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Microhabitat and stopover site
selection by juvenile Western
Rattlesnakes (Crotalus oreganus)

Chloe R. Howarth1*, Christine A. Bishop2 and Karl W. Larsen3

1Environmental Science Program, Thompson Rivers University, Kamloops, BC, Canada, 2Wildlife
Research Division, Environment and Climate Change Canada, Delta, BC, Canada, 3Department of
Natural Resource Science, Thompson Rivers University, Kamloops, BC, Canada
Studies on habitat selection are central to our understanding of animal ecology and

play an important role in the conservation and management of species. However,

habitat selection is not necessarily consistent across sectors of populations and

failing to understand both similarities and differences between age classes, for

instance, may be problematic. Knowledge on habitat use by juvenile vertebrates in

general is sorely lacking, particularly for species with precocial offspring, and herewe

address this gap by describing habitat use by juvenile Western Rattlesnakes (Crotalus

oreganus). Wemeasured habitat at two scales for radio-telemetered juvenile snakes

along active-seasonmovement paths at a site in southern British Columbia, Canada,

where seasonal migrations and habitat associations of adult animals have been

particularly well studied. Despite the relatively short distances these animals travelled

and their diminutive size, we found there was selection for structurally stable cover

(e.g., woody debris, shrub, and rock cover) similar to that documented for adult

snakes in the same region. Additionally, we tested for differences in microhabitat

features at sites used for short-duration (fewer than seven days) and long-duration

(seven days or longer) stopovers: we detected negative selection for leaf litter at

long-duration stopover sites, but otherwise identified no difference in the

microhabitat features associated with these two categories of locations. Overall,

this study contributes rare data to our growing understanding of the complexity of

habitat requirements for migratory snake species, including northern crotalid vipers,

while underscoring the crucial role of habitat selection research across all segments

of populations. Comparative data on habitat selection by early-age classes within

reptile populations informs conservation planning for the long-term survival of

wild populations.
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1 Introduction

In many species, patterns of movement and habitat use shift as animals age,

presumably reflecting changes in resource needs, predator avoidance, life history

strategies, or intraspecific competition (Werner and Gilliam, 1984; Blouin-Demers et al.,

2007). Unfortunately, studies quantifying the ecology (including habitat use) of early age
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classes are sorely lacking in general across vertebrate taxa (e.g., aves

– Cox et al., 2014; Dunn et al., 2017; marine megafauna – Hays

et al., 2016; reptiles – Delaney and Warner, 2016; Vesy et al., 2021),

and filling these gaps should be of paramount conservation concern

(Roznik et al., 2009; Cox et al., 2014). Without an understanding of

habitat use and selection by juvenile animals, our perception of a

species’ habitat requirements becomes framed around knowledge of

adult animals. In some cases, this may be acceptable, as in situations

where there are long-term associations of different-aged individuals

(e.g., colonial or herding species). However, in other species where

gregarious behaviour is limited and offspring quickly become

independent, resource use may differ notably between juveniles

and adults (Delaney and Warner, 2016; Stillman et al., 2019).

Understanding this level of variation in the ecology and habitat

use of animals is important not only for developing a full

appreciation of the natural history of species, but also for

permitting effective planning and management of critical habitat

(Roznik et al., 2009).

In snakes, juveniles become largely independent from adults early

in life, setting conditions where divergent resource use may occur.

Attaining adult size can take multiple years (Macartney et al., 1990),

particularly for species living in highly seasonal environments

(Fornasiero et al., 2016). This results in considerable differences in

size between age-classes within many populations, raising the

potential for younger, smaller animals to utilize different sets of

resources for a significant portion of their life. An ontogenetic shift in

diet is one such phenomenon that has received considerable

attention: smaller prey, for example, may be required for juvenile

animals that lack the capability to subdue and swallow larger prey

(Hampton, 2011; Patterson et al., 2022); a notable example is neonate

rattlesnakes in some populations that rely heavily on ectothermic

prey (e.g., lizards) while adults use larger prey such as birds and

mammals (Mackessy, 1988; Saviola et al., 2012). Of obvious

importance is knowing whether ontogenetic patterns of habitat use

exist, whether driven by diet, thermoregulatory opportunities, or

other factors associated with body size (Shine et al., 2002; Blouin-

Demers et al., 2007; Eskew et al., 2009). In situations where habitat

partitioning between young and older snakes is not obvious and/or

exists on a microhabitat scale, more subtle preferences in

microhabitat selection may be revealed only through detailed study.

