SELECTIVE MOOSE HARVEST IN NORTH CENTRAL ONTARIO
- A PROGRESS REPORT
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ABSTRACT: Ontario introduced a province-wide sex and age selective harvest strategy for moose
(Alces alces) in 1983. The program was designed to double the provincial moose population by the year
2000 by controlling the annual hunter harvest of bulls and cows in 67 Wildlife Management Units
(WMU’s). In north central Ontario the harvest sex/age ratio has averaged 54% bulls, 28% cows and 18%
calves in 14 WMU'’s after eight years. A step-wise increase in the calf kill and corresponding decrease
in the cow kill has occurred. There appears to be a trend towards a higher proportion of breeders and
a lower proportion of yearlings and teens in both the adult bull and cow harvest. Demand for adult tags
and success rates continues to increase in many WMU’s as hunters report seeing more moose. Aerial
inventories since 1983 suggest that populations in WMU’s west of Lake Nipigon have generally reached
or exceeded year 2000 targets while those to the east have failed to respond. Data for two WMU’s, one
representing a population response and the other, relative population stability are analyzed and
discussed. Population densities in these WMU’s are believed related, in part to differences in winter
severity and land capability. Densities in both have declined slightly since 1988 as current mortality rates
from all sources exceed annual recruitment. Adjacent jurisdictions (Isle Royale and northeastern
Minnesota) display similar trends to several adjoining WMU?’s, regardless of density, hunter harvest or
the presence or absence of white-tailed deer (Odocoileus virginianus). Increased winter tick
(Dermacentor albipictus) mortality, triggered by short-term changes in weather patterns in the late
1980’s, is believed responsible for synchronous population declines in northeastern Minnesota and on
Isle Royale. It is possible that ticks were also involved in similar declines seen in WMU’s 11B, 13 and
14, although the evidence is circumstantial. We recommend current WMU population and harvest
targets be reviewed and adjusted to land capability; that lower and more flexible harvest rates be tailored
to sustain local populations, and that further research on weather-related population changes be
undertaken.
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Ontario hasemployedthree distinctmoose  efits and recreational opportunities and ad-
harvest strategies over the past three decades  dress enforcement problems and overharvests
in an effort to balance harvests with natural (Timmermann 1983),
mortality and herd recruitment. From 1955- The primary objective of the selective
1979, liberal, unlimited entry, either sex sea-  harvest program was to double the Ontario
sons were used (Timmermann and Gollat moose population from +80,000 in 1983 to
1982). Passive harvest control measures in 160,000 by the year 2000 (Smith 1990). Popu-
the form of adjustment of opening season lation and harvest targets were assigned to
dates and licence fee increases were intro- each of 67 WMU’s (OMNR 1982). Popula-
duced during the latter part of this time period  tion target densities for most WMU’s in north
in an effort to stabilize documented popula-  central Ontario were set at 0.39 moose/km?
tiondeclines (Gollatand Timmermann 1983a,  except for three northern WMU’s where they
Timmermann 1987). The second strategy was ~ were lower (ie. 0.11-0.15). Likewise, year
a party harvest system introduced in 1980 2000 sport harvest rates were arbitrarily es-
requiring two hunters to share one moose tablished at 17.5% per year for all but four
(Timmermann and Gollat 1984). The third northern WMU’s, where they varied between
and present strategy is selective harvest, in- 12.3 and 15.0% (OMNR 1982). Harvest
troduced in 1983 to increase economic ben-  strategies were designed to protect a larger
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proportion of breeding cows and focus more
hunting pressure on bulls and calves. The
biological basis of selective harvest is the
polygamous breeding capacity of bulls. Addi-
tionally, it is assumed that herd recruitment
(R) will increase if the proportion of prime
breeding females in the herd increases and
that hunting mortality of calves is partially
compensatory (Euler 1983a).

Aerial inventories are carried out in On-
tario to estimate population size and trends,
and determine the age and sex composition of
moose populations. Inventories are conducted
annually with the aim of sampling each road-
accessible WMU within moose range at least
once every three years (Bisset 1991). This
information is used in setting annual harvest
quotas and evaluating management strate-
gies. Each WMU harvest quota is appor-
tioned into a specific number of bulls, cows
and calves. The applied 1983 ratio of 50:20:30
was refined to a baseline 60:20:20 in 1984,
based on computer simulation (OMNR 1984,
Gollat et al. 1985). Annual harvest quotas are
set for each WMU based on the number of
adult animals that can be taken and still allow
the herd to increase or remain stable, depend-
ing onthe degree of population target achieve-
ment. They are calculated based either on a
percentage of adult cows in the population (ie.
5-8% of cows) or a harvest rate applied to the
total pre-hunt population estimate (ie. 10-
15%, Greenwood et al. 1984). The desired
rate of increase based on the year 2000 popu-
lation target also has a direct bearing on the
annual harvest quota. Adult bull and cow
harvest opportunities, hereafter referred to as
the number of adult validation tags (AVT’s),
are allocated using a three-year moving aver-
age of success rates. Managers also aim for
+67 bulls/100 cows as a minimum post-hunt
adult bull/cow population ratio in an attempt
to increase populations and optimize harvests
to year 2000 targets (Créte et al. 1981).

