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The literature indicates a continued controversy whether ungulate populations are controlled from
the bottom-up or the top-down and whether wolf predation is beneficial removing sick and unfit in-
dividuals or detrimental, driving populations into the so-called “predator pit”. A macro-ecological
approach was used to address these questions supporting the following conclusions: ungulates have
evolved at the biome spatial scale, late and early succession specialists occur in each biome, one
is larger and one is smaller, historically wolves occurred in all North American biomes as prima-
ry predators of ungulates, wolves specialize on the most common ungulate species, wolves change
morphologically in relation to the size of their primary prey, pack size changes in relation to the size
of their primary prey, wolf predation can be beneficial or detrimental depending upon the numeri-
cal and size relationship between the ungulate species in the system. Climate changes such as fire,
drought and insect infestation will create early successional habitat increasing early successional
specialists numbers and decreasing late successional ungulate population numbers. Bottom-up and
top-down forces exist in all populations where wolves occur and managers need policies that sup-
port the smaller sized ungulate in the ecosystem, if they want to maintain both species at stable or
increasing population levels.
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INTRODUCTION

Caribou (Rangifer tarandus) are medium-sized
members of the Family Cervidae (Miller, 1982). Five
subspecies of R. tarandus existed in North America in
recent times: Peary’s caribou (R. t. pearyi) from the
High Arctic, the barren-ground caribou (R. t. groen-
landicus) from the Low Arctic and Baffin Island, the
montane or Grant’s caribou (R. t. granti) from the
northern Rocky Mountains and Alaska, the woodland
caribou (R. . caribou) that inhabits the boreal forest
biome and the southern Rocky Mountains of British
Columbia and the Queen Charlotte Island caribou (R.
t. dawsoni) that is extinct (Banfield, 1974).

In each of these biomes or eco-zones, subspecies
of caribou are sympatric with one other ungulate
species; High Arctic (Peary’s caribou and musko-
xen) and Low Arctic Tundra biome (barren-ground
caribou and muskoxen), the Boreal Forest biome
(woodland caribou and moose) and the northern
montane boreal zone (Grant’s/woodland caribou and
moose) (Banfield, 1974; Bergerud, 1974; Mallory,
Hillis, 1998). Currently, in some of these biomes or
eco-zones, caribou numbers are in decline and at low
numbers (predator pit), while the populations of other
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ungulates are high, stable or increasing. In other
biomes, caribou populations have recently been
high, stable and increasing and still represent the
most abundant ungulate in the system (Mallory,
Hillis, 1998), while the populations of other ungu-
lates in the system are also stable or increasing. The
debate whether ecosystems are structured from the
top-down, predator driven, or from the bottom-up,
food or resource driven, has been discussed for near-
ly a century and remains controversial (Hairston et
al., 1960; Estes, 1996; Kay, 1998). In the past, this
was not always the case as muskoxen (Ovibus mo-
schatus) populations in the Low Arctic Tundra were
decimated by over-hunting by the end of the 1800s
and all the great barren-ground herds crashed in this
region and reached low numbers in the mid to late
1950s and early 1960s (Banfield, 1974; Bergerud,
1974; Mallory, Hillis, 1998).

In the Boreal Forest biome in Ontario, few moose
(Alces alces) existed north of Lake Superior and in
the northeast prior to the mid-1800s (Krefting, 1974)
and since that time moose have increased and wood-
land caribou have retreated northward to the ap-
proximate limit of commercial timber harvest (Ra-
cey et al., 1991). Moose have benefited from early
succession forests created by timber harvest (Kref-
ting, 1974; Haggstrom, 1994; Karns, 1998). Indeed,
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when we analyze the wolf/ungulate systems in all
the biomes of North America, we see that these sys-
tems are dynamic and continually changing.

