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Microgeographic Variation in Reproductive Characteristics among Western
Rattlesnake (Crotalus oreganus) Populations

C. L. Jenkins', C. R. Peterson?, S. C. Doering?, and V. A. Cobb®

Studies on geographic variation in reproductive characteristics can contribute to an understanding of the effects of
environmental factors on animal population structure and dynamics. Using a ten-year mark-recapture data set (1994-
2003), we studied microgeographic variation in reproductive characteristics (body condition, growth, age to maturity,
pregnancy interval, fecundity, and size of offspring) among three Western Rattlesnake (Crotalus oreganus) populations
within 40 km of each other. Significant differences existed among snakes from the different den sites in length, body
condition, growth rate, fecundity, and size and body condition of offspring. Furthermore, there was a consistent
pattern in the variation among populations. Individuals from the population in the most disturbed area, were shorter,
had lower body condition, grew slower, had lower fecundity, and had shorter and lower body condition offspring
compared to other populations. The results from this study have important applied implications for understanding fine
scale variation in reproductive characteristics. This study suggests that some rattlesnake populations have reproductive
characteristics that may make them more susceptible to future disturbances.

acteristics can provide a basis for understanding the

influence of environmental factors on animal ecology
(Stearns, 1992). The majority of studies on reproductive
variation focus on broad spatial patterns (Radder, 2006).
With the current global decline of biodiversity (Singh,
2002), it is increasingly important that we also understand
patterns of microgeographic variation (scaled to the species’
population structure) because it can help increase knowl-
edge of how human impacts on the environment influence
reproduction as well as identifying certain populations that
may be more susceptible to disturbed environments. Studies
on microgeographic variation in reproductive characteris-
tics are also important because they can provide a better
understanding of population structure (Hanski and Gilpin,
1997; Hanski, 1998). Reptiles are one group of animals that
would benefit from a better understanding of microgeo-
graphic variation because they are currently experiencing
widespread global declines (Gibbons et al., 2000). Similar to
other taxa, the majority of studies on geographic variation
in reptile reproductive characteristics occur at coarse spatial
scales (Iverson et al., 1993; Du et al., 2005; Zuffi et al.,
2009).

Some snake species/populations are considered capital
breeders (i.e., animals that store energy for reproduction)
and acquire and store energy over multiple years before
producing offspring (Saint Girons, 1952; Bonnet et al., 2002;
Shine, 2003). Capital breeding is a means for individuals to
withstand disturbance (Jonsson, 1997). Any limiting factor
that slows the rate of energy acquisition and storage in
capital breeding snakes, such as prey availability or foraging
time, could result in smaller body sizes, increased ages to
maturity, increased pregnancy intervals, and lower fecundi-
ty (Andrén and Nilson, 1983; Beaupre, 1995; Madsen and
Shine, 2000a; Bonnet et al., 2001a; Taylor et al., 200S; Taylor
and Denardo, 2005). If energy acquisition and storage is
reduced to a low enough level capital breeders can
experience lower survival (Bonnet et al.,, 2002; Altwegg et
al., 2005).

: ; TUDYING geographic variation in reproductive char-

Crotalus oreganus is a good example of a capital breeding
snake species that is threatened by human alterations to the
environment. Crotalus oreganus in northern Idaho mature at
approximately four years of age, have biennial to triennial
pregnancy cycles, and litter sizes of three to eight (Diller and
Wallace, 2002). The combination of livestock overgrazing
and invasive plants in the range of C. oreganus has altered
natural fire regimes, resulting in widespread landscape
conversion from shrublands to grasslands (Whisenant,
1990). Lower prey availability in these disturbed landscapes
has been shown to influence reproductive characteristics in
sympatric mammalian and avian predators (Knick, 1990;
Marzluff et al., 1997).

To evaluate microgeographic variation in reproductive
characteristics of C. oreganus, we studied three populations
in southeast Idaho that have been monitored for ten years
by the Idaho State University Herpetology Laboratory
(Pocatello, ID). Anecdotal observations suggest that snakes
from the population in the most disturbed landscape may be
smaller than snakes from the other two populations (Jenkins
and Peterson, unpubl. data). The primary question ad-
dressed in this study is whether reproductive characteristics
of C. oreganus vary among these three populations. Second-
ary questions addressed in this study are whether snakes
from the most disturbed landscape are indeed smaller and if
they have reproductive characteristics that suggest lower
reproductive output. Our specific objectives included com-
paring a number of characteristics among populations,
specifically, female body condition, growth, shedding rates,
maximum female size, size at first reproduction, age to
reproduction, pregnancy interval, fecundity, and size of
offspring.

MATERIALS AND METHODS

Study area.—Crotalus oreganus were studied from three den
complexes on the Idaho National Laboratory (INL:
112°46'11.76"W, 43°40'52.10"N). The INL is located in the
Upper Snake River Plain of southeast Idaho and is admin-
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istered by the United States Department of Energy (DOE).
Topography on the INL is generally flat with dispersed
volcanic features including buttes, cinder cones, lava flows,
and collapsed lava tubes. Soil types vary, but the majority of
the INL is composed of loess, sand on basalt, and cinder cone
soils. Climate is characteristic of cold deserts with high daily
and annual fluctuations in temperature and low levels of
precipitation (Anderson et al.,, 1996). The INL encompasses
2305 km? of predominately sagebrush (Artemisia spp.) habi-
tats. The landscape has received minimal disturbance as
compared to adjacent lands. The majority of the INL is
inaccessible to the public for any use, with peripheral areas
(approx. 40%) receiving grazing. Direct human fragmentation
on the INL is limited to a low density of buildings and roads.

