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Over 50% of the world’s human population resides in urban centres, and this is
expected to increase as the global human population grows and people migrate from non-
urban to urban centres. Concentrated in these urban areas are anthropogenic disturbances
that impose additional challenges on wildlife compared to their non-urban counterparts.
These challenges can be stress provoking. Through the release of corticosterone (CORT)
reptiles can adapt to these stressors, physiologically and behaviourally, both in the short-
and long-term. To investigate the relationships between stress activation and defensive
tactics in wild urban Northwestern Gartersnakes (Thamnophis ordinoides) 1 conducted
visual encounter surveys, along edge-focused transects, following a semi-constrained
random sampling method. I sampled snakes at five sites, each with a different level of
anthropogenic disturbance, in the Greater Victoria Area, BC. I sampled blood, observed
anti-predator behaviour, and collected data on characteristics of snakes. The most
disturbed site (with the most people, pets, and natural predators) also had the most
snakes: those snakes also had highest H:L values (a proxy of CORT) in their blood
compared to the other populations. Nevertheless, none of the snakes had H:L values that
indicated chronic stress. Stress physiology was not correlated with anti-predator
behaviour. More important to anti-predator behaviour was the size, sex/reproductive
condition, and cloacal temperature of snakes. Although anthropogenic development can
reduce habitat quality for some reptiles, Northwestern Gartersnakes coexist with
recreationists at many sites in the District of Saanich. A multi-disciplinary approach is of
paramount importance to understand the full effect of anthropogenic influences on

wildlife.
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CHAPTER 1 - NORTHWESTERN GARTERSNAKES AND THE
URBAN SITES THAT THEY INHABIT

INTRODUCTION

Humans are major drivers of environmental change (Shochat et al. 2006). Effects
of our impacts on the environment are most apparent in urban areas (Ditchkoff &
Wakeling 2001); natural undisturbed lands are overtaken by introduced flora or are paved
to support houses and other urban developments, leaving areas of high- and low-density
buildings and fragmented vegetated patches (Ditchkoff & Wakeling 2001; Endriss et al.
2007; Werner 2011). Concentrated in these urban areas are anthropogenic disturbances
that impose additional challenges on wildlife compared to their non-urban counterparts
(Koenig et al. 2002; Mollov 2005; French et al. 2008; Sol et al. 2013).

Already over 50% of the world’s human population resides in urban centres
(United Nations 2011). Over the next four decades, urban centres are expected to absorb
all population growth (projected 30% global increase) and, at the same time, draw in
some of the non-urban populations (United Nations 2011). To accommodate urban
population growth, more ‘wildlands’ will become developed (Dearborn & Kark 2010),
and more wildlife will be exposed to anthropogenic disturbances. How wildlife will be
affected by and respond to these challenges is a complex problem (Minton 1968).

Recreational activities, such as wildlife viewing, photography, hiking, and biking
are usually viewed as ‘benign, non-consumptive’ anthropogenic disturbances that do not
permanently remove wildlife or alter their behaviour or physiology (Parent &
Weatherhead 2000; Reed & Merenlender 2008; Knight 2009). For instance, Great Tit
(Parus major), Blue Tit (P. caeruleus) and Chaffinch (Fingilla coelebs) individuals in
suburban and rural settings react to an approaching human in the same way (Cooke
1980). Cases like these, of unaffected urban wildlife, are few and far between because
any animal that lives among or near humans is likely disturbed in one way or another
(Knight & Cole 1995; Gibbons et al. 2000; Koenig et al. 2002). Some urban animals are
tamer than their counterparts that live in undisturbed ‘wildlands’ (Adams 2005) and

benefit from the increased access to resources that people provide, either accidentally or



intentionally (Ditchkoff et al. 2006). Other wildlife are less fortunate and respond
negatively to habitat that is altered by hikers trampling vegetation and/or leaving garbage
(Boyle & Samson 1985; Garner et al. 2008). Various wildlife appear to be threatened by
humans, as interpreted from their flight response, especially when intentionally sought
out: wildlife may respond to an approaching camera lens and/or the viewers’ eyes by
fleeing to a refuge sooner than animals that are not directly approached (Cooper 1997;
Boyle & Samson 1985; Fernandez-Juricic et al. 2001; Stankowich & Blumstein 2005;
Knight 2009). Specifically, suburban Blackbirds (Turdus merula), Starlings (Sturnus
vulgaris), and House Sparrows (Passer domesticus), are less tolerant of an approaching
observer (i.e., flee sooner) than their rural counterparts (Cooke 1980). The anticipated
spread of urbanization into less urban areas (United Nations 2011) coupled with the
growing popularity of outdoor recreation (Knight & Cole 1995; Parent & Weatherhead
2000) will increase the number of recreationists who visit wildlife habitat and thus
expose more wildlife to anthropogenic disturbances.

Many bird species and other wildlife respond to disturbances caused by
recreationists as a form of predation risk (Garber & Burger 1995; Fernandez-Juricic et al.
2001; Gill et al. 2001): when threatened, wildlife weigh the costs (e.g., lost foraging
opportunities) and benefits (e.g., not injured or eaten) of fleeing (Frid & Dill 2002). As
such, many wildlife species, such as the Eastern Massasauga Rattlesnake (Sistrurus
catenatus catenatus), respond to people as if they were potential predators (Parent &
Weatherhead 2000; Frid & Dill 2002). The increased occurrence of human-wildlife
encounters is one of many sources of changed predation pressure in urban centres (Seress
et al. 2011); human presence decreases the abundance of native carnivore species in
many urban green spaces (Reed & Merenlender 2011) at the same time as it introduces
new predators, including Domestic Dogs (Canis familiaris) and Cats (Felis catus). Cats
have direct negative impacts on reptile abundance; cats increase mortality rates in
Bluetongue Lizards, Tiliqua scincoides (Koenig et al. 2002), and alter anti-predator
behaviour of Lava Lizards (Tropidurus spp.; Stone et al. 1994). Although dogs are the
most common carnivores in urban centres (Vanak & Gompper 2009), they have a
generally lesser negative impact on wildlife than cats (Bekoff & Meaney 1997; Miller et
al. 2001).



Predators seek out prey for sustenance. When predators kill or injure prey
(unsuccessful predation event), the survival rates and/or population densities of prey
species are altered (Lima & Dill 1990; Maritz & Scott 2010). Unsuccessful predation
events can affect the physiology and/or behaviour of prey (Lima & Dill 1990; Maritz &
Scott 2010). For instance, predator-prey interactions can be stressful (Scheuerlein et al.
2001). Our understanding of stress has mostly come from studies of mammals and birds:
stress is a physiological response to unfavourable environmental conditions, or stressors,
that is measured by changes in glucocorticoid (GC, e.g., corticosterone, CORT, in birds,
reptiles, and amphibians, and cortisol in humans and teleost fish) levels and the
subsequent alteration of other physiological and behavioural processes (Bailey et al.
2009; Lupien et al. 2009). Reptiles display this ‘classical stress response’ (Moore &
Jessop 2003; Taylor & Denardo 2010).

Research on reptiles stressed by challenges of urban environments is limited,
especially when compared to the number of studies on birds and mammals (Ditchkoff &
Wakeling 2001; Magle et al. 2012). This is in part due to the solitary and secretive nature
of reptiles, which makes them less observable (Burger 2001). Although difficult to study
(Burger 2001), reptiles may be especially vulnerable to human disturbance because of
their limited dispersal ability and extended periods of basking out in the open to keep
warm (Parent & Weatherhead 2000). Many reptiles are constrained to specific areas
(e.g., refuges and hibernacula) and activity regimes that may make them more exposed to
anthropogenic disturbances (Parent & Weatherhead 2000). Continual exposure to
human-induced stressors can have biological costs for reptiles: individuals suffer from
reduced wellbeing and fitness that can have consequences for the population (Yao &
Denver 2007; Dedovic et al. 2009; Linklater 2010). In less than 20 years, a population of
104 North American Wood Turtles (Clemmys insculpta) was reduced to zero after a
forested watershed in New Haven County, Connecticut, was opened to the public for
hiking and fishing (Garber & Burger 1995a). The intrusion of humans and their pets into
wildlife habitat is a major contributor to reptile declines and is recognized as a worldwide

crisis (Gibbons et al. 2000).
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Anthropogenic disturbances, however, are not always detrimental to reptiles. The
tight interplay between hormones and alterations in physiology and behaviour enables
wildlife to adapt to these stressors both in the short and long term (Moore & Jessop 2003;
Ditchkoff et al. 2006; Romero & Butler 2007; Yao & Denver 2007; French et al. 2008;
Lupien et al. 2009; Thaker et al. 2009b; Sol et al. 2013): Tree Lizards (Urosaurus
ornatus) are highly urban-adapted and reach high densities in cities (Ditchkoff &
Wakeling 2001); and, free-ranging Cottonmouths (Agkistrodon piscivorus) are not
threatened by short-term encounters with humans (Bailey et al. 2009).

Despite the fact that urbanized landscapes can be stressful for some reptile
species, affecting their physiology (immunity — French et al. 2008; reproductive
hormones — Moore et al. 2000) and behaviour (activity patterns — Ditchkoff et al. 2006;
courtship — Greenberg 2002), there is limited information about the consequences of
stress activation for reptilian defence. To date, no study has established a relationship
between elevated stress caused by exposure to potential predators (people, pets, and
natural predators) and anti-predator tactics in wild urban reptiles (Thaker et al. 2009a).
To address this gap in research I investigated the relationships between stress activation
and defensive tactics in wild urban Northwestern Gartersnakes (7Thamnophis ordinoides)
at sites with different levels of disturbance (i.e., relative exposure to people, pets, and

natural predators). My general research (all chapters) questions were:

1) Is repeated human presence stressful for Northwestern Gartersnakes?
2) Are Northwestern Gartersnakes wary of humans?

3) Is there a relationship between stress and wariness?

More specific to this chapter, I wanted to know:

1) Is the disturbance regime at a site (i.e., abundance of people, pets, and/or

natural predators) related to the abundance of Northwestern Gartersnakes?

2) Is the proportion of injured snakes related to the disturbance regime at a site?



Predictions

Assuming that snakes respond to recreationists and pets similarly to how they
respond to natural predators (Garber & Burger 1995a; Parent & Weatherhead 2000;
Fernandez-Juricic et al. 2001; Gill et al. 2001; Frid & Dill 2002), I predicted that counts
of Northwestern Gartersnakes would be lower in more disturbed sites. If snakes were
habituated to disturbance, then I expected the counts of snakes would be statistically
unrelated to the number of each of people, pets, and natural predators at the sites.

Humans provide important resources (e.g., food and habitat) for both pets and
wildlife (Garber & Burger 1995; Love & Bird 2000, as cited in Hager 2009; Chace &
Walsh 2006). I anticipated a positive correlation between the numbers of people and of
pets. If predators are neither deterred by nor attracted to anthropogenic disturbances |

predicted that the numbers of people and of natural predators would be unrelated.

STUDY SITES

I conducted this study in the Greater Victoria Area, focusing on three parks and
one nature sanctuary (geographically divided into two sites) in the District of Saanich,
BC (Figure 1). The five sites were Mount Douglas Park (MDP), Mount Tolmie Park
(MTP), Layritz Park (LP), and the Swan Lake/Christmas Hill Nature Sanctuary (SLNS
and CHNS, respectively; Figure 1).
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Figure 1. Map of study sites (indicated by red circles with site name beside). Image amended
from: http//www.saanich.ca/parkrec/parks/trails/pdf/FullMapofSaanichParksandTrails2012.pdf

The sizes of the sites vary considerably. Mount Douglas Park is much larger than
each of the other sites: 181.57 ha compared to CHNS, SLNS, MTP, and LP, which are
1.84 ha, 3.29 ha, 18.25 ha, and 29.10 ha, respectively (District of Saanich 2012). Mount
Douglas Park is also the oldest site, established in 1889, and incorporates a network of
paths through a forested mountain with bare rock at the top (District of Saanich 2012).
Mount Tolmie Park was designated a Saanich park in 1891, predominantly composed of
Gary Oak habitat on a small mountain with a street, Mayfair Drive, running through the
middle (District of Saanich 2012). In 1975 the SL/CHNS became a controlled green
space for humans and urban wildlife with forest, grassland, bare rock, and paths. Also,
SLNS has a lake in the middle of the site. Lastly, in 1997, LP was established as a
mixed-green area with baseball diamonds, a soccer field, undeveloped open grasslands,
and a forested hill (District of Saanich 2012): an abundance of trails fragment the
different habitat types.



STUDY SPECIES

Three species of Gartersnake (Thamnophis spp.) inhabit the Greater Victoria
Area: the Northwestern Gartersnake (Thamnophis ordinoides; Figure 2), the Common
Gartersnake (7. sirtalis), and the Western Gartersnake (7. elegans). My research focuses
on 7. ordinoides because it was the most abundant species at all sites. Snakes that were
seen and not caught, and could not be confidently identified to the species level, are here
referred to as Thamnophis spp. The Northwestern Gartersnake is a diurnal terrestrial
snake (Stewart 1968; Gregory 1978). It is the smallest of the three Gartersnake species
(Hebard 1950) and is found predominantly in meadows and along forest edges (Stewart

1968; Gregory 1984b; Matsuda et al. 2006).

Figure 2. Northwestern Gartersnake, Thamnophis ordinoides. Note the blunt-snouted head, which
1s indistinct from the neck.

The body is generally dark brown with dorsal and ventral stripes, which vary
between individuals from light yellow to dark orangey-red (Figure 3). Some lack stripes
altogether. There are also albino and melanistic (completely black) morphs. These
snakes prey on slugs (Figure 3) and earthworms (Gregory 1978; Gregory 1984b; Matsuda
et al. 2006).



Figure 3. T. ordinoides preying on a Black Slug, Arion ater.

METHODS

Locating and catching Gartersnakes

With the aid of a colleague, I conducted visual encounter surveys, along edge-
focused transects, following a semi-constrained random sampling method. We visited
CHNS, MDP, and LP, and MTP 14 times, and SLNS 13 times between 9am and 8pm on
sunny, cloudy, and lightly raining days from May to August 2012, when Gartersnakes
were most active (Stewart 1968; Gregory 1984a; Lind et al. 2005). To account for the
potential variation in human visitation rates between week and weekend days every site
was visited at least once for every day of the week (Monday through Sunday).

