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A£STRAcr: Tmnslocation of "nuisance'' ranlesnakes from public and residential areas to undeveloped habitats is an increasingly 
common management practice in the southwestern United States. There are, however, concerns whether translocated animals 
adjust to or even survive such interve ntions. We independently conducted radiotelemetry research to evaluate the effects of 
nuisance ranlesnake translocation at rwo separate locations in Arizona, from 1994 to 1997. ln north-central Arizona, at 
Montezuma Castle National Monument {MOCA), one of us {ElVfN) srudied 19 telemetered Western Diamond-backed 
Ranlesnakes (Crotalus acro:c), and compared the effects of experimental translocation of seven of these snakes translocated 2 km 
from the MOCA visitor cemer with seven comrols (non-translocated). In southern Arizona, in the Tucson Rural Metro Fire 
District, two of us (TH, JM) s rudied 97 individually marked rattlesnakes, seven that were telernetered C. acro:c. Out: to a variety 
of constraints in the laner srudy, only descriptive data on post-translocation effects are provided. Although the srudy designs and 
sites were different, our results are complementary. In both srudies, we found that most snakes movt:d greater distances and more 
frequently after translocation, resulting in increased activity range sizes. At the protected MOCA site, there were few statistically 
significant negative effe~o:ts of translocation, and > 50% of the ranksnakes rerumed to locations from which they were displaced. 
Nonetheless, the survival rate of translocated rattles nakes was low. At the highly urbanized Tucson site, there were few 
recaprures of trans located snakes and mortality was high . Our research has important implications both for management of 
rattlesnakes in public areas and for development of more effectivt: long-term policies for murually safe cohabitation of rattlesnakes 
and humans. 

INTRODUCTION 

The management of "nuisance" wildlife species 
(those found in areas where they are not wanted by 
humans because they are, or are perceived as, poten­
tially dangerous or destructive) is a ubiquitous wi ldlife 
management problem. Although lethal methods are 
used to manage many species (e.g., Brammer et al., 
1994; Rodda et al., 1999), this approach is not always 
desirable or ecologically sound. Translocation of 
problem animals from areas where they conflict with 
humans is a standard, non-lethal procedure used to 
manage a variety of species in the United States, 
including Grizzly Bear ( Ursus arctos; Blanchard and 
Knight, 1995), Gray Wolf (Canis lupus; Shirley Hoff, 
U. S. Fish and Wildlife Service, pers . comm.), White­
tailed Deer ( Odocoileus virginian us; Jones et al. , 
1997), Raccoon (Procyon lotor; Mosillo et al. , 1999), 
California Ground Squirrel (Spermophilus beecheyi; 
Van Vuren et al., 1997), and rattlesnakes (Crotalus 
spp.; Perry-Richardson and Ivanyi, 1992; Hare and 
McNally, 1997; Moorbeck, 1998; Nowak, 1998). 
Translocation is a commonly practiced conservation 
technique in public and residential areas, particularly 
where concentrated and relatively wealthy human 
populations are encroaching into forme rly narural 
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habitats (Rideout, 1993; Brammer et al. , 1994; Briggs 
et al., 1996). lo southwestern deserts, this pattern is 
increasing, and the effects of habitat loss are exacer­
bated when wi ldlife is attracted to artificial oases with 
increased availabili ty of food and water (Hardy and 
Greene, 1999a). Translocation of the resulting nuisance 
animals is perceived as a humanitarian solution for 
dealing with the problem. 

Rattlesnakes are considered nuisance species and 
are commonly managed by translocation programs on 
public and private lands. Public areas, such as national 
parks, often must manage for visitor enjoyment and 
safety while at the same time protecting wildlife pop­
ulations. The 19 L 6 Organic Act states in part, "The 
purpose of the national parks is to conserve the 
scenery and natural and historic objects and the 
wildlife therein and ·to provide for the enjoyment of 
the same in such manner and by such means as will 
leave them unimpaired for the enjoyment of future 
generations" (National Park Service, 1980). For this 
reason, trans location of rattlesnakes from vis itor use 
areas is an especially popular, though largely ad hoc, 
management technique. In a 1994 survey of 26 such 
areas in the southwestern United States, Nowak 
( 1998) found that parks commonly translocated nui­
sance rattlesnakes distances varying from several 
meters to 40 km. This same strategy is carried out on 
private lands. For example, in Pima County, Arizona, 
private and public ftre departments and animal control 
agenc1es participated in the translocation of over 
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Fig. 1. Montezuma Castle National Monument (MOCA) study site for translocation research on Crotalus atrox from August 1994 
to December 1996. 

11 ,500 nuisance reptiles in 1 997 and 1998 (G. Good, 
pers. comm.). These animals were usually released in 
large groups at distances far exceeding normal home­
range areas for these species, sometimes after traveling 
in hot emergency response vehic les or being held for 

.hours in fire station bays. Translocation distances and 
release locations are generally not based on scientific 
comparison of various translocation distances, but on 
convenience and differing human attirudes about the 
inherent hazard posed by rattlesnakes. 

A lthough there is little question that removing 
potentially dangerous animals from an area of contact 
will mi tigate the immediate threat to humans, this 
practice is not a proven conservation strategy. As 
human encroachment on narural wildlife habitats 
continues, trans location of nuisance species to more 
remote areas may no longer be practical or economi­
cally feasible. Additionally, the resulting effects on 
translocated animals have not been taken into consid-

eration. Previous studies of translocation have shown 
that displaced vertebrates frequently exhibit increased 
mortali ty rates, random movements (e.g., wandering), 
and aberrant social behavior (Dodd and Seigel, 1991; 
Bright and Morris, L 994; Hambler, 1994; Lloyd and 
Powlesland, 1994; Compton et al., 1995; Macmillan, 
1995; Sealy, 1997). Translocated rattlesnakes com­
mon ly experience increased mortality due to 
increased predation and/or inability to find suitable 
hibernation si tes (Reinert and Rupert, 1999; _ R. 
Johnson, unpubl isht:d). They a lso exhibit aberrant 
movements and social behavior (Fitch and Shirer, 
197 I; Landreth, 1973; Galligan and Dunson, 1979; 
D. Virchow, pers. comm.). 

To date no srudies have been published on the 
effects of translocation on southwestern US rat­
tlesnakes, and only one srudy has attempted to quantify 
these effects in a national park setting (R. Manasek, 
pers. comm.). Montezuma Castle National Monument 



(MOCA) in north-central Arizona, receives approxi­
mately 900,000 visitors and has about 12 sightings of 
Western Diamond-backed Rattlesnakes (Crotalus 
atrox) and Northern Black-tailed Rattlesnakes 
(Crotalus m. molossus) each year (S. Sandell, pers. 
comm.). Prior to 1994, at least 75o/o of the nuisance 
rattlesnakes were removed from the monument to 
adjacent National Forest Service land. 

The Tucson Rural Metro Fire Department (RMFD) 
serves unincorporated areas of Pima County in 
southern Arizona, and routinely translocates nuisance 
reptiles [including five species of rattlesnakes, 
Arizona Coralsnakes (Micruroides e. euryxanthus), 
Gila Monsters (Heloderma suspectum), and at least 10 
species of non-venomous snakes] at the request of 
department subscribers. In 1992, firefighters in the . 
RMFD concerned with the increasing numbers of 
reptiles being tran~located, contacted two of us (TH 
and JM) at the Arizona Poison and Drug Infonnation 
Center to encourage research into this issue. In 1993, 
we (TH and JM) documented the translocation of over 
200 snakes from one frre department station within the 
RMFD in the Catalina Foothills. 

From 1994 to 1997, .we independently conducted 
experimental translocation studies on rattlesnakes: one 
study at NIOCA (Nowak, 1998), and one at the 
urban/desert interface within the RNIFD (Hare and 
McNally, 1997). In this paper we detail the results of 
our two separate studies. After comparing results, we 
discuss the effects of translocation on movement pat­
terns, survival, behavior, and potential disease trans­
mission of C. atrox at our two stu~y sites, and suggest 
management strategies for the conservation of ven­
omous snakes in both public and residential contexts. 

MONTEZUMA CASTLE NATIONAL 
MONUMENT 
MATERIALS AND METHODS 
Study Site 

Montezuma Castle National Monument is located 
in the Verde Valley of north-central Arizona, at ca. 
1,158 m elevation (Fig. 1). The 235 ha Castle Unit of 
the monument is bordered to the north, east, and south 
by United States Forest Service property (Beaver 
Creek Ranger District), and to the west by an 
Interstate highway (1-17). The monument is bisected 
by a perennial stream (Wet Beaver C.r~eek) that contains 
sections of subsurface water flow and has riparian 
vegetation characteristic of Sonoran Riparian 
Deciduous Forest Scrubland (Minckley an4 Brown, 
1994). Upland vegetative communities in the area are . 
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dominated by the Creosote-CrucifiXion-thorn Series 
of the Arizona Upland Division of the Sonoran 
Desertscrub, but vegetation representative of the 
Chihuahuan, Mojave, and Great Basin desertscrubs 
are also present (Turner and Brown, 1994 ). Porous 
limestone outcroppings and cliffs are prominent 
landscape features. 

Capture Methods 
From June 1994 to December 1996, 28 C. atrox 

were captured at MOCA. All were restrained in plastic 
tubes, measured (snout-vent length, tail length, and 
body mass), and sexed by probing. All were individ­
ually marked with paint on the distal half of the basal 
three rattle segments (the whole rattle was not painted 
to deter detection from aerial predators while the 
snakes were at rest) with individual color combina­
tions using semi-permanent Testor's model paint, and 
released within 10 m of their capture sites. Ten adult 
male and nine non-pregnant females were held for 
radiotransmitter implantation. Snakes were measured 
for snout-vent-length (SVL) and body mass (X± SD). 
Mean male size was 106 ± 18 em SVL (range 78-140 
em) and 878 ±. 409 g (range 334-1,681 g). Mean 
female size was 91 ± 11 em SVL (range 76-102 em), 
and 448 ± 117 g (range 268-604 g). 

Telemetry Methods 
We used temperature-sensing implantable radio­

transmitters from Telonics Telemetry-Electronics 
Consultants (Mesa, Arizona) and Holohil Systems, Ltd. 
(Ontario, Canada). Transmitters ranged from 11.0 to 
13.8 g, and battery life was ca. 12 months for Telonics, 
and 24 months for Holohil. Each transmitter was less 
than 5% of body mass of the snake. 

