
 

 

Urban Deer Task Force 

Thursday, September 10, 2020 at 6:30 p.m. 

via ZOOM 

A G E N D A 

 

 

 

 

 

 

 

1. Review of February 13, 2020 Notes and Action Items 
 

2. Alberta Mule Deer Management Plan Advisory Committee  
 

3. Urban Deer Translocation Comparison (provided by Liz White, Animal 
Alliance of Canada) 
 

4. Correspondence from Okotoks Garden Club President  
 

5. McCrory Wildlife Presentation – Verbal Discussion 
 

6. Summary of Issues and Options 
 

7. UDTF Amended Terms of Reference  
 

8. Round Table Discussion 
 

9. Next Steps 

 

Members of the public are welcome to watch the Urban Deer Task Force Meeting 
via Zoom.   
 
Please use the link below and provide the Meeting ID and Passcode when 
prompted. 
 
https://zoom.us/j/96895868978?pwd=cEwzMWZVZ0pyYzdQMFFIR0daRVFjUT09 

Meeting ID:  968 9586 8978 

Passcode:  899624 

 

https://zoom.us/j/96895868978?pwd=cEwzMWZVZ0pyYzdQMFFIR0daRVFjUT09


Urban Deer Task Force 
Thursday, February 13, 2020 at 6:30 p.m. 

Municipal Centre Council Chamber 
 

Notes and Action Items 
 

Members Present Grant Pryznyk, Chair 
Gabriele Barrie 
Troy Bourque 
Don Cottrell 
Shawn Lorenz 
Chris Mills 
Neil Penner 
 

Town of Okotoks 
Representatives  
Present 
 

Joan Botkin, Communications Manager 
 

 
 Agenda Item Brief 

Description 
Action 

 

1. Review of January 9, 
2020 Notes and Action 
Items 
 

n/a n/a 
 

2. Recap of February 10, 
2020 Council 
Presentation and Deer 
Count follow-up 

Grant provided 
details 

 February 10th presentation – there was a 
few questions from Council; one 
Councillor mentioned a community where 
residents who fed deer were fined. 

 Members support having a second deer 
count in September.  
 

3.  Animal Alliance of 
Canada 
 

Gabrielle 
 
 

 Independent review of five (5) Canadian 
cities on the effects of culling. 

 Recommends inviting Liz from Animal 
Alliance to come (organization would 
cover cost of travel/ accommodation). 

 Concerned that Clovertrap is inhumane 
system for culling. 

 One question not answered yet is why 
deer population are increasing in Town.  

 One consideration is to approach a 
university as a research project to 
determine the causes of urban deer 
management (U of A had a number of 
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research pieces published in the early 
2000s).  

 Preference to speak to researcher Sandy 
Parr, Wayne McCory - biologists who 
completed research.  

 Troy to provide contact information for 
Parr and McCory. 

 Gabrielle, will provide contact information 
for Animal Alliance.  

 Joan will organize speakers. 

 Members will organize questions ahead of 
time, which be submitted to the speakers 
prior to their presentations. 
 

4. Tracking of the number 
of calls regarding deer 
and any that have 
been euthanized from 
Fish and Wildlife  
 

Joan  At this time, Alberta Fish and Wildlife do 
not formally track deer that are 
euthanized or incidents that they are 
called to.  

5.  Issues and options  Identify issues 
and potential 
solutions  

People intentionally feeding deer: 

 There is currently no bylaw prohibiting 
feeding deer on private property; 

 Education; 

 Bylaw changes to include private 
property; 

 Change fencing requirements to higher 
fences;  

 Set regulations around bird feeders. 
 

5. Round Table 
Discussion  
 

  Add damage to gardens and public areas 
to next meeting agenda as issue to be 
discussed. 

 Water guns have been very effective at 
deterring deer, keeping them out of yards. 

 Should survey public (use the B.C. 
document as basis).  Task Force will work 
with Joan to create survey questions and 
have it ready for the May 2020 Trade 
Show. Will start putting them on the 
google doc. 

 Shawn will talk to the auto places 
regarding car damage due to deer. 

 Troy has data on the prevalence of 
Chronic Wasting Disease (CWD) and can 
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do a presentation in a future meeting. 
This will be organized around when the 
researchers can be booked. 

 Troy will research whether it is possible to 
have Fish and Wildlife gather samples 
from animals going to the dump to test for 
CWD.  

 Grant interviewed woman whose dog was 
kicked by the deer; she was merely 
surprised at the dog being attacked in the 
yard.   

 Task Force asked if it is possible for the 
Town to do more in-depth interviews 
when incidents occur to better understand 
the circumstances.  

 Is the definition of an aggressive deer 
correct? Need to consider this.  
 

7.  Next Steps   Grant will be gone all of March. 

 Neil will also not be available March 12.  

 Troy will Chair the March meeting. 

 Invite Gordon White, Parks Technician 
Urban Forest for the Town of Okotoks, to 
an upcoming meeting. 
 

8. The meeting adjourned at 7:45 pm 
 

 



From: alberta.news@gov.ab.ca <alberta.news@gov.ab.ca>  
Sent: Wednesday, August 12, 2020 3:27 PM 
To: Communications <communications@okotoks.ca> 
Subject: News Release: Advancing mule deer management 

 

Advancing mule deer management 

August 12, 2020 Media inquiries 

A new advisory committee will modernize Alberta’s 
mule deer management plan to reflect current issues 
facing mule deer populations across the province. 

Alberta’s current management plan is more than 30 years old and does not address 

the realities facing the species today. 

“It’s clear that action needs to be taken to address concerns with the mule deer 

population in Alberta. Advisory committee members, whether First Nations and 

Métis communities or wildlife conservation and recreation members, all have a deep 

knowledge and interest in mule deer management in Alberta. I’m happy to advance 

this important wildlife management commitment and work towards collaborative 

solutions that will balance conservation, economic and recreational and Indigenous 

goals. Alberta Environment and Parks has a robust conservation agenda, which 

includes updating management plans for other species. I am optimistic that this 

committee will lay the foundation for this important work to continue.” 

Jason Nixon, Minister of Environment and Parks  

One of the key issues the Alberta Mule Deer Management Plan Advisory Committee 

will examine is the sustainable use of the mule deer population. Some areas of 

Alberta are seeing a decline in mule deer populations, causing conservation 

concerns. Other areas have an overpopulation of mule deer, causing issues with 

human-wildlife conflicts and vehicle collisions. 

The spiritual and cultural importance of mule deer to Indigenous Peoples will also 

influence the committee’s work. 

mailto:alberta.news@gov.ab.ca
mailto:alberta.news@gov.ab.ca
mailto:communications@okotoks.ca


The committee will include representatives from key stakeholder organizations, as 

well as Alberta Environment and Parks science experts and Fish and Wildlife staff. A 

parallel process will take place to engage with Indigenous communities. Government 

recognizes the importance of maintaining healthy mule deer populations for the 

continued practice of Indigenous harvesting rights and traditional uses. The 

committee will be in place until spring 2021. 

“The mule deer advisory committee is an important, stakeholder-driven process to 

develop a robust management plan for mule deer in the future. Given the important 

conservation value the ACA and all Albertans place upon this species, we look 

forward to being involved in this important process.” 

Todd Zimmerling, president and CEO, Alberta Conservation Association  

“Alberta Beef Producers was pleased to be asked by Alberta Environment and Parks 

to participate on the committee tasked with updating the mule deer management 

plan for Alberta. We look forward to representing the interests of Alberta beef 

producers on this very important subject to safeguard the health of Alberta’s wildlife 

and domestic livestock populations, while maintaining recreational opportunities 

associated with mule deer.” 

Kelly Smith-Fraser, chair, Alberta Beef Producers  

“I am looking forward to working with other stakeholders and government staff on 

the mule deer advisory committee. Mule deer are a very important game animal in 

our province and are facing some very real challenges. By involving groups like the 

Alberta Bowhunters Association and others, it brings a broad representation to the 

table to address these challenges and ensure we have a healthy mule deer herd in 

Alberta.” 

Brent Watson, president, Alberta Bowhunters Association  

“The Alberta Fish and Game Association (AFGA) is pleased that a new mule deer 

management plan is being developed by Alberta Environment and Parks. The AFGA 

hunting chair, Jim Clarke, is happy to serve on the stakeholder advisory committee 

responsible for providing recommendations on the sustainable harvest of this 

important Alberta species.” 



Brian Dingreville, president, Alberta Fish and Game Association  

“The updating of the various provincial wildlife management plans is long overdue. 

This government has been very forward-thinking and proactive in addressing these 

outdated plans and we are very pleased and excited to join in this collaborative effort 

with the other stakeholders on this Mule Deer Management Plan Advisory 

Committee. This government continues to show its interest in our wildlife resources 

for the protection and benefit of all Albertans.” 

Corey Jarvis, president, Alberta Professional Outfitters Society  

“Many Metis Settlement members rely on the fish and game of this province to feed 

their families. As an Indigenous government, we have a vested interest in Alberta’s 

wildlife management policies and approach. I am pleased that Alberta is reaching 

out to us and other Indigenous organizations to discuss the management of 

Alberta’s mule deer population and am hopeful this leads to improved outcomes for 

this important species.” 