Repeated searching began from a fixed point at each site throughout the season
(except for MDP, which had two starting locations because of its comparatively larger
size). First, the ambient temperature (°C) was measured by placing a Traceable Digital
Thermometer (VWR Scientific Inc.) in the shade so that the heat of the sun’s rays would
not alter the reading. At the beginning of each day, an 8-sided die was rolled to
determine the number of paces (50 times the number on the die, X) walked along a path
into the site. The time of day was recorded and we walked 50X paces, one behind the

other, at approximately 0.3 m/s, while searching the ground and surrounding vegetation



for snakes. In an effort to sample as much of the site as possible, every alternative path
from the parked car was taken throughout the field season. Once the 50X paces were
completed, one of us, without looking, spun the bezel on a compass until the other said
‘stop’. This provided a haphazard bearing (between 0° and 360°) for the first transect.

Snakes are often found on edges between habitat types, because edges provide
opportunities for thermoregulation, foraging, and predator avoidance (Weatherhead &
Charland 1985; Durner & Gates 1993; Blouin-Demers & Weatherhead 2001). To
increase the chances of finding and capturing a Gartersnake, edge searching therefore
was incorporated into the random transect method. An edge occurred when two of any of
the following six habitat classes met: vegetation heights of 0-10cm, 10-30cm, and >30cm
each with and without canopy cover. When the transect intersected an edge, the transect
was interrupted and the edge was searched; the habitat class that was searched while on
the transect was kept on the right hand side in an attempt to return to where the transect
was paused. If this location was lost or if the transect was blocked by a structure (e.g.,
large body of water, dense bush, fence, or site border), a new compass bearing was
randomly determined and a new transect was started.

When a snake was seen lying still, approach distance (AD) was measured before
it was caught by hand. Upon exposure to predators and other threats, animals weigh the
risks and benefits of abandoning current activities, and when the risks exceed the
benefits, flee (Frid & Dill 2002). Propensity to flee is measured as AD, also termed
flight-initiation distance (Bulova 1994; Stankowich & Blumstein 2005). By definition,
AD is the distance between observer and animal when the animal starts to flee and is used
to assess fear (i.e. wariness) and/or anti-predator tactics of animals in response to
disturbance (Ydenberg & Dill 1986; Blumstein et al. 2003; Stankowich & Blumstein
2005). Snakes that were moving when first seen were caught right away without

measuring AD.
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Processing snakes

A GPS measurement (including accuracy, m) was taken at the site of capture, and
the time and current weather conditions (air temperature in °C, % cloud cover, and degree
of precipitation) were recorded to control for time of day and weather.

I collected the following information from each captured snake: sex/reproductive
condition (i.e., palpated abdomen of females to determine if pregnant), snout-vent length
(SVL, cm), mass (g), cloacal temperature (°C), shedding status (cloudy eyes or venter
indicating impending shed — Figure 4, or if skin is currently shedding), and presence of
an injury (Gregory & Isaac 2005; Santos et al. 2011). I also took a blood sample from the
heart to measure H:L (see CHAPTER 2).

Figure 4. Thamnophis ordinoides with cloudy eyes.

I discriminated between ‘injuries’ (Figure 5) and ‘nicks’ (minimal damage; Figure
6). ‘Nicks’ were small, more superficial and found on the scales on the ventral surface of
their body. I excluded individuals with ‘nicks’ from the dataset because it was highly
likely that these marks were caused by scraping against hard substrate (Gregory & Isaac

2005), as opposed to being caused by a predator (Greene 1988).
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Figure 5. Injuries inflicted on 7. ordinoides, most likely due to a failed predation attempt.

Figure 6. Nick on the ventral side of a 7. ordinoides. The snake’s head is towards the left of the
image.

All captured snakes were individually marked using implanted passive integrated
transponders (PIT-tags) to avoid pseudoreplication (through repeat observations of the
same individuals) in the statistical analyses (Ford 1995; Bailey et al. 2009). The PIT-tag
was injected at 3/4 SVL into the peritoneal cavity using a syringe with a 12-gauge needle
(Keck 1994). To do this, the needle was inserted between two ventral scales about 10
mm deep and the tag was released to one side of the ventral midline (Keck 1994; Jemison

et al. 1995).
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Disturbance regime

To obtain a general index of the disturbance regime at each site the following
were counted throughout each sampling day, both while searching for and while
sampling the snakes: the number of people and their pets (only Domestic Dogs, as I did
not see Domestic Cats), and the number of natural predators. Of the possible natural
predators of Gartersnakes (small mammals, medium and large birds, and snake-eating-
snakes; Greene 1988; Robert et al. 2009), only five avian species were observed in the
field: Red-Tailed Hawks, Buteo jamaicensis; Bald Eagles, Haliaeetus leucocephalus;
America Crows, Corvus brachyrhynchos; Common Ravens, Corvus corax; and, Turkey
Vultures, Cathartes aura. Of the natural avian predators encountered, only a Crow was
seen actively preying on a Gartersnake (Figure 7; Shine et al. 2000). I included Turkey
Vultures as a potential natural predator because, although they are scavengers and do not
attack live snakes, I made the assumption that snakes do not differentiate between species
of medium-large birds, and therefore equate Turkey Vultures with the other types of
avian natural predators. I did not include smaller avian species (e.g., American Robins,
Turdus migratorius) because their bill and overall body sizes are too small to

accommodate Gartersnakes other than young-of-the-year.

Figure 7. American Crow, Corvus brachyrhynchos preying on a Gartersnake. Photos were taken
by Jenna Cragg, M.Sc. (University of Victoria).
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Statistical analyses

All analyses and figures were completed using R version 2.14.1 and a statistical
significance level of 0.05. Data are presented in the text as mean+1 standard error (SE).
Tests for the equality of variances (F-test) and of normality (i.e., skew, kurtosis, and a
normal Q-Q plot) were carried out prior to conducting further statistical tests. The
majority of my data were not normally distributed. Instead of transforming the non-
normal data, I ran non-parametric tests (e.g., Wilcoxon rank-sum test, Spearman rank
correlations coefficients, and Kruskal-Wallis test) on all of the data.

I used notched box-and-whisker plots to portray the variability in the data by site
(or other categories). In these plots, the main ‘box’ is the interquartile range, and
comprises 50% of the data; the bottom boundary is the 25™ percentile, below which is
25% of the data (bottom ‘whisker’); the middle line is the median; and, the upper
boundary is the 75" percentile, above which is the last 25% of the data (upper ‘whisker”).
The dots beyond the ‘whiskers’ are possible outliers. The notched part of the ‘box’
portrays the 95% confidence interval around the median. As a rough rule of thumb, and a
method for informal hypothesis testing, if the notches of two box-and-whisker plots do
not overlap, this provides strong evidence that the medians of the data sets are
significantly different (p<0.05), even when the requirements for the hypothesis are not
strictly met (Chambers et al. 1983).

I used the binom.test() function in R to determine average (including 95%
confidence interval) percentages of snakes that were injured at each site. I also used
logistic regression (e.g., glm(injury~SVL, family=Binomial)) to determine how SVL
influenced injury (N=126).

I also modelled how the presence of each of people, pets, natural predators, and
potential predators influenced the number of snakes encountered (number of 7.
ordinoides caught plus the number of Thamnophis spp. seen) per hour searching. I ran
the model only for all sites combined (N=69) because the sample sizes were too small
when I separated sites (N=14 for each of CHNS, LP, MDP, MTP, and N=13 for SLNS).
A generalized additive model (gam() function in R) was used to determine the
appropriate family type (e.g., Gaussian) to be applied to the model. I ran a series of

single predictor models using the generalized linear model (glm() function in R; e.g.,
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glm(number of snakes encountered per hour searching ~ number of natural predators seen
per hour spent at the site, family=Gaussian)). The fit of each model was assessed by two
methods: for the Akaike Information Criterion (AIC), a smaller value indicates that the
model fits better and models that are within 2 of the model with the lowest AIC are all
equally important to consider when making inferences (Burnham & Anderson 2004);

and, with a Chi-squared (y°) Test, models that fit the data have p-values > 0.05. The p-

value was calculated using the residual deviation and its degrees of freedom.

RESULTS

Over the entire field season, I caught 147 Northwestern Gartersnakes and saw
another 103 Gartersnakes (Thamnophis spp.). The average number of snakes that were
caught and seen per hour at each site varied among the 69 sampling days, but there was
no obvious temporal trend (Figure 8). Between May 4™ and August 30", on average
(x1SE), 1.392+0.345 (N=69) T. ordinoides were captured per hour searching and
0.790+0.177 (N=69) Thamnophis spp. were seen per hour searching (Figure 8).
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Figure 8. Variability in the number of snakes encountered (7. ordinoides captured plus 7. spp.
seen) per hour spent searching by Julian date.

Overall, disregarding site, every type of disturbance (people, pets, natural
predators, and their cumulative influence) was positively related to the average number of
snakes encountered (7. ordinoides captured plus Thamnophis spp. seen) per hour spent

searching (Table 1). However, none of these relationships was significant (p>0.05).
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Table 1. Snake encounters were modelled against four different measures of disturbance for all
sites combined (N=69). The ‘potential predator’ category is the sum of natural predators, people,
and pets. The ‘+’ sign indicates that the independent variable has a positive influence on the
number of snakes encountered. Models within 2 AIC values of the lowest AIC value are bolded.
No model fit the data (x*; p<0.05).

Measure of Influence of P-value (Xz;

disturbance l?gﬁp gﬁ({e_fl)t:;l;ﬁ‘:lizs P-value AIC degrees of
(independent variable) freedom = 67)

encounters
Pets + 0.158 376.51 0.000
Potential predators + 0.311 377.51 0.000
People + 0.435 377.95 0.000
Natural predators + 0.620 378.32 0.000

I encountered more snakes, potential predators, and people at LP than at any other
site. On average I saw/caught 2.891+0.768 snakes per hour spent searching
(median=1.732, N=14), and saw 41.138+7.991 potential predators (median=30.254,
N=14) and 36.602+8.073 people (median=23.622, N=14) per hour spent at LP. There
were significantly more snakes at LP than at both MDP (1.260+0.565, median=0.643,
N=14, Wilcoxon rank-sum test; W=154, p<0.02; Figure 9) and MTP (0.542+0.172,
median=0.310, N=14, W=175, p<0.0005; Figure 9). I encountered the fewest snakes at
MTP in comparison with every other site. There were significantly fewer snakes at MTP
than at SLNS (1.954+0.319, median=1.915, N=13; W=28, p<0.003) and at CHNS
(2.205+0.756, median=1.410, N=14; W=155, p<0.01; Figure 9). Similarly, significantly
fewer snakes were at MDP than at SLNS (W=44.5, p<0.03; Figure 9).
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Figure 9. Notched box-and-whisker plots of the number of snakes encountered (7. ordinoides
captured plus Thamnophis spp. seen) per hour searching at each site. See explanation of plots in
text. The sites are Christmas Hill Nature Sanctuary (CHNS, N=14), Layritz Park (LP, N=14),
Mount Douglas Park (MDP, N=14), Mount Tolmie Park (MTP, N=14) and, Swan Lake Nature
Sanctuary (SLNS, N=13).

The number of potential predators seen at LP was significantly greater than at
CHNS (3.502+0.597, median=3.510, N=14, W=0, p<0.0001), at MDP (12.568+1.727,
median=13.029, N=14, W=174, p<0.0003), and at SLNS (14.522+1.911, median=14.318,
N=13, W=157, p<0.0009; Figure 10). Also, there were significantly more potential
predators seen for every hour spent at MTP (23.669+2.561, median=23.713, N=14), than
at CHNS (W=0, p<0.0001), MDP (W=30, p<0.002), and at SLNS (W=140, p<0.02;
Figure 10).
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Figure 10. Notched box-and-whisker plots of the number of potential predators (natural predators
plus people plus pets) seen per hour at each site. See explanation of plots in text. Site names (with
sample size) are abbreviated as in Figure 9.

There also were significantly more people at LP than at every other site (Figure
12): 2.075+0.452 (median=1.815, N=14, W= 0, p<0.0001) people at CHNS; 8.451£1.543
(median=7.520, N=14, W=182, p<0.0001) people at MDP; 10.514+1.213
(median=9.379, N=14, W=167, p<0.002) people at MTP; and 11.307+1.351
(median=11.591, N=13, W=152, p<0.003) people at SLNS (Figure 11).
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Figure 11. Notched box-and-whisker plots of the number of people seen per hour at each site. See
explanation of plots in text. Site names (with sample size) are abbreviated as in Figure 9.

The largest number of natural predators was seen at MTP (11.786+2.060
individuals per hour spent at MTP, median=9.671, N=14; Figure 12). This was
significantly more than the rate of natural predator sightings at CHNS (1.333+0.310,
median=1.081, N=14, W=9, p<0.0001), at LP (2.410+0.738, median=1.042, N=14,
W=23, p<0.003), at MDP (1.910+0.509, median=1.423, N=14, W=14, p<0.0001), and at
SLNS (3.11740.975, median=1.346, N=13, W=155, p<0.002; Figure 12).
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Figure 12. Notched box-and-whisker plots of the number of natural predators (see text for
species) seen per hour at each site. See explanation of plots in text. Site names (with sample size)
are abbreviated as in Figure 9.

At MTP there were significantly more pets seen than at SLNS (0.0979+0.0468,
median=0, N=13; W=178, p<0.0001) and at CHNS (0.0946+0.0361, median=0, N=14;
W=5, p<0.0001; Figure 13).
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Figure 13. Notched box-and-whisker plots of the number of pets (only Domestic Dogs) seen per
hour at each site. Site names (with sample size) are abbreviated as in Figure 9.

The fewest potential predators, natural predators, people, and pets were seen per
hour spent at CHNS compared to at every other site. I saw significantly fewer potential
predators per hour at CHNS than at MDP (2.207+0.460, median=1.698, N=14; W=14,
p<0.0001) and at SLNS (W=6, p<0.0001; Figure 10). The rate that I saw people at
CHNS was significantly less than the rate at which I saw people at MDP (W=18,
p<0.0003), at MTP (W=4, p<0.00002), and at SLNS (W=3, p<0.00003; Figure 12).

People and pets (average number seen per hour at the site) were positively

correlated (significant, p<0.05) at every site and at all sites combined (Table 2). People
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and natural predators (average number seen per hour at the site) were positively
correlated (non-significant, p>0.05) at CHNS, at MTP, and at SLNS (Table 2). Pets and
naturals predators (average number seen per hour at the site) were negatively (non-
significant, p>0.05) correlated at CHNS and LP, and people and natural predators
(average number seen per hour at the site) were negatively (non-significant, p>0.05)

correlated at LP, MDP (Table 2).

