SELECTIVE HARVEST MANAGEMENT OF A NORWEGIAN MOOSE
POPULATION
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ABSTRACT: The moose population at Verdalsbruket in the county of Nord-Trendelag, Norway
has been studied since the 1930s. Complete harvest and weight statistics for sex and age classes and
detailed hunter observations have been collected since 1969 producing a data set of 2,667 harvested
moose and 17,068 moose observations. These data were used to both manage and assess a selective
harvest management system based upon annual hunter guidelines, contracts with sex-age quotas, and
progressive pricing of hunting cost related to carcass weight. Combined with a relatively high hunt-
ing pressure, the system has produced a controlled increase in the moose population, and an improved
population structure with more prime bulls, higher mean age of cows, and an improved cow:bull ratio.
Long-term body weights and production have been stable, indicating a healthy moose population in
balance with its resources. Success of the harvest system depended largely on the level and progression

of the hunting price-carcass weight relationship.
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The history and development of the
Norwegian moose (4lces alces) population
is well documented and has shed light on
interesting aspects of moose ecology. Moose
gradually occupied the country after the last
Ice Age some 10,000 years ago, and were
followed by the first human inhabitants,
the hunters. As discussed by Lykke (1960)
and Lykke and Cowan (1968), pronounced
fluctuations in both local density and range
of moose have occurred since. Moose
hides were exported from Norway to Brit-
ain as early as the 1100s, and moose were
mentioned in older district laws. Hunting
regulations were enforced in the 15" cen-
tury, and severe restrictions against killing
moose in the 18" and first half of the 19™
century suggest scarcity at thattime. Moose
were nearly extinct about 1800 and were
rare outside south-central parts of Norway
and Sweden. Moose harvest statistics for
Norway (Fig. 1) exist since 1889 and it
is reasonable to believe that they reflect

population trends.

Moose population dynamics in Norway
have been addressed by many authors (e.g.,
Skuncke 1949, Lykke and Cowan 1968,
Lykke 1974b, Haagenrud 1986). By 1900
large predators were almost exterminated,
moose hunting was better controlled, and
forest pasturing of sheep and cattle declined,
all factors beneficial to moose. Relatively
small population fluctuations in 1900-1935
were probably due to variable hunting pres-
sure. The rapid population increase from
1935-1960 was triggered by lower hunting
pressure when forestry practices changed,
and possibly by climatic factors. The dra-
matic population increase in the 1950s was
due to increased browse production from
forestry practices, specifically clear-cuts,
and fairly low hunting pressure. Around
1960 there were concerns about overpopu-
lation, and moose were reduced through
increased hunting pressure, even upon the
most productive segments. Forage produc-
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Fig. 1. Moose harvest in Norway, 1889-2003 (Bureau of Statistics).

tion continued to increase at a high rate in
response to logging for the rest of the century,
and selective hunting was steadily refined,
especially from the 1970s on; both influential
factors of moose population dynamics.
This paper addresses the moose popu-
lation at Verdalsbruket, which is one of
the largest private properties in Norway
consisting of 900 km? of forests, mountains,
marshland, rivers, and lakes. The area lies
in Nord-Trendelag County in central Nor-
way and covers 60% of the municipality of
Verdal. Most of the area is found in the up-
per, eastern part of Verdal near the Swedish
border (Fig. 2). My father, Leif Lykke, was
managing director at Vardalsbruket from
1931-1971 and I had the same position in
1971-2002. Together, we were responsible
for all forestry and wildlife management
for > 70 continuous years, and generated a
historical database of moose statistics, es-
pecially since 1969. Analysis of these data
is pertinent given the recent concerns about
body size and reproduction, skewed popula-
tion structure, overbrowsing and forest dam-
age, and effects on biodiversity by moose
in Norway and throughout Scandinavia
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(Lavsund 1987, Thompson 1990, Angelstam
et al. 2000, Connor et al. 2000). The major
objective of this study was to document the
effect of a selective harvest system on the
population structure, reproduction, body
weight, and growth of the moose population
at Verdalsbruket, Norway.