In Canadian populations of Western Rattlesnakes (Crotalus

oreganus), migrations between hibernating sites and foraging

grounds are conducted each year, with the animals typically

associated with grassland and open forested habitats in the

summer (Gomez et al., 2015; Harvey and Larsen, 2020). Within

these landscapes, adult microhabitat selection as determined

through radiotelemetry is largely described by proximity to cover

(Macartney, 1985; Bertram et al., 2001; Gomez, 2007), with adults

showing a particular preference for structurally stable cover objects

(i.e., shrubs and rocks). Ectothermic prey is largely nonexistent at

these northern latitudes, forcing young rattlesnakes to prey on

smaller mammals within the habitat they share with adults, the

latter also being able to take a more diverse array of prey species

(Macartney, 1989; McAllister et al., 2016). Other than this difference

in diet, scant details on the ecology of juvenile Western Rattlesnakes

(and rattlesnakes in general) are known. Recently, however, we
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(Howarth et al., 2023) used externally-attached transmitters to show

that smaller animals conduct shorter but similar movement

patterns to adults over the active season, using ‘stopover’ points

(Kaiser, 1999) by which to presumably conduct sit-and-wait bouts

of hunting (Clark, 2016). This study also showed macro-habitat use

(grasslands, open dry forest) was largely the same for both adults

and juveniles.

In this paper we focus in on the meso- and micro-habitat

selection of juvenile rattlesnakes at our Canadian study site during

their summer migration. Specifically, we compare used stopover

sites to nearby paired random sites to assess selection for various

habitat variables. Further, we consider the overarching question of

whether juvenile rattlesnakes select for similar habitat features on

the landscape as have been recorded for adults in previous studies

(Macartney, 1985; Bertram et al., 2001; Gomez, 2007). Following

approaches taken in migration studies of birds, we also consider

that stopover sites (Kaiser, 1999; Warnock, 2010) used for relatively

longer periods of time may afford more desirable resources

(Bastille-Rousseau et al., 2010). Although quantifying prey

abundance at stopover sites is extremely difficult, we still improve

on the resolution of our habitat analyses by dividing stopover points

used by juveniles into ‘anchor’ (long-duration – Douglas et al.,

2012) and ‘transient’ (short-duration) points.
2 Materials and methods

2.1 Study site

This study took place in the southeast corner of the Osoyoos

Indian Reserve (OIR) near Osoyoos, British Columbia, Canada

(49.05° N, 119.43° W);. This 450-ha study site is a dry arid shrub-

steppe ecosystem dominated by Bluebunch Wheatgrass (Agropyron

spicatum), Antelopebrush (Purshia tridentata), and Big Sagebrush

(Artemisia tridentata). See Figure 1 for examples of typical habitat

types on the OIR site, and see Howarth (2023) for a more detailed site

description and site map. The study site contains drastic habitat

quality contrasts (some sections are heavily altered from tourism

development), though many snakes never encounter developed areas

or leave developed areas completely during their active season

(Lomas et al., 2019; Maida et al., 2020). We had two focal

hibernacula on the OIR site that we targeted for capture of juvenile

snakes; we hereafter refer to these as Den A and Den B (Indigenous

designations in Nsyilxcən are iʔ x̌aʔx̌aʔulaʔxw iʔ q̓wc̓iʔs and iʔ
x̌aʔx̌aʔulaʔxw iʔ snʔilitns ʔaslʔupnkst ʔɫ sisp̓lk, respectively). Both
dens have among the highest relative populations on the OIR site