The three den complexes that are the focus of this study
are in close proximity (mean distance between complexes =
34 km); however, there are notable differences in the habitat
characteristics surrounding the den complexes. The first
complex, Crater Butte (CRAB), is located in the southwest
portion of the INL at 1,697 meters elevation. The vegetation
surrounding Crater Butte is characterized by a Big Sagebrush
(A. tridentata) overstory and a Bluebunch Wheatgrass
(Pseudoroegneria spicata) understory (McBride et al., 1978).
Crater Butte and the surrounding area receive human
disturbance in the form of livestock grazing. Fires have
burned a large portion of the area east, north, and south of
Crater Butte. Seven rattlesnake dens are located around the
rim of a large shield volcano (700 m by 200 m). The second
complex, Cinder Butte (CINB), is located in the northern
portion of the INL at 1,470 meters elevation. The vegetation
in this area is characterized by an overstory of A. tridentata
and an Indian Rice Grass (Oryzopsis hymenoides) and
Northern Wheatgrass (Agropyron dasystachyum) understory
(McBride et al., 1978) and is relatively undisturbed,
receiving no grazing, minimal invasion by exotic plants,
and no recent fires. At this site, 11 snake dens are located
around the rim of a large shield volcano (800 m by 700 m).
The third complex, Rattlesnake Cave (RCAV), is located in
the southeastern portion of the INL at 1,596 meters
elevation, and unlike the other two populations it has two
dens located in the talus formed by a collapsed lava tube
(150 m by 60 m). The vegetation surrounding Rattlesnake
Cave is characterized by an overstory of A. tridentata and a
Green Rabbitbrush (Chrysothamnus viscidiflorus) understory
(McBride et al., 1978) and receives livestock grazing east of
the den location. In addition, a recent fire has burned some
areas to the west of the den. Overall, the landscape
surrounding Crater Butte is more disturbed than the other
two landscapes.

Snake mark-recapture—Snake populations at Cinder Butte
have been monitored since 1989 and populations at Crater
Butte and Rattlesnake Cave have been monitored since
1994. To account for these differences in sampling periods,
we only use data collected since 1994 for all analyses
presented here. At each site, a variety of techniques were
used to capture rattlesnakes. First, we placed four cross-
shaped drift fence arrays (one in each cardinal direction) at
each of the den complexes. One funnel trap was placed at the
end of each arm of the drift fence array. We opened and
closed traps to coincide with snake activity at den sites. In
most years traps were opened on 1 May and closed on 15 June
then opened again on 1 September and closed on 15 October.
Traps were sunk approximately four centimeters into the

ground and covered with cardboard to prevent overheating
or freezing of the snakes. In addition, traps were closed if
overnight temperatures were forecasted to drop below
freezing. Doors were constructed in the top of the traps to
allow snakes to be removed without having to dig up the trap.
Using these arrays alone, sampling was disproportionately
high at Rattlesnake Cave because it is much smaller than
either Cinder Butte or Crater Butte. To compensate for this,
we placed funnel traps at den openings and conducted area
constrained hand capturing at all three sites.

We placed all captured snakes in snake bags, which in turn
were placed inside of white plastic nine-liter buckets to
prevent overheating. Snakes were then returned to the
Idaho State University Herpetology Laboratory to be
processed. Once in the lab, snakes were marked by injecting
a cylindrical shaped (1.2 cm long by 0.2 cm diameter)
Passive Integrated Transponder (PIT) tag (AVID Microchip
I.D. Systems, Folsom, LA) and their weight, snout-vent
length (SVL), sex, and reproductive condition (females) were
recorded. Reproductive condition was determined by palp-
ing the ventral side of female snakes. If detectable follicles/
embryos were present, females were considered gravid and
the number of follicles/embryos was then estimated. In
addition, the proximal segment of each snake’s rattle was
painted with a sampling period specific (i.e., spring or fall of
a given year) color to determine shedding rates. Colors were
selected that were not conspicuous in the sage steppe
environment to prevent increased predation rates. Snakes
were then released at their point of capture approximately
48-72 hours after their initial capture.

Defining age classes.—We used SVL and the number of rattle
segments to characterize each snake captured as a neonate,
juvenile, or mature adult. Specifically, snakes with only one
rattle segment (i.e., a button) were classified as neonates.
Snakes with at least two rattle segments and SVLs smaller
than their population’s (i.e., CRAB, CINB, or RCAV) size at
sexual maturity (based on the mean length of the ten
smallest females) were classified as juvenile. Finally, snakes
with SVLs equal to or larger than their population’s average
size at sexual maturity were classified as mature adults. A
chi-square test of independence was used to determine if the
proportion of females in each age class varied among snake
populations.

Body condition and growth.—We estimated body condition
and growth for snakes from each den complex. To estimate
body condition and make comparisons among hibernacula,
an Analysis of Covariance (ANCOVA) was used. We assessed
how much variation in mass (i.e., the dependant variable)
was due to each of a series of independent variables
including SVL and hibernaculum. The significance of all
interactions among independent variables was also assessed.
Mass and SVL values were log transformed (log,o) prior to
analysis. The deviation from the best fit line between mass
and SVL is an index of body condition because it represents
how heavy a snake is relative to its length. It is important to
note that our body condition index is an integrated measure
that is influenced by multiple elements that are not
accounted for (e.g., reproductive condition or time since
last meal) and not an exact estimate of body reserves.