Roechelle Gaudet, vice-president, Metis Settlements General Council  

An updated mule deer management plan will be posted for public feedback in spring 

2021 before the plan is finalized and implemented. 

Quick facts 

 The Stakeholder advisory committee will include:  

o Alberta Professional Outfitters Society 

o Alberta Fish and Game Association 

o Alberta Bowhunters Association 

o Alberta Beef Producers 

o Alberta Conservation Association 

 Mule deer populations in southern and eastern Alberta are abundant. 

 Mule deer populations in west central, mountain and foothills Wildlife 

Management Units are declining. 

 Mule deer hunting continues to increase in popularity among hunters. 

 A management plan for mule deer assists wildlife managers with setting 

objectives for sustainable harvest rates. 



 Chronic wasting disease (CWD) is a prion disease that infects members of 

the deer family, notably mule deer in Alberta. It is fatal in all cases.  

o Once established, CWD is difficult to control. 

o CWD prevalence in Alberta is an average of 11 per cent. 

  

Related information 

 Mule Deer Management Plan (1989) 

 Chronic Wasting Disease 

 

Media inquiries 

John Muir  

780-422-4097 
Communications Director, Environment and Parks 

 

https://open.alberta.ca/dataset/5e977c2e-07e3-4d3e-b630-bb9d0da48fb3/resource/afd768e3-9ce0-4aa2-a665-8c721fe01289/download/1989-management-plan-mule-deer-alberta-1989-11.pdfv
https://www.alberta.ca/chronic-wasting-disease-wildlife-management.aspx
mailto:John.Muir@gov.ab.ca
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Research Article

Comparing Survival and Movements
of Non‐Urban and Urban Translocated
Mule Deer

CHLOE A. WRIGHT,1 University of British Columbia, Department of Biology, The Irving K. Barber Faculty of Science, Kelowna,
BC V1V 1V7, Canada

IAN T. ADAMS,2 Larix Ecological Consulting, 3396 Simms Rd, Cranbrook, BC V1C 6T1, Canada

PATRICK STENT, British Columbia Ministry of Forests, Lands, Natural Resource Operations and Rural Development, 205 Industrial Road G,
Cranbrook, BC V1C 7G5, Canada

ADAM T. FORD, University of British Columbia, Department of Biology, The Irving K. Barber Faculty of Science, Kelowna, BC V1V 1V7, Canada

ABSTRACT In many parts of North America, deer (Odocoileus spp.) have adapted to live in urban areas
and are a source of negative human‐wildlife interactions. Management strategies such as culling, im-
munocontraceptives, sterilization, and translocation have been implemented to manage urban deer
populations. In the East Kootenay region of southern British Columbia, urban mule deer (Odocoileus
hemionus) populations have been increasing, whereas non‐urban mule deer populations have decreased. In
2014 a non‐urban mule deer research project began in the area and in 2016 an urban deer translocation trial
was approved in the same region. We fit 121 non‐urban deer with global positioning system (GPS)‐collars
and translocated 135 urban mule deer to non‐urban areas, of which 57 were fit with GPS‐collars. We tested
if annual survival between urban translocated (i.e., translocated) and non‐urban deer differed, and if
translocated deer survival increased in subsequent years after translocation. We also determined if age, body
condition, release site, capture area and distance between capture and release sites affected translocated deer
survival. We evaluated if translocated deer exhibited different movement behaviors than non‐urban deer by
comparing probability of migration, maximum net displacement, home range size, and probability of
crossing a paved road. Finally, during our study we observed some translocated deer return to a municipal
area after translocation and assessed if any covariates such as age, release site, or capture city could help
predict this behavior. Annual survival of translocated deer was 0.48 and was significantly lower than survival
of non‐urban deer, which was 0.77. We observed 20 of 57 collared translocated deer return to a town after
translocation. Translocated deer had larger net displacements and larger seasonal home range sizes than
non‐urban deer. Non‐urban deer were more likely to migrate than translocated deer and crossed fewer
paved roads than translocated deer. The management effectiveness of translocation to reduce urban deer
densities is mixed because annual survival of translocated deer may be lower than may be acceptable to some
stakeholders. Additionally, some translocated deer returned to an urban area, and the large distances
traveled by deer after translocation may unintentionally spread disease. © 2020 The Wildlife Society.

KEY WORDS British Columbia, home range, movements, mule deer, Odocoileus hemionus, survival, translocation,
urban deer.

The world's human population is becoming increasingly
urban, with a projected increase of 120 million ha of
urbanized land over the next 12 years (Seto et al.
2012, United Nations Population Division 2014, Venter
et al. 2016). Urbanization has affected many species neg-
atively (Cardillo et al. 2004), yet some species seem to thrive
near people (McKinney 2006). Some people value the

presence of wildlife in urban settings (Bjerke and
Østdahl 2004), but there can be negative consequences to
wildlife populations in areas with high human density
(Soulsbury and White 2015). Human‐wildlife conflicts can
arise when the movement and activities of wildlife have
either a direct effect on humans, such as aggression or
nuisance behavior, or an indirect effect, such as the spread of
parasites or diseases (Soulsbury and White 2015).
Deer (Odocoileus spp.) are one of the most common native

species to have adapted to live in the urban and suburban
areas of North America (Polfus and Krausman 2012), re-
sulting in increased human‐wildlife conflicts (Nielsen and
Porter 2011). Urban deer can damage ornamental plants
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and lawns, shape vegetation composition in parks and other
green spaces, are involved in deer‐vehicle collisions, and
raise concerns about zoonotic disease transmission (Nielsen
and Porter 2011). In some instances, deer have even ex-
hibited aggressive behavior towards humans (Hubbard and
Nielsen 2009). With a decreased abundance of natural
predators in urban areas, and the prohibition of hunting
within many urban and suburban areas, urban deer survival
is high, and other management tools must be used to reduce
overabundance (Rudolph et al. 2011).
Several management strategies have been implemented in

attempt to reduce urban deer populations including culling
(e.g., sharp‐shooting; DeNicola and Williams 2008), con-
trolled hunts (Hygnstrom et al. 2011), immunocon-
traception (Gionfriddo et al. 2011), surgical sterilization
(Boulanger and Curtis 2016), and translocation (Beringer
et al. 2002). Lethal control has elicited strong, negative
feedback from the public (Warren 2011), resulting in an
increased desire by some management agencies to employ
non‐lethal control efforts. But immunocontraceptive vac-
cines are not always 100% effective for the life of the deer
(i.e., they require booster shots in subsequent years; Evans
et al. 2016), and sterilization can be costly, time consuming,
and potentially not effective at reducing deer densities
(Boulanger and Curtis 2016, Evans et al. 2016).
Translocation of urban deer has been seen as a more hu-
mane way to manage urban deer by re‐wilding animals;
however, this approach is also not without controversy.
Moving deer around the landscape raises concerns about
facilitating the spread of diseases such as chronic wasting
disease (CWD; Miller and Williams 2004). Translocation
has also been associated with complications including high
rates of mortality during the capture, handling, and trans-
port process (Beringer et al. 2002).
Mule deer (Odocoileus hemionus) populations in southern

interior British Columbia, Canada, are suspected to
have been declining for at least 30 years (Ministry of
Forests, Lands, Natural Resource Operations, and Rural
Development [FLNRORD] 2014). The cause of this decline
is not clear, but it may be due to multiple, simultaneous
changes on the landscape, including increasing predator
densities, habitat degradation, and competition with other
ungulates (Robinson et al. 2002, Lea 2008, FLNRORD
2014). While non‐urban mule deer populations have been
decreasing, urban mule deer populations have been increasing
rapidly within southern British Columbia (McCrory
et al. 2017). In Cranbrook, a city in the East Kootenay region
of British Columbia with approximately 20,000 people,
urban deer densities grew from 3.66 deer/km2 in 2010 to
5.44 deer/km2 in 2015 (City of Cranbrook 2016). From
2011–2016, 4 municipalities within the East Kootenay region
used a lethal approach to urban deer management; approx-
imately 378 deer were euthanized using Clover traps and bolt
guns (McCrory et al. 2017). But public opinion towards
culling prompted managers to pursue non‐lethal approaches
toward urban deer management.
In 2015, the British Columbia government and local

municipalities approved a trial program to translocate

deer. The trial was intended to see if this approach could
be a cost‐effective, humane, and publicly supported
option for managing urban mule deer in British
Columbia. The deer translocation was approved in part
because it took place within one management region,
therefore reducing the risk of introducing diseases from
urban populations to neighboring non‐urban populations.
Further, during prior lethal deer culls in the originating
municipalities, there was no indication of increased
disease prevalence and no deer in the region had tested
positive for CWD (FLNRORD, unpublished data).
In 2014, a 5‐year research project began in the
East Kootenay region of British Columbia to monitor
non‐urban female mule deer survival, movement, and
cause‐specific mortality sources.
Evaluating the survival, movements, and space use of

translocated urban deer is crucial to determine if translocations
are successful (Hamilton 1962, Smedley et al. 2019).
Therefore, the similar timing and locations of these 2 studies
provided us with a unique opportunity to evaluate if trans-
locations are a viable urban deer management strategy.
Specifically, the objectives of this study were to test whether
urban translocated mule deer survival and behavior differed
from sympatric non‐urban deer. We evaluated this objective
via 6 main comparisons between translocated and non‐urban
deer: 1) annual survival rates during the first and second years
after release, 2) cause‐specific mortality, 3) migration behavior,
4) movement distances, 5) home range size, and 6) probability
of crossing a paved road. We also evaluated if any translocated
deer returned to an urban area and if they did, what factors
may influence this returning behavior. We predicted
that translocated deer survival would be lower non‐urban
deer survival, but that it would increase in subsequent years
after translocation (Smedley 2016, Howard 2018). We also
predicted that translocated deer would be less likely to migrate
but overall would move farther and cross more roads than
non‐urban deer (Beringer et al. 2002, Jesmer et al. 2018,
Smedley et al. 2019).

