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Summary
The overall prevalence of the winter tick (Dermacentor albipictus) within moose (Alces
alces) populations can vary among years (Addison et al. 2016, Samuel 2004), mostly dependent
on spring snow levels, air temperatures, early autumn snowfall events, and moose densities
(Drew and Samuel 1986, Samuel 2004, Franzmann and Schwartz 2007, Bergeron and Pekins
2014). Historic observations of winter tick infestations in British Columbia (BC) is mostly
anecdotal, and there is little known about the distribution, severity, and population-level impacts
of winter tick on BC moose populations. The Provincial Moose Winter Tick Surveillance
Program was established to document winter tick distribution and infestation severity within the
province through the use of "citizen-science". Now in its third consecutive year, the program
continues to engage a wide variety of user groups to collect observations of moose throughout
the province. In early-January of 2017, surveys were distributed to wildlife professionals,
forestry and environmental consultants, First Nations communities, and the general public,
asking for participants to record observations of moose. The surveys were available
electronically, online, or via an interactive smart-phone application. The survey guided users to
document moose observations and the extent of hair loss, which is correlated to tick abundance
(Samuel 1989). A series of graphics representing levels of hair loss helped guide survey users in
describing the severity of tick infestations (Samuel 1989, Samuel 2004, Bergeron and Pekins
2014, Bill Jex pers. comm). Users were also asked to record sex, age class, and general body
condition of the moose. Surveys were accepted until April 30, 2017. A total of 325 moose
observations were submitted. This represented a 36% decrease in submissions compared to the
previous year, possibly due to fewer moose sightings, fewer infested moose, and/or a general
decline in participation by survey users. Of note, unlike previous years, the program coordinator
received numerous emails with concerns over the lack of moose sightings during the winter of
2016-2017. Of moose reported in the three northern-most regions of BC, 69% of moose observed
in the Skeena region, 65% of moose in the Omineca region, and 60% of moose in the Peace
region exhibited hair loss during March-April. Hair Loss Indices (HLI) were higher during
March–April than January–February, with yearling moose exceeding the HLI >2.50 associated
with mortality events in some instances. Results from the surveillance program have continued to
show utility in the documentation of winter tick infestation through this cost-effective, publicengagement technique and continues to provide a better understanding of trends, distribution,
and severity of winter ticks in BC.
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Introduction
Winter is a season of scarcity and physical and environmental extremes (Smedley and
Wickman 2017) that can have serious effects on many wildlife species in North America,
including moose (Alces alces). Areas across North America, including New Hampshire, Maine,
Minnesota, Ontario, and British Columbia (BC), have all observed declines in moose populations
in recent years. In BC, moose numbers have fluctuated from 157,000 in 1994 to a high of
190,000 in 2011, and declining to 148,000 in 2017 (Kuzyk 2016, Kuzyk pers. comm; Figure 1).
These fluctuations can be attributed to a number of factors affecting moose populations including
predators, human-altered landscape change, climate, disease, starvation, and parasites (Kuzyk
2016) such as the winter tick (Dermacentor albipictus). Kuzyk (2016) has reported that of the
seven regions with hunt-able moose populations (Figure 1), three were considered stable
(Regions 3, 6 and 7B), three were declining (Regions 4, 5 and 7A) and one was increasing
(Region 8).
D. albipictus is a unique parasite that can cause mortality in moose populations (Bergeron
and Pekins 2014). These parasites have been associated with die-off events of moose due to
severe infestations (Samuel 2007, Severud and DelGiudice 2016). The abundance of D.
albipictus on infested moose can range from a few to 10s-of-thousands, with averages around
33,000 and severe cases having >100,000 ticks (Drew and Samuel 1986, Mooring and Samuel
1999, Samuel 2004, Franzmann and Schwartz 2007, Sine et al. 2009, Bergeron and Pekins 2014,
Severud and DelGiudice 2016).
D. albipictus is more commonly known as the “winter tick” or "moose tick". This
external parasite gets this name due to its overwhelming abundance and effects on moose
(Samuel 2004, Franzmann and Schwartz 2007), compared to that of other hosts including whitetailed deer (Odocoileus virginianus), mule deer (Odocoileus hemionus), bison (Bison bison), elk
(Cervus canadensis), and caribou (Rangifer tarandus) (Zarnke et al. 1990, Samuel 2004,
Franzmann and Schwartz 2007, Leo et al. 2014, Schwantje et al. 2014). Already occurring
widely across Canada, winter tick range (typically occurring south of 60°N latitude) is reported
to be expanding along with increasing environmental temperatures into northeast BC on boreal
caribou (Schwantje et al. 2014), the Yukon and Mackenzie River valley in the Northwest
Territories (Leo et al. 2014), with potential to survive and become established in the interior of
Alaska (Zarnke et al. 1990).
The winter tick has a unique life cycle compared to that of the other 32 species of ticks
found in Canada. Where most tick species require different hosts for the larval, nymph and adult
stages, the winter tick only requires a single host to complete its life cycle (Mooring and Samuel
1999, Pybus 1999, Samuel 2004, Franzmann and Schwartz 2007, Severud and DelGiudice
2016). Tick larvae, also known as "seed ticks", first attach to a suitable host between midSeptember and mid-October–generally during the peak of moose breeding season. After hatching
in late-summer, the 1mm long, 6-legged seed ticks ascend nearby vegetation, possibly
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Figure 1. Distribution and population status (i.e., stable, increasing, decreasing) of moose in 7 wildlife
administrative units in British Columbia, Canada, 2014. Adapted from "Provincial population and harvest
estimates of moose in British Columbia," by Gerald W. Kuzyk, 2016, Alces, 52: 1 – 11.