(Howarth, unpubl.) and were selected in part tomaximize the capture

potential of suitable individuals during egress. Further, these dens

were deliberately selected to minimize the likelihood of snakes

venturing into developed areas, as observed by Lomas et al. (2019).
2.2 Radio-telemetry

Juvenile snakes are relatively more difficult to encounter,

particularly once the animals depart from communal hibernacula.
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Thus, most of our study animals were found by intensively

searching the areas around Den A and Den B during egress

(April–May). Individual snakes used in this study were involved

in a larger concurrent study of juvenile Western Rattlesnake

migratory movements (Howarth et al., 2023). We defined juvenile

rattlesnakes as individuals in their second and third year of growth,

which corresponds roughly to snakes with a snout–vent length

(SVL) ranging from 35 to 45 cm, thus excluding all sexually mature

individuals (Macartney et al., 1990; Petersen et al., unpublished).

Transmitter size in relation to snake size was a major constraint in

this study; hence we did not include individuals in their first year of

growth (<35 cm SVL) as the appropriate transmitters would have

had exceptionally short battery life spans (~two to four weeks).

Individuals were transported a short distance to a laboratory space

and outfitted with radio-transmitters (BD-2, 1.0g, 5 week lifespan;

Holohil Systems Ltd., Carp, Ontario). We followed the subdermal

stitch attachment method described by Riley et al. (2017) (modified

from Ciofi and Chelazzi, 1991) and since used in other studies

(Hudson, 2019; Murphy et al., 2021). The subdermal stitch method

involves running a subdermal catheter and thread under the subcaudal

scales (under tail) and tie the transmitter to the dorsal surface (upper

tail) of the snake. Likely less invasive than surgical implantation, the

sub-dermal stitch method also allows for rapid non-invasive

transmitter replacements as required by the lifespan of the batteries.

The transmitters and associated attachment materials (catheter, suture)

weighed no more than 5% of the total body mass of each snake. Snakes

were administered a local anesthetic (1.5 mg/kg of bupicavaine) around

the 20th subcaudal scale 15 minutes prior to the initial transmitter

attachment (Riley et al., 2017), and immediately after were

administered Baytril and Metacam (Brown et al., 2009). Snakes were

monitored for 48 hours prior to release.

A handheld radio-telemetry receiver (TRX-3000; Wildlife

Materials Inc., Murphysboro, Illinois) and a 3-element yagi

antenna were used to track individuals, and the latitude/longitude

coordinates of each snake were recorded using an SXBlue II+GPS

device (Geneq Inc., Montreal, Quebec) that generally was accurate

to ± 0.5 m. Radio-transmitter battery life was approximately five
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weeks; thus, snake recapture and transmitter replacement occurred

on multiple occasions per individual over the course of the study.

Telemetered snakes were located every two to three days over the

course of the study until the point of transmitter removal,

transmitter failure, accidental transmitter detachment, or natural

mortality. Additionally, approximately every two to three weeks

(coinciding with transmitter replacement, when possible), snakes

were opportunistically re-captured and quickly inspected to

monitor health; during these check-ups, the transmitter

attachment and catheter protrusion sites were checked, and

snakes were weighed (g) to ensure that no significant weight loss

(>20% body mass) had occurred. If this was detected, the

transmitter was removed.
2.3 Habitat data collection

Any shift in locations >5 m by a snake [half the distance used in

Gomez’s (2007) study of adult habitat use, conservatively adjusted

for juveniles] was considered a new stopover site and habitat data

were collected. These data were not re-measured if a snake returned

to a previously used stopover site or moved less than 5 m from their

previous location. We also did not collect habitat data at locations

that were within 10 m of the snake’s hibernaculum. Habitat data

were collected using a paired use-availability design (Thomas and

Taylor, 2006). At each rattlesnake stopover site, we set up one

habitat plot and one paired plot at a randomly selected reference

location. The paired plot was constrained within 30m from the

habitat plot and was placed in a random direction at a random

distance, selected using a number generator app (The Random

Number Generator, Nicholas Dean, 2013). Following Gomez

(2007), at each plot we directly measured three types of habitat

features: (1) microhabitat (1 m2 plot); (2) mesohabitat (10 m2 plot),

and (3) minimum distance to specific habitat features within the

surrounding 30 m of plot centre (see Table 1).

