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The effect of both surgery and implanted transmitters upon sprint time of Thamnophis m. 

marcianus from two populations was assessed under laboratory conditions using a circular race­

track. The mean sprint times of snakes before surgery were 7.52 s (SE = 0.393, n = 8) and 9.69 s 
(SE = 0.358, n = 5) for the Arizona and Texas populations, respectively. Mean sprint times of the 
same snakes following surgery were 7.55 s (SE = 0.387, n = 8) for the Arizona population and 
9.83 s (SE = 0.408, n = 5) for the Texas population. A repeated measures ANOV A indicated that 
sprint time for both non-surgery and surgery treatments did not differ significantly. Transmitter 
treatments consisted of implanting transmitters equalling 1 0% or 1 5% of the snake's body mass. 
The mean sprint times for snakes receiving either 1 0% or 1 5% transmitter treatments were statis­
tically compared to the mean sprint time of snakes receiving the surgery treatment. A two-way 
ANCOV A accounting for body mass indicated that the mean sprint time was significantly reduced 
for snakes carrying implanted transmitters equal to 1 5% of their body mass. These results suggest 
that surgical techniques have no effect upon locomotory performance and that implanted transmit­
ters for radiotelemetry of snakes should probably not exceed 1 0% of the snake's body mass. 

INTRODUCTION 

Many studies of snake behaviour and ecology have 
used either ingested or surgically implanted transmit­
ters (e.g. Osgood, 1970; Fitch & Shirer, 1971; Parker & 
Brown, 1972; Landreth, 1973;  Brown & Parker, 1976; 
Nickerson et al., 1978 ;  Jacob & Painter, 1980; Reinert 
& Kodrich, 1982; Reinert, 1984a, b;  Reinert et al. , 
1984; Shine & Lambeck, 1985 ;  Burger & Zappalorti, 
1988;  Reinert & Zappalorti, l 988a, b; Plummer, 1990). 
However, implanting transmitters surgically into the 
coelomic cavity of a snake may be the preferred method 
for radiotelemetry because it circumvents the many 
problems associated with ingested transmitters (Reinert 
& Cundall, 1982; Lutterschrnidt & Reinert, 1990). 

Although surgical implantation methods are com­
monly used, the effects of these methodologies upon 
snake behaviour and locomotory performance have 
never been experimentally evaluated. Transmitter 
packages having an approximate mass 10% of the 
snake' s  body mass have been assumed to have little or 
no effect upon snake behaviour (Pisani et al., 1987). 
However, Shine (1988) recently proposed that trans­
mitters with a mass less than 5% of a snake' s  mass are 
more appropriate. Reinert (1992) has also suggested 
that transmitters implanted in the coelomic cavity 
should probably not exceed 5% of a snake ' s  body mass. 

Because data on how transmitter mass may reduce 
snake locomotor ability are unavailable, I have evalu­
ated the effect of transmitter mass upon locomotory 
performance to determine a critical transmitter mass for 
surgical implantation. 

MATERIALS AND METHODS 

Thirty-six checkered garter snakes, Thamnophis m. 
marcianus, were collected from Graham County, Ari­
zona and Lubbock County, Texas. Only male snakes 
were used for experimentation to eliminate possible 
variation due to sex. Snakes were housed in separate 
3 .78 I plastic cages and acclimated to laboratory condi­
tions (24 .0±2.0  C and a light and dark cycle of LD 12 
hr: 12 hr) for approximately 6 months .  Snakes were 
maintained on a diet (30% of the snake ' s  body mass 
weekly) of bullfrog tadpoles, Rana catesbeiana, and 
water ad libitum. 

Each snake was randomly selected for one of three 
experimental groups: (1) non-surgery, and then surgery 
with no implanted model transmitter ( i .e .  repeated 
measures design); (2) surgical implantation of model 
transmitter equal to 10% of the snake' s  body mass; (3) 
surgical implantation of model transmitter equal to 
15% of the snake ' s  body mass. Surgical procedures 
were as described by Reinert & Cundall (1982). Ex­
perimental groups receiving surgery were allowed 24 
hr before testing. Model transmitters consisted of a 
small steel rod coated with a 1: I mixture of beeswax 
and paraffin. These models were designed to simulate 
actual size, shape, and mass of transmitter packages. 
The possible effects of an antenna, which would nor­
mally be placed longitudinally under the skin, was not 
used and therefore not evaluated. 