STUDY AREA

Our study occurred from 1 Dec 2014 to 31 Dec 2018 in an
area that encompassed approximately 37,500 km2 of
southeastern British Columbia, in the East Kootenay re-
gion, which includes the Rocky and Purcell mountains
(Fig. 1). Urban deer were captured in Cranbrook, Elkford,
Invermere, and Kimberley. Cranbrook is approximately
31.95 km2, with a population of 20,000 people. Elkford is
approximately 5 km2 with a population of 2,500, Invermere
is approximately 10.73 km2 with a population of 3,400, and
Kimberley is approximately 60.62 km2 with a population of
7,500. Cranbrook and Invermere are situated within areas
classified as mule deer winter range, whereas most of
Kimberley and Elkford are not.
Elevation in the region ranged between 850m and

2,150m, with highly variable topography. Daily average
temperatures in Cranbrook (elevation 926m) ranged from
−6.6°C to 18.2°C, and Cranbrook received an average of
398.6mm of precipitation annually, with 122.1 cm of
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snowfall (Environment Canada; http://climate.weather.gc.
ca, accessed 2 Feb 2019). The climate varied within the
region with lower temperatures and greater snowfalls at
higher elevations. Kimberley (elevation 1,120m) and

Elkford (elevation 1,300m) generally received more snow-
fall, whereas Invermere (elevation 859m) precipitation
levels were similar to Cranbrook. The summer season oc-
curred from 1 June to 30 August, fall from 1 September to

Figure 1. Study area in the East Kootenay region of British Columbia, Canada, 2014–2018. Triangles are urban deer capture cities, circles are urban deer
release sites, and black polygons are non‐urban deer capture areas.
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30 November, winter from 1 December to 28 February, and
spring from 1 March to 31 May.
Between 800–1,200m in elevation, the dominant tree

species were Douglas fir (Pseudotsuga menziesii) mixed with
western larch (Larix occidentalis) and ponderosa pine (Pinus
ponderosa); however because of past fire and commercial
logging activity, mixed seral stands of Douglas fir, lodgepole
pine (Pinus contorta), western larch, and trembling aspen
(Populus tremuloides) were also common. Between
1,200–1,650m in elevation, the dominant tree species in-
cluded hybrid white spruce (Picea engelmannii × glauca),
balsam fir (Abies lasiocarpa) and lodgepole pine. The dom-
inant tree species between 1,650–2,100m in elevation were
adapted to short growing seasons (e.g., Engelmann spruce
[P. engelmannii] and balsam fir). The dominant land use in
the region was timber harvesting.
Other ungulates in the region included Rocky Mountain

elk (Cervus canadensis), white‐tailed deer (Odocoileus
virginianus), moose (Alces americanus), bighorn sheep (Ovis
canadensis), and mountain goats (Oreamnos americanus).
Predators of mule deer in this region included cougars (Felis
concolor), bobcats (Lynx rufus), wolves (Canis lupus), coyotes
(C. latrans), grizzly bears (Ursus arctos), and black bears
(U. americanus).
Urban deer were translocated and released at 8 different

release sites (Fig. 1). The release sites were chosen based on
mule deer winter range, accessibility by truck in
February–March, and as distance from the capture town,
other communities, and major highways.

METHODS

Non‐Urban Deer Capture
We use the term non‐urban deer (Mathieu et al. 2018) to
connote deer living primarily in natural landscapes outside
of urban areas, and urban to refer to those found in and
around developed towns and cities that were targeted for
translocation. We captured non‐urban female mule deer
randomly within winter ranges in 3 management units
(Fig. 1) from December–April 2014–2018, primarily using
helicopter net gunning (Gerlach et al. 1986, Jacques
et al. 2009), with some deer also being caught using free
range darting and Clover trapping. To identify capture
areas, we mapped mule deer detections from previous aerial
surveys and attempted to disperse collars across winter
ranges, targeting 20–25 deployed collars/management unit.
We used free‐range darting in densely forested areas that we
could not reach by helicopter and to redeploy collars we
recovered from mortalities.
We immobilized darted deer using BAM II (butorphanol

tartrate [27.3mg/mL], azaperone tartrate [9.1mg/mL],
medetomidine hydrochloride [10.9mg/mL]; Wolfe
et al. 2014). Once we restrained and blindfolded deer, we
attached a uniquely numbered ear tag, and fitted deer with a
global positioning system (GPS) radio‐collar (Vertex Survey
model, Vectronic Aerospace, Berlin; Germany or Life Cycle
model, Lotek Wireless, Newmarket, Ontario, Canada) that
recorded a location either every 13 hours (Vectronic Vertex

Survey) or 23 hours (Lotek Life Cycle). We fitted a sub‐
sample of deer with Vertex Iridium GPS‐collars (Vectronic
Aerospace) that recorded a location every 4.25 hours. All
GPS‐collars were equipped with a 12‐hour motion sensitive
switch to detect mortalities. Non‐urban deer capture oc-
curred under British Columbia Provincial Wildlife Permit
CB18‐287171, which included animal care approval by the
British Columbia government.

Urban Deer Capture
We captured primarily adult female mule deer and their
9‐month‐old fawns in the towns of Cranbrook, Elkford,
Invermere, and Kimberley during February–March
2016–2018. We caught most deer using free range
darting, with some deer in 2016 also caught with Clover
traps (Vercauteren et al. 1999). We captured deer oppor-
tunistically and targeted adult females with or without
young. We captured deer on public land or on private land
where we had permission from the landowner, preferably in
the urban core of municipalities rather than the perimeter of
towns. Primary considerations for capturing deer in urban
areas were permission to capture on property, safety of deer
between darting and immobilization (e.g., away from busy
streets or steep terrain), and public safety.
We immobilized all deer using either MAA (2016 only,

medetomidine hydrochloride [0.9mg/mL], azaperone tar-
trate [9.1mg/mL], alfaxalone hydrochloride [10.9mg/mL];
Mathieu et al. 2017) or BAM II. We caught deer in urban
(highest density housing areas closer to center of town) and
interface (semi‐rural areas on edge of town with 25–50% of
the urban housing density) areas. Once we immobilized deer,
we blindfolded and transported them to a modified horse
trailer for processing and translocation (Adams 2018). We
subjectively scored deer for body condition by palpating the
ribs, withers, and rump area (Cook et al. 2010; excellent,
good, fair, poor, emaciated), and aged them as old (≥10 yr),
adult (4–9 yr), young adult (2–3 yr), yearling (1 yr), or fawn
(~6 months) based on tooth eruption and wear patterns
(Robinette et al. 1957). We fitted all translocated deer with a
uniquely numbered ear tag and fitted a subset of adult
females (Table 1) with a GPS radio‐collar (Vertex Survey
model or Lotek Life Cycle model) that was programmed to
record a location either every 13hours (Vectronic) or
23hours (Lotek). Collars were equipped with an 8‐hour
motion sensitive switch to detect mortalities. We transported
deer daily to release sites, with ≤10 deer being transported at
one time. We released deer as a hard release, where we
opened the trailer door, waited for deer to leave, and did not
provide additional food or security. Urban deer translocation
occurred under British Columbia Provincial Wildlife Permits
CB16‐224332, CB17‐260952, and CB18‐264904, which
included animal care approval by the British Columbia
government, and Federal Cervid Movement Permits
VCRK‐CMP‐01, VCRK‐CMP‐05, and VCRK‐CMP‐04
issued by the Canadian Food Inspection Agency.