Table 2. Spearman rank correlations between types of disturbances (people, pets, and natural
predators) for each site and for all sites combined. The ‘+’ and ‘-’ signs represent positive and
negative correlations, respectively. Significant correlations (p<0.05) are indicated by a *. Site
names are abbreviated as in Figure 9.

Comparison between Site
types of disturbances (# All sites
seen/ hr spent at the site) CHNS LP MDP MTP SLNS combined
People-Pets + + + + + +%*
People-Natural predators + - - + + -
Pets-Natural predators - - + + + +

Injuries inflicted by a predator were most often on the lateral or dorsal sides of the
snake’s body and both larger and deeper than ‘nicks’. Most snakes had no injures (30.1%
injured across all sites; Figure 14). Significantly fewer snakes were injured at MDP
(15.8%) compared to at SLNS (44.4%, Wilcoxon rank-sum test; W=183, p=0.0449;
Figure 14). There were comparable percentages of injured snakes for all other site
combinations (p>0.05; CHNS — 20%, LP — 37.0%, and MTP — 15.8%). Of the snakes
with injuries, most were larger snakes; the presence of an injury was positively associated
with SVL (glm(family=Binomial); p=0.0736, N=126) and the model fit the data (y°;
p=0.0504, DF = 124). The proportion of injured snakes captured each day was weakly
correlated (rtho=-0.0436, p=0.769, N=48) with the average number of natural predators
seen per hour at all sites combined. I did not consider sites separately because the sample

size was too small (N<30).
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Figure 14. Frequency of injured snakes at each site. Values represent averages with 95%
confidence intervals. Sample size are as follows: CHNS (N=25); LP (N=46); MTP (N=19); MDP
(N=9); and, SLNS (N=27). Site names are abbreviated as in Figure 9.

DISCUSSION

Northwestern Gartersnakes and people were most abundant at LP; the counts of
both snakes and people were significantly higher at LP than the respective counts of each
at the other sites. It seems as though these snakes are well adapted to living among
people. Dogs are strongly associated with people (Reed & Merenlender 2011) but are
often nonthreatening to wild animals (Bekoff & Meaney 1997; Miller et al. 2001). In

general, predator counts are a poor predictor of injuries in snakes.
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The average number of potential predators seen per hour (N=69) predicted the
average number of snakes that were encountered per hour on any given day; sites with
more people, pets, and natural predators also had more snakes. This suggests that the
combined level of disturbance at these sites was not detrimental to the counts of
Northwestern Gartersnakes. When broken down by disturbance type, the average rates at
which I saw people, pets, and natural predators were positive predictors, although non-
significant, of the average rate of encounters with snakes. Because the AIC values of the
four models were each within 2 AIC values of the other, each type of disturbance was
equally unimportant when considering the average rate of snake encounters across all
sites (Burnham & Anderson 2004).

Reaching conclusions about predation risk and perceived threat from counts alone
can be misleading (Shochat et al. 2006). Whether or not Northwestern Gartersnakes are
threatened by the presences of each of people, pets, or natural predators may be a
question of behaviour more than of counts. The positive relationship between the counts
of potential predators and of snakes was probably confounded by how weather can affect
activity patterns of wildlife and of recreationists: on warmer, clearer days there are more
people outdoors (pers. obs.), more snakes basking in the sun (Bogert 1949; Brattstrom
1965; Gregory 1984a; Waye 1999), more active prey (Shine et al. 2000), and more
natural predators seeking prey (Chace & Walsh 2006). When animals are more active,
they are more likely to be observed. Therefore, I suspect that the model outputs describe
correlative, as opposed to causative, positive relationships.

The degree to which a habitat is used for recreation has variable impacts on reptile
individuals and populations (Neill 1950; Mollov 2005). North American Wood Turtles
became extinct in parts of Connecticut 10 years after a nature reserve opened for
recreational use (e.g., hikers and fishers; Garber & Burger 1995b), whereas the Butler’s
Gartersnake, 7. butleri, in the US Midwest does well in both urban and suburban sites
(Minton 1968). The Northwestern Gartersnake may also be well adapted to
recreationists. This species was most abundant at LP, where there were significantly
more people than at each of the other sites. The number of interactions that an animal has
with a stimulus influences how quickly it learns how to react (Knight et al. 1987).

Perhaps snakes at LP have had more non-threatening experiences with people than snakes
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at the other sites, and have thus learned to not fear people’s presence. Learning to

tolerate interactions with people has been documented in other reptiles: Cottonmouths are
increasingly passive towards people following repeated exposures (Glaudas 2004); and
lizards (Liolaemus spp.) that are exposed to high densities of humans are less threatened
by people than lizards that interact less with people (Labra & Leonard 1999).

High recreation use at LP also may indirectly lessen the predator pressure by
displacing natural predators (Muhly et al. 2011). Raptors exhibit lower abundance in
areas that are more urban and are used more by recreationists (e.g., Buehler et al. 1991)
and carnivores are less abundant in more disturbed sites (Reed & Merenlender 2011).
Therefore, there were perhaps more snakes at LP because they were less likely to be
eaten, given the low counts of natural predators at this site.

Correspondingly, the percentage of injured snakes at MTP was lower than at
SLNS, where there were significantly fewer natural predators and significantly more
snakes seen. Non-lethal injuries can be a physical indicator of an unsuccessful predation
attempt (Gregory & Isaac 2005; Gregory 2013). It is possible that natural predators at
MTP were more successful than predators at SLNS. However, the proportion of injured
snakes across sites (high at SLNS and comparatively low at MTP) did not parallel the
counts of natural predators at the sites (low at SLNS and comparatively high at MTP); the
proportion of injured snakes was non-significantly correlated with natural predator counts
across sites. The proportion of injured wildlife is not necessarily a good predictor of the
severity of predation pressure (Schoener 1979; Gregory & Isaac 2005).

Urban development can increase the abundance and diversity of resources for
wildlife (Chace & Walsh 2006). Wildlife that have their food requirements met in an
urban setting (e.g., human food hand-outs or waste) can be present in higher densities
(Garber & Burger 1995b; Chace & Walsh 2006). There were significantly higher
average rates of natural predator sightings, most of which were crows (pers. obs.), at
MTP compared to the other sites. Crows are commensal with humans and depend on
anthropogenic sources of food (Marzluff & Neatherlin 2006); these birds had a better
chance of meeting their food requirements from direct handouts or garbage (pers. obs.;
Marzluff & Neatherlin 2006) at MTP than at sites where there were fewer people. This

supplementation of food for crows could thus have an indirect effect on Gartersnakes by
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increasing predation pressure on them (e.g., Andrén et al. 1985; Kristan & Boarman
2003; Lepczyk et al. 2004).

Apparent low counts of snakes at MTP could also have been due to the road that
passes through that site. Roads are detrimental to snakes (e.g., mortality from collisions
and barrier to dispersal; Gregory 1984b; Andrews & Gibbons 2005).

Overall, the conclusions that I draw from comparing the counts of snakes with the
counts of people, of pets, and of natural predators at each site are speculative. My failure
to control for habitat quality/type and weather likely confounds my ability to draw
meaningful conclusions about how the presence of potential predators influences these
snakes. For instance, changes in habitat features along the urban gradient affect lizard
assemblages in Tucson, Arizona (Ditchkoff & Wakeling 2001). Land development in
urban areas removes ground cover and underbrush that can make habitat less suitable for
small mobile reptiles, such as Northwestern Gartersnakes, which rely on cover to escape
predators (Webb & Whiting 2005; Webb et al. 2009).

Although anthropogenic development can reduce habitat quality for some reptiles,
the Northwestern Gartersnake apparently does well at many sites in the District of
Saanich. The sites in this study contain many general habitat components that are
suitable for Northwestern Gartersnakes (e.g., light forestation and edges; Gregory 1984a).
In the following chapters, I address the stress physiology and anti-predator displays of
Northwestern Gartersnakes at these sites to make more informed conclusions about the

impacts of disturbance on them.
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CHAPTER 2 — PROFILING WHITE BLOOD CELLS IN
GARTERSNAKES TO INFER STRESS

INTRODUCTION

One way to gauge the impact of various disturbances (presence of people, pets,
and natural predators) on snakes is to measure their physiological stress responses.
Corticosterone (CORT) is the main stress hormone in snakes (Greenberg & Wingfield
1987; Preest et al. 2005). There are three alternative methods for interpreting the relative
stress levels of wildlife: analyzing CORT levels in plasma; determining fecal
concentrations of glucocorticoid metabolites; or conducting a leukocyte profile of blood
smears to indirectly infer CORT levels from the ratio of two types of white blood cells.

The most common method to interpret stress levels is to measure plasma CORT
(Davis & Maerz 2008). However, recent literature urges caution in its use when the goal
is to determine baseline CORT levels (as my aim was for this study). This is because
capture and handling during blood sampling are stressors in themselves and thus enhance
activation of the HPA axis (Romero & Reed 2005).

Quantification of fecal concentrations of glucocorticoid metabolites is more
suitable for determining baseline stress levels. These metabolites reveal an integrated
level of glucocorticoids from several hours prior to capture (Romero & Reed 2005) and
thus provide a more reliable assessment of chronic stress (Atkins et al. 2002; Rittenhouse
et al. 2005). However, analysis of feces to determine the concentration of glucocorticoid
metabolites is complex and expensive.

A cost-effective and manageable alternative to determine stress levels is the
application of a haematological approach that involves a leukocyte profile. Conducting a
leukocyte profile requires a microscope, stained slides, and a minuscule amount of blood
(5-10 pL) that can realistically be obtained from a captured snake while in the field
(Davis et al. 2011; Davis et al. 2008). The leucocyte profile method is also highly
reliable given the tight relationship between circulating leukocytes and the adrenal stress
response; increased CORT levels induce a rise in circulating heterophils and a decrease in

circulating lymphocytes (Davis et al. 2008; Davis et al. 2011). Because of this opposing
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effect of elevated CORT levels on the numbers of these leukocytes, researchers use the

ratio of heterophils to lymphocytes (H:L) to indirectly infer the degree of chronic HPA
axis activation in reptiles (Davis et al. 2008; Davis & Maerz 2008). Additionally,
because hormone-controlled proliferation of leukocytes in circulation takes hours to days
for reptiles, there is minimal potential for elevated CORT caused by capture and handling
to influence changes in H:L (Davis et al. 2008; Davis et al. 2011). Leukocyte profiling is
a consistent and predictable method (Davis et al. 2008), and is my method of choice to
infer stress levels in Northwestern Gartersnakes.

To obtain accurate measures of white blood cell abundance, it is important to
collect whole blood that is not diluted by lymph fluid (Thrall et al. 2004). Blood drawn
from veins is often diluted given the close association between blood and lymphatic
vessels (Thrall et al. 2004). Therefore, I utilized cardiocentesis (puncturing the heart)
instead of caudal venipuncture to collect blood from snakes (Thrall et al. 2004).

Snakes can have up to six different types of white blood cells: heterophils,
lymphocytes, basophils, eosinophils, monocytes, and azurophils (Davis et al. 2008).
Because the morphology and relative abundances of each cell type vary both inter- and
intra-specifically (Sykes & Klaphake 2008), published leukocyte parameters in even
closely related species provide only limited information about what the cells in
Northwestern Gartersnakes look like and in what relative abundance they exist in

circulation. I addressed the following questions:

1) What are the key morphological characteristics of each type of white blood
cell in Northwestern Gartersnakes?
2) What is the relative abundance of leukocytes in wild Northwestern

Gartersnakes?
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METHODS

Gartersnakes and the study sites they inhabit

I searched for Northwestern Gartersnakes using visual encounter surveys, along
edge-focused transects at five sites in the Greater Victoria Area, BC: Christmas
Hill/Swan Lake Nature Sanctuary (CHNS and SLNS, respectively), Mount Douglas Park
(MDP), Layritz Park (LP), and Mount Tolmie Park (MTP). Snakes were caught by hand
throughout May-August, 2012. Various data on snakes and capture location were

recorded. I also took a blood sample from the heart of each captured snake.

Sampling blood

I firmly held the snake on its back, elevated at about 45° to the ground (head up)
between the thumb and index finger of my non-dominant hand. I then located the heart,
which resides in the anterior 1/3 of the body, just craniad the lungs (Campbell & Ellis
2007; Sykes & Klaphake 2008). I detected the heart either by observing the movement of
the ventral scutes (indicating heartbeats) or by palpating the ventral surface, starting at
the base of the head and moving caudally (Campbell & Ellis 2007). In the rare event that
the heart was not detected by one of these aforementioned methods, I held the snake out
in front of me to identify the most cranial area of lung movement — the heart is just above
this. When using this method to locate the heart, more puncture attempts were required
to collect blood because the exact location of the heart was not known.

I collected blood from snakes by cardiocentesis (puncturing the heart) using
Becton, Dickonson and Company (BD) Ultra-Fine insulin syringes (0.3 cc, 12.7 mm
length, and 29-gauge needle). I chose this method because it is non-lethal, safe to use on
non-anesthetized snakes (Campbell & Ellis 2007), and is manageable for one person, at
least for small snakes (snout-vent length, SVL < 1 m, e.g., Gartersnakes; Campbell &
Ellis 2007). Also, since the blood that is obtained from the heart is not diluted with
lymph fluid, it is ideal for preparing blood smears in the field for leukocyte profiling.

To collect the blood, I held a syringe with the needle pointed cranially, and then
inserted it slightly between two ventral scutes at an angle of 30° from the snake’s body

surface. Iincreased the angle of the needle to 45° and slowly inserted it until it touched
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the snake’s spine. The plunger was slowly pulled back as the needle was slowly pulled
out of the snake until blood started to enter the syringe. The syringe was held steady until
about 3 units (0.03 mL) of blood was collected. This is well below the safe amount of
blood to collect from these snakes: reptiles can tolerate removal of up to 10% of the
blood volume, which corresponds to 0.5-0.8 mL for a 100 g individual (Sykes &
Klaphake 2008). The syringe was set aside briefly (in the shade if outside, keeping it

vertical with the needle end down) while I recorded other measurements from the snake.

Preparing blood smears

I prepared two to six blood smears per snake by placing one drop of blood onto a
microscope slide and used the bevel-edge slide technique to create a smear (Perpinan et
al. 2006). I then air-dried the slides and labelled them.