In North America, sympatric ungulates have his-
torically coexisted and shared resources in all biomes
with the exception of the Coastal Plain and the West
Indian biomes, which were one ungulate ecosys-
tems’ maintained in early successional habitat, due
to frequent fires and flooding (Gleason & Conquist,
1964; Darby et al., 1989). In the other 8 North Ame-
rican biomes, resource partitioning and patchy envi-
ronments facilitate the coexistence of two sympatric
ungulates, an early and late successional specialist
(Stelfox, Taber, 1969; Hudson, 1976; Boer, 1992).

Wolves like other predators often search for less
risky opportunities rather than attack larger, more
dangerous prey (Mech, 1970; Forbes, 1989; Wea-
ver etal., 1992). We hypothesized that risk to wolves’
increases with prey size. Since larger ungulate prey
would expose wolves to higher levels of risk of in-
jury or death (Weaver et al., 1992; Mallory et al.,
1994), we hypothesize that natural selection would
favor larger wolves in habitats dominated by larger
ungulates and smaller wolves in habitats dominated
by smaller ungulates. We also suggest that wolves
specialize on the most common ungulate in the sys-
tem. If the larger ungulate is dominate, the increased
numbers of wolves (pack size) and selection for lar-
ger wolves adapted to killing larger more dangerous
prey (i. e.: moose) would subject the smaller less
common ungulate to increased predation risk and
ultimately population decline to a possible predator
pit. Similarly, when the smaller prey is more abun-
dant, natural selection would drive the morphology
of the predator to a smaller size (less food) and pack
size and the larger, less common prey would present
a more dangerous prey choice and would tend to be
avoided by the predator, resulting in sustained or in-
creasing populations of the larger prey species.

Previous work done in the Keewatin District,
N. W. T. (currently Nunavut), on wolf populations
along the western coast of Hudson Bay in the Low
Arctic Tundra has established that wolf size and de-
gree of sexual dimorphism is correlated with primary
prey body mass (Hillis, 1990; Mallory, Hillis, 1995;
Mulders, 1997). As a result, this study investigated
the influence of early and late successional habitat
on ungulate species dominance within two ungu-
late species biome systems (bottom-up influences)
and the morphological and numerical adaptations of
wolves to shifts in primary ungulate prey population
abundance (top-down influences), with comments
on other ungulate carnivore specialists.

METHODS

A macro-ecology analysis of wolf/ungulate re-
lationships across North America was done to as-
sess the relative interaction and influence of bottom-

up and top-down impacts on ungulate systems as
these issues remain controversial (Brown, Mallory,
2007).

Bottom-Up Influences

A review of the general historical floral and fau-
nal composition, changes in the major biomes and
eco-zones of North America was done to assess im-
pacts on ungulate systems (Gleason, Cronquist,
1964). Bottom-up influences include forage availabil-
ity and forage specialization in ungulates and spatially
and temporally changes that influence early and late
successional habitat created by natural and anthropo-
genic impacts (Hillis, Mallory, 1989; Metsaranta et
al., 2003; Donovan et al., 2017). The impact of biome
extensions, ecotones and eco-zones on species com-
position was also assessed. Eco-zones were defined
as regions such as altitudinal zoning on mountains
throughout the Cordilleran biome and divisions such
as the High Arctic and Low Arctic Tundra regions,
which have different faunal and floral complexes.

Top-Down Influences

A review of the historical distribution of the pri-
mary predators throughout the North American
biome system was undertaken to distinguish the top-
down impacts of the different predators on ungulate
populations. This included the large felids such as
the cougar (Felis concolor) and the jaguar (Panthera
onca), the ursids (Ursus americanus and U. arctos)
and the wolf complex (Canis lupus / C. lycaon / C.
latrans) (Wilson et al., 2000, 2009). The literature
indicates a continued controversy whether ungulate
populations are controlled from the bottom-up or the
top-down and whether predation is beneficial remov-
ing sick and unfit individuals or detrimental, driving
populations into the so-called “predator pit” (Mech,
1970; Wilkinson and Shank, 1976; Bergerud, Elliot,
1986; Messier, 1994, 1995; Seip, 1992; Carbyn et
al., 1993; Forbes, Theberge, 1996).