Snakes were anesthetized at a veterinary hospital in 
a retrofitted aquarium using Isoflurane vapor. 
Anesthesia was administered by tracheal entubation 
during surgery, and the lungs were artificially inflated 
during and after surgery to. ensure adequate anesthesia 
and oxygenation. Veterinarians used sterile surgical 
procedures to implant a radiotransmitter in the coelomic 
cavity of each rattlesnake, in the posterior third of the 
body anterior to the vent, following typical implanta­
tion procedures developed for snakes (Reinert 1992; 
Hardy and Greene, 1999b ). Several animals with previ­
ously acquired wounds or infections were given a single, 
small dose of the antibiotoc Amikacin«~· All subjects 
were held in a heated room and provided with water ad 
libitum for at least 12 h to ensure adequate recovery 
from anesthesia. One snake died during surgery. 
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Fig. 2. Activity ranges (estimated by the minimum convex polygon method) for seven control C. atrox before and after handling treatment 
at MOCA from August 1994 to December 1996. 

We returned all snakes to their original area of 
capture after recovery from transmitter implantation, 
and recorded their position every second day during 
their active period (generally mid-March to mid­
October) from August 1994 to December 1996. Two 
males and one female were tracked every day from 
August to October 1994, and their between-day move­
ments were small (E. Nowak, unpublished). Given 
this finding, as well as funding and time constraints, 
we decided to locate the snakes every two to three 
days. We located all rattlesnakes every two weeks 
during hibernation. The 19 subjects were located a 
total of 1,648 times. Mean number of locations per 
snake was 87 ± 49, range 5-187). We recaptured, 
weighed, and measured implanted snakes just after 
egress from hibernation, once during mid-summer, 
and just prior to hibernation to assess condition and 
growth. Additionally, four snakes had to be recaptured 
to implant new transmitters. 

We used a Trimble Navigation (Sunnyvale, 
California) Gee-Explorer Global Positioning System 

Unit (GPS) to record posthons of the snakes in 
Universal Transverse Mercators (UTM) valu~s. All 
GPS locations were corrected to within 3 m accuracy 
with the USGS Colorado Plateau Field Station Base 
Station using Trimble Pathfinder software. Snake 
locations, movement patterns, and activity range poly­
gons were mapped using ESRI ARC/Info (Redlands, 
California). 

Translocation 
Fourteen C. atrox were translocated at MOCA. 

One male and four females could not be located after 
several months due to transmitter failure. These were 
considered non-experimental animals, and their data 
are not included (see Nowak, 1998). Translocation 
occurred only after all snakes had been tracked for at 
least two weeks. Over a two-day period in mid August 
1995, three males and one female were selected at 
random (after stratifying by sex), placed in separate 
opaque 19-liter buckets, and hand-carried to separate 
translocation sites 2 km east of the MOCA visitor 
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Fig. 3. Activity ranges (estimated by the minimwn convex polygon method) for six translocated C. atrox before and after translocation at 
MOCA from August 1994 ·to December 1996. 

center on US Forest Service property (Fig. 1). This 
translocation distance was twice the value any snake 
was known to move in a straight-line distance during 
one active season, and we thus defme it as long-dis­
tance translocation (LDT). Other authors (e.g., Hardy 
and Greene, 1999a), however, define this distance as 
within the range of short-distance translocation 
(SOT). Translocation sites were chosen using a 
stratified random sampling procedure to place the 
snakes at least 0.5 km apart from each other in habitat 
contiguous with the monument that did not contain 
developed communities, roads, and/or heavily-used 
recreation areas. At the same time, three males and 
one female were placed in opaque buckets, carried a 
distance equivalent to 2 km, and re-released at their 
latest capture points at MOCA. These non-translocated 
snakes provided a control for any effect of handling of 
the translocated snakes, and are henceforth referred to 
as 4'control" snakes. We repeated this experiment in 
mid August 1996, with six C. atrox not previously 

involved in the experiment: one female and two males 
were translocated, and one female and two males were 
used as controls. 

Data Analyses and Presentation 
We determined the effects of translocation by 

comparing within treatment groups (i.e., control or 
translocated snakes) before and after the translocation 
experiment using paired t-tests, and by comparing 
between treatment groups before or after the experi­
ment using independent-samples /-tests (Sokal and 
Rohlf, 1981). For each parameter we also examined 
extra-experimental effects, including year of the study,· 
sex, and season. Translocated snakes were excluded 
from the second type of analysis. For all parametric 
data analyses we log-transformed non-normally dis­
tributed data, and verified homogeneity of variance 
using Levene's test (Neter et al., 1990). Significance 
was set at P S 0.05. Means are reported as ± one 
standard deviation (SD). 



538 E. Nowak, T Hare, and J. McNally 

3~~---------------------, 

c::J bctoro .. ,P"rirrent 

300 - after e.'pr:nm<nl 
,...... 
d 

6 250 

~ · 
03 
<I) 200 
!:!l 
a 
c:: 150 
'!,) 
oo e 
~ 100 
< 

Control SnJkes 
(N= 6) 

·TranslocJtcd SnJkes 
(N= 4) 

Fig. 4. Average activity range sizes (estimated in bc:ctares by the 
minimum convex polygon method) for six control compared to 
four translocated C. atrox before and afte r a trans location 
experiment at MOCA from August 1994 to December 1996. 

Activity Range Analyses 
We used the minimum convex polygon method 

(White and Garrott, 1990) in the program Telem (K. 
McKelvey, pers. comm.) to estimate activity range for 
each snake. Because the size of the activity range of 
any animal is largely dependent on the number of 
locations (Re.inert, 1992), the data were standardized. 
To compare activity range sizes between the translo­
cated and control groups and to determine extra­
experimt:ntal effects, we included only snakes fo r 
which we had at least two months of data prior to the 
experiment. This time period was derived from a time­
series analysis of activity range size in which it was 

. determined that many non-trans located snake range · 
s izes reached an initial plateau at about eight weeks 
(E. Nowak, unpublished). To compare the activity 
range of each snake before and after treatment, we 
standardized the data for each snake by comparing the 
shortest number of weeks immediately preceding or 
following the experiment (e.g., when a snake was 
tracked for eight weeks before the experiment and 20 
weeks after, we compared the eight weeks before only 
with the eight weeks immediately after the experiment). 

Movement Pattern Ana lyses 
To determine if there were changes in movement 

patterns of the snakes resulting from the translocation 
experiment, the fo llowing indices were calculated: (I) 
average distance (in meters) moved per day; (2) fre­
quency of movement between consecutive locations; 
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Fig. 5. Average distance (in meters) moved per day during the 
1995 active season fo r control and translocated C. atrox before 
and after a translocation experiment at MOCA from March 1995 
to November 1995. • =significance at the P 5: 0.05 level (t = 7.76; 
df= 2; p = 0.02). 

(3) total distance traveled from the release site at the 
time of the experiment to the first bibernatio.n location 
used; and ( 4) directionality of movements between 
consecutive locations. These parameters were calcu­
lated solely as indices of movement and are not 
intended to be precise descriptions of actual movement 
patterns made by the snakes. To standardize these data, 
we set the following conditions: a movement was 
defined as any distance between successive locations 
greater than 6 m and for parameters (I) and (2) above, 
any successive locations more than four days apart 
(likely for the snake to have moved due solely to time 
elapsed) were excluded. We also analyzed movement 
data by season, defined as spring (March and April), 
dry summer (May and June, prior to summer rains), 
wet summer (July and September, during summer 
rains), and fall (September and October). 

Average distance moved per day was calculated by 
dividing the distance between success ive locations by 
the number of days between successive locations for 
the active season. To determine total distance traveled 
after tbe experimental release site to the first hiberna­
tion s ite, the distances between successive locations 
were summed. To determine the frequency of move­
ment, the total number of movements of each snake 
was divided by the total number of its locations. 

We analyzed directionality of movements between 
successive locations for the four treatment groups and 
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that of individual snakes, to determine if individuals 
I 

exhibited different patterns, in both the first few 
months after treatment and in the second year after 
treatment using the Watson's lJ2.-test fo r randomness 
(Batschelet, 198 1). Directionality was further analyzed 
by dividing data for individual snakes into movements 
betweeri consecutive locations bet\veen six and 99 m, 
and :::: 100 m. We determined the extra-experimental 
effects of year and sex by first separating data into 
separate seasons. If a significant departure from ran­
domness was found for any group or individual snake 
during any component tested, movements between 
successive locations were tested fo r a mean direction 
(bearing) using the Rayleigh R-test (Batschelet, 198 1 ). 

Condition Analyses 
To assess changes in condition of the rattlesnakes 

we calculated growth rates for each snake by deter­
mining total change in SVL. The relative impo1tance 
of experimental and extra-experimental effects on the 
regression of the natural log-transtormed body 01ass 
(log-mass) to SVL was determined using N!ANOVA 
tests (Neter et al., 1990). We used res iduals of log­
mass to SVL as an index of condition and compared 
translocated vs control groups. Changes in the condi­
tion of individuals over the entire study were deter­
mined by averaging the change in mass for each snake 
during the periods before and after treatment. 
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RESULTS 

The foraging and hibernation ecology of the 
MOCA population of C. atrox and other movemem 
parameters (including movements during hibernation 
and the number of new locations used) are discussed 
in detail elsewhere (Nowak, 1998). 

Activity range size.-The activity range sizes did 
not differ significantly before and after handlino 
during equivalent time periods (t = 0.02, df= 6, p ~ 
0.98). The average range size for the translocated 
group was 24.27 ± 22.16 ha before translocation and 
59.58 ± 57.22 ha after translocation during equivalent 
time periods (Fig. 3). Four of six translocated rat­
tlesnakes had activity range sizes that increased greatly 
after treatment, and two had activity ranges that 
decreased when compared to those prior to transloca­
tion. Due to individual variation, however, the trend of 
increasing post-translocation range size was not statis­
tically significant (t = - 1. !5, df= 5, P = 0.30). 

