to monitor rattlesnakes
found at construction sites to ensure the relative safety of
workers and the rattlesnake, but also, in applicable situations,
identify critical hibernacula as areas to avoid compromising
during construction, especially in northern latitudes where
suitable hibernacula are critically important.

Researchers using the rattle attachment technique can
greatly reduce the chances of losing rattlesnakes over time.
Using this technique on rattlesnakes with internal transmit-
ters during times of increased risk of losing rattlesnakes
ensures the opportunity to take the rattlesnake to have its
internal transmitter replaced when possible. For example,
many rattlesnakes in our temporary category in this study
already had internal transmitters and were captured in late
October or November to attach a transmitter to their rattles.
By attaching another transmitter to these rattlesnakes, we
were able to ensure rattlesnakes would not be lost over winter
in the event that the internal transmitter battery expired.

The data in this manuscript depict the usefulness of rattle
transmitter attachment as a viable alternative to surgical
implantation. However, this technique is not recommended
for every rattlesnake study since there is a chance of losing
rattlesnakes. We do not suggest solely using this technique
for studies on rattlesnake populations where individuals are
too valuable to lose. In fact, we suggest using a combination
of internal and external radio transmitters to maximize data
collection per rattlesnake.

One concern of this external transmitter attachment
technique is the unknown effect on rattlesnake behavior.
The only quantitative metric, in this study, for detecting how
the transmitter attachment method affected the rattlesnakes
was the number of deaths. The effect of the transmitter
attached to the rattle of the female that died in this study is
unknown, although the other 48 rattlesnakes seemed
unhindered. We observed the entire range of rattlesnake
behavior in this study, including rattling, defensive postur-
ing, feeding, breeding, giving birth, parental care, and
successful overwintering. It is also important to consider
the fact that rattlesnakes naturally lose rattles over the course
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of their lifetime. Transmitters attached to rattles affected the
auditory output of rattling and resulted in varying degrees of
muffling depending on the length of the rattle. Researchers
concerned with the reduction in auditory output should
attempt to quantify the reduction, although we would like to
note that rattlesnakes do not always rattle when discovered
and we do not necessarily agree that noise is the sole purpose
of the rattle. Overall, there is a need to investigate how this
attachment technique affects behavior, but the very low
death rate combined with the exhibition of normal behavior
suggest an effect that does not warrant suspending the use of
this versatile technique.
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