The selective harvest program introduced
major changes in regulations and required
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hunters, for the first time, to identify and
selectthe animal they were licensed to hunt by
both sex and age. Qualifying residents wish-
ing to hunt may purchase a basic moose li-
cence and harvest a calf in any WMU during
the open season. Those wishing to also hunt
adult animals (>1.5 years) have the option of
applying for a bull or cow tag. Preference
pooling was added in 1984 to give those
unsuccessful in previous year’s draw a greater
chance of being selected. In addition, legal-
ized party killing of calves and adults was re-
introduced beginning in 1986 and 1988, re-
spectively. The number of bull, cow and calf
moose taken must not be more than the number
of bull and cow validation tags and valid
moose licences held by members of the party.
Any party member may take the animal. See
Methods for allocation information.
Changes in regulations have been com-
municated to hunters and management staff,
In 1983, a pamphlet with nine questions and
answers regarding selective harvest princi-
ples and regulations was mailed to all 1982
licence holders. This was followed in 1984 by
a22 page booklet (OMNR 1984) covering 19
items. Considerable emphasis was placed on
communicating sex/age identification features
and selective harvest philosophy and biology.
Informational articles were published in trade
magazines (Euler 1983b, Timmermann 1983).
A moose identification quiz consisting of 62
colour slides and score sheet was prepared
and distributed to field offices and a2 1 minute
film entitled ‘Of Moose and Man’ was pro-
duced in both 16mm and video formats. Field
offices conducted community workshops/
seminars and special information meetings
during the firsttwo years. Local interviews on
radio and T.V. as well as feature newspaper
articles continue to play a significant role in
communicating the program. A moose hunter
fact sheet containing draw information has
been produced on an annual basis since 1985.
In addition, a moose hunter education manual
produced in cooperation with the Ontario
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Federation of Anglers and Hunters (OMNR
1990) provides detailed information on moose
biology, ecology, management, hunting tech-
niques, ethics and regulations.

A large data set containing both WMU
harvest and population information has been
amassed since the mid 1970’s, both provin-
cially and regionally. Some populations have
changed noticeably in their estimated densi-
ties, often concurrent with changes in man-
agement strategy, while others have not.
Winter severity, land capability, subsistance
hunting, predation, parasites and incidental
mortality can also impact populations. We
believe there is value in attempting to isolate
some of the potential factors that influence
population growth. In this paper, we have
narrowed this analysis to two WMU’s - WMU
13 showing population growth and WMU
21B exhibiting population stability.

The purpose of this report is: 1) to com-
pare hunting and harvest statistics in 14
WMU’s (Fig. 1) with those of the two previ-
ously used harvest strategies, 2) to examine
changes in selected population parameters as

Northwestern

Northeastern
Minnesota
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possible indicators of the impact of selective
moose harvest on the herds of north central
Ontario 1983-91, 3) to evaluate current popu-
lation and harvest estimates with respect to
year 2000 targets, 4) to compare in more detail
two specific WMU’s in an attempt to identify
variables that may affect the growth of each
population and to better understand how these
variables contribute to observed differences
in population densities and 5) to compare
population density and composition estimates
between adjacent non-hunted, lightly hunted
and heavily hunted areas. This paper is up-
dated and expanded from Timmermann and
Gollat (1986).

METHODS

The effects of selective harvest on the sex
and age composition of moose harvested by
resident hunters were measured by compar-
ing harvest data derived from voluntarily sub-
mitted jaw samples obtained from 14 WMU’s
in north central Ontario between 1977 and
1991. Sex and age data, as recorded on Big

160 KM

Fig. 1. Location of 14 WMU'’s used in selective harvest analysis, north central Ontario.

(Note: Lake Nipigon is WMU 20).
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Game Harvest Cards (BGHC), were exam-
ined for each of the three distinct strategies
employed during the sixteen hunting seasons
involved. These include season manipulation
1977-79, the party harvest system 1980-82
and selective harvest 1983-91. Data were
pooled and mean values for each strategy
tested for statistical significance (p<0.05) us-
ing a one factor ANOVA and Scheffe’s
multicomparison test (Zar 1984). We ac-
knowledgethat differences between areas and
years may exist, but data were pooled to
increase sample size and examine the gross
changes between the three harvest strategies.
Five arbitrary age classes described by
Timmermann and Gollat (1984) and modified
from Bubenik and Timmermann (1982) were
used to analyze harvest social structure. Trends
in hunter numbers, total harvests, hunter days,
moose sighted by hunters and hunter effort
(successful hunt) were obtained from the an-
nual, centrally conducted provincial mail sur-
vey (Barbowski 1972). These data span the
time periods of the three different harvest
strategies (1977-91).

Since 1983 the moose resource has been
partitioned among four major users - viewers,
subsistence hunters, resident sport hunters
and the tourist industry (Bisset and
Timmermann 1983). Within the harvestable
portion of the population, the subsistence
rights of treaty Indians are recognized first
and the remainder proportioned provincially
between theresident sport and tourist industry
components on a 90/10 percent basis. Adult
bull and cow harvest quotas are determined
for each WMU to apportion sport hunting
opportunities. Adult bull and cow tags are
then calculated based on past success rates
(Gollat and Timmermann 1983b) and are dis-
tributed by computer draw where the number
of applicants exceeds the tag quota. This
paper analyzes the resident gun sport harvest
which represented 91% of the estimated an-
nual provincial kill in 1990.

Resident gun hunter harvests specific to
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each WMU were determined from district
conducted post-hunt mail surveys (Gollat and
Timmermann 1987). Adultvalidation tag and
harvest quotas for resident-draw gun hunters
were retrieved from regional files and exam-
ined for trends in each of 14 WMU’s, 1983-
91. Hunter demand for adult tags (1985-91)
was calculated by adding all Pool 1-Choice 1
and Pool 2-Choice 1 applicants, available
from annual moose hunter fact sheets.

