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Abstract

Burrowing owls (Athene cunicularia) were considered extirpated from British Columbia by 1980
and still require active management to sustain a breeding population. My research objective
was to investigate if predator-prey interactions limit the survival and reproductive output of
burrowing owls in British Columbia. Wildlife camera photographs and direct observations were
used to assess survival, prey return rate and availability, and predator occurrence rate at six
different conservation-breeding release sites across two regions and three reproductive-output
levels. Ten out of the twelve nests studied successfully produced at least one juvenile owl that is
presumed to have survived to the end of the 2023 breeding season. Results indicate that there
may be regional differences in reproductive output and prey availability but not predator
occurrence. Neither prey availability nor predator occurrence were significantly correlated with
burrowing owl reproductive output, although some prey metrics were trending towards
significance. However, competition over food resources with other species may be more
detrimental to burrowing owls than previously thought, particularly over vertebrate prey items.
Relationships between burrowing owls and the other species they interact with in British
Columbia are complex; predator-prey dynamics alone do not account for the variability of
burrowing owl success rates across the region. Active management such as supplemental
feeding and anti-competitor deterrents at the entrances to burrows may be necessary to support

this endangered species until it has reached more sustainable population numbers.

Keywords: burrowing owl, endangered species, wildlife management, predator-prey, trail

cameras
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Glossary

Artificial Burrow: An underground chamber used for shelter that has been man-made to
substitute for the loss of naturally available burrows. Typical structure for artificial burrows made
for burrowing owls includes stacked buckets for top access for researchers attached to a

corrugated pipe that provides surface access for the owls (Johnson et al. 2010).
Burrow: An underground tunnel, usually excavated by an animal for the purposes of shelter.

Brood: The number of hatched juveniles from one nesting attempt being cared for by their
parents (Griebel et al. 2007).

Clutch: The number of eggs in a single nesting attempt.

Corvid: A member of the Corvidae family; including crows, ravens, magpies, and jays.
Fledgling: A juvenile bird that can fly and begins to start practicing hunting on its own.
Fossorial: An animal adapted to burrowing.

Hatchling: A juvenile bird that has just hatched and still entirely reliant on its parents for food

and protection, is unable to leave the nest.
Juvenile: A young bird that has not yet reached the mature adult stage.

Nestling: A juvenile bird that is able to move and may spend time outside the burrow but is

unable to fly more than short distances and relies on parents for food.

Satellite Burrow: A burrow that is not used to nest but is located close to the nest burrow. It is

used by burrowing owls for cover and to cache surplus prey items.



1. Introduction

1.1 Declines of burrowing owl populations:

Migratory bird species have declined at unprecedented rates in North America in the last
half century and birds that breed in grassland ecosystems have declined more than any other
ecosystem type (Rosenberg et al. 2019). Grassland ecosystems only cover approximately 0.74
million hectares (<1%) of British Columbia; however, they contain more than 30% of the
threatened or endangered species of the province (Wikeem & Wikeem 2004). One such
endangered species historically found in the grasslands of British Columbia is the burrowing owl
(Athene cunicularia). Only one subspecies of burrowing owl is present in Canada: the western
burrowing owl (A. c. hypugaea; COSEWIC 2017). Burrowing owls were considered to have
been extirpated from British Columbia by 1980 (Leupin & Low 2001). Ongoing recovery efforts
from the 1990s to the present have led to a small population of burrowing owls. However, this
population is not self-sustaining and burrowing owls are still red listed in British Columbia
(COSEWIC 2017). Additional research on what limits the growth of burrowing owl populations
will be critical to guiding management actions to save this endangered species from further

extirpation in British Columbia and other Canadian provinces.

Burrowing owls are native to grasslands and shrub-steppe regions of North and South
America (Poulin et al. 2020). In Canada, burrowing owls are found in southern British Columbia,
Alberta, Saskatchewan, and Manitoba. The historical range of burrowing owls within British
Columbia is generally believed to have been mostly restricted to the grasslands of the
Okanagan-Similkameen and Thompson-Nicola regions (Figure 1; Ministry of Environment,
Lands and Parks 1998). There were also reports of burrowing owls in the Fraser Delta until
1976, but only ever one or two pairs (Ministry of Environment, Lands, and Parks 1980).
Recovery efforts in British Columbia through the relocation of owls from Washington began as
early as 1983 (Leupin & Low 2001). By 1990, a breeding program was established within British
Columbia, at the Kamloops Wildlife Park. Today, the Burrowing Owl Conservation Society of BC
(BOCSBC) breeds owls at three specialized breeding facilities. The conservation-breeding and
release program has successfully bred and released owls into artificial burrows that survive to
migration and return to British Columbia for a subsequent breeding season (Pyott et al. 2023).
As of 2018, over 1700 owls had been released and 359 owls had been confirmed to have
returned in a subsequent breeding season (Pyott et al. 2023). However, reproductive success
and return rates vary across nesting sites and a self-sustaining population has not yet been

achieved in British Columbia.
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Figure 1: The a) Thompson-Nicola and b) Okanagan-Similkameen Regional Districts of British
Columbia where burrowing owls were historically present (Google 2024; Map data: Google,
Copernicus, Data SIO, NOAA, U.S. Navy, NGA, GEBCO).

British Columbia is not the only region where burrowing owl populations have drastically
declined in recent decades. In Canada, severe declines have occurred in Alberta and
Saskatchewan, and burrowing owls have almost been extirpated from Manitoba (Pyott et al.
2023). Surveys completed by Operation Burrowing Owl in Saskatchewan estimated that by
2000, there were fewer than 10% of the breeding pairs that were present in the 1980s
(COSEWIC 2017). Observations in Alberta by Operation Grassland Community estimated a
40% decline in the number of breeding owl pairs from 57 pairs in 2006 to 34 pairs in 2014
(COSEWIC 2017). Similar declines have been observed in the northern United States (Conway
& Pardieck 2006; U.S Fish & Wildlife Service n.d.). Estimates of the population decline in
Washington ranged from a 1.5% to 3.1% decline annually by the early 2000s (Conway &
Pardieck 2006). The burrowing owl has been listed as endangered or threatened in several
states including Washington, Oregon, and California. Unfortunately, these western states also



fall along the migratory path of owls that breed in BC and may be indicative of stressors in the
wintering range of owls that breed in British Columbia. Burrowing owls were recently declared
extirpated in Orange County, California in 2014, after eight decades of observed decline (Bloom
2023). In Mexico, burrowing owls are a species with special protection (Lincer et al. 2018).
Although specific factors influencing population dynamics may differ locally, the population

decline of burrowing owls is widespread in the northern and western regions of their range.

1.2 Burrowing owl biology:

Throughout their range, burrowing owls are easily identifiable and have many
adaptations that make them unique among owls. They are a relatively small owl, weighing only
150 to 170 g on average and are about 19 to 25 cm in length (Poulin et al. 2020). Burrowing
owls arrive in British Columbia from April to May to breed throughout the summer and migrate
south along the Pacific coast in the fall (Holroyd et al. 2010). Burrowing owls are generally most
active at dawn and dusk, and unlike most owls are active during the day. Burrowing owls lay an
average of five to eight eggs per clutch in British Columbia (Leupin & Low 2001; Mitchell et al.
2011; Pyott et al. 2023). More than one clutch per breeding season is rare, though exceptions
have been noted to occur in the wild, particularly following predation events (Catlin & Rosenberg
2008; Poulin et al. 2020). Burrowing owls are indeterminate layers, meaning that the number of
eggs is not predetermined prior to laying, and they can adjust by laying more eggs in response
to a loss of eggs (Wade & Belthoff 2016). Eggs are incubated for approximately 4 weeks and
hatch asynchronously (Poulin et al. 2020). Hatchlings remain in the nest burrow and are cared
for by their parents for the first two weeks before beginning to explore outside their natal burrow.
Juveniles begin to leave their natal nests and primary parental care approximately 7 to 8 weeks
after hatching and migrate south in the fall (Todd et al. 2007; Poulin et al. 2020).

Burrowing owls live in abandoned burrows made by fossorial mammals and have
adapted a higher tolerance for carbon dioxide than other owls that nest above ground (Poulin et
al. 2020). In undisturbed habitats, burrows would likely have been created by Columbian ground
squirrels (Urocitellus columbianus) and American badgers (Taxidea taxus) in British Columbia
(Conway 2018). Other fossorial species such as prairie dogs (Cynomys spp.), Richardson’s
ground squirrels (Urocitellus richardsonii), and kangaroo rats (Dipodomys spp.) are important

burrow excavators for western burrowing owls outside of British Columbia (Conway 2018).