responding to changes in photoperiod. They then form clumps where they wait in an inactive
state until they recognize the approach of a suitable host, both through vibration and carbon
dioxide detection, and attach (Drew and Samuel 1986, Samuel 2004, Franzmann and Schwartz
2007). Once attached to their host, the winter tick will spend the rest of its life on that individual,
taking its first blood meal in mid-October and molting into the nymph stage (1.7 mm in length)
by late-November. The nymphs remain dormant for several months until early-January, when
they take another blood meal and molt into the adult stage by mid-February (Addison and
McLaughlin 1988, Mooring and Samuel 1999, Samuel 2004, Franzmann and Schwartz 2007).
Male ticks will feed just enough to supply the energy requirements to produce sperm as they
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search nearby for females, while females will begin engorging during the final phase of
infestation in late-February and into early-March (Franzmann and Schwartz 2007). Females may
grow from 6.5 mm to nearly 15 mm in length and weigh up to 0.8 g (Samuel 2004). By midMarch and into April, the females will take one last blood meal, drop from the host onto the
ground and lay thousands of eggs amongst the leaf litter or duff layer (Addison and McLaughlin
1988, Pybus 1999, Samuel 2004, Franzmann and Schwartz 2007).
The prevalence of ticks depends not only on factors affecting reproduction and
oviposition (i.e., dropping to a suitable site for laying eggs), but factors such as moose densities
and weather conditions (i.e., dates of snow onset in the fall and melt in the spring; Samuel 1985,
Pybus 1999, Samuel 2004, Franzmann and Schwartz 2007). Spring snow levels are thought to
be the primary factor affecting tick survival in the spring (Bergeron and Pekins 2014). Females
that drop from the host onto snow may not survive long enough to deposit eggs, particularly
when air temperatures are low (-5 °C to -20 °C; Drew and Samuel 1986). Cold temperatures and
early snow events in the fall may also have a significant role in reducing tick loads the following
winter and spring. Low temperatures can delay hatching and inactivate larvae, while early
snowfalls may bury larvae causing death (Samuel 2004). Therefore, climatic conditions in a
single year may be used as an index for predicting the severity of tick infestations in the
following year (Jex pers. comm., Bridger 2015, Walsh and Bridger 2016).
During times of moderate to severe tick infestations there can be many physiological and
behavioral implications towards moose. Such effects may include anemia, reduced visceral fat,
decreased time spent feeding, reduced growth in calves, increased energy expenditures in the
form of restlessness and scratching, and increased grooming resulting in damage to the winter
hair coat (Samuel 1991, Samuel 2004, Franzmann and Schwartz 2007, Bergeron and Pekins
2014). Many animals such as bison, elk, and deer are considered to be "programmed" groomers;
grooming on a regular basis in order to remove ticks throughout the fall and winter (Samuel
2004). Moose are considered to be "stimulus" groomers, spending excessive amounts of time
biting, licking, rubbing, and scratching (Samuel 1991) only in response to ticks in late-winter and
early-spring, during the critical months of nutritional and energetic stress on moose (Samuel
2004, Franzmann and Schwartz 2007). Calves appear to be most susceptible to such stresses due
to their high energy demands and the effects of anemia (Addison et al. 1994). High levels of
blood loss can severely affect nutrition and growth, particularly during the winter months when
forage is limited (Addison et al. 1994, Samuel 2004).
The most visible effect of grooming is hair loss or breakage of guard hairs. Hair loss
commonly occurs on the neck, shoulders, upper mane and withers, and hind quarters. It is most
noticeable from mid-March through April when adult female ticks are engorging (Addison et al.
1979, Mooring and Samuel 1999, Samuel 2004, Bergeron and Pekins 2014). The extent of hair
loss has been used as an indicator of tick infestation severity in individual moose, where greater
amounts of hair loss suggest a higher tick burden (Samuel 1989, Pybus 1999, Samuel 2004,
Franzmann and Schwartz 2007, Bergeron and Pekins 2014).
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Though much of the historical evidence of winter ticks is anecdotal, documentation of
winter tick abundance gained attention in the late-1970s and early-1980s in Alberta, Canada
(Samuel and Barker 1979), with the first hair loss survey occurring in the winter of 1987
(Samuel 1989). This questionnaire, sent to trappers in northern Alberta, northeastern BC, and the
Yukon Territory, requested observations of moose with tick infestations depicted by a set of
photographs with varying degrees of hair loss. Thus, by documenting the extent of hair loss it is
possible to estimate tick infestation severity in moose populations on an annual basis (Bridger
2015, Walsh and Bridger 2016).
The objectives of the 2017 Provincial Winter Tick Surveillance Program were to:
1) Continue to develop a systematic and repeatable method for establishing a province-wide,
citizen science-based program, documenting observations of winter tick distribution and
severity in moose;
2) Collect climate data to develop an index for predicting the severity of winter tick
infestations;
3) Document and map the distribution of winter ticks in moose and estimate the severity of
infestations within moose populations across the province during the winter of 2017.