STUDY AREA

The area (latitude 64° N) is a varied
landscape of high and low productive forests,
with short distances from sea to farmland
to forests to mountains. There is a mixture
of mountains and forested valleys with
numerous rivers, streams, and waterfalls.
Altitude varies from 20-1100 m a.s.l., and
treeline fluctuates from 350 m in the west to
550 m near Sweden. The area has a mix of
coastal and inland climates. Average July
temperature is 12-15 °C, with maximum di-
urnal temperature of 30°C. Average January
temperature is —4 to —7°C, with a minimum
of —35°C. Average yearly precipitation is
800-1100 mm. Snow depth is moderate in
the lower western areas, while some eastern
valleys may have > 2 m and are snow-cov-
ered 200 days a year.
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The habitat was described previously by
several authors (Lykke 1974b, Ahlen 1975,
Krefting and Lykke 1976). The vegeta-
tion varies widely from highly productive
farmland to alpine. There is a mixture of
high and low productive forestland, bogs,
marshland, and mountains. Land classifica-
tion of Vaerdalsbruket shows 23% productive
forestland with 3% highly productive, 12%
other forestland, 10% marshland below tree-
line, 3% water, and 52% mountains. Three
main tree species occur with Norway spruce
(Picea abies) dominant and representing
79% of the cubic mass; Scots pine (Pinus
silvestris) is 12%, and birch (Betula spp.)
9%. Preferred moose browse species are
sallow and willows (Salix spp.), mountain
ash (Sorbus aucuparia), juniper (Juniperus
communis), aspen (Populus tremula), Scots
pine, and birch. To some extent Norway
spruce, grey alder (4/nus incana), and bird
cherry (Prunus padus) are browsed. The
summer diet consists of a wide variety
of plant species, and of special interest is
browsing of blueberry (Vaccinium myrtil-
lus) in late fall.

Land Use and Management History
Forestry has been the main activity on the
property since the 1600s, although portions
were also used for grazing by Laplanders
(reindeer) and farmers (sheep and cattle).
Silvicultural practices have changed over
time; before 1930 a selective cutting system
was employed that was eventually replaced
with moderate sized clearcuts. This change
was of considerable importance to the moose
population and was a primary factor in its
dramatic increase since 1950. Benefits to
moose included creation of a mixture of
young and old forest stands, leaving forest
vegetation as edge for marshland, water,
and mountains, allowing broadleaved plants
to grow with conifers in young stands,
protection of marshland, and avoidance of
herbicides. Currently 40% of the produc-
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tive forestland of Vardalsbruket consists of
young forests, most producing high volumes
of moose browse.

Moose in Verdal occupy well-defined
summer and winter areas, rutting loca-
tions, and calving grounds (Lorentsen et
al. 1991). Home range size varies among
animals, as does the distance between sum-
mer and winter ranges. The largest part of
the population moves short distances from
summer to winter range, relocating between
higher and lower elevation (Baskin 1987).
The rest of the population is migratory
with a traditional shift of home range along
well-defined routes to and from adjacent
municipalities in Norway and Sweden. The
moose population uses a larger area dur-
ing summer than winter, notably in higher
mountainous habitats.

Predators have minimal importance in
the ecology of moose in Verdal (Lykke and
Cowan 1968). A few Brown bears (Ursus

NORWAY

SWEDEN

Nord-Trendelag
Verdalsbruket

Fig. 2. Location of study area Vardalsbruket,
Norway.
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arctos) take the odd moose, but no wolf
(Canis lupus) predation exists. However,
the bear population is slowly increasing, and
a few wolf packs have established ranges
in southeastern Norway where they interact
with the regional moose population (Sand
etal. 2004); both predators are protected by
law. Non-hunting losses are 10-15% of the
legal harvest and vary annually due to snow
depth, vehicular collisions, ice conditions
on rivers and lakes, and time of flooding
(Lykke 1952). Under these circumstances,
the harvest data presumably indicate reason-
able trends in the moose population.

