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[bookmark: _Toc115159064]Abstract
Anthropogenic activities are causing major threats to herpetofauna worldwide. The impacts of roads are a significant threat to snakes, where extinction rates increase through direct mortality and population fragmentation. However, not all species are affected to the same degree: snake species differ in morphology, home range, movement patterns, and behaviour that influence the likelihood of interacting with roads. Within the White Lake Basin in Southern Okanagan BC, roads pose a substantial threat to Western Rattlesnakes, Great Basin Gopher snakes, and Western yellow-bellied racers; these are species with significantly different life histories, and not all species have been well studied in relation to home range and road behaviours. My study has two objectives: 1) Understand how these 3 different snake species differ in home range and movement patterns, and 2) How do these factors influence their susceptibility to road encounters and mortality. I tracked 8 adult snakes using radiotelemetry throughout their active season and determined home ranges, movement patterns, habitat usage, and interactions with roads. Results show that habitat selection between species was consistent. The racers and gopher snakes predominantly used open grassland over 80% of their summer range, while rattlesnakes used about 55% while the other portion being open coniferous, riparian, and gullies. There were 2 gopher snakes and 1 rattlesnake that crossed a road once, and 2 racers and 1 gopher snake that used roadside ditch as habitat. In addition to road interactions, den proximities to roads were not clearly linked to the degree of road interaction that the animals showed. Continuing data collection for long term road mortality data and snake movement is critical for creating road mortality mitigation management decisions. 
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[bookmark: _Toc115159067]Introduction
Wildlife populations globally are decreasing in size and largely driven by an unprecedented rate of anthropogenic threats including habitat loss, invasive species, and climate change. Among the groups most at risk are herpetofauna; globally 41% of amphibians and 21% of reptiles are listed as threatened under IUCN (2022), and over 50% of amphibian and reptile species in British Columbia (BC) are listed as species of conservation concern (MoE 2020). The most significant threat to reptiles is road mortality (CHS 2022) and therefore, must be a priority action of mitigation for the recovery/stability of these species. BC is in preliminary development of roadside mitigation measures for amphibians and reptiles (MoE 2020). Roadways are impacting wildlife populations in BC, directly from road mortality, and indirectly by acting as barriers for gene flow leading to lower genetic diversity and consequently, higher risk of extinction (Frankham et al. 2002, Clark et al. 2010). 

Road ecology on snakes is particularly relevant within the South Okanagan region of BC. Winton et al. (2020), found that road mortality is a major threat to the future persistence of Western Rattlesnakes (Crotalus oreganus oreganus) population in the White Lake basin. Understanding this community requires additional research on the behaviours associated with the current measures for effective project planning mitigation effectiveness (Rytwinski et al. 2016, Macpherson et al. 2021). Snakes have dynamic interactions with their environment and are respectively linked to the extent of their home range and habitat selection (Van Moorter et al. 2015, Viana et al. 2018). Within their home ranges they rely on communal hibernating sites called hibernaculum and use scent trails when moving throughout their ranges for mating, foraging, and help in finding hibernacula location especially for juveniles (Moe 2022, Muellman et al. 2018, B.C Reptiles and Amphibians 2022). Therefore, creating mitigation strategies must recognize the extent of the animal's home range because it impacts the likeliness of encountering roads, understanding species-specific behaviour, and life history traits (Seilder et al. 2018). Andrews et al., (2005) saw that snake species differed in road avoidance, where smaller snakes had higher levels of road avoidance and venomous snakes crossed. Studies have also seen that snakes interact with roads due to their possible attraction to the surfaces for thermoregulation and if it intersects through the extent of their home range (Waye and Shewchuk 2002; Wind 2018a). Studies done by Fortney et al., (2012) and Rouse et al., (2011), revealed the importance of snake’s hibernacula location because it influenced the susceptibility of snakes on roads and additionally, Degregorio et al., (2010) found that road mortality was related to life history traits and activity patterns such as dispersal movements. Knowledge of species-specific behaviour on home range and movement patterns is still lacking, specifically on species of conservation concern, e.g. Great Basin Gopher snake (Pituophis catenifer deserticola), and Western Yellow-bellied Racer (Coluber constrictor mormon) in the South Okanagan region of British Columbia.