Population data were obtained from aerial
inventories (Bisset 1991). Estimated moose
densities were derived from observed plus
those not sighted but believed to have been
missed, based on a track aggregate method
described by Bergerud and Manuel (1969).
These estimated densities (observed+missed)
were used in harvest quota calculations and
although still considered conservative, we
believe them to more accurately reflect total
densities and population trends than using
only observed moose. Density, sex ratio and
recruitment estimates were calculated foreach
WMU, as well as for two logged, unhunted
areas of WMU 13 and Quetico Provincial
Park (Camp 236 and the McKenzie-Cache
Lake area respectively) (OMNR 1982). Both
density and harvest estimates were compared
to year 2000 program targets. All surveys are
described by their January calendar year be-
cause the bulk of surveys usually terminate by
month’s end. Density estimates for standard
WMU population surveys were compared for
two periods before and after the introduction
of the selective harvest system using a Mann-
Whitney U test. Population density estimates
for WMU’s east and west of Lake Nipigon
(Fig. 1) were compared separately for the
periods 1975-83 and 1984-92.

Additionally, more detailed data from
two specific WMU’s were analyzed - WMU
13, representing a population growth response
and WMU 21B, representing relative popula-
tion stability. We examined and compared
Dec/Jan helicopter composition counts in more
detail including percent calves, percent twin
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calves, and percent prime bulls, as well as
differences in bull/cow tag and harvest quo-
tas, mean adult (>1.5 years) age and hunter
success. Prime bulls were identified by antler
class (Oswald 1982) and combined with all
unantlered males also assumed to be of prime
age. Estimates of annual adult mortality (Mn
- natural mortality and Mh - hunting mortal-
ity) and rate of change (A) were calculated
using the relationship A=(1-M)/(1-R), were
R=annual recruitment and M=total mortality
(Mn + Mh) (Hatter and Bergerud 1991). We
used the mean percentage of calves obtained
from the most recent two population invento-
ries to represent R, as well as the acutal
population estimates and most current harvest
rate for A and Mh respectively.

Total snowfall records were obtained for
the Thunder Bay airport from Environment
Canada. Additional snow depth records from
standard MNR snow course stations associ-
ated with WMU 13 (Courses 250-Thunder
Bay, 257-Upsala and 258-White Fish) and
WMU 21B (Courses 241-Manitouwadge and
341-Hornepayne) were evaluated (Bisset et
al. 1989). Mean cumulative snow depth,
mean maximum snow depth and mean number
of weeks with snow were calculated from the
initial year of data collection for each snow
course to 1987.

- Differences and limitations in land capa-
bility to produce year-round moose habitat,
based on the productivity of characteristic
landform features were compared. Dominant
landforms and surface materials identified in
the Northern Ontario Engineering Geology
Terrain Study base maps (NOEGTS) (McQuay
19804a,b,c; Mollard 1979 a,b,c; Mollard 1980)
were divided into the following productivity
classes: HIGH-deep glaciolacustrine soils and
deep silty or clay till morainal soils; ME-
DIUM-deep, sandy till ground moraine, shal-
low silty or clay ground moraine and sandy till
over bedrock, and LOW-any bedrock domi-
nated landforms, outwash plains and organic
terrain (Racey pers. comm. 1991). Using the
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site/soil characteristics (Sims et al. 1989) of
Vegetation types (V-types) associated with
general landforms features in Sims and
Baldwin (1991), the three productivity classes
were organized as follows: HIGH-V1, V2,
V4-V15, V17, V19, V24-V26, V31, V32;
MEDIUM-V1, V2, V16, V18, V20, V2],
V27, V28, V33, V34, and LOW-V10, V11,
V16, V18, V22, V23, V27-V29, V32, V34-
V38. These divisions were subjectively inter-
preted with respect to year-round moose habi-
tat requirements (Jackson ef al. 1991) using
the percentages of each productivity class
estimated for WMU 13 and 21B.

Finally, we compare population density
and composition estimates between adjacent
non-hunted (Isle Royale), lightly hunted
(northeastern Minnesota) and heavily hunted
(WMU 13, 11B and 14) and discuss similari-
ties and differences among various popula-
tion parameters. Unpublished data were kindly
provided by Dr. Rolf Peterson for Isle Royale
and by Dr. Mark Lenarz for northeastern
Minnesota.

RESULTS AND DISCUSSION

Harvest Statistics (Regional Overview)
Hunter numbers declined in 1984 but
increased to late-1970 levels by the third year
of selective harvest (Fig. 2). Regulation
changes in 1984 including purchase of a li-
cence as a prerequisite to enter the adult draw
are believed responsible for the initial de-
cline. Annual harvests approximate those
experienced prior to the inception of the party
harvest system. Recreational opportunities
expressed in total hunter days have increased
dramatically over the party harvest system,
doubling those experienced during the 1980-
1982 period (Fig. 2). Longer seasons and
removal of the regulation to share one moose
between two hunters contributed to the change.
The average number of moose observed per
hunter has generally increased since the pe-
riod 1977-82 (Fig. 2), while fewer days effort
were required by successful hunters to harvest
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a moose from 1984 to 1988 compared to
1981-1983. Since 1985, the effort required
has increased marginally from 6.1 to 7.2 days
per moose but is still below the 1981-1983
effort of +8 days. Curtailed seasons, coupled
with the requirement of two hunters to share
one moose between 1980 and 1982 are be-
lieved partially responsible for increasing
overall populations and reducing effort.

Harvest Composition

The composition of the 1983-90 harvest
has changed from that of the previous two
harvest strategies (Table 1). Under selective
harvest, bulls, cows and calves averaged 54,
28 and 18 percent of the reported harvest over
eightyears. This compares to 50/38/12 for the
party harvest system and 48/38/14 for pre-
1980 liberal either sex seasons. During selec-
tive harvest, the proportion of harvested bulls
was significantly higher than recorded for the
liberal either sex season strategy and also
higher, yet not significantly, than the party
harvest system (F=6.563, df=13, p=0.0133,
Table 1). Conversely, the cow harvest was
lower than realized during the party harvest
system or the either sex season (F=28.959,
df=13, p=0.0001). This change is believed to
have resulted from a direct manipulation of
adult tag quotas to achieve the targeted adult
harvest ratio. To date the overall mean calf
harvest has changed significantly in the tar-
geted direction (F=5.778, df=13, p=0.0193,
Table 1). This overall step-wise harvest in-
crease from 11.9 to 21.1% between 1983 and
1990 suggests populations and/or hunters are
responding, in part, to selective harvest strat-
egiesinmany WMU’s and that compliance by
hunters was high.