To estimate and compare growth, we calculated growth
rates and shedding rates and developed growth curves.
Growth rates for recaptured snakes were estimated by
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dividing the change in SVL between the two capture periods
by the number of growth days in between captures (i.e., the
number of days between captures when a snake could be
active). Only dates when snakes are generally active (1 May
through 1 October) were considered in growth day calcula-
tions. ANOVAs and Tukey’s post-hoc tests were used to
determine if growth rates varied among hibernacula. Shed-
ding rates were calculated as the number of molts per year as
indicated by the number of unpainted rattle segments
proximal to the last previously painted segment. We com-
pared shedding rates among hibernacula using an ANOVA.

We used Von Bertalanffy growth curves to display patterns
in growth among sites (Von Bertalanffy, 1957) because they
are the most accurate and commonly used model with
reptiles (Andrews, 1982). Specifically, growth curves were
generated using the slope and x-intercept from a regression
of change in SVL and average SVL for snakes captured in
subsequent years. The x-intercept of the relationship
between change in SVL and average SVL was the maximum
length (Lnax), and the slope was the rate of closure on the
maximum length (). We generated growth curves with Ly =
average neonate SVL using the following equation:

LH—I =Lt + B(Lmax _Lt)~

Growth curves were compared using an ANCOVA to
determine if there was a significant difference in change in
SVL among populations using average SVL as a covariate.

Age to maturity and pregnancy intervals.—To estimate age to
maturity, we needed to first estimate the age of snakes.
Snake age was estimated for a subset of snakes (all snakes
with the button portion of the rattle remaining) by dividing
the total number of sheds for each snake by the average
shedding rate per year for the population. Estimated ages
were then used to examine reproductive histories of females
and determined the age at first reproduction for a sub-
sample of snakes from each population (CRAB n = 5, CINB
n =9, RCAV n = 7). Age to maturity was compared among
hibernacula using ANOVA.

We estimated pregnancy intervals by calculating the ratio
of sexually mature females with follicles present to mature
females without follicles present and used a Chi-square test
of independence to determine if proportions were different
among hibernacula. For example, a 1:3 ratio of pregnant
females to nonpregnant females, would mean an estimated
frequency of pregnancy of every four years. We also
examined pregnancy intervals for a subset of snakes from
Rattlesnake Cave (n = 6) that were recaptured frequently.

Number and size of offspring—We estimated the average
fecundity of females in each population using the number of
follicles detected during palping. We recognize that using
palping to estimate the number of young can produce
overestimates; however, we were comfortable using the
method in this study because the estimates are standardized
among the three den complexes. To determine if fecundity
varied among hibernacula, an ANCOVA was used. Fecundity
was the dependant variable and hibernaculum and snake
SVL were independent variables in this analysis.

We estimated the size and condition of offspring by
examining the SVL and residual mass of neonates from
Crater Butte and Rattlesnake Cave that were born in the
laboratory (CRAB = 21, RCAV = 12). To obtain neonates
during the spring and summer of 2004, 16 pregnant

rattlesnakes were collected from Crater Butte and Rattle-
snake Cave (eight from each site). Snakes were housed in
environmental chambers that were kept at 30°C during the
day and 28°C at night with a constant 15-hour light/9-hour
dark cycle that approximated the natural amount of light
the snakes would experience in the study area during June
(Cobb, 1994). Once the females gave birth, they were kept
with the young until each of the neonates had completed its
first shed (typically 7-14 days). Neonates were then removed
from the mother’s cage, measured, and weighed. We used
separate one-way ANOVAs to compare offspring SVL and
residual mass between Crater Butte and Rattlesnake Cave.
We also compared difference in neonate size in snakes born
in the field by comparing snakes with only one rattle
segment captured at den locations in the fall using ANOVAs.

RESULTS

Mark-recapture—Over the course of the ten-year monitor-
ing project (1994-2003), the Idaho State University Herpetol-
ogy Laboratory made 2735 captures of C. oreganus. Of those,
1799 rattlesnakes were new captures and marked with PIT tags
(616 at Crater Butte, 697 at Cinder Butte, and 486 at
Rattlesnake Cave). Despite marking the fewest rattlesnakes
at Rattlesnake Cave, recapture rates were highest at this den
complex (CRAB 22%, CINB 35%, RCAV 44%). The high
recapture rates are likely due to the small size of the den
relative to the other sites. Sex ratios were female biased at
Crater Butte, unbiased at Cinder Butte, and male biased at
Rattlesnake Cave (Table 1; CRAB: n = 545, y* = 6.38,df =1, P
= 0.011; CINB: n = 990, y* = 0.58,df = 1, P = 0.446; RCAV: n
= 431, > = 4.69, df = 1, P = 0.030). However, considering
that most male C. oreganus are capable of breeding every year
and females are not, operational sex ratios in all study areas
are likely male biased (Duvall et al., 1991).

Defining age classes—We found differences among hiber-
nacula in the distribution of female snakes in different age
classes. Female rattlesnakes from Crater Butte matured at
smaller sizes than snakes from Cinder Butte or Rattlesnake
Cave (Table 1; SVL of ten smallest pregnant females [cm]: F2 27
= 8.75, P = 0.001). The Crater Butte population was
comprised of a large proportion of juveniles and the Cinder
Butte and Rattlesnake Cave populations had a relatively lower
proportion of juveniles and greater proportions of neonates
and adults (Table 2; n = 1328, > = 41.81, df = 4, P < 0.001).

Body condition and growth.—We found a strong relationship
between mass and SVL (log;o mass [g] = 2.98-1og;o SVL [cm]
—3.20, 1 = 0.97; df = 1, Fy 1322 = 39,904.00, P < 0.001). The
relationship between rattlesnake mass and SVL was signif-
icantly different among hibernacula (F 1322 = 181.44, P <
0.001). However, a significant interaction between hiber-
naculum and SVL (F,,1322 = 10.22, P < 0.001) indicates that
the relationships are more complicated. Specifically, snakes
from Rattlesnake Cave were consistently heavier for their
length than Crater Butte snakes, whereas relatively short
Cinder Butte snakes were similar in mass to Crater Butte and
relatively long Cinder Butte snakes were similar in mass to
Rattlesnake Cave snakes (Fig. 1). In addition, female snakes
from Crater Butte reach significantly shorter lengths than
snakes from Rattlesnake Cave or Cinder Butte (Table 1; F; 7
= 51.67, P < 0.001).