Methods
Methods for the 2017 Provincial Moose Winter Tick Surveillance Program follow that of
the 2015 and 2016 programs, as outlined by Bridger (2015) and Walsh and Bridger (2016). In
December of 2016, a project coordinator was hired to aid a regional wildlife biologist (M.
Bridger) in implementing the program. Standardized forms were used to document observations
of moose and the extent of hair loss across BC during the winter of 2017 (Appendix A). The
form was adapted from a template developed by Bill Jex, Dr. Helen Schwantje, and Cait Nelson
of the BC Wildlife Branch and Wildlife Health Program, and adapted from Dr. William Samuel
(Samuel 1989, Samuel 2004). The form was structured for quick and simple documentation of
moose observations, and whether there were any visual signs of hair loss. The system for
classifying hair loss severity has five descriptive categories (Samuel 1989, Samuel 2004,
Bergeron and Pekins 2014): no loss, slight loss (5–25% of winter hair lost or broken at or near
skin level), moderate loss (25–40% of hair lost), severe loss (40–80% of hair lost), and "ghost"
moose (>80% of hair lost). The survey form requested information on observation location,
nearest city or landmark, date, and time of sighting, as well as the sex, age class, and overall
body condition of the observed moose. The survey was available as a paper hardcopy, and as an
electronic portable document format (PDF) version that could be downloaded and completed via
computer, tablet and/or smart-phone. The survey could also be accessed and completed online, or
participants could download an application for smart-phones and tablets to access an interactive
version of the survey. Data collected from the surveys were checked frequently using an online
platform and downloaded at the end of the monitoring period.
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The monitoring program was advertised through various platforms, including government
information bulletins, local newspapers, outdoor magazines, websites, and local radio. The
surveys were distributed in all regions across the province where moose populations were
present (Figure 1). However, advertisement and distribution was focused more heavily towards
the Skeena, Omineca and Peace regions of BC; regions where observations of moose are most
common. Form distribution began in late-January of 2017, prior to the period where hair loss
was expected to be observed. Forms were distributed to conservation officers, regional wildlife
biologists, First Nation communities, environmental consulting companies, hunters, trappers,
general public, and to a comprehensive list of survey users accumulated in the previous year’s
program. Communication was primarily via email and telephone. Reminders of the program,
redistribution of survey forms, and updates were sent to key personnel and participants via email
bi-weekly. A comprehensive list of contacts was accumulated to be used for subsequent years of
the program.
Completed surveys were received by the project coordinator from 01 January through 30
April, 2017. Some moose observations occurred prior to and after the monitoring period, but
were not included in the analysis. The data contained in the forms were manually entered into a
Microsoft Excel spreadsheet and were later imported into RStudio (R Core Team 2017) for the
purpose of mapping the distribution of observations. Surveys were screened for potential doublecounts of moose where observations were classified as the same sex, age class and hair loss
severity on the same date and approximate location. Based on these criteria, there was one
observation removed as a potential double-count.
A Hair Loss Index (HLI; Wilton and Garner 1993, Mooring and Samuel 1999, Steinberg
2008, Bergeron and Pekins 2014) was used to estimate the infestation severity in regions where
sample sizes were >50 (Bergeron and Pekins 2014). Severity of hair loss was expected to
increase throughout the winter, peaking in the early spring (Samuel 2004, Franzmann and
Schwartz 2007), thus, survey data were grouped into two separate time periods (i.e., January–
February and March–April). The HLI was calculated by multiplying the number of moose (M)
by their respective hair loss category (1-representing no loss, through 5-representing "ghost"
moose) and then dividing the sum of these numbers by the total number of moose observed:
Hair Loss Index (HLI) =