Typical vegetation communities surrounding nesting sites include grassland and shrub-
steppe (Poulin et al. 2020). Burrowing owls generally choose nests in areas with short sparse
vegetation and tend to prefer native grassland and pasture over cropland (Gervais et al. 2003;
Machicote et al. 2004; Poulin et al. 2005). Patches of short grass and bare ground are generally
believed to provide enhanced accessibility of prey items for owls and increase visibility for
predator detection; although denser, tall grass usually provides good habitat for prey
populations (Machicote et al. 2004; Lantz et al. 2007; Marsh et al. 2014; COSEWIC 2017).
Therefore, having short vegetation immediately surrounding the burrow but a patchier matrix of
vegetation in the surrounding area is preferred. Burrowing owls also prefer nesting in areas with
high available burrow density (Lantz 2007; Ray et al. 2016). Short vegetative cover was likely
historically maintained by fossorial herbivores such as ground squirrels and prairie dogs as well
as natural disturbance such as wildfire (Machicote et al. 2004; Wikeem & Wikeem 2004). Today,
the same process is often also performed by cattle grazing which has become a predominant
use of the grasslands of North America (Machicote et al. 2004; Wikeem & Wikeem 2004;
Rebolo-Ifran et al. 2017). In addition to short vegetative cover for visibility, low perches are also
important in creating enough visibility for predator vigilance and foraging (Scobie et al. 2014).
This includes burrows being on a slight mound of soil, nearby rocks, and short posts. Higher
perches, such as telephone poles, would likely attract larger avian predators, which increases

predation risk for burrowing owls (Scobie et al. 2014).

Burrowing owls are generalist feeders, but most of their diet consists of small mammals
(mostly voles and mice) and invertebrates (mostly grasshoppers, crickets, and beetles; Moulton
et al. 2005; Ruiz Ayma et al. 2019). Observed prey items previously found in pellets of owls in
British Columbia include: meadow vole (Microtus pennsylvanicus), deer mouse (Peromyscus
maniculatus), northern pocket gopher (Thomomys talpoides), carrion beetle (Silphidae spp.),
ground beetles (Carabidae spp.), spur-throated grasshoppers (Acridae spp.), Great Basin
spadefoot (Spea intermontane), western toad (Anaxyrus boreas), western meadowlark
(Sturnella neglecta), vesper sparrow (Pooecetes gramineus), mountain bluebird (Sialia
currucoides), and western terrestrial garter snake (Thamnophis elegans; Leupin & Low 2001).
Invertebrate prey generally composes the majority of prey items but not prey biomass, as
vertebrate prey items, although caught less, are larger. Invertebrate items can make up to 75%
to 95% of the prey items returned to the nest (Moulton et al. 2006; Balin et al. 2022). During the
breeding season, burrowing owls typically forage close to burrow entrances for invertebrates
and forage farther away at night for small mammals (Marsh et al. 2014). The hunting range for

burrowing owls is highly variable depending on individual and habitat characteristics but

4



averages of 400 m to 900 m have been reported with maximum distances upwards of 1600 m
(Gervais et al. 2003; Marsh et al. 2014)

Recorded predators of burrowing owls in the Thompson-Nicola region include coyotes
(Canis latrans), northern harriers (Circus hudsonius), red-tailed hawks (Buteo jamaicensis) and
great horned owls (Bubo virginianus; Leupin & Low 2001). It is likely that other predatory
mammals and birds would also prey upon burrowing owls if the opportunity arose. For example,
weasels (Mustela spp.), Swainson’s hawks (Buteo swainsoni), American badgers (Taxus
taxidae) and common ravens (Corvus corvax) have been identified as predators of burrowing
owls in other regions and are present in British Columbia (Moulton et al. 2006; Henderson &
Trulio 2019; Poulin et al. 2020). There is not a lot of published literature on the rate of nest
predation in burrowing owls, but predation rates of 21 to 28% of burrows have been reported in
natural burrows (Moulton et al. 2006; Henderson & Trulio 2019). If predation of a nest or adult
occurs, the remaining adult(s) most often abandon the nest within a week (Catlin & Rosenberg
2008; Henderson & Trulio 2019). Nest abandonment has also been observed after a predator

approach with unsuccessful predation.

1.3 Reintroduction Program:

The current conservation and reintroduction program of burrowing owls run by the
Burrowing Owl Conservation Society of BC consists of a mixture of active habitat management
and conservation breeding and release. Habitat management strategies employed include the
construction and maintenance of artificial burrows and mowing around burrow entrances.
Artificial burrows are constructed out of a 2 to 3 m flexible plastic tube entrance connected a
nest chamber made of an inverted plastic bucket (Appendix A; Leupin & Low 2001; Mitchell et
al. 2011). A secondary weighted bucket placed on top of the nest chamber provides access for
monitoring while preventing predators from digging up the nest chamber. Owls specifically
chosen for breeding are cared for in three separate facilities, to prevent a catastrophic event
(e.g. natural disaster, disease) from wiping out the entire breeding stock. Each year, these owls
produce offspring that are held over winter and then paired and released in April when they are
approximately 10 months old (Pyott et al. 2023). Owls are generally released using soft-release
pens (nylon mesh enclosures of approximately 2 to 3 m?) around the artificial burrow entrances
for a few weeks as this increases nesting success and the number of offspring produced

(Mitchell et al. 2011). Released and return owls are supplement fed throughout the breeding



season with mice and chicken chicks. The amount of supplement feeding changes throughout
the breeding season depending on the age of the young (highest after hatching), and all sites
are provided food at the same rate. The amount of food given is not solely enough to sustain

the owl family units.

1.4 Current stressors:

A factor that has long been believed to be largely responsible for the decline of
burrowing owls is the loss of available burrows due to declines and extirpation of many
burrowing mammals considered to be pests to agriculture and other human activities
(COSEWIC 2017; Poulin et al. 2020). Although some subspecies of burrowing owls can dig their
own burrows, A. ¢. hypugaea, the subspecies that breeds in Canada and the northwest United
States, is not able to dig their own burrows. Therefore, A. ¢. hypugaea are reliant on abandoned
burrows from species such as prairie dogs, ground squirrels, badgers, and marmots (Poulin et
al. 2005; Conway 2018). Burrowing owls have been found to be relatively tolerant of human
activity and readily nest in man-made structures such as culverts and PVC pipes near human
development (Poulin et al. 2020). This tolerance of human activity means that organizations,
such as the Burrowing Owl Conservation Society of BC, can use artificial burrows to provide a
substitute for naturally occurring burrows. As this strategy has been implemented in British
Columbia for decades, a lack of available burrows is likely not the main limiting factor for the

population recovery of burrowing owls in this region.

Therefore, a yet unidentified stressor(s) is likely limiting the burrowing owls’ ability to
survive and reproduce post-release, at rates required to sufficiently grow the population to a
self-sustaining level. Limiting factors that have been proposed as contributing to current
declines and prevention of population growth of burrowing owls in the Pacific Northwest include
decreased prey availability, increased predation rate, increasing extreme weather events, and
disease (Haley & Rosenberg 2013; Fisher et al. 2015; COSEWIC 2017; Henderson & Trulio,
2019). However, very few studies have been conducted specifically in British Columbia on
burrowing owls, and these studies have been focused on release methods (Leupin & Low 2001;
Mitchell et al. 2011; Pyott et al. 2023). No formal studies have been conducted on potential
factors currently limiting burrowing-owl reproduction and survival in British Columbia. This study

focused on food availability and predation rate, as these are the most often cited reasons for



mortality through the breeding season in burrowing owls (Leupin & Low 2001; Davies & Restani
2006; Wellicome et al. 2013; Marsh et al. 2014; Henderson & Trulio 2019).

2. Objectives

The goal of the study was to better understand whether prey availability and/or predation
rate are related to burrowing owl survival and reproduction, to help inform future decision
making and habitat management for burrowing owl recovery. My hypothesis was that the
burrowing owl population in British Columbia is limited by prey availability and predation.
Therefore, | predicted that release sites with high reproductive success and survival have higher

prey availability and/or lower predation rates than sites with low reproductive success.

The specific hypotheses of this study are:

1. Prey Limitation Hypothesis: To determine if release sites with higher reproductive output
and survival rates have higher prey availability than sites with lower reproductive output and

survival; and

2. Predator Limitation Hypothesis: To determine if release sites with higher reproductive
output and survival rates have a lower predator occurrence than sites with lower reproductive

output and survival.

3. Methods

3.1 Site Selection:

| selected six pre-existing release sites for burrowing owls across the Thompson-Nicola
region of British Columbia for this study. This included three sites in the south Kamloops area
and three sites north of Merritt. Exact locations of the release sites are not disclosed within this
paper to protect the owls from disturbance and landowner privacy, as there are very few
locations of burrowing owls left in British Columbia and they are a popular subject of
photography. Elevations of the study sites ranged from approximately 930 m to 1020 m in the

Kamloops region and 650 m to 700 m in the Merritt region. All sites fall within the Bunchgrass



Very Dry Warm (BGxw1) biogeoclimatic zone (Wikeem & Wikeem 2004). This region is
characterized by dry, open, sloping grasslands with sparse shrub cover. Common native
vegetative species in the region include bluebunch wheatgrass (Pseudoroegneria spicata),
Sandberg’s bluegrass (Poa secunda), needle-and-thread grass (Hesperostipa comata),
junegrass (Koeleria macrantha), big sagebrush (Artemisia tridentata), thread-leaved daisy
(Erigeron filifolius), large-fruited desert-parsley (Lomatium macrocarpum), sagebrush mariposa
lily (Calochortus macrocarpus), yarrow (Achillea millefolium), and arrowleaf balsamroot
(Balsamorhiza sagittate; Wikeem & Wikeem 2004). Introduced and invasive species are also
present, due to the long history of agriculture and ranching in the region. All the sites were

located on private property and the predominant land use across all sites was cattle grazing.