Snakes from Crater Butte grew at a slower rate than snakes
from Cinder Butte and Rattlesnake Cave. Growth rates were
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Table 1. Reproductive Characteristics Summarized for the Three Populations in This Study. Standard errors are shown in parentheses and values

with different superscript letters were significantly different at P < 0.05.

Characteristic CRAB CINB RCAV
Sex ration (M:F) 0.85:1 1.06:1 1.18:1
Relative body condition (Fig. 1) Low Low to High High

SVL of 10 largest females (cm)
Growth (cm/year)

74.70 (0.99)°
0.012 (0.001)

91.95 (0.99)°
0.018 (0.001)®

88.86 (1.72)°
0.022 (0.002)°

Shedding (sheds/year) 1.17 (0.06)° 1.41 (0.06)° 1.36 (0.05)°
Age to maturity (years) 5.20 (0.37) 4.33 (0.24) 4.29 (0.29)
Size of 10 smallest gravid females (cm) 56.65 (1.91)? 63.32 (0.68)° 64.03 (1.26)°
Range in age to maturity (years) 4-6 3-5 3-5

Pregnancy interval (years) 3-5 3-5 3-5

Proportion of females pregnant 022 0.27 0.25

Estimated fecundity (palped follicles) 451 (0.24)° 5.65 (0.24)° 5.89 (0.24)°
Neonate SVL born in lab (cm) 26.82 (0.30)° - 28.10 (0.33)°
Neonate body condition in lab —0.43 (0.22)? — 0.92 (0.33)°
Neonate SVL born in field (cm) 26.32 (0.20) 26.17 (0.16) 25.68 (0.20)
Neonate body condition in field —0.38 (0.16) —0.76 (0.14) 0.59 (0.16)

significantly higher at Rattlesnake Cave than Crater Butte
(Table 1; F;,66s = 8.50, P < 0.001). Snakes from Crater Butte
shed significantly fewer times per year than snakes from
Cinder Butte and Rattlesnake Cave (Table 1; F; 453 = 4.08,
P = 0.018). Finally, among snakes captured in consecutive
years, change in SVL was significantly related to average SVL
(F1,110 = 43.72, P < 0.001) and change in SVL decreased at a
significantly greater rate with increasing average SVL at
Crater Butte relative to Cinder Butte and Rattlesnake Cave
(Table 3; Fz110 = 3.73, P = 0.027). Population specific
growth curves help to visualize these relationships (Fig. 2).

Age to maturity and pregnancy interval—There were no
significant differences in ages to maturity or pregnancy
intervals among snakes from the three hibernacula; howev-
er, the trends are consistent with other results. Specifically,
snakes from Crater Butte had later ages to maturity than
snakes from Cinder Butte and Rattlesnake Cave (Table 1;
F3,18 = 2.65, P = 0.098).

Overall, we estimated that snakes in our study area have
three- to five-year pregnancy intervals. The proportion of
pregnant females pooled across years indicated that snakes
went four to five years between pregnancies, but there were
no significant differences among hibernacula (Table 1; n =
580, x> = 11.58, df = 2, P = 0.590). Finally, a sub-sample of
snakes from Rattlesnake Cave that were recaptured at least
once per year showed a three- to five-year cycle (n = 6, Mean
= 3.66, SE = 0.33, Min = 3, Max = J).

Number and size of offspring.—Snakes from Crater Butte had
significantly fewer offspring than snakes from Cinder Butte
or Rattlesnake Cave (Table 1; F;130 = 3.89, P = 0.023).

Table 2. The Number and Proportion (in Parentheses) of Neonate,
Juvenile, and Adult Female Rattlesnakes from Three Hibernacula on the
Idaho National Laboratory.

Age class  Crater Butte Cinder Butte Rattlesnake Cave
Neonate 53 (0.13) 116 (0.23) 97 (0.25)
Juvenile 199 (0.47) 172 (0.33) 111 (0.28)
Adult 170 (0.40) 224 (0.44) 186 (0.47)
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Fig. 1. (A) The relationship between log,, snout-vent length (cm) and
log,o mass (g) for female rattlesnakes from three populations on the
Idaho National Laboratory. White triangles represent Crater Butte
(CRAB), black diamonds represent Cinder Butte (CINB), and gray
squares represent Rattlesnake Cave (RCAV). (B) Equations of the line
describing the relationships for CRAB (dotted line), CINB (solid line),
and RCAV (dashed line).
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Table 3. Slope and X-Intercept for the Relationship between Change in
Snout-Vent Length and Average Snout-Vent Length.

Population Slope x-intercept (cm)
Crater Butte -0.19 79.80
Cinder Butte -0.14 97.89
Rattlesnake Cave -0.16 103.66

Additionally, when snake SVL was accounted for, there was
a significant positive relationship between SVL and fecun-
dity (F1,130 = 14.94, P < 0.001) and fecundity increased at a
significantly greater rate with SVL at Rattlesnake Cave as
compared to Crater Butte (Fig. 3).