In the laboratory, I stained the smears on the same day that they were prepared
using CAMCO Quik Stain II (buffered differential Wright-Giemsa stain). A Wright’s-
Giemsa stain is sufficient for identifying most leukocytes with ease (Alleman et al. 1999).
I submerged the smears in stain for 10 seconds, and then immediately transferred them to
tap water for 20 seconds, after which I left them to air-dry. Once dry, I lightly wiped the
smears using a Kim Wipe to remove excess stain from the backs of the slides. I stored

the slides in slide boxes for later leukocyte profiling.

Leukocyte profiling

Leukocyte profiles provide information about the abundance of white blood cells.
By comparing values between individuals and/or to accepted basal values, one can learn
about an individual’s physiological status (e.g., stress and immune responses).

I profiled only the one smear with the largest area of monolayer cells for each
snake under 1000X oil immersion (Zeiss immersionsoel), using a Leitz Laborlux S
compound microscope. I started the leukocyte profile at the most distal edge of the
feather end of the smear and proceeded one field of view at a time, across the entire
smear in an ‘S’ fashion. I considered only fields of view with 15" erythrocytes in a

monolayer (Davis & Maerz 2008). I recorded the number of lymphocytes, heterophils,
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monocytes, azurophils, basophils, and eosinophils using a Unico 8-key manual cell

counter until I counted 100 white blood cells (WBC). I counted only those leukocytes
that I could identify with 100% confidence. I also counted the number of fields viewed
while identifying the cells. I determined a total WBC by counting the number of WBCs
in 10 fields of view (with erythrocytes dispersed in a monolayer across the entire field).
I used a DD12NLC camera (model 15.2) and SPOT software (version 4.5.9.9) to
take photographs of the different leukocyte types. The camera was attached to a Zeiss
microscope and was hooked up to a Macintosh computer (OS X version 10.4.11). All
leukocyte images were captured using an immersion oil objective lens (100X). The
photos were edited using Photoshop CS3 (version 10.0.1). The mean (+1 standard error,

SE) was calculated for the number of each type of leukocyte.

RESULTS

I was not able to consistently draw blood from the hearts of very small snakes.
Therefore, I report results only from individuals with SVL > 20 cm. Also, no eosinophils
were seen in Northwestern Gartersnake blood, nor were there any blood-borne parasites
in the red blood cells of these snakes.

Lymphocytes were the most abundant cell type in circulation (55.667+1.409 per
individual, median=57; Figure 15). Next, ordered from higher to lower average
abundance per snake, were azurophils (22.968+0.999, median=22), basophils
(13.135+0.615, median=12), heterophils (6.508+0.448, median=>5), and lastly monocytes
(1.722+0.227, median=1; Figure 15). The sample size was 126 in all cases.
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Figure 15. Notched boxplots of the five different types of leukocytes (Lymphocyte: L, Azurophil:
A, Basophil: B, Heterophil: H, and Monocyte: M) in blood of Northwestern Gartersnakes. See
CHAPTER 1 for a description of a boxplot. The pie chart in the top right displays the relative
proportion of each white blood cell of all types in blood.

Lymphocytes varied in size (5-10 pm; Campbell & Ellis 2007) from about half to
equal the size of erythrocytes but were most often on the smaller end (Figure 16). These
cells have a high nucleus-to-cytoplasm ratio. The cytoplasm (sparse) was blue without
granules and the nucleus was purple-pink with dense nuclear chromatin. These

comprised the most abundant cell type in circulation.
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10pm

Figure 16. Gartersnake lymphocyte (black arrow) surrounded by red blood cells - CAMCO Quik
Stain II (buffered differential Wright-Giemsa stain).

The azurophil is a type of monocyte distinct to reptiles and found in especially
high numbers in snakes (Campbell & Ellis 2007). It is moderately sized, of comparable
size to erythrocytes (Figure 17). Azurophils have blue cytoplasm and are easily
recognized by the azurophilic (pink/purple) indistinct cytoplasmic granules, typically
occupying the peripheral areas of the cytoplasm (Figure 17). The nucleus is dark pink
with dense chromatin. Non-azurophilic monocytes are of comparable size to azurophils
and erythrocytes (Figure 18). The cytoplasm is non-granulated and transparent clear to

light purple. The nucleus is purple-pink with dense chromatin (Figure 18).

Figure 17. Gartersnake azurophil (black arrow) surrounded by red blood cells — CAMCO Quik
Stain II (buffered differential Wright-Giemsa stain).
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10um

Figure 18. Gartersnake monocyte (black arrow) surrounded by red blood cells — CAMCO Quik
Stain II (buffered differential Wright-Giemsa stain).

Basophils were of comparable size to lymphocytes, and perhaps a little larger (8-
15 um; Campbell & Ellis 2007). This cell has basophilic (burgundy) cytoplasmic
granules. Sometimes the granule contents are expelled during blood processing and
granules appear as clear transparent vacuoles. The nucleus is dark pink, with dense

chromatin, and is often visually obscured by the dark granules (Figure 19).

—

10mm

Figure 19. Gartersnake basophil (black arrow) surrounded by red blood cells — CAMCO Quik
Stain II (buffered differential Wright-Giemsa stain).
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Heterophils were the largest leukocytes (10-23 um; Campbell & Ellis 2007),

about 1.5X the size of erythrocytes and are distinguished by round eosinophilic (orange)
granules that fill the cytoplasmic space (Figure 20). These granules often displace the

light blue nucleus to one side of the cell, and may completely obscure the nucleus.

r ‘.‘\.‘ 4
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Figure 20. Gartersnake heterophil (black arrow) surrounded by red blood cells - CAMCO Quik
Stain II (buffered differential Wright-Giemsa stain).

DISCUSSION

There is considerable interspecific variation in the leukocyte parameters and in
the morphological characteristics of white blood cells among reptilian species, even
within Squamata (Bounous et al. 1996; Salakij et al. 2002; Campbell & Ellis 2007;
Claver & Quaglia 2009). The abundance and morphology of blood cells can be affected
by the health, age, sex/reproductive status of the individual, the venipuncture site, the
staining (type of stain: e.g., Wright’s versus Wright’s-Giemsa stains; see Salakij et al.
2002) and evaluation of the slides, the season, in addition to environmental conditions

(Sykes & Klaphake 2008). Therefore, I cannot directly compare the abundances and
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morphology of white blood cells reported in this study on Northwestern Gartersnakes

with those in studies about other species. Additionally, I am the first to examine
lymphocytes in Northwestern Gartersnakes; there is no published information about
leukocyte parameters in this species. I therefore focus on general comparisons with the
relative abundance of leukocytes in other snake species.

Leukocytes are present in the blood of King Cobras (Ophiophagus hannah) in the
same order of abundance as I report here: lymphocytes, followed by azurophils, then
basophils, then heterophils, then monocytes, and finally eosinophils (Salakij et al. 2002).
Additionally, since a Wright’s-Giemsa stain was used to treat the blood smears of the
King Cobras there are some notable similarities in the morphological characteristics of
some cell types between King Cobras and Northwestern Gartersnakes: heterophils have
dull eosinophilic granules and lymphocytes have a very small amount of cytoplasm
surrounding the nucleus (Salakij et al. 2002).

The absence of eosinophils is not surprising because eosinophils are present in
only some squamate species (Claver & Quaglia 2009) and are often absent in snakes
(Sykes & Klaphake 2008). Eastern Diamondback Rattlesnakes (Crotalus adamanteus;
Alleman et al. 1999) and Yellow Ratsnakes (Elaphe obsoleta quadrivitatta; Bounous et
al. 1996) do not have eosinophils. However, there is also the possibility of
misidentifying eosinophils by confusing them with basophils. The use of Wright’s-
Giemsa stain can make it difficult to differentiate between the granules of basophils and
eosinophils (Salakij et al. 2002). It is likely that this is a species-specific attribute
because eosinophils are known for their round eosinophilic granules, which usually stain
orange-brown, as in heterophils (Campbell & Ellis 2007). Another potential reason for
the absence of eosinophils in circulation might be season. Generally, eosinophils are
lowest during the summer months, which is when I collected blood from the
Gartersnakes, and highest during hibernation (Thrall et al. 2004). Finally, eosinophils
fight against parasitic infections (Thrall et al. 2004). The absence of parasites on the
external body, or in the blood of the Northwestern Gartersnakes may also be why no
eosinophils were identified in circulation.

It is well established that elevations in stress hormones increase the number of

circulating heterophils (or neutrophils in mammals and amphibians) and decrease the
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number of circulating lymphocytes across all vertebrate taxa (Davis et al. 2008; Davis et

al. 2011). The abundances of azurophils (a type of monocyte only in snakes; Sykes &
Klaphake 2008), monocytes, basophils, and eosinophils are not dictated by changing
concentrations of CORT in circulation. These cells function specifically in response to
infections and injury: monocytes defend against bacterial infections; basophils aid with a
variety of inflammatory responses; and, eosinophils defend against parasitic infections
(Davis et al. 2008). Therefore, comparative analysis of the ratio of heterophils to

lymphocytes between individuals is a way to indirectly infer stress levels.
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CHAPTER 3 — INTERPRETING STRESS LEVELS OF URBAN
GARTERSNAKES

INTRODUCTION

Stress is a vital component of all vertebrates’ wellbeing. It facilitates the
recognition of, and response to, threatening stimuli (Lupien et al. 2009), whether
environmental, developmental, or physiological (Greenberg & Wingfield 1987), through
the recruitment of endocrine, behavioural, autonomic, immune, and metabolic processes
(Yao & Denver 2007). This recruitment is achieved by the hierarchical integration of the
hypothalamus, the pituitary gland, and the adrenal gland in tetrapods (Romero &
Wikelski 2002; Dedovic et al. 2009). Together, these structures are referred to as the
stress axis, or the Hypothalamo-Pituitary-Adrenal (HPA) axis, or as the HP-Interrenal
(HPT) axis in teleost fish (Yao & Denver 2007). Activation of this three-tiered system
culminates in the increased release of glucocorticoids (corticosterone, CORT in non-
human tetrapods, and cortisol in teleost fish and humans) into blood plasma (Greenberg
& Wingfield 1987; Preest et al. 2005). Once in circulation, glucocorticoids travel
throughout the body enhancing survival-promoting responses (e.g., mobilizing energy
stores) and suppressing functions that are not crucial to immediate survival (e.g., growth,
reproduction, and immune function) to re-establish homeostasis (Romero & Wikelski
2002; Moore & Jessop 2003; Gesquiere et al. 2008; Thaker et al. 2009a). This in turn
limits the costs of unfavourable influences and thereby enables the individual to recover
from the stressful situation, given that the stressor was not fatal (Romero & Wikelski
2002; Landys et al. 2006).

Stress can affect organisms in both the short and long term. Acute increased
release of CORT can be adaptive for tetrapods (Romero & Reed 2005; Gesquiere et al.
2008). A classical example is a predator attack: activation of the HPA axis activates
gluconeogenesis for the immediate mobilization of energy that the organism may utilize
in the ‘fight or flight’ response to avoid predation (Gesquiere et al. 2008). However,
prolonged CORT elevations following chronic exposure to stressors can lead to impaired

reproduction, suppressed immunity, and neuronal cell death (Romero & Wikelski 2002;
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Bailey et al. 2009; Thaker et al. 2009a). These deleterious consequences of chronic stress

are avoided through negative feedback loops that limit the respective release of
neuropeptides and hormones from the hypothalamus and the pituitary gland, and overall
decrease the release of CORT (Yao & Denver 2007; Dedovic et al. 2009). Although this
self-regulation of the HPA axis reduces the impact of prolonged CORT elevation (Moore
& Jessop 2003), a dampened stress response also means delayed physiological and
behavioural responses, which can increase the cost(s) of stressor exposure.

The structure of the HPA axis is conserved in vertebrates, but the way in which it
is activated and its actions vary both inter- and intra-specifically (Moore & Jessop 2003).
Even in response to the same stressor, individuals exhibit varied rates, durations, and
magnitudes of the synthesis and release of glucocorticoids into circulation because of
differences in their physiological state (e.g., body condition, sex/reproductive condition,
disease status), environmental conditions (e.g., resource availability, habitat quality), and
even with the season and time of day (Woodley & Moore 2002; Moore & Jessop 2003;
Landys et al. 2006). For instance, most reptiles display elevated concentrations of CORT
coinciding with the onset of feeding and activity cycles (Landys et al. 2006).
Additionally, the influence of glucocorticoids on physiology and behaviour is determined
by the amount of hormone released, the distribution and type of receptor, the levels of
corticosteroid binding globulin, and the concentration of site-specific enzymes (Landys et
al. 2006). These conditions contribute to natural fluctuations in basal glucocorticoid
levels that fall well below those characteristic of an emergency stress response
(Magiakou et al. 1997; Woodley & Moore 2002; Preest et al. 2005; Landys et al. 2006).
Predictable (e.g., seasonal change) and unpredictable (e.g., predator attack) stressors
require different modulation of the HPA axis (Robert et al. 2009); although commonly
assumed, not all HPA activation is deleterious (Greenberg & Wingfield 1987). Allostasis
addresses the actions of alternative levels of GC release (Landys et al. 2006).

The variability in the rate, duration, and magnitude of the stress response reflects
the sensitivity and plasticity of the HPA axis (Moore et al. 2001) and is termed
adrenocortical modulation (Moore & Jessop 2003). For instance, males of two
subspecies of the Common Gartersnake respond to capture stress differently depending

on the time of year (Moore et al. 2001). The male Red-Spotted Gartersnake, 7. sirtalis
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concinnus responds to capture stress with elevated CORT levels during all times of the
year supposedly, whereas male T s. parietalis, the Red-Sided Gartersnake, exhibits an
emergency stress response when exposed to capture stress only during the non-breeding
season (Moore et al. 2001). This results from different effects of climate on the length of
the breeding season in different subspecies; 7. s. concinnus has an extended breeding
season compared to 7. s. parietalis because it inhabits a more southerly region where
temperatures are higher for longer (Moore et al. 2001). With more limited reproductive
opportunities, male 7. s. parietalis seem to suppress the hormonal stress response during
the brief breeding season (Moore et al. 2001).

The majority of studies have assessed CORT responses to acute invasive stressors
(e.g., capture and handling; Moore et al. 2000). For instance, plasma CORT levels of
male Red-Sided Gartersnakes subjected to 4 hours of capture stress are significantly
greater than levels measured prior to stressor exposure for the same individual (Moore et
al. 2000). Short-term confinement also enhances HPA axis activation in many other
reptile species: Galapagos Marine Iguanas, Amblyrhynchus cristatus; Freshwater
Crocodiles, Crocodylus johnstoni, Western Fence Lizards, Sceloporus occidentalis; and,
Tree Lizards, Urosaurus ornatus (Moore & Jessop 2003).