| selected sites for the study that had at least two pairs of nesting owls (including return
owls) after the Burrowing Owl Conservation Society of BC’s release of owls in April of 2023. The
experimental design was a randomized complete block design. Sites were blocked according to
location: Kamloops region and Merritt region. Each block included three sites: one with a
relative historically low reproductive output, one with a relative historically mid-range
reproductive output and one with a relative historically high reproductive output (treatments). |
defined reproductive output as the number of owls born and fledged (fledglings) in the wild per
released owl pairs based on data from 2015 to 2022. | used fledglings per released owl pair
instead of total fledglings as a way to standardize the reproductive output with release effort
since the number of owls released at each site varied among sites and years. As environmental
conditions, especially prey and predator populations are dynamic; survival and reproductive
output from historical breeding seasons were not compared to the 2023 prey availability and
predation measurements. However, by including sites that have had historically different
average reproductive outputs as treatments, | expected to capture a representative sample of
the natural range of reproduction and survival to be able to compare prey abundance and
predation among these sites. Additionally, | could assess whether recent historical reproductive
output was a good indicator of the current year’s reproductive output. However, prior to
analyzing whether the 2023 reproductive outputs were correlated with prey availability and
predator occurrence, the sites were re-grouped based on the 2023 reproductive output into
high, medium, and low treatments within each block to accurately represent the 2023

conditions. Each block still maintained one low, one medium, and one high reproductive site.



3.2 Field Observations & Camera Set-up:

At each of the six sites, | measured owl survival rates and reproductive output through
the 2023 breeding season from two nesting pairs (total 12 pairs, 24 owls). Owls were
considered to have survived the breeding season if they were encountered during banding
(approximately 4 weeks after hatching). After this point, fledglings generally start exploring the
surrounding area and survival would be difficult to differentiate between mortality and movement
without finding evidence of fatality. Mortality date and cause was recorded if fatalities were

observed or reasonably suspected prior to the end of breeding season.

| used Camera traps using Reconyx Hyperfire (Reconyx Hyperfire 2 Covert IR Camera;
Reconyx Inc., Holmen, Wisconsin) trail cameras to identify prey items returned to the burrow
and predator occurrence. Each nest had two cameras set at two distances to get a near view
and wide-angle view (Appendix A). A near camera (approximately 0.5 m from the mouth of the
burrow) was set to photograph when motion activated for 90 mins before and after dawn and
dusk (total 6 hours per day), when burrowing owls are most active. A second camera,
approximately 4 m away, was set to face the burrow entrance to get a wide view of the burrow
complex. This camera was also set to record when motion activated and ran 24 hr/day. Flash
was not used to avoid nest abandonment from repeated flash exposure. Therefore, most photos
were only clear enough for identification of species from dawn to dusk. Therefore, the period of
90 mins before dawn to 90 mins after dusk (approximately 19 hours) was used to calculate per

hour occurrences. Each motion activation triggered three successive photos.

3.3 Objective 1 — Prey Limitation:

| assessed prey availability using both photographs taken by cameras and ground
truthing surveys of arthropods (British Columbia Ministry of Environment, Lands and Parks
1998; Moulton et al. 2006; Mrykalo et al. 2009; Montgomery et al. 2021). Beetles, crickets,
grasshoppers, meadow voles, and deer mice are the most commonly reported prey items of
burrowing owls in the Pacific Northwest (Leupin & Low 2001; Moulton et al. 2005; COSEWIC
2017; Poulin et al. 2020). | identified prey returns to the nest from the photographs taken by the
trail cameras using field guides. Prey items were identified to species if possible. If species
identification was not possible, the items were assigned to a broader category such as “vole”,
“grasshopper”, or “rodent”. The number of prey items at each nest was then divided by the total

number of hours the cameras were active to achieve a standardized return rate.



Pitfall trapping of arthropods was completed to supplement the photo data and compare
whether trends from the photographs matched true site conditions. Each pitfall trapping station
consisted of a 16-ounce (~473 ml) clear plastic cups set flush with the ground following
established RISC protocol and what was recommended based on literature review (British
Columbia Ministry of Environment, Lands and Parks 1998; Hohbein et al. 2018). Covers were
placed approximately 2 cm above half the pitfall stations to exclude rainfall and discourage
vertebrates from entering traps. The other half were left open to lessen bias against flying
insects. A non-toxic solution of water and dish soap was used within traps and preservation
(isopropyl alcohol and freezing) occurred after traps were checked. Invertebrate trapping

occurred once in June and once in July.

Due to unforeseen cattle interference (cows pulling up the pitfall traps), a second
planned pitfall trapping session in July was not completed. Instead, grasshoppers were counted
along an encounter transect at each site to estimate the abundance of the most common
arthropod food source. For all arthropod sampling sessions, samples were taken along
transects relatively close to burrows (15 m, 30 m, and 45 m from burrows for pitfall traps and
along a 45-m transect for encounter transects) to be consistent with the foraging behaviour of
burrowing owls (Moulton et al. 2006; COSEWIC 2017; Poulin et al. 2020). Two transects were
sampled for each nest burrow (four per site). The direction of the transects was a randomly

assigned cardinal direction from the approximate centre of the burrow complex.

At trapping stations (3 per transect, 4 transects per site), | conducted a vegetation
survey consisting of vegetation height using an obstruction (Robel) pole and percent cover of a
1 m by 1 m quadrat. The purpose of the vegetation survey was to characterise whether
arthropods caught at that location would likely be accessible to owls (Marsh et al. 2014). The
Robel pole obstruction was conducted by viewing a pole marked with alternating colour every
10 cm at a 1 m height, 4 m from the pole (Robel et al., 1970). Observations of how many 10 cm
sections were not visible (obstructed) were taken from the four cardinal directions and
averaged. Percent cover was visually estimated by categorizing within five groups using a
modified Daubenmire method: 0-20% vegetative cover, 20-40% vegetative cover, 40-60%
vegetative cover, 60-80% vegetative cover, and 80-100% vegetative cover (Coulloudon et al.
1999). Observations were recorded as the mid-point in the category, for example 20-40% cover

would be recorded as 0.30. Average cover per site was then compared.
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3.4 Objective 2 — Predator Occurrence:

| used trail cameras to assess predation risk at each site as well as prey availability. The
number of predator approaches to the burrow was recorded, as well as any predation events. It
was also recorded whether owls abandoned the nest following a predator approach. | also
recorded approaches of species that may act as predators of eggs or hatchlings but were more
likely competitors for invertebrates and small mammals. Corvids are an example of this, as they
were observed several times to steal prey items from the burrows. The occurrence of predators
was then divided by the total number of hours the cameras were active to provide a

standardized predation or disturbance rate.

3.5 Data Analysis and Management:

The rate of prey return per hour and predator occurrence per hour were calculated for
each site. | included four weeks of data for each nest, corresponding with the period from
hatching to assumed fledging of juveniles. This period is the most important for both food
availability and predation (Davies & Restani 2006; Mitchell et al. 2011; Wellicome et al. 2013;
Henderson & Trulio 2019). The only exception to this was one nest in the Kamloops region
which hatched earlier than expected. Eleven days during the early hatchling and nestling period
were not captured, so the camera hours for that nest were adjusted accordingly. Camera hours
were also adjusted for a couple of sites if a camera was knocked over and the intended field of
view was not captured. Days with over 10 mm of precipitation in a twenty-four-hour period were
also excluded from the analysis, as owls were expected to be less active in rainy conditions
(Fisher et al. 2015). Daily precipitation amount was determined via Environment Canada using

the nearest available weather station.

For each site, the average of two nests was used for site statistics unless a nesting
attempt completely failed prior to hatching. After nest failure (burying of the eggs), surviving
adults tended to remain in the area for a few days before disappearing. Therefore, data
collected from these nests were not considered representative of the true prey availability and
predation rate for those sites. Two nest failures occurred in the Merritt region. For these sites,
data for the remaining successful nest was used instead of an average, as it was considered
more representative of the site conditions relevant to the study. Count data was transformed by
taking the square root to approximate a normal distribution more closely prior to running

statistical tests.
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An ANOVA was used to compare differences in egg survival, prey availability, predator
occurrence, and vegetation metrics between sites with a low, medium, and high reproductive
output treatments (two sites per treatment). A significant difference indicated that the treatments
differed in terms of biotic environmental conditions that would be expected to affect reproductive
output. A student’s t-test was used to compare differences between the two regional blocks
(Merritt and Kamloops, BC). A significant difference indicated that the region where the owls
were released affects outcomes and was expected to represent differences in climate,
vegetative communities and regional prey and predator densities. Pearson’s correlation was
used to determine if prey availability, predator occurrence, and egg survival were correlated with
the number of fledglings (Wickham et al. 2023). Significant differences for all tests were
assessed at p < 0.10. All statistics were calculated using R in RStudio (R Core Team 2023;
RStudio Team 2023, version 2023.09+463).

4. Results
The 24 adult owls included in this study produced a total of 50 offspring. Ten out of the

twelve nests successfully produced at least one offspring, a nesting success rate of 83%. One
nest failed following female mortality caused by weasel predation. The reason for the second
nest failure is unknown. There was not a specific predation event captured on camera, but
several corvids and one coyote were seen in the area of the nest in the days preceding the eggs

being buried.