RESULTS AND DISCUSSION

Biome Structure

North America has 10 biomes or floristic pro-
vinces including the Tundra Biome, Boreal Fo-
rest Biome, Eastern Deciduous Forest Biome, Coas-
tal Plain Biome, West Indian Biome, Prairie Biome,
Cordilleran Biome, Great Basin Biome, California
Biome and the Sonoran Biome (Gleason, Cronquist,
1964). As Gleason and Cronquist (1964) noted, the
actual boundaries between biomes are not sharp and
overlap and inter-finger extensively, with small en-
claves of one province often being wholly surround-
ed by another. These ecotonal regions most often
support species from both biomes and as a result, in-
creases in species richness occur (Popp et al., 2018).
In addition, each biome has “biome extensions” pri-
marily along riparian and montane systems that in-
terdict with adjacent biomes and provide habitat for
species from adjacent biomes.
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In the Low Arctic Tundra, moose (4lces alces)
that have followed the boreal forest extension north
along the Thelon River have been shot near Baker
Lake, Nunavut; however, no one considers moose an
arctic tundraspecies (R. Mulders, pers. comm.). Simi-
larly, white-tailed deer (Odocoileus virginianus), a
denizen of the Eastern Deciduous Forest biome is
associated with the treed bottomlands of tributaries
of the Mississippi River system that cross the Prairie
biome and not the open grassland ecosystem (Hes-
selton, Hesselton, 1982).

If we remove the ungulate species associated with
biome extensions and the ecotones, then historically
each biome had two ungulate species, with the ex-
ception of the Coastal Plain and West Indian biomes,
which were maintained in “early successional stages
by frequent fire and flooding (Gleason, Cronquist,
1964). In each of the other 8 systems, one ungulate
was an “early successional specialist” and the other
was a “late successional specialist” and one ungulate
was larger and one was smaller in size.

In the High Arctic Tundra eco-zone, the ear-
ly successional specialist is the muskoxen (O. mo-
schatus) foraging primarily on sedges and the late
successional specialist is Peary’s caribou (R. taran-
dus pearyi) foraging primarily on lichens. In the Bo-
real Forest biome, the moose (4. alces) is the early
successional specialist foraging primarily on aqua-
tic plants and woody browse (Renecker, Hudson,
1986), while the woodland caribou (R. tarandus ca-
ribou) is the late successional specialists fora-
ging primarily on lichens and terrestrial herbaceous
plants (Darby, Pruitt, 1984; Proceviat et al., 2003).
In the Prairie biome, pronghorn (Antilocapra ameri-
cana) were the early successional specialist forag-
ing primarily on browse, forbs and other dicotyle-
donous plants (Kitchen, O’Gara, 1982), while the
bison (Bison bison) was the late successional specia-
list foraging primarily on monocotyledonous grasses
(Reynolds et al., 1982; Lott, 2002). Indeed, when we

consider all the biomes and eco-zones, we find two
ungulate systems with an early and late successional
specialist of different body mass (Table 1).

Bottom-Up Control

All evidence supports the conclusion that bot-
tom-up factors are the primary influence dictating
whether the early or late successional specialist is the
most common ungulate species in the system. In the
High Arctic Tundra ecozone is dominated by sedges,
which are in access of 40% of the forage available to
ungulates on Truelove Lowland, Devon Island, Nu-
navut, utilized extensively by the early successio-
nal specialist, the muskoxen, while lichens, especial-
ly large mats of Cladonia and Cetaria typical of Low
Arctic Tundra and utilized extensively by the late suc-
cessional specialist, Peary’s caribou are very limited
(Muc, Bliss, 1977; Svoboda, 1977; Richardson, Fi-
negan, 1977; Russell, Edmonds, 1977; Mallory,
Boots, 1983). Therefore, in contrast to the Low Arc-
tic Tundra ecozone, muskoxen are the most common
ungulate in the system and Peary’s caribou are rare
and even considered endangered (COSEWIC, 2004;
D. Jenkins, per. comm.). In contrast, extensive lichen
mats dominate the Low Arctic Tundra ecozone and
boreal / tundra subarctic ecotone, while sedge com-
munities are limited in this system (Muc, Bliss, 1977;
Svoboda, 1977; Richardson, Finegan, 1977). As a re-
sult, the Low Arctic Tundra is dominated by barren-
ground caribou and muskoxen are the less common
species (Mallory, Hillis, 1998).