Studies of whether chronic exposure to non-invasive human disturbance (e.g.,
people walking through reptile habitat) is stressful for reptiles are scarce and highly
concentrated on only a few reptile species (Bailey et al. 2009): continual human presence
from tourist visits does not alter baseline CORT levels in Galapagos Marine Iguanas
(Romero & Wikelski 2002), and Cottonmouths are not stressed by occasional encounters
with humans walking along footpaths (Bailey et al. 2009). Although these studies
suggest that perhaps reptiles are adaptable to low-level disturbances, and are not stressed
by the presence of humans, additional research is required in a variety of taxa, notably in
a range of reptile and amphibian species.

I carried out leukocyte profiles to indirectly determine the concentration of CORT
in circulation. Through analysis of the relative abundance of different white blood cells
(specifically the ratio of heterophils to lymphocytes, H:L), stress between individuals can
be indexed comparatively (higher H:L coincides with a higher concentration of CORT,

where a ratio > 2:1 implies a stressed individual; Davis et al. 2008; Davis 2009; Davis et
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al. 2011). Because hormone-controlled proliferation of leukocytes in circulation takes
one to a few days to change in reptiles (Davis et al. 2008; Davis et al. 2011; Davis &
Maerz 2011), the H:L is not influenced by stress incurred by capture and handling and
thus provides information about long-term or baseline stress activation in reptiles (Davis
et al. 2008; Davis & Maerz 2008). Leukocyte profiling is being implemented more and
more in ecological studies as a reliable method to assess the stress level of wildlife (Davis

et al. 2008). I focused on the following questions:

1) Are Northwestern Gartersnakes in urban parks chronically stressed (e.g., H:L
> 2:1; Davis 2009)?

2) Is there an effect of potential predator abundance on H:L values?

3) Do other factors influence H:L? Such factors may include sex/reproductive
condition, snout-vent length (SVL), mass, body temperature, presence of an

injury, and/or shedding status.

Predictions

Predation threat has indirect positive effects on circulating CORT levels (Clinchy
etal. 2011). I expected that snakes that were exposed to more predators would have
higher H:L values compared to snakes that encountered predators less often (Table 3).

Females and males respond to stressors differently, partly because oestrogen
enhances, whereas testosterone inhibits, HPA function (Handa et al. 1994). Because
females have more oestrogen, and males have more testosterone in circulation, males
generally have lower concentrations of plasma CORT compared to females (Handa et al.
1994; Clinchy et al. 2011). Additionally, pregnant females, in comparison with non-
pregnant females, have a suppressed HPA axis to avoid the deleterious effects of high
concentrations of plasma CORT on developing offspring (Magiakou et al. 1997;
Woodley & Moore 2002; Preest et al. 2005). I expected that both males and gravid

females would have lower H:L values than non-gravid females (Table 3).
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Experience enables animals to learn from previous encounters and thus better
differentiate a threat from a non-threat (e.g., Greenberg 2002; Thaker et al. 2010). I
assumed that longer snakes are generally older, and that older snakes have had more
stress-inducing encounters than younger snakes. I expected that longer Northwestern
Gartersnakes would have a down-regulated stress axis (i.e., lower H:L) to ensure that
excess CORT is released only in the face of a true threat (Table 3). Furthermore, given
that mass is generally positively correlated with SVL in snakes (e.g., Kaufman &
Gibbons 1975; Guyer & Donnelly 1990; Feldman & Meiri 2013), I anticipated that mass
would also be negatively associated with H:L (Table 3).

Furthermore, attack by a predator can be stressful for prey (Scheuerlein et al.
2001). It then follows that non-lethal injuries inflicted on prey by predators trigger the
HPA axis and increase plasma CORT levels. I predicted that injured Northwestern
Gartersnakes would have higher H:L values than uninjured snakes (Table 3).

Skin shedding is not directly affected by CORT or other adrenalcorticoids
(Halberkann 1954; Chiu & Lynn 1972), but is indirectly related to CORT release through
their common relation to metabolism: the frequency of shedding is associated with the
metabolic status of the animal (Chiu et al. 1986); and, CORT is an important hormone for
mobilizing energy stores (King & Turmo 1997; Moore et al. 2000). Although indirect, I
anticipated a positive association between CORT and skin shedding (Table 3).

Because I did not find any literature about relationships between body
temperature and CORT levels I did not make any specific predictions about how it might

have been related in Northwestern Gartersnakes (Table 3).
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Table 3. Predicted influence (positive: ‘+’, negative: ‘-’, or unknown: ‘?”) of independent
variables (site: level of disturbance, sex/reproductive condition, snout-vent length: SVL, mass,
cloacal temperature, presence of an injury, and skin shedding) on the baseline stress levels of
Northwestern Gartersnakes. The categories of the sex/reproductive condition factor are F (non-
gravid female), FG (gravid female), and M (male), where F is the reference level.

Potentially influential variables Direction of predicted influence on H:L

(‘+5 OR 6_7)

Site (level of disturbance) +

Sex/reproductive condition 1;? _-
SVL -
Mass -
Body temperature ?
Injury +
Shedding +

METHODS

Gartersnakes and the study sites they inhabit

I searched for Northwestern Gartersnakes using visual encounter surveys, along
edge-focused transects at five sites in the Greater Victoria Area, BC: Christmas
Hill/Swan Lake Nature Sanctuary (CHNS and SLNS), Mount Douglas Park (MDP),
Layritz Park (LP), and Mount Tolmie Park (MTP). I caught snakes by hand throughout
May-August, 2012. For each captured snake I took a blood sample (see CHAPTER 2)
and recorded information about other characteristics. I also determined the disturbance

regime at each site (see CHAPTER 1) and compared H:L among sites.

Statistical analyses

I used R and a statistical significance level of 0.05 when analyzing my results. I
calculated the mean H:L for non-gravid females, gravid females, and males both overall
and for each site and compared values using Wilcoxon rank-sum tests. This test was also

used to compare the H:L of individuals (same sex/reproductive condition) between sites.
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I used a series of generalized linear models to determine how site,
sex/reproductive condition, mass, SVL, skin shedding (see CHAPTER 1), presence of an
injury (see CHAPTER 1), or cloacal temperature individually influence H:L (e.g.,
glm(H:L ~ injuries, family=Gaussian). I determined the appropriate family type
(Gaussian for all cases) using the gam() function in R. I compared Akaike Information
Criterion (AIC) values to determine which variable best predicted H:L. Also, to
determine the fit of each model I performed a Chi-squared (x*) Test by using the residual
deviance and its degrees of freedom to calculate a p-value (e.g., 1-pchisq(residual
deviation, degrees of freedom) in R). Following these single predictor models I
examined the combined influence of the variables that significantly affected H:L (p<0.05)
by using the glmulti() function in R. Again, I used the residual deviance and its degrees

of freedom to calculate a p-value, following a y” distribution.

RESULTS
The mean H:L (+1SE) for all individuals and sites combined was 0.163+0.204

(N=126; Figure 21). The mean H:L values for non-gravid females, gravid females, and
males for all sites combined were 0.218+0.0510 (N=42, median=0.101), 0.0670+0.00944
(N=30, median=0.0577), and 0.173£0.0235 (N=54, median=0.102), respectively (Figures
21 & 22). Gravid females had a significantly lower H:L than both non-gravid females
(Wilcoxon rank-sum test; W=895.5, p=0.00247) and males (W=1149, p=0.00158).

Males had lower H:L values than females, but this difference was not significant

(W=1135, p=0.997).
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Figure 21. Ratio of heterophils to lymphocytes (H:L) by Julian date. The data was collected on
May 4™ to August 30" (Julian date = 124-242). The horizontal lines represent mean H:L values.
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Figure 22. Notched box-and-whisker plots of the ratio of heterophils to lymphocytes (H:L) for
non-gravid female (F), gravid female (FG), and male (M) Gartersnakes. All snout-vent lengths >
20 cm.

Shedding best predicted the variability in H:L (Table 4), compared to the other
variables that I individually modelled against H:L. The relationship between shedding
and H:L was significantly positive. Mass was also significantly related to H:L, but this
relationship was negative (Table 4). Similarly, gravid females had a significantly lower
H:L value than non-gravid females (Figure 22 & Table 4). Males also had lower H:L
values than non-gravid females, but not significantly so (Figures 22). Snout-vent length
was also a non-significant negative predictor of H:L (Table 4). Positive, non-significant
predictors of the variability in H:L included cloacal temperature and injuries excluding

nicks (Table 4). Although not significant, individuals at LP had higher H:L values than
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individuals at CHNS, whereas individuals at MDP, MTP, and SLNS had lower H:L

values compared to CHNS (Table 4). Results from the x* Test indicated that all of these
above-described single predictor models for H:L fit the data (p>0.05).

Table 4. Various independent variables were modelled to determine their influence on the ratio
of heterophils to lymphocytes (H:L) using a generalized linear model (family=Gaussian). The ‘+’
or ‘-’sign indicates that the independent variable has a positive or negative influence on the
number of snakes encountered. Model results are ordered from best to worst, by AIC value.
Significant variables (p<0.05) are indicated by a *. All models fit the data (y3*; p>0.05). N=108
for all cases. The site names are abbreviated as in Figure 9. Abbreviations for sex/reproductive
conditions are the same as in Table 3.

Influence of

2
independent P-value (i),

Independent variable variables on H:L P-value AIC d:grzes of
(‘+’ OR ‘_’) reedom
Shedding* + 0.0294 -10.015 1.000, 106

Sex/reproductive FG*: - FG*: 0.0127
condition* M: - M: 0.476 9935 1000, 105
Mass* - 0.0420 -9.393 1.000, 106
SVL - 0.240 -6.574 1.000, 106
Cloacal temperature + 0.497 -5.634 1.000, 106
Injury + 0.907 -5.175 1.000, 106

LP: + LP: 0.474

. MDP: - MDP: 0.240
Site MTP: - MTP: 0.363 -4.920 1.000, 103

SLNS: - SLNS: 0.571

The independent variables that significantly predicted H:L were sex/reproductive
condition (specifically gravid females), mass, and shedding. I combined these variables
to determine how they cumulatively predicted the variability in H:L (Table 5). All
shedding individuals had significantly lower H:L values than non-shedding individuals,
and shedding males and shedding gravid females each had a significantly lower H:L
values than shedding females. Mass was no longer significant when included as a
predictor variable with shedding and sex/reproductive condition. However, the model

that included mass fit the data marginally better (lower AIC value; Table 5).
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Table 5. Variables that were significantly related to the ratio of heterophils to lymphocytes (H:L)
from the single predictor modelling for H:L (see Table 4) were combined into a new model,
including second order interactions: glmulti (H:L ~ sex/reproductive condition + mass +
shedding, level=2, family=Gaussian). Covariates that are significant (p<<0.05) are indicated by a
*_ Both models fit the data (x*; p>0.05). N=108 for all cases. Abbreviations for sex/reproductive
conditions are the same as in Table 3.

Influence of P-vazllue
independent o),
Model In;i:lg:giesnt variables on  P-value AIC degrees
H:L of
(‘(+"OR ") freedom
Shedding* + <0.0001
H:L ~ Shedding* + FG - 0.238 1.000
[(Sex/ reproductive M + 0.389 -24.277 1 02 ’
condition)(Shedding)]*  [(Shedding)(FG)]* - 0.00265
[(Shedding)(M)]* - 0.00040
Mass + 0.964
H:L ~ Mass + Shedding* + <0.0001
Shedding + [(Sex/ FG - 0.290 92980 1.000,
reproductive M + 0.405 ’ 101
condition)(Shedding)]*  [(Shedding)(FG)]* - 0.00354
[(Shedding)(M)]* - 0.00045
DISCUSSION

Snakes in this study were not chronically stressed because all H:L values were
less than 1.4, lower than the minimum of 2 generally associated with stress (Davis 2009).
That said, drawing comparisons between individuals can elucidate information about how
sex/reproductive condition and exposure to environmental stressors (disturbance by
humans, pets, and/or natural wildlife predators at the sites) may influence the activity of
the HPA axis. In turn, this can provide information about the health of wild individuals
and of wild populations (Davis et al. 2011).

The stress axis in all vertebrates, not just in reptiles, is a very flexible system; the
functioning of the HPA axis differs relative to the physiological status of the individual

and the environmental conditions to which it is exposed (Love et al. 2013). One such
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physiological influence is sex/reproductive condition (Magiakou et al. 1997). Because
male snakes had, on average, lower H:L values than non-gravid females, there was a
potential biological difference in the activities of their stress axes.

The Hypothalamo-Pituitary-Gonadal (HPG) and HPA axes are highly
interconnected (Handa et al. 1994; Moore & Mason 2001). One way by which the HPG
axis affects the HPA axis is exemplified by differences in HPA functioning between
males and females that emerge from differences in the concentrations of circulating
gonadal steroid hormones: testosterone, a male-dominant sex hormone, inhibits the stress
axis, whereas oestrogen, the female-dominant sex hormone, enhances its functionality
(Handa et al. 1994; Magiakou et al. 1997). This hormonal difference is expressed as
females having a more robustly responsive stress axis than males following exposure to
the same stressor (Handa et al. 1994). Thus, female reptiles generally have higher levels
of CORT in circulation than male reptiles. This was the case with Northwestern
Gartersnakes living in a disturbed environment. Similarly, female New Zealand
Common Geckos (Hoplodactylus maculatus) respond to capture, handling, and
confinement with higher concentrations of CORT in circulation than males (Preest et al.
2005). However, the conventional inhibitory effect of testosterone and excitatory effect
of oestrogen on the functioning of the HPA axis may not always apply (Moore et al.
2001).

Differences in the responsiveness of the stress axis were more pronounced when I
considered female reproductive state. Gravid females had, on average, significantly
lower H:L values than both non-gravid females and males. The relationship between the
HPA axis and the female reproductive system varies depending on the reproductive state
of the individual (Magiakou et al. 1997; Woodley & Moore 2002); activity of the HPA
axis decreases as pregnancy proceeds in lizards, turtles, and caimans (Preest et al. 2005).