The mean (z standard deviation) number of offspring that survived to fledgling per
successful nesting attempt for all study sites was 5 (x 2.1) (range = 2 — 10). The mean number
of eggs laid per successful nest was 7.7 (x 1.6). The mean percent of eggs laid that survived to
fledge in successful nests was 74.3% (x 16.5%). Including unsuccessful nests, the mean

number of fledglings was 4.2 (£ 2.8) and the number of eggs per clutch was 7.8 (x 1.5).

The twelve nests were observed using camera traps for a total of 5799 hours during the
2023 breeding season. The expected variability was observed, with one site reporting at least
double the reproductive output, invertebrate prey, vertebrate prey, total prey, or predator
occurrence than another site (Table 1). Unexpectedly, the sites with the highest prey return rates

were not the sites with the highest reproductive output, nor did the sites with the lowest prey
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return rates necessarily have a low reproductive output. Predator occurrence was generally less

variable than prey return rate.

Table 1: Mean (£SD) fledglings per successful nesting attempt, vertebrate prey per hour,

invertebrate prey per hour, total prey per hour, and predators per hour. Data represented two

research blocks (Merritt and Kamloops, BC, Canada) and three treatments (low, medium, and

high reproductive output for burrowing owls). Data were collected for the summer 2023.

*indicates that data was based on one nest instead of an average between two as only one

nesting attempt was successful.

Fledglings
Site Vertebrate Invertebrate
per Total Prey Predators
(Reproductive Prey Per Prey Per
Successful Per Hour Per Hour
Treatment) Hour Hour
Nest
(Low) (2.12) (0.01) (0.10) (0.09) (0.00)
(Medium) (0.71) (0.04) (0.11) (0.06) (0.01)
(High) (2.83) (0.10) (0.03) (0.07) (0.02)
Merrit L* 2 0.11 0.03 0.14 0.04
(Low) (NA) (NA) (NA) (NA) (NA)
Merrit M 35 0.04 0.03 0.07 0.01
(Medium) (0.71) (0.01) (0.03) (0.07) (0.00)
Merrit H* 5 0.05 0.01 0.06 0.01
(High) (NA) (NA) (NA) (NA) (NA)
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4.1 Return Owils:

Return owls have been found in previous studies to produce more offspring then release
owls, likely due to increased hunting ability and predator avoidance behavior with age (Pyott et
al. 2023). Return owls produced more fledglings than newly released owls in both cases where
both types were present, but the difference was not significant (t> = -1.21, p = 0.35). No
significant differences were detected between return owls versus release owls for vertebrate
prey per hour returned (t2 = -1.54, p = 0.26), invertebrate prey per hour returned (t, = 1.09, p =
0.39), or total prey per hour returned (t> = -0.05, p = 0.97). Therefore, nests with return parents
were not considered to have significantly skewed the results and were included in the site
comparisons. Additionally, the nest that produced the fewest fledglings (2 fledglings) had a
return male and there were return nests not included in the study that failed. It should be noted
that the Merrit L return nested much later in the season than would be expected for a return owl,
as return owls usually arrive at sites prior to the released owls. Therefore, including return owl
nests for this study was deemed valid, as no significant differences between the return owls and
released owls for the parameters included was detected and site characteristics (such as prey

availability and predator occurrence) affect both return owl and release owl success.

4.2 Prey ltems & Predator Occurrence:

A total of 666 prey items were identified during the hatching to fledgling period across all
sites. Voles (Microtus spp.) were the most common vertebrate prey, followed by mice
(Peromyscus and Zapus spp.). Pockets gophers, amphibians, sparrows, and shrews were also
identified in smaller numbers. The majority of invertebrates could not be identified to family from
the photographs but were likely mostly a mixture of ground (Carabidae spp.) and darkling
(Tenebrionidae spp.) beetles, based on field observations. The more distinctive grasshoppers,
carrion beetles, and Lepidoptera species could be identified to family or higher in photographs
when owls were consuming them. Of these, grasshoppers were consumed the most often. The

proportion of prey items by type identified at each site is shown in Figure 2.

A total of 185 predators (and competitors) were identified during the hatching to fledgling
period across all sites. Corvids (crows, ravens, and magpies) were the most commonly
identified species in the trail camera photographs. The proportion of predators by type identified

at each site is shown in Figure 3.
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Figure 2: The proportion of prey items observed at each site. Shades of blue indicate vertebrate

prey, shades of green indicate invertebrate prey, and pink indicates supplemental prey items

given to the owls by the Burrowing Owl Conservation Society during their monitoring activities.
Data represented two research blocks (Merritt and Kamloops, BC, Canada) and three

treatments (low, medium, and high reproductive output for burrowing owls). Data were collected

for the summer 2023.
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Figure 3: The proportion of each type of predator and competitor observed at each site. Data
represented two research blocks (Merritt and Kamloops, BC, Canada) and three treatments

(low, medium, and high reproductive output for burrowing owls). Data were collected for the

summer 2023.
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4.3 Reproductive Treatments & Region Blocks:

There was a significant difference between the three reproductive treatments (high,
medium, and low) for 2023 reproductive output (F22= 59.36, p = 0.02). A Tukey Honest
Significant Differences test for the reproductive output indicated that all treatments were
significantly different from each other (p = 0.02 — 0.07). There was not a significant difference
between the three reproductive treatments for egg survival (F22 = 2.84, p = 0.26), total prey per
hour (F22= 0.05, p = 0.95), invertebrate prey per hour (F2, = 5.06, p = 0.17), vertebrate prey per
hour (F22=0.22, p = 0.82), or predator occurrence (F22 = 0.94, p = 0.52). Although not
significant, the difference between invertebrate prey per hour between treatments was
approaching significance (p < 0.20). In both blocks, the site with historically mid-range
reproductive output outperformed the historically high reproductive output site in terms of 2023
reproductive output. Two out of the three Kamloops sites had a higher 2023 average number of
fledglings per successful nesting attempt than their historical average. All three Merritt sites had

a lower 2023 number of fledglings per successful nesting attempt than their historical average.

There were no significant differences between the Kamloops and Merritt blocks for
reproductive output (ts= 1.81, p = 0.15), egg survival percent (t4 = 2.07, p= 0.11), total prey per
hour (t4 = 1.54, p = 0.20), invertebrate prey per hour (t2 = 1.88, p = 0.13), vertebrate prey per
hour (t4 = -0.09, p = 0.93), or predator occurrence (t4 = 0.87, p = 0.47). Although no significant
difference was detected, the number of fledglings, percent of eggs laid that survived to fledgling,

total prey per hour, and invertebrate prey per hour were trending towards significance (p < 0.20).

4.4 Correlation:

There was a significant correlation between the percent of eggs laid that survived to
fledgling and the average number of juveniles fledged (Figure 4; p = 0.02). There were no
significant correlations between prey availability (invertebrate, vertebrate, or total return rate)
and reproductive success (Figure 5; p = 0.48 — 0.77). There was also no significant difference

between predator occurrence and reproductive output (Figure 5, p = 0.63).
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Figure 4: The percent of eggs laid that survived to the fledgling stage, approximately 4 weeks
post-hatching versus the number of fledglings (t+ = 3.62, p = 0.02, r> = 0.77). Shaded area
represents the 95% Confidence Interval. Data represented two research blocks (Merritt and
Kamloops, BC, Canada) and three treatments (low, medium, and high reproductive output for

burrowing owls). Data were collected for the summer 2023.

Merritt L was not statistically an outlier as all site reproductive outputs were within two
standard deviations of the overall mean (5 £ 2.1). As such it was included in all statistical
analysis of differences between treatments and blocks and correlations described previously.
However, Merritt L had at least double the corvid (crows, ravens, and magpies) occurrence rate
of any other site, and multiple instances recorded of corvids stealing vertebrate prey items
which may have effectively lowered the available vertebrate prey to consume than what was
recorded in Table 1. As such, an additional correlation analysis excluding Merritt L was also

conducted (Figure 6).
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Figure 5: The a) vertebrate prey per hour (ts = 0.59, p = 0.59, r> = 0.08), b) invertebrate prey per
hour (t2 = 0.31, p = 0.77, r? = 0.02), c) total prey per hour (ts = 0.77, p = 0.48, r> = 0.13), and d)
predators per hour (s = -0.51, p = 0.63, r? = 0.06) at each site vs. juveniles fledged per
successful nesting attempt. Shaded areas represent the 95% Confidence Intervals. Data
represented two research blocks (Merritt and Kamloops, BC, Canada) and three treatments

(low, medium, and high reproductive output for burrowing owls). Data were collected for the
summer 2023.
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Figure 6: The vertebrate prey per hour versus juvenile fledged a) with Merritt L (t4 = 0.59, p =
0.59, r? = 0.08) and b) without Merrit L (t; = 4.30, p = 0.02, r?> = 0.86). Shaded areas represent
the 95% Confidence Intervals. Data represented two research blocks (Merritt and Kamloops,

BC, Canada) and three treatments (low, medium, and high reproductive output for burrowing

owls). Data were collected for the summer 2023.
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4.5 Total Fledglings:

Considering the total number of fledglings at the sites (including nests not included in the
two per site used for calculations of average fledglings and prey availability) generally
strengthened the regional (block) patterns observed previously for reproductive output (Table 2).
There was, however, no significant difference between reproductive treatments (F22= 0.53, p =
0.23) when considering all nests per site. There was a significant regional difference in total
fledglings per site (t4 = 2.81, p = 0.05). Total number of fledglings was correlated with average
fledglings per successful nesting attempt (ts = 2.79, p = 0.05, r> = 0.66) and total prey returns
per hour (t2 = 2.26, p = 0.09, r* = 0.56).

