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Summary
Winter ticks (Dermacentor albipictus) have been associated with episodic morbidity and
mortality events in North American moose (Alces alces) populations, particularly across western
Canada (Samuel 2004). In British Columbia (BC), there is considerable anecdotal information
but little formal documentation of the distribution, severity, and impacts of winter ticks on moose
at a population level. Recently, there are concerning reports of an expanding geographical
distribution of this parasite in neighbouring jurisdictions (i.e., Yukon and Northwest Territories)
as well as impacts on new species (i.e., boreal caribou; Rangifer tarandus caribou). The
Provincial Moose Winter Tick Surveillance Program was designed as a pilot study to develop a
standard method to document winter tick distribution and infestation severity within moose
populations in BC. The program goal was to engage wildlife professionals and interested
members of the public and utilize volunteers through citizen-science techniques to acquire
observations of moose, with and without hair-loss patterns. Written and online survey forms
were developed and distributed to wildlife professionals, wildlife user groups, and the general
public. The survey form asked participants to record observations of moose, ticks and hair loss
using a series of graphics representing an index of tick infestation correlated to tick abundance
(Samuel 2004, Bergeron and Pekins 2014). Surveys were distributed widely across the province
by a variety of means, including electronically. There were 361 reports of moose observations
received by the project coordinator over the period of January 10th to April 30th, 2015. The
majority of reports were from the Skeena, Omineca, and Peace regions of BC. Hair loss, or tick
infestations, appeared to be most severe in the Omineca region, where 63% of moose observed
exhibited some degree of hair loss. Across the province, 50% of all moose observed by
participants had varying degrees of hair loss. The results suggest that this method has utility in
documenting the distribution and severity of winter tick infestations in BC and has utility to
monitor winter ticks in moose populations.
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Introduction
Moose (Alces alces) are widely distributed in British Columbia (BC), with the most
plentiful populations found in the central-interior, northeast, and northwest portions of the
province (Figure 1). Current knowledge of winter ticks (Dermacentor albipictus) in BC suggests
they are widely distributed across the range occupied by moose, however, ticks appear to be rare
in southern BC (possibly due to low moose densities) and in northwestern BC (possibly due to
climatic conditions; Samuel 2004). The documentation of winter ticks in moose populations first
gained serious attention in Alberta, Canada during the late 1970’s (Samuel and Barker 1979).
Winter ticks have been suggested as a major influence on mortality in moose populations across
North America (Bergeron and Pekins 2014). In BC, few studies have attempted to document the
distribution, severity, and ultimately the impacts of winter ticks within moose populations.
Current evidence and documentation of winter tick distribution and severity in BC is primarily
anecdotal. There have been historical reports of high tick infestations in moose in centralinterior and northeast BC from during the late 1970s and early 1980s, with an estimated
mortality rate for moose of 30% over that time period (pers. comm. Helen Schwantje,
unpublished observations in Samuel 2004). Conservation officers also reported a high moose
die-off in 1999 in central-interior BC, supposedly associated with winter ticks (Samuel 2004).
Aside from these few cases, empirical data for tick infestations are lacking.