Possibly the most biologically relevant reason why gravid female Northwestern
Gartersnakes have significantly lower H:L values, and thus lower concentrations of
CORT in circulation, compared to non-gravid females and males, is to protect the
developing embryo(s) from exposure to high levels of CORT. In viviparous placental
vertebrates, including reptiles such as the Gartersnake (Hoffman 1970), CORT can be
transferred from mothers through the placenta to their offspring (Woodley & Moore
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2002; Robert et al. 2009). Embryos that are developing within stressed mothers are

exposed to high levels of CORT that have detrimental impacts on the offspring’s
development, affecting the programming of their stress axis, and altering morphological
and behavioural traits that can lead to reduced fitness later in life (Preest et al. 2005;
Robert et al. 2009; Love et al. 2013). For instance, pregnant female Wandering
Gartersnakes (7. elegans) that were treated with CORT had 15% higher rates of
unsuccessful pregnancy (still births and dead offspring within the first month of life) than
mothers that were not treated with CORT (Robert et al. 2009). Of the successful births,
offspring of treated mothers reversed significantly less than the offspring of non-treated
mothers (Robert et al. 2009). Reversing is an anti-predator behaviour employed by these
snakes to avoid capture (Robert et al. 2009). With compromised defensive tactics, it is
more likely that an encounter with a predator would result in death.

There are a number of mechanisms by which mothers might temporarily resist the
influences of environmental stressors to avoid the potential negative side effects that high
concentrations of CORT can have on their offspring (Wingfield & Sapolsky 2003): a
gravid snake might not perceive a challenge as stressful so as to not activate the stress
response; her HPA axis might be down-regulated; her HPG axis might be resistant to the
actions of the stress hormones; and/or her HPG axis might be up-regulated to counteract
the inhibitory effects of the stress hormones. The basis for the relationship between
plasma CORT levels and reproductive processes in live-bearing reptiles remains
theoretical, with few studies testing these hypotheses, especially in snakes (Smith et al.
2012).

The obscure nature of the causal link between the female’s reproductive condition
and the level of circulating stress steroid hormones is exhibited across all vertebrate taxa
(Wilson & Wingfield 1992). It is also an excellent example of adrenocortical modulation
in vertebrates and exemplifies the high level of integration between physiological
systems, specifically between the HPA and HPG axes. There exists a multitude of
possible biological reasons for why and mechanisms for how gravid female Northwestern
Gartersnakes have significantly less CORT in circulation (i.e., lower H:L values)
compared to both non-pregnant females and males. It is clear that this result stems from

a hormonal interaction as well as altered behaviour. Gravid females, compared to non-
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pregnant females, eat less and spend more time maintaining a high body temperature to
support their developing offspring (Gregory et al. 1999).

To examine the overall trends in H:L variability between sites I modelled site
against H:L, with sex/reproductive condition combined. Snakes at LP had more CORT
in their blood (as inferred from the higher H:L values, on average). Also, LP was
significantly more disturbed (number of people, pets, and natural predators seen per hour
spent at the site) than all other sites (see CHAPTER 1). Thus, Northwestern Gartersnakes
seem to be responding to these disturbances with an up-regulated HPA axis.

Information about the effects of long-term predator exposure on average stress
responses of birds and mammals, let alone of reptiles, is in short supply (Clinchy et al.
2011). Mean CORT levels of Song Sparrows (Melospiza melodia) were significantly
higher in a high predator pressure location compared to a low predator pressure location,
independent of sex and habitat structure (Clinchy et al. 2011). An attenuated stress
response has also been associated with adaptation to urbanization in a variety of bird
species (Schoech et al. 2004; Partecke et al. 2006; Atwell et al. 2012). These results
support my findings that higher potential predator exposure at LP, compared to the other
sites, has a positive effect on baseline CORT levels in Northwestern Gartersnakes

Mass is a significantly positive (p<0.05) predictor of the variability in H:L for
Northwestern Gartersnakes. Male tropical Stonechats (Saxicola torquata axillaris) with
more body fat (and therefore heavier) had higher plasma CORT levels than males without
visible body fat (Scheuerlein et al. 2001). Birds with less fat had a blunted stress
response perhaps to avoid depleting energy stores below a threshold level (Scheuerlein et
al. 2001). This may also apply to Northwestern Gartersnakes because increased CORT
levels trigger gluconeogenesis and lipolysis in all vertebrates to mobilize energy (Landys
et al. 2006; Breuner et al. 2013). Few studies report on mass alone (Feldman & Meiri
2013); mass is usually combined with SVL into a metric of body condition and then
compared to baseline and stress-induced CORT levels. Snout-vent length was a non-
significant predictor of the variability in H:L.

As with mass, shedding is significantly positively related to H:L values in
Northwestern Gartersnakes. Corticosterone levels in circulation are heightened when

snakes begin to shed their skin (Whittier et al. 1987). However, this relationship appears
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to be indirect. First, the administration of adrenalcorticoids, the family into which CORT
is classified, has no effect on skin shedding in squamate reptiles (Halberkann 1954; Chiu
& Lynn 1972). Additionally, the process of skin shedding is controlled by the pituitary-
thyroid axis, and therefore not by concentrations of CORT (Maderson et al. 1970; Chiu &
Lynn 1972). The significant relationship between CORT and shedding in Northwestern
Gartersnakes appears to be an indirect result of the actions of the adrenocorticotropic
hormone (ACTH). This hormone is released from the adrenal pituitary gland and
stimulates the adrenal gland to release CORT. Therefore, the actions of ACTH on CORT
release must be greater than its actions on shedding directly in Northwestern
Gartersnakes. This is very possible given that ACTH has no effect on shedding in a
closely related species, the Common Gartersnake (Chiu & Lynn 1972). Additionally, the
frequency of shedding relates to the metabolic status of the animal (Chiu et al. 1986);
corticosterone is an important hormone for mobilizing energy stores (Moore et al. 2000),
the same energy stores that are needed to facilitate the process of shedding (King &
Turmo 1997). Again, this points to an indirect relationship between CORT levels and
shedding in Northwestern Gartersnakes.

I differentiated between minimal marks, which I called ‘nicks’, from more severe
‘injuries’ (see CHAPTER 1), in an attempt to focus on injuries that were more likely to
elicit a stress response, and result in increased levels of CORT in circulation. Although
there is much debate about whether injuries are suggestive of the intensity of predation
pressure, or are better indicative of an unsuccessful predator attack (Gregory & Isaac
2005), predators can cause non-lethal injuries to their prey. Furthermore, attack by a
predator is stressful for prey (Scheuerlein et al. 2001). Theoretically, it is possible that
Northwestern Gartersnakes with injuries have higher H:L values, but this area is
generally unstudied.

Shedding remained a significantly positive predictor of H:L in multi-predictor
models. Moreover, both shedding gravid females and shedding males had significantly
lower H:L values compared to shedding non-gravid females. Mass, however, when
included with shedding and shedding*sex/reproductive condition, had no influence on
H:L. Thus, the significant effect of mass on H:L in single predictor factor models may be

spurious, presumably due to correlation with other factors.
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In addition to the above-described factors that are involved in adrenocortical
modulation in snakes and other reptiles, baseline levels of plasma CORT vary with
season. For example, both male Red-Sided and Red-Spotted Gartersnakes have higher
levels of CORT in their blood during the fall than in the summer (Moore et al. 2000).
More specifically, heterophils are present in circulation in higher abundance during the
summer than during hibernation in reptiles (Thrall et al. 2004). Because abundance of
heterophils is directly influenced by concentrations of CORT in the bloodstream, this
finding may be interpreted as reptiles having higher levels of CORT in circulation during
the summer than when hibernating. These seasonal differences in the responsiveness of
the HPA axis are suggested to be adaptations to reproduction, such that the hormonal, as
well as behavioural responses are attenuated during reproductively active periods of the
year (Moore et al. 2001; Taylor & Denardo 2011).

Results from previous studies demonstrate temporal variation in the stress
response. Therefore, to obtain a full picture of HPA axis activity in Northwestern
Gartersnakes, information needs to be gathered for more than one season (Taylor &
Denardo 2011). Re-sampling throughout one year and/or for multiple years would yield
more information about how an individual animal’s susceptibility to stress changes with
time (Taylor & Denardo 2011). This is something to consider for future studies that aim

for a more in-depth understanding of an animal’s stress response.
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CHAPTER 4 — ANTI-PREDATOR BEHAVIOUR OF URBAN
GARTERSNAKES IN RESPONSE TO AN ENCOUNTER WITH A
HUMAN

INTRODUCTION

Behaviours are immediate and plastic traits that animals implement to deal with
current environmental challenges (e.g., foraging behaviours to gain access to resources or
anti-predator behaviours to avoid potentially harmful situations; Sol et al. 2013). In the
urban environment, wildlife are challenged by a suite of disturbances different from those
encountered by non-urban wildlife, that interfere with how wildlife ‘naturally’ spend their
time and energy (Miller et al. 2001; Frid & Dill 2002; Knight 2009; Sol et al. 2013).
Some urban disturbances include foreign predators (e.g., Domestic Dogs and Cats),
increased noise and light pollution, vehicle traffic, and recreationists (Sol et al. 2013).
Wildlife detect and respond to these situation-specific threats (Whittaker & Knight 1998)
using many different types of behaviours. The flexibility of these behaviours enables
short-term adaptation in wildlife (Sol et al. 2013). Any change in behaviour that
decreases the chances of capture by another animal by making an attempt at predation
less worthwhile and/or successful is recognized as a defensive behaviour (Edmunds
1974; Greene 1988).

Learning capabilities of animals have been documented for a variety of taxa
(Herzog et al. 1989; Glaudas 2004; Raderschall et al. 2011; Sol et al. 2013). Many urban
wildlife species have become used to the presence of people and are ‘habituated’ (Knight
2009). This taming effect of urban wildlife takes time (Herzog et al. 1989). Humans can
have more immediate control over the behaviour of wildlife by attracting them with
incentives (Whittaker & Knight 1998). Whether through habituation or attraction,
interactions with humans in urban centres alter the ‘wildness’ of wildlife.

Although some animals tolerate or may even be attracted to humans, many
increase vigilance and default to avoidance and flight behaviours when around people
(Carpenter 1952; Mollov 2005; Knight 2009; Sol et al. 2013). Humans are threatening

for reptiles: lizards evade human and nonhuman predators using similar tactics (Schall &
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Pianka 1980); Massasauga Rattlesnakes employ typical anti-predator behaviours toward

humans (Prior & Weatherhead 1994). Humans have therefore been used as surrogate
predators to study defensive behaviour in animals (Labra & Leonard 1999).

Studies about defensive behaviour have been limited by the rarity of observations
of natural predator-prey interactions and our inability to experimentally control factors
that affect the interactions (Frid & Dill 2002). Our understanding of anti-predator
behaviours in animals has grown by observing and measuring animals’ responses to
humans. For animals to avoid injury or death, it is paramount that they effectively detect
and efficiently respond to the potential threat (Greene 1988; Placyk & Burghardt 2005).
Animals encountering a challenge assess the risks of the potential threat (e.g., injury or
death) against the costs of lost fitness-enhancing activities (e.g., mating, or foraging; Frid
& Dill 2002). Depending on that assessment, animals may ignore the predator and
continue current behaviours, adjust behaviours, or flee (Zug 1993; Frid & Dill 2002;
Cooper & Peréz-Mellado 2004; Cooper 2008; Sol et al. 2013).

Reptiles may employ various anti-predator tactics depending on the stage of the
predator-prey encounter (Chiszar et al. 1976; Greene 1988; Herzog et al. 1989; Zug
1993). Many animals are cryptic and avoid detection. Others, whether seen or not, may
flee to a refuge. The distance between observer and animal when the animal starts to flee
is approach distance (AD) and is used to assess fear (i.e. wariness) and/or anti-predator
tactics of animals in response to disturbance (Ydenberg & Dill 1986; Blumstein et al.
2003; Stankowich & Blumstein 2005). Defensive displays that range from ‘passive’ to
‘aggressive’ are also common anti-predator tactics in reptiles.

Encounters with predators are stressful (Scheuerlein et al. 2001). However, there
is limited information about how activation of the Hypothalamo-Pituitary-Adrenal (HPA)
axis (or ‘stress axis’) engages reptilian defence. The only study conducted thus far shows
that elevated corticosterone (CORT) levels enhance anti-predator responses (e.g., flight)
in male Tree Lizards following attack by an inanimate object (Thaker et al. 2009a). To
date, no study has experimentally established a relationship between elevated stress
caused by human exposure and anti-predator tactics in reptiles (Thaker et al. 2009a).

In this study I describe defensive behaviours of wild Northwestern Gartersnakes

living in urban parks and nature sanctuaries in the Greater Victoria area, BC. I also
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determine how these behaviours are affected by a variety of independent variables,

including one indicator of stress, H:L (see CHAPTERS 2 & 3). I examined how these
snakes responded to an encounter with a human observer (myself) during three phases of
an interaction (approach, handling, and post-release). I addressed the following

questions:

1) Are Northwestern Gartersnakes wary of humans?

2) Do these snakes respond more passively or aggressively during an encounter
with a human?

3) Is there an effect of handling on post-release flight in these snakes?

4) Do other factors influence a snake’s anti-predator behaviour during
encounters? Such factors include physiological state (e.g., body temperature,
sex/reproductive condition), body size, presence of an injury, and distance to

paths or to cover.

Predictions

I assumed that with higher concentrations of CORT in circulation, snakes could
more readily mobilize energy stores for defensive behaviours (Wingfield et al. 1995) and
therefore I predicted that individuals with higher H:L values would flee later when
approached than those with lower H:L values (Table 6).

The influence of body temperature on AD of ectotherms has not been widely
studied and no consistent trends have been shown (e.g., Stankowich & Blumstein 2005;
Gregory 2013; but see Zug 1993). I predicted that these snakes would respond similarly
to Common Gartersnakes (Heckrotte 1967; Nelson & Gregory 2000) and flee sooner
when warmer (Table 6).

In general, bigger snakes are older than smaller snakes of the same sex (Waye
1999; Roth & Johnson 2004), and they presumably have had more experience with
predators on which to base their ‘decision’ about when to flee. Experience with predators

should increase the perception of risk (Stankowich & Blumstein 2005), so larger animals



57
should flee sooner. Similarly, I predicted that injured snakes would flee sooner than

uninjured snakes because of their previous experience with predators (Gregory 2013;
Table 6). I also expected that pregnant females would flee sooner than non-pregnant
females (Table 6) because the increased mass of the former hinders their mobility (Shine
1980).

Generally, when closer to a refuge, animals flee later when approached (Frid &
Dill 2002; Stankowich & Blumstein 2005). I therefore predicted that Northwestern
Gartersnakes would also flee later when closer to cover (Table 6). On the other hand, I
could not make a clear prediction about how distance to path would affect AD.
Depending on how snakes perceived people and other disturbances that were more
common on than off trails and paths, the distance to path might have a positive or

negative effect on AD of Northwestern Gartersnakes (Table 6).