Selective harvest has generally effected
an increase (F=13.330, df=13, p=0.0011) in
the proportion of prime bulls and adecrease in
teen bulls in the kill since termination of the
party harvest system (F=7.041, df=13,
p=0.0107, Table 1). Although not significant
(F=1.970, df=13, p=0.1857), similar trends
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were noted for breeding and yearling cows,
respectively. Earlier season opening dates, a
weekend season opener since 1983 and a
suspected higher proportion of breeding cows
and prime bulls in the population resulting
from reduced harvests between 1980-1982,
are believed responsible.

Harvest Control

Total annual adult harvest quotas (bulls +
cows) fluctuated between 2073 and 2289 bulls
and cows (x, = 2185) collectively for 14
WMU’s 1983-91 (Table 2). Individual har-
vest quotas however have been increased in 8
andreducedin 6 WMU’s inresponse to higher
hunter success rates and population changes.
During the 8-year period of 1984-91, adult
harvests (19,344) exceeded quotas (17,450)
by 11% (Table 2, Appendix 3). In addition,
an estimated 3,675 calves (0.19 x 19,344)
were taken. Over-quota adultharvestsin 1988
were as high as 483 or 23%, while in other
years quotas and actual harvests approached
parity.

The total number of adult bull and cow
hunting opportunities (# available adult vali-
dation tags) has been reduced from 17,974 in
1983 to 9,561 in 1992, a 47% decrease (Ap-
pendix 1). Reductions occurred in 10 and
increases in4 WMU’s, in response to changes
in hunter success rates. Bull tags declined
from about 12,500 to 7,200 while cow tags
declined from about 5,400 to 2,400 (Fig. 3).
All but one WMU has experienced increased
hunter demand for adult tags (range 1-360%,
Appendix 2). Overall hunter demand has
increased by 31%, from 15,066 in 1985 to
19,659 in 1991. Demand for bull tags in-
creased one third from about 9,000 to 12,000
while cow tags increased 25% from about
6,000 to 7,500 (Fig. 3).

Regional Population Trends and Density
The most currently used (1992) popula-

tion estimates derived from aerial inventories

place the regional population at nearly 26,000
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or about two thirds of the year 2000 target of
39,000 (Table 3). Population density esti-
mates for 10 of 14 WMU’s where four or more
aerial inventories have been completed since
the mid 1970’s are illustrated in Figure 4a.
Populations in WMU’s west of Lake Nipigon
(Fig. 1) approach or exceed year 2000 targets,
while those WMU’s east of Lake Nipigon and
north of Lake Superior are generally well
below targetdensities. The exceptionis WMU
14 which shows a substantial population de-
cline since the mid 1980’s. Several factors
including mortalities related to winter tick
(Samuel and Welch 1991) and an eruption of
white-tailed deer carrying the “brainworm”
Parelaphostrongylus tenuis (Karns 1967,

Number of available adult validation tags

86 87 88 89 90 91

Year

83 84 85

12500

10000

7500

0

83 84 85 B6 87 88 89 90 91
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Whitlaw, unpub. data), as well as improved
hunter access and predation, are believed to
have contributed to the decline.

Overtime, there was no significant change
in pooled moose population densities before
(p=0.346, r>=0.03) or after (p=0.620, r>=0.01)
the introduction of the selective harvest sys-
tem (Fig. 4b). Mean population densities for
WMU’s west of Lake Nipigon however were
higher than those east of Lake Nipigon both
before (p=0.0003) and after (p=0.001) the
implementation of selective harvest (Fig. 4c¢).

Mean adult sex ratios in the population
have varied from 48 to 76 bulls/100 cows and
densities from 0.12 to 0.42 per km? among 5
hunted WMU’s over 17 surveys (Table 4).

Tag demand (# of P1C1 + P2C1 applications)

12500

10000

7500

5000

2500

0

85 86 87 88 49 90 91
Year

Fig. 3. Number of adult bull and cow tags available (1983-91) and corresponding tag demand (1985-

91) for 14 WMU’s, north central Ontario.
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Fig. 4a. Population density estimates (estimate/land area) for 10 WMU’s based on provincial standards
for moose population inventory (Bisset 1991). Capped bars represent 95% confidence intervals for
the estimated population mean. W & E designate WMU’s west and east of Lake Nipigon.
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Table 4. Observed adult sex ratios and calf-cow ratios as determined from rotary wing aerial surveys
conducted post-hunt during December and January in north central Ontario.

