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Preface

At the fourth North American Caribou Workshop in St. John’s, Jim Davis suggested that the
next Workshop address the issue of how ecological theory can be applied to practical caribou man-
agement problems. In addition to that theme, we also chose to highlight cooperative caribou man-
agement boards and the conservation and management of woodland caribou.

All of the papers on cooperative management boards stressed that boards must consider both lo-
cal knowledge and information collected by scientists and they must attempt to blend native and
bureaucratic approaches to decision making. A multicultural approach should expose, and there-
fore avoid, the unquestioned or unrecognized biasses which we all have:

Cultural influences have set up the assumptions about the mind, the body, and the
universe whithin which we begin; pose the questions we ask; influence the facts we
seek; determine the interpretation we give those facts; and direct our reaction to these
interpretations and conclusions. (Gunnar Myrdal An American Dilemma 1944).
Cooperative management boards should not only provide an opportunity for users to participate
in the management of the resources that they rely on but also develop better management deci-
sions.

To enlighten caribou researchers to the possibility that «cultural> influences also narrows our
view of the world, we invited Gary Belovsky, Lee Eberhart, and Mitch Taylor, who's experience
was primarily outside the area of caribou research, to apply their expertise in theoretical ecology
to caribou management problems.

As elsewhere, there is a close association between caribou and people in the Northwest Territori-
es. The workshop logo depicted that relationship and maintained our awareness of that fact
throughout the workshop. We were happy to see that the public and interested groups from in
and around Yellowknife took advantage of the opportunity to learn more about caribou biology
and management. The entire second year class of the Renewable Resource Training Program from
the Thebacha Campus of Arctic College in Fort Smith attended and both the Denendeh Conserva-
tion Board and the Beverly and Kaminuriak Caribou Management Board scheduled meetings in
Yellowknife to correspond with this workshop.

These manuscripts were not subjected to peer review and were not edited to scientific content so
that flashes of unbridled brilliance would not be excised by unimaginative and repressive editors.

Doug Heard and Mark Williams.
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Insights for caribou/reindeer management using optimal foraging theory

Gary E. Belovsky

School of Natural Resources and Department of Biology, University of Michigan, Ann Arbor, MI, U.S.A. 48109-1115.

Abstract: Optimal foraging theory is useful to wildlife managers, because it helps explain the nutritional value of diffe-
rent habitats for wildlife species. Based upon nutritional value, the use of different habitats can be predicted, including
how factors such as insect harassment, predation and migration might modify habitat selection. If habitat value and
use can be understood, then changes in habitat availability which are of concern to wildlife managers can be assessed.
Thetheory is used to address diet choice and habitat use of caribou/reindeer. Diet choice is examined in terms of lichen
composition of the diet and is demonstrated to be a function of daily feeding time, food abundance and digestive capaci-
ty. The diet choice model is then used to assess the nutritional profitability of different habitats and which habitat
should be preferred based upon nutritional profitability. Caribou/reindeer use of habitats is demonstrated to be easily
modified by insect harassment and predation which change the nutritional profitability of habitats differentially. The
same type of approach could be used to explain migratory behaviour; however, the needed parametervaluesare unavaila-

ble. The results of this analysis lead one to question some common conceptions about caribou/reindeer ecology.

Keywords: Caribou, reindeer, foraging theory, habitat choice, modelling, habitat preference

Introduction

Modelling the foraging behaviour of herbivores has
been attempted by several ecologists(Westoby, 1974;
Owen-Smith and Novellie, 1982; Stenseth and
Hansson, 1979; Ritchie, 1988; Schmitz, 1990; Belov-
sky, 1978, 1984a, b, 1986 a, b, submitted; Ball, 1990).
In most cases, these models have met with a high de-
gree of predictive success (Belovsky, submitted), but
none have dealt with mammals that normally mi-
grate or are allowed to migrate today (e.g., bison).
Therefore, modelling the foraging behaviour of a
species like caribou/reindeer (Rangifer. tarandus)
thatexhibits migratory behaviour in some populati-
ons might not be amenable to the same considerati-
ons that have been successfully applied to other spe-
cies. In addition, the migratory behaviour of
carbou/reindeer poses some interesting manage-
ment considerations concerning why certain habi-
tatsare chosen within a given locale, why certain ha-
bitats are chosen seasonally, and how changing
conditions (e.g., predator densities, human distur-
bance, etc.) might modify these choices.