Historically, woodland caribou were the dom-
inate species in mature boreal forest and found on
the southern edge of the coniferous forest (Krefting,
1974); however, as logging proceeded northward
from the 1900s creating early successional habitat,
woodland caribou range receded northward and in
Ontario with few exceptions is only found north of
50 degrees latitude (Brown et al., 2003; Wiwchar,
Mallory, 2012; Fig. 1). As the forest became domi-
nated by birch and aspen, the early successional spe-

Table 1. North American biomes and ecozones and their historical early and late successional ungulate species,
excluding ungulate species associated with biome extensions and ecotones

Tabnuya 1. BuomMbl U 3k030HBI CeBepHOIi AMEPUKH M UX MCTOPHYECKH TMO3IHNE W PAHHHE CYKI[€CCHOHHBIE
BHU/IbI KONBITHBIX, 32 HCKJIKYEHHEM BHI0B KONBITHBIX, CBSI3AHHBIX ¢ pACIIMPEHNEM OMOMOB H 3KOTOHOB

Specialization Late Early
Alpine Tundra Bighorn Sheep Mountain Goat
Montane Boreal Ecozone Woodland/Grant’s Caribou Moose
Montane Deciduous Ecozone Elk Mule/Black-tailed Deer
High Arctic Tundra Ecozone Peary’s Caribou Muskoxen
Low Arctic Tundra Ecozone Barren-ground Caribou Muskoxen
Boreal Forest Biome Woodland Caribou Moose
Eastern Deciduous Forest Biome Elk White-tailed Deer
Prairie Biome Bison Pronghorn
Great Basin Biome Mule Deer Pronghorn
California Biome Tule Elk Mule Deer

Desert Biome

Collared Peccary

White-tailed Deer
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cialist the moose became the dominant species in the
southern logged regions of the Boreal Forest biome
and woodland caribou were extirpated (Krefting,
1974; Cumming, 1992; Cumming, Beange, 1993;
Chubbs et al., 1993; Haggstrom, 1994; Antoniak,
Cumming, 1996; Hillis et al., 1998; Karns, 1998;
Wiwchar, Mallory, 2012).

Similar historical results are evident for the Eas-
tern Deciduous Forest biome, which was clear-cut
from northern Florida to the north-central parts of
Ontario and Quebec to make farms. Even though
both ungulates in this system were hunted with no
restrictions until the early 1900s, the late succes-
sional specialist, the elk Cervus canadensis was ex-
tirpated, while the early successional specialist, the
white-tailed deer survived and is now economically
the most important antlered species in North Ame-
rica. Similar histories exist for all the other biomes
across the continent with major shifts in ungulate

:
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populations and species dominance associated with
bottom-up changes primarily driven by natural (Ed-
wards, 1954; Schaefer, Pruitt, 1991) and anthropo-
genic change (Mallory, Hillis, 1998; Brown et al.,
2007; Metsaranta, Mallory, 2007).

Top-Down Control

A number of mammalian predators have evolved
specializations on ungulate prey throughout North
America. These included the ursids (U. americanus
and U. arctos), which are primarily seasonal preda-
tors preying on calves in early spring (Franzmann et
al., 1980; Craighead, Mitchell, 1982; Pelton, 1982),
although adult ungulates are occasionally taken
(Austin et al., 1994; Obbard et al., 2000) and the
large felids, which are perennial predators but high-
ly specialized and do not inhabit all biomes (Sun-
quist, Sunquist, 1989). The cougar (Felis concolor),
preys primarily on deer and other cervids (Hornoc-
ker, 1970) and the jaguar (Panthera onca), speciali

Fig. 1. Historical distribution of woodland caribou (Rangifer tarandus caribou) in Ontario from 1900 to 1985

(Racey et al., 1991)

Puc. 1. Uctopudeckoe pacmpenencHue JecHoro kapuody (Rangifer tarandus caribou) B Ontapuo B 1900-1985 rr.