Figure 1. Abundance and distribution of moose subspecies in British Columbia, Canada.
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Dermacentor albipictus, or winter ticks, are an ectoparasite and considered to be a
serious pest of moose (Samuel 1989, Bergeron and Pekins 2014). They are widely distributed
east to west across North America, and occur in all moose populations, excluding
Newfoundland, Prince Edward Island, far northern Canada, and Alaska (Samuel 1989, Zarnke et
al. 1990, Samuel 2004). The northern extent of winter tick distribution is reported to be
expanding, with ticks found on moose in the lower Mackenzie River valley in the Northwest
Territories and on elk (Cervus canadensis) to the north and west of Whitehorse, Yukon (Leo et
al. 2014). The elk were translocated from central Alberta to the Yukon, presumably with the
ticks present. However, the remainder of the range expansion is considered to be natural with
other species, such as moose and white-tailed deer (Odocoileus virginianus), capable of carrying
the ticks north.
A unique characteristic of winter ticks is that they spend an entire lifecycle on one host
(Samuel 2004, Bergeron and Pekins 2014). In the spring, each female tick produces several
thousand eggs, which hatch in late summer (Pybus 1999, Samuel 2004). Larval ticks ascend on
vegetation in autumn, possibly responding to changing photoperiod (Drew and Samuel 1985),
where they wait to attach to a host. Once attached, the larvae take a blood meal and develop into
the nymph stage by late fall or early winter, at which point they lay dormant for several months
(Addison and McLaughlin 1988). Nymphs may begin engorging during mid-winter, developing
into adults by late January or February, at which point mating occurs. The late phase of
infestation (i.e., late winter or early spring) is when ticks have their greatest growth,
development, and feeding (Addison et al. 1994). This period coincides with the greatest amount
of grooming, rubbing, and hair loss by moose. The female ticks take their final blood meal at
this time (mid-March through April), and once engorged, will drop off the host and lay eggs on
the ground within the leaf litter (Addison and McLaughlin 1988, Samuel 2004).
Physiological and behavioural implications of winter tick infestations have been well
documented in wild and captive moose across North America (Addison et al. 1994, Samuel
2004). Tick burdens in infested moose can range from 10s to 10,000s, with over 100,000
counted on free-ranging moose (Samuel and Barker 1979, Addison et al. 1994, Samuel et al.
2000, Bergeron and Pekins 2014). High numbers of winter ticks will remove significant
amounts of blood, resulting in anemia, reduced growth in young animals, and reduced mass and
visceral fat stores in moose of all ages (Addison et al. 1994, Musante et al. 2007). Severe
infestations can increase energetic demands and reduce reproductive success in females if
changes are significant enough to impact the health of an in utero calf. Infested moose spend
excessive time grooming and rubbing their hair coat, which requires energy and takes time away
from normal activities (i.e., resting or feeding) during the critical winter months (Samuel 1991).
Ultimately, this behavior could reduce the likelihood of survival. Thermal energy loss associated
with hair loss (alopecia) has been suggested to be problematic, particularly during low
temperature or wet and windy events during late winter and early spring (Sine et al. 2009).
There is uncertainty whether winter ticks are a direct cause of mortality for moose during the
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winter; however, the implications of infestation are likely to have interactive effects (Samuel
2004). Calves may be particularly susceptible to mortality associated with winter tick
infestations due to their high energetic demands (Addison et al. 1994, Musante et al. 2007).
Severe hair loss observed in moose populations has been correlated with large die-offs across
North America (Samuel 2004, Bergeron and Pekins 2014).
Hair loss occurs primarily from mid-March through April when adult ticks are engorging,
and generally occurs on the shoulders, neck, upper withers, and hind quarters (Addison et al.
1979, Samuel 1991, Samuel 2004, Bergeron and Pekins 2014). The extent of hair loss associated
with winter ticks was used in previous studies as an indicator of infestation severity in individual
moose, where more hair loss suggests a higher tick burden (Pybus 1999, Samuel 2004, Bergeron
and Pekins 2014). Thus, by documenting the extent of hair loss it is possible to estimate
infestation severity in moose populations. This visual index may be particularly useful to
estimate severity and the distribution of infestations annually in a standard and consistent
manner.
The prevalence of ticks varies on the basis of several factors, including the density of
moose, habitat quality and quantity, and specific weather conditions (Pybus 1999, Samuel 2004).
Weather, particularly snow conditions, may be the primary factor affecting tick survival in the
spring (Bergeron and Pekins 2014). Low snow levels in late winter can lead to high tick
infestations starting the following fall (Pybus 1999). When a female tick drops off its host on to
bare ground, it burrows into litter and lays its thousands of eggs in the immediate vicinity.
However, if a female tick drops off its host on to snow, it dies before it is able to successfully lay
eggs (Zarnke et al. 1990, Pybus 1999). In previous studies, winter tick burdens were
significantly higher following mild winters or early springs with low snowpack (Drew and
Samuel 1986, Zarnke et al. 1990, Pybus 1999, Samuel 2007). Warm, dry summers and falls can
improve survival and the development of tick eggs and the hatched larvae (Pybus 1999, Samuel
2004). Therefore, the climatic conditions in one year can be used as an index for predicting the
prevalence and severity of tick infestations in the following year.
The objectives of the pilot Provincial Moose Winter Tick Surveillance Program were to:
1) Design a systematic and repeatable method for establishing a province-wide, citizenscience based program documenting observations of winter tick distribution and