Microhabitat and mesohabitat features measured include the

percentage cover of substrate, shrub, herbaceous plant, and rocks.
FIGURE 1

Examples of typical habitats found on the Osoyoos Indian Reserve (OIR) study site near Osoyoos, BC, Canada, where the habitat selection of juvenile
Western Rattlesnakes was studied. Typical macro-habitats include open shrub-steppe (left), open forest stands (left), and rock piles or talus slopes (right).
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For the microhabitat plot, percentage cover was visually estimated

within a 1 m2 plot using the snake’s location, or the randomly

selected reference location, as plot centre (Gardiner et al., 2015). For

the mesohabitat plot, percentage cover was estimated within 10 m2

plot using the same method. Percentage cover estimates were

performed by two observers (consistent throughout study) and

were averaged in the case of inter-observer estimate discrepancy.

The minimum distance to habitat features (e.g., tree, rock, shrub,

anthropogenic features) within 30m of plot centre were measured to

the nearest 1 m using a rangefinder (Bushnell Prime 1700, Bushnell

Outdoor Products, Concord, Ontario); features were recorded as

absent if not present within 30 m of plot centre.
2.4 Statistical analysis

All data were analyzed using R (R Version 4.2.0 – R Core Team,

2022) with a = 0.05 unless otherwise noted. We considered all

habitat data as a single sample and did not consider the effect of

season in our analysis. We used a series of univariable analyses to

compare habitat features between habitat and paired plots.

Normality was assessed using Shapiro-Wilk tests. We used

arcsine- and log-transformations when variables were non-normal

(for percentage cover and distance variables, respectively). If the

resulting underlying distributions remained non-normal, we used

untransformed values and non-parametric tests for all

further analyses.
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Following Hosmer and Lemeshow (2000), we established a list

of putative explanatory variables: we used Wilcoxon signed-rank

tests (paired sample) or paired t-tests and retained variables whose

Wilcoxon signed-rank test or paired t-test had a P-value of <0.25 for

use in subsequent analyses. We tested for autocorrelation between

all retained habitat variables using Spearman rank correlation tests.

When variables were highly correlated (r > 0.7), we retained only

the variable that accounted for the most variation as indicated by

the Wilcoxon signed-rank test or paired t-test (Mason and

Perreault, 1991). We included all variables that were retained at

this stage in the global multivariable conditional logistic

regression models.

Habitat variables were modelled in two separate groups;

microhabitat was modelled alone, while mesohabitat and

minimum distance to habitat features were modelled together.

We used conditional logistic regression with paired plots as strata,

using the ‘clogit’ function in the ‘survival’ package (Therneau and

Grambsch, 2000) in R (R Core Team, 2022). Top models were

determined via Akaike Information Criterion (AIC) stepwise

selection (Mazerolle, 2006) using the ‘stepAIC’ function in the

‘MASS’ package (Venables and Ripley, 2002) in R (R Core Team,

2022). Models with delta (Δ) AIC values <2 were considered equally

well-supported (Burnham and Anderson, 2002).

We performed more specific analysis on habitat points that

received relatively greater use by the snakes. The duration of snake

use was calculated for stays where a snake remained within a 5 m

radius, confirmed through multiple tracking events. Locations

where the duration of stay could not be confirmed, including

locations where transmitters were removed, were excluded from

this analysis. Locations in the upper 75th percentile, corresponding

to stays of 7 or more days, were identified as ‘anchor points’. We

then compared these anchor points, which received relatively long

use, to ‘transient points’ that received less than seven days of

consecutive use (lower 75% of locations). See Supplementary

Figure 1 for distribution of duration of stays. All analysis was

conducted in the same manner as described above; however, general

logistic regression was used in place of conditional logistic

regression as anchor and transient point plots were not paired.
3 Results

Twenty-one juvenile animals were captured for telemetry

during this study, all at the target den sites, except four animals

captured opportunistically in June (n = 3) and July (n = 1). Five of

17 denning-site animals remained <10 m from their hibernacula

throughout their respective tracking periods (largely attributable to

very short tracking periods as a result of transmitter removal) and

thus were excluded from the habitat analysis. Among the remaining

16 animals, snakes were tracked for an average of 83 days (SD = 25;