Lapply existing models of herbivore foraging that
have proven successful for other species to the diet
choices of caribou/reindeer employing data from
the literature. With the potential value of these mo-
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dels established employing the available caribou/-
reindeer data, I proceed to ask questions about what
habitats these herbivores should utilize seasonally
based on feeding efficiency, insect harassment and
predationemployingother aspects of foraging theo-
ry (Stephens and Krebs, 1986). This analysis provi-
des insights into how changing environmental con-
ditions might affect caribou/reindeer populations
through habitat use in ways which might be of con-
cern to managers.

What is foraging theory and what is its use to
managers?

Foraging theory emerged in the mid-1960’s as an at-
tempt to link animal food choices with population
carrying capacity (MacArthur and Pianka, 1966;
Emlen, 1966). While this field of investigation deve-
loped into one of the few areas of ecology where
mathematical theory and empirical tests were in ac-
cord (Stephen and Krebs, 1986), its successes were
more in the arena of animal behaviour, especially
psychobiology, than population ecology. A few stu-
dies have carried foraging theory into the realm of
population dynamics (Werner, 1977; Werner and
Mittlebach, 1981; Belovsky, 1984a, 1986a) with suc-
cess. Recently, the theory has been specifically ap-
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plied to questions of wildlife management, i.e., win-
ter supplemental feeding of white-tailed deer
(Schmitz, 1990).

How pertinent is the theory to the detailed
investigation of wildlife management
problems?

The theory hasbeen invoked in a number of models
directed towards managing wildlife populations
(e.g., Hobbs ans Swift, 1985; Hobbs and Hanley,
1990) based on predicting carrying capacity and/or
habitat utilitzation. The potential use of such mo-
delsappears to be high; however, some recent studies
appear to have inappropriately applied the theory
(Schmitz and Belovsky, submitted). One concern is
that the detail required for wildlife management
may be beyondthe scope of current foraging theory.
This arises from the inability of any study simulta-
neously to address generality, precision, and realism
(Levins, 1967), as all studies are limited to attaining
two of the three characteristics at any instant. Gene-
rality refers to the model’s applicability to a wide
range of species and conditions; realism refers to the
model’s ability to capture the specific details of a
particular species and environment. Most foraging
models seek generality and precision at the expense
of realism.

Theissue of generality vs. realism is of special con-
cern to wildlife biologists and managers. Because
foraging theory seeks generality at the expense of re-
alism, it becomes very easy for individuals concer-
ned with particular biological details to dismiss the
theory. However, science seeks the general explana-
tion of patterns rather than simply cataloguing spe-
cific details. Stephens and Krebs (1986) point out
that foraging models by their general nature must
simplify and treat many biological details in a per-
functory fashion; these are the same details that are
the focus of a lifetime of research by other scientists
(e.g-,learning behaviour, digestive physiology, etc.).

Foraging models, however, may be of value to
wildlife managers; it depends on the level of detail
in the question being asked. If a manager is concer-
ned with assessing the probability of survival of big
gameanimalstoacertain age or size based upon fora-
gingconditions, then thisquestion isfar too detailed
to be realistically addressed using foraging theory. If
a manager is concerned with gross predictions of
diet choice by a wildlife species in different habitars
to assess the nutritional value of the habitats, or as-
sess potential environmental changes on the species’
nutritional ecology, then foraging theory has value.

8

Foraging theory, which is based upon concepts of
natural selection and behavioral “’plasticity”, may
provide wildlife managers with conceptual insights
to design better management plans based upon the
tlexibility of individuals composing the wildlife po-
pulation. Recently, Keppie (1990) criticized wildlife
studies for their failure to address ecological con-
cepts, so principles might be identified that would
provide a broader application of information to dif-
ferent managementsituations. Keppie(1990) points
out that we have a multitude of specific studies for
wildlife species that are tied to particular locations,
but their ability to provide insights for other sites
and conditions is weak because the studies did not
address conceptual issues that span all sites and con-
ditions.