The Okanagan Valley contains peripheral northern habitat for species including these 3 snake species of interest (Kirk et al. 2021). Peripheral populations can be critical components for conservation as they contain areas of speciation and genetic diversity (Fraser 1999). White Lake Grassland Protected Area is in the Southern Okanagan and is an acknowledged ‘hot spot' for conservation: it supports 57 species at risk (under SARA), 27 red- and blue-listed plant communities, and sacred cultural and traditional use sites by the Syilx people (NTBC 2021). Furthermore, the rattlesnake, gopher snake, and racer occupy the same habitat within this area, providing a significant opportunity for comparing home range and road encounter rates. Anthropogenic factors are pressuring snake persistence in the White Lake basin from 2 roads intersecting and causing a lack of connectivity of their habitat. This is causing road mortality when they interact with during their movements to and from their hibernacula and summer range. In 2018, eight eco-passages and directional fencing were installed to aid in habitat connectivity to decrease road mortality by allowing safe passage for snakes under the road. Although the effectiveness of this mitigation technique has not yet been determined road mortality and observing effectiveness continues in the White Lake basin. Therefore, the goals of my study were to determine the following, 1) Understand how these 3 different snake species differ in home range and movement patterns, and 2) How do these factors influence their susceptibility to road encounters and mortality.

[bookmark: _Toc115159068]Methods
This study is a continuation of a long-term monitoring project of snake populations within the White Lake Basin (South Okanagan BC, Canada) established in 2016. Data will be collected from April to September of 2022 within and around the White Lake Basin, South Okanagan, British Columbia. Adult rattlesnakes (n=4), gopher snakes (n=4) and racers (n=4) will be captured, processed and tracked through radiotelemetry to determine the ranges and movement patterns for each species. The snakes will be caught during early spring at their dens. The dens selected will be in proximity of a road. This study will be incredibly useful as all three species will be tracked simultaneously so that weather influences will be consistent for all animals. Upon initial capture of chosen snakes, I will process them by recording sex, weight, age, species, length, and general overall condition. They will only be processed upon initial capture, mid-season, and before ingress. Snakes will be taken to a certified vet for transmitter implantation; the snakes are only allowed to be in captivity for maximum 7 days and given 1-2 days recovery before released at site of capture. Animals will be tracked twice a week where location, habitat, air and ground temperature and humidity, cover, and behaviour will be recorded (Table 3). Habitat type is determined on the main ecosystems present. The radius to determine which ecosystems to choose was approximately within 10-20m of the snake. For example, if a snake is using open grassland but there is riparian habitat within 10-20m, then there will be 2 habitats recorded for being used. The habitat types used are transformed into proportion percentages from the total of each tracking event. I will also be recording how often snakes cross or interact with a road. The racers will be caught mid-July before their current transmitter batteries die and have them replaced with same procedures as initial implant. At the end of the study all the snakes will be recaptured for transmitter removal. Telemetry data will be processed using Microsoft Excel and Google Earth to transform coordinates into home range maps. 
[bookmark: _Toc115159069]Results
The rattlesnakes on average compared to other species traveled the farthest away from their dens (1054m).  When comparing total distance traveled, racers traveled an average of 3705m, which is 2.1 times farther than the rattlesnakes and 3.2 times farther than racers total distance. It was observed that 3 out of the 8 snakes, 2 gopher snakes and 1 rattlesnake crossed one road (Table 1). The gopher snakes chosen were 2 females and 2 males. One of the female Gopher snake’s “Sadie”, died of mortality from a bird of prey on approximately June 29, 2022. This was determined by the signal was visibly from a bird nest in an Interior Douglas Fir tree (Pseudotsuga menziesii var. glauca) (Figure 1). It’s also to note that concluding results for the racer and gopher snakes lack because, telemetry was continued into late September, early October 2022, because I was unable to capture them when the rattlesnakes were. (Table 1A).
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[bookmark: _Toc115183493]Table 1. Comparing 2 snake species and their dens distance to the nearest road and if crossed a road where 0 is did not cross, 1 is crossed once. 
	Species
	Gopher snake
	Gopher snake
	Gopher snake
	Racer
	Racer
	Racer
	Rattlesnake
	Rattlesnake

	Name
	Marisol
	Tuco
	Blondie
	Mung
	Pinto
	Chana
	Teddy
	Gene

	Crossed road
	0
	1
	1
	0
	0
	0
	0
	1

	Dens distance to road (m)
	77
	77
	130
	2
	2
	357
	77
	357

	Apogee (m)
	240
	673
	580
	1414
	615
	142
	1118
	991

	Total distance traveled (m)
	501
	1004
	1977
	3036
	3478
	326
	2126
	1308
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Great Basin Gopher snake
The male Gopher snake “Blondie” crossed the road into summer range on approximately May 24, 2022 (Figure 1). Blondie traveled approximately 1977m and apogee was 580m from the den (Table 1). Open grassland habitat was used 88% and Rocky talus was used 12% of the snake’s habitat during each tracking period. “Marisol” and “Tuco” are Gopher snakes captured at the same den but showed different summer range movement. Their dens’ West and South side open eventually to a road but, the North and East open to undeveloped open grassland and open coniferous. Marisol is female and traveled 240m from the den, 501m total distance traveled, and did not cross a road (Figure 3). The habitat she used was open grassland habitat 90.5% of the time and 9.5% in transportation in the roadside ditch. Tuco moved farther away from the den at approximately 673m and traveled total distance of 1004m (Table 1). He used open grassland habitat approximately 100% of the time and crossed the road on approximately July 15, 2022 (Figure 4). 
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Table 2.  The proportion of habitat a snake used that observed during each tracking event
	Species
	Gopher snake
	Gopher snake
	Gopher snake
	Racer
	Racer
	Racer
	Rattlesnake
	Rattlesnake