Table 2: The mean number of fledglings per successful study nest, successful nesting attempts
per site, percent eggs laid that survived to fledgling, average fledgling weight, and total number
of fledglings (including all nesting attempts) per site. Data represented two research blocks

(Merritt and Kamloops, BC, Canada) and three treatments (low, medium, and high reproductive

output for burrowing owls). Data were collected for the summer 2023.

Fledglings Percent
Successful . Average Total
per Survival
Site Nesting Fledgling Fledglings at
Successful of Eggs
Attempts Weight Site
Study Nest Laid
Kamloops L 4.5 2 0.64 148.22 9
Kamloops M 55 4 0.83 149.91 23
Kamloops H 8 3 0.80 148.25 22
Merrit L 2 1 0.39 160.50 2
Merrit M 3.5 2 0.46 158.00 7
Merrit H 5 1 0.71 144.60 5
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4.6 Grasshopper Count & Pitfall Trapping:

There was a significant difference between the treatments for the July grasshopper

count (F22=10.03, p = 0.09). The high reproductive output treatment had significantly more

observed grasshoppers than the low reproductive output treatment (p = 0.10). Kamloops had

more grasshoppers observed than Merritt, which was approaching a significant difference (t4 =

1.88, p = 0.13). There was not a significant correlation between the grasshopper count data and

the number of invertebrates returned per hour from the camera counts (Figure 7a; p = 0.51).

There was, however, a correlation between the average grasshopper count and juveniles

fledged (Figure 7b; p = 0.01).

Due to cattle disturbance of pitfall traps in the Kamloops region, only the Merritt region

had enough pitfall count data samples to be analyzed. A total of 519 prey items were recovered
from the traps. Merrit L had the most arthropods (232), followed by Merrit M (186), and finally
Merrit H (101). Of these arthropods, 88% were grasshoppers in Merrit L, 77% were

grasshoppers in Merrit M, and 48% were grasshoppers in Merrit H. At all three sites,

grasshoppers were the most common item found in the pitfall traps. Beetles and spiders were

also present at all three sites. The arthropods were relatively evenly spread across traps set 15

m (171), 30 m (186), and 45 m (162) from the burrow complexes.
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Figure 7: The average grasshopper count (taken July 19-20) versus a) the rate of invertebrate

prey returns (ts = 0.73, p = 0.51, r? = 0.12) and b) the number of juveniles fledged (t4 =4.14, p =

0.01, r? = 0.81). Data represented two research blocks (Merritt and Kamloops, BC, Canada) and

three treatments (low, medium, and high reproductive output for burrowing owls). Data were

collected for the summer 2023.
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4.7 Vegetation Survey:

Robel scores were variable across sites and treatments (Table 3). However, there was
no significant difference between the treatments (F22 = 0.05, p = 0.96). The mean Robel score
of the Merritt region (0.87) was more than double the mean Robel score of the Kamloops region
(0.37) and significantly different (t4 = -2.65, p = 0.06). There was not a significant correlation

between the Robel scores and the number of juveniles fledged (t+ = -1.47, p = 0.22, r? = 0.35).

Table 3: Mean (£SD) Robel (obstruction score; scale of 1 = 10 cm) and percent vegetative cover
of six release sites. Data represented two research blocks (Merritt and Kamloops, BC, Canada)
and three treatments (low, medium, and high reproductive output for burrowing owls). Data were

collected for the summer 2023.

Site Kamloops Kamloops Kamloops Merritt Merritt Merritt
L M H L M H
Robel 0.15 0.44 0.52 1.13 0.88 0.60
Score (0.20) (0.34) (0.48) (0.57) (0.77) (0.63)
Percent 0.57 0.65 0.33 0.50 0.37 0.38
Cover (0.13) (0.26) (0.22) (0.27) (0.13) (0.20)

Percent cover was also variable within sites and between sites (Figure 8). There was no
significant difference between the treatments (F22 = 1.25, p = 0.44) or blocks (t2 = 0.96, p =
0.39). The mean percent cover was not correlated with the number of juveniles fledged (ts = -
0.50, p = 0.64, r? = 0.06).
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Percent of Count

based on twelve observations of a square meter pot per site in the areas surrounding burrow
complexes. Data represented two research blocks (Merritt and Kamloops, BC, Canada) and
three treatments (low, medium, and high reproductive output for burrowing owls). Data were
collected for the summer 2023.

5. Discussion
5.1 Objective 1 — Prey Availability:

Although there were differences in prey availability across treatments and the two blocks
(Kamloops and Merritt), prey availability was not correlated with the number of fledglings
produced per successful nesting attempt. The results, therefore, did not support my hypothesis
that prey availability is limiting burrowing owl success. Possible explanations for this include that
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prey is not a limiting factor of burrowing owls in British Columbia, supplemental food ensures
owls have enough food to reproduce near maximum levels, and competition for food after it has
been returned to the nest depletes the actual available food supply. It should be noted that
several metrics of prey availability were trending toward significant differences between the
blocks, indicating that repeating the study with a larger sample size may show significant

regional differences for prey availability.

Supplemental food during the nestling stage is well known to increase the number of
offspring that survive to fledge (Haley & Rosenberg 2013; Wellicome et al. 2013). The fact that
supplemental food was provided from release (pre-egg laying) to fledgling may have allowed
sites with lower available food to still produce offspring where there may not have been enough
naturally available food. Sites with higher available natural food sources would still have
benefitted from supplemental food but it likely had a lesser effect on the offspring produced.
Removing supplemental feeding would likely have resulted in a stronger correlation between

food availability and offspring produced.

Merrit L was not considered an outlier as it was within two standard deviations for
reproductive output and prey availability metrics; however, it did have some interesting aspects
that may be indicative of differing biological conditions. Further investigation with additional
replicates would be required to show whether excluding it may be more representative of the
biological conditions. Merrit L had by far the largest corvid presence (twice that of the next
highest site) and the most instances of corvids stealing food from a burrow. Potentially, for that
site, the prey availability metrics based on food seen returned to the nest may not truly
represent the amount of food that was available to the owls as a portion was stolen. | reran the
correlation between vertebrate prey and reproductive success excluding Merrit L, and it was
significant. This supports the hypothesis that prey availability is important for owl success, but
availability can be affected post-catch by theft from other species. The potential influence of
interspecific competition as an unexpected biological interaction that limits burrowing owl

reproductive success is discussed further in section 5.3.

The grasshopper count was only weakly correlated with the amount of invertebrate prey
returned to the nest seen on camera, but it was correlated with the number of juveniles fledged.
The grasshopper count occurred from 15 to 45 m from the center of a burrow complex. At the
same time, invertebrates were only captured on camera if an adult consumed it in front of the
burrow or brought it back to the burrow for a juvenile to consume. Therefore, the grasshopper

count may be more representative of the actual food availability, since it is likely owls consume
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invertebrates more regularly where they are caught. This is likely not an issue for vertebrate
prey which require more handling and are often cached, and therefore are likely more often
consumed near the burrow. Additionally, the rate of invertebrate consumption identified during
this study was lower than expected, based on other studies of burrowing owl diet (Moulton et al.
2005; Poulin et al. 2020; Balin et al. 2022; Romero-Vidal et al. 2023). Therefore, camera traps

are likely more accurate for vertebrate prey than for invertebrate prey.

5.2 Objective 2 - Predator Occurrence:

Predation from terrestrial species was not found to be a major stressor for burrowing
owls on their breeding grounds in British Columbia, contrary to my hypothesis that predator
occurrence would be limiting burrowing owl success. A few nests did fail due to recorded or
suspected predation activity; however, that is to be expected. Overall, the adult survival and
nesting success rate was high. Only one post-fledgling mortality in a juvenile owl was suspected
(bands seen removed from owl). It should be noted that due to extreme fire risk, making
observations post-fledgling was limited to camera trap observations. Given the increased
mobility of juveniles at that stage additional mortality events away from the natal burrow

complex were possible.

The low number of nest predation (no nests across all sites were completely depredated)
indicated that the artificial burrows used are successful in deterring predation of nests. Nests
that did fail, the eggs were buried not predated, indicating either a lack of available resources
(prey) or adult mortality causing the remaining parent to abandon the nest. Coyotes were seen
investigating the burrow at least once at all twelve nests included in this study. No mortality
events occurred due to coyotes and there was never any evidence of coyotes attempting to dig

up the artificial burrows.