When the translocated and control groups (Fig. 2) 
were compared (exc luding snakes with less than 10 
weeks of data), the average activity range size of the 
control rattlesnakes did not differ from that of the 
translocated snakes before the experiment (t =- 0.44, 
df = 8, P = 0.67). Although there was a trend for 
tr:.anslocated snakes to have larger activity ranges than 
controls after translocation, it was not significant (t = 

- 1.56, df= 8, P = 0.16; Fig. 4). 
We did not detect any significant extra-experimental 

impacts on the average activity range size of non­
translocated rattlesnakes at MOCA. There was no 
impact of study year on the ranges (t = - l. 82, df = 19, 
P = 0.09). In 1995 •. the average range size was 11.91 ± 
14. 12 ha, and in 1996, it was 17.41 ± 1!.61 ha. 
Although there was a trend fo r males to have larger 
activity ranges, there was no statistically significant 
impact of sex (t = 0.62, df= 13, P = 0.55). The aver­
age activity range for males was 19.03 ± 16.01 ha and 
8.48 ± 3.87 ha, fo r females . The variation in range 
size, however, was significantly higher for males than 
for females (F = 13.45, P = 0.002) . 

lv!ovement pallerns: average distance moved per 
day.-A thorough description of changes in move­
ment patterns following translocation of MOCA rat­
tlesnakes may be fou nd in Nowak ( 1998). One 
translocated female rattlesnake at MOCA moved more 
than 1 km in the first two days after trans location in 
1995, then disappeared and was not located again 
during the srudy, even during aerial tracking attempts 
in the area. 
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Fig. 7. Direction of movement between consecutive locations for control C. atrox at MOCA during a translocation experiment from August 
1994 to December 1996. (A) Movements before handling experiment. (B) Movements after experiment.. 

In 1995, there was no significant difference in 
average distance moved per day during the active 
season for the control snakes before and after the 
experiment (t =- 0.79, df= 3, P = 0.49), but there was 
a significant difference for translocated snakes before 
and after the experiment (t = 7.76, df= 2, P = 0.02) 
(Fig. 5). In the between-group comparisons, the con­
trol and translocated snakes did not differ significantly 
in distance moved per day before the experiment (t = 
- 0.84; df = 129; P = 0.40) but did differ after the 
experiment (t =- 3.27; df= 72; P = 0.002). In 1996, 
there was no significant difference in average distance 
moved per day for the control snakes before and after 
the experiment (t = 2.86, df= 2, P = 0.10), and there 
was no significant difference for translocated snakes 
before and after treatment (t =- 0.26, df = 2, P = 0.82) 
(Fig. 6). In the between-group comparisons for 1996 
data, control and translocated snakes did not signifi­
cantly differ in average distance moved per day before 
(t =- 0.82, df= 78, P = 0.07) or after the experiment 
(t = 0.33, df= 29, P = 0.74). These conflicting results 
between years are likely due to small sample sizes 
(only three snakes in each group) and to individual 
variation. Even climatic differences between years are 
a possible influence to consider. 

Other than year of the study, there was no effect of 
extra-experimental factors on the average distance 
moved per day during the active season for MOCA 
rattlesnakes (Nowak, 1998). When the average dis­
tance moved per day was compared between males 
and females, there was a non-significant trend for 

males to move a greater distance per day than females. 
In 1995, males moved 50.85 ± 79.03 mlday, and 
females moved 30.72 ± 57.08 m/day (t = 1.66, df= 
208, P = 0.1 0). In 1996, males moved 37.55 ± 
45.5lm/day, and females moved 31.57 ± 51.98 m/day 
(t = 0.58, df= 163, p = 0.56). 

Frequency of movement.-The frequency of move­
ment to new locations did not differ betWeen control 
and translocated groups before or after th~ experiment 
(x.2 = 50.50, df = 51, P = 0.49). Within groups the fre­
quency did not differ significantly before and after the 
experiment (control Z =- 1.48, P = 0.14, translocated 
Z =- 0.53, P = 0.59). The frequency of movement for 
controls was 0.67 ± 0.26 before and 0.79 ± 0.14 after 
treatment, and 0. 71 ± 0.20 before and 0.82 ± 0.06 after 
for translocated snakes. There were no extra-experi­
mental effects on the frequency of movement of the 
control snakes, and no difference in the actual number 
of new locations used between or within treatment 
groups (Nowak, 1998). 

Distance traveled after release.-No significant 
difference was found in the distance moved by the 
control snakes between the experimental release site 
and the first hibernation site used (t = 1.9~, df= 5, 
P = 0.1 0), so these data were combined for 1995 and 
1996 releases. There was no significant difference in 
the distance moved between release site and first 
hibernation site of control and translocated snakes: 
control snakes moved an average of 1,729.55 ± 
1,040.13 m between release site and frrst hibernation 
site, and translocated snakes moved an average of 
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Fig. 8. Direction of movement between consecutive locations for translocated C. atrox at MOCA during a transloc~tion experiment from 
August 1994 to December 1996. (A) Movements before experiment. (B) Movements in the first few months after experiment ([Jl. = 0.23; 
P < 0.05). (C) Movements in the second year (1996) after experiment (l.J. = 0.20; P < 0.05. • =a non-random pattern of movement with 
significance at the P S 0.05 level. 

3,677.74 ± 2,488.45 m (t =- 1.61, df= 11, P = 0.14). 
The estimated total distance moved by male 41 after 

translocation (i.e., between release in 1995 to final 
hibernation in 1996) was 15.7 km. Translocated male 
34 moved 14.5 km during the same time period, and 
the only similar-sized control male (37) moved 9.1 km. 

Directionality of consecutive movements.-The 
movements between consecutive locations for control 
snakes did not differ significantly from random before 
(UZn = 0.12, P > 0.05) nor after treatment (f.Jln = 0.15, 
P > 0.05) (Fig. 7). The directional movement pattern 
between consecutive locations for the translocated 

snakes did not depart significantly from random ( Un = 
0.07, P > 0.05) before treatment, but was significant­
ly non-random in the first few months after transloca­
tion ( (J2n = 0.23, P < 0.05) and the second year after 
translocation ( Ua = 0.20, P < 0.05) (Fig. 8). l)lis non­
random pattern did not translate into a significant 
mean bearing either immediately following transloca­
tion (R = 9.91, P > 0.05) or the year following (R = 16.57, 
P > 0.05). Three individuals (two translocated males 
and one control female) had consecutive movements 
that departed significantly from random with signifi­
cant mean bearings after treatment (Nowak, 1998). 
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Fig. 9. Residuals of the regression of the log of mass ("log-mass," 
in grams) to snout-vent length ("SVL," in centimeters), vs SVL 
for 7 control and 6 translocated C. atrox before and after treatment 
during a translocation experiment at MOCA from August 1994 to 
October 1996. Each snake was measured approximately three 
times a year. The expected normal regression line is drawn through 
theY-axis. · 

When movements between consecutive locations 
were divided into lesser and greater than 1 00 m, and 
analyzed separately, there was no clear pattern. Two 
individuals ·exhibited non-random· movements 
(Nowak, 1998). A control male (37) had non-random 
movements> 100m before treatment (l.F-n = 0.23, not 
enough data to determine the significance of the mean 
bearing). Translocated male 34 had non-random 
movements from six to 99 m the second year after 
translocation ( l.F-a = 0.24, R = 7.96; significant mean 
bearing of 224'>, P < 0.05). 

When the data for non-translocated snakes were 
analyzed by season, only during dry summer was 
there significant departure from random with a signif­
icant mean bearing of 110° (l.F-n = 0.18, R = 19.56, P < 
0.05). There was no clear pattern of directional move­
ments when seasonal effects were examined for indi­
vidual non-translocated snakes (Nowak, 1998). Extra­
experimental effects of year and sex were analyzed 
within each season to reduce extraneous variability as 
much as possible. When the data were analyzed by 
year of the study, in the dry summer of 1996 there was 
a significant non-random movement pattern ( Un = 
0.20, P < 0.05), without a significant mean bearing (R 

.... Male34 ... ,.. ... Male 25 
.......:r- Female 22 --e- Male 40 
.......... Female 43 -a- Female 36 ........... Male 41 
--b- Mnle37 -o- Female 39 -..Jf1- Male 3 5 

2500 

• 
2000 

~t .. 

• 
• • 

'CO 1500 • 
""-" . ~ ...-~ 
en K',,_ ~ en = ~-·. ·-~ ... · ~ 1000 

... 

a 
500 e--

0~--------------------------------------------------------~ 
FaU Spri Sum Fall Spri Sum Fall 
'94 '95 '95 '95 '96 '96 '96 

Season/Year 

Fig. 10. Change in mass of l 0 individual C. atrox during a 
translocation study at MOCA from August 1994 to October 1996. 
Season and year when measurements were taken are shown on 
the X-axis. Solid lines and open symbols represent control 
snakes; dotted lines with solid symbols represent translocated 
snakes. The time of translocation for each translocated snake is 
shown by an arrow. 

= 15.00, P > 0.05). When the data for each season 
were analyzed by sex, only the males during the dry 
summer had consecutive movements that departed 
significantly from random, with a significant mean 
bearing of 4 7° ( UZn = 0.20, R = 11.34, P < 0.05). 

Changes in condition.-We measured (SVL and 
body mass) two rattlesnakes in the field (unanes­
thetized) and at the veterinarian's office (anesthetized) 
less than two weeks apart. In these duplicate measure­
ments, field measurements of SVL were slightly less 
(1-3%) than the office measurements. We did not 
manipulate the data to correct for the discrepancy 
between oftice and field measurements because the 
d~fference between the two methods was less than 5%. 

As expected, S VL and mass were strongly corre­
lated in this population of C. atrox (r = 0.87, P = 
0.0002). Treatment did not have an effect on the rela­
tionship of the natural log of body mass (log-mass) to 
SVL in this population (F = 0.184, df= 3; P = 0.91), 
and interaction between the different status levels 
(e.g., control before treatment, translocated after treat­
ment) was not significant (F = 1.28, df= 3, P = 0.31). 



When residuals of log-mass to SVL (indices of health) 
of control vs translocated snakes. were compared, 
there was no significant difference between the groups 
before treatment (t = 0.07, df= 21, P = 0.95) or after 
treatment (t = 0.18, df= 25, P = 0.86) (Fig. 9). · 

There was no significant difference in average 
change in mass within the control group before vs 
after the experiment (t = 0.60, df = 5, P = 0.58), or 
within the translocated snakes before vs after (t = 

0.05, df= 3, P = 0.96). There was no significant dif­
ference in average change in mass before the translo­
cation experiment between groups (t =- 0.43, df= 8, 
P = 0.68) or after (t = 0.65, df= 9, P = 0.53). 

When extra-experimental effects on the relation­
ship of mass to SVL were examined, year of the study 
did not contribute significantly to the relationship 
model (F = 1.65, df= 1, P = 0.21). There was, ·how­
ever, a significant effect of sex of the snake on the 
relationship between SVL and mass (F= 10.83, df= 1, 
P = 0.002), with males significantly longer and 
heavier than females. 