While foraging theory has been invoked by wildli-
fe biologists working with caribou/reindeer (e.g.,
Kuropat and Bryant, 1980; White, 1983; Skogland,
1984), it has not been applied critically to assess the
theory’s predictive value. This is not unusual; the
majority of studies that invoke foraging theory have
failed to test it quantitatively for the species being
examined (Stephensand Krebs, 1986; Belovsky, sub-
mitted). The only caribou/reindeer study that at-
tempted to test a foraging model quantitatively was
Skogland’s (1984) study of reindeer in Norway. Un-
fortunately, a mathematically inconsistent foraging
model (Stenseth and Hansson, 1979) was applied to
the problem (Belovsky, 1984a). Additionally, serio-
us problems in parameter estimation can be identi-
fied; it appears that food types may have been mea-
sured in a manner inappropriate to the modelling
approach (i.e. food abundance), and digestibility va-
lues for lichen and non-lichen food types are not in
accord with most literature values (see Table 3). The-
refore, the apparently successful predictions of the
model must be questioned.

Below Iapply aforaging model to address whether
caribou/reindeer choose food types consistent with
the theory. Since the needed parameter values must
begleaned from the literature, and none were collec-
ted specifically to meet the requirements of the theo-
ry, some caution must be exercised in interpreting
these results. Finally, the model is extended to exa-
mine habitat use patterns by caribou/reindeer.

The basic foraging model

Diet choice by mammalian herbivores has been pre-
dicted fora wide range of herbivore speciesand envi-
ronments using the optimization technique called
linear programming with more success than any ot-
her model yet applied (Belovsky, submitted). The
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validity of these models has been questioned
(Hobbs, 1990; Hanly, 1980), but no better alternati-
ve has been presented and most of the criticisms are
as questionable as the points raised against the fora-
ging models (Belovsky, 1990).

Linear programming is an optimization techni-
que that explicitly includes constraints (limits) to ac-
tions. The constraints define a combination of acti-
ons that are feasible, 1.e., sets of actions that do not
violate the constraints. Linear programming then
employs various mathematical algorithms (e.g.,
Simplex) that identify the combination of actions
which maximizes or minimizes some goal within
these constraints (Intriligator, 1972). This methodo-
logy is based upon the assumption that constraints
can be written as linear functions.

From previous studies of mammalian herbivores,
four classes of constraints can be considered: digesti-
ve processing, feeding time, nutritional require-
ments, and food toxicity. Justification of these con-
straints and how they are constructed are discussed
by Belovsky (1984a, 1986a). How these constraints
will be applied to caribou/reindeer using data from
the literature are discussed below.

To develop a foraging model for caribou/reindeer,
one detailed data set (White and Trudell, 1980a, b;
Trudell and White, 1981) will be employed extensi-
vely, because it provides more of the needed parame-
ters than any single study and presents these for spe-
cific habitats. Diet choices will be examined for late
July in two distincts habitats, high-centre polygons
and lake margins, that caribou/reindeer must choo-
se between at this time. The diet will be defined in
terms of two food categories, lichens and non-
lichens (e.g., shrubs, grasses, forbs, and sedges). The-
se two habitats are of interest given the seasonal and
daily movements of caribou between them (White
and Trudell, 1980a, b; Trudell and White, 1981,
White et al., 1975; White, 1983), and the special inte-
restin lichen consumption by caribou given its poor
nutritional value (Klein, 1970).

Digestive processing of plant tissuesis often consi-
dered to constrain the amount of plant food that an
herbivore can ingest in some fixed period (e.g., day)
(Westoby, 1974). This requires knowledge of the abi-
lity of digestive organs to hold food (capacity:
mass/day) and the rate at which digesta passes
through these organs (turnover: times filled/day).
Capacity multiplied by the number of times this ca-
pacity can be filled provides a simple estimate of the
animal’s ability to process foods. This digestive pro-
cessing ability is differentially utilized by the con-
sumption of different foods that fill this capacity to
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varying extent (bulkiness: capacity filled/mass of
food intake).