Locomotory performance was assessed by determin­
ing burst or sprint speed (Garland & Arnold, 1983 ;  
Ford & Shuttlesworth, 1986). Sprint speed was deter-
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mined by the time required to crawl a distance of 3 .0 m 
around a circular racetrack similar to that described by 
Ford & Shuttlesworth (1986). Because distance (3 .0 m) 
remained constant for all trials, the variable of time (not 
rate or speed) was used for treatment comparisons. 
Time (s) was measured to the nearest O .OI  s for each 
snake in three different trials to calculate an average 
sprint t ime. 

Trials were conducted under standard conditions of 
light and temperature (25.0±2.0 C). Snake body tem­
peratures (x = 24.7, SE = 0.06, n = 85) were also kept 
constant and measured before all trials to avoid possible 
temperature effects upon metabolism and locomotory 
performance (e.g. Heckrotte, I 967; Stevenson et al., 

I 985). 
A model I, two-way ANOV A with repeated meas­

ures was used to first examine possible surgical effects 
upon sprint time in both populations by comparing non­
surgery and surgery (with no implanted transmitter) 
treatments. The surgery group was then used as a con­
trol for a second comparison to determine if sprint time 
differed among the implanted transmitter groups (10% 
and I5% of body mass). 

The experimental design consisted of preliminary 
tests (I-test) to first determine if transmitters of I 5% 
body mass affected locomotory performance. Because 
sprint speeds of the 15% transmitter group were signifi­
cantly reduced in comparison to the surgery group, the 
next experimental group (transmitters 10% of body 
mass) was investigated. 

Final statistical comparisons consisted of a model I ,  
two-way analysis of  covariance with repeated measures 
to determine differences in sprint time among experi­
mental groups for both the Arizona and Texas 
populations. The analysis of covariance eliminated 
possible effects of body size upon sprint speed (e.g. 
Heckrotte, 1967; Seigel et al., I 987; Jayne & Bennett, 
I 990a). An a posteriori test (SAS, I 988) of adjusted 
means assessed differences among all experimental 
groups for each population. All data were analyzed us­
ing SAS (1988). The assumption of similar slopes 
among treatments and populations was met for the 
AN COVA analysis (Figs. IA and I B). 

RESULTS 

Surgical methods described by Reinert & Cundall 
(1982) and the implantation of transmitters (10% of 
body mass) into the coelomic cavity had no effect upon 
sprint time in Thamnophis m. marcianus. The mean 
sprint times of snakes without surgery for both Arizona 
and Texas populations were 7 .52 s (SE = 0.393, n = 8) 
and 9.69 s (SE = 0.358, n = 5), respectively. Mean 
sprint times for the same snakes following surgery were 
7.55 s (SE = 0.3 87, n = 8) in the Arizona population and 
9.83 s (SE = 0.408, n = 5) in the Texas population (Ta­
ble I ) . A repeated measures two-way ANOV A 
indicated that sprint times for non-surgery and surgery 

Treatment Arizona Texas 
population population 

Non-surgery 7.52 (0.393, 8) 9.69 (0.358, 5) 

Surgery only 7.55 (0.387, 8) 9.83 (0.408, 5) 

Surgery and 10% MT 6.87 (0.311, 7) 10.23 (0.644, 3) 

Surgery and 15% MT 10.45 (0.776, 8) 12.47 (0.531, 5) 

TABLE 1. Non-adjusted mean sprint times (s) with SE and n 

for each treatment of the two populations. The implantation 
of a model transmitter (MT) 10% and 15% of the snake's 
body mass is indicated by 10% MT and 15% MT. 

treatments did not differ significantly (Treatments: 
F1•22= 0.04, P>0.05; Population: F1 22= 29.08, P<O.OO I;  
Treatments x population: F1 22=0 .02 , P>0 .05). 

Sprint time for the surgery treatment was then statis­
tically compared to the sprint time of snakes receiving 
10% and I5% transmitter treatments. A two-way 
ANCOV A accounting for body mass indicated that the 
mean sprint time differed significantly among treat­
ments (Table 2). A multiple comparisons test for 
adjusted means indicated that sprint time was signifi­
cantly reduced for snakes carrying implanted 
transmitters I5% of their body mass. Both the surgery 
and 10% transmitter treatments significantly differed 
from the 15% transmitter treatment but not from each 
other. In order to examine possible variation of the lin­
ear relationship due to the volumetric function of mass, 
the same analysis was conducted using the cube root of 
body mass (per. comm. G.D.  Schnel l). Because the 
same results were obtained, all results are reported in 
mass (not the cube roots of mass), for the sake of con­
venience. 

The Arizona and Texas populations were analyzed 
as separate populations (and not grouped) due to pre­
liminary tests indicating signif icantly different sprint 
times between the populations (t=3 .76, df = I I ,  
P<0 .01). However, each population demonstrated 
similar responses to each of the experimental treat­
ments (Figs. IA and 18). 