Length and body condition of offspring was significantly
different between Crater Butte and Rattlesnake Cave.
Specifically, Rattlesnake Cave snakes born in the laboratory
had significantly greater SVLs (F;3; = 9.87, P = 0.004) and
greater residual mass values (F;,3; = 11.03, P = 0.002) than
laboratory born Crater Butte snakes. The lab results for
residual mass were consistent with data on neonate captures
at den sites in the field where we observed significantly
greater residual mass at Rattlesnake Cave (F; 332 = 23.52, P <
0.001). However, field born snakes from Rattlesnake Cave
tended to have lower SVL than snakes from Crater Butte
(F2,380 = 3.02, P = 0.053).

DISCUSSION

To our knowledge, no studies exist examining variation in
reproductive characteristics of C. oreganus; however, Ashton
(2001) found that the size of female C. oreganus varied across
the range in relation to temperature; specifically, popula-
tions in warmer areas had females with greater snout-vent
lengths. Two of the studies from which Ashton (2001)
summarized snake sizes also examined reproductive patterns
(Macartney and Gregory, 1988; Diller and Wallace, 2002)
and a third study summarized by Ashton (2001) occurred on
the INL (Sehman, 1977). When comparing reproductive
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Fig. 2. Simulated Von Bertalanffy growth curves for snakes from three
rattlesnake populations on the Idaho National Laboratory. Triangles
represent Crater Butte (CRAB), diamonds represent Cinder Butte
(CINB), and squares represent Rattlesnake Cave (RCAV). Slopes and
x-intercepts of change in snout-vent length on average snout-vent
length used to develop curve are displayed in Table 3.

1 2 - — - — — ——————— — — ——— ———
10 1 miLiity ‘
‘ . . \
‘
3 8 ‘
L
£ 6 ‘
3 \
[
o | [
g 4 |
‘ a
2— . " e . -
0 . . . . ‘ .
1.65 1.70 1.75 1.80 1.85 1.90 1.95 2.00
LogSVL

Fig. 3. The relationship between snout-vent length and the number of
palped follicles for pregnant rattlesnakes from the Idaho National
Laboratory. White triangles and the dotted line represent Crater Butte
(CRAB), black diamonds and the solid line represent Cinder Butte
(CINB), and gray squares and the dashed line represent Rattlesnake
Cave (RCAV).

characteristics between our site and sites in northern Idaho
and British Columbia, we see differences but not a
consistent pattern with temperature gradients (Table 4). In
addition, the variation we observed in fecundity among the
three INL sites is greater than the variation between the INL
sites and the northern Idaho and British Columbia sites.
These patterns in variation among populations of C.
oreganus suggest that factors at microgeographic scales can
have a strong influence on rattlesnake reproductive charac-
teristics and life histories.

The results from this study have important applied
implications for the conservation of snake populations.
Snake species with later ages to maturity, longer pregnancy
intervals, and lower fecundity are more susceptible to
declines (Webb et al., 2002). We found that populations of
C. oreganus in close proximity can vary considerably with
respect to these reproductive characteristics, and thus some
populations may be more susceptible to declines. In our
study area snakes from the most disturbed area, Crater Butte,
were the smallest and had reproductive characteristics that
would indicate the lowest reproductive output. The two
populations that were less disturbed, Cinder Butte and
Rattlesnake Cave, had similar reproductive characteristics that
would indicate relatively higher reproductive output. The
observed reproductive characteristics at Crater Butte may be

Table 4. Comparison of Reproductive Characteristics Found in This
Study to Studies from Northern Idaho and British Columbia.
Temperatures reported in Ashton (2001) for each site are INL: 7.85°C,
British Columbia: 8.85°C, and North Idaho: 9.85°C.

INL British  North
CRAB CINB RCAV Columbia Idaho

Age to maturity (years) 5.2 43 43 5-7 3-6
Pregnancy interval

(years) 3-5 3-5 3-5 2-3+ 1-3
Proportion of females

pregnant 022 027 025 0.51 0.66
Estimated fecundity 45 56 58 4.6 4.8
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due to higher disturbance levels and may make snake
populations in the area more susceptible to future disturbance.

Future studies should examine the extent to which
different factors are responsible for the observed microgeo-
graphic variation in C. oreganus. Environmental factors that
influence a capital breeding snake’s ability to acquire and
store energy can result in the type of microgeographic
variation we observed (Madsen and Shine, 1992; Bonnet et
al.,, 2001b). First, any factor that directly influences the
availability of prey can result in lower energy acquisition
and lower reproductive output (Beaupre, 2008). Snakes in
particular display a great deal of phenotypic plasticity in
response to the availability of food (Seigel and Ford, 1991).
Generally, juvenile snakes put energy into growth and adult
snakes put energy into storage for reproduction (Madsen
and Shine, 2002). Higher growth rates at early life stages can
have long term impacts on snake reproduction because it
allows individuals to eat larger prey at an early age (Madsen
and Shine, 2000b). Food availability influences reproductive
output by affecting female body size (Madsen and Shine,
1993; Shine and Madsen, 1997). Specifically, higher prey
availability increases body condition and growth (Forsman
and Lindell, 1997), litter mass (Lourdais et al., 2002),
frequency of pregnancy, and number of young (Bonnet et
al., 2001b). Second, factors that decrease the amount of time
snakes have available for activity can result in less time for
foraging, ultimately resulting in lower energy acquisition.
The physical environment can influence the time available
for activity (Lourdais et al., 2004). Beaupre (1995) found that
snakes at a relatively hot, low elevation site had less
available time for activity, grew at a slower rate, and had
smaller adult body sizes. Other factors such as inter- and
intraspecific competition can also influence snake activity
(Forsman and Lindell, 1997; Himes, 2003).