(M ∗ 1) + (M ∗ 2) + (M ∗ 3) + (M ∗ 4) + (M ∗ 5)
Total No. of Moose Observed

Weather data were collected from local weather stations (Environment Canada:
http://climate.weather.gc.ca; accessed November 2017) to develop an index for predicting the
severity of tick infestations from year to year. The Tick Severity Prediction index (TSP) was
adapted from Bill Jex (BC Wildlife Branch), where the prediction for a given year was calculated
as the sum of the mean daily snow-on-ground (SOG [cm]) from March to April (multiplied by
0.01 in order to scale the scores). Higher scores predict less severe infestations, while lower
scores predict more severe infestations.
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In 2017, a new TSP was attempted in order to better predict the severity of tick
infestations throughout the province. This method followed the original TSP calculation, while
also taking into account autumn snow conditions and ambient temperatures. The Updated Tick
Severity Prediction index (UTSP) calculates standard TSP and factors in Tick Activity, where
Tick Activity is the number of Tick Inactive days (average daily temperature <0°C) minus the
number of Tick Active days (average daily temperature >0°C) for March, April, September and
October of each year. Each year is separated into spring and fall TSP calculations, where the
spring TSP calculates the highest possible severity level for the upcoming winter, and fall TSP
calculates the potential reduction in TSP resulting from conditions which reduce tick survival.
UTSP = SpringTSP + FallTSP, where:
SpringTSP = ([Mar SOG ± Mar TickActivity] + [Apr SOG ± Apr TickActivity]) × 0.01, and
FallTSP = ([Sept SOG ± Sept TickActivity] + [Oct SOG ± Oct TickAcivity]) × 0.01