When extra-experimental effects were examined 
for residual indices, year of the study did not have an 
effect (t = 1.69, df= 37, P = 0.10). Residuals were 
significantly different between males and females (t = 
3.27, df= 35, P = 0.002). Males had a slightly positive 
average residual, and females had a slightly negative 
residual and signifi~antly larger variation among indi­
viduals (F = 8.03, P = 0.007). 

Changes in the mass of at least four individual 
snakes over the course of the study showed a cyclical 
pattern roughly corresponding to season (Fig. 1 0), but 
there were insufficient data to determine if this effect 
was significant. Average change in mass of males vs 
females was not significantly different (t = 0.08, df= 
14, P = 0.93), nor was there a significant difference 
between years (t =- 0.77, df= 14, P = 0.45). 

Mortality.-Four of seven (57%) translocated 
snakes died or could not be re-located, and one control 
snake died. Translocated female 23 could not be 
located two days after translocation. Mortality can 
neither be ruled out nor confirmed in this case. Two 
confirmed mortalities occurred and both were translo­
cated animals. Male 34 steadily lost mass from fall 
1995 until his death in January 1997. He was found 
outside his hibemaculum two to seven days after 
death and probably succumbed to disease or exposure. 
His mouth was filled with bloody, viscous fluid, sug­
gesting a bacterial and/or viral infection at the time of 
death. The second mortality was female 43. Parts of 
her body and whole transmitter were found in the 
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translocation area in fall 1997, but the caus d 
. . fd e an 

ttmtng o eath were not clear as she was last located 
alive and healthy three months previous. She was 
found < 50 m from a recently bulldozed site but it 
was not evident whether this activity was invoived in 
her death. 

Two transmitters were found in 1997 for (one 
control and one translocated snake), suggesting either 
that they were expelled from the body (e.g., out the 
incision wound) or mortality occurred (Nowak, 1998). 
Mortality through natural predation is more likely, as 
they were found with obvious bite marks and punc­
tures. Interestingly, the transmitter of translocated 
male 41 was last found in the yard of a private resi­
dence ca. 1 km northeast of the monument in an area 
the snake had never been located during three years 
of tracking. 

Homing abilities after translocation.-Two of four 
rattlesnakes translocated in 1995, both males, returned 
to the monument in 1996 (Nowak, 1998). While both 
wandered extensively within the translocation area, 
they eventually made fast, parallel movements 
(apparent straight-lines) from the translocation area to 
MOCA (Fig. 11 ). The activity range of each snake 
prior to and after translocation overlapped extensively. 
As an example, Figure 12 illustrates the comparative 
ranges of male 41. Each snake was located several 
times in the same refugia and hibernacula that they 
used prior to translocation. Two of three rattlesnakes 
translocated in 1996 (both males) returned to the mon­
ument in 1997. Locations were not collected regularly 
for rattlesnakes in 1997, so the exact route followed 
by the snakes on their return to the monument and 
their respective dates of arrival are unknown. 

DISCUSSION 
Effects on control snakes.-Activity range sizes, 

movement patterns, behavior, and condition of the 
MOCA control rattlesnakes did not appear to be 
affected by handling or being carried in buckets. This 
result is consistent with other studies of te1emetered 
free-ranging rattlesnakes (Reinert, 1992; Reinert and 
Rupert, 1999). The finding that handling does not 
appear to affect control rattlesnakes adds validity to 
any comparisons of translocated snakes from MOCA 
with those of the Tucson study. 

Changes in activity range size.-Generally, south­
western US rattlesnakes do not have large foraging or 
activity ranges, and usually not dispersing more than 
4 krn in a straight-line from thei~ hibernacula during 
the foraging season (Gannon and Secoy, 1985; King 
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Fig. 11. Movement pattern between successive locations for 
Crotalus atrox (males 34 and 41) after experiment?! translocation 
at MOCA in August 1995. 

and Duvall, 1990). We found that non-translocated 
C. atrox at MOCA bad activity ranges that averaged 
)0 ha. This is larger than the average of 5.4 ha noted 
for C. atrox in southern Arizona by Beck (l995). 

More than 50% of the C. atrox increased their 
range sizes after translocation. This response is typical 
of many translocated animals, both in the first few 
months after translocation and in the subsequent year. 
It may be attributable to the search for prey and/or 
refugia in unfamiliar and structural ly dissimilar 
habitats, increased inter- and/or intra-specific compe­
tition for space and resources, or attempts at homing. 
Increased activity range sizes have also been observed 
in translocated White-tailed Deer (Jones et al. , 1997), 
California Ground SquiiTels (Van Vuren et al., 1997), 
Common Donnice (Muscardinus avellanarius; Bright 
and Morris, 1994), and Bulls~akes (Pituophis 
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Figure 12. Activity range and locations for Crotalus atrox (male 
41 ) after experimental translocation at MOCA in August 1995. 

melanoleucus [ = P. catenifer sayi]; Moriarty and 
Linck, 1995). Translocated male Timber Rattlesnakes 
(Crotalus horridus) in Pennsylvania had activity 
ranges that were 10 times larger than those of residents 
(Reinert and Rupert, 1999). 

Changes in movement patterns.-Movement pat­
terns of rattlesnakes have been studied in detail by 
many researchers (e .g., Macartney et al. , 1988; 
Reinert and Zappalorti, 1988a; Duvall et al., 1990; 
Martin, 1992; Weatherhead and Prior, 1992; Beck, 
1995; May et al., 1996; Duvall and Schuett, 1997; 
Reineti and Rupert, 1999). Based on these studies, the 
maximum straight-l ine distance rattlesnakes disperse 
from their hibemacula is typically 4 km, but the typi­
cal di stance for C. atrox in Arizona is 300 to 700 m 
(Beaupre, 1995; Beck, 1995). Hardy and Greene 
(l999a) noted straight-line movements of 1.5 km for 



Northern Black-tailed Rattlesnakes (C. m. molossus) 
in southeastern Arizona. The typical movement pattern 
for rattlesnakes during most of the foraging season is 
to move long distances infrequently and make short­
distance foraging movements within small patches of 
high concentrations of prey odor (Duvall et al., 1985). 

Although we do not have sufficient data to deter­
mine actual movement rates and distances for the rat­
tlesnake population at MOCA, trends in movement 
pattern indices for the translocated snakes after treat­
ment are opposite those expected for free-ranging 
rattlesnakes. In ·1995, translocated snakes moved 
greater distances per day after treatment, and greater 
distances per day than controls. They also tended to 
move a greater total distance and moved more fre­
quently. These results are consistent with those found 
for translocated C. horridus (Reinert and Rupert, 
1999), which traveled > 2.5 times farther tha~ resident 
rattlesnakes. We interpret these aberrant post-translo­
cation movements as evidence that ·the snakes were 
lost and possibly showing homing behavior (i.e. 
wandering). These patterns have been observed for 
translocated C. atrox (Landreth, 1973), other species 
of snakes (Parker and Brown, 1980; Reinert and 
Rupert, 1 ~.99), and, in general, other vertebrates 
(Bright and Monis, 1994; Compton et al., 1995; Van 

. Vuren et al., 1997). For example, several translocated 
adult rattlesnakes traveled in straight-line distances 
away from the release point until they were lost (Fitch 
and Shirer, 1971; Landreth, 1973; Galligan and 
Dunson, 1979; D. Virchow, pers. comm.). 

It is unknown why translocated snakes in this study 
did not move a greater distance per day in 1996. The 
primary explanation for this discrepancy is likely indi­
vidual variation. Female 43 made few movements 
after translocation in 1996, and hibernated in close 
proximity to her release site. We had no evidence that 
this snake was pregnant. This behavior may be an 
alternative response to translocation to an unfamiliar 
area late in the activity season: to "sit tight" and 
conserve energy until the following year and then 
begin explorations. Abruptly smaller activity ranges 
immediately after translocation, however, are appar­
ently rare as we could find no published reference to 
this phenomenon. in the literature. One unpublished 
observation of this behavior was made during a 
translocation experiment with Prairie Rattlesnakes 
(C. viridis) at Scotts Bluff National Monument in 
Nebraska (D. Virchow, pers. comm.). 

Directionality of movements has been studied in 
C. atrox (Landreth, 1973) and in Brown Treesnakes 

Biology of the Vipers 545 

(Boiga irregu/aris; Santana-Bendix, 1994). Based on 
their and our field observations, we expected that the 
typical movement pattern for resident rattlesnakes 
would be random, but that there might be some direc­
tionality. for translocated rattlesnakes as they attempted 
to orient or even return. In fact, many of the succes­
sive movements of . translocated rattlesnakes had a 
westerly component (the direction from which they 
had been moved). One explanation for this is that the 
snakes were able to orient in the direction of the mon­
ument using some form of navigation (see below), and 
another may be the use of topography in the translo­
cation area. Many canyons that run westward toward 
Wet Beaver Creek bisect this region, .and the area 
slopes down to the creek floodplain. 

Changes in condition. -As expected, SVL and 
mass of C. atrox were strongly correlated in this study. 
Most snakes gained little length during the study, 
which is typical for mature snakes (Andrews, 1982), 
and rattlesnakes in particular (Fitch and Pisani, 1993). 
Changes in mass of individual snakes over the course 
of this study showed a cyclical pattern roughly corre­
sponding to changes in season. The mass of individual 
snakes tended to increase through the summer foraging 
period, peak just before hibernation, and decline during 
winter. This pattern of increasing ~ass during the 
summer foraging period and then losing mass over the 
winter months is typical for many reptile species in 
temperate climates, and is influenced by both 
endogenous and environmental factors (Andrews, 
1982). Moore (1978) and Beck (1995) found that 
three rattlesnake species in southern Arizona 
increased foraging activity in the summer monsoon 
and in fall. 

There was no obvious change in condition as a 
result of the translocation experiment in any of the 
C. atrox at MOCA. This may be due to the quality of 
the translocation site (translocated rattlesnakes were 
able to forage and hibernate successfully in this area). 
Four of sL"< translocated snakes had greatly increased 
movement distances and/or traveled long distances to 
return to the monument. We expected that these animals 
would lose proportionally more mass and energy than 
the controls due to increased energetic requirements 
associated with wandering behavior. This was the case 
in only one translocated snake. Loss in body condition 
after translocation has been seen in a variety of 
species, including C. horridus (Reinert and Rupert, 
1999), Giant Tortoise~ ( Geochelone gigantea; 
Hambler, 1994), Slow Worms (Anguis fragi/is; 
Platenberg and Griffiths, 1999), Woodland Caribou 
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(Rangifer tarandus; Compton et al., 1995), Meadow 
Voles (Microtus pennsylvanicus; Otsfeld and Manson, 
1996), and Kakapo (Strigops habropti/us; Lloyd and 
Powlesland, 1994). Decline in body condition is most 
often attributed to a decrease in food acquisition, a 
decrease in the overall amount of time spent foraging, 
and/or an increase in the amount of time spent in vig­
ilance or exploring the new habitat (Wolf et al., 1996). 