Snake populations can also become locally adapted to their
environments over time. Studies on terrestrial Garter Snake
(Thamnophis elegans) life histories by Bronikowski and Arnold
(1999) found that snakes grew slower in mountain meadow
environments (colder physical environment) and faster in
lake environments (warmer physical environment). Howev-
er, a subsequent common garden experiment found that
snakes from the colder environment grew faster in the cold
and that snakes from the warmer environment grew faster in
the warmth, suggesting that snake growth had become
locally adapted in these populations (Bronikowski, 2000).
Similarly, studies on Vipera berus in Switzerland suggest the
existence of a dwarf mountain ecotype characterized by
cryptic coloration, smaller body size, and lower fecundity
(Monney et al., 1995). Specifically, cryptic snakes are not able
to thermoregulate as well as black snakes and thus do not
grow as fast or have as high reproductive output (Capula and
Luiselli, 1994). Future studies should examine environmental
factors and local adaptation in these rattlesnake populations.

ACKNOWLEDGMENTS

We thank the Idaho Department of Fish and Game, Idaho
State University (Graduate Student Research and Scholar-
ship Committee and Center for Ecological Research and
Education), Stoller Corporation, United States Department
of Energy, and United States Department of Interior Bureau
of Land Management for providing funding. We also thank
current and former members of the Herpetology Laboratory
at Idaho State University including S. Cambrin, J. Jones, S.
Parsons, D. Hilliard, S. Bruer, D. Jochimsen, S. Spear, ]. Shive,

J. Lee, N. Anderson, J. Merriam, D. Pilliod, S. Burton, and S.
Farnsworth. Finally, we thank people that helped conduct
field work including K. Berger, A. Jensen, S. Cambrin, S.
Farnsworth, D. Jochimsen, M. Seiler, T. Smaltz, A. Jenkins, T.
Rosa, and S. Vilord. All work with snakes in this study was
approved by the Idaho State University Animal Welfare
Committee (#03-16485).

LITERATURE CITED

Altwegg, R., S. Dummermuth, B. R. Anholt, and T. Flatte.
200S. Winter weather affects asp viper Vipera aspis popula-
tion dynamics through susceptible juveniles. Oikos 110:
55-66.

Anderson, J. E., K. T. Ruppel, J. M. Glennon, K. E. Holte,
and R. C. Rope. 1996. Plant commuties, ethnoecology,
and flora of the Idaho National Engineering Laboratory.
Environmental Science and Research Foundation Report
Series, Number 005. U.S. Department of Energy, Idaho
Falls, Idaho.

Andrén, C., and G. Nilson. 1983. Reproductive tactics in an
island population of adders, Vipera berus, with a fluctuat-
ing food resource. Amphibia—Reptilia 4:63-79.

Andrews, R. M. 1982. Patterns of growth in reptiles, p. 272-
320. In: Biology of the Reptilia. C. Gans and F. H. Pough
(eds.). Academic Press, London, U.K.

Ashton, K. G. 2001. Body size variation among mainland
populations of the western rattlesnake (Crotalus viridis).
Evolution 55:2523-2533.

Beaupre, S. J. 1995. Effects of geographically variable
thermal environments on bioenergetics of mottled rock
rattlesnakes, Crotalus lepidus from two populations. Ecol-
ogy 76:1655-1665.

Beaupre, S. J. 2008. Annual variation in time-energy
allocation by timber rattlesnakes (Crotalus horridus) in
relation to food acquisition, p. 111-122. In: Biology of the
Rattlesnakes. W. K. Hayes, M. D. Cardwell, K. R. Beaman,
and S. P. Bush (eds.). Loma Linda University Press, Loma
Linda, California.

Bonnet, X., O. Lourdais, R. Shine, and G. Naulleau. 2002.
Reproduction in a typical capital breeder: costs, currencies,
and complications in the aspic viper. Ecology 83:2124-2135.

Bonnet, X., G. Naulleau, R. Shine, and O. Lourdais. 2001b.
Short-term versus long-term effects of food intake on
reproductive output in a viviparous snake, Vipera aspis.
Oikos 92:297-308.

Bonnet, X., R. Shine, G. Naulleau, and C. Thiburce. 2001a.
Plastic vipers: influence of food intake on the size and
shape of Gabon vipers (Bitis gabonica). Journal of Zoology
255:341-351.

Bronikowski, A. M. 2000. Experimental evidence for the
adaptive evolution of growth rate in the garter snake
Thamnophis elegans. Evolution 5:1760-1767.

Bronikowski, K. C., and S. J. Arnold. 1999. The evolutionary
ecology of life history variation in the western terrestrial
garter snake, Thamnophis elegans. Ecology 80:2314-2325.

Capula, M., and L. M. Luiselli. 1994. Reproductive
strategies in Alpine adders, Vipera berus. The black females
bear more often. Acta Oecologica 15:207-214.

Cobb, V. A. 1994. The ecology of pregnancy in free-ranging
Great Basin rattlesnakes (Crotalus viridis lutosus). Unpubl.
Ph.D. diss., Idaho State University, Pocatello, Idaho.

Diller, L. V., and R. L. Wallace. 2002. Growth, reproduction,
and survival in a population of Crotalus viridis oreganus in
north central Idaho. Herpetological Monographs 16:26-45.

This content downloaded from
206.123.177.246 on Wed, 18 Aug 2021 18:52:52 UTC
All use subject to https://about.jstor.org/terms



780

Copeia 2009, No. 4

Du, W. G., X. Ji, Y. P. Zhang, X. F. Xu, and R. Shine. 2005.
Identifying sources of variation in reproductive and life-
history traits among five populations of a Chinese lizard
(Takydromus septentrionalis, Lacertidae). Biological Journal
of the Linnean Society 85:443-453.