(Racey et al., 1991)
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zes largely on peccary and to a lesser extent deer and
capybara (Emmons, 1987).

However, the North American wolf complex
(Canis lupus / C. lycaon / C. latrans) and their hybrids
is unique (Brewster, Fritts, 1995; Crete, Desrosiers,
1995; Dale et al., 1995; Wilson et al., 2000, 2009),
historically inhabited all biomes from the High Arctic
Tundra to the Deserts of southwestern United States
and northern Mexico (Hall, 1981). Additionally, they
were perennial predators specializing on ungulates in
all seasons and utilized all ungulate species in North
America from the large bison on the prairies to the
small peccary in the deserts (Fig. 2). Each of these
prey species provided differences in body mass, nutri-
ent availably and levels of risk.

A survey of the literature over the past many
years yields two distinct and opposing hypotheses
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Fig. 2. Variation in In mean body weight (kg) in North
American ungulate species and subspecies historically
utilized by wolves

Puc. 2. BapnatuBHOCTB JOTapu(Ma cpeaHel MacChl
Tena (Kr) BUJIOB M MOABUIOB KONBITHRIX CeBepHON AMme-
PUKH, HCTOPUUECKH YyHOTPEOIsIeMBbIX B IMUIIYy BOJIKAMHU

related to wolves and associates: (1) that wolves
maintain healthy sustainable ungulate populations
by primarily killing weak and sick individuals and
thus reducing disease and poor genetic stock and (2)
that wolves consume ungulates in all stages of health
and drive populations into a “predator pit” (Mech,
1970; Bergerud, Elliot, 1986; Seip, 1992; Carbyn et
al., 1993; Messier, 1994, 1995; Forbes, Theberge,
1996). These two hypotheses provide us with four
possible options, which may be correct: (1) wolves
create healthy sustainable ungulate populations, (2)
wolves drive ungulate populations into a predator
pit; (3) both options 1 and 2 are correct, and (4) nei-
ther options 1 and 2 are correct.

In addition, data indicates wolves specialize on
the most common ungulate in the system, whether large

60
50
40 [ 1987 (n = 66)
2
ey /] =
£ 30 211988 (n = 84)
2 E11989 (n = 87)
20
10
0 / (L] = =
Caribou Moose Muskoxen Wolf Bird
Prey Type

Fig. 3. Stomach contents of wolves between 1987 and
1989 along the west coast of Hudson Bay, Canada in the
range of the Kaminuriak caribou herd, which numbered
400.000 plus animals at the time, while the muskoxen
population approximated 4.000 animals (Lamothe, Par-
ker, 1989)

Puc. 3. Conmepxumoe KelyaKoB BOJKOB B 1987—
1989 rr. Ha 3amagHoM moOepexbe ['ya30HOBa 3anMBa
(Kanana), Ha yronesix craya kapuOy Kamnnypuak, koropoe
B 3TOT repuoy HacuutbiBasio Ooiee 400 000 romoB mpu
TOM, YTO ITOTOJIOBBE OBLIEOBIKA B TO JK€ BPEMS COCTABIISLIO
npumepHo 4000 xuBoTHBIX (Lamothe, Parker, 1989)

or small, regardless of prey body mass or risk of injury
(Mech, 1970; Bergerud, Elliot, 1986; Forbes, 1989; La-
mothe, Parker, 1989; Seip, 1992; Carbyn et al., 1993;
Messier, 1994, 1995). Fig. 3 illustrates the utilization
of prey by wolves along the west coast of Hudson
Bay, Canada in the range of the Kaminuriak cari-
bou herd, which numbered 400.000 plus animals
at the time (R. Mulders, pers. comm.), while the
muskoxen population approximated 4.000 animals
(Lamothe, Parker, 1989). Clearly, wolves are kil-
ling prey of all sizes, but specializing on the most
common species.