The Norwegian moose hunting system
was described by L. Lykke (1960), and J.
Lykke (1974a); essentially hunting rights
belong to the landowner and 80% of the
forest area is privately owned. Since 1952,
Norwegian authorities have controlled har-
vest by area and the minimum area required
to harvest moose relative to population
density. In Verdal it varies from 2-6 km? per
moose from lower to higher elevation. We
divided Veardalsbruket into approximately
20 hunting sections, each for exclusive use
by a hunting team (usually 3-6 hunters) pro-
vided with a set quota of 2-6 moose. Open
season is set by the authorities, and has varied
somewhat, although the majority of hunting
and harvest occurs in late September and
October. The season is closed during the
main rutting period (2-9 October) and has
recently been extended into November.

A selective harvest system is important
in moose management (Rausch et al. 1974,
Mercer and Strapp 1978) and was introduced
by landowners and central and local authori-
ties in Norway. Harvest composition was
essentially determined by local authorities
since the 1970s until recently, when more
responsibility was granted to landowners
(e.g., Vaerdalsbruket) who develop 3-5 year
management plans that are approved by local
game boards. The objective of the selec-
tive harvest system is to protect the highest
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productive segment of the moose population.
Calves were protected in Norway until 1963
when it became obvious they should be har-
vested to help manage the rapidly increasing
population. Historical protection of calves
inhibited many hunters from shooting them;
asituation that lasted into the 1980s and still
prevails in some districts.

An adaptable, selective harvest system
has been used at Vaerdalsbruket since 1945,
but has played an important role in moose
managementonly since the 1970s. Important
parts of the Vaerdalsbruket moose manage-
ment plan are protection of mature cows
(maximum 15% of total harvest) and prime
bulls, high harvest of calves and yearlings
(minimum 65% combined of total harvest),
maintenance of a balanced sex ratio, and
forestry practices beneficial to moose. Cows
with calfat heel have always been protected
and sex composition of the adult kill has
been predetermined.

In 1960 we introduced a pricing system
to protect older cows and bulls by making
it more economically favourable to shoot
young/small moose. The system was modi-
fied about 1970 to better achieve the desired
population goals by charging per kilogram
of meat according to a progressive pricing
formula. The formula in 2004 was:

NOK/kg = carcass weight (kg)/9 + 33
(- 5 for calves).

For example, this formula produces a near
doubling in price from 44 NOK/kg (6.5
USD) for a 65 kg calf to 83 NOK/kg (12.2
USD) fora 300 kg adult; both prices include
25% governmental tax. This approach was
well received by hunters, and the formula is
adapted to alter the progression to achieve
specific harvest goals (Fig. 3).

METHODS
The moose population estimates were
based upon harvest statistics since the late
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Fig. 3. The temporal change in the relationship of
price and carcass weight of harvested moose at
Verdalsbruket, Norway.

1880s, yearly notes of moose abundance,
non-hunting losses, poaching records, and
hunter observations the last 3-4 decades (L.
Lykke 1962, 1968; J. Lykke 1964). Popu-
lation characteristics were analyzed from
annual harvest data and hunter observations
from Verdalsbruket and a small adjacent
area. Complete harvest data existed for the
period 1945-2004 for 3,423 moose, with
92% of'the kill after 1960. Since 1969 each
harvested moose (n=2,667) was sexed, aged,
and weighed (Table 1). Age was primarily
judged by wear of incisors up to 6-7 years
(Heptner and Nasimowitsch 1967). Age
was also determined from sectioned teeth in
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1969-1972. Theresults were similar except
for a few cases of misjudged 2-3 year olds.
The carcasses were split into 8 pieces for
weighing: 2 front legs, 2 hind legs, 2 sides,
and the back and neck.

Since 1969 each hunting team provided
daily observations of moose classified as
bulls, cows without calves, cows with one
calf, cows with two calves, and unknown.
In total, 17,068 moose were observed on
26,010 man-days. It was assumed that the
use of stable hunting teams in the same area
each yearprovided reliable data (Solberg and
Seether 1999). Such observations allowed
comparison of relative moose density, sex
and age composition of the herd, number
of barren cows (Schwartz 1998), reproduc-
tion, hunting pressure on various groups,
and hunting success over time (Baskin and
Lebedeva 1987, Gaidaretal. 1990). Hunting
pressure was defined as the percentage of
observed moose in each sex and age group
that was harvested (harvest rate).