¢

Table 6. Predicted influence (positive: ‘+’, negative: ‘-’, or unknown: ‘?”) of independent
variables (snout-vent length: SVL, cloacal temperature, ratio of heterophils to lymphocytes: H:L,
injury, distance to cover, and distance to path) on approach distance (AD).

Potentially influential variables Predicted influence on AD
SVL -
Cloacal temperature +
Injury -
H:L +
Pregnancy -
Distance to cover +
9

Distance to path

I also tested the effect of the factors in Table 6 on defensive behaviours of
captured and released animals, but, based on limited and conflicting literature, made no

specific predictions about directional effects.
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METHODS

Gartersnakes and the study sites they inhabit

I searched for Northwestern Gartersnakes using visual encounter surveys, along
edge-focused transects in the Greater Victoria Area, BC. I visited five sites throughout
May-August, 2012: Christmas Hill/Swan Lake Nature Sanctuary (CHNS and SLNS),
Mount Douglas Park (MDP), Layritz Park (LP), and Mount Tolmie Park (MTP). I
captured snakes by hand and measured various characteristics (see CHAPTER 1). I also
recorded the number of each of people, pets, and natural predators that I saw throughout

each sampling day to determine the disturbance regime at each site.

Anti-predator behaviour

When a snake was seen lying still, I (observer), with the help of a graduate
student colleague (assistant), stopped to avoid further immediate disturbance of the
snake. I then placed a marker on the ground to note my starting distance (SD, the
distance between the observer and snake when the snake was first seen). The SD was
measured to account for possible collinearity with AD (Mgller 2012).

To control for the influence of predatory stimulus on AD, I consistently
approached each snake slowly, directly (with eyes fixed on the snake; Labra & Leonard
1999), and at a constant speed (0.5-1 m/s; Cooper 1997; Blumstein et al. 2003), while the
assistant watched the snake from a stationary position (Bulova 1994; Blumstein et al.
2003; Smith & Lemos-Espinal 2005). Then, once the snake began its escape I stopped
and placed a marker at my feet and at the snake’s initial position, to later measure AD,
while the assistant captured the snake by hand.

I also recorded the following measures: whether the head was visible, if the snake
was in the sun or not, and, distance (cm) to paths and cover. Cover included any
vegetation that obstructed my view of the snake (Parent & Weatherhead 2000).

I then recorded behaviours displayed by snakes while they were being handled.
Each behaviour was either displayed (scored a ‘1”) or not displayed (scored a ‘0”). I here
present and discuss only behaviours that were clearly defensive, based on the literature

(Table 7).
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Table 7. Behaviours displayed by Northwestern Gartersnakes during handling. Each snake was
scored a ‘1’ when the behaviour was displayed and a ‘0’ when it was not. Behaviours were not
mutually exclusive (i.e., snakes could display every behaviour during handling).

Behaviour Definition
Bite Teeth penetrate handler’s skin
Hide head Head is hidden by unevenly stacked body coils, which sometimes
form a ball (Dirksen et al. 1998; Figure 23)
The animal discharges an odorous scent gland secretion from the
Musk .
vent (may include feces and/or urea)
Strike Head extends towards the handler quickly and with force, but

without making contact (mouth may or may not be gaped)

Tongue extends out of the mouth, moves up and down, and is
Tongue flick quickly pulled back into the mouth (repeated at varying intervals;
(Gove 1979; Figure 24)

Body spins lengthwise, with the axis of rotation running through
Twirl the middle of the body from head to tail (snake may be held at any
part of the body)
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Figure 23. Northwestern Gartersnake displaying head hide defensive behaviour by forming an
incomplete ‘ball’
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Figure 24. Northwestern Gartersnake displaying tongue flick defensive behaviour.

Once processed, each snake was released at its capture location. The time it took
the snake to flee out of sight was recorded to the nearest millisecond. I observed
individuals fleeing for a maximum of 5 minutes. Snakes that were still visible after 5

minutes were excluded from the analyses because the exact flight time was unknown.

Statistical analyses

I used R and a nominal rejection level of a = 0.05 for all statistical analyses. I
first tested the collinearity between AD and SD using the Spearman rank-sum correlation
test. I also used this test to determine the influence of the following continuous
independent variables on AD and on time to flee out of sight: cloacal temperature, ratio
of heterophils to lymphocytes (H:L), snout-vent length (SVL), distances to cover and a
path. For binomial independent variables (injury and pregnancy) I applied the Kruskal-
Wallis test (e.g., kruskal.test() function in R). I ran these correlations for all sites and

sexes/reproductive conditions combined because the sample sizes were too small (N<30)
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when I separated data by these categories (except when I compared gravid females with
non-pregnant snakes, with males and non-gravid females pooled in the latter category).

I determined the correlation between the antipredator behavioural displays (e.g.,
bite, strike, hide head, tongue flick, musk, and twirl) using a Fisher Test (e.g.,
fisher.test(bite,strike) in R). For highly positively correlated behaviours (e.g., tho>0.5), |
considered only one of the behaviours for the remainder of the analysis, and assumed that
the highly correlated behaviour would be similarly affected by the independent variables.
Also, I calculated the probability of display for each of the defensive behaviours (except
for bite) and plotted these values with 95% confidence limits. I tested whether the
probabilities of display were significantly different between defensive tactics using a
binomial proportions test.

For binomial dependent variables, I used logistic regression. I ran single predictor
generalized linear models (e.g., glm(hide head ~ SVL, family=binomial)) to determine
how the following independent variables influenced the display of each defensive
behaviour during handling: cloacal temperature, H:L, injury, SVL, sex/reproductive
condition, and pregnancy. I assessed the fit of each model using a Chi-squared (x*) Test.
For this test I calculated a p-value using the residual deviation and its degrees of freedom.
When p>0.05, the model fit the data. I again ran these models for all sites combined
because the sample sizes were too small (N<30) when I separated data by site.

I also ran a glm with multiple independent variables (cloacal temperature and H:L
and injury and SVL and sex/reproductive condition and pregnancy) and without
interactions. The output of this full model was not any more informative than the results
from the single variable models (e.g., did not provide any different significant results).
Therefore, I do not present the results about the full model here.

In favour of using the maximum sample size for each model, I did not compare
AIC values between models. To compare AIC values between models the sample sizes
need to be the same. However, I had more information about some independent variables
(e.g., SVL and distance to cover) than others (e.g., limited data on cloacal temperature

and H:L for small snakes).



62
RESULTS
The correlation between approach distance (AD) and starting distance (SD) was
positively significant (rho=0.323, p=0.0150, N=56; Figure 25). Approach distance and
SD were related in three distinct ways (Figure 25): AD equalled SD (i.e., individuals that
fled immediately); AD equalled zero, and did not equal SD (i.e., snakes that did not flee);
and, AD equalled neither SD nor zero (i.e., intermediate group). I ran another correlation

test only for the intermediate group of snakes. Approach distance was still significantly

related to SD for these snakes (tho=0.821, p<0.0001, N=19; Figure 25).
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Figure 25. The relationship between approach distance (AD) and starting distance (SD) for
Northwestern Gartersnakes of all sexes and at all sites combined.
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Every other variable was non-significantly (p>0.05) related to AD (Table 8).

Table 8. Various independent variables were modelled to determine their influence on approach
distance (AD) using the Spearman’s rank correlation test (S; includes a correlation coefficient,
rho) or the Kruskal-Wallis test (K-W). Relationships are ordered by p-value, from lowest to
highest.

Direction of

Independent variable N Type of Rho influence on AD P-value
test used ‘o <
(‘“+’OR ‘=)
Pregnancy 59 K-W NA - 0.178
SVL 60 S 0.164 - 0.212
Distance to path 51 S 0.126 + 0.379
Injury 53 K-W NA - 0.790
H:L 52 S 0.098 + 0.488
Distance to cover 60 S 0.029 + 0.824
Cloacal temperature 53 S 0.018 - 0.897

Of the various behaviours that the snakes displayed during handling, three pairs of
behaviours were significantly positively correlated: bite and strike (Fisher test; p<0.0001,
rho=0.720); twirl and hide head (p=0.0022, rho=0.260); and, twirl and musk (p=0.0304,
rho=0.194). Of the individuals that struck at the handler (N=6), five bit. Given these
highly positive correlations between strike and bite, I consider only strike hereafter.

The proportion of snakes that displayed a defensive behaviour during handling,
for all sites combined, differed by the type of behaviour (N=147; Figure 26). Almost all
snakes flicked their tongues. This behaviour was displayed by significantly more snakes
compared to any other display (Binomial Proportions Test: Musk — y°=18.414, p<0.0001,
DF=1; Hide head — x2=49.758, p<0.0001, DF=1; Twirl — x2=54.147, p<0.0001, DF=1;
Strike — *=237.105, p<0.001, DF=1; Figure 26). Musking was another common
behaviour, and significantly more common than head hiding (x°=8.958, p=0.003, DF=1),
twirling (x*=11.158, p=0.0008, DF=1), and striking (x*=156.074, p<0.0001, DF=1;
Figure 26). Just over half of the snakes hid their head. A comparable proportion of
snakes twirled (x*=0.0559, p=0.8131, DF=1; Figure 26). Striking was the least common
behaviour displayed by the snakes during handling, and significantly so compared to all
other behaviours (Musk — x2=156.074, p<0.0001, DF=1; Hide head — x2=100.65 8,
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p<0.0001, DF=1; Twirl — y°=94.941, p<0.0001, DF=1; Figure 26). Additionally, of the

snakes that struck, half also hid their head (Figure 26). Overall, aggressive behaviours

(strike and bite) were far less common than more passive behaviours.
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Figure 26. Probability of anti-predator behaviours displayed by snakes when handled. Values
represent averages for all snakes combined (N=147) with 95% confidence intervals.
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The glm models for tongue flick, musk, and strike fit the data (x* p>0.05),

whereas the models for head hide and twirl did not (5% p<0.05; Table 9). Whether the
independent variable had a positive or negative, or significant or non-significant
influence on the display of a behaviour varied by behaviour type.

Three relationships were significant (p<0.05). Males hid their head significantly
more than non-gravid females (p=0.035; Table 9). Longer snakes musked significantly
more than shorter snakes (p<0.0001; Table 9). Cloacal temperature was a significantly
negative predictor of tongue flicking (p=0.0209; Table 9).

Most relationships were non-significant (p>0.05; Table 9), but there were some
generalities that I briefly summarize here. Snout-vent length was a positive predictor of
every behavioural display (Table 9). Additionally, every behaviour was negatively
influenced by cloacal temperature; individuals that were cooler were more likely to
display than individuals that were warmer. Snakes with an injury were generally less
likely to display a defensive behaviour, except that injured individuals twirled more than
uninjured individuals (Table 9). Snakes that had larger H:L values were more likely to
display a behaviour, except that snakes with lower H:L values hid their head more than
snakes with higher H:L values (Table 9). Males were less likely to musk than non-gravid
females and gravid females were less likely to tongue flick than non-gravid females
(Table 9). Additionally, gravid females displayed all behaviours more than non-pregnant
individuals, except for tongue flicking (Table 9): gravid females tongue flicked less than

non-gravid individuals.
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Table 9. Various independent variables were modelled to determine their influence on the display
of the behaviours using a generalized linear model (family=binomial). Model outputs are ordered
by p-value, from lowest to highest for each behavioural display. Relationships that are significant
(p<0.05) are indicated by a *. Models that fit the data (x*; p>0.05) are in bold. Abbreviations for
sex/reproductive condition are the same as Table 3.

Direction of

2
influence on P-value (),

Behaviour Independent variable N . P-value degrees of
behaviour freed
(‘+9 OR 4_7) reeaom
Sex/reproductive FG: + FG: 0.148
condition* 145 M*: + M*: 0.035 0.004, 142
. SVL 147 + 0.257 0.002, 145
Hide head Injury 126 - 0.522 0.004, 124
Pregnancy 145 + 0.563 0.003, 143
H:L 126 - 0.986 0.006, 124
Cloacal temperature 125 - 0.988 0.006, 123
SVL* 147 + <0.0001 0.799, 145
Cloacal temperature 125 - 0.101 0.935, 123
Musk H:L 126 + 0.172 0.862, 124
Injury 126 - 0.181 0.115, 124
Pregnancy 145 + 0.325 0.241, 143
Sex/reproductive FG: + FG: 0.450
condition 145 M: - M: 0.736 0.225, 142
SVL 147 + 0.186 1.000, 145
Sex/reproductive FG: + FG: 0.313
condition 145 M: + M: 0.416 1.000, 142
Strike Pregnancy 145 + 0.472 1.000, 143
Cloacal temperature 125 - 0.508 1.000, 123
H:L 126 + 0.527 1.000, 124
Injury 126 - 0.820 1.000, 124
Cloacal temperature* 125 - 0.0209 1.000, 123
Pregnancy 145 - 0.173 1.000, 143
Tongue SVL 147 + 0.203 1.000, 145
. Sex/reproductive FG: - FG: 0.234
flick condition 145 M: + M: 0878 000,142
H:L 126 + 0.292 1.000, 124
Injury 126 - 0.862 1.000, 124
Sex/reproductive FG: + FG:0.319
condition 145 M: + M: 0.167 0.002, 142
Injury 126 + 0.371 0.003, 124
Twirl SVL 147 + 0.478 0.001, 145
H:L 126 + 0.540 0.005, 124
Pregnancy 145 + 0.669 0.002, 143

Cloacal temperature 125 - 0.902 0.004, 123
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One third of variables tested had a significant (p<0.05) effect on the time it took

snakes to flee out of sight (Table 10). Of the independent variables with significant
effects (SVL, distance to cover, and pregnancy), each positively affected time to flee out
of sight; snakes that were longer, further from cover, pregnant, or male fled out of sight
significantly more slowly than snakes that were shorter, closer to cover, or not pregnant
females (Table 10).

Of the variables that had non-significant (p>0.05) effects on the time to flee,
distance to path, H:L, and cloacal temperature negatively impacted the time to flee,

whereas injury positively affected the average time to flee (Table 10).

Table 10. Various independent variables were modelled to determine their influence on the time it
took snakes to flee out of sight when released using a Spearman’s rank correlation test (S,
includes a correlation coefficient, rho) or a Kruskal-Wallice test (K-W). Results are ordered by
p-value, from lowest to highest. Significant relationships (p<0.05) are indicated by a *.
‘Interesting’ relationships (0.05<p<0.1) are indicated by parentheses.