In this study, it was found that sexual dimorphism
in wolves (mean male body mass/mean female
body mass) varied significantly in relation to the
mean body mass of the primary ungulate prey (Hil-
lis, Mallory, 1996; Fig. 4). Hall (1981) identified 24
gray wolf subspecies (C. lupus) and 3 red wolf sub-
species (C. rufus) throughout North America that oc-
curred historically, which likely evolved in relation to
the size and risk associated with different prey species
and subspecies. Similar morphological differences
have been found more recently for wolves associated
with different prey species in different parts of Cana-
da (Kolenosky, Stanfield, 1975; Schmitz, Kolenosky,
1985; Schmitz, Lavigne, 1987; Nowak, 1995; Mal-
lory, Edwards, 1996; Mulders, 1997).

Pack size was also found to change with chang-
es in ungulate prey body mass as illustrated in
Fig. 5 (Stenlund, 1955; Mech, 1970, 1977; Kole-
nosky, 1972; Fuller, Keith, 1980a,b; Fritts, Mech,
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Fig. 4. Mean percent sexual dimorphism (male / fe-
male body weight x 100) in wolves associated with dif-
ferent primary ungulate prey (kg)
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Fig. 5. Mean wolf pack size in relation to the mean
body weight (kg) of their primary ungulate prey

Puc. 5. Cpenuuii pasmep BONYBEH CTaW B OTHOIIC-
HUH K cpenHel Macce Tefa (Kr) ée OCHOBHOM KOITBITHOM
J00BIYH

1981; Peterson et al., 1984; Ballard et al., 1987; Car-
byn et al., 1993; Dale et al., 1994).

Table 2 illustrates the population dynamics and
relationship between the common and rarer ungulate
species in extant ecosystems in the northern part of
the continent, where wolves still exist. These data
show that in wolf/ungulate systems where the larg-
er ungulate is the most common, the population of
the smaller ungulate species decreases or goes into
a predator pit. In contrast, when the smaller ungu-
late species is most common, the populations of the
larger ungulate are stable or increasing. These re-
sults support the conclusion that management policy
that sustains the smaller ungulate in the system in
wolf/ungulate systems will maintain the populations
of both ungulate species.

The results support conclusions that in wolf/un-
gulate systems:

1. Ungulates have evolved at the biome spatial
scale,

2. Where wolves still occur, both bottom-up and
top-down factors interact to influence ungulate po-
pulation sustainability and risk of extirpation,

3. Each biome has two ungulate species,

4. One is the early successional specialist and the
other is the late successional specialist,

5. One ungulate is always larger and the other
smaller in body mass,

6. Wolves specialize on the most common ungu-
late in the system,

7. Wolf body mass increases with increased un-
gulate body mass,

8. Wolf pack size increases with increased ungu-
late body mass,

9. If the largest ungulate is most common, the
population of the smaller ungulate will decline to low
numbers (predator pit) due to increased susceptibi-
lity to predation by larger more numerous wolves,

10. If the smallest ungulate is most common, the
population of the larger ungulate will increase or be
stable, due to reduced susceptibility to predation by
smaller less numerous wolves,

11. Both hypotheses are correct that wolves can
drive ungulate populations into a predator pit or
sustain ungulate populations by removing sick and
weak individuals from the population,

12. One species ungulate systems have evolved
historically in biomes where limiting natural factors
(fire, flooding) maintained only early successional
habitat (the Coastal Plain and West Indian Biomes)
and

13. One species ungulate systems have evolved
recently in biomes where anthropogenic disturbance
has maintain only early successional habitat (the
Eastern Deciduous Forest and Prairie Biomes).