Duvall, D, S. J. Arnold, and G. W. Schuett. 1991. On pit
viper mating system: ecological potential, sexual selec-
tion, and microevolution, p. 321-336. In: Biology of Pit
Vipers. J. A. Campbell and E. D. Brodie, Jr. (eds.). Cornell
University Press, Ithaca, New York.

Forsman, A. and L. E. Lindell. 1997. Responses of a
predator to variation in prey abundance: survival and
emigration of adders in relation to vole density. Canadian
Journal of Zoology 75:1099-1108.

Gibbons, J. W., D. E. Scott, T. J. Ryan, K. A. Buhlmann,
T. D. Tuberville, B. S. Metts, J. L. Greene, T. Mills, Y.
Leiden, S. Poppy, and C. T. Winne. 2000. The global
decline of reptiles, déja vu amphibians. Bioscience 50:
653-666.

Hanski, 1. A. 1998. Metapopulation dynamics. Nature 396:
41-49.

Hanski, I. A., and M. E. Gilpin. 1997. Metapopulation
Biology: Ecology, Genetics, and Evolution. Academic
Press, San Diego.

Himes, J. G. 2003. Intra- and interspecific competition
among the water snakes Nerodia sipedon and Nerodia
rhombifer. Journal of Herpetology 37:126-131.

Iverson, J. B., C. P. Balgooyen, K. K. Byrd, and K. K. Lyddan.
1993. Latitudinal variation in egg clutch size in turtles.
Canadian Journal of Zoology 71:2448-2461.

Jonsson, K. I. 1997. Capital and income breeding as
alternative tactics of resource use in reproduction. Oikos
78:57-66.

Knick, S. T. 1990. Ecology of bobcats relative to exploitation
and a prey decline in southeastern Idaho. The Journal of
Wildlife Management 54, 108:1-42.

Lourdais, O., X. Bonnet, R. Shine, D. DeNardo, G. Naulleau,
and M. Gullion. 2002. Capital-breeding and reproductive
effort in a variable environment: a longitudinal study of a
viviparous snake. Journal of Animal Ecology 71:470-479.

Lourdais, O., R. Shine, X. Bonnet, M. Guillon, and G.
Naulleau. 2004. Climate affects embryonic development
in a viviparous snake, Vipera aspis. Oikos 104:551-560.

Macartney, J. M., and P. T. Gregory. 1988. Reproductive
biology of female rattlesnakes (Crotalus viridis) in British
Columbia. Copeia 1988:47-57.

Madsen, T., and R. Shine. 1992. Determinants of reproduc-
tive success in female adders, Vipera berus. Oecologia
92:40-47.

Madsen, T., and R. Shine. 1993. Costs of reproduction in a
population of European adders. Oecologia 94:488-495.

Madsen, T., and R. Shine. 2000a. Rain, fish and snakes:
climatically driven population dynamics of Arafura file-
snakes in tropical Australia. Oecologia 124:208-215.

Madsen, T., and R. Shine. 2000b. Silver spoons and snake
body sizes: prey availability early in life influences long-
term growth rates of free-ranging pythons. Journal of
Animal Ecology 69:952-958.

Madsen, T., and R. Shine. 2002. Short and chubby or long
and slim? Food intake, growth and body condition in free-
ranging pythons. Austral Ecology 27:672-680.

Marzluff, J. M., S. T. Knick, M. S. Vekasy, L. S. Schueck, and
T. J. Zarriello. 1997. Spatial use and habitat selection of
Golden Eagles in Southwestern Idaho. Auk 114:673-687.

McBride, R., N. R. French, A. H. Dahl, and J. E. Demeter.
1978. Vegetation types and surface soils of the Idaho
National Engineering Laboratory Site. IDO-12084, Radio-
logical and Environmental Sciences Laboratory, U.S.
Department of Energy, Idaho Falls, Idaho.

Monney, J.-C., L. M. Luiselli, and M. Capula. 1995.
Correlates of melanism in a population of adders (Vipera
berus) from the Swiss Alps and comparisons with other
alpine populations. Amphibia-Reptilia 16:323-330.

Radder, R. S. 2006. An overview of geographic variation in
the life history traits of the tropical agamid lizard, Calotes
versicolor. Current Science 91:1354-1363.

Saint Girons, H. 1952. Ecologie et éthologie des Vipéres de
France. Annales des Sciences Naturelles, Zoologie, Paris
14:263-343.

Sehman, R. W. 1977. Hibernaculum dynamics of the Great
Basin rattlesnake (Crotalus viridis lutosus). M.S. thesis,
Idaho State University, Pocatello, Idaho.

Seigel, R. A,, and N. B. Ford. 1991. Phenotypic plasticity in
the reproductive characteristics of an oviparous snake,
Elaphe guttata—implications for life history studies. Her-
petologica 47:301-307.

Shine, R. 2003. Reproductive strategies in snakes. Proceed-
ings of the Royal Society of London Series B, Biological
Sciences 270:995-1004.

Shine, R., and T. Madsen. 1997. Prey abundance and
predator reproduction: rats and pythons on a tropical
Australian floodplain. Ecology 78:1078-1086.

Singh, J. S. 2002. The biodiversity crisis: a multifaceted
review. Current Science 82:638-647.

Stearns, S. C. 1992. The Evolution of Life Histories. Oxford
University Press, Oxford.

Taylor, E. N., and D. F. Denardo. 2005. Sexual size
dimorphism and growth plasticity in snakes: an experi-
ment on the western diamond-backed rattlesnake (Crota-
lus atrox). Journal of Experimental Zoology 303:598-607.