Most Recent Survey
Area/WMU Mean Bulls/100 Cows N, No.of Years Survey Year Density Ca/100 Cows! % Calves

(Range) (/km2) (Ny)
2Camp 236 83(54-126) 843 7 9192 0.82 33 17.8(107)
2McKenzie-
Cache Lake 73(43-101) 1338 13 87/88 2.42 38 16.6(145)
WMU 12B 66(57-79) 1345 4 9192 0.46 37 17.1(420)
WMU 13 48(37-63) 1214 4 9192 0.36 37 21.0(398)
WMU 158 69(62-76) 827 3 90/91 0.36 23 12.6(425)
WMU 19 76(64-92) 558 3 8990 0.13 39 18.7(212)
WMU 21B 58(49-68) 648 3 9091 0.17 41 20.5217)
1 Ratio includes all cows 21.5 yrs 2 Unhunted logged control area

N, = total number of observations for all years Ny = total number of moose observed for the most recent survey

Ratios and densities in two unhunted, recently ~ Harvest Target Assessment

logged control areas in the Thunder Bay area The proportions of recent harvests are
are higher (73 to 83 bulls/100 cows and 0.82  based on current population estimates and a
- 2.42 moose/km?). Managers are targeting  three year (1988-90) mean harvest (Table 3).
67/100 as a minimum adult bull/cow ratio to  Current moose harvests in most WMU'’s are
ensure the majority of cows are successfully  well below year 2000 targets. Mean harvests
bred. Current bull/cow ratios are below this  (1988-90) were 25% below target in four
arbitrary threshold inboth WMU 13and21B. ' WMU’s, between 25-70% of target in eight
We have no evidence to suggest that these WMU’s and near or at target levels in only
adult sex ratios are affecting pregnancy rates two WMU’s (Table 3). Harvest rates vary

(Timmermann 1992), from lows of 2.2 and 3.8% of the population
0.5 0.7
y = 0.01x - 0.68, r2=.03 . y = 0.01x - 0.2, 12=01
0.61 s
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Fig. 4b. Moose density estimates for 30 and 34 WMU surveys before (left) and after (right) introduction
of a selective harvest system in north central Ontario.
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Fig 4c. Moose denstiy estimates for WMU surveys east (open circle) and west (closed circle) of Lake
Nipigon, before (A) and after (B) introduction of a selective harvest system.

for remote WMU’s 17 and 18B to highs of
17.2 and 16.7% for road accessible WMU’s
11B and 21B, the latter being too high, we
believe, to sustain current populations. Initi-
ated in 1985, fewer AVT’s are being issued in
an attempt to reduce overall annual harvest
rates and stabilize or increase populations in
specific WMU’s (Appendix 1).

WMU 13 vs. 21B COMPARISON

Population Parameters

Density estimates, based on aerial sur-
veys, have increased significantly in WMU
13 (p=0.0265) since 1985, yet WMU 21B has
demonstrated little change since 1979
(p=0.5055, Fig. 4a), although the confidence
intervals for several surveys are wide. Both
WMU's are comparable in size yet inventory
data based on the most recent population
estimates (1988/89, 90/91 and 91/92) suggest
that WMU 13 supports more than double the
population (0.36-0.46 vs 0.16-0.18 moose/
km?, Table 5). The presence of white-tailed
deer which provide an alternate prey to wolves
(Canis lupus) (Bergerud 1992) and a more
productive land base in WMU 13 (see Land
Capability section) are believed largely re-
sponsible. Population sex and age parameters
are similar (ie. a 2:1 ratio favouring cows and
a mean of approximately 40 percent prime
bulls in the male component, Table 5). Re-
cruitment indices (51 and 37 vs 57 and 41

calves/100 cows and about 26 and 21 percent
calves for each survey) are also remarkably
similar. A higher twinning rate in WMU 13
observed during the 1987/88 survey may re-
flect differences in calf survival.

Population Change

Recent inventory data suggest populations
in both WMU’s have declined slightly since
1988 (Table 5). If we assume these estimates
reflect true population values then, the annual
finite rate of change (A) for WMU 13 was 0.94
and 0.96 for WMU 21B. Likewise, the com-
bined estimates of total annual mortality (Mn
+Mh) were 29.98% (14.98 + 15.0) and 28.4%
(11.7 + 16.7) respectively, based on the rela-
tionship Mn = 1 - [A(1-R)/(1-Mh)] reported
by Hatter and Bergerud (1991). These com-
bined losses exceed the 8 month mean recruit-
ment (R) of calves (23.3 and 23.4%, Table 5)
by 6.7 and 5.0% respectively. We suggest that
populations in either WMU cannot sustain
recent harvest rates (Table 3), without a cor-
responding reduction in natural mortality.

Harvest Levels and Composition

Adult bull and cow harvest quotas have
consistently been set higher in WMU 13
(x,=460,range 385-588) thanin 21B (x,=280,
range 191-325, Table 2, Fig. 5). Mean bull
harvests since 1984 have generally been 42%
higherin WMU 13 (x,=351, range 294-408 vs
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Table 5. A comparison of population and harvest data for WMU 13, representing a population growth

response and WMU 21B, representing population stability.

TIMMERMANN AND WHITLAW - SELECTIVE MOOSE HARVEST

POPULATION PARAMETER! WMU 13 (N) WMU 21B (N)
‘Size (km?2) - Land (water) 11,213 (2112) 12,795 (705)
Year of Survey 1987/88 1991/92 1987/88 1990/91
Estimated population 5,199 4013 2430 2,179
Density (/km?2) 0.46 0.36 0.19 0.17
Total Observations 533 398 221 217
Bulls/100 cows 49 45 48 58
% Prime bulls 51 27 17 62
Ca/100 cows 51 37 57 41
% Calves 25.7 21.0 26.2 20.5
% Twin calves 19.4 3.8 11.5 2.8
A (1988-92) 94 .96

HARVEST PARAMETER?
xg # Bull AVT’s (range)

1635(1415-1881)

1541(730-2295)

xg Bull harvest (range) 351(294-408) 248(214-298)
X7, Mean age of bulls (21.5 years) 3.32+0.02 3.85+0.02
xg % Bulls total 51.8(3756) 53.0(2067)
*g % Teen bulls 84.2(1748) 74.6(845)
xg % Prime bulls 14.2(1748) 21.8(845)
xg % Success Bull AVT holders (range) 24(18-27) 19(14-31)

X7, Demand (range)
x¢ Effort (days/bull shot) (range)

2110(1699-2537)
43.1(41.9-45.6)