5.3 Competition:

Competition for food resources from other species particularly from the Corvidae family may
play a larger role in limiting the burrowing owl of British Columbia than previously suspected.
American crows (Corvus brachyrhynchos), common ravens (Corvus corax) and black-billed
magpies (Pica hudsonia) were all identified at the entrance to a burrow. These species are

known to (like burrowing owls) consume Orthoptera, Coleoptera and small mammals (Omrod et

26



al. 2021). Crows and ravens were more common than magpies, which were only spotted a
couple times overall. Common ravens have been observed approaching burrowing-owl nests at
previous studies that monitored nests with cameras in Nevada and California (Hall & Greger
2014; Henderson & Trulio 2019). However, these studies identified ravens as potential predators
of burrowing owls and did not discuss interspecific competition. Crows are known to steal food
from other avian species; however, | could not identify any sources for this behaviour specific to
burrowing owls (Verbeek & Caffrey 2021). The potential effect of corvid competition (or
interspecific competition in general) on burrowing owl reproductive success to my knowledge
has not been explicitly studied previously. Several studies have investigated burrowing owl
density and success in rural versus urban areas, which may in part be indirectly related to both
predation and competition differences between urban and rural areas (Moulton et al 2005;
Conway et al 2006; Rebolo-Ifran et al 2017; Luna et al 2019). Specific information on how
interspecific competition affects burrowing owls is a knowledge gap that warrants further

investigation.

5.4 British Columbia Compared to Other Areas:

The average number of fledglings per successful nesting attempt in 2023 was higher
than results from British Columbia reported from 1994 to 1997 (4.1) and 2005 to 2007 (2.4)
(Leupin & Low 2001; Mitchell et al. 2011). A more recent study in British Columbia found a mean
(= SD) number of eggs per pair was 5.88 + 0.40, with 2.02 + 0.40 fledged per captive-released
pair from 2015 to 2019 (Pyott et al. 2023). For returning owls, the numbers were higher: 7.70 %
0.31 eggs per pair and 4.22 + 0.40 fledglings per pair (Pyott et al. 2023). The results from this
study (7.8 + 1.5 eggs per pair and 4.17 + 2.8 fledglings ) in 2023 were generally higher than the
long-term average and previous studies in British Columbia. The reproductive output was
comparable to the returning pair results from Pyott et al. (2023).

Other areas with managed burrowing owl populations include Manitoba and the San
Jose International Airport in California. In Manitoba, from 2010 to 2020, there was an average of
6.07 £ 0.43 eggs per pair and 2.67 + 0.37 fledglings per pair (Pyott et al. 2023). However, it
should be noted that the Manitoba management program is able to invest more resources (such
as repairing and relocating owls from failed nests) in individual pairs due to the lower number of
pairs released per year (~10 versus ~50 in British Columbia). British Columbia was noted to
have a higher percent of total nest failures, which likely is at least part of the reason for this

difference (Pyott et al. 2023). In San Jose, from 1991 to 2007 there was an average of 3.36 +
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0.98 juveniles per pair and a nesting success rate of 79% * 15.6% (Barclay et al. 2011). The
San Jose Airport population does not include conservation breeding but does have
management measures such as building artificial burrows and mowing surrounding vegetation
(Barclay et al. 2011; Menzel 2018). Reproductive output from this study were comparable to the
reproductive output of this area. Overall, | found in this study that the current reproductive output
in British Columbia is comparable to other managed owl populations; however, improving
habitat quality could likely improve the reproductive output by owl pairs. Although this study only
included one field season and a subset of nests from the overall population, | did not find
evidence to indicate that the number of juveniles fledged is significantly different than what

would be expected given the management actions taken.

5.5 Regional Differences:

The strongest pattern found was a difference between the Kamloops and Merritt regions.
There was weak evidence that Kamloops produced more fledglings and had more prey
availability than Merritt. There are several physical characteristics that may have led to these
results. Nests in the Merritt block tended to be on steeper slopes at lower elevations than the
Kamloops block. Kamloops sites tended to be located on higher elevation plateaus and rolling
hills than those in the Merritt block. In Kamloops during June (when hatching to fledging occurs),
the monthly average temperature was 17.7 degrees Celsius, and the total rainfall was 45.2 mm
(Environment Canada 2023). The extreme was June 10" which had 23.6 mm of rainfall. In
Merritt during June the monthly average temperature was 16.9 degrees Celsius, and the total
rainfall was 35.4 mm. The extreme was June 20" with 11 mm of rainfall. The nest at Merrit L
hatched approximately on this day, cool and damp conditions may have led to less food
availability in the critical first few days after hatching. Extreme precipitation has been noted to
reduce reproductive success and juvenile survival rates, particularly in non-supplemented nests
(Fisher et al. 2015). Hatchlings are also more susceptible to exposure-related mortality than
older birds (Fisher at al. 2015; Poulin et al. 2020). There was also significant rainfall on
approximately the day of hatching at both nests at Kamloops L and one nest at Kamloops H.
Although these nests did relatively better than the nest at Merrit L, at both these sites the nest

that hatched during the higher precipitation event did worse than the other on-site nest.

Another regional difference that may be related to the difference in burrowing owl success

was the vegetation cover. The average vegetation Robel score was twice as high for the Merritt
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region, indicating taller, denser vegetative cover. A potential source of this difference is different
cattle grazing rotation. All three Kamloops sites had a cattle herd grazing in the field where the
owl nests were during the post-hatching period in June. None of the Merritt area sites had cattle
in the fields where the owls were located. Its possible cattle grazing improved the habitat quality
by keeping the vegetation shorter and patchier, which is generally preferable to burrowing owls
(Azpiroz & Blake 2016; Lagendijk et al. 2019). Working with landowners and land managers
towards annual low intensity grazing patterns may be a suitable management strategy

warranting further investigation.

5.6 Assessment of Study methods:

Camera traps were successful in identifying prey returns to the nest and predator
occurrence in the vicinity of the burrow entrance. Photographs were better suited to counting
vertebrate prey as opposed to invertebrate prey. As such, cameras should still be used along
with conventional methods of invertebrate counts such as transect-counts, etc. Pitfall traps were
proven to be an unsuitable method of counting invertebrates in this region. Cameras may be a
useful tool in conducting vertebrate counts, but species-specific identification was rare. It was a
suitable method for doing this comparative study, but caution should be taken if using cameras
for determining exact population numbers. Additionally, a pilot study using the cameras at night
may improve accuracy. This study captured the period when burrowing owls are known to be
most active during the breeding season (dawn and dusk); however, overnight prey return rates
were not collected which would likely improve the reliability of the vertebrate return rate results.
This was done as there was not sufficient previous evidence to determine whether the flash
emitted when taking pictures in low light would disturb the owls to the point of nest
abandonment. Other observational studies have used cameras at night; however, they were
either set-up prior to nesting for the owls to inspect, only present for a few days or located
further from the burrow entrance (Hall & Greger 2014; Marsh et al. 2014; Henderson 2019;
Scobie et al 2020; Balin et al. 2021).

5.7 Recommendations for BOCSBC:

The historic success of a site did not necessarily predict the current year’s success.

Historic reproductive output was a poor indicator of this season’s juveniles fledged, prey
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availability, and predator occurrence. Both sites expected to perform mediumly well based on
historical output outperformed the expected high reproductive sites. Therefore, site
characteristics are likely quite variable from year to year and should be evaluated annually prior
to determining release sites if possible. Due to the small sample size of this pilot study, more
research into the specific thresholds required for owl success is needed. However, based on
this study, some characteristics that warrant further investigation include prey abundance and

competition.

Based on the findings of this study, | would recommend the following specific actions to

the Burrowing Owl Conservation Society of BC:

1. Further research into prey availability at the release sites.

This study showed that prey availability at the release sites is potentially related to how
many offspring are produced. Although not strongly correlated with reproductive output in this
study, the number of prey items returned to nests was quite variable between sites. Given the
small scale of this study, it is not particularly surprising that there were not significant results. As
some direct prey availability metrics (camera return rates) were approaching significant
differences between regions and indirect measures (grasshopper transect count and exclusion
of site with high observed competition) were correlated with juvenile success, there is not
enough evidence to reject the hypothesis that prey availability is limiting burrowing owl
populations. A larger scale than used here would be useful to confirm or refute the patterns and
weak correlations seen in this study. ldeally, we would be able to improve predictions for which
areas will have high prey abundance prior to release of owls in April. Potential aspects that may
be predictors to research further could be vegetation cover and height, as well as grazing

rotation.

2. Experiment with measures to discourage corvids from entering nesting burrows

(and satellite burrow caches) and stealing food.

As discussed above, interspecific competition for prey resources may limit burrowing owl
success and yet has not been studied in burrowing owls. Populations of avian competitors such
American crows and common ravens are reported to have increased in recent years, potentially

exacerbating the problem (Rosenberg et al. 2019). Interestingly, Merrit H and Merrit M had
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much lower rates of corvid activity than elsewhere (less than half that of the next lowest sites),
potentially due to a lower amount of prey availability. Crows in British Columbia are known to be
attracted to short grass areas with higher availability of grasshopper prey (Kennedy & Otter
2015). Therefore, habitat management to increase prey availability for burrowing owls would
likely also attract larger corvid competitors. Given this shared prey niche and widespread
abundance of corvids across the study area, it is unlikely that identifying future release sites with
low density of corvids would be feasible. Therefore, management actions that discourage
corvids from stealing prey items already caught by burrowing owls may be more effective at
managing competitive pressure. Potential solutions may include physical deterrents such as
spikes in the burrow entrances reducing maneuverability or leaving sites with increased corvid
activity without releases for a few years until the corvids un-learn vertebrate cache theft

behaviours.