Results
The first observation was 01 January, 2017 and the last was received 30 April, 2017. Four
surveys received were of observations prior to the typical program date, which runs from 01
January to 30 April of each year, and therefore were removed from the analysis. A total of 325
observations of moose were submitted. Of these, 160 (49%) were submitted using the new online
survey, 78 (24%) using the electronic PDF survey, 40 (12%) using the mobile phone application,
32 (10%) were scanned copies of the printed paper survey, and 15 (5%) as "info-in-text" emails
sent directly to the program coordinator. Prior to analysis, surveys were screened for potential
duplicates and errors (i.e., missing date, severity index, etc.), and erroneous submissions were
removed. A total of 321 (99% of all submissions) surveys were deemed useable for data
summary and analysis.
As in previous years, the majority of observations occurred in the Peace, Skeena, and
Omineca regions (Figures 2 and 3; Table 1). Amongst all regions, 59% of moose observed were
classified as adults, and both yearlings and calves each represented 20.5% of observations.
Overall, 70% of yearlings, 42% of adults, and 29% of calves showed signs of hair loss.
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Figure 2. Locations of all moose observations (N = 325) collected during winter of 2017 (01 January–30
April) in British Columbia, Canada. Imap-BC.

Hair Loss Index (HLI)
As in 2015 and 2016, the determination of a winter Hair Loss Index (HLI) was restricted
to the Skeena, Omineca, and Peace regions of BC. Of the 278 observations within these regions,
45% documented signs of tick infestation. Of the moose observations that recorded hair loss,
49% documented slight loss, 31% documented moderate loss, 13% documented severe loss, and
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7% documented "ghost" moose (Table 2). All three northern-most regions reported ~48% of
moose showing some degree of hair loss during the winter of 2017. In all cases, the number of
moose exhibiting hair loss was greater in March–April for the Skeena (69%), Omineca (65%),
and Peace (60%) regions than in January–February (24%, 13%, and 22% respectively).
In previous studies, an HLI greater than 2.5 has been associated with mortality events
(Steinberg 2008, Bergeron and Pekins 2014). Yearling moose had the highest HLI during the
entire study period (HLI = 2.3) while adult moose (HLI = 1.8) and calf moose (HLI = 1.6) were
lower. Yearlings showed the highest HLI in March–April (HLI = 2.6; Table 3), which was the
only instance where HLI exceeded the 2.5 threshold associated with mortality events. Overall,
HLI was identical in the Skeena and Peace regions (both HLI = 1.84) and only slightly higher in
the Omineca region (HLI = 1.87; Table 4). In all cases, indices were higher during March–April
than January–February (Table 4).
Table 1. Number of moose observations (reports) collected during two time periods (January–February
and March–April, 2017) in British Columbia, Canada.
Region

January–February March–April Total for 2017

Cariboo
Kootenay
Lower Mainland
Okanagan
Omineca
Peace
Skeena
Thompson

6
3
0
0
38
27
38
10

16
0
0
2
79
49
44
12

22
3
0
2
117
76
83
22

Table 2. Classifications of moose hair loss observed in each northern region of British Columbia,
Canada.
Region No Loss Slight Loss Moderate Loss Severe Loss Ghost
Skeena
43
20
11
4
4
Omineca
65
26
16
12
2
Peace
40
16
14
1
4
Total
148
62
41
17
10