Mortality Assessment
When we received a mortality notification, we attempted to
retrieve the collar and carcass as quickly as possible. At the
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mortality site, we recorded the location of the carcass,
predator sign (tracks, scat), and general habitat character-
istics. If enough of the carcass was present, we performed a
necropsy to determine cause and time of death. We used
characteristics associated with predation behavior from the
literature (Elgmork 1982, Woodruff 2006, Murphy and
Ruth 2009) to assign a possible predator. If present, we
collected an incisor tooth (to age the deer; Gilbert 1966),
femur (bone marrow analysis; Cook et al. 2007), and other
major organs (e.g., heart, lung, kidney) to test for diseases
and parasites. After the bone marrow and organ samples
had been tested or evaluated, we re‐evaluated mortalities to
determine the cause of death. If the femur marrow fat level
was <12%, we classified that mortality as acute starvation,
regardless of the proximate cause of death (Ratcliffe 1980,
Bender et al. 2007). If the deer had some underlying health
issue as diagnosed through the tissue samples, we followed
the provincial wildlife veterinarian's recommendation for
the cause of death. If no other underlying issues were found,
we went with our original cause of mortality as defined at
the mortality site (e.g., cougar predation, unknown, vehicle
or train collision).
The province adopted a zero‐tolerance policy in 2017 for

any translocated deer that returned to an urban area.
Therefore, wildlife officers euthanized translocated deer that
returned to a town if they could locate the deer. Some
translocated deer that returned to a town exhibited ag-
gressive behavior and wildlife officers also euthanized these
deer. For analysis, we grouped the specific mortality sources
into 4 main categories: predation, human, other, and
unknown.

Survival Modeling
Although non‐urban deer have been collared in the
Kootenay region since 2014, we used only non‐urban deer
survival data from 1 January 2016–31 December 2018 to
match the period that we also monitored survival of trans-
located deer. This truncation of the dataset provided a more
accurate comparison between non‐urban and translocated
deer annual survival. We did not censor any mortalities from
the translocated deer dataset, even those that occurred

within 30 days after release, because we wanted to capture
all post‐release mortalities. We estimated annual survival
rates of non‐urban and translocated deer using the Kaplan‐
Meier (KM) estimator (Pollock et al. 1989). We tested for
differences in cause‐specific mortality sources between non‐
urban and translocated deer using a chi‐square test.
We used Cox proportional hazards (CPH) models with a

recurrent time scale (Fieberg and Delgiudice 2009) to
determine how factors affected deer survival. We conducted
4 different survival modeling analyses using CPH models.
The CPH model computes a hazard ratio, which compares
hazards between covariates and estimates the effect of
covariates on the baseline hazard rate. A hazard ratio
of 1 indicates there is no effect of the covariate on the risk of
mortality, whereas a hazard ratio of <1 or >1 indicates a
decreasing or increasing mortality risk, respectively. We ran
all models using the package survival (Therneau 2020) in
Program R version 3.5.3 (R Core Team 2019). We used
Akaike's Information Criterion scores corrected for small
sample size (AICc) to determine the best model in each of
the 4 candidate model sets and considered models within 2
AICc units of the top model as competing for the top model
(Burnham and Anderson 2002). If models within this
threshold only differed from the top model by 1 additional
parameter, we considered that additional parameter to be
uninformative and unsupported by the data (Burnham and
Anderson 2002). We conducted model selection using the
package AICcmodavg (Mazerolle 2020) in Program R.
We first tested if annual survival differed significantly

between non‐urban and translocated deer using 2 data and
model sets. The first dataset included all individuals and the
second dataset did not include deer that were killed for
returning to a town. We made this distinction because we
were interested in comparing survival between non‐urban
and translocated deer with all sources of mortality and those
that occurred without human intervention. The 5 models
we estimated for both datasets were the null model, year,
type (non‐urban or translocated), type+ year, and type×
year. We included individual deer identification (ID) as a
cluster variable to account for deer that lived >1 year in
these 2 model sets. We did not include age or body

Table 1. Summary of urban deer capture and translocations in the East Kootenay region of British Columbia, Canada, 2016–2018. The total column
represents all deer translocated between sites each year, and the GPS column represents all deer translocated between sites each year that were fit with global
positioning system (GPS)‐collars.

2016 2017 2018

Capture town Release site Distance (km)a Total GPS Total GPS Total GPS

Invermere Lavington 41 13 7 0 0 0 0
Cranbrook Dorr Rd 57 12 7 0 0 0 0

Gibraltar 92 0 0 12 8 0 0
Elkford Caven‐Bloom 102 1b 1 0 0 0 0

Newgate 103 5 2 0 0 0 0
Ram 82 10 6 0 0 0 0

Kimberley Newgate 78 20 7 0 0 0 0
Gibraltar 77 0 0 13 10 20 4
Lussier 62 0 0 0 0 20 3
Fenwick 90 0 0 0 0 10 3

a Straight‐line distance between capture town and release site.
b This deer was initially released at the Ram site but returned to a town within a month of translocation, so she was translocated again to a new area.
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condition score as covariates because the non‐urban and
translocated deer were captured by different crews on sep-
arate research projects, and we were unsure if these data
were consistent enough to be compared across groups.
To investigate if there were any covariates that affected

translocated deer survival to 1 year after translocation, we
evaluated a set of competing survival models that included
only translocated deer in the third model set. These models
included the age of the deer, body condition score at cap-
ture, capture municipality, release, straight‐line distance
between release site and capture town, and area the deer was
captured (interface, urban) as covariates. Deer were aged as
young adult, adult, and old at capture; however, for this
analysis we pooled all adult and old deer into 1 class that we
called old because of a low sample size of old deer. Similarly,
only 1 deer received a body condition score of emaciated so
we re‐classified her as poor.
Translocated deer may have higher survival rates in sub-

sequent years after translocation as compared to their first
year after translocation (Smedley 2016). Therefore, in the
fourth model set, we were interested in determining if
translocated deer survival differed significantly between the
first and second year after translocation. We did not address
survival past year 2 because of insufficient sample size. We
included only 2 models in this candidate set, in which we
compared the null model to a model with years after
translocation as a covariate. We again ran CPH models with
individual deer ID as a cluster variable to account for deer
surviving multiple years.

Non‐Urban and Translocated Deer Movements
Migration.—Given that urban deer exhibit altered

movement patterns compared to non‐urban deer (Kilpatrick
and Spohr 2000, Gaughan and Destefano 2005), and
ungulate migrations are thought to originate from learning
and cultural transmission of knowledge (Jesmer et al. 2018),
we predicted that translocated deer would be less likely to
migrate than non‐urban deer. We included only deer that
survived until 31 December of the year they were captured
(or the following year if they were caught in Dec) to ensure
all deer survived long enough to exhibit a full migration.
With the exception of migration timing, movement
behaviors are less affected by interannual variation than
survival (Garrott et al. 1987, Sawyer et al. 2019). Therefore,
we included location data from all non‐urban deer, including
those collared in 2014–2015 (i.e., before we translocated
urban deer), for this analysis and all subsequent movement
analyses that included non‐urban deer to increase sample
sizes.
We defined migration as movement between distinct

seasonal ranges (Singh et al. 2012) and considered multiple
trips between 2 ranges within a year as non‐migratory be-
havior (Cagnacci et al. 2016, Jesmer et al. 2018). We de-
fined dispersal as the movement to a distinct second range
without returning to the original range (Greenwood 1980).
We used Migration Mapper version 1.3 (Wyoming
Migration Initiative 2019) to classify migration strategies as
migratory, dispersal, and home range (non‐migratory), and

to assign timing of those migratory movements. We visually
examined the net squared displacement plot for each deer‐
year (Jesmer et al. 2018) and followed the technique of
Bunnefeld et al. (2011:figure 1) to classify migration
strategies.
For the first analysis, we filtered our dataset to only in-

clude migrators and residents. We evaluated a logistic re-
gression model with non‐urban versus translocated as the
predictor variable to determine if non‐urban deer were more
likely to migrate than translocated deer. For our second
analysis we filtered our dataset to include only dispersers and
resident deer and used a logistic regression model with non‐
urban versus translocated as the predictor variable to de-
termine if non‐urban deer were more likely to disperse than
translocated deer. We conducted these analyses within the
stats package in Program R.
Movement distance.—We first assessed whether

translocated deer moved larger distances within the first
6 months after translocation than a non‐urban deer would
move during this same time of year. We chose 6 months
because we could only include deer in the analysis if they
were collared the entire time, to ensure we were not biasing
our results by including deer who died before they could
make a large movement. Using 6 months instead of a year
gave us more data, particularly for translocated deer. We
calculated the net displacement, or the distance from the
starting location to all subsequent locations, for all non‐
urban and translocated deer using the amt package (Signer
et al. 2019) in Program R. For translocated deer, the
starting location was the first location taken by the collar
following release and the last location was 6 months after
the starting location. For non‐urban deer, the starting
location was the animal's location on 3 March (the average
date of translocation for translocated deer) the first year it
was collared, and the last location was 6 months later. If the
non‐urban deer was collared after 3 March, then its first
location was the first location taken by the collar following
capture. We compared the maximum net displacement
distance for non‐urban and translocated deer using a t‐test.
As another way to measure potential extreme movements