severity on 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 on moose and estimate the severity
of infestations within moose populations across the province during the winter of
2015.
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Methods
In the fall of 2014, a project coordinator was hired to develop this program and all
associated materials. Standardized forms were used to document observations of moose and the
extent of hair loss in BC during the winter of 2015. The form was adapted from a template
developed by Bill Jex, Dr. Helen Schwantje, and Cait Nelson of the BC Wildlife Branch and
adapted from Dr. William Samuel (Samuel 2004). The form (Appendix A) was structured for
the quick and simple documentation of moose observations, and whether there were any visual
signs of hair loss. The system for classifying hair loss has five descriptive categories (Samuel
2004, Bergeron and Pekins 2014): no hair loss, slight hair loss (5–20% of coat), moderate hair
loss (20–40% of coat), severe hair loss (40–80% of coat), and ‘ghost’ moose (>80% of coat).
The form requested information on observation location, date, and time of sighting, as well as the
sex, age class, and general body condition of the moose. The form was available as a paper copy
or an electronic version that could be completed via computer, and also as a version that could be
completed using smart-phone or tablet devices.
The monitoring program was advertised through various platforms, including government
information bulletins, local newspapers, outdoor (hunting, trapping, and conservation)
magazines, websites, and local radio and television media outlets. The surveys were distributed
in all regions across the province where moose populations were present (Figure 1). The
distribution of survey forms was particularly focused towards the Cariboo, Kootenay, Okanagan,
Omineca, Peace, Skeena, and Thompson regions of BC; regions where reports of hair loss and
moose were typically received previously. Distribution began early in January of 2015, prior to
the period when hair loss was expected to be observed. Key government staff was identified to
participate and assist in the distribution of forms to conservation officers, regional wildlife
biologists, First Nation’s consultants, environmental consulting companies, and hunting,
trapping, and conservation organizations. Communication was primarily via telephone and
email. Reminders of the program and surveys 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.
Survey forms were received by the project coordinator from January 10th through April
30th, 2015. Some forms were received after April 30th, but were not included in the analysis.
The data were manually entered into a Microsoft Excel spreadsheet and were later imported into
ArcGis for the purpose of mapping the distribution of observations (Figures 2-5 show only the
observations collected from January 10th to April 16th, 2015). Surveys were screened for
potential double-counts of moose. Moose observations that occurred in the same approximate
location over a short time span and were classified with the same sex, age, and hair loss extent
were removed from the data analysis. Only 3 moose observations were removed during this
study.
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A Hair Loss Index (HLI; Wilton and Garner 1993, Bergeron and Pekins 2014) was used
to estimate the infestation severity in the Skeena, Omineca, and Peace regions (sample sizes were
too low to calculate HLI in other regions). There were 23 moose observations received from the
Atlin area in the northwest portion of the Skeena region. This area was considered to be outside
of the historic range of winter ticks in BC; consequently, the data were not included in the
severity calculations. No reports of hair loss were observed in the Atlin area. The severity of
hair loss was expected to increase over time, 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 by their respective hair loss category (1 equals no hair loss, and 5 equals
‘ghost’ moose) and then dividing the sum of these numbers by the total number of moose
observed, as follows:
Hair loss severity index (HLI) = (Mx1)+(Mx2)+(Mx3)+(Mx4)+(Mx5)
Total # of moose
Weather data were collected from local weather stations (Environment Canada) to
develop an index for predicting the severity of tick infestations from year to year. Late-winter
and early-spring snow accumulation was considered to be the primary climatic variable
influencing tick survival and tick infestation rates the following year (Pybus 1999, Samuel
2004). Therefore, snow accumulation data were analyzed for the months of March and April
from weather stations within each region. 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 (cm) from March to April multiplied by 0.01 in order to
scale the scores (pers. comm., Bill Jex,). Higher scores are expected to predict less severe
infestations, while lower scores predict more severe infestations. The mean and median scores
were calculated for each region over the past 10 years to serve as a reference point. The
resulting scores were relative to each region; therefore, a cautious approach was taken when
comparing predictions across regions.
Results
There were 361 observations of moose received, submitted by 117 survey users, from
January 10th to April 30th, 2015. The majority of observations occurred in the Skeena, Omineca,
and Peace regions (Figure 2; Table 1). Sixty-nine percent of individual moose observed were
classified as females, 17% were classified as males, and 14% were unknown (Table 2). Sixty-six
percent of individual moose observed were classified as adults, 15% were classified as yearlings,
and 18% were classified as calves (Table 2).
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Figure 2. Locations of all moose observations (N = 361) collected during winter of 2015
(January 10th – April 30th) in British Columbia, Canada.
Table 1. Number of moose observations (reports) collected during two time periods (January–
February and March–April) in British Columbia, Canada.
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Region