	Name
	Marisol
	Tuco
	Blondie
	Mung
	Pinto
	Chana
	Teddy
	Gene

	Open grassland (%)
	90.5
	100
	88
	82
	81
	100
	52
	68

	Riparian (%)
	-
	-
	-
	4
	9
	-
	15
	5

	Transportation (%)
	9.5
	-
	-
	-
	-
	-
	-
	10.5

	Rocky talus (%)
	-
	-
	12
	-
	-
	-
	-
	-

	Open conifer (%)
	-
	-
	-
	-
	-
	-
	-
	16

	Gully (%)
	-
	-
	-
	-
	-
	-
	33
	-

	Cultivated meadow (%)
	-
	-
	-
	14
	10
	-
	-
	-


[bookmark: _Toc115159071]

[bookmark: _Toc115159072]Western Yellow-bellied Racer
The racers chosen were all females and 3 out of 4 racers tagged with transmitters survived into their summer range. “Chana” was caught at the den farthest from the road (357m), traveled the shortest total distance (326m) and had the shortest apogee (142m) out of all the snake species (Table 1). Chana used open grassland 100% of the habitat observed and did not cross a road (Figure 7). “Mung” and “Pinto” were caught at the same den (Table 1) and did not cross a road but was seen using the roadside ditch. Mung traveled the farthest total distance (3606m) out of all the snake species and her apogee from the den was 1414m (Figure 8). She used open grassland 82%, cultivated meadow 14% and riparian 4% of her habitat. Pinto traveled a total distance of 3478m, and her apogee from the den was 615m (Figure 9). Pinto used open grassland 82%, cultivated meadow 10% and riparian 9%. 
.
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[bookmark: _Toc115159074]Great Basin Gopher snakes
All 3 gopher snakes occupied grassland for the vast majority ranging from 88-100% of their summer range. This is the habitat type normally associated with animals in this area (Bertram and Larsen 2001). Gopher snakes have a wider array of prey of small mammals including, mice, shrews, voles, and birds which are found in these grasslands (McAllister 2016). Marisol and Tuco came from the same den however, Tuco crossed the road and Marisol stayed close to the den. Blondie also crossed a road into summer range. Therefore, in this study the dens distance to a road is not showing predicable road interactions. Although some literatures have shown that females travel farther and have a larger home range than males, my results showed the opposite (Bertram and Larsen 2001). The female snake Marisol had a short apogee from the den (240m) which was more than 2 times smaller than males Tuco and Blondie (673m, 580m). Marisol also traveled 503m less than Tuco, and 1476m less than Blondie. These home ranges and distance traveled are like what Williams et al., 2011, saw in their study where some traveled much farther distances than others, and males traveled farther than females. My results may demonstrate males searching for mates by moving farther distances and which is related by female densities (Williams et al. 2011). 

[bookmark: _Toc115159075]Western Rattlesnakes
Although 2 out the 4 rattlesnakes died before sufficient data could be collected, the 2 remaining displayed significant movement patterns. Teddy and Gene are in the top 3 farthest apogees (991m, 1118m), with the racer Mung (1414m). The rattlesnakes also used a more diverse proportion of habitat than gopher snakes and especially racers. Rattlesnakes used less than half of open grassland habitat than the other two species. Teddy used forested riparian gullies for the other half, which are foraging and cover habitat types that rattlesnakes select (Sarell 2004b). Their dominant prey of mice and voles have dense numbers in these riparian areas (Hamilton et al. 2015). Another aspect that this habitat provides is dense cover that aids in cooling their body temperature down for thermoregulation requirements (Sarell 2004b). Therefore, this riparian gully habitat is critical for rattlesnakes during their summer range as it provides them all necessary resources: cover, prey abundance, and thermoregulation aids. Gene used riparian habitat but also open-coniferous habitat which provides cover from coarse woody debris that’s allow foraging opportunities and thermoregulation cover similar to that of riparian (Sarell 2004b). On the east side of the road where Gene used the open-coniferous forest, then crossed the road and used adjacent riparian habitat. The road had separated the habitat continuity and created a site of high exposure and increased mortality chances. Although not knowing why Gene choose to cross the road, these two high quality habitats were separated by this road. Teddy and Gene’s total distance traveled, and apogees are consistent with expected literature values for male rattlesnakes which are 1000-1500m (Sarell 2004b). When comparing den distances to a road, Genes was the farthest (357m), yet he traveled directly west and reached another road that was 864m away. Whereas Teddy’s den was closer (77m), and he traveled West parallel with that road and didn’t interact with it. Therefore, in this case again, the dens proximity to a road is not showing probable road interactions. 