range = 45 to 140 days). Habitat data were collected between May

17 and September 29, 2021, though exact dates of tracking varied

among individuals. The mean number of times that we tracked each

snake to a new stopover location warranting a habitat plot was 8.6

(SD = 7.8; n = 137; range = 1 to 24 relocations). At the microhabitat

scale (1 m2), the used stopover sites were dominated by rock (mean
TABLE 1 Features measured in habitat plots centered at stopover sites
used by juvenile snakes moving away from their hibernacula.

DESCRIPTION
MICROHABITAT
(1 m2 plot)

MESOHABITAT
(10 m2 plot)

% cover bare soil SOIL1 * SOIL10 *†

% cover grass GRASS1 * GRASS10 *

% cover shrub SHRUB1 * SHRUB10 *

% cover tree TREE1 TREE10

% cover woody debris WD1 * WD10 *

% cover leaf litter LL1 † LL10 †

% cover rock ROCK1 * ROCK10 *

% cover herbaceous plants HERB1 HERB10

MINIMUM DISTANCE

Distance to nearest tree MD_TREE

Distance to nearest rock MD_ROCK

Distance to nearest cover
object

MD_COVER *

Distance to nearest shrub MD_SHRUB *

Distance to nearest
anthropogenic feature

MD_ANTH
*variables retained in the preliminary list of putative variables for the habitat analysis.
†variables retained in the preliminary list of putative variables for the anchor point analysis.
Variables retained in the preliminary list of putative variables for both the habitat analysis and
anchor point analysis are indicated by subscript symbols.
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percentage cover: 41%), shrub (23%), grass (21%), soil (18%), and

leaf litter (12%). At the mesohabitat scale (10 m2), the stopover sites

were dominated by grass (mean percentage cover: 36%), rock

(33%), shrub (19%), and soil (16%). All substrates not listed

accounted for less than 10% cover each. Of 137 total snake

locations, 122 locations were included in the anchor point

analysis, and of those the top 75th percentile (n = 29) were

identified as anchor points.

The underlying distributions of all habitat variables were non-

normal even after transformations, so Wilcoxon signed-rank tests

were used to establish the preliminary list of putative habitat

variables. This resulted in retaining five microhabitat and seven

mesohabitat variables (including two minimum distance features)

for the habitat analysis (see Table 1). No pairs of retained variables

showed autocorrelation. The preliminary multivariable conditional

logistic regression models (hereafter, ‘global models’) for the

microhabitat and microhabitat (including minimum distance to

habitat features) were significant, as were the highest-ranked

models at both scales (Table 2). Reduced models received

stronger support at both microhabitat and mesohabitat scales. See

Supplementary Table 1 for individual regression coefficients and P-

values for the global models.

At the microhabitat scale (1 m2) the top models suggested that

the presence (positive association) of shrub, woody debris, and rock,

and the absence (negative association) of grass predicted juvenile

microhabitat selection (Figures 2, 3). At the mesohabitat scale (10

m2), the top models suggested that the presence (positive association)

of shrub, woody debris, and rock, and smaller minimum distances to

the nearest cover object and nearest shrub, together best predicted

juvenile mesohabitat selection (Figures 4, 5). The preliminary list of

putative explanatory variables for comparison of movement anchor

points and transient points, using Wilcoxon-signed rank tests

(retaining variables with a P-value of <0.25), resulted in only one

variable (‘leaf litter’) being retained at the microhabitat scale, and at

the mesohabitat level only two variables (‘leaf litter’ and ‘soil’) were
Frontiers in Amphibian and Reptile Science 05
entered into the analysis (see Table 1). No pairs of retained variables

showed autocorrelation.

The global multivariable conditional logistic regression models

for comparison of anchor points and transient points (at both scales)

are shown in Table 3 along with results of the stepwise AIC analysis.