January–February

March–April

Total

Thompson
Kootenay
Cariboo
Skeena
Omineca
Peace

0
1
2
44
40
24

3
0
4
60
120
63

3
1
6
104
160
87
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Table 2. Classifications of moose observations (N = 361) by sex and age class for each region in
British Columbia, Canada.
Region

Male

Sex
Female

Thompson
Kootenay
Cariboo
Skeena
Omineca
Peace
Total

1
0
1
12
33
15
62

2
1
5
76
105
61
250

Unkn.
0
0
0
16
22
11
49

Adults

Age Class
Yearlings

Calves

Unkn.

1
1
4
78
98
58
240

0
0
0
12
32
9
53

2
0
2
13
29
20
66

0
0
0
1
1
0
2

Tick Severity Prediction (TSP)
According to the TSP, the infestation severity for the Skeena region in 2015 should have
been near average. The predicted score of 6.3 (based on 2014 snow levels) was slightly above
the 10-year average (6.0) but just below the median (7.0) in the Skeena region (Table 3). Higher
scores predicted lower severity of tick infestations. In the Omineca region, the tick severity
prediction was 17.8, well above the 10-year average (7.9) and median (6.6; Table 4). This
suggested a low to mild tick infestation in the Omineca region in 2015. In the Peace, the tick
severity prediction was 6.5, which was below the 10-year average (12.9) and median (10.9;
Table 5). This suggested a moderate to high tick infestation severity in the Peace region in 2015.
The severity predictions were likely relative to each region, and may not be comparable across
regions.
Table 3. Tick Severity Prediction (TSP) for the Skeena region based on snow accumulation data
collected from March–April the Smithers weather station. Higher scores predict lower severity of
winter tick infestations.
Year

2015

2014

2013

2012

2011

2010

2009

2008

2007

2006

TSP

6.3

8.3

12.4

9.6

2.2

10.5

7.6

1.6

1.6

0.1

Table 4. Tick Severity Prediction (TSP) for the Omineca region 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

2015

2014

2013

2012

2011

2010

2009

2008

2007

2006

TSP

17.8

22.1

6.6

18.7

0.1

15.1

10.9

0.7

4.6

0.4
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Table 5. Tick Severity Prediction (TSP) for the Peace region based on snow accumulation data
collected from March–April at the Fort St. John weather station. Higher scores predict lower
severity of winter tick infestations.
Year
2015
2014
2013
2012
2011
2010
2009
2008
2007 2006
TSP

6.5

12.2

2.4

25.8

9.0

19.0

15.7

26.5

9.8

2.5

Hair Loss Index (HLI)
Due to low survey feedback in certain regions, the determination of winter tick
infestation severity was restricted to the Skeena, Omineca, and Peace regions (Figures 3, 4, and
5). Of the 328 reports of moose observations in these regions, 46% documented no hair loss,
28% documented slight hair loss, 16% documented moderate hair loss, 8% documented severe
hair loss, and 2% documented ‘ghost’ moose (Table 6). In the Skeena region, 49% of moose
exhibited some degree of hair loss over the course of the winter, while 64% of moose in the
Omineca and 40% of moose in the Peace exhibited hair loss. Furthermore, during the time
period of March–April, 62% of moose in the Skeena, 78% of moose in the Omineca, and 49% of
moose in the Peace exhibited hair loss.
Hair Loss Index (HLI) was highest in the Omineca region and lowest in the Peace (HLI
of 2.17 and 1.66, respectively; Table 7). In all cases, severity increased from January–February
through March–April. The highest hair loss severity was observed in the Omineca region during
the March–April sampling period (HLI = 2.47). Hair loss indices from previous studies in other
jurisdictions have ranged between 1.18 and 3.48, with HLIs >2.50 associated with mortality
events (Steinberg 2008, Bergeron and Pekins 2014). Previous studies suggest a sample size >50
when calculating the HLI (Bergeron and Pekins 2014); in certain regions and time periods, the
sample sizes were below that recommendation.
Table 6. Classifications of moose hair loss observed in each study region of British Columbia,
Canada.
Region