3. Continue collaborations with other organisations and satellite transmitters to

determine where owls migrate to and over-winter.

Pressures during the non-breeding season are potentially contributing to the low number
of returns (Bloom 2023). Adjustments may be possible to slightly increase the number and
quality of juveniles fledged each year, but the conservation program is already successful in
producing fledglings each year and reproductive output is comparable to other conservation
programs. Burrowing owls originating from B.C. are either supplementing other populations in
the Pacific Northwest otherwise experiencing population declines or are outcompeted for limited
resources during the non-breeding season. A recent stable isotope study by Macias-Duarte and
Conway (2021) found that burrowing owl! populations in northern regions such as Alberta,
Saskatchewan, and Washington (British Columbia was not included) had immigrants that had
dispersed from the previous breeding season larger distances than most southern populations.
However, there was no evidence that burrowing owls with Canadian isotopic signatures were
dispersing to breed in northwestern Mexico or the southwestern United States. This leads to the
question of what the fate of dispersing Canadian owils is if they are not returning or dispersing to
southern locations, which is yet to be answered. Conditions, particularly weather during the
winter season is known to affect the survival and migration patterns of burrowing owls
(Wellicome et al. 2014; Porro et al. 2020). Therefore, a better understanding of the movements
of burrowing owls during the non-breeding season will help inform management decisions for

the breeding season.
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5.8 Conclusion:

Burrowing owls are declining across much of their range and require active management
to save them from extirpation in Canada. It is imperative that we better understand burrowing
owl habitat needs and limitations in order to restore a self-sustaining population to British
Columbia, in line with the goals of the Burrowing Owl Conservation Society of BC. This study
filled a knowledge gap by being the first in British Columbia to investigate whether biotic
interactions are limiting the reproductive success of burrowing owls. Although I did not find a
significant correlation between prey availability or predator occurrence and burrowing owl
success, several important areas for future research and management were identified. Evidence
of corvid theft of vertebrate prey items from underground burrowing owl caches was recorded
for what may be the first time. The biotic interactions of burrowing owls may be more complex
than assumed linear predator-prey interactions. My recommendations to the Burrowing Owl
Conservation Society of BC based on the findings of this study should be useful for future

management decisions and deciding what future research priorities should be.

32



References

Azpiroz AB, Blake JG (2016) Associations of grassland birds with vegetation structure in the

Northern Campos of Uruguay. The Condor: Omithological Applications 118: 12-23

Balin L, Heilbrun R, Cox J, Norrid K (2021) Off-Grid Downhole Video Recording System to
Monitor Burrowing Owls. Journal of Raptor Research 55(4): 565-573

Balin L, Heilbrun R, Norrid K (2022) Prey Delivery Inside an Artificial Nest Box and Burrows
Used by Nesting Burrowing Owils in El Paso, Texas. Journal of Raptor Research 56(2):
230-236

Barclay JH, Korfanta NM, Kauffman MJ (2011) Long-term Population Dynamics of a Managed
Burrowing Owl Colony. The Journal of Wildlife Management 75(6): 1295-1306

Bloom PH (2023) Extirpation of Orange County, California, Breeding Burrowing Owl Population:
The Convergence of Philopatry, Habitat Fragmentation and Allee Effects. Journal of
Raptor Research 57(3): 475-484

British Columbia Ministry of Environment, Lands and Parks (1998) Biodiversity Inventory
Methods — Terrestrial Arthropods. Terrestrial Ecosystems Task Force Resources
Inventory Committee. https://lwww2.gov.bc.ca/gov/content/environment/natural-resource-
stewardship/laws-policies-standards-guidance/inventory-standards/terrestrial-

ecosystems-biodiversity (accessed 22 December 2022)

Burrowing Owl Conservation Society of BC (2022) https://www.burrowingowlbc.org/ (accessed
23 May 2023)

Catlin DH, Rosenberg DK (2008) Breeding Dispersal and Nesting Behavior of Burrowing Owls
Following Experimental Nest Predation. The American Midland Naturalist 159(1): 1-7

Conway JC, Pardieck KL (2006) population Trajectory of Burrowing Owls (Athene cunicularia) in
Eastern Washington. Northwest Science 80(4): 292-297

Conway JC (2018) Spatial and Temporal Patterns in Population Trends and Burrow Usage of

Burrowing Owls in North America. Journal of Raptor Research 52(2): 129-142

33



COSEWIC (2017) COSEWIC Assessment and Status Report on the Burrowing Owl Athene
cunicularia in Canada. Committee on the Status of Endangered Wildlife in Canada xii +
57pp.

Coulloudon B, Eshelman K, Gianola J, Habich N, Hughes L, Johnson C, Pellant M, Podbuorny
P, Rasmussen A, Robles B, Shaver P, Spehar J, Willoughby J (1999) Sampling
Vegetation Attributes, Interagency Technical Reference 1734-4. Bureau of Land
Management 171 pp. https://www.nrcs.usda.gov/sites/default/files/2022-
09/stelprdb1044175.pdf (accessed March 28, 2023)

Davies JM, Restani M (2006) Survival and Movements of Juvenile Burrowing Owls During the
Postfledgling Period. The Condor 108: 282-291

Environment Canada (2023) Daily Data Report for May 2023. Kamloops Pratt Road Station.
Environment Canada Historical Data Archives (Modified November 7, 2023)

https://climate.weather.gc.ca/historical_data/search_historic_data_e.html

Environment Canada (2023) Daily Data Report for June 2023. Kamloops Pratt Road Station.
Environment Canada Historical Data Archives (Modified November 7, 2023)

https://climate.weather.gc.ca/historical _data/search_historic_data_e.html

Environment Canada (2023) Daily Data Report for June 2023. Merritt Station. Environment
Canada Historical Data Archives (Modified November 7, 2023)

https://climate.weather.gc.ca/historical _data/search_historic_data_e.html

Fisher RJ, Wellicome Tl, Bayne EM, Poulin RJ, Todd LD, Ford AT (2015) Extreme Precipitation
Reduces Reproductive Output of an Endangered Raptor. Journal of Applied Ecology 52:
1500-1508

Gervais JA, Rosenberg DK, Anthony RG (2003) Space Use and Pesticide Exposure Risk of
Male Burrowing Owls in an Agricultural Landscape. Journal of Wildlife Management
67(1): 155-164

Google Maps (2024) [Okanagan-Similkameen Regional District, BC, Canada] [Satellite Map].
Retrieved March 3, 2024, from https://www.google.com/maps/@49.455559,-
120.7967767,158622m/data=!3m1!1e3?entry=ttu

34



Google Maps (2024) [Thompson-Nicola Regional District, BC, Canada] [Satellite Map].
Retrieved March 3, 2024, from https://www.google.com/maps/@51.2171803,-
123.3714929,611387m/data=!3m1!1e37?entry=ttu

Griebel RL, Savidge JA (2007) Factors Influencing Burrowing Owl Reproductive Performance in
Contiguous Shortgrass Prairie. Journal of Raptor Research 41(3): 212-221

Johnson DH, Gillis DC, Gregg MA, Rebholz JL, Lincer JL, Belthoff JR (2010) Users guide to

installation of artificial burrows for Burrowing Owls. Tree Top Inc., Selah, Washington. 34

pp.

Haley KL, Rosenberg DK (2013) Influence of Food Limitation on Reproductive Performance of
Burrowing Owls. Journal of Raptor Research 47(4): 365-376

Hall DB, Greger PD (2014) Documenting Western Burrowing Owl Reproduction and Activity
Patterns with Motion-Activated Cameras. Western Birds 45: 313-323

Henderson LA, Trulio LA (2019) Can California Ground Squirrels Reduce Predation Risk to
Burrowing Owls. Journal of Raptor Research 53(2): 172-179

Hohbein RR, Conway CJ (2018) Pitfall Traps: A Review of Methods for Estimating Arthropod
Abundance. Wildlife Society Bulletin 42(4): 597-606

Holroyd GL, Trefry HE, Duxbury JM (2010) Winter Destinations and Habitats of Canadian
Burrowing Owls. Journal of Raptor Research 44(4): 294-299

Kennedy LA, Otter KA (2015) Grass management regimes affect grasshopper availability and

subsequently American corw activity at airports. Human-Wildlife Interactions 9(1): 58-66

Lagendijk DDG, Howison RA, Esslink P, Smit C (2019) Grazing as a conservation management
tool: Responses of coles to grazer species and densities. Basic and Applied Ecology 34
36-45

Lantz SJ, Conway CJ, Anderson SH (2007) Multiscale Habitat Selection by Burrowing Owls in
Black-Tailed Prairie Dog Colonies. Journal of Wildlife Management 71(8): 2664-2672

Leupin EE, Low DJ (2001) Burrowing Owl Reintroduction Efforts in the Thompson Region of
British Columbia. Journal of Raptor Research 35(4): 392-398

35



Lincer JL , Clark RJ, Fleming TL, Sieradzki A (2018) A Review of Burrowing Owl (Athene
cunicularia) Literature Using Bibliometric Comparisons: Topical Bibliographies and
Online Databases. Journal of Raptor Research 52(2): 207-224

Luna A, Palma A, Sanz-Aguilar A, Tella JL, Carrete M (2019) Personality-dependent breeding
dispersal in rural but not urban burrowing owls. Scientific Reports 9: 2886 DOI:
10.1038/s41598-019-39251-w

Machicote M, Branch LC, Villarreal D (2004) Burrowing owls and burrowing mammals: are

ecosystem engineers interchangeable as facilitators? OIKOS 106: 527-535

Macias-Duarte A, Conway CJ (2021) Geographic variation in dispersal of western burrowing owl
(Athene cunicularia hypugaea) populations across North America. Behavioral Ecology
32(6): 1339-1351

Marsh A, Wellicome Tl, Bayne E (2014) Influence of Vegetation on the Nocturnal Foraging
Behaviors and Vertebrate Prey Capture by Endangered Burrowing Owls. Avian

Conservation and Ecology 9(1): 2

Menzel S (2018) Artificial Burrow Use by Burrowing Owls in Northern California. Journal of
Raptor Research 52(2): 167-177.