14. Four species ungulate systems have evolved
in ecotone regions between biomes (Cairns, Telfer,
1980) and

15. If wildlife managers promote the smaller un-
gulate through bottom-up or top-down policies or by
limiting the larger ungulate population, both ungu-
late species will be sustained.

16. Fires, drought and insect infestations in the
West will be larger, more intense and of greater du-
ration creating early successional habitat favouring
moose and reducing caribou populations

17. Fires etc. in the East Central region will be
smaller, less intense and shorter duration creating late
successional habitat favouring caribou and moose
populations will decline in the nearer future, assu-
ming humans do not continue to interfere (forestry).
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Table 2. Population dynamics of primary ungulate prey in wolf predator/prey systems throughout North America

(status — increasing/stable +: decreasing/threatened —)

Tabnuya 2. TlomyAssHuOHHAs IMHAMUKA OCHOBHOI KOMBITHOI M00BIYM B CHCTeMe XHIIHUK — J00bI4Ya BOJIKA
Ha TeppuTopuu CeBepHoii AMepUKH (cTaTyc: yBeJnYeHUe/CTAa0MIBLHOCTD +; YMeHbIIeHHe/yrpo3a —)

Location Common Prey Status Rarer Prey Status Researchers

High Arctic Is. Muskoxen + Caribou — M. Ferguson, pers. comm.
Banks Island Muskoxen + Caribou — Wilkinson, Shank, 1976
MacKenzie Bison Bison + Moose - C. Gates, pers. comm.
Reserve
Wood Buffalo .

+ —
National Park Bison Moose Carbyn et al., 1993
British Columbia . .

+ —
(South-East) Moose Caribou Seip, 1992
British Columbia Moose + Caribou — Bergerud, Elliot, 1986
Alberta . .

+ —
(Northeast) Moose Caribou Fuller, Keith, 1981
Ontario .

+ —
(Northwest) Moose Caribou Racey et al., 1991
Ontario

+ —_
(French River) Moose Elk J. Hamr, pers. comm.
Ontario . .

+ —
(Northeast) Moose Caribou C. Davies, pers. comm.
Quebec . Brassard et al., 1974

+ + :
(North) Caribou Moose Messier, 1994, 1995
Cape Lisburne . . .

+ +
(Alaska) Caribou Muskoxen Jingfors, Klein, 1982
Low Arctic . R. Mulders, pers. comm.

. + + .

(Keewatin) Caribou Muskoxen A. Fleich, pers. comm.
Low Arctic . .

+ + . . .
(Yukon) Caribou Moose A. Fleich, pers. comm
Onta'rlo Deer + Moose + T. J. Bellhouse, pers. comm.
(Loring)
Ontario

+ +
(Algonquin Park) Deer Moose Forbes, Theberge, 1996
Minnesota Deer + Moose + D. Mech, pers. comm.

Pearson Chi-square: X*= 14.00; P < 0.0002.

tian University, Abitibi Consolidated Incorporated,
Bowater Pulp and Paper Incorporated, Buchanan
Forest Products Incorporated, Domtar Forest Pro-
ducts Incorporated and Kimberly-Clark Forest Pro-
ducts Incorporated.
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KPYITHBIE MJIEKOIMMUTAIOIIME HA CEBEPE: KTUIMATHUYECKHUE
W3MEHEHUS — HUCXOSIIIEE U BOCXOASIIEE BO3IENCTBUS