No Hair
Loss

Slight Hair
Loss

Moderate
Hair Loss

Severe Hair
Loss

Ghost
Moose

Skeena
Omineca
Peace
Atlin
Cariboo
Kootenay
Thompson
Total

41
57
52
23
2
1
0
176

23
47
21
0
1
0
1
93

12
34
7
0
2
0
1
56

4
16
6
0
1
0
0
27

1
6
1
0
0
0
1
9
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Table 7. Hair Loss Index (HLI) for moose observed during two time periods in the Skeena,
Omineca, and Peace regions in British Columbia, Canada.
Region
Skeena
Omineca
Peace

January–February

March–April

Overall

1.24 (N=21)
1.28 (N=40)
1.21 (N=24)

1.97 (N=60)
2.47 (N=120)
1.76 (N=63)

1.79 (N=81)
2.17 (N=160)
1.66 (N=87)

Figure 3. Locations and associated hair loss severity of moose observations from the Skeena
region of British Columbia, Canada, from January 10th to April 30th, 2015.
13 | P a g e
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Figure 4. Locations and associated hair loss severity of moose observations from the Omineca
region of British Columbia, Canada, from January 10th to April 30th, 2015.
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Figure 5. Locations and associated hair loss severity of moose observations from the Peace
region of British Columbia, Canada, from January 10th to April 30th, 2015.
Discussion
The pilot Provincial Moose Winter Tick Surveillance Program met the established goals
of the study and can provide a foundation for monitoring winter ticks in BC with some
adjustments. The results of this program suggest moderate or above average tick infestations in
the Omineca region, and mild infestations in the Peace and Skeena regions. The estimation of
15 | P a g e
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winter tick infestation severity in this study was based on methods developed in Alberta, Ontario,
and New Hampshire (Samuel 2004, Steinberg 2008, Bergeron and Pekins 2014). Thus, there
was uncertainty when comparing the results obtained in the study regions of BC to other areas of
North America. Equally, there should be caution when comparing infestation severity across
BC. For example, an HLI score of 2–3 may be average for the Omineca, but high or severe for
other regions. The results of this study would be best interpreted by comparing the severity and
distribution of ticks with subsequent years of data from within each study region. Thus, it is
recommended that the program be continued over a multi-year timespan.
Distribution of winter ticks observed in this program corresponded to anecdotal
descriptions of the historical distribution. For instance, the Atlin area of the Skeena region has
been considered to be outside of the historical range of winter ticks; of the 23 moose
observations reported in that area, no moose exhibited signs of tick infestation. The lack of ticks
in this area is likely a result of micro or macro habitat and climate (i.e., high snowpack levels), as
it is known that winter ticks can survive far to the north. There were very few reports of hair loss
in moose observed in the southern portion of BC. However, very few surveys were received,
likely as a result of low moose densities. It is recommended to continue to monitor moose
populations in the areas where moose and winter ticks are less common to observe any changes
that occur over time. As expected, the highest number of moose observations and tick
occurrences came from regions with high moose densities (i.e., Skeena, Omineca, and Peace).
Few surveys were collected from the Cariboo region, despite relatively high numbers of moose;
this suggested a greater effort in distributing surveys in this region was necessary, particularly
with First Nations.
The TSP suggested that tick infestations would be average in the Skeena region, below
average in the Omineca, and above average in the Peace. Again, these results were difficult to
interpret without having further data from each region. For instance, the infestation severity for
the Omineca region appeared to be moderate or high, despite a prediction of low severity. This
suggested that the prediction model was a poor fit for the year 2015, or that the HLI scores were
relative to each region. The continuation of this program in future years is imperative in order to
develop and validate a model for predicting infestation severity.
Biases, Difficulties, and Recommendations
-