by translocated deer, we estimated seasonal home range
sizes. To compare home range sizes, we first partitioned
deer locations into 3 periods. We defined winter 1 as the
period between 1 February and the start of spring migration,
summer as the end of spring migration until the start of fall
migration, and winter 2 as the end of fall migration until
31 January (see Supplemental Information for more detail).
We identified the timing of migration using the Migration
Mapper software as described in the migration section.
Migration Mapper plots the net squared displacement be-
tween 1 February and 31 of January for each deer‐year. If a
deer exhibited a typical migration strategy, we defined the
timing of these 3 periods using the start and end times of
their migration each year. If a deer did not migrate, we
defined the start of spring migration as 15 May, end of
spring migration as 1 June, start of fall migration as
15 October, and end of fall migration as 1 November. If a
deer dispersed, we used the start and end dates of the
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dispersal movement, and then used the predefined migra-
tion dates for the migration that did not occur. Breaking the
year into these 3 periods enabled us to compare meaningful
and biologically relevant home range sizes, regardless of the
migration strategy of the deer.
We estimated the size of each deer's home range during

these 3 periods using the dynamic Brownian bridge move-
ment model (dBBMM; Kranstauber et al. 2012). We used
95% volume contours to define the home range area (ha),
and estimated the home range area for deer during a season
only if they had ≥30 locations in that period. We used the
move package (Kranstauber et al. 2020) in Program R to
estimate home ranges.
We used linear mixed models to test for differences in

home range size between seasons and non‐urban and
translocated deer. We log transformed home range size
and ran each model as a linear mixed model with in-
dividual deer and year as random effects using the lme4
package (Bates et al. 2015) in Program R. The 5 models
we evaluated were the null model, type (non‐urban or
translocated), season, season + type, and type× season. We
selected the best approximating model using AICc

(Burnham and Anderson 2002) using the AICcmodavg
package (Mazerolle 2020) in Program R as described in
the previous sections.
Probability of crossing a paved road.—Because translocated

deer may be more habituated to paved roads than non‐
urban deer, and the concern that this habituation could
increase deer‐vehicle collisions after translocation, we
assessed if translocated deer crossed more paved roads
than non‐urban deer. We acquired road layers from
British Columbia (data.gov.bc.ca, accessed 9 May 2019)
and Montana, USA (geoinfo.msl.mt.gov/msdi, accessed 9
May 2019), merged them, and removed all unpaved roads
from the layer. We determined road crossings by linking
successive steps with a straight line, and assumed that deer
crossed a road when these lines intersected with a road
(Meisingset et al. 2013). We calculated the number of road
crossings per deer per month and used a zero‐inflated
negative binomial mixed effects model, with individual
deer ID as the random effect, to determine if translocated
deer crossed more roads per month than non‐urban deer.
We formulated a candidate set of 20 models and included
the monthly distance traveled, type (non‐urban or
translocated), season (summer, fall, winter, spring), and
interactions between them as covariates to model the count
data. To model the structural zeros, we included the type
and general location in the study area that the non‐urban
deer were captured in or urban deer were translocated to
(North=management unit [MU] 426, Lavington, Lussier,
Gibraltar, Fenwick; South =MU 403, MU 402, Caven‐
Bloom, Newgate, Dorr Rd, Ram) as covariates. We used
the glmmTMB package (Brooks et al. 2017) in Program R
to run all models, and selected the best approximating
model using AICc (Burnham and Anderson 2002) in the
AICcmodavg package (Mazerolle 2020).
Return to a town.—If a translocated deer spent >1 day

within a town, we classified that deer as having returned to a

town. We used logistic regression models to determine if
there were any factors that could predict whether a deer was
likely to return to a town. We removed all deer from this
analysis that died within 1 month of translocation (n= 2)
because these deer likely did not live long enough to have
the opportunity to return to a town. We included age of the
deer, body condition score at capture, capture town, release
site, straight‐line distance between release site and capture
town, straight‐line distance between the release site and
nearest urban area, area the deer was captured, elevation of
the release site, and time since translocation as covariates in
these models. We translocated only 1 deer to the Caven‐
Bloom site, so we did not include that translocation in this
analysis. Time since translocation was the number of days
that a deer had been monitored. We predicted that as time
since translocation increased, the probability that a deer
would return to a town would increase. Age classes and
body condition covariates were the same as in the survival
analyses.
We tested for collinearity of independent continuous

variables and did not include covariates with a correlation
coefficient |r |≥ 0.5 in the same model. We ran all models
using the glm function with a binomial family within the
stats package and selected the best approximating model
using AICc (Burnham and Anderson 2002) in the
AICcmodavg package (Mazerolle 2020).

RESULTS

Deer Capture and Translocation
During 2014–2018 we captured 121 non‐urban deer (region
402= 47, region 403= 37, region 426= 37). We captured
23 deer using free range darting, 97 using helicopter net‐
gunning, and 1 using a Clover trap. Forty deer received
Lotek Life Cycle collars, 72 received Vectronics Vertex
Survey collars, and 9 received Vectronics Vertex Iridium
collars.
Between 2016–2018 we captured and translocated 135

urban mule deer (Table 1). We captured 129 using free
range darting and 6 using Clover traps. Out of these deer,
57 were outfitted with GPS collars, with 51 deer receiving
Vectronics Vertex Survey collars and 6 receiving Lotek Life
Cycle collars. Of the collared deer, 6 were classified as old,
29 as adults, and 23 as young adults. We observed 1 capture
related mortality but did not observe any injuries
during translocation, and deer appeared generally calm at
release. The mean distance we translocated deer was
74.27± 17.72 km (SD).

Survival Modeling
We observed 86 mortalities between translocated and non‐
urban deer, with 13 different sources of mortality that we
grouped into 4 general categories (Table 2). Cause‐specific
mortality categories differed between translocated and non‐
urban deer (χ3

2= 14.86, P< 0.01). Translocated deer died
more frequently of human‐related causes than expected
compared to non‐urban deer, and less frequently of pre-
dation than expected compared to non‐urban deer. When
we removed the human‐killed deer (mostly because of
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aggressive post‐translocation behavior) from the data,
there was still a difference between cause‐specific
mortality sources for non‐urban and translocated deer

(χ3
2= 8.21, P= 0.04).
The Kaplan‐Meier estimate of annual survival for non‐

urban deer (n= 111) was 0.77 (95% CI= 0.72–0.83). The
Kaplan‐Meier estimate of annual survival for translocated
deer (n= 57) was 0.48 (95% CI= 0.38–0.61), survival of
translocated deer during their first year after translocation
was 0.42 (95% CI= 0.30–0.57), and survival during
their second year after translocation was 0.62 (95%
CI= 0.43–0.89). Model selection results indicated that

survival was not different during the second year after
translocation compared to the first year (β=−0.061, 95%
CI=−1.43–0.22, P= 0.13).
The most‐supported model comparing non‐urban and

translocated deer survival (model weight [ωi]= 0.81) included
only the variable type and indicated that translocated deer had
a higher risk of mortality (β=0.98, 95% CI=0.55–1.41,
P<0.001) than non‐urban deer (Fig. 2). The hazard
ratio indicated that translocated deer were 2.7 times (95%
CI=1.7–4.1) more likely to die than non‐urban deer. The
most‐supported model comparing non‐urban and translocated
deer survival from the reduced dataset that had human‐killed
deer removed (ωi=0.83) was also the type model and
indicated that translocated deer were still 2.41 times
(95% CI= 1.53–3.80) more likely to die than non‐urban deer
(β=0.88, 95% CI=0.43–1.32, P<0.001).
The most‐supported model evaluating factors affecting

translocated deer survival during the first year after trans-
location included age of the translocated deer and area of
town that the deer was caught (Table 3). All other models
were >2 AICc from the top model and thus not considered
to be better than this model. According to the top model,
young adult deer had a lower risk of mortality than older
deer (β= 1.09, 95% CI= 0.30–1.89, P< 0.01) and deer
captured in an interface area had a lower risk of mortality
than those caught in an urban area (β= 0.85, 95%
CI= 0.02–1.68, P< 0.05). Older deer were 2.9 times (95%
CI= 1.4–6.6) more likely to die within a year of trans-
location than young adult deer, and deer caught in an urban
area were 2.3 times (95% CI= 1.0–5.4) more likely to
die within 1 year of translocation than deer caught in an
interface area.

Table 2. Summary of mortality sources observed for non‐urban and urban
translocated deer in the East Kootenay region of British Columbia, Canada,
2016–2018. Numbers represent the proportion of each mortality source
observed for non‐urban (n= 45) and urban translocated (n= 41) deer.

General source Specific sourcea Non‐urban Translocated

Predation Cougar 0.56 0.34
Wolf 0.13 0.05
Bear 0.00 0.02
Coyote 0.02 0.00
Unknown predation 0.04 0.00

Human Vehicle 0.02 0.10
Railroad 0.00 0.02
Problem 0.00 0.07
Removed 0.00 0.07

Other Accident 0.02 0.05
Health‐emaciation 0.04 0.10

Unknown Unknown 0.16 0.17

a Problem= deer killed because they exhibited aggressive behavior to-
wards people; removed= deer killed because they returned to an
urban area.