Blood samples need to be taken for the population at 
MOCA to determine whether snake-specific diseases or 
parasites exist in this population. Given his loss of 
condition and symptoms present at his death, it is pos­
sible that male 34 contracted paramyxovirus or some 
other disease after translocation, or that he was carry­
ing a disease or parasite that became virulent only after 
the stress of being translocated to an unfamiliar area 
(Dodd and Seigel, .1991; Stephenson and Pisani, 1991; 
Davidson and Nettles, 1992; Cunningham, 1996). 
These hypotheses were not evaluated. 

Morta/ity.-Adult rattlesnakes have few natural 
predators and consequently their mortality rates tend 
to be relatively low (averaging< 20%) in habitats not 
impacted by humans (Reinert and Rupert, 1999). 
Mortality rates of displaced rattlesnakes, however, are 
often three times greater than non-displaced individ­
uals (Hare and McNally, 1997; Reinert and Rupert, 
1999; B. Johnson, ·Metro Toronto Zoo, unpublished). 
This may result from increased frequency and dis­
tance of movements, movements at inappropriate 
times of the day and season, and/or inability to find 
suitable winter refugia. All of these factors expose 
snakes to increased pathogens and predation. 

More than 50o/o of the translocated snakes at 
MOCA died or disappeared. With the exception of one 
snake (male 34), loss .of condition did not appear to 
play a role in these mortalities. While there was no 
obvious link between these deaths and the act of 
translocation, these patterns are consistent with those 
seen in other studies. Increased mortality rates of dis­
placed animals have been observed across vertebrate 
taxa (Hambler, 1994; Blanchard and Knight, 1995; 
Jones et al., 1997; Van Vuren et al., 1997; and 
Platenburg and Griffiths, 1999). 

The areas selected for translocation were chosen 
because of limited human activity, and only one snake 
(female 43) was suspected to have died as a result of 
human activities. This area also contained suitable 
hibernation and foraging areas, and at least six of 
seven snakes survived their first post-translocation 
hibernation season, in contrast to a study on the 
Eastern .tvlassasauga (Sistrunls c. catenatus; B. 

Johnson, unpublished). In spite of such screening, the 
ultimate survival rate of translocated snakes was not 
high. The deaths of two translocated snakes after 
successfully returning to MOCA (one found dead 
apparently well out of its normal range) make a strong 
case for long-term monitoring of translocated snakes 
(see Reinert and Rupert, 1999). 

Homing abilities after translocation.-There 
appears to be a strong drive in displaced animals to 
return, often over huge distances, to areas that are 
familiar. For simplicity, we defined this behavior for 
rattlesnakes in this study as "homing." Over half of 
the rattlesnakes translocated in the MOCA study 
returned to their original activity ranges within two 
years of translocation. This high return rate was also 
seen in a rattlesnake translocation study at the 
Arizona-Sonora Desert Museum, Tucson, Arizona 
(Perry-Richardson and Ivanyi, 1992). Over 50% of the 
rattlesnakes released immediately adjacent to the 
museum returned, 15 to 20% released 1.5 krn away 
returned, and at least one returned from being released 
4 krn away. Homing of translocated animals is common 
in other ectothenns. For example, non-migratory 
Brown Trout (Salmo tnttta) returned over 150m and 
up a different tributary to their capture site (Halvorsen 
and Stabell, 1990), Western Painted Turtles 
( Chrysemys picta bellii) returned over 8 krn to their 
natal ponds (S. Orchard, pers. comm.), and Desert 
Striped Whipsnakes (Masticophis t. taeniatus) 
returned over 850 m to their hibemacula. (Parker and 
Brown, 1980). 

Homing may occur because familiar locations are 
predictable or ideal for successful foraging, hiber­
nating, and/or mating. It is likely that for animals such 
as rattlesnakes, which have a relatively small activity 
range for which they exhibit site·tidelity, learning 
habitat parameters occurs at an early age. This hypoth­
esis has apparently not been field-tested in snakes, but 
Heatwole ( 1977) and Reinert (1993) mentioned its 
potential importance. Alternatively, availability of 
water, hibemacula, and/or dense prey populations may 
be responsible for attracting displaced snakes back to 
IVIOCA. This would encourage the return of rat­
tlesnakes that were translocated from the monument if 
the translocation area did not contain equally suitable 
areas for foraging or hibernating. We did not compare 
the relative abundance of prey at the translocation 
sites and on the monument, but it is possible that the 
riparian area and heavily used areas of human activity 
at MOCA may artificially increase prey populations 
(e.g., Graham, 1991). 



It might be suggested that the translocated rat­
tlesnakes at MOCA returned to the monument because 
they were already familiar with the translocation sites, 
but there is no evidence to support this hypothesis. It 
is unlikely that any of the subjects would have traveled 
to or from the translocation area prior to the experi­
ment. In three seasons of study, no rattlesnake traveled 
more than 1 km during the course of its active season, 
nor was a greater straight-line movement seen for 
eight C. atrox telemetered at Tuzigoot National 
Monument (Verde Valley, Arizona) during the same 
time period (E. Nowak, unpublished). Further, none of 
the MOCA snakes returned to the monument immedi­
ately after translocation. 

It is likely that the snakes spent time orienting 
within the translocation site before returning to their 
original activity range. The mechanisms that snakes 
use to orient and navigate, however, are not well 
understood (Fraker, 1970; Landreth, 1973; Newcomer 
et al., 1974; Parker and Brown, 1980; Gregory, 1984; 
Graves et al., 1986; Lawson, 1991; Halpern, 1992). 
There is increasing speculation, however, that the 
facial pits are capable of detecting long-distance 
radiant heat emissions (Berson and Hartline, 1988; 
Sexton et al., 1992). If this were substantiated, then 
the large limestone outcrop in which many residents 
hibernated would be an obvious navigational landmark. 
These cliffs are routinely several degrees Celsius 
warmer than the surrounding landscape during the day 
and emit discernible radiant heat during summer 
nights (E. Nowak, unpublished). Perhaps the snakes' 
followed land contours and/or used olfactory cues 
(non-snake odors associated with certain biotic condi­
tions), as at least two of the translocated rattlesnakes 
followed a large east-west running wash to the riparian 
area on the monument (see also Fraker, 1970; Klauber, 
1972; Parker and Brown, 1980; Halpern, 1992). 
Another possibility is that our subjects followed the 
scent trails of other rattlesnakes to the monument 
(Graves et al., 1986; Ford, 1986; Reinert and 
Zappalorti, 1988b; but see King et al., 1983 ). 

Not only did the translocated snakes return to the 
monument, they returned to the activity ranges they 
used before translocation, including some of the same 
refugia and hibernacula (Nowak, 1998). This obser­
vation adds further support to the conclusion that 
rattlesnakes exhibit strong site-fidelity to suitable 
hibernacula and foraging areas (Gregory, 1984; 
Sexton et al., 1992; Reinert, 1993 ). Homing to exact 
locations has been seen in other species of rattlesnakes 
(Perry-Richardson and Ivanyi, 1992; Hardy and 
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Greene, 1999a) and in other snake species (Parker and 
Brown, 1980). Although it is possible that the returned 
rattlesnakes were found in the same areas by chance 
(e.g., Otsfeld and Manson, 1996), it is more likely that 
they were using the same cues to seek suitable sites 
they used before, perhaps relying on some internal 
"map" in combination with familiar structural or 
thermal landmarks (Newcomer et al., 1974; Sexton 
et al., 1992). 

There appears to be individual variation in the 
"drive" or success in returning to a familiar area, 
given that not all of the rattlesnakes returned to the 
monument. This pattern has been documented in other 
studies of vertebrate translocation, where it ·has been 
tied to social factors and distance of displacement 
(Parker and Brown, 1980; Bright and Morris, 1994; 
Van Vuren et al., 1996; Hein and Whitaker, 1997; 
Jones et al., 1997). At MOCA, it is likely that these 
snakes did not return because they were able to meet 
all of their needs adequately in the translocation area. 
They were frequently located within the riparian area 
north of the monument, where they exhibited normal 
foraging behavior 'and found suitable hibemacula. 
Reinert and Rupert ( 1999) drew the same concluSions 
from successfully translocated C. horridus in 
Pennsylvania. 

Extra-Experimental Effects.-For a thorough dis­
cussion of extra-experimental effects in this study, 
refer to Nowak ( 1998). However, some trends in these 
data warrant further discussion. Most male C. atrox at 
MOCA had larger activity ranges than females, 
although there was a high amount of variability 
among individuals. There was a trend in males to 
move a greater distance per day and a greater total 
distance than females, regardless of season. In general, 
male rattlesnakes tend to travel fartl}er and are more 
active than females regardless of season (Gannon and 
Secoy, 1985; McCartney et al. 1988; King and Duvall, 
1990; Brown, 1991; tvl. Goode, pers. comm.). 

Year of study did not have a significant impact on 
condition of MOCA animals. This is somewhat sur­
prising given that 1996 was a drought year (NOAA, 
1996). As expected for rattlesnakes, there was a sig­
nificant effect of sex on the relationship between SVL 
and mass (and on the residuals of this regression). In 
nearly all rattlesnake species, males tend to be longer, 
more muscular, and heavier than females (Shine, 
1993; Beaupre, 1995). In the MOCA study, these sex 
differences may have obscured any differences in 
changes in condition between translocated and control 
snakes, or even within each group over time; however, 
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there were insufficient numbers of females to permit 
separate analyses of condition by sex. 

Translocation might affect the reproductive success 
of female rattlesnakes, especially if translocated dur­
ing gestation to ·areas that do not contain rookeries 
suitable for gestation (see Graves et al., 1986; Hardy 
and Greene, 1999a). Subsequently, the young might 
have difficulty locating suitable hibemacula due to a 
lack of existing pheromone cues (e.g., Brown and 
Maclean, 1983; Ford, 1986; but see Reinert and 
Rupert, 1999). 