Double counts: It was possible that individual moose may have been observed and
reported on multiple occasions, potentially biasing the results of the data analysis. This
may have been particularly problematic in urban areas, where survey users were much
more likely to encounter the same individual moose. This could have potentially biased
the severity prediction in different directions and magnitudes, depending on the hair loss
extent of the double-counted moose.
o Recommendations: Careful screening by the researcher can reduce the likelihood
of double-count moose observations being included in the data analysis. Methods
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to increase scrutiny of the data would reduce this likelihood. Such methods may
include the establishment of buffers (in a GIS environment) around the locations
of moose observations. Observation locations that had overlapping buffers and
were classified equally (i.e., same sex, age class, body condition, and hair loss
extent) could be removed from the analysis. The buffer size could be adjusted
based on the desired level of scrutiny of the data. This would require precise
locations of observations. Additionally, conducting the severity analysis during
more than one time period may have reduced the influence of double counts by
allowing an individual moose to be reassessed in the subsequent timespan.
-

Urban bias: The majority of moose observations reported were located in relatively close
proximity to urban areas. This was due to a higher density of survey users in urban areas
and a proclivity for moose to inhabit urban or semi-urban spaces, particularly during
winter. Due to varying microclimates in urban areas compared to rural areas, it was
possible that the results from urban moose reports may not have been representative of
the greater moose population across the landscape within each study region. Urban
centers that were at low elevations in major river valleys were likely to have drier,
warmer winters with less snow than the surrounding landscape. These climatic
conditions may have favoured winter ticks, thus leading to higher infestation rates and
severity seen in urban moose. This could have biased the infestation results towards a
higher severity locally than was truly occurring at a broader landscape or regional scale.
o Recommendations: Ensure that surveys have been distributed widely to user
groups that spend time in rural or remote locations during the winter, including
agricultural communities, First Nations, forestry and oil and gas workers,
environmental consultants, etc. This may result in a greater number of moose
observations outside of urban centers, and provide a more accurate representation
of infestation severity. The urban bias, however, may not have been significant.
This could become apparent by comparing further years of data. For example, if
the severity of infestations varied with the tick severity prediction index (i.e., the
previous year’s snow accumulation), it would suggest that urban areas were
influenced by climatic conditions at a level that may be comparable to more
remote areas. Conversely, if the urban infestation severity remained constant or
higher than expected regardless of changes in climatic conditions, this would
suggest that urban microclimates result in perpetually high infestations and are
not representative of tick infestations in moose across the landscape.

-

Hair loss bias: Observations of moose that had significant hair loss or appeared
unhealthy were more likely to prompt survey users to submit a report than moose that had
no hair loss and appeared healthy. This could have resulted in a possible inflation of the
infestation severity index.
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o Recommendations: This was a difficult issue to address, although it was
unknown whether it would have a significant impact on the overall results of the
infestation severity. It is imperative to continually emphasize to survey users that
reporting observations of moose with no hair loss was equally as important as
reporting moose with hair loss.
-

Observer bias: Observations of moose may have been misclassified. This could have
happened for many reasons, including inexperience of observers, poor conditions for
observations, and the brevity or distance of the observation. This could have resulted in a
misclassification of hair loss extent, sex, age class, and body condition of individual
moose.
o Recommendations: There will always be a level of error associated with
observations received from survey users. The impact of this error on the overall
results of the study was largely unknown, but may be relatively insignificant
provided sample sizes were large enough to buffer against such errors. Observer
bias may be reduced by providing clear and concise instructions to survey users
for documenting moose observations.

-

Low survey response: There were low numbers of surveys collected from the Cariboo,
Kootenay, Okanagan, and Thompson regions. Low moose densities within portions of
these regions may have explained the low number of documented moose observations.
Additionally, outreach and the distribution of surveys to these regions may have been
inadequate. Low sample size from particular regions excluded them from the infestation
severity analysis, as previous studies have recommended a sample size >50 (Bergeron
and Pekins 2014). Surveys were received from a diverse group of users, however, there
was significant outreach to First Nations communities in most regions, and responses
were generally low (with the exception of a few communities).
o Recommendations: There should be an increased emphasis on the distribution of
surveys where responses were low. Although this was likely a product of low
moose densities in such areas, it was still important to collect data on winter tick
distribution and severity for these populations of moose. To increase survey
distribution and outreach in all regions, consideration should be given to having at
least one program coordinator present in each region. This would increase public
outreach to potential survey users and increase the number of survey responses.
Ideally, an adequate number of surveys would be collected in each region, during
each timespan, in order to conduct infestation severity estimates. Further
consultation and relationship-building may be required to increase the
participation of First Nations communities in the program. In general, the timing
of the initial distribution of surveys and advertisements for the program was
important. Efforts should be made early in January so that awareness of the
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program occurs before hair loss is expected, but not so early that the program is
forgotten or overlooked. Additionally, it was necessary to send frequent
reminders of the program to survey users and various outlets to maintain
participation.
-