Digestive capacity might be defined either in
terms of wet or dry mass. Hobbs (1990) argues that
digestive processing ability should be measured in
terms of dry, rather than wet, mass, and that bulki-
nessshould be measuredin terms of cell wall content
(%/g-dry mass). However, using a digestive con-
straint based on dry mass in a linear programming
model, Hobbs (1990) was unable to predict mamma-
lian herbivore diets, as has been regularly found in
other studies (Belovsky, 1990). There are physiolo-
gical reasons and data to use dry matter and cell wall
content (Hobbs, 1990; Belovsky, 1990), but there
also are contrary physiological feasons and data to
use wet mass (Belovsky, 1990). Therefore, choosing
between these conflicting explanations for digestive
capacity is not possible, and begs additional and re-
designed physiological studies, but constraints ba-
sed upon wet mass successfully predict mammalian
herbivore diet choices in linear programming mo-
dels (Belovsky, 1990).

The problem of defining the digestive capacity
constraint based on dry vs. wet mass can be partially
addressed using data for reindeer (Table 1). It can be
demonstrated that daily food intake (g-dry/day/kg)
isasignificant negative function of food wet mass to
dry mass, while cell wall content, measured as % {i-
ber, is negatively correlated with intake, but not sig-
nificantly. Therefore, wet mass appears to be a better
basis for measuring the digestive constraint based
upon thislimited information, and was employed to
construct the diet choice model presented here.

Table 2 presents the summary of data on cari-
bou/reindeer that was used to construct a digestive
constraint. Bulkiness (g-wet/g-dry) of the non-
lichen foods in the two habitats differs, because the
species composing those available in the lake margin
tend to have a higher water content.

Feeding time seldom will encompass a complete
24 hr day, because animals are restricted in their fee-
ding activity to time periods when digestive proces-
sing ability is not exceeded, thermal physiology 1s
not limiting, and other activities are not being con-
ducted (e.g., insect harassment, predator avoidance,
mating, etc.). This feeding time is utilized different-
ly in the acquisition of each of the foods (cropping
time: min/g-dry). The parameter values for thiscon-
straint appear in Table 3.

For mammalian herbivores, digestive fill and ther-
mal physiology seem to be most important in deter-
mining feeding time (Belovsky, 1986a). This may be
the case for caribou/reindeer, as well. An important
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Table 1. Daily food intake as a function of food bulk and
cell wall contents using data from Syrjili et al.

1983.
Parameter Coefficient  t-value P
Constant 27.19 8.23 0.004
Bulk -2.35 -4.52 0.02
Cell wall content -0.15 2.1 0.13

Regression N=6, r=0.94, F=10.47, P <0.044

point is that thermal physiology may not limit acti-
vity via the animal being stressed to near lethal le-
vels; rather activity may be limited by physiological
changes relative to some set point chosen by the ani-
mal, and to times when activity may be least costly
in terms of energy expended for thermoregulation
(Belovsky, 1981, 1984b; Schmitz, in press). Winter
feeding activity is often ascribed to heat loss limits
(Gaare et al., 1975), but is summer activity limited
by thermal physiology?

Caribou/reindeer may be able to tolerate environ-
mental conditionsthatlead to heat gains to the same
extent as African ungulates, but to do so they must
?work’ harder at thermoregulation (Yousef and
Luick, 1975), and they do demonstrate heat stress
(Ryg, 1975). While insect harassment clearly re-
strictsfeedingactivity on warm and still days(White
etal.,1975;Helleand Aspi, 1983; Wright, 1980), the-
se weather conditions also lead to greater thermal
stress. Therefore, without better studies, these two
factors, insect harassment and heat stress, cannot be
separated in explaining reduced summer activity.

This dilemma 1s further reinforced since caribou
move towards the sea on warm, still days to escape
insects (White et af., 1975), but the coast will also
provide thermally less stressful summer conditions,
L.e., cooler and windier.

Cropping time (min/g-dry) should be a function
of food abundance and distribution (Belovsky,
1986a), a prediction upheld for caribou/reindeer
(Trudelland White, 1981; White and Trudell, 1980a;
Skogland, 1980, 1984). However, Trudell and White
(1981) argue that daily feeding time is limited by
croppingrate, 1.c., a constant intake of food that just
satisfies nutritional requirements is sought, with
the result that feeding time declines as food becomes
more abundant. This can be explicitly tested using
foraging theory and isthe predicted outcome for the
foraging goal called feeding time minimization (see
below).