RESULTS

Harvest Statistics

Current harvest (2004) is about 10-fold
higher than that in the late 1940s (Fig. 4).
Since the minimum area requirement was
introduced in 1952, one measure of hunter
success is the percentage of predetermined
moose harvested. The normal rate of suc-
cess is 90% in Veardalsbruket (Fig. 4). The
amount of harvested meat increased since
1970; likewise, the proportion of calf and
yearling meat increased to > 50% of the
total since 1990 (Fig. 5). The peak in 1963
was a result of very high hunting pressure

Table 1. Sex and age composition of the moose harvest, Verdalsbruket, Norway, 1969-2004.

Calves 1.5-year-olds 2.5-year-olds > 3.5 years old Total
n % n % n % n % n %
Males 511 19 461 17 399 15 280 11 1,651 62
Females 415 16 250 9 162 6 189 7 1,016 38
Total 926 35 711 27 561 21 469 18 2,667 100
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(Figs. 4 and 5).

The overall sex composition of the
harvest was dominated by males before
1955, declined in the early 1960s, and was
relatively high in 1970-1985 (Fig. 6). Prior
to 1980, only the odd (and large) calf was
harvested, but the percentage of calves in
the harvest increased to about 40% by 1990
(Fig. 7). Combined harvest of calves and
yearlings rose to about 70%, and the per-
centage of harvested adult cows declined
to about 12% (Fig. 7). The harvest of
mature moose declined overall since 1969.
Before 1980, about 40% of harvested adult
moose were > 3 years old; current harvest is
<20%. Excluding calves, 63% of the har-
vest was male since 1945, and 66% since
1969; after 1982, 54.5% of harvested calves
were male.

The average weight of all age and sex
classes changed little over time; average
weights of calf, yearling, and 2.5-year-olds
were 61.3,125.7,and 167.8 kg, respectively
(Fig. 8). Average weights of male and female
calves and yearlings were 63.2 and 58.6, and
128.5 and 120.7 kg, respectively.

ALCES VOL. 41, 2005

Population Characteristics

Hunter observations in 1969-2004 were
used to estimate the annual sex and age
composition of the moose population in
late September and October (Fig. 9). Cows
represented 40-45% of the population prior
to 1985, and about 50% afterward. The
percentage of bulls was 25-30% prior to
1985, declining to 20% afterward. Calves
were about 30% of the population during
1969-2004, ranging from 22.1-33.7%.
Before 1985, the sex ratio (cows:bulls) of
observed adult moose averaged 1.50 or
60% cows, varying from 1.05-1.84 annu-
ally. Since 1985, the ratio averaged 2.40
or 71% cows, but has dropped below 2.0
in recent years.

Reproduction was estimated from hunter
observations since 1969; 35-40% ofall cows
had one calfat heel, and 10-15% had twins,
with little variation since 1985. About 45-
50% of all cows were barren annually; a
downward trend existed since 1994. The
number of calves per calf-producing cow
was relatively stable, about 1.20, as was the
number of calves per total number of cows
(0.7; Fig.10). Late-born calves, defined as
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Fig. 4. Annual moose harvest at Vaerdalsbruket, Norway, 1945-2004.

14



ALCES VOL. 41, 2005

LYKKE - MANAGEMENT OF NORWEGIAN MOOSE

Total ------- % from calves and yearlings

14000

12000 |
)
=< 10000 +
k7
qa) 8000 €
2
® o
© 6000 +
2 o
[O]
3 4000 +
]
=

2000 + 10

0 0

1960 1965 1970 1975 1980 1985 1990 1995 2000

Fig. 5. Kilograms of moose meat harvested at Vardalsbruket, Norway, 1960-2004.

<50kg carcass weight, represented 10-15%
of all calves with large annual fluctuation;
in 1985-1994 it was 15.2%, dropping to
10.5% in 1995-2004.