Climate Data and Tick Severity Prediction: The climate data were collected from one
weather station within each study region. Although these data provided broad insights
into the climatic conditions (i.e., snow accumulation) for each region, there may have
been a lack of detail to capture local variances in conditions. Thus, there was uncertainty
surrounding the infestation severity predictions. Localized microclimates may not have
been represented in the broad-scale weather data, yet likely influenced infestation
severity. Additionally, there may have been climatic variables other than latewinter/early-spring snow accumulation that influenced winter tick reproductive success
and survival, and ultimately infestation severity in moose. Such variables include
summer and autumn air temperatures and precipitation (where warmer, drier conditions
promote tick egg and larvae survival; Zarnke et al. 1990, Pybus 1999), and early autumn
snowfall events (where snowfall may reduce larvae survival; Drew and Samuel 1985,
Samuel 2004).
o Recommendations: An increased number of weather stations could be used for
the collection of climatic data to provide a more detailed depiction of weather
conditions within each region. However, many weather stations, particularly
those located in rural locations, lacked complete data records for many climatic
variables. Future studies may consider incorporating additional weather variables
into the infestation severity prediction index in order to develop a more
comprehensive model. The model could be improved by quantifying summer and
autumn precipitation and air temperature, as well as early-autumn snowfall
events.

-

Survey function and technical issues: Overall, the survey appeared to work well for
collecting data on moose observations and hair loss extent. Some survey users had
technical difficulties with the portable document format (PDF) version of the survey
when trying to complete it via computer. In most cases, users were having issues saving
the survey after completing it. This could have been due to incompatible versions of
software (Adobe) being used. In some instances, the locations of observations provided
by users were vague, and lacked detail for mapping. There were some minor technical
difficulties with the smart phone and tablet surveys, including the following: time and
date functions were not user-friendly (scrolling was often interrupted), the GPS
coordinates documented the location at which the user filled out the survey but not
necessarily where the observation occurred (some users completed the surveys hours or
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days after the observation), and often all of the records that the user had stored were
emailed to the recorder rather than just the latest record.
o Recommendations: It was important to ensure that the PDF version of the
document being distributed was ‘reader-enabled’, otherwise some users were
unable to save the survey before sending via email. Also, there should be more
explicit directions within the survey for recording observation locations to
improve the accuracy of the mapping. Adjustments should be made to the smart
phone and tablet versions of the survey, primarily to fix the problem with the
scroll bars, add an option for providing a description of the observation location
rather than relying on GPS coordinates alone, resolve the issue of previous
surveys being submitted along with the most recent survey, and consider
providing a direct link to an email address for survey submission (rather than
users having to manually type an address).
Conclusions
Overall, the pilot study for the Provincial Moose Winter Tick Surveillance Program
appeared to be successful and has provided a foundation for the future implementation of the
program. The methods used in this study have utility for the documentation of winter tick
distribution and severity in moose populations. Where other methods of enumerating tick
infestations may be costly and labor-intensive, surveys provided a relatively inexpensive
alternative for collecting large amounts of data over broad geographical areas and short time
spans. A benefit of this ‘citizen science’ approach was the public engagement, positive feedback
from survey users regarding the importance of the study, and an increase in public awareness of
this important wildlife health issue. This program could be expanded to collect more data over
the course of late winter/early spring now that methods are in place for advertising and
distributing surveys, mapping tick distribution, estimating infestation severity, and predicting
severity of future infestations. Although hair loss data may not be sensitive enough to detect
differences in tick abundance when comparing different regions, the data are likely suitable for
detecting large annual changes in relative tick abundance and distribution within regions. In
order to make strong inferences on the distribution and severity of winter ticks in BC, it is critical
to continue to implement the program on an annual basis.
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Appendix A. Survey template used to document observations of moose for the purpose of
collecting data on the distribution and severity of winter ticks in British Columbia, Canada.
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