Nutritional requirementsare the maintenance ne-
eds of an individual required to ensure survival. The
maintenance requirements provide a set point
against which discretionaryadditionalintake by the
forager can be compared. The additional intake can
be allocated to growth, storage (i.e., fat) or reproduc-
tion. Three potential nutritional requirements are
frequently listed for caribou/reindeer: energy, pro-
tein, and sodium.

Energy is the ultimate limiting factor in all ecolo-
gical systems, and this is the best understood aspect
ofanimal nutrition. The foraging model mustinclu-
de the individual’s energy requirements to survive
in the environment and how different foods satisfy
this requirement (gross energy content x digestibili-

Table 2. Development of the digestive capacity constraint for a 70 kg female caribou/reindeer. L is lichen intake
(g-dry/day) and NL is non-lichen intake (g-dry/day).

Parameter

References

Rumen/reticulum contents (g-wet) = 11293 In (mass in kg)-35703

N =25 =096,P <0.001

Fraction of rumen/reticulum contents that is food = 0.29
1.68 X’s/day

Turnover of rumen/reticulum in both habitats =

Bulk - lichen: 2.54 g-wet/g-dry
non-lichen: high centred polygon: 1.66 g-wet/g-dry

lake margin: 2.05 g-wet/g-dry

Staaland er 4. 1979,
Egorov 1965

White and Gau 1975
White and Trudell 1980a, b

Staaland et «/. 1986,
Syrjdld ez al. 1980, Valtonen 1980

Batzli et 4l. 1981,
A. Rodgers unpublished

Batzli et al. 1981, A. Rodgers
unpublished

Constraint: high centred polygon habitat 5980 g-wet/g-dry = 2.54L. + 1.66 NL

lake margin habitat

5980 g-wet/g-dry = 2.54L + 2.05NL

10
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Table 3. Development of the feeding time constraint for a70 kg female caribou/reindeer. L is lichen intake (g-dry/day)

and NL is non-lichen intake (g-dry/day).

Parameter

References

Feeding time: high centred polygon - 305 min/day
lake margin - 373 min/day
Cropping time: lichen: 0.08 min/g-dry

non-lichen: 0.15 min/g-dry

White and Trudell 1980a, b
White and Trudell 1980a, b

White and Trudell 1980a, b,
Trudell and White 1981

White and Trudell 1980a, b,
Trudell and White 1981

Constraint: high centred polygon habitat 305 min/day = 0.18L + 0.15 NL
lake margin habitat 373 min/day = 0.08L + 0.15NL

ty). Theenergy constraint valuesare presented in Ta-
ble 4. This does not imply that energy is limiting to
survival, since other nutrients might limit survival
and adequate energy is acquired along with other
nutrients.

Proteinis often considered important to the nutri-
tion of herbivores, because plant tissue is frequently
low in protein, especially proteins composed of the
essential amino acids required by animals. This is of
special concern for caribou/reindeer, because of
their habit of frequently consuming large quaniti-
ties of lichens that are low in protein (Klein, 1970).
The protein constraint values are presented in Table
4. Aswith energy, protein may notbe limiting survi-
val, but adequate intake might be acquired along
with other nutrients.

Sodium is often in low concentrations in plant tis-
sue, especially in areas that have been glaciated and
are located far from oceanic salt impaction (Botkin
etal., 1973; Belovsky and Jordan, 1981). Recent stu-
dies indicate that caribou/reindeer may experience
and exhibit sodium deprivation in the summer
months (Staaland ez 4., 1983; Staaland and Jacob-
sen, 1983; Staaland ez /., 1980; Staaland ez 4Z., 1981).
The sodium constraint values are presented in Table
4. Again, sodium might not be limiting survival, but
adequate amounts are acquired along with other
nutrients.

Food toxicity from plant secondary compounds
isoften considered an important aspect of herbivore
diet choice (Freelandand Janzen, 1974). Many plant
secondary compounds(e.g., tannins) may reduce di-
gestibility so their impact isincorporated in the nut-
ritional constraints (Belovsky and Schmitz, 1991).
However, plant secondary compounds that are po-
tentially toxic to the herbivore must be explicitly
built into the foraging model (Belovsky and
Schmitz, 1991).