TUCSON STUDY 
MATERIALS AND METHODS 
Study Site 

The study area is largely upland Sonoran 
Desertscrub (Turner and Brown, 1994) characterized 
by Palo Verde ( Cercidium microphyl/um ), Saguaro 
Cactus (Camegiea gigantean), and Triangle-leaf 
Bursage (Ambrosia de/toidea). It is centered in RMFD 
District 77 near the City of Oro Valley (Pima County, 
Arizona), seven miles north of Tucson on the north­
west flank ofthe Santa Catalina Mountains (Fig. 13). 
The study site is bordered by U.S. Forest Service land 
(Coronado National Forest) to the northwest and 
southeast, and bisected by State Route 77 and the 
Canada del Oro floodplain. The border property is 
composed of a mixture of natural vegetation and 
residential development. The study area was divided 
into four sites surrounding the fire station. All sites 
(particula~ly site 1) are used by hikers, horseback 
riders, off-road vehicles, as well as for firearm shoot­
ing, and other recreational activities. Illegal litter 
dumping and cactus removal also occur in these areas, 
and native vegetation is degraded ·in local patches. 
These three sites are located on a combination of 
private and city lands adjacent to residential areas. 
Site 4 was not included in this study and is discussed 
elsewhere (Hare and McNally, 1997). 

Capture Methods 
From November 1993 to August 1994, 97 rat­

tlesnakes were processed after capture by frrefighters. 
These included 93 C. atro:c (58 males, 37 females, 
and two unsexed individuals), two adult male C. m. 
molossus, one adult male Mojave Rattlesnake (C. s. 
scutulatus), and one male Tiger Rattlesnake (C. 

tigris). Average male SVL in C. atrox was 83.6 em (N 
=57), and average female SVL was 79.2 em (N = 36). 

During processing, each snake was secured in a 
clear-plastic tube for safe handling and individually 

marked by injecting a passive integrated transponder 
(PIT) tag 11-12 em anterior to the vent under the 
second or third dorsal scale row (Fagerstone and 
Johns, 1987; Jemison et al., 1995). The injection site 
was swabbed with Betadine or isopropyl alcohol prior 
to implantation, and it was closed with a cyanoacrylate 
sealer. The success rate of PIT-tag injections was 98%. 

. Of 97 PIT-tagging attempts, implantation failure 
occurred only twice, rendering the transponders non­
sterile and unusable. Individuals that appeared to be 
less than one year old were not PIT-tagged. All snakes 
captured by firefighters were scanned for the presence 
of PIT-tags until 1995. The scanner and data sheets 
were left at the fire station to enc~urage compliance 
with the study and frrefighters were instructed to alert 
us of any recaptures. 

Telemetry Methods 
Telemetry materials are the same as those detailed 

in the MOCA section, with the following exceptions. 
Snakes were located with a Wildlife Materials 
(Carbondale, Ilinois) receiver. The PIT-tags, injectors, 
and Trovan LID 500 readers were obtained from 
InfoPet Identification Systems, Inc. (Norco, California). 

Telemetry methods followed those ofMOCA, with 
the following differences. Rattlesnakes were anes­
thetized using Halothane vapor at a veterinary hospital, 
and were observed from 24 to 72 h after surgery to 

. ensure complete recovery. Data are presented as mean 
±one standard deviation. 

Translocation 
From 1993 to 1994, marked snakes were translo­

cated to one of four sites outside their original capture 
area (Fig. 13). In 1994 and 1995 nine adult rattlesnakes 
(three male and four female C. atrox, one male C. 
tigris, and one male C. m. molossus) were telemetered 
and translocated after recovery from surgery. (Results . 
for the C. tigris and C. m. molossus will not be dis­
cussed in this paper; see Hare and McNally, 1997.) 
Two males and one female C. atrox were translocated 
to site I, two females were translocated to site 2, and 
one male and one female were translocated to site 3. 
The fire station staff did not record the original location 
of each snake. 

From 1994 to 1995, we tracked each snake twice 
weekly during. the active season, and once weekly 
during winter. We attempted to Locate each snake from 
three to 36 times (X = 20 ± 11 ). The number of times 
each snake's location was detennined varied between 
two and 22 (X = II ± 6). In order to minimize distur-
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Figure 13. Tucson study sites for translocation research for Crotalus spp. from 1993 to 1995. 

bance snakes were not routinely recaptured and were 
observed from a distance. Date, location, and whether 
the snake was visible were noted each time that a 
snake location was pinpointed. Locations were 
marked, identified in field notes, and plotted on I" to 
20' aerial photographs. Distances traveled between 
pinpointed locations were determined from the plots 
in the movement analysis software and concurred with 
distances derived in the field. 

Paramyxovirus Titering 
Recognizing the potential of translocation as a 

vector for disease transmission; particularly ophidian 
paramyxovirus (Jacobson and Gaskin, 1992), we con­
ducted a survey of humoral antibody response to 
viperid paramyxovirus. An experienced veterinarian 
collected~ 2 ml of blood from each of 20 randomly 
selected non-telemetered snakes. As both replication 
of viperid paramyxovirus and reptile immune 
response are temperature-dependent, and latent infec- · 
tions may be activated at a later date, samples were 

taken throughout the year (Marcus, 1971; Lunger and 
Clark, 1979; Peterson et al., 1993). Each sample was 
tested for viperid paramyxovirus serologic titer at the 
Veterinary College of the University of Florida, 
Gainesville (after Jacobson and Gaskin, 1992). These 
snakes were held for 24 h before. release with no 
adverse reactions noted. 

Data Analyses and Presentation 
Data analyses foHow those of MOCA, but with 

several exceptions. For example, there were no com­
parisons of translocated to control parameters. To esti­
mate the activity range size for each snake, we used 
the minimum· convex polygon method (White and 
Garrott, 1990) in the computer program McPAAL 
(Micro Computer Program for Analyzing Animal 
Locations; M. Stiiwe, National Zoological Park, 
Virginia). In contrast to the MOCA data, home range 
data were not standardized by a minimal number of 
locations. The movement data were not standardized 
by defining a minimal movement distance or by 
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Table 1. Summary of activity range (ha) and average distance traveled per day (mlday) by translocated rattlesnakes in the Tucson Rural 
Metro Fire Department, AZ, between April 1994 and July 1995. Snake number, species, sex, percent time a signal was located out of the 
total number of attempts, total distance moved (m), and duration of tracking (days) are listed for each individual.*= across all seasons. 

Snake number 565 605.1 

Sex M F 
Activity range (ha) 8.80 10.98 
% signal locations 31 86 
Total distance moved (m) 1337 1511 
Days followed 378 91 
Average distance/day• 3.6 16.6 
Average distance/day 

Spring '94 22.7 
Dry Summer 3.5 14.3 
Wet Summer 0.4 Predated 
Fall 11.9 
Winter 2.7 
Spring'95 2.8 
Dry Summer 4.7 

excluding movements more than four days apart. 
Average distance moved per day was calculated by 
dividing the distance between successive locations by 
the number of days between successive locations 
without setting conditions for a minimum movement. 
Further, we analyzed the movements of translocated 
snakes by season as defmed for MOCA, with the 
addition of a winter period from December to 
February. Change~ in condjtion were not analyzed. 

RESULTS 
Additional information on the movements of indi­

vidual telemetered snakes and their behavior and 
ecology is found elsewhere (Hare and McNally,. 
1997). One telemetered male C. atrox was located 
twice before he was lost, and thus is not included in 
the analyses. 

Activity range size.-The activity range size of the 
translocated rattlesnakes varied greatly, in part depen­
dent on the number of times each animal was located 
after translocation (Table 1 ). The average activity 
range of the C. atrox at this site was 13.02 ± 8. 77 ha 
(N = 6). Activity range sizes for males averaged 17.84 
± 9.50 ha (N = 3), and for females averaged 8.21 ± 
5.07 ha (N = 3). 

Average distance moved per day.-The average 
distance moved per day for each rattlesnake tracked is 
shown in Table 1. Those data were collected over 
longer intervals than at MOCA (every three to four 
days compared to every two to three days for MOCA) 
so the two cannot .be compared. Nonetheless, MOCA 

625 646 665 685 

F M M F 
1.65 16.99 27.74 12.00 
67 ° 58. 59 64 

618 1764 1520 1905 
87 181 370 395 
7.1 9.7 4.1 4.8 

17.5 
7.1 8.2 19.0 4.9 

Crushed 11.3 0.7 2.2 
Predated 5.0 9.5 

0.0 1.6 
4.7 5.2 
6.3 Lost 

data from 1996 are similar to this study. As expected 
given the larger activity ranges of the MOCA snakes, 
the 1996 average movements per day are obviously 
longer than for the Tucson snakes. For the six translo­
cated C. atrox in Tucson, the average distance moved 
per day after translocation was 7.65 ± 4.93 m/day. 

Male C. atrox moved an average of 5.8 ± 3.39 
m/day, and females moved 9.5 ± 6.25 m/day. Overall, 
C. atrox moved an average of 9.5 ± 6.0 m/day in the 
dry summer of 1995 (N = 6), 3.65 ± 5.16 m/day in the 
wet summer (N = 4), 8.8 ± 3.50 mid in the fall, 1.43 ± 
1.35 m/day in the winter (N = 3), and 4.23 ±1.27 
m/day in spring 1996 (N = 3). 

Total distance traveled.-The estimated total dis­
tance moved by translocated male C. atrox in the 
Tucson study (excluding the snake lost after two 
weeks) ranged from 1.5 to 1. 7 km, while distances for 
translocated female C. atrox in this study ranged from 
0.6 to. 1.9 km (Table 1 ). A careful examination of 
Table 1 shows that the actual distances traveled by the 
Tucson snakes may be much farther. Transmitter 
signals were heard on 57% of the days location was 
attempted, suggesting that the snakes were out of 
range on 43% of attempted locations. 

Changes in body condition.-Only one snake (a 
non-telemetered female C. atrox) was measured (SVL, 
mass) after being recaptured post-translocation. This 
snake did not have any perceptible increase in SVL 
and her mass on recapture reflected a loss of 23.9 g 
(6.5o/o) over ca. six months. She was not known to be 
pregnant at either capture time. 



Ophidian paramyxovirus.-All 20 blood samples 
assayed for viperid paramyxovirus had serology titers 
of :S 1: 10. Serology titers of > 1:20 are considered 
positive; therefore, these assays indicated that the ani­
mals s.tudied had no prior exposure to viperid 
paramyxovirus. 

Mortality.-Five of ·seven telemetered C. atrox 
(71%) died or were lost. Two (one male and one 
female) were lost, and three suffered attack or preda­
tion. Of the latter, female 625 was likely buried by 2 m 
of dirt during a clearing and grading operation. Male 
646 was found dead (human-caused) 2.2 km north of 
his last known location. Female 605.1 was likely 
killed by a Badger (Hare and McNally, 1997). In addi­
tion to the above deaths, one marked C. atrox was 
killed by a hunter who found the PIT-tag while skin­
ning the snake and turned it into the Arizona Game 
and Fish Department in July 1995. 