See Supplementary Table 2 for individual regression coefficients and

P-values for the global models. At the microhabitat scale, the top

model suggested that juvenile anchor point selection was negatively

associated with the presence of leaf litter (Figure 6). At the

mesohabitat scale, top models suggested that the absence (negative

association) of leaf litter and soil predicted anchor point selection at

the mesohabitat scale (Figure 6). However, the null model was also

included within 2 delta AIC of the top model, and none of the models

in the mesohabitat analysis were statistically significant.
4 Discussion

The results of this study suggest that juvenile C. oreganus select

for similar habitat features on the landscape as recorded for adults,

despite their smaller size and smaller movement scale. Specifically,

juvenile Western Rattlesnakes selected sites non-randomly at both

scales for greater cover on the landscape in the form of rock, shrub,

and woody debris, and selection was negatively associated with

grass cover at the microhabitat scale. This suggests a preference for

cover objects that are structurally stable, consistent with the

preferred habitat of adult conspecifics elsewhere in British

Columbia (Gomez, 2007). Habitat use was positively associated

with the presence of cover not only at the microhabitat scale, but

also at the mesohabitat scale, indicating that rather than finding a

single isolated microhabitat site that fulfils their immediate needs

(which in theory could be a very small cover object for these small-

bodied individuals), juveniles may seek more heterogeneous patches

of habitat that provide multiple opportunities for their ongoing

hunting, crypsis, and thermoregulatory needs.
TABLE 2 Conditional logistic regression results for habitat assessments of stopover locations used by juvenile rattlesnakes.

Microhabitat

# MODEL AIC DAIC w WALD c2 P

1 SHRUB1 + WD1 + ROCK1 140.8 0 0.52 31.72 <0.001 *

2 GRASS1 + SHRUB1 + WD1 + ROCK1 142.4 1.6 0.22 31.75 <0.001 *

G SOIL1 + GRASS1 + SHRUB1 + WD1 + ROCK1 144.4 3.6 0.07 31.73 <0.001 *

Mesohabitat and minimum distance to habitat features

# MODEL AIC DAIC w WALD c2 P

1 WD10 + ROCK10 + DIST_COVER + DIST_SHRUB 153.5 0 0.13 25.09 <0.001 *

2 SHRUB10 + WD10 + ROCK10 + DIST_COVER + DIST_SHRUB 154.1 0.6 0.09 25.23 <0.001 *

3 SOIL10 + SHRUB10 + WD10 + ROCK10 + MD_COVER + MD_SHRUB 155.9 2.3 0.03 25.61 <0.001 *

G SOIL10 + GRASS10 + SHRUB10 + WD10 + ROCK10 + MD_COVER + MD_SHRUB 157.4 3.9 0.01 26.01 <0.001 *
front
*Indicates the model is significant (a = 0.05), per model evaluation tests (Wald).
Listed for each model is the AIC, DAIC (difference between the model’s AIC and the minimum AIC) support for the model (weight, w), Wald c2, and associated P-value for the Wald test. The top
three models at each scale and the global model (denoted by G) are included (global model included in top three models at microhabitat scale). See Table 1 for key to habitat variable
abbreviations.
Global models at two scales (1 m2 microhabitat and 10 m2 mesohabitat) included all putative variables for discriminating between used and random habitat plots.
iersin.org

https://doi.org/10.3389/famrs.2023.1251161
https://www.frontiersin.org/journals/amphibian-and-reptile-science
https://www.frontiersin.org


Howarth et al. 10.3389/famrs.2023.1251161
It is possible that the association of these small snakes to cover

objects may be closely linked to the microhabitat selection (and

therefore, availability) of prey on the landscape. For adult snakes,

the selection of ambush sites is related to the presence of chemical

cues left by prey (Theodoratus and Chiszar, 2000). With a paucity of

small reptilian prey in the grasslands (e.g., lizards – a common

feature in the ecology of the species further south; Mackessy, 1988),

the diet of Western Rattlesnakes in British Columbia consists
Frontiers in Amphibian and Reptile Science 06
primarily of small mammals such as mice, voles, and shrews

(McAllister et al., 2016). The primary prey species at our study

site (Maida et al., 2020), the deer mouse (Peromyscus maniculatus)

and Great Basin pocket mouse (Perognathus parvus), are also

known to select for shrub cover, which can likely be attributed to

food availability (Harris, 1986; Melaschenko and Hodges, 2020).