1891(1605-2125)
53.4(32.2-66.2)

xg Cow AVT’s (range)

526(220-775)

594(410-801)

xg Cow harvest (range) 190(150-232) 99(45-130)

X7: Mean age of cows (21.5 years) 3.85:0.11 4.4120.19
xg % Cows total 28.5(3756) 31.7(2067)

xg % Yearling cows 32.8(%46) 34.7(501)

xg % Breeding cows 67.2(946) 65.3(501)

xg % Success Cow AVT holders (range) 36(24-45) 27(12-49)

X7, Demand (range)
xg Effort (days/cow shot) (range)

1299(1144-1483)
26.2(20.2-33.0)

1304(1272-1395)
35.8(20.9-61.0)

xg % Calves total 19.4(3756) 14.6(2067)
xg B/C Tag ratio 2.9 3.6/1
xg B/C Harvest ratio 1.9/1 2.4/1
0.39 0.14

xg No. moose seen/day

1 Rotary-wing inventory/composition surveys conducted in January 1988 and Tanuary 1992 on 53 plots in WMU 13 and
January 1988 and January 1991 on 56 plots in WMU 21B. All plots are randomly selected and 2.5 x 10 km (25 km?) in

_area.
2 Parameters are mean values for the following years: xg = 1984-91, x5, = 1984-90, x7, = 1985-91 and x4 = 1986-91.
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248, range 214-298, Appendix 3, Table 5).
Although harvested bulls in total represented
51.8 and 53.0 percent respectively in WMU
13 and 21B, their age structure varied consid-
erably (84.2% vs 74.6% teen and 14.2% vs
21.8% prime, Table 5). Additionally, the mean
age of adult bulls (>1.5 yrs) was 3.32 vs 3.85
years (Table 5), suggesting lower bull recruit-
ment or vulnerability in 21B. Bull/cow tag
ratios (2.9 and 3.6/1) produced a lower har-
vest ratio of bull/cow in the WMU 13 harvest
(1.9 vs 2.4/1, Table 5). Mean cow harvests
since 1984 have been 92% higherin WMU 13
(x4=190, range 150-232) than in WMU 21B
(x4=99, range 45-130, Appendix 3, Table 5).
The proportion of cows in the total harvest
was lower (28.5% vs 31.7%) although the
percentages of yearling cows (32.8% vs
34.7%) and breeders (67.2% vs 65.3%, Table
5) were similar. A significantly younger
mean age of adult ("1.5 yrs) cows (3.85 yrs vs
4.41 yrs, Table 5), a higher percent of calves
in the harvest (19.4% vs 14.6%) as well as a
higher percent of twins (16% vs 3%) all sug-
gest a higher recruitment rate in WMU 13.

Annual reported jaw samples are believed
to be sensitive to population density, but are
tempered by changes to available adult bull
and cow AVT’s and variable moose vulner-
ability. Similar trends were observed in har-
vest data (Fig. 5) as in density estimates (Fig.
4a). Harvested bulls, cows and calves in-
creased in WMU 13 from 1980-88, then de-
clined to 1991, whereas little change was
evident in WMU 21B except a reduction in
harvested cows, believed linked to fewer
AVT’s issued, beginning in 1989.

Winter Severity

Deep snow, when moose are at high den-
sities, may impact some moose populations
by reducing recruitment and adult survival
(Rolley and Keith 1980; Gasaway et al. 1983).
Prolonged deep snow winters which reduce
moose mobility may increase the incidence of
malnutrition and vulnerability to wolf preda-

ALCES VOL. 28 (1992)

tion (Peterson and Allen 1974; Gasaway et al.
1983; Larsen et al. 1989). A cursory exami-
nation of total seasonal snowfall since 1976
reveals 11 of 16 winters fell below the 30 year
mean (1960-90) of 213 cmin the Thunder Bay
area, within WMU 13. Ten of these, including
a record low of 111.7 cm, occurred since
1979-80, coincidental with added party and
selective harvest restrictions. Snow depth
records from standard snow stations (Passmore
1953) scattered across north central Ontario
also verify reduced snow depths and milder
winters during the 1980’s.

More specifically, analysis of snow course
data identified differences in winter severity
between WMU’s 13 and 21B (Table 6). WMU
21B has a deeper range of mean cumulative
snow depths (SDI) in both weeks 16 and 32
(range 428-441cm and 1239-1295cm), than
does WMU 13 (range 260-317cm and 722-
940cm). WMU 21B also has a deeper mean
maximum snow depth (83.6cm vs. 58.5-
68.1cm), and on average, has more weeks
with snow (24.0 vs 19.2-21.3; Table 6). This
analysis suggests the influence of snow depth
and duration, on forage quality and moose, is
greater in WMU 21B than in 13.

Land Capability

WMU 13 appears to be more productive
than 21B based on differences in land capabil-
ity to produce year-round moose habitat (Ta-
ble 7). Over half (53.0%) of WMU 13’s land
base is classified High or Medium, compared
t026.7% in 21B. We expect the High produc-
tivity classes to provide a relatively even
abundance of summer feeding, early and late
winter habitat requirements for moose. The
Medium class would have essentially the same
abundance, with V34 (Black spruce/Labrador
Tea/Feathermoss/Sphagnum) providing
thermoregulatory values, whereas the Low
class would fulfill primarily thermoregulation
requirements. We believe good year-round
moose habitat requires a balanced mix of all
three productivity classes.
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Fig. 5. A comparison of bull, cow and calf harvests voluntarily reported by hunters for WMU’s 13 and
21B, 1971-91 (bars). Estimated total adult harvests (capped bars) and quotas (x) are displayed

beginning in 1983 and 1984 respectively.