Figure 2. Predicted survival curves based on the top Cox proportional hazards model used to determine if annual mule deer survival in the East Kootenay
region of British Columbia, Canada, 2016–2018, was different between non‐urban and urban translocated deer. Shaded areas show 95% confidence intervals.
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Non‐Urban and Translocated Deer Movements
Migration.—Of the 57 urban deer that were translocated

with GPS‐collars, 33 were collared until 31 December of
the year they were captured and included in the migration
analysis. Out of these deer, 13 were residents (39.4%), 7
exhibited typical migration patterns (21.2%), and 13
(39.4%) exhibited dispersal behavior (made a long‐distance

movement to a new range during either the fall or the
spring, but not both). Of the 121 non‐urban deer, 93 were
collared until 31 December of the year they were captured.
Out of these deer, 23 were residents (24.7%), 68 exhibited
typical migration patterns (73.1%), and 2 (2.2%) exhibited
dispersal behavior. Deer did not switch migratory strategies
between years. The average start dates of spring migration
for all years were 14 May and 8 May for non‐urban and
translocated deer, respectively. The average end date of
spring migration was 27 May for non‐urban and
translocated deer. The average start dates of fall migration
were 8 October and 7 October for non‐urban and
translocated deer, respectively. The average end dates of
fall migration were 26 October and 11 November for non‐
urban and translocated deer, respectively. Non‐urban deer
were more likely (β= 1.70, 95% CI= 0.67–2.74) to migrate
than translocated deer (df= 109, P< 0.001), but non‐urban
deer were less likely (β=−2.44, 95% CI=−4.08–−0.81) to
exhibit dispersal behavior than translocated deer (df= 49,
P< 0.001).
Movement distance.—We included 38 translocated deer

and 109 non‐urban deer in this analysis. The average
maximum net displacement was 25.4± 16.8 km and
41.9± 41.6 km for non‐urban and translocated deer,
respectively. Movement distances were different for non‐
urban and translocated deer (t73.57=−2.67, P< 0.01);
however, there were a few translocated deer outliers that
likely caused this difference (Fig. 3).
We included home range sizes estimated from 111 non‐urban

deer and 53 translocated deer. The most‐supported model in-
dicated that home range sizes differed by season, by type (non‐
urban vs. translocated), and their interaction term (ωi=0.85).
The second‐ranked model, type+ season, was 3.53 AICc units

Table 3. All Cox proportional hazards models used to explain survival of
urban translocated deer to 1 year after translocation in the East Kootenay
region of British Columbia, Canada, 2016–2018. They are ranked
according to Akaike's Information Criterion scores corrected for small
sample size (AICc) and model weights (ωi). K is the number of parameters
in each model.

Modela K AICc ΔAICc ωi

Age+ capture area 2 228.87 0.00 0.53
Age 1 231.15 2.28 0.17
Age+ distance 2 232.88 4.01 0.07
Age× distance 3 233.72 4.85 0.05
Null 0 234.12 5.25 0.04
Capture area 1 234.66 5.79 0.03
Age+ origin town 4 234.83 5.96 0.03
Age+ capture year 3 235.09 6.23 0.02
Distance 1 235.94 7.07 0.02
Origin town 3 236.32 7.45 0.01
Distance+ capture area 2 236.65 7.79 0.01
BCS 3 237.41 8.54 0.01
Capture year 2 238.03 9.17 0.01
Distance× capture area 3 238.15 9.28 0.01
Capture year+ origin town 5 240.41 11.54 0.00
Age+ release site 8 244.5 15.63 0.00
Release site 7 245.6 16.74 0.00
Capture year× origin town 11 256.93 28.07 0.00

a Distance= distance from origin town to release site; capture area= area
of town the deer was captured (urban or interface); BCS= body con-
dition score at capture; age= age at capture (young adult, old [includes
both adult and old]).

Figure 3. Net displacement for non‐urban and urban translocated deer in the East Kootenay region of British Columbia, Canada, 2014–2018, for the first
6 months following 3 March (non‐urban; n= 109) or 6 months after translocation (translocated; n= 38). Each line represents an individual deer.
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from the top model (ωi=0.15), and thus was not considered to
be competitive. According to the top model, home range sizes
were largest during the summer, smaller during winter
1 (β=−0.81, 95% CI=−0.63 to −0.98) and winter
2 (β=−0.82, 95% CI=−0.99 to −0.65), and overall slightly
larger for translocated deer (β=0.34, 95% CI=0.02–0.67).
For translocated deer, home range sizes were larger in winter 1
(β=0.36, 95% CI=0.03–0.69) than winter 2, a trend that was
not observed for non‐urban deer. Predicted home range sizes for
non‐urban deer were 392.5ha (95% CI=328.01–474.69ha),
879.14ha (95% CI=716.87–1,064.42ha), and 388.41ha (95%
CI=322.92–466.19ha) during winter 1, summer, and winter 2,
respectively. Predicted home ranges for translocated deer were
795.59ha (95% CI=614.53–1,040.05ha), 1,240.74ha
(95% CI=940.30–1686.78ha), and 508.64ha (95%
CI=370.56–705.40ha) during winter 1, summer, and winter 2,
respectively (Fig. 4).
Paved road crossing.—The most‐supported model in the

candidate set included an interaction term between type and
season plus the monthly distance traveled by the deer to
model the count data, and type to model the structural zeros
(Table 4; ΔAICc= 0.75, ωi= 0.32). The top model
according to AICc was the same model as above but
included an additional site parameter to model the structural
zeros (Table 4; ΔAICc= 0, ωi= 0.46). The 95% confidence
interval of the β estimate for the additional site parameter
contained zero, so we considered this to be an uninformative
parameter. Non‐urban deer crossed fewer paved roads than
translocated deer (β=−5.04, 95% CI=−7.07 to −3.01) and
as the monthly distance traveled by deer increased, the
number of roads crossed per month also increased (β= 0.64,
95% CI= 0.33–0.95; Fig. 5). Deer crossed more roads in fall

Figure 4. Fitted estimates of deer home range sizes for non‐urban and urban translocated deer in the East Kootenay region of British Columbia, Canada,
2014–2018, in 3 different seasons. We obtained estimates using the most‐supported linear mixed model, season× type, as determined by model selection.
We included individual deer identification as a random effect. Error bars show 95% confidence intervals.

Table 4. Zero‐inflated negative binomial mixed effects models used to
determine if urban translocated deer crossed more paved roads per month
than non‐urban deer in the East Kootenay region of British Columbia,
Canada, 2014–2018. Models are ranked according to Akaike's Information
Criterion scores corrected for small sample size (AICc) and model weights
(ωi). K is the number of parameters in each model.

Modelsa K AICc ΔAICc ωi

Type× season+ length | type+ site 14 1,746.68 0.00 0.46
Type× season+ length | type 13 1,747.43 0.75 0.32
Type× season+ length | type× site 15 1,748.48 1.80 0.19
Type× season+ length | site 13 1,752.41 5.74 0.03
Type+ length× season | type 13 1,756.19 9.52 0.00
Season+ type+ length | site+ type 11 1,760.53 13.85 0.00
Season+ type+ length | type 10 1,761.23 14.55 0.00
Type× length+ season | type 11 1,763.24 16.56 0.00
Season+ length | type 9 1,774.30 27.62 0.00
Season+ type+ length | 1 9 1,775.07 28.39 0.00
Season+ type+ length | site 10 1,776.56 29.88 0.00
Type× length+ season | site 11 1,777.20 30.52 0.00
Type+ length | type 7 1,780.15 33.48 0.00
Type× season | type+ site 13 1,780.36 33.69 0.00
Type× length | type 8 1,781.49 34.81 0.00
Type+ season | type 9 1,792.01 45.34 0.00
Type | type 6 1,799.42 52.74 0.00
Season | type 8 1,803.91 57.24 0.00
Type | 1 5 1,808.52 61.84 0.00
Null 4 1,823.24 76.57 0.00

a Type= translocated or non‐urban; length= total distance traveled per
month; season=winter, summer, spring, fall; site= section of study
area where the deer was either captured (non‐urban) or translocated to
(urban); 1= no covariates included. Covariates before the | represent
covariates used to model the count data, whereas those after the |
represent the covariates used to model the structural zeros.
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than spring (β=−1.51, 95% CI=−2.19 to −0.83), summer
(β=−0.70, 95% CI=−1.14 to −0.26), and winter
(β=−0.70, 95% CI=− 1.23 to −0.17), and non‐urban
deer crossed proportionally even fewer roads in the summer
than translocated deer (β=−3.19, 95% CI=−5.28
to −1.10).
Return to a town.—Of the 57 collared urban deer that were

translocated, 20 returned to a town for some period, and
14 stayed in a town until their death or until the end of this
study (31 Dec 2018). Deer returned to a town within an
average of 118.1±101.99 days from translocation. Only 4 deer
returned to the town they came from (2 from Kimberley and
2 from Invermere). Fourteen deer went to nearby towns or
municipalities and 2 others went across the United States
border to towns in Montana, USA. One deer ended up in
2 towns because she went to 1 municipality within 1 month of
translocation, was translocated again, and following her second
translocation went to a different municipality. We included
only her first return to an urban area in this analysis.
There was significant model uncertainty when trying to

determine what factors could predict whether a deer was
likely to return to a town (Table 5). The null model was
only 0.08 AICc from the top model, and the 95% confidence
intervals of the β estimates in the top model included zero,
so we considered the null model to be the best model.