Mitchell AM, Wellicome TI, Brodie D, Cheng KM (2011) Captive-reared Burrowing Owls Show
Higher Site-affinity, Survival, and Reproductive Performance when Reintroduced Using a

Soft-release. Biological Conservation 144: 1382-1391

Montgomery GA, Belitz MW, Guralnick RP, Tingley MW (2021) Standards and the Best
Practices for Monitoring and Benchmarking Insects. Frontiers in Ecology and Evolution
8:579193. doi: 10.3389/fevo.2020.579193

Moulton CE, Brady RS, Belthoff JR (2005) A Comparison of Breeding Season Food Habits of
Burrowing Owls Nesting in Agricultural and Nonagricultural Habitat in Idaho. Journal of
Raptor Research 39(4): 429-438

Moulton CE, Brady RS, Belthoff JR (2006) Association Between Wildlife and Agriculture:
Underlying Mechanisms and Implications in Burrowing Owls. Journal of Wildlife
Management 70(3): 708-716

36



Mrykalo RJ, Grigione MM, Sarno RJ (2009) A Comparison of Available Prey and Diet of Florida
Burrowing Owls in Urban and Rural Environments: A First Study. The Condor 111(3):
556-559

Ormrod AEC, Doyle FI, Lawson KJ, Hodges KE (2021) Niche partitioning of avian predators in
northern grasslands amended by biosolids. Ecology and Evolution 11: 6248-6259

Porro CM, Desmond MJ, Savidge JA, Abadi F, Cruz-McDonnell KK, Davis JL, Griebel RL,
Ekstein RT, Hernandez Rodriguez (2020) Burrowing Owl (Athene cunicularia) nest
phenology influenced by drought on nonbreeding grounds. The Auk: Ornithological
Advances 137: 1-17

Poulin RG, Todd LD, Dohms KM, Brigham RM, Wellicome TI (2005) Factors associated with
nest- and roost-burrow selection by burrowing owls (Athene cunicularia) on the

Canadian prairies. Canadian Journal of Zoology 83: 1373-1380

Poulin RG, Todd LD, Haug EA, Millsap BA, Martell MS (2020) Burrowing Owl (Athene
cunicularia), Version 1.0. In Birds of the World (A. F. Poole, Editor). Cornell Lab of
Ornithology https://birdsoftheworld-

org.proxy.lib.sfu.ca/bow/species/burowl/cur/introduction (accessed 12 May 2023)

Pyott BE, Meads LMM, Froese ALM, Petersen SD, Mitchell AM, Schulte-Hostedde Al (2023)
Evaluating captive-release strategies for the Western Burrowing Owl (Athene cunicularia

hypugaea). Avian Conservation & Ecology 18(1): 20

R Core Team (2023) R: A language and environment for statistical computing. R Foundation for

Statistical Computing, Vienna, Austria. URL https://www.R-project.org/

RStudio Team (2023) RStudio: Integrated Development for R. RStudio, PBC, Boston, MA URL

http://www.rstudio.com/

Ray JD, Mcintyre NE, Wallace MC, Teaschner AP, Schoenhals MG (2016) Factors Influencing
Burrowing Owl Abundance in Prairie Dog Colonies of the Southern high Plains of Texas.
Journal of Raptor Research 50(2): 185-193

37



Rebolo-Ifran N, Tella JL, Carrete M (2017) Urban conservation hotspots: predation release
allows the grassland-specialist burrowing owl to perform better in the city. Scientific
Reports 7: 3527 DOI:10.1038/s41598-017-03853-z

Robel RJ, Briggs JN, Dayton AD, Hulbert LC (1970) Relationships Between Visual Obstruction
Measurements and Weight of Grassland Vegetation. Journal of Range Management 23:
295-297

Romero-Vidal P, Luna A, Fernandez-Gémez L, Navarro J, Palma A, Tella JL, Carrete M (2023)
Intraspecific competition and individual behaviour but not urbanization affect the dietary

patterns of a generalist avian predator. Scientific Reports 13:10255

Rosenberg KV, Dokter AM, Blancher PJ, Sauer JR, Smith AC, Smith PA, Stanton JC, Panjabi A,
Helft L, Parr M, Marra PP (2019) Decline of the North American Avifauna. Science 366:
120-124

Ruiz Ayma G, Olalla Kerstupp A, Guzman Velasco A, Gonzalez Rojas JI (2019) Diet and Prey
Delivery of Burrowing Owls (Athene cunicularia Hypugaea) During the Breeding Season
in the Chihuahuan Desert, Mexico. Jourmnal of Raptor Research 53(1): 75-83

Scobie C, Bayne E, Wellicome T (2014) Influence of anthropogenic features and traffic
disturbance on burrowing owl diurnal roosting behavior. Endangered Species Research
24:73-83

Scobie CA, Bayne EM, Wellicome Tl (2020) Evaluating cropland in the Canadian prairies as an
ecological trap for the endangered Burrowing Owl Athene cunicularia. International
Journal of Avian Science 162: 162-174

Todd LD, Poulin RG, Brigham RM, Bayne EM, Wellicome Tl (2007) Pre-Migratory Movements
by Juvenile Burrowing Owils in a Patchy Landscape. Avian Conservation and Ecology

2(2): 4. http://www.ace-eco.org/vol2/iss2/art4/

U.S. Fish & Wildlife Service (n.d) Burrowing Owl (Athene cunicularia). Environmental
Conservation Online System. https://ecos.fws.gov/ecp/species/9737 (accessed 14 May
2023)

38



Verbeek NA, Caffrey C (2021) American Crow (Corvus brachyrnchos), Version 1.1. In Birds of
the World (A. F. Poole, F. B. Gill, Editors). Cornell Lab of Ornithology https://doi-
org.proxy.lib.sfu.ca/10.2173/bow.amecro.01.1 (accessed 6 January 2024)

Wade JL, Belthoff JR (2016) Responses of Female Burrowing Owils to Alerations in Clutch Size:
Are Burrowing Owls Determinate or Indeterminate Egg-layers. Journal of Raptor
Research 50(1): 84-91

Wellicome TIl, Todd LD, Poulin RG, Holroyd GL, Fisher RJ (2013) Comparing Food Limitation
Among Three Stages of Nesting: Supplementation Experiments with the Burrowing Owl.
Ecology and Evolution 3(8): 2684-2695

Wellicome TI, Fisher RJ, Poulin RG, Todd LD, Bayne EM, Flockhart DTT, Schmutz JK, De Smet
K, James PC (2014) Apparent survival of adult Burrowing Owls that breed in Canada is
influenced by weather during migration and on their wintering grounds. The Condor:
Ornithological Applications 166: 446-458

Wickham H (2016). ggplot2: Elegant Graphics for Data Analysis. Springer-Verlag New York.
https://ggplot2.tidyverse.org

Wickham H, Francois R, Henry L, Miller K, Vaughan D (2023) dplyr: A Grammar of Data
Manipulation. R package version 1.1.4, https://github.com/tidyverse/dplyr,
https://dplyr.tidyverse.org

Wikeem B, Wikeem S (2004) The Grasslands of British Columbia. Grasslands Conservation

Council of British Columbia 497 pp.

39



Appendix A

]

Figure A1: A diagram of the artificial burrows used at the study sites and the camera set-up

(diagram not to scale).
A: The top access hatch for the Burrowing Owl Conservation Society of BC to monitor nests.

B: A removable weighted bucket within a fixed empty bucket with a hole cut in the bottom to

access the nest chamber.
C: The nesting chamber, composed of an inverted plastic bucket.

D: A corrugated tube providing access for the burrowing owls from the surface to the nest

chamber.

E: A wildlife trail camera set up approximately 0.5 m perpendicular to the burrow entrance. This

camera provided a close-up view of activity directly in front of the burrow.

F: A wildlife trail camera set up approximately 4 m away from the burrow entrance, directed at

the entrance. This camera provided a wider-angle view of activity around the burrow entrance.
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Appendix B

2023-06-30 0O6:1/7:34

P2: An example photograph of the wider view, showing a perching male adult and flying female
adult.
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2023-06-03 05:11:49 M 1/3 [ 2°C

P4: Example of a photo showing an adult owl chasing a black-billed magpie.
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