Two limitations affect this analysis: 1)
the Forest Ecosystem Classification System
for Northwestern Ontario (Sims ef al. 1989)
does not apply to early successional stages
and 2) the moose habitat interpretations have
not yet been field tested. We suggest how-
ever, that WMU 13 has a greater potential to
produce year-round moose habitat than does
WMU 21B, especially since the latter appears
limited by its high proportion of low produc-
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tivity areas (Table 7).

Data from these two WMU’s, one repre-
senting a population growth response and the
other representing population stability during
the 1980’s suggest population densities are
related, in part, to differences in winter sever-
ity and land capability. Other mortality fac-
tors, including predator removal, subsistence
harvests, other non-hunting losses and exces-
sive sport harvests may also contribute to
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Table 6. Mean cumulative snow depths, mean maximum snow depth and mean number of weeks with
snow for WMU's 13 and 21B, NCR - (1954-1986).

Mean Number of

Snow Course Station | Cumulative Snow § Cumulative Snow | Number of Years | Mean Maximum
(Course number) Depth - Wk 16 (cm) | Depth - Wk 32 (cm) Sampled Snow Depth (cm) | Weeks with Snow
WMU 13
Thunder Bay (250) 260 722 34 58.5 19.2
White Fish (258) 317 864 13 65.5 203
Upsala* (257) 343 940 24 68.1 213
WMU 21B
Manitouwadge (241) 441 1239 29 83.6 24.0
Homepayne (341) 428 1295 33 v .

0
* Upsala snow course station is immediately west of the western boundary of WMU 13

differences in densities, and are being inves-
tigated.

REGIONAL POPULATION
COMPARISONS

Population Trends in Adjacent
Jurisdictions

Population trends (1983-92) appear re-
markably similar between adjacent jurisdic-
tions (Isle Royale, northeastern Minnesota
and selected WMU’s of north central On-
tario). Mean densities and percent calves
generally increased in a step wise manner;
peaking in 1988-89 and then declined into the
early 1990’s, although confidence intervals
generally overlapped (Fig. 6). A similar pat-
tern was apparent in WMU 13 harvest data

(Fig. 5).

Meterological data from Thunder Bay
(Fig. 7) and adjacent northeastern Minnesota
(Peterson and Lankester 1991) confirm that
1987 and 1988 were unusually mild [ie. record
low snowfall (112 and 114 cm), longer
snowfree days (237 and 238), greater summer
precipitation (41.5 and 42.8 cm) and mean
temperatures (14.7 and 14.8fC) well above
long term values]. In contrast, weather condi-
tions in 1989 were much more severe (219
cm, 201 days, 34.6 cm and 12.5fC respec-
tively).

Peterson (pers. comm. 1992) attributed
the Isle Royale moose population decline
(about 25%, 1988-90, Fig. 6) to the influence
of winter ticks which he believed greatly

Table 7. A comparison of productivity classes based on differences and limitations in land capability to
produce year-round moose habitat, WMU 13 vs 21B.

Productivity Class - land area (km?) & (%)

WMU Land Area (km?) High Medium Low
13 11,213 4,093 1,850 5,270
(36.5) (16.5) (47.0)
21B 12,795 2,521 896 9,379
(19.7) (7.0) (73.3)
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increased following the warm early springs of
1987 and 1988. About one third of all moose
observed in February 1989 had hairless patches
- a 10-fold increase over the usual level.
Likewise, Lenarz (pers. comm. 1992) be-
lieves the moose decline (0.54 - 0.30 /km?,
Fig. 6) in northeastern Minnesota 1989-91
was tick related. He reported 46% of moose
observed in March 1991 had observable
hairloss (Lenarz 1992). As a result of lower
densities, the planned 1991 season was can-
celled. Recent surveys suggest populations
are again increasing in both jurisdictions (Fig.
6) with a corresponding reduction in observed
tick related hair loss. Wilton (pers. comm.
1992) suggested a major tick related moose
die-off occurred in Ontario’s Algonquin Pro-
vincial Park during the spring of 1992. In
excess of 40 carcasses were reported found
during annual spring cow-calf surveys, con-
ducted since 1981 (Wilton and Garner 1991).
The previous high was 21 carcasses, observed
in 1988.

Drew and Samuel (1985, 1986) reported

4
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a close relationship between weather, moose
and larval winter ticks. They found survival
of engorged female ticks under field condi-
tions was related to early snow melt in spring
and believe environmental conditions, espe-
cially temperature, determine the numbers of
larval winter ticks available forinfesting moose
the following autumn. McLaughlin and
Addison (1986) reported captive moose, with
extensive premature hair-loss, had less peri-
cardial and abdominal visceral fat than moose
with little or no hair-loss. This suggests that
these moose could be more susceptible to
predation and disease and, in severe cases,
could result in catabolic shock and death.
Wild moose may be similiarly affected.
Tick outbreaks causing significant moose
mortality were reported across large portions
of the North American moose range in the
1930’s and early 1940’s (Peterson 1955).
Tickrelated dieoffs were documented in Nova
Scotia (1930-35), New Brunswick (early
1930’s), Ontario (1933-39), Alberta (1932-
35), western Canadian national parks (1943)
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Fig. 6. Density and percent calf estimates for adjacent jurisdictions/WMU’s based on December and
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Fig. 7. Total annual snowfall for Thunder Bay,
Ontario 1980-92. (--- indicates 30 year mean of
212 cm).

and in British Columbia (early 1940’s). The
heaviest tick infestations were coincidental
with high moose densites (Peterson 1955).
Several jurisdictions closed their moose sea-
son due to decreased moose populations (ie.
Saskatchewan in 1946, Manitoba in 1945 and
Ontario in 1949). Cowan (1951) concluded
that ticks are “the most harmful of all moose
parasites and probably causes more losses
than all other parasites and diseases com-
bined”.