Recaptures after translocation.-Documentation 
of homing was not possible, as the original capture 
point of each snake was not recorded. Three of 97 
(3o/o) marked C. atrox were recaptured during the 
study period. One female made a straight-line move­
ment of ca. 1 km from her release in site 3 in April 
1994, to her capture site in October 1994. A male orig­
inally released at site 2 in July 1994, was recaptured 
ca. one month later, b~t unfortunately its place of 
recapture was not recorded. The Arizona Game and 
Fish Department reported the third snake after a 
hunter who killed it (site 1) brought in its PIT-tag. 

DISCUSSION 
Changes in activity range size.-Size of activity 

ranges for theTucson C. atrox are ca. 30o/o larger than 
those previously recorded for free-ranging C. atrox in 
southern Arizona (Beck, 1995). Published reports of 
average activity range size in other rattlesnake species 
tracked for at least a year include: 21 ha for 
Sidewinders (Crotalus cerastes; Secor, 1994 ), 25 ha 
for S. c. catenatus (Weatherhead and Prior, 1992), 27 
ha for C. horridus in New Jersey (Reinert and 
Zappalorti, 1988a), and 59.9 ha for C. horridus in 
Pennsylvania (Reinert and Rupert, 1999). The average 
activity range of the translocated Tucson C. atrox was 
also smaller than that of translocated MOCA C. atrox. 

Changes in movement patterns.-The distances 
made by translocated Tucson C. atrox were not as 
great as either of the MOCA treatment groups. Also, 
we found that activity ranges and the distance moved 
per day were smaller than those reported for MOCA 
snakes. Thus, we feel the differences between our 
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reported movement parameters are primarily attribut­
able to differences in habitat, elevation, and human­
mediated disturbance factors. 

As in the MOCA translocated snakes, several of the 
Tucson rattlesnakes exhibited wandering behavior, as 
evidenced by the comparatively long distances covered 
by the s~akes after translocation. We also interpret the 
difficulty associated with regularly locating teleme­
tered individuals to mean that individuals were regu­
larly moving out of range of the receiver. These results 
are similar to those seen during a study of transloca­
tion of telemetered C. vi rid is at Scotts Bluff National 
Monument, Nebraska (D. Virchow, pers. comm.). 
During that study, two snakes were lost the day after 
release (no signals were subsequently detected), and 
one snake traveled 250 m from the release site before 
disappearing. 

One non-pregnant female C. atrox made very few 
movements after translocation. This behavior is similar 
to that seen for a translocated MOCA female. 
Hypotheses potentially explaining this seemingly 
aberrant movement pattern are discussed in the 
MOCA section. 

Ophidian paramyxovirus and disease.-Trans­
located vertebrates have been demonstrated to nega­
tively impact resident wildlife populations via disease 
transmission (reviewed by Dodd and Seigel, 1991; 
Davidson and Nettles, 1992; Cunningham, 1996). 
Viperid paramyxovirus is spread readily from snake­
to-snake through contact with body fluids or exhaled 
viral particles of infected animals (Jacobson and 
Gaskin, 1992; Odum and Goode, 1994). Thus, the 
disease is a concern during translocation of rat­
tlesnakes, especially where individuals are routinely 
carried in the same holding containers. This practice is 
common where rattlesnakes are repeatedly translocated 
in public settings, such as residential areas. 

None of the Tucson rattlesnakes tested positive for 
exposure to ophidian paramyxovirus. We suspect that 
this virus either is not present or is uncommon in rat­
tlesnakes in our study population. However, given that 
over 4,000 snakes per year are translocated, and we 
tested only 20, it is possible that paramyxovirus may be 
an as-yet undetected or latent problem in the Tucson area. 

Mortality.-Over 70% of the telemetered Tucson 
C. atrox either died or were lost. This may indicate 
increased susceptibility to predation both by humans 
and other animals after translocation in an urban set­
ting, though depredation rates on non-translocated 
snakes were not available for comparison. Humans 
depredated at least three snakes. All of these snakes 
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used habitats that were heavily degraded by humans 
and contained exotic species of plants and animals and 
scattered debris piles. Most snake populations rely on 
high adult survivorship and adult snakes usually suffer 
much lower mortality rates than those documented for 
the Tucson study animals. For comparison, Fitch and 
Pisani (1993) estimated an annual adult mortality rate 
of 20% in their study population of C. atrox. Other 
authors have implicated areas of heavy human activity 
as a main source of adult snake mortality (Greene, 
1992; Gibbons et al., 2000). Rattlesnake survivorship 
may be notably compromised by human encroach­
ment in snake habitat (Galligan and Dunson, 1979; 
Seigel, 1986; Harding, 1991; Dodd, 1993; Rosen and 
Lowe, 1994; Greene, 1999). 

Recaptures.-Only 3% of marked snakes were 
recaptured alive during the study period. This can be 
interpreted to mean that 97% of the snakes were 
managed without compromising· public safety. 
However, four telemetered snakes were tracked to 
residential areas seven times without independent 
detection by local property owners (Hare a~d 
McNally, 1997). One snake was located ca. I rn from 
the front door of a residence without independent 
detection by the occupants. 

These results are consistent with those from the 
MOCA study (Nowak, 1998). Discounting the original 
capture of. snakes in human use areas at MOCA, the 
total number of subsequent independent sightings of 
telemetered C. atrox was less than 1 0 of over several 
hundred sightings. In several cases rattlesnakes were 
located less than 5 m from visitor trails within view of 

. hundreds of visitors that day, and yet were not detected 
until revealed by researchers. Our observations sug­
gest that the ·potential for encounters with nuisance 
and/or subsequently translocated animals exceeds the 
recorded occurrence. 

Extra-experimental effects .-Extra-experimental 
effects for the Tucson study are discussed in detail in 
Hare and McNally ( 1997). Briefly, Tucson male C. 
atrox moved both less per day and per season than 
females, in contrast to MOCA males, but this result is 
likely an artifact of small sample size. Other 
researchers have shown that rattlesnakes, particularly 
males, move longer distances per day in the spring and 
fall, due either to migratory dispersal or to increase 
mating opportunities (Landreth, 1973; Duvall et al., 
1985; Seigel, 1986; Beck, 1995). This was not a 
significant pattern in the Tucson study, although 
there was a trend for farther movements during 
those time periods. 

GENERAL DISCUSSION 
Translocation Effects 

Aberrant or modified activity patterns .in displaced 
Western Diamond-backed Rattlesnakes (C. atrox) and 
other snake species have been thoroughly documented 
over the past 30 years (Fitch and Shirer, 1971; 
Landreth, 1973; Galligan and Dunson, 1979; Graham, 
1991; Sealy, 1997, this volume; Reinert and Rupert, 
1999). We observed the same trends in translocated 
rattlesnakes. at our two study sites in Arizona. 
Although there were few statistically significant 
impacts on mov~ment patterns, behavior, or condi­
tion, more than 50% of the translocated snakes exhib­
ited increased ranges and wandering behavior. 

At both of our study sites, over half of the translo­
cated snakes died or were lost. The mortality rate was 
higher for the Tucson snakes, likely due to a greater 
degree of human encroachment. The high mortality· 
rates observed in both our studies suggests that long­
distance translocation (LDT), as it is currently prac­
ticed, may not be humanitarian despite conventional 
wisdom among management agencies and private 
citizens to the contrary. 

The population-level effects of translocation on 
rattlesnakes have not yet been addressed in any study, 
but obviously are important when considering the 
general issue of animal translocation. What- are the 
impacts of translocations on resfdent rattlesnakes in 
the translocation area, particularly when large numbers 
of rattlesnakes are continuously displaced to the same 
area? If rattlesnakes are translocated outside their 
normal activity range, they could be introduced into a · 
habitat where population density is high, and could be 
forced to move to a new area (Hare and McNally, 
1997). On the other hand, they could also be intro­
duced into habitats that do not contain rattlesnakes 
because existing conditions are unsuitable for their 
persistence (D. Hardy, Sr., pers. comm.). Either out­
come could increase the probability of natural pre­
dation and human-induced mortality, result in disease 
transmission, and/or decrease foraging and interfere 
with various aspects of the mating system, such as 
reproductive success (Dodd and Seigel, 1991; 
Davidson and Nettles, 1992; Duvall et. al, 1992; 
Cunningham, 1996; Wolf et al., 1996; Whiting, 1997). 
In addition, Reinert ( 1991) observed a translocated 
male C. horridus being courted by a previously nor­
mally-behaving resident male, suggesting the social 
behaviors of resident populations may be negatively 
affected by translocated snakes. Male-male "courtship" 
after translocation has been documented in other 



snake species (Fitch and Shirer, 1971; Galligan and 
Dunson, 1979). 

In addition to effects on conspecifics, the ecological 
impacts of rattlesnake translocation on rattlesnake 
predators and prey might be significant when repeated 
translocations of rattlesnakes occur in small areas, 
exacerbating the factors discussed above. Rattlesnakes 
translocated more than a few meters by public land 
managers and removal agencies are typically released 
into a few ~'favorite" locations (G. Good, pers. comm.; 
S. Sandell, pers. comm.). 

An extremely important result of our research is 
that. more than 50% of the translocated MOCA C. 
atrox returned to the monument. The ability of rat­
tlesnakes to return over long distances to their original 
ac~ivity ranges after being displaced suggests that 
LDT is not an effective long-term management tool 
for decreasing rattlesnake-human interactions in 
public or residential areas. While translocation of 
rattlesnakes more than five miles would likely be 
effective at decreasing interactions of those individuals 
with people, this hardly seems a sustainable long-term 
solution to the problem. 

Creation of Nuisance Rattlesnakes 
· Although our studies focused on determining the 

effects of translocation on rattlesnakes, we also gained 
valuable insight into the overall issue of rattlesnake­
human interactions. There are both proximate and 
ultimate reasons for rattlesnakes becoming nuisances, 
and there is a strong human component to this label. 

Rattlesnake presence in human use areas.­
Rattlesnakes may be present in some public and resi­
dential areas during spring and fall due to the prox­
imity of these areas to potential hibemacula (= dens) 
(Nowak, 1998). During migrations to and from dens, 
at least three MOCA rattlesnakes usually traveled 
through the visitor and/or housing areas. In addition, 
over 50% of the MOCA rattlesnakes were hibernating 
in dens less than 100m from the main visitor trail, an 
occurrence documented in other national parks. A 
study at Natural Bridges National Monument, Utah, 
found that rattlesnakes sighted near the visitor center 
and/or staff housing areas were primarily migrating 
through these areas from hibemacula near the visitor 
center (Graham, 1991 ). 