Table 3. Hair Loss Index (HLI) for moose observed during two time periods in 2017 by age class in
British Columbia, Canada.
Age Class
Adult
Yearling
Calf

January-February
1.18 (N=67)
1.47 (N=15)*
1.10 (N=21)*

March-April
2.21 (N=100)
2.60 (N=40)*
1.90 (N=29)*

* Bergeron and Pekins (2014) suggest a sample size >50 when calculating HLI
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Table 4. Hair Loss Index (HLI) for moose observed during two time periods in 2017 in the Omineca,
Peace, and Skeena regions of British Columbia, Canada.
Region January-February March-April
Overall
Skeena
1.26 (N=38)*
2.36 (N=42)* 1.84 (N=80)
Omineca
1.13 (N=38)*
2.23 (N=79) 1.87 (N=117)
Peace
1.22 (N=27)*
2.19 (N=48)* 1.84 (N=75)
* Bergeron and Pekins (2014) suggest a sample size >50 when calculating HLI

Figure 3. Locations and associated hair loss severity of moose observed in the three northern regions
(Skeena, Omineca, and Peace) of British Columbia, Canada.

Tick Severity Predictions and Updated Tick Severity Predictions (TSP and UTSP)
Tick Severity Predictions (TSP) were only calculated for the Skeena, Omineca, and Peace
regions, as they contained 85% of the total observations across British Columbia, and were the
only three regions in which >50 observations were received. Tick Severity Prediction scores for
2017 were based on snow accumulation data from March and April of 2016, where lower TSP
scores predict higher severity of tick infestations. The Skeena and Omineca regions showed a
decrease in TSP scores from 2016, thus predicting an increased infestation severity in the winter
of 2017 compared to that in 2016, while the Peace region showed an increase in TSP scores. The
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Skeena has been increasing in tick severity every year since 2013 (Table 5), with 2017 being the
lowest score in the last four years at 0.6; 74% lower than 2016. The Omineca region had the
greatest increase in predicted tick severity (84%) with a TSP of 0.3, the lowest score since 2011
(Table 6). In the Peace, a TSP of 3.5 for 2017 was the only increase in TSP scores amongst
regions compared to 2016 (Table 7), however it is still much lower than the 10-year average of
12.0.
Snow accumulation data collected from the late-winter of 2017 (March and April) would
suggest that the tick severity for the Skeena region will continue to increase looking forward into
2018, potentially showing the worst tick severity in the last 10 years (Table 5). The Omineca
region will decrease slightly, with an increase in TSP from 0.3 in 2017 to 1.0 in 2018 (Table 6),
while the Peace region continues to show decreased tick severity with a TSP 91% higher than in
2017 (Table 7).
The UTSP calculations showed very similar results to standard TSP calculations over the
last 10 years (Table 8). However, in some cases such as the Peace region, UTSP may have
shown an ability to compensate for other climatic conditions in the spring as well as
incorporating climatic conditions in the fall that may affect tick abundance (Table 8).
Table 5. Tick Severity Prediction (TSP) for the Skeena region of British Columbia, Canada, based on
snow accumulation data collected from March–April at the Smithers weather station. Higher scores
predict lower severity of winter tick infestations.
Year 2018 2017 2016 2015 2014 2013 2012 2011 2010 2009 2008
TSP

<0.1

0.6

2.3

6.1

8.3

11.9

9.6

2.2

10.5

7.2

6.3

Table 6. Tick Severity Prediction (TSP) for the Omineca region of British Columbia, Canada, based on
snow accumulation data collected from March–April at the Prince George weather station. Higher scores
predict lower severity of winter tick infestations.
Year 2018 2017
TSP