[bookmark: _Toc115159076]Western Yellow-bellied Racers
The home range movements showed contrasting patterns when comparing Pinto and Mung to Chana. Pinto and Mung traveled the farthest distances out of all the snake species whereas Chana traveled the least. Chana’s den was the farthest from the road, yet she stayed close and only used a small portion of the large habitat that was available. In contrast, Pinto and Mungs den is right beside the road, traveled 10 times more than Chana and used the large portion of habitat available. Brown et al., 1995, state that racer apogees are typically 1000m from the den and total distance traveled is 2000m, whereas my results for Pinto and Mung surpass these by 500-1000m, and Chanas is exceptionally less. The racers predominantly used open grassland as their habitat which is consistent with literature (Brown et al. 1995). One of their main food sources are insects, which are greatly found in open grasslands and hot valleys, like the White Lake Basin (GCC 2017). They were also observed several times using roadside ditches for habitat. These results exhibit that den proximity is not showing predicable road interactions.

[bookmark: _Toc115159077]Conclusion
The 3 snake species studied in the White Lake Basin have displayed different movement and home range patterns, and behaviours within and across species (Seilder et al. 2018). Despite the loss of 4 snakes in the sample, this research stills serve as in important pilot study. There were 2 gopher snakes and 1 rattlesnake that crossed a road and 2 racers that used the road ditches for habitat during their summer range. If a snake was basing itself far away from a road, there is less assumption that will interact with a road, yet we saw Gene, Mung, and Pinto using the road even after being exceptionally far away at times. Thus, large home ranges with dens close and far away from a road are both showing road interactions. Results did show consistent data with habitat selection between species. Results show that rattlesnakes are using habitat that is approximately half open grassland during the early summer range and the latter half is open-forested and riparian habitat. Whereas the racers and gopher snakes are using open grassland throughout the summer range. These species are occupying and traveling different distances that are likely influenced by foraging for prey, thermoregulation, mating behaviours, and cover requirements. Continuing to collect data on road mortality and snake movement will be critical for creating effective road mortality mitigation management decisions.
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[bookmark: _Toc115183434]Figure 1. Telemetry for Sadie the Gophersnake. The end of the red and start of the black line shows where she was last located, and the black star indicates location of signal of confirmed mortality.
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[bookmark: _Toc115183435]Figure 2. Telemetry of Blondie’s movement from leaving the den and into summer range.


[image: A picture containing text, cement

Description automatically generated]
[bookmark: _Toc115183436]Figure 3. Telemetry of Marisol’s movement from leaving the den and into summer range.

[bookmark: _Toc115159082]Western Rattlesnakes
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[bookmark: _Toc115183437]Figure 4. Telemetry of Tuco’s movement from leaving the den and into summer range.
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Figure 5. Telemetry of Teddy's movement from leaving the den and into summer range.
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[bookmark: _Toc115183439]Figure 6. Telemetry of Gene's movement from leaving the den and into summer range.
[bookmark: _Toc115159083]Western Yellow-bellied Racers
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[bookmark: _Toc115183440]Figure 7. Telemetry of Chana's movement from leaving the den and into summer range.
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[bookmark: _Toc115183441]Figure 8. Telemetry of Mung's movement from leaving the den and into summer range.
[image: A picture containing text

Description automatically generated]
[bookmark: _Toc115183442]Figure 9. Telemetry of Pinto's movement from leaving the den and into summer range.














[bookmark: _Toc115183495]Table 3 Physical descriptions and telemetry information of each snake
	Snake Name
	Marisol 
	Tuco 
	Blondie
	Mung 
	Pinto
	Chana 
	Teddy
	Gene

	Sex
	Female
	Male
	Male
	Female
	Female
	Female 
	Male
	Male

	Species 
	Gopher snake
	Gopher snake
	Gopher snake
	Racer
	Racer
	Racer
	Rattlesnake
	Rattlesnake

	Start telemetry date
	May 2, 2022
	May 11, 2022
	May 4, 2022
	April 24, 2022
	April 17, 2022
	May 5, 2022
	May 11, 2022
	May 1, 2022

	End telemetry date
	Unknown
	Unknown
	Unknown 
	Unknown
	Unknown
	Unknown
	August 29, 2022
	August 29, 2022

	Total days tracked
	21
	20
	27
	22
	24
	18
	22
	21

	Snout to vent length (cm) (SVL)
	90.2
	107.3
	96.8
	70.3
	71.8
	63.7
	80.0
	62.0

	First Weight (g)
	329
	422
	334
	130
	124
	94
	293
	165
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