Young and smaller-bodied rattlesnakes are largely limited to the

smallest of these small mammals, presumably consuming neonatal
FIGURE 2

Relationships between juvenile rattlesnake habitat use and top-ranked habitat variables determined by selection models at the microhabitat (1 m2)
scale, near Osoyoos, BC, Canada. Gray areas around regression lines represent 95% confidence intervals.
FIGURE 3

Scaled model coefficient estimates (logit scale with adjusted 95% CI) for the predicted microhabitat (1 m2) use by juvenile Western Rattlesnakes at the
Osoyoos Indian Reserve (OIR) study site near Osoyoos, BC, Canada in 2021. Shown are the coefficient estimates for the top two models (Micro #1 and
Micro #2, as indicated in Table 2). Positive coefficient estimates show active selection for habitat features, whereas negative estimates show avoidance.
Scaled confidence intervals that do not overlap with the dashed line (i.e., 0) show significance. See Table 1 for key to habitat variable abbreviations.
frontiersin.org

https://doi.org/10.3389/famrs.2023.1251161
https://www.frontiersin.org/journals/amphibian-and-reptile-science
https://www.frontiersin.org


Howarth et al. 10.3389/famrs.2023.1251161
and juvenile prey (Macartney, 1989). Thus, for these smaller snakes,

it is likely important to base oneself in locations near small mammal

nesting sites, though this remains unexplored.
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We observed little difference in habitat features between sites

used as anchor and transient stopover sites. Compared to transient

points, juvenile snakes were using anchor point locations with lower

leaf litter cover at both scales and with less bare soil cover at the

mesohabitat scale, though neither the presence nor absence of these

substrates provide any form of cover or opportunity for

thermoregulation. The lack of association between anchor points

and any of the measured habitat features may be explained by the

ability of smaller snakes to make use of a wider variety of cover

objects (Gregory, 2009) including small mammal nesting cavities,

making suitable stopover sites for small snakes more prevalent on

the landscape. Despite utilizing similar habitat types as adult

rattlesnakes as suggested by the broader habitat use analysis,

juvenile snakes may be able to find suitable locations to remain

for extended periods of time more readily than adults, however, the

specific habitat features used as anchor points by adults remains to

be tested.

Although we obtained habitat data on 16 juvenile rattlesnakes,

representing data over 137 stopover sites, we were still forced to

pool data across individuals with variable tracking durations; this is

a common issue in habitat selection studies that use animal

relocations as experimental units (Marzluff et al., 2004; Thomas

and Taylor, 2006). We attempted to average habitat features per

snake and to then use the snakes as strata, but due to the variation

and generally low number of locations for each individual, we were
FIGURE 4

Relationships between juvenile rattlesnake habitat use and top-ranked habitat variables determined by selection models at the mesohabitat (10 m2)
scale including minimum distance variables, near Osoyoos, BC, Canada. Gray areas around regression lines represent 95% confidence intervals.
FIGURE 5

Scaled model coefficient estimates (logit scale with adjusted 95% CI)
for the predicted mesohabitat (10 m2) use by juvenile Western
Rattlesnakes at the Osoyoos Indian Reserve (OIR) study site near
Osoyoos, BC, Canada in 2021. Shown are the coefficient estimates for
the top two models (Meso #1 and Meso #2, as indicated in Table 2).
Positive coeffi;cient estimates show active selection for habitat
features, whereas negative estimates show avoidance. Scaled
confidence intervals that do not overlap with the dashed line (i.e., 0)
show significance. See Table 1 for key to habitat variable abbreviations.
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not able to fit individual models to each snake (Row and Blouin-

Demers, 2006). As such, some caution should be taken in

interpreting the results as they are based on the behaviour of a

limited sample of snakes, and it is known that habitat use can differ

markedly among individuals (Shine, 1987).