1.0

0.3

2016 2015
1.9

9.2

2014

2013

2012

2011

2010

2009

2008

21.7

5.7

18.0

0.1

16.7

9.1

0.6

Table 7. Tick Severity Prediction (TSP) for the Peace region of British Columbia, Canada, based on snow
accumulation data collected from March–April at the Fort Saint John weather station. Higher scores
predict lower severity of winter tick infestations.
Year 2018 2017
TSP

14 Page

6.7

3.5

2016 2015
2.1

6.3

2014

2013

2012

2011

2010

2009

2008

10.3

2.3

25.8

9.0

19.0

15.3

26.5
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Table 8. Updated Tick Severity Predictions (UTSP) for the Skeena, Omineca and Peace regions of British
Columbia, Canada, based on snow accumulation data and average daily temperature data collected for
spring (March and April) and fall (September and October) of each year at the Smithers, Prince George
and Fort Saint John weather stations, respectively. UTSP (TSP).
Region

2018

2017

2016

2015

2014

2013

2012

2011

2010

2009

2008

Skeena

0.37
(<0.1)

0.6
(0.6)

2.4
(2.3)

6.4
(6.1)

8.7
(8.3)

12.9
(11.9)

9.9
(9.6)

2.3
(2.2)

11.4
(10.5)

7.6
(7.2)

6.9
(6.3)

Omineca

1.21
(1.0)

0.4
(0.3)

2.0
(1.9)

9.5
(9.2)

22.1
(21.7)

6.6
(5.7)

18.2
(18.0)

0.1
(0.1)

17.2
(16.7)

9.5
(9.1)

0.8
(0.6)

Peace

*8.69
(6.7)

*7.4
(3.5)

2.6
(2.1)

8.0
(6.3)

11.0
(10.3)

*6.5
(2.3)

26.5
(25.8)

10.1
(9.0)

20.5
(19.0)

15.9
(15.3)

27.2
(26.5)

* Years where UTSP calculation was ± 1 value of TSP.