DISCUSSION

The annual survival of translocated deer was lower than non‐
urban deer. Although other researchers documented lower
urban translocated deer survival rates than average non‐urban
deer survival rates (O'Bryan and McCullough 1985, Jones

and Witham 1990, Beringer et al. 2002, Cain et al. 2018,
Howard 2018), to our knowledge no other study has directly
compared urban translocated and non‐urban deer survival
rates during the same space and time. Smedley (2016) di-
rectly compared non‐urban translocated and non‐urban resi-
dent deer survival, and reported similarly lower survival for
translocated deer (0.51) compared to resident deer (0.83),
even though the translocated deer did not come from an
urban area.

Figure 5. Predicted number of monthly paved road crossings for urban translocated and non‐urban mule deer in the East Kootenay region of British
Columbia, Canada, 2014–2018. We obtained fitted estimates from the most‐supported zero‐inflated negative binomial mixed effects model, as determined
by model selection. The model predicted 0 road crossings for non‐urban deer in all seasons. Solid lines represent the fitted estimate and the shaded areas
represent the 95% confidence interval.

Table 5. Logistic regression models used to evaluate factors that could
explain whether an urban translocated deer was likely to return to a town in
the East Kootenay region of British Columbia, Canada, 2016–2018. They
are ranked according to Akaike's Information Criterion scores corrected for
small sample size (AICc) and model weights (ωi). K is the number of
parameters in each model. Only models within 5 AICc of the top model are
listed here.

Model K AICc ΔAICc ωi

Time× distance from origin 4 74.10 0.00 0.12
Null 1 74.18 0.08 0.12
Distance from origin 2 74.62 0.52 0.09
Distance from origin× time+ age 5 74.93 0.83 0.08
Age 2 75.00 0.90 0.08
Age+ distance from origin 3 75.27 1.17 0.07
Distance to nearest town 2 75.38 1.28 0.06
Age× distance from origin 4 75.81 1.71 0.05
Area category 2 75.81 1.71 0.05
Time 2 75.88 1.78 0.05
Time+ distance from origin 3 76.01 1.91 0.05
Elevation 2 76.14 2.05 0.04
Age× area category 4 77.56 3.46 0.02
Age× distance to nearest town 4 77.85 3.75 0.02
Origin 4 78.24 4.14 0.02
Age× time 4 78.61 4.52 0.01
Elevation× age 4 78.99 4.89 0.01
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Translocated deer in our study died less frequently from
predators but more frequently from human‐related causes
than expected. Some studies suggest that urban translocated
deer are at a greater risk of predation upon release either
because of loss of fear of predators from their urban envi-
ronment, or a similar lack of familiarity of the escape terrain
in the wild (Jones and Witham 1990, Cain et al. 2018).
Smedley (2016) reported that predation accounted for most
of the mortalities for translocated non‐urban deer. Their
findings support the hypothesis that translocated deer sur-
vival is lower than resident deer survival because of a lack of
familiarity of escape terrain. Our results, however, indicate
translocated deer no longer associated humans with danger,
to their detriment (O'Bryan and McCullough 1985).
Human‐related mortality was higher for translocated deer
than non‐urban deer, in part, because of the management
decision that deer returning to, and staying in, any com-
munity would be lethally removed. These deer were killed
regardless of any aggressive behavior shown to avoid in-
troducing habituated deer to communities where local deer
showed no habituated behavior. The potential for trans-
located deer to cause problems, such as vehicle collisions and
conflict, in new communities was not acceptable to wildlife
managers or the new communities.
Deer caught in urban core areas were 2.34 times more likely

to die during their first year after translocation than those
caught in an interface area. These urban deer comprised
10 of the 12 human‐caused mortalities and 5 of the
6 deer killed through management removal. Deer living in an
interface area may have already been exposed to many of the
pressures of their new environment, and therefore adapted
more quickly, resulting in higher survival. Deer that live in
urban core environments (i.e., downtown or in a high‐density
neighborhood) are more likely to encounter and habituate to
human presence than those who live in an interface area. But
targeting interface deer for translocation is not a practical
management strategy because deer from urban cores are those
that are most needed to be removed if the goal of the
translocation project is to reduce urban deer densities and
negative human‐wildlife interactions. Therefore, if trans-
location is used to manage urban deer populations, managers
and the public must be willing to accept that deer caught in
an urban core will likely experience greater mortality than
non‐urban deer and those removed from an interface area.
We also observed that older deer were 2.9 times more

likely to die during their first year after translocation than
younger deer. Possibly, younger deer are more adaptable to
new environments than older deer (Komers 1997), and are
better able to overcome the stress of translocation. Although
body condition score was not a significant covariate of sur-
vival in our study, that score was a subjective and coarse
estimate and may not have fully captured an individual's
readiness to cope with the immediate stress of being re-
located to a completely new area. In Utah, USA, Smedley
(2016) and Howard (2018) reported that survival of younger
translocated females was significantly higher than that of
older deer. Unfortunately, the age of deer is difficult to
determine visually before capture, except for crude age

classes such as fawn and adult, and sometimes fawn, year-
ling, and adult (Bundy et al. 1991).
Our results suggest that translocated deer may adapt to

their new surroundings and have better survival rates after a
year. The Kaplan‐Meier estimates (first year: 0.42; 95%
CI= 0.30–0.57; second year: 0.62; 95% CI= 0.43–0.89)
suggest that survival may be increasing between years for
translocated deer, but our sample size was too small during
the second year for the model to strongly confirm this result.
Other researchers (Ortega‐Sanchez 2013, Smedley 2016,
Howard 2018) reported that survival was significantly
greater during the second year following translocation. If
true, these trends support the hypothesis that translocated
deer survival was low because of lack of familiarity with the
novel landscape. In our study, by the second year the most
habituated deer had already encountered an anthropogenic
source of mortality, thus increasing overall survival in the
second year. It is important to continue to monitor trans-
located deer survival in future years to determine if their
survival rates increase over time and if they eventually equal
that of non‐urban deer.
We observed 35% of collared urban deer return to a town

after translocation. To our knowledge, only 2 other urban
deer translocation programs have observed deer returning to
another town or community after translocation (O'Bryan
and McCullough 1985, Cromwell et al. 1999), whereas all
other studies did not (Jones and Witham 1990, Bryant and
Ishmael 1991, Beringer et al. 2002, Cain et al. 2018,
Howard 2018). One possible explanation for this difference
between our study and others could be related to the use of
GPS‐collars versus very high frequency (VHF)‐collars.
Except for translocations occurring recently in Utah
(Howard 2018) and New Mexico, USA (Cain et al. 2018),
all other published urban deer translocation studies used
VHF‐collars to monitor deer after translocation (O'Bryan
and McCullough 1985, Jones and Witham 1990, Bryant
and Ishmael 1991, Beringer et al. 2002). Because of their
labor‐intensive nature, VHF‐collars rarely result in move-
ment data collected at the same spatio‐temporal scale as
GPS‐collars. We were only aware that some deer returned
to a town by viewing their GPS‐location data. Therefore,
some of these previous researchers may have been unaware
of deer that returned to a town for a brief period because of
a lack of close monitoring.
Another hypothesis for why we observed deer returning to

towns and other studies did not is that our release sites were
poor quality habitat, thus prompting deer to move large
distances to find higher quality habitat ( Jones and
Witham 1990). We chose release sites in part because they
occurred within known non‐urban deer winter range, which
we assumed would convey some measure of habitat suit-
ability for mule deer, but we never explicitly measured re-
lease site habitat quality (e.g., measuring snow depth and
biomass of preferred browse species; Bergman et al. 2014).
Therefore, our assumption that these release sites contained
adequate resources for mule deer could have been incorrect,
resulting in low fidelity to the sites, and an increased
probability of ending up back in a municipality. To reduce
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this possibility in the future, we recommend future trans-
location programs release deer in sites that are known high
quality habitat for mule deer.
We did not identify any covariates that predicted whether

a deer was likely to return to a town following translocation.
Likely there were individual characteristics we were not able
to measure that would predict whether a deer would return
to a town. For example, perhaps deer born and raised in a
town were more likely to seek out a town after release,
whereas those who recently moved to a town before capture
would be less likely. Unfortunately, these data would be
expensive and time‐consuming to collect because they
would require a long‐term monitoring program of urban
deer prior to translocation. Also, given that 2 translocated
deer moved >160 km during their first 6 months after
translocation, non‐urban deer in this area migrate up to
74 km 1 way, and migrations up to 240 km have been ob-
served in mule deer (Sawyer et al. 2016), it does not appear
that simply translocating deer to locations farther from
urban areas would solve the management issue of deer re-
turning to towns after translocation.
The geography of our study area may be partly responsible