The observed number of moose per
man-day was a useful indicator of relative
changes in moose density. Anaverage of 0.6
moose (0.5-0.7) was observed per man-day
before 1980 and about 0.7 moose (0.5-0.9)
afterward (Fig. 11). Ittook approximately 12
man-days to kill a moose (Fig. 11) and this
changed little despite the increasing moose
population. A steadily refined selective
harvest system produced change in harvest
rate of various sex and age groups. Since
1969, the harvestrate for bulls declined from
30-35 to 20-25%, and from about 10 to 5%
for adult cows (Fig.12). The harvest rate of
calves increased from about 2 to 15%. The
harvest rate for all moose fell from about
15 to 10%.

DISCUSSION
Population Development
Because there is almost no predation of
moose in Verdal, and non-hunting loss is only
10-15% of the legal harvest (Lykke 1952,
Haagenrudetal. 1975), the harvest statistics
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(Fig.4) provide areasonable estimate of the
moose population. Population growth is best
explained by food production as influenced
by forest harvesting, hunting pressure, and
harvest composition. Multiple factors led
to increased food production, but most im-
portant was the use of clearcuts introduced
in Verdal in the 1930s and increasingly used
after World War II (Lykke 1974b).

Ahigh percentage of bulls in the harvest
is indicative of low hunting pressure (Cum-
ming 1974, Haagenrud and Lerdahl 1979,
Solbergetal.2001). The combined effect of
low hunting pressure (Fig. 6) and increased
food production in the 1950s resulted in rapid
population growth (Fig. 4). There was an
eventual concern about overpopulation be-
cause even Norway spruce, a non-preferred
forage, was heavily browsed (Lykke 1964).
A decision was made to reduce the moose
population and increase hunting pressure of
cows (Fig. 6) and all large moose (Fig. 5),
especially in 1960-1966 (Fig. 4).

In the period 1967-1985, the popula-
tion increased again, although more slowly
because of previous overbrowsing, harvest
composition in the early 1960s, and rela-
tively high hunting pressure on adult moose.
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Fig. 6. Male fraction of moose harvested at Vardalsbruket, Norway, 1945-2004.
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Fig. 10. Reproduction based on hunter observations during the hunting season at Vardalsbruket, Nor-

way, 1969-2004.

Hunting pressure was gradually transferred
to younger and smaller moose to reduce the
harvest of mature moose (Fig. 12). This was
accomplished by “education” of hunters,
stipulations in their contracts, and a pro-
gressive pricing system. The hunter effort
required to kill a moose, approximately 12
man-days per moose similar to that measured
in Russia (Gaidar etal.1990), was stable de-
spite the higher population since 1970 (Fig.
11), reflecting the increased demand on hunt-
ers to harvest the correct moose. Although
hunter efficiency has not improved, effective
population management has been realized
through the selective harvest system. Since
1985 a stable, relatively high population has
been maintained with high hunting pressure
and harvest of young moose, thereby spar-
ing most of the productive component of
the population.

Hunter observations (number of moose
observed per man-day, Fig. 11) to some ex-
tentdescribe the relative change in the moose
population. However, it was obvious that
after lengthening the season gradually after
1980, the mean number of moose observed

18

declined in October and November because
of'the removal 0f20-30% ofthe population;
the majority early in the hunt. The long, late
fall season also includes leaf fall and the
first snow; periods which traditionally make
moose more difficult to find. Thus, the rise
in number of moose seen per man-day does
not fully reflect the entire rise in the popula-
tion. For the last 15 years Nord-Trendelag
county used CERSIM (Cervidae Simulation
Model), a computer-based model that uses
harvest statistics, hunter observations, and
various biological parameters as input, to
better integrate our hunter observations
into population predictions. The calcula-
tions appear to be reliable, and are used to
pre-determine the size and composition of
moose harvest in subsequent fall seasons in
each municipality.