Further, we did not consider the effect of season in our analysis,

and it is possible that habitat preferences may not be consistent

throughout the active season. Other factors that may be at play, that

we did not directly consider or account for here, include the effect of

daily temperature and microclimate, the snakes’ physical condition,

possible differences in personality and preference between

individuals, nutritional state (hunting vs. digesting), and the

presence of predators. We also did not incorporate cover object
Frontiers in Amphibian and Reptile Science 08
size into our analysis; in talus piles or other rock formations, it

would in most cases have been impossible to deduce exactly what

cover object an animal was under without flipping rocks, causing

disruption and even danger to the animals. A finer-scale study

across all age classes, incorporating cover object size, could expose

ontogenetic shifts in cover object preferences should they exist.

Regardless, this initial step in understanding the habitat preferences

of immature snakes adds to our overall understanding of rattlesnake

ecology. And, since selection for cover objects such as rocks and

shrubs (or burrows, in prairie landscapes) appear relatively

consistent for adults across North American rattlesnake species

(e.g., Sistrurus catenatus –Harvey andWeatherhead, 2006; Crotalus

mitchellii – Glaudas and Rodrıǵuez-Robles, 2011; Crotalus viridis –
TABLE 3 Comparisons using logistic regression of habitat features at anchor points and transient points used by juvenile rattlesnakes over the active
summer.

Microhabitat

# MODEL AIC DAIC w WALD c2 P

G LL1 129.04 0 0.97 6.3 0.012 *

N null 135.81 6.8 0.03 – –

Mesohabitat

# MODEL AIC DAIC w WALD c2 P

1 LL10 133.91 0 0.53 2.6 0.110

N null 135.81 1.9 0.21 – –

G SOIL10 + LL10 135.84 1.9 0.19 0.07 0.800

SOIL10 137.79 3.8 0.08 0.03 0.870
*Indicates the model is significant (a = 0.05), per model evaluation tests (Wald).
Global models at two scales (1 m2 microhabitat and 10 m2 mesohabitat) included all putative variables for discriminating between anchor points and transient points. Listed for each model is the
AIC, DAIC (difference between the model’s AIC and the minimum AIC), support for the model (weight, w), Wald c2, and associated P-value for the Wald test. All model combinations at each
scale, including the global model (denoted by G) and the null model (denoted by N), are included. See Table 1 for key to habitat variable abbreviations.
FIGURE 6

Scaled model coefficient estimates (logit scale with adjusted 95% CI) for the predicted microhabitat (1 m2; top) and mesohabitat (10 m2; bottom) use
by juvenile Western Rattlesnakes at the Osoyoos Indian Reserve (OIR) study site near Osoyoos, BC, Canada in 2021. Shown are the coefficient
estimates for the top microhabitat model, and the top two mesohabitat models (Meso #1 and Meso Global, as indicated in Table 2). Positive
coefficient estimates show active selection for habitat features, whereas negative estimates show avoidance. Scaled confidence intervals that do not
overlap with the dashed line (i.e., 0) show significance.
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Gardiner et al., 2015), the trends we observed in this study may also

be consistent, or similar, for juveniles across rattlesnake taxa.

Understanding habitat preferences across all demographic

groups within populations of wildlife is vital for effective

management, as patterns of movement and habitat use can shift as

animals age. Despite this, studies quantifying the ecology of early age

classes are generally lacking across vertebrate taxa. Here, we address

this considerable knowledge gap for an at-risk viper. By exploring the

habitat preferences of young snakes and comparing them to what we

know of adults, we shed light on the intricate dynamics of resource

use within a species characterized by early independence. Ultimately,

our study underscores the crucial role of habitat selection research

and contributes to our broader understanding of the natural history

and complexity of habitat requirements for rattlesnakes at northern

latitudes. Recognizing the nuanced variations in habitat selection at

different life stages can help to refine conservation efforts aimed at

protecting critical habitats and ensuring the long-term viability of

wildlife populations.
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