Direction of

Independent Type of influence on time
val;iable N tesytpused Rho to flee out of sight P-value
(‘+>OR “-")
SVL* 129* S 0.341 +* <0.0001*
Distance to cover* 129* S -0.165 +* 0.00878*
Pregnancy* 127* K-W NA +* 0.0124*
(Distance to path) (118) S 0.230 ) (0.0740)
Injury 109 K-W NA + 0.247
H:L 108 S -0.101 - 0.297
Cloacal temperature 107 N 0.0538 - 0.582
DISCUSSION

In response to handling by a human, Northwestern Gartersnakes display sensory
(e.g., tongue flick), passive (e.g., head hide), disruptive (e.g., musk and twirl), and/or
aggressive (e.g., strike/bite) defensive behaviours. This is not the full suite of behaviours
that these snakes display, but represents those that were most straightforward to classify

as defensive.
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Tongue flicking is a conspicuous behaviour performed by snakes (and lizards) to
gain information about the environment (Meredith & Burghardt 1978; Scudder &
Burghardt 1983) by collecting and delivering chemical odours to the vomeronasal organ
(Chiszar et al. 1976; Gove 1979). Plains Gartersnakes (7. radix), Hognose Snakes
(Heterodon platyrhinos) and Rattlesnakes (Crotalus spp.) flick their tongues in
environments that do not contain food or sexual odours, which suggests that this
behaviour is involved in investigation of surroundings (Chiszar et al. 1976). In the
context of my study, therefore, tongue flicking is an indirect defensive behaviour
associated with assessment of the situation. Not surprisingly, given its sensory role,
tongue flicking is also set apart from other defensive behaviours by the much higher
frequency at which it was displayed (Meredith & Burghardt 1978).

Behaviours that Northwestern Gartersnakes displayed that make them less likely
to be further attacked by a potential predator include head hiding (Bustard 1969;
Carpenter 1977; Arnold & Bennett 1984), musking (Greene 1988; Sullivan & Sullivan
2012) and twirling (Carpenter 1977). Predators tend to target the head of prey (Bustard
1969; Dirksen et al. 1998), so head-hiding snakes are protecting the most vulnerable part
of the body (Carpenter 1977; Arnold & Bennett 1984; Dirksen et al. 1998). Head-hiding
is a passive behavioural display that does not directly affect the predator, other than the
lost feeding opportunity when prey successfully defend against the predator.

Musking behaviour contributes to decreased palatability of snakes to predators;
some dogs (Sullivan & Sullivan 2012), as well as other snake predators (Greene 1988),
reject snakes that have released a strong smelling fluid from their cloaca. Twirling, by
contrast, indicates an active attempt to escape from the predator’s grasp (Carpenter 1977).
Both of these behaviours are disruptive; musking and twirling are displayed to release the
snake from the predator.

Finally, striking is a display of aggression that, similar to other defensive displays,
confuses and/or distracts the predator by startling or intimidating it (Carpenter 1977,
Arnold & Bennett 1984; Dirksen et al. 1998). Very few of the Northwestern
Gartersnakes that I sampled struck; striking occurred significantly less often than any
other defensive behaviour. Thus, these snakes rely more on other defensive behaviours

(e.g., flight, passive, and/or disruptive displays) than on aggressive displays to avoid or
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deter a predator (Fitch 1940). Alternatively, my handling may not have been perceived

as threatening enough for these snakes to elicit aggressive behaviours.

Sensory, passive, disruptive, and aggressive defensive behaviours are not
mutually exclusive (e.g., half of the snakes that struck also hid their head). How
physiological and other factors influenced a display differed by behaviour type. Notably,
cloacal temperature, sex/reproductive condition, and body size had significant respective
influences on tongue flicking, head hiding, and musking.

Body temperature plays an important role in anti-predator behaviour for
ectotherms as it affects their ability to perceive, deter, or escape from a predator (Weldon
& Burghardt 1979; Shine et al. 2000). Tongue flicking is a unique trait of snakes (and
lizards) for sensing chemicals in the immediate environment (Gove 1979; Weldon &
Burghardt 1979). These two important aspects of physiology were significantly
negatively correlated in Northwestern Gartersnakes. Locomotory ability of snakes is
compromised at low temperatures (Layne & Ford 1984; Hailey & Davies 1986), so
increased vigilance via tongue flicking perhaps helps compensate for that shortcoming.
More information about the potential threat may be useful in determining what further
course of action to take; the more snakes tongue flick, the more information they collect
about the stimulus (Gove 1979). There was much variation in the rate at which snakes
flicked their tongues in my study, but I did not measure tongue flick rates, which, in
retrospect, would have been more informative. Perhaps measurements of tongue flick
rates would reconcile my results with those for Western Gartersnakes (Stevenson et al.
1985); in that species, warmer individuals tongue flicked more often than cooler snakes.

Head hiding also varied between individuals. Specifically, males hid their heads
significantly more than both non-gravid and gravid females. Perhaps male Northwestern
Gartersnakes were more passive than non-gravid females, as is the case with the
Common Gartersnake (King 2002). However, what it is about being male that could
account for the increased display of head hiding is unclear, especially given that male
Watersnakes are more aggressive than female conspecifics (Scudder & Burghardt 1983).

Musking behaviour in relation to body size also varies interspecifically. I found
that longer Northwestern Gartersnakes musked significantly more than shorter

individuals, but larger Cottonmouths musk significantly less than smaller individuals
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(Roth & Johnson 2004). Perhaps Cottonmouths rely more on aggressive behaviours than
Gartersnakes because the former are dangerously venomous and the latter are not. In
Gartersnakes, I expect that larger individuals would release larger volumes of musk than
smaller snakes, due to the greater holding capacity of larger scent glands in larger
individuals. I assume that a larger volume of musk would be more irritating and more
effectively repel a predator, possibly accounting for the size-based variation I observed.

Once released, individuals that were longer, further from cover, or pregnant took
significantly more time to flee out of sight than individuals that were smaller, closer to
cover, or not pregnant. As for the display of defensive behaviours, relationships between
various factors and flight time post handling vary among different snake species; smaller
Viperine Snakes (Natrix mauria) are more static in the presence of people whereas larger
individuals flee more readily, seemingly because smaller snakes are slower and weaker.
Smaller snakes are less efficient at delivering oxygen to their tissues than larger snakes
(Pough 1977), and therefore have a poorer chance of successful escape from a threat than
larger snakes (Hailey & Davies 1986). However, unlike Hailey and Davies (1986), I
measured flight post handling. The opposite effect of SVL on flight between
Northwestern Gartersnakes and Viperine Snakes may reflect species-specific differences
or exemplify handling effects on anti-predator behaviour in snakes.

The distance between a snake and cover had a significantly positive effect on the
time it took the snake to flee out of sight. This result is contrary to findings about other
animals. When farther from safety (e.g., vegetation in which to hide), animals generally
have a greater perception of risk, as demonstrated by their higher tendency to flee earlier
(Stankowich & Blumstein 2005). Perhaps this is because the ‘safety zone’ around an
animal was compromised by its capture, thereby invalidating the applicability of this
general trend. I suggest that perhaps snakes that were closer to cover when released had
a greater chance of reaching safety than individuals that were farther from cover; snakes
more removed from cover would need to exert more energy to flee for a larger than a
shorter distance to successfully reach safety and thus may have been more cautious in
their actions relative to snakes that were closer to a refuge.

Distance to the nearest path also affected the time to flee out of sight in these

snakes; snakes that were closer to a path took more time to flee out of sight. Although
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not significant, this result merits some discussion (0.05<p<0.1). People generally stick to

trails when visiting urban parks (Muhly et al. 2011), so proximity to path can be viewed
as an area that is concentrated in disturbance level. Northern Watersnakes (Nerodia
sipedon) are more disturbed when closer to than farther from a path, whereas Common
Gartersnakes are not significantly affected either way (Burger 2001). The results of my
study suggest that Northwestern Gartersnakes closer to a path were less disturbed than
those far away. Snakes that are associated with paths are more likely to encounter a
recreationalist and/or pet and thus may have had more experience to learn about how to
respond to these disturbances. If encounters with people and/or pets are not threatening,
then I expect snakes closer to paths are less likely to flee as readily as snakes farther from
paths.

Pregnancy had a significantly positive effect on time to flee out of sight. As
discussed above, pregnancy, especially later in the gestation period, makes individuals
less mobile, because they are weighed down by developing young, and thus up to 20-30%
slower than non-gravid females and males (Shine 1980).

Unlike flight after release, flight upon approach (AD) was not significantly
correlated with any independent variable. The inconsistency between results about AD
and time to flee out of sight suggests that there may have been a handling effect in
Northwestern Gartersnakes. Many field studies assume that interactions between
observers and animals do not influence the results (Kerr et al. 2004). However, animals
alter their behaviour depending on the type of human interaction (Rodda et al. 1988; Kerr
et al. 2004). For instance, handling in Australian Sleepy Lizards (7iliqua rugosa) leads
to increased activity compared to pre-handling levels (Kerr et al. 2004).

In addition to the potential for handling effects in these snakes, perhaps AD
responses were more variable between individuals than time to flee out of sight because I
did not account for the possibility that some snakes detected me before I detected them
(Ydenberg & Dill 1986). This was not a problem when measuring time to flee out of
sight because every individual had been exposed to a comparable level of handling (i.e.,
same measurement routine), and was thus responding to a similar level of threat.

Anti-predator behaviours are tightly coupled to potential predation threats

(Greene 1979; Gomes et al. 2002). Because I combined small samples from multiple
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sites, I could not account for the differences in predator abundances between sites (see
CHAPTER 1) and how this may have influenced behaviour. There might well be
population differences in AD (Shine et al. 2003). Assuming that the Northwestern
Gartersnakes did not move between sites, and thus comprised five distinct populations,
perhaps the different disturbance regimes at each site led to differed responses.
Geographic variation in defensive behaviours at small scales between snakes with
restricted gene flow does exist (Herzog et al. 1989). Intra-population variability in
behaviour may be why no significant trends emerged between either AD or some
defensive displays and independent variables.

On the other hand, the lack of significant results may reflect habituation in these
snakes. Habituation of anti-predator flight responses has been shown in Butler’s (7.
butleri) and Mexican (7. melanogaster) Gartersnakes (Herzog et al. 1989). Additionally,
adjustments in behaviour when faced with anthropogenic disturbances are common in
urban wildlife (Sol et al. 2013). More data for comparison between seasons and sites is
required to test the hypothesis that there were no consistent trends in AD of Northwestern
Gartersnakes because of habituation.

Northwestern Gartersnakes exhibit a variety of anti-predator behaviours in
response to an encounter with a human, relying more on sensory, passive and disruptive
than aggressive defensive behaviours. A snake’s size, sex/reproductive condition, and
cloacal temperature were the most important factors for defensive behaviours in
Northwestern Gartersnakes. Stress physiology and defensive behaviours were not
correlated in Northwestern Gartersnakes. Perhaps the snakes inhabiting these sites were
not stressed enough to warrant behavioural adjustments. Or, perhaps the relationship
between stress and behaviour in these snakes was weaker than the influences of other
morphological, physiological, and habitat characteristics. This study contributes to
growing information about the importance of biotic and abiotic factors to predator-prey

interactions (Rapport & Turner 1975).
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CHAPTER 5 — CONCLUSIONS AND APPLICATION

Overall it seems as though Northwestern Gartersnake are well adapted to living in
urban parks and nature sanctuaries: no individual was chronically stressed (H:L < 2:1 for
every individual); and, the lack of significant results for defensive displays during
handling indicated possible habituation to humans. I speculate that two major threats to
Northwestern Gartersnakes are roads and high abundance of American Crows, which
were present at MTP where there were significantly fewer snakes encountered than at the
other sites. However, differences in habitat characteristics (e.g., vegetation types and
structure) between sites were not controlled for and may be an important factor that
affected differences in abundance, physiology, and behaviour of the snakes between sites.

To be more certain that the results of this study reflect the true biology of wild
Northwestern Gartersnakes, these populations need to be monitored for more than one
field season (Gibbons et al. 2000). It took 10 years to observe a notable detrimental
effect of the presence of hikers and fishers on abundance of Wood Turtles (Garber &
Burger 1995b), and 20 years to recognize that the loss off bunch grass habitat from
grazing decimated the local population of Bunch Grass Lizards (Ballinger & Congdon
1996). If populations are monitored over time, the wildlife habitat can be managed more
effectively in an effort to maintain current biodiversity, as well as facilitate a positive and
sustainable human-wildlife relationship that contributes to healthy ecosystem functioning
(Burger 2001; French et al. 2008). For instance, the Swan Lake/Christmas Hill Nature
Sanctuary prohibits dogs, limits recreational activities (e.g., no biking, designated
pathways and restricted access to some areas), and does not have any roads that pass
through the sites. Managing anthropogenic disturbances likely supports the presence of
Gartersnakes at these sites. Generally, the coexistence of wildlife and recreationalists is
not possible without some sort of management (Knight & Cole 1995).

Green spaces that support wildlife in urban centres can also be beneficial to
recreationists. The presence of natural elements in urban centres (e.g., forests and parks)
addresses important non-consumptive human needs (e.g., well-being of urban residents;

Chiesura 2004). Also, urban green spaces can provide important environmental services
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(e.g., trees purify the air and filter noise and wind) and other economic benefits (e.g.,
green spaces can increase the attractiveness as a tourist destination; Chiesura 2004).
Furthermore, Gartersnakes are not harmful to people and can be beneficial to agriculture
as they feed on worms and slugs, especially the invasive Black Slug (Adams et al. 2006).
This study highlights the variability in how reptiles respond to encounters with
people, particularly following repeated exposure when in an urbanized landscape. The
H:L values and defensive behaviours varied between individuals in terms of differences
in their physiology (e.g., sex/reproductive condition), morphology (e.g., body size), and
ecology (e.g., degree of exposure to predators and other disturbances; Kerr et al. 2004;
Roth & Johnson 2004). These different sources of influence for intra- and inter-specific
variability in stress physiology and anti-predator behaviours point to the importance of
interdisciplinary studies for understanding how an animal faces urban challenges.
Especially in light of the anticipated human population growth that will be concentrated
in urban centres (United Nations 2011), accumulating information from many different
disciplines is of paramount importance (Magle et al. 2012) to ensure that management

decisions are biologically relevant.
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