Moose Density

Moose population density is primarily
related to browse production and availabil-
ity, snow conditions, and predation (Bubenik
etal. 1975), and hunting pressure and strat-
egy (Ritcey 1974, Timmermann 1987, Boer
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1991). Vardalsbruket has about 400 km? of
moose habitat including productive forests,
other forestland, and marshland below tree
line with a current harvest of 2.5 moose
per 10 km?. Population estimates based
on harvests, observed population structure
and reproduction, hunting pressure, and
population growth indicated a prehunt (fall)
density of 1.0-1.1 moose per km?, and a
winter density of 0.7-0.8 that underestimates
localized winter concentrations. Current
harvest in Norway is 3.0 moose per 10 km?,
with winter density of 0.8-0.9 moose per
km?. Inthelocal county of Nord-Trendelag
harvest is 4.2 and some low lying, highly
productive municipalities have harvests of
10-15 moose per 10 km? The population
density at Veerdalsbruket is similar to aver-
ages in Norway and Sweden (Pimlott 1959,
Cederlund and Sand 1991), and higher than
typical in North America (Karns 1998) or
Russia (Baskin and Lebedeva 1987).

Population Structure
Because moose at Vardalsbruket are not
harvested randomly, the harvest composi-

LYKKE - MANAGEMENT OF NORWEGIAN MOOSE

tion (Table 1, Figs. 6 and 7) does not reveal
population structure of the herd. However,
I believe that hunter observations provide a
reasonable estimate of population structure
in the hunting season (Fig. 9). Current
population structure is a reflection of past
harvest strategy and composition. The cow:
bullratio increased from approximately 1.50
to 2.50 after 1985, and recently declined
to < 2.0. However, there are some biases
due to moose behaviour, time and length
of season, and differences in hunting pres-
sure on various sex and age groups (Fig.
12). Thus, the estimates of 30% calves and
20-25% bulls are probably low. Although
prime bulls have been protected to some
extent, and a few are observed each year,
their numbers are limited. It is difficult to
increase the adult bull component of the
population given continuous high hunting
pressure of antlered moose.

Two reasons why the harvest of 60-65%
males is sustainable, when only 52-54% are
recruited, are that natural mortality and road/
railway accidents are higher in cows. Cows
are the most vulnerable segment because
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Fig. 11. Observed moose per man-day, and man-days per harvested moose during the hunting season

at Veerdalsbruket, Norway, 1969-2004.
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Fig. 12. Hunting pressure (harvest rate, %) on various sex and age groups of moose, Verdalsbruket,

Norway, 1969-2004.

they are the largest and oldest segment of the
population, they reside at lower elevations
than bulls along roads and railways during
winter, and they are in front during move-
ments across roads, bad ice, and high water.
Cows represent 80% of adult mortality from
car collisions and 77% of all non-hunting
losses in the area.

Body Weight

Body weight of moose in Norway is in-
fluenced by sex and age relative to quantity
and quality of food, snow and other climatic
conditions, population density relative to
food sources, and genetic factors (Krafft
1956, Haagenrud and Lerdahl 1977, Hjel-
jord et al. 2000). Itis believed that sex-age
class weights have declined the last 20 years
in conjunction with the increased moose
population. Weight reductions might be
expected in a high population density that
reduces forage quantity and quality, dramatic
change in environmental conditions (e.g.,
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snow depth), and a skewed sex ratio causing
delayed breeding and births.

Such relationships are important to
investigate locally given the local manage-
ment autonomy in Norway. Young moose
are ideal for such evaluations because they
undergo rapid growth between age classes,
they are accurately aged, and their sample
size is large. The average body weights of
younger sex and age groups (calf-2.5 years)
were reasonably stable at Veardalsbruket
since 1980 (Fig. 8); obvious annual variation
was probably due to winter severity. The
stable weights of these young age classes
indicate a moose population in balance with
its food supply, and the ability of a strict
harvest program to ensure such balance and
a reasonable age and sex structure.

Reproduction

The possibility of lowered reproduc-
tion because of high population density
and skewed population structure is central
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to moose management concerns in Scandi-
navia. The productivity of 1.20 calves per
reproductive cow, and 0.7 calves per cow
(Fig.10) in Verdalsbruket, seems reason-
able given the location. Cederlund and
Sand (1991) found calfrecruitment in south
Sweden was twice that in northern Sweden.
Markgren (1969) found that 51% of'yearling
cows ovulated in highly productive coastal
areas and only 8% in inland habitat, and an
adult ovulation frequency of 1.56 in coastal
cows and 1.11 in inland cows.