@. @. Mannopu, /I. M. A. Buguap, T. JI. Xunnuc

Jlenapmamenm ouonoeuu, Jlagpenmutickuii ynusepcumem, Caobepu, Onmapuo, Kanaoa

B nurteparype aBHO BEAyTCsl CIIOPBI O TOM, KOHTPOJHUPYIOTCS JIM TIOMYJISIIIAK KOMBITHBIX «CHHU3Y
BBepX» (T. €. 3a11aCOM KOPMOB) MJIH «CBEPXY BHU3» (T. €. XHIIIHUKAMH) U OJIarOTBOPHO JIK TIPH 3TOM
BJIMISTHAC BOJIKA, YHHUYTOXKAIOIIETO OOJIBHBIX M CTA0BIX 0COOCH, WK K€ OHO, HATIPOTUB, BPEIHO, 110-
CKOJIBKY BEJICT MOIYJISIIMH KEPTB K JIErpaIallii — B TaK Ha3bIBACMYIO BOTUBIO siMy. Ha ocHOBe Mak-
posKoorrueckoro (JlaHAMAPTHOTO) MOIX0Aa K STUM BOIPOCaM CIeNaHbl CICAYIONIUE 3aKIoue-
HUSL: KOTIBITHBIE YBOJIOIIMOHUPOBAIIN B IPOCTPAHCTBE IEJIOCTHOTO OMOMa; BUIBI KOTIBITHBIX, CIIEIH-
aJIM3UPOBAHHBIC K YCIOBHUSAM paHHEH M MO3HEW CTaJuii CYKIECCHH, BCTPEUAOTCS B KaXI0M OHO-
Me, IpUYeM OJIMH M3 HUX OoJsiee KPYIHBIN, a APYTroil — Oosee MeNKHUil; HCTOPUYECKH BOJIKH B Kaye-
CTBE TJIABHBIX XHIIHUKOB BXOJIMIM B COCTAB IKOCUCTEMBI BCEX CEBEPOAMEPUKAHCKUX OMOMOB, CIie-
UATU3UPYSICh HA TUTAaHUHM HAan0O0JIee MHOTOYMCIICHHBIMHU BHJIaMU KOITBITHBIX;, HA WHIUBUYaTbHOM
YPOBHE pa3Mep BOJKOB M3MEHSJICS COOTBETCTBEHHO pasMepy MpEeANouruTacMON TOOBIYH; pa3Mep
BOJYBEHN CTaW TAaK)Ke MEHSUICS B CBSI3M C BEJIMYMHOM OCHOBHOM JIOOBIYM; XUIIHUYECTBO BOJIKA MO-
JKET OBITh KaK MOJIC3HBIM, TaK ¥ BPEIHBIM B 3aBUCHMOCTH OT YHCICHHOCTH U pa3Mepa KOIBITHBIX,
HACEIISIONINX TOT MM MHOW OnoM. KimmMaTtiaeckre H3MEeHEHUS, TAKUE KaK JISCHBIC TTOYKaphl, 3aCYXH
Y BCTIBIIIKH YHCICHHOCTH HACEKOMBIX, YBEIIMYUBAIOT YNCIIEHHOCTD KOIIBITHBIX, aJalITHPOBAHHBIX K
MTUOHEPHBIM CTAJIUSM PACTUTEIILHOW CYKIIECCHH M CHIDKAIOT YHCICHHOCTh BUIOB, ITPHUCIIOCOOIICH-
HBIX K ee OoJiee O3HUM cTausiM. Bocxosimye U HUCXOIAIINE B3aUMOJICHCTBHS CYIIECTBYIOT BO
BCEX MOIMYJISIIUAX KOTBITHBIX, HA KOTOPBIX OKa3bIBAIOT BIMSIHUE BOJKH, U OXOTOBEIAM CIIEAYeT Mpo-
BOJIUTH MOJIUTHUKY MOAJIEPKaHUs 00Jiee MEJIKUX BUJIOB KOTBITHBIX, €CIIM OHU XOTST COXPAHUTh KO-
CUCTEMY, BKITIOYAIOLIYI0 00a X BH/Ia B COCTOSHUU CTa0MIBHOW WIIM BO3PACTAIOIIEH YMCIEHHOCTH.

Knrouesvle cnosa: xaumarndyeckue H3MEHEHHs, BOJIKH, KapuoOy, KONBITHbIe, HHUCXOIsIIee

M BOCXO/siee BO3/ielcTBHeE.