Another reason for rattlesnake presence in human 
use areas may be foraging opportunities for snakes in 
summer. In ·a study of C. viridis, Graham (1991) 
observed that there was an increased abundance of 
potential prey (rodents, lizards, and birds) around the 
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visitor center and housing areas at Natural Bridges· 
National Monument, compared to other areas nearby. 
He suggested that the increased abundance of prey in 
visitor and housing areas might be due to the presence 
of ~on-native vegetation, garbage left by visitors or 
put out by staff, to bird feeding and watering, and/or 
to the presence of refuge areas in the form of wood, 
lumber, or brush piles, thick vegetation, or loose soil 
for burrowing by snake prey. Artificially increased 
prey abundance and the presence of artificial refugia 
(e.g., under buildings) are cited as potentially impor­
tant influences of rattlesnake distribution at the 
Arizona-Sonora Desert Museum (Perry-Richardson 
and Ivanyi, 1992); In rural and suburban areas of 
southern Arizona, wildlife feeding and watering 
stations (including backyard bird feeders) have been 
documented to attract rattlesnakes to drink and feed 
on bird and small mammals (M. Goode, pers. comm.; 
D. Hardy, Sr., pers. comm.). 

Twelve of 19 (63%) of telemetered MOCA rat­
tlesnakes were located in either visitor access or 
housing areas at least once during their active period . 
(Nowak, 1998). It is not known, however, whether 
prey concentration around human use areas at MOCA 
is actually denser than in outlying areas. To determine 
a causal relationship between the abundance of prey 
and presence of snakes in human use areas, more 
information is needed on the relative distribution of 
prey populations around the monument, and on the 
diet of this population of rattlesnakes. 

Procrypsis.-ln spite of a relatively high frequency 
of locations of rattlesnakes by researchers in human 
use areas in our studies, the snakes were almost never 
seen by other humans. In general rattlesnakes are 
rarely detected because they are usually hesitant to 
rattle when confronted by predators (including 
humans), and instead rely on procrypsis to escape 
detection. Procryptic behavior has been independently 
documented for a number of rattlesnake species across 
North America (Klauber, 1972; Duvall et al., 1985, 
unpublished; Graham, 1991; Prior and Weatherhead 
1994; May et al., 1996; Parent and Weatherhead, 
2000). Procrypsis may be an especially adaptive trait 
in areas with long histories of continual human use, 
such as MOCA and Tucson (C. Fincher, pers. comm.). 

Individual rattlesnakes foraging in or traveling 
through concentrated human use areas may be habitu­
ated to the presence of people and less likely to dis­
play defensive behaviors. Some MOCA rattlesnakes, 
however, seemed to follow circuitous paths to avoid 
these areas (Nowak, 1998). These avoidance bebav-
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iors may be triggered by the presence of over 900,000 
people annually and/or by an earlier capture by park 
staff, or by some learned cultural tradition as a result 
of the long-term human occupation of this area 
(Klauber, 1972; Sealy, 1997; Parent and Weatherhead, 
2000). Sealy ( 1997; this volume) suggested that C. 
horridus translocated short distances are likely to 
avoid these capture sites in the future. Physical or tem­
poral avoidance of areas regularly visited by humans 
has been noted for C. horridus (Brown, 1993 ). 
Although Parent and Weatherhead (2000) found that 
S .. c. catenatus at a heavily-visited national park in 
·Canada did not abandon preferred habitat in visitor 
use areas, movements of snakes in these areas were 
shorter and less frequent when compared to those in 
undisturbed sites. 

Human perceptions of rattlesnakes.-A lack of 
basic understanding and an innate fear of snakes has 
led to widespread n1istrust and persecution of these 
animals (Greene and Campbell, 1992; Wilson, I 996; 
Greene, 1997, 1999). Exaggerated beliefs about the 
danger posed by rattlesnakes, combined with misun­
derstanding factors that influencing rattlesnake distri­
bution, have led to the expectation that rattlesnakes 
will be removed from or killed in areas where they are 
likely to come into contact with· humans. 

Rattlesnakes at our study sites did not strike at . 
volunteers, park staff, or researchers unless handled 
or cornered (see Hardy, 1986; Dart et al., 1992). In 
recorded incidents when Tucson snakes came into 
close proximity with human structures without being 
detected by the residents, or when MOCA snakes 
were located close to trails but not detected by visitors, 
no dangerous or adverse incidents occurred. Fifty to 
75% of all venomous snakebites in the United States 
are "illegitimate" in that they occur after the victim 
recognizes that the snake is venomous and continues 
the interaction (Hardy, I 986; Curry et al., I 988; Dart 
et al., 1992; J. McNally, unpublished). A majority of 
southwestern national parks have had few to no 
snakebites in the last 25 years, and most bites have 
been illegitimate. There have been only two (non­
lethal) envenomations in MOCA's history: (I) a 
child ·who stepped on an immature rattlesnake, and 
(2) a researcher who was PIT-tagging an immature 
rattlesnake. This suggests that unless inadvertently 
stepped on or handled, rattlesnake presence near 
areas of human use poses a minimal threat to their 
safety. Further, discouraging handling of rattlesnakes 
should be emphasized as a primary factor in pre­
venting snakebite. 

When people are educated about rattlesnake 
behavior and biology and human roles in encouraging 
nuisance behavior their attitudes often change (Duvall 
et al., unpublished; Greene, 1997, 1999). As the public 
becomes more tolerant of rattlesnakes, concerns 
regarding their removal are decreased and interest in 
their protection is increased. The importance of using 
education to lower the need for rattlesnake transloca­
tions cannot be overstated. As wildlife habitat outside 
public land refuges shrinks, rattlesnake populations are 
becoming increasingly threatened by new residential 
development replacing their habitats. Learning to 
accept the inevitable presence of rattlesnakes in transi­
tional habitat adjacent to human-modified environ­
ments may contribute the most to the welfare of 
humans and snakes. 

CONCLUSIONS AND FUTURE DIRECTIONS 
When dealing with nuisance rattlesnakes in public 

use situations or around private homes, the first and 
most important question to be addressed is the reason 
for rattlesnake presence in the area. If the area has a 
relatively high concentration of rattlesnake prey due 
to human activities, landscape modification, or is near 
suitable hibemacula, then such an area is likely 
attractive to rattlesnakes. Continuous translocation of 
individual snakes from these areas m~y not decrease 
the number of rattlesnakes in the area (except in the 
immediate future). More snakes may immigrate to 
take advantage of the concentrated prey base or hiber­
nacula, and translocated snakes are likely to return if 
possible. One long-term solution to rattlesnake-human 
conflicts would be to make such microhabitats less 
attractive to rattlesnake prey during the foraging 
season. If the area is near suitable hibemacula, rat­
tlesnakes could be physically re-routed around human 
use areas or human traffic could be redirected from the 
migratory paths of the snakes (e.g., by creating elevated 
walkways for visitors). 

Because our research has demonstrated that LDT 
has negative effects on rattlesnakes, and that translo­
cated individuals are capable of homing over long dis­
tances, LDT should not be used to manage rattlesnake­
human interactions. Short-distance 'translocation 
(SDT) of rattlesnakes into suitable habitat, preferably 
less than 50 m from their capture point, will decrease 
the immediate threat of negative interactions between 
rattlesnakes and people. Survival of rattlesnakes in 
urbanized environments may be decreased by SDT 
(Sealy, 1997; this volume) and enhance the persis­
tence of natural ecosystem processes. It is also more 



cost- and time-effective than LDT. Although SDT is a 
highly recommended conservation measure, it is not 
always possible due to complicated social and eco­
nomic pressures. Practically speaking, a nuisance 
snake would need. to be translocated to the edge of the 
same parcel of property where it was captured as 
tremendous liability would exist in removing the 
snake from one home and placing it at another. The 
Arizona-Sonora Desert Museum replaced LDT in 
favor of SDT and has had a much higher recapture rate 
(as high as 87%) with no reported adverse interactions 
between humans and rattlesnakes (C. Ivanyi, pers. 
comm.). In the town of Portal (Cochise County, 
Arizona), SDT was instituted after years of LDT, 
studied, and then suspended as recaptures increased 
potentially increasing risks to the residents (Hardy and 
Greene, I999a). We encourage more research and 
policy implementation that can balance the needs of 
wild venomous animals and humans in environments 
that are urbanized or under development. 

To discourage wandering behavior, rattlesnakes 
should not be translocated farther than I km. 
Translocation should occur away from heavily-used 
roads and to similar habitats from which they were 
captured, which requires the translocating agency to 
have general knowledge of the habitat requirements of 
each species.- This is particularly important for species 
with specialized habitat requirements, such as C. 
cerastes (Secor, 1994). In this scenario, snakes are 
simply removed to adequate vegetative cover where 
they are likely to continue their movements without 
again encountering humans. Translocation is most 
effective when the direction of the snake path is 
likely duplicated. During migration periods snakes 
should be moved toward potential hibemacula in fall 
and away from hibemacula in spring. 

We recommend that agencies involved in translo­
cations take a more active role to understand the 
biology of nuisance species (e.g., information on 
translocated individuals). Viperid paramyxovirus has 
been documented in wild populations of U. S. rat­
tlesnakes (J. Jarchow, pers. comm.), and minimizing 
its threat should be a priority in all translocation 
programs. Selected coordinators should standardize 
the data collected on each translocated snake, recording 
at a minimum the location of capture, species, and 
release site. We suggest that a minimum of I 0 ha 
should be provided for each translocated rattlesnake; 
this distance between translocations was subjectively 
derived by us (Hare and McNally). Implementing this 
suggestion will require more systematic planning and 
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record keeping by the agency handling translocations, 
but may avoid overburdening a specific release site. 

Finally, one of the most effective long-term solu­
tions to rattlesnake-human conflicts will be education. 
Any agency responsible for nuisance wildlife removal 
will serve their subscribers best by participating in 
public education efforts focused on enhancing under­
standing and appreciation of these animals, decreasing 
activities that promote nuisance snake behavior, and 
proper ·handling of a snake encounter. Learning to 
accept the inevitable presence of rattlesnakes in human­
modified environments may contribute the most to the 
welfare of humans and snakes, and ultimately reduce 
the desire for their translocation. 
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