for directed movements toward a town (Long et al. 2010).
The East Kootenay region is characterized by high, steep
mountain ranges with deep snow on either side of a valley
that bisects the region. These valley bottoms support the
majority of mule deer winter range in the area and are rel-
atively snow‐free by March when we translocated deer. This
valley is also where most of the human development is sit-
uated. Most of the translocated deer that moved moderate
to long distances traveled to areas with lower elevation,
greatly increasing their chances of encountering a com-
munity. In some other translocation studies (Howard 2018)
deer were released in areas with fewer linear topographical
features, which could have resulted in less directed move-
ments (Long et al. 2010), and ultimately no deer returning
to towns.
Overall, deer movement responses after translocation were

highly variable—sometimes moving much more or about
the same as non‐urban deer. Most translocated deer moved
greater distances than non‐urban deer; the 6‐month net
displacement of translocated deer was on average 1.7 times
greater than non‐urban deer displacement. Translocated
deer also had larger home ranges from 1 February to the
start of spring migration (winter 1), and from the end of
spring migration to the start of fall migration (summer;
Fig. 4). Increased movements after translocation have been
observed in other studies (Jones and Witham 1990,
Beringer et al. 2002, Parker et al. 2008, Smedley 2016).
These movements are theorized to be an exploration phase
in which animals are wandering through unfamiliar territory
and perhaps searching for better resources (Jones and
Witham 1990, Beringer et al. 2002). Home range sizes were
not significantly different between non‐urban and trans-
located deer from the end of fall migration to 31 January
(winter 2), which for these translocated deer was at least
7 months to 1 year after their translocation. By this time
translocated deer appear to have stabilized within their new

areas, and begin to move similarly to non‐urban deer (Jones
et al. 1997, Smedley 2016). The expansive movements of
translocated deer during these first 6 months brought them
into contact with more paved roads than non‐urban deer.
This suggests that translocation areas need to be farther
away from roads where possible, to avoid exposing people to
danger from wildlife‐vehicle collisions.
Despite being less likely to migrate than non‐urban deer,

translocated deer were more likely to disperse. These 1‐way,
post‐translocation movements are common in many un-
gulate translocations (Fryxell et al. 2008, Yott et al. 2011),
and are likely an exploratory phase in which animals are
searching for an area to establish as their home range. Given
the timing of these dispersal movements in our study, they
might also be related to a translocated deer's unfamiliarity
with the natural landscape during an energetically de-
manding time of year—reproduction. The average start and
end dates of translocated deer dispersal movements, which
often resulted in deer returning to a town, were 2 May and
24 May, respectively, and the average date of parturition for
mule deer is during the first 2 weeks of June (Lomas and
Bender 2007, Long et al. 2009). The energetic cost of
gestation in deer is minimal during the first 2 trimesters
(National Research Council 2007, Hewitt 2011) but peaks
during the final trimester (Barboza and Bowyer 2000,
Hewitt 2011). Therefore, during the final weeks of ges-
tation, pregnant females should select habitat that has high
nutritional quality to increase body and fetal condition
(Barboza and Bowyer 2000, Long et al. 2009). In the first
2 weeks following parturition, the nutritional requirements
for lactating females peak, and neonates are most susceptible
to predation during this time (Hewitt 2011, Monteith
et al. 2014, Shuman et al. 2017). Therefore, translocated
deer may have initiated these 1‐way movements in early
May to ensure they were in a familiar, safe area with high
quality habitat when they gave birth, which for these deer
would have been represented by a town.

MANAGEMENT IMPLICATIONS

Overall, the efficacy of translocation as a management
strategy to reduce urban deer densities while supplementing
non‐urban deer populations is mixed. Survival of adult
female mule deer to 1 year after translocation was low and
35% of all collared deer returned to an urban area. Our
results indicate that managers could increase urban deer
survival during their first year after translocation, such
as translocating younger, less habituated deer. Furthermore,
translocated deer exhibited elevated movements after
translocation in terms of increased net displacement and
home range sizes compared to non‐urban deer. This has
negative implications for the potential spread of disease or
to encounter paved roads where a vehicle collision may
occur. The propensity of some deer to move to an urban
area after translocation is also undesirable from a manage-
ment standpoint, yet we could not find any explanatory
variables that could be used to inform future translocation
management efforts. Lethal removal of highly habituated
individuals may be necessary to remove this returning

Wright et al. • Non‐Urban and Translocated Deer 13



behavior from local populations and translocating younger,
less habituated individuals may result in greater trans-
location success.
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From: no-reply <no-reply@okotoks.ca>  
Sent: Monday, June 22, 2020 12:57 PM 
To: Website <website@okotoks.ca> 
Subject: Website: Mayor Bill Robertson 
 
Submitted on Monday, June 22, 2020 - 11:57am 
 
Name: Sue  
 
E-mail:  
 
Telephone:  
 
Subject: Okotoks garden Club- protecting our beautiful yards from deer 
 
Comment or Question: 
Hi Bill, I've spoken to you recently but not on this issue. I am president of Okotoks 
Garden Club & we are exhausted trying to repel deer from our yards because we are 
prevented by Town by-laws from necessary fencing.  
We wish to keep Okotoks beautiful, & we grow & promote beautiful gardens. However, 
there has to be a way that we can keep these hungry creatures from destroying our 
property. I have spoken to Colin Gainer in Planning & the Land Use by-law will be 
updated by late next year. Christa Michailuk presented a session on deer-proofing, little 
of which works any more.  
Is it possible that we could chat about this issue & see if there was some temporary 
solution to protect gardens till the Town addresses the entire deer problem? Kind 
Regards Sue 
 
 
 
 

mailto:no-reply@okotoks.ca
mailto:website@okotoks.ca


Urban Deer Task Force 

Summary of issues and options 

 

Identify issues and potential solutions/tactics for mitigation 

Issue Current status Tactics for mitigation 

People intentionally feeding 
deer 

 There is currently no 
bylaw prohibiting feeding 
deer on private property; 

 

 Education; 

 Bylaw changes to include 
private property; 

 Change fencing 
requirements to higher 
fences;  

 Set regulations around bird 
feeders. 

 

Damage to gardens and 
properties 

  

   

   

 



 

 

Urban Deer Task Force (UDTF) 
(As amended by Motion 20.C.262) 

 
Committee Type  Task Force 

Purpose To provide advice, information, ideas/models/tools, and other 
needed support to the Town of Okotoks in preparing an 
Urban Deer Strategy and Action Plan, and to support 
communication and engagement efforts to ensure the 
resulting Strategy and Action Plan is effectively implemented. 
 

Membership The Task Force will be comprised of: 

 up to a maximum of seven (7) community members who 
meet some or all of the following criteria: 

 specific experience, education, knowledge and/or 
networks relevant to wildlife and conservation issues; 

 are drawn from the general public, in order to provide 
a “sounding board” as well as local knowledge and 
experience; 

 provincial wildlife or Fish & Game Association 
representative; 

 one (1) Town staff liaison. 
 

The Chair and Vice Chair for the Task Force will be elected 
by members. 
    

Authority  The UDTF will report to Council once every three months. 
 

This Council-appointed Task Force’s overarching 
responsibility is to assist the Town in researching all aspects 
of urban deer management and developing 
recommendations for an Urban Deer Strategy and Action 
Plan that reflect best practices and align with provincial 
regulations.  
 

This Task Force will have a one-year term with clearly 
defined roles and responsibilities and a specific focus on the 
topic area. 

 
The Task Force will establish a schedule for meeting days 
and times.   
 

The following timeline of actions is to be utilized as a 
guideline for the Task Force: 
 

Timeline Actions 

3 months Review the current status of urban deer in 
Okotoks including: deer population, public 
survey data, and number/type of complaints. 
 



 

 

Undertake inter-municipal research to explore 
strategies and tactics used by other 
municipalities to manage urban deer. 
 
Develop an inventory of deer management 
strategies and alternative options that align 
with provincial regulations. 
 

6 months Identify challenges and issues with current 
public perception of Okotoks’ urban deer and 
provide recommendations on potential 
solutions. 
 
Review Okotoks’ public education materials 
(printed and electronic) regarding urban deer 
and methods of sharing information; identify 
gaps/opportunities to improve effectiveness of 
public outreach. 
 
Review Okotoks bylaws and policies related to 
wildlife/deer, identify potential gaps or 
opportunities. 
 

9 months Identify potential public participation strategies 
that involve the general public or other 
stakeholders on urban deer management.  
 
Provide guidance and support for the Town’s 
public participation activities.  
 
Attend public participation events. 
 

12 months Provide recommendations to Council that will 
be considered for inclusion in an Okotoks 
Urban Deer Strategy and Action Plan. The 
recommendations must include a clear 
timeline or logical sequence for implementing 
any actions, bylaws or activities, as well as an 
assessment of associated costs (if any). 

 

Term Unless extended through Council resolution, this Task 
Force’s term expires on or before May 31, 2021. (Motion 
20.C.262)  

Meeting 
Frequency 
 

As needed and determined by the UDTF. 

Funding Minimal expenses to cover expert speaker travel costs and 
other meeting expenses drawn from existing budget. 
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