Dieoffs of moose onIsle Royale (Peterson
and Page 1983) coincided with those reported
elsewhere by Peterson (1955). The first
occured in the mid 1930’s and reduced the
population from 1000-3000 to a “relatively
low level” (Murie 1934; Peterson and Page
1983). The second, reported by Krefting
(1974), occured in the late 1940’s. Malnutri-
tion, due to a reduced forage base was sug-
gested as the principal causal agent in both,
but could ticks have been implicated? To our
knowledge reports of abrupt moose dieoffs
directly linked to food shortage are uncom-
mon and poorly documented (Cumming 1987,
Bergerud 1981). In addition to Isle Royale,
insufficient food has been suggested as the
principal cause of winter mortality only on the
Kenai penninsula, AK, in 1922-23 (Spencer
and Chatelain 1953).

We believe a relationship exists between
weather and tick induced moose mortality in
northeastern Minnesota and on Isle Royale,

ALCES VOL. 28 (1992)

regardless of hunting pressure or the presence
of white-tailed deer. Ticks may have also
been responsible for declines in adjacent
WMU’s 11B, 13 and 14, although no evalua-
tions have been made. Isle Royale has no
hunting, no deer and a very high (+3/km?)
moose population (Fig. 6). Nearby northeast
Minnesota has a ‘light” moose harvest every
second year (Lenarz pers. comm. 1992), a
rapidly increasing deer population, fluctuat-
ing from 2.8-6.4/km? (Dexter 1991) and a
moderate (x0.35/km?) (Fig. 6) moose density.
Current moose densities in adjacent WMU
13,11B and 14 are similar, deer densities
much lower and annual moose harvest rates
much higher (ie. 14.5 to 17.2%, Table 3).
Morris (1959) noted that often the major,
common mortality factors may not be as im-
portant in influencing population fluctuations
as those variable factors that operate incon-
sistently.

SUMMARY AND CONCLUSIONS

Program Overview

A majority of hunters appear to support
the selective harvest system, including its
modifications such as the legalization of party
hunting in 1988 and the addition of a group
application in 1992 to help improve tag distri-
bution. After nine years, both hunter numbers
and overall harvests in north central Ontario
approximate those experienced prior to the
inception of the party harvest system (ie. late
1970’s). As well, recreational opportunities
and the average number of moose observed
per hunter have both increased since 1983.
Harvest composition has changed in the ex-
pected direction from the previous two har-
vest strategies - the proportions of bulls and
calves harvested has increased significantly,
while the cow harvest is significantly lower.

Aerial inventories since 1983 suggest that
moose populations west of Lake Nipigon have
generally reached or exceed year 2000 tar-
gets, while those to the east have generally
failed to grow. Mean adult winter population
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sex ratios in S WMU'’s have varied from 53 to
76 bulls/100 cows, bracketing the minimum
target of 67/100 set by managers. Recruit-
ment in these 5 WMU’s varied from 23 to 51
calves/100 cows, based on recent surveys.
During the 8 year period 1984-1991, adult
harvests (19,344) exceeded quotas (17,450)
by 11%. In addition, an estimated 3,675
calves were also taken. Total adult bull and
cow tags (AVT’s) have been reduced 47%
from 17,974 in 1983 109,585 in 1992. Reduc-
tions occurredin 10 andincreasesin4d WMU’s,
largely inresponse to increasing successrates.
Overall demand for adult tags has increased
31% between 1985 and 1991,

WMU 13 vs, 21B Comparison

Data from two WMU’s, one representing
a population increase and the other relative
population stability suggest population densi-
ties are related, in part, to differences in winter
severity and land capability. Other mortality
factors, including predator removal, subsist-
ence harvests, non-hunting losses and exces-
sive sport harvests may also contribute to
differences in densities, and are being further
investigated. Recent inventory data suggest
populations in both WMU’s have declined
slightly since 1988 (A=0.94 and 0.96 respec-
tively). Estimates of total mortality from all
causes (29.98 and 28.4%) exceed the 8 month
mean recruitments of 23.3 and 23.4% respec-
tively.

We conclude that populations in either
WMU cannot sustain recent harvest rates of
15.0 and 16.7% without a corresponding re-
duction in natural mortality levels. We be-
lieve overall population and harvest targets
are unrealistically high and non-sustainable
in many WMU'’s, given the multitude of natu-
ral and human influenced mortality factors
over which managers have little or no control.
Furthermore, our ability to measure changes
and adjust hunter harvests in a timely manner
in all WMU’s are limited by shrinking budg-
ets and changing priorities. In future, consid-
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eration should be given to narrowing the fo-
cus to a few representative WMU’s and deter-
mine key factors which cause significant popu-
lation changes.

We recommend that current population
and harvest targets need to be reviewed and
adjusted to land capability and that lower and
more flexible harvest rates be tailored to
achieve these targets. Concurrently, the ex-
pectations of all consumptive users must be
lowered. Improved mortality estimates from
all causes and an expanded hunter education/
communications effort are a prerequisite in
maintaining program support and credibility,
as well as evaluating population dynamics.

Regional Population Comparisons

Adjacentjurisdictions (Isle Royale, north-
eastern Minnesota and selected WMU’s) show
similar population trends, regardless of den-
sity, hunter harvest or the presence/absence of
deer. We suggest short-term changes in
weather patterns in the late 1980’s are linked
to changes in populations, where densities are
“0.30/km?. Winter ticks are believed to have
been associated with synchronous population
reductions in northeastern Minnesota and on
Isle Royale. Evidence to suggest similar tick
related mortality, although circumstantial, is
notavailable for WMU’s 11B, 13 and 14. We
recommend that further research on weather-
related population changes of both moose and
ticks is justified.
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