Further, reproduction at Verdalsbruket
has been relatively stable for the last 35
years (Fig. 9 and 10), despite variation in
sex ratio of 1.5 to 3.0 cows per bull. A high
cow:bull sex ratio typically results in a high
percentage of late born calves. Taigamoose
are serial maters (Bubenik 1998) and each
cow occupies the bull for 3-5 days. Thus, a
bull does not have the chance to mate with
more than 2-3 cows in their first estrous,
possibly fewer in low density populations.

The percentage of barren cows (young
cows and “resting” cows) at Verdalsbruket
has fluctuated minimally at 45-50% of all
cows. The age and weight of cows are im-
portant factors in reproduction (Markgren
1969, Seether 1987), and no cow is expected
to reproduce every year; all have resting
years and twins require more rest than single
calves (Sand and Bergstrem 2004); barren
cows may be of any age (Schwartz 1998).
In 1985-1995 the barren cow percentage
at Veardalsbruket (55%) was somewhat
higher than normal. Further, there was a
concurrent 5% drop in the percentage of
male calves in the harvest and the percent-
age of late born calves was high. If large
bulls produce more male calves (Sather et
al. 2001), a lack of prime bulls may have
influenced both the proportion of barren
cows, the time of mating, and production
of male calves at Verdalsbruket (Bubenik
1987, 1990, 1998; Sather et al. 2001). Of
interest is that the male fraction of harvested
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calves in Norway dropped from 56 to 51%
from 1980 to 2003, and the low number
of prime bulls in regional populations is a
management issue in Scandinavia.

A slight increase in reproduction, a
decline in barren cows, and an increase of
male calves in the harvest have occurred at
Verdalsbruket since 1995. The rise in re-
production is probably higher than indicated
because of the extended hunting season and
high hunting pressure on calves (Fig. 12).
This higher production is probably associ-
ated with the higher mean age of cows,
more bulls per cow, and more prime bulls
in the population, all results of the selective
harvest system.

FUTURE CHALLENGES

The data presented here indicate that
a selective harvest system is an important
and valuable tool in moose management. At
Verdalsbruketitled to controlled population
growth, improved age and sex structure, and
stable production and body weights. Further,
the implementation of the system was well
received by hunters. The effectiveness of the
system was largely dependent upon the level
and progression of hunting price with body
weight, and adherence to harvest guidelines
that reflected population goals.

Future challenges include balancing the
moose population density relative to growth
and physical parameters, monitoring forest
damage and effects on forest biodiversity,
and implementing harvest strategies to
manage population size relative to temporal
changes in browse production. Of major
importance is to focus moose management
onreliable population data; specifically, ac-
curate harvest statistics of sex and age com-
position, body weights, hunting pressure,
and population characteristics including
sex and age composition and reproduction.
These data and continuous hunting pressure
allow annual adjustments in harvest strategy
that avoid abrupt, periodic changes in the
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moose population.

Although the preferred browse species
of rowan, aspen, and sallow/willows are
heavily browsed in the primary wintering
areas, forest damage and impact on biodi-
versity at Vaerdalsbruket is tolerable. Under
these circumstances, population parameters
are a better guide than forest damage to
decide an appropriate population density,
especially in spruce-dominated habitat.
Regardless of overall winter density, there
will always be over-browsing in localized
areas of the winter range.

Given that hunting values are increas-
ing and timber values have declined stead-
ily since 1960, increased moose harvest
and population density are possible. The
population should be increased slowly, and
controlled by a sensitive, selective harvest
system. Should the habitat situation change,
for instance by reduced clear-cutting and
browse production, the moose population
may require reduction. In that case, an in-
creased harvest strategy should protect an
adequate portion of adult cows and bulls.
The important part of a selective harvest
system is to protect and balance specific
sex and age groups of the moose popula-
tion, while maintaining high production and
hunting opportunity. Future management
programs should be designed to protect most
mature moose, stabilize the cow:bull ratio
at 1.5-2.0, and continue forestry practices
beneficial to wildlife.
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