Source df SS MS F p 
Treatment 2 48 .26 24 . I3 I9.13 O.OOO I 

Population 72.57 72.57 57.53 O.OOO I 

Treat. x Pop. 2 1 .74 0.87 0.69 0.5085 

Mass 21.04 21.04 I6.68 0.0003 

Error 29 36.58 1.26 

Total 35 180.17 

TABLE 2. A two-way AN COY A table showing respective F 
and P values accounting for mean sprint time and mass as 
the covariate. 
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FIG. I .  Body mass (g) plotted against sprint time (s) showing 
similar slopes for the surgery, I 0% transmitter, and 15% 
transmitter treatments. A, relationship between body mass 
and sprint time for all treatments in the Arizona population; 
B, relationships for the Texas population. 

DISCUSSION 

Snake ecologists have questioned the possible influ­
ences of transmitters upon behaviour. My own 
concerns and speculation of experimental bias have 
been: ( 1 )  a possible reduction in survivorship of indi­
viduals carrying transmitters due to an inability to 
successful ly escape predators, (2) a lowered success 
rate in capturing prey for snakes that demonstrate an ac­
tive foraging strategy, and (3) a reduction in 
home-range and movement patterns which may also af­
fect other aspects of a snake' s  ecology (e.g. energetics 
and reproduction). In support of these concerns, Jayne 
& Bennett ( l  990b) and Garland et al. ( 1 990) have 
shown that individual differences in locomotor per­
formance of Thamnophis affect survival. Secondly, 
relationships between locomotor capacity and foraging 
behaviour have also been demonstrated (Huey et al., 
1 984). 

Although transmitters equal to 15% of a snake ' s  
body mass significantly reduced locomotory perform­
ance, neither surgical procedures nor implanted 
transmitters equal to 10% of a snake' s  body mass af­
fected sprint time. These findings may help in 
addressing concerns of snake ecologists who use surgi­
cally implanted transmitters. 

Until recently, a critical mass for transmitters ( 10% 
of the snake's body mass) has been assumed to have a 
limited effect upon locomotor abi lity (Pisani et al. , 
1 987; but also see Shine, 1 988). Results of this study 
support Pisani et al. ( 1 987) and indicate that critical 
mass (i.e. mass which will significantly reduce "sprint 
speed") of transmitter packages may be between 10% 
and 15% of a snake' s  body mass. 

Ford & Shuttlesworth ( 1 986) found similar results 
for juvenile garter snakes, Thamnophis marcianus. 
Sprint speed of snakes with a food bolus equal to 10% 
of their body mass did not significantly differ from 
snakes with no ingested food items. However, sprint 
speed was significantly reduced by the ingestion of a 
food bolus 30% and 50% of the snake' s  body mass. 
Garland & Arnold ( 1 983) also showed that sprint speed 
of juvenile Thamnophis e/egans was not affected by a 
"full  stomach" (i .e. ingestion of food items between 
1 7 .6 - 26.9% of body mass). Unlike Ford & 
Shuttlesworth ( 1 986) and Garland & Arnold ( 1 983), 
my results indicate a significant reduction in  sprint 
speed with a 15% increase in body mass. However, a 
direct comparison between my results and these studies 
may not be appropriate. The difference in results may 
simply suggest that snakes may be able to carry a 
greater mass within its stomach without a reduction in 
sprint speed. Therefore, surgically implanting a trans­
mitter into the coelomic cavity may have a greater 
effect upon sprint speed than if the same transmitter 
mass was ingested. However, gravid garter snakes 
(Thamnophis marcianus) can carry a clutch mass 24% 
of their body mass before a significant reduction in lo­
comotor ability occurs (Seigel et al., 1 987). 

In summary, my results suggest that transmitter 
packages having a mass equal to and possibly less than 
10% of the snake ' s  mass do not reduce a snake's sprint 
speed. However, several other aspects of snake behav­
iour also should be considered when determining the 
mass and size of a transmitter. Although a certain size 
transmitter package may not affect sprint speed, it may 
alter endurance, the passage of material through the di­
gestive tract, and possibly thermoregulatory behaviour. 
Such factors have not been evaluated by this study and 
should be of concern to investigators using surgically 
implanted transmitters. In order to circumvent possible 
influences upon snake behaviour, I suggest that the 
smallest transmitter package (that can meet the experi­
mental needs) should be used for telemetric studies of 
snakes. Such practices may limit possible behavioural 
biases until the effects of surgical methods and im­
planted transmitters can be fully evaluated. 
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