Taylor, E. N.,, M. A. Malawy, S. V. Lemar, and D. F.
DeNardo. 2005. Effects of food supplementation on the
physiological ecology of female western diamond-backed
rattlesnakes (Crotalus atrox). Oecologia 144:206-213.

Von Bertalanffy, L. 1957. Quantitative laws in metabolism
and growth. Quarterly Review of Biology 32:17-231.

Webb, J. K., B. W. Brook, and R. Shine. 2002. What makes a
species vulnerable to extinction? Comparative life-history
traits of two sympatric snakes. Ecological Research 17:59-67.

Whisenant, S. G. 1990. Changing fire frequencies on
Idaho’s Snake River plains: ecological and management
implications, p. 4-10. In: Proceedings of a symposium on
cheatgrass invasion, shrub die-off, and other aspects of
shrub biology and management. E. D. McArthur, E. M.
Romney, S. D. Smith, and P. T. Tueller (eds.). Intermoun-
tain Research Station, Ogden, Utah.

Zuffi, M. A. L., A. Gentilli, E. Cecchinelli, F. Pupin, X.
Bonnet, E. Filippi, L. M. Luiselli, F. Barbanera, F. Dini,
and M. Fasola. 2009. Geographic variation of body size
and reproductive patterns in Continental verses Mediter-
ranean asp vipers, Vipera aspis. Biological Journal of the
Linnean Society 96:383-391.

This content downloaded from
206.123.177.246 on Wed, 18 Aug 2021 18:52:52 UTC
All use subject to https://about.jstor.org/terms



	Contents
	p. [774]
	p. 775
	p. 776
	p. 777
	p. 778
	p. 779
	p. 780

	Issue Table of Contents
	Copeia, Vol. 2009, No. 4 (Dec. 29, 2009) pp. 637-860
	Volume Information
	Front Matter
	In situ Video Observations of Two Manefishes (Perciformes: Caristiidae) in the Mesopelagic Zone of the Northern Gulf of Mexico [pp. 637-641]
	Diet Composition and Overlap between Recently Metamorphosed Rana areolata and Rana sphenocephala: Implications for a Frog of Conservation Concern [pp. 642-646]
	A Genetic Analysis of the Impact of Generation Time and Road-Based Habitat Fragmentation on Eastern Box Turtles (Terrapene c. carolina) [pp. 647-652]
	An Aquatic Disease on a Terrestrial Salamander: Individual and Population Level Effects of the Amphibian Chytrid Fungus, Batrachochytrium dendrobatidis, on Batrachoseps attenuatus (Plethodontidae) [pp. 653-660]
	The Utility of Molecular Hypotheses for Uncovering Morphological Diversity in the Notropis rubellus Species Complex (Cypriniformes: Cyprinidae) [pp. 661-673]
	A New Species of the Bokermannohyla circumdata Group (Anura: Hylidae) from the Coastal Forests of Bahia, Northeastern Brazil [pp. 674-683]
	A New Species of Corydoradinae Catfish (Ostariophysi: Siluriformes: Callichthyidae) from Rio Solimões Basin, Brazil [pp. 684-689]
	A Remarkable Ontogenetic Change in Color Pattern in a New Species of Oreophryne (Anura: Microhylidae) from Papua New Guinea [pp. 690-697]
	A Comparison of Maternal and Temperature Effects on Sex, Size, and Growth of Hatchlings of the Magdalena River Turtle (Podocnemis lewyana) Incubated under Field and Controlled Laboratory Conditions [pp. 698-704]
	A New Species and a Molecular Phylogenetic Analysis of the Antarctic Fish Genus Pogonophryne (Notothenioidei: Artedidraconidae) [pp. 705-713]
	Life-History Contributions to Miniaturization in the Salamander Genus Desmognathus (Urodela: Plethodontidae) [pp. 714-723]
	Intraspecific Competition in the Larvae of Quacking Frogs (Crinia georgiana) [pp. 724-726]
	Sexual Shape Dimorphism in Tuatara [pp. 727-731]
	Nervous and Sensory Systems in Sub-Arctic and Antarctic Snailfishes of the Genus Paraliparis (Teleostei: Scorpaeniformes: Liparidae) [pp. 732-739]
	Conservation Genetics of the Desert Massasauga Rattlesnake (Sistrurus catenatus edwardsii) [pp. 740-747]
	The Ecological Significance and Incidence of Intraguild Predation and Cannibalism among Anurans in Ephemeral Tropical Pools [pp. 748-757]
	Patterns of Natural Hybridization in Darters (Percidae: Etheostomatinae) [pp. 758-773]
	Microgeographic Variation in Reproductive Characteristics among Western Rattlesnake (Crotalus oreganus) Populations [pp. 774-780]
	Movements, Habitat Use, and Thermal Ecology of an Isolated Population of Bog Turtles (Glyptemys muhlenbergii) [pp. 781-790]
	Temporal Germ Cell Development Strategy during Mixed Spermatogenesis within the Male Mediterranean Gecko, Hemidactylus turcicus (Reptilia: Gekkonidae) [pp. 791-798]
	Genetic Consequences of Population Reduction and Geographic Isolation in the Critically Endangered Frog, Rana sevosa [pp. 799-806]
	On the Eastern Pacific Species of the Paralichthyid Flatfish Genus Citharichthys: Redescription of C. fragilis, Comments on the Taxonomic Status of C. gordae, and a Key to the Species [pp. 807-815]
	Obituaries
	Bruce Alan Thompson (1946-2007) [pp. 816-819]

	Book Reviews
	Review: untitled [pp. 820-821]

	Editorial Notes and News [pp. 822-823]
	Student Awards [pp. 824-825]
	Summary of the Meetings [pp. 826-834]
	Back Matter