Discussion
In 2017, the Moose Winter Tick Surveillance program saw a 36% decrease in survey
response compared to that of 2016. Several factors could have affected this year's response over
previous years including reduced moose observations, reduced tick abundance, or reduced
participation by survey users. The low survey response in 2017 resulted in difficulties estimating
HLI amongst age and sex classes, and regions, as it has been suggested that HLI should only be
calculated where sample sizes are greater than 50 (Bergeron and Pekins 2014), of which only the
adult age class and the March-April time period for the Omineca region qualified (Tables 3 and
4).
Estimates of HLI used in this study were based on methods developed in Alberta, Ontario
and New Hampshire (Samuel 2004, Steinberg 2008, Bergeron and Pekins 2014), and caution
should be applied when comparing these predictions across regions within BC. With only three
years of HLI data, normal levels of hair loss severity are relatively unknown for each region and
may differ amongst regions (e.g., an HLI of 2-3 may be average for one region, but high or
severe for other regions; Bridger 2015).
Overall, HLI scores were lower in 2017 than in 2016 in both age classes and region for
both time periods and the overall value, with the only exception being the Omineca region
showing a slightly higher HLI for March–April (HLI = 2.36, Table 4) than in 2016 (HLI = 2.10;
Walsh and Bridger 2016). Within BC, all three regions showed hair loss indices below the 2.5
threshold associated with mortality events during the critical months for tick abundance in
March–April, while the overall HLI for all regions only varied by 0.03 (Table 5).
The overall correlation between TSP and HLI is relatively unknown. This is mainly due
to short time frame of just three years of HLI data for comparison and correlation with TSP data.
It is hypothesized that as TSP decreases, HLI would increase and visa-versa. In the Peace region,
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this trend was apparent from 2016 to 2017, where the TSP increased to 3.5 in 2017 from 2.1 in
2016, and the HLI decreased from 2.57 to 1.84 from 2016 to 2017, respectively (Walsh and
Bridger 2016). However, in the Skeena and Omineca regions, where tick severity was estimated
to increase from 2016 (Table 5 and 6), the HLI did not increase as expected, but instead were
lower than those found in 2016 (Walsh and Bridger 2016). In all cases, HLI did increase from
January–February to March–April time periods as the severity of infestation and visibility of hair
loss increases.
Yearlings appeared most susceptible to winter tick infestations, with 73% of yearlings (N
= 55) in this year's study showing signs of hair loss during the winter of 2017. These results are
similar to those found by Walsh and Bridger (2016), and very similar to results found in a
University of New Hampshire study on moose in Maine and New Hampshire, which reported a
yearling infestation of 70% (MacQuarrie 2017). During the peak of infestation in March–April,
83% of yearlings showed signs of infestation amongst the three northernmost regions of BC,
while 52% of calves were reported to have signs of tick infestation. Overall, calves had the
lowest reported infestation percentage amongst all age classes with only 34% showing signs of
tick infestation amongst all regions (Adults = 43%, Yearlings = 73%). Assuming there may be
some biases in identifying age class, the combined overall percentage of yearling and calves
would be 54% overall, with 70% showing signs of tick infestation in March–April.
Snow accumulation data from the spring of 2017 would suggest that tick severity looking
forward into 2018 will increase for the Skeena region, while predictions show decreases in
severity for the Omineca and Peace regions. As in 2016, the Skeena may once again see the
worst tick infestation in the last ten years, while the Peace may see infestations slightly less
severe than those found in 2015. However, TSP predictions are solely based on early-spring
snow conditions and there may be other factors during the year that can affect tick survival,
abundance, and distribution (Walsh and Bridger 2016). Conditions in the fall, prior to tick larvae
attaching to the host, may also have a significant effect on tick survival. Using the updated TSP
predictor (UTSP) prior to program launch could give better insight into the actual severity
expected for each region during the upcoming winter. By incorporating fall weather data, the
UTSP calculation showed slight changes in TSP scores across most regions and years (Table 8).
Calculation of UTSP prior to the upcoming winter "tick season" could be most beneficial in
years where early autumn snowfall events occur and/or regions receive average temperatures
below 0°C regularly, potentially killing off a portion of tick larvae before attachment to the host
occurs.

Conclusions
Although the 2017 Provincial Moose Winter Tick Surveillance Program showed lower
numbers of surveys submitted compared to that of 2015 and 2016, this does not necessarily
correlate with decreased participation. Unlike previous years, in 2017 the program coordinator
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received numerous emails from participants declaring a lack of moose in their area compared to
years previous. Soon after program reminders were sent out, participants were quick to reply
with notes stating their willingness to participate, but a lack of opportunities with few to no
moose being observed. The HLI data from 2017 would suggest that tick infestations appeared to
be less severe this winter than in previous years. Lower tick severity may explain the lower
survey response as sightings tend increase as more infested moose appear in suburban areas
during winter. In the Peace region, early onset snow in the autumn of 2016 mixed with colder
temperatures may explain a lower infestation rate, as suggested by the UTSP calculation (Table
8); however, explanations for similar reductions in tick severity in the Omineca and Skeena
regions are unknown. Therefore, it may prove important to re-assess the TSP score prior to "tick
season" using the updated TSP index to get a better understanding of annual variation in tick
severity.
Even with three years of data, we are still attempting to understand baseline levels of tick
abundance and severity within each region; information which can continue to be obtained
through this cost-effective program. Intensive, hands-on research of tick severity and abundance
can cost hundreds-of-thousands of dollars or more to complete on a large geographic expanse,
such as BC. The approach which this "citizen science" study employs, using participants from a
variety of interest groups across the province, can provide a successful and inexpensive
alternative to other research methods. Although the program must consider challenges and
biases, the ability of this program to document moose tick infestation and distribution over a
large geographic area and short time span, while engaging members of the public and increasing
awareness of significant wildlife health issues reaffirms the importance of continuing this
research for years to come.
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