Rangifer, Special Issue No. 7, 1991

Lichens are known to contain many potentially
toxic compounds (Rundel, 1978; Burkholder and
Evans, 1945; Burkholder et 4l., 1944). The impor-
tance of plant secondary compounds in caribou/re-
indeer foraging strategies has been argued (Kuropat
and Bryant, 1980, 1983; Bryant and Kuropat, 1980).
A constraint based on the ingestion of one of these
compounds, pulvinic acid, is presented in Table 5.
Pulvinic acid, a toxin peculiar to lichens, was em-
ployed because all of the necessary aspects of its acti-
ons on mammals (LD50 and concentration in
plants) could be found in the literature (Rundell
1978).

Foraginggoals are the outcome of foraging behavi-
our favoured by natural selection. This outcome
could be determined either by the forager’s variable
behaviour (*’plastic” response) or genetically fixed
behaviour ("’ hard-wired” response). In the first case,
selection would operate upon the flexibility in beha-
vioral responses and learning ability of individuals,
while in the latter case selection would operate di-
rectly upon an individual’sforaging behaviour (e.g.,
a set of fixed diet choices). Most mammalian herbi-
vores demonstrate a wide range of foraging behavio-
urs (“plastic” response) and selection may operate
on the ability to be flexible (Ritchie, 1990). In fora-
ging theory, these foraging behaviours are often vie-
wed to achieve two alternate goals: feeding time mi-
nimization and nutrient maximization (Belovsky,
1986a; Stephens and Krebs, 1986).

Feeding time minimization is the goal when the
forager’s fitness increases more with time spent in
activities other than feeding (e.g., hiding from pre-
dators, mating, etc.). Because an individual must at-
tain all of its nutritional requirements, this goal
would have the forager attain these requirements in
the least time spent foraging, so more time is availa-
ble for other activities.
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Table 4. Development of the nutritional requirements for a70 kg female caribou/reindeer. Lislichen intake (g-dry/day)
and NL is non-lichen intake (g-dry/day).

Parameter References

Energy:
maintenance metabolism = 4646 kcal/day Holleman er a/. 1980, Young and McEwan 1975,
McEwan and Whitehead 1970, Steen 1968
gross energy content:

lichen = 4.36 kcal/g-dry Holleman ez a/l. 1979, McEwan and Whitehead 1970
non-lichen = 5 kcal/g-dry McEwan and Whitehead 1970

dry matter digestibility:
lichen = 46% Russell and Martell 1984, Jacobsen and Skjenneberg

1975, Person et a/ 1975, 1980a, b, White ez a/. 1984,
Thomas and Kroeger 1981, Thomas er al. 1984,
Staaland ez 4/. 1983, Luick 1972.

non-lichen = 54% Person et al. 1975, 1980a, b, White and Trudell 1980b,
White et al. 1975, Thomas and Kroeger 1981, Thomas
et al. 1984, Staaland et al. 1983, Luick 1972, White er 4l
1975.
Constraint:
4646 kcal/day = 2.01L + 2.70NL
Protein:
Maintenance requirement = 115 g/day Steen 1968, McEwan and Whitehead 1970,
Holleman et 4l. 1980

Protein content:
lichen = 2.8% Person et al. 1980b, Wales ez al. 1975, White et al. 1984,
Pullianen 1971

non-lichen:
high centred polygon = 14% Scotter 1972, Staaland et al. 1983, Luick 1972
lake margin = 14.6% Scotter 1972, Staaland er /. 1983, Luick 1972

Constraint:
high centred polygon: 115 g/day =< 0.028L + 0.14NL
lake margin: 115 g/day =< 0.028L + 0.146NL

Sodium:
Maintenance requirement = 1.1 g/day Staaland er /. 1981
Sodium content:
lichen = 0.03% Staaland et al. 1981, 1983, Staaland and Jacobsen,
Luick 1972
non-lichen:
high centred polygon = 0.05%  Staaland er 4. 1981, 1983, Staaland and Jacobsen,
Luick 1972
lake margin = 0.04% Staaland er 4/ 1981, 1983, Staaland and Jacobsen,
Luick 1972

Constraint: high centred polygon: 1.1 g/day < 0.0003L + 0.0005NL
lake margin: 1.1 g/day =< 0.0003L + 0.0004NL
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Nutrient maximization is the goal when the fora-
ger’s fitness increases more with the additional inta-
ke of some nutrient that limits survival and repro-
duction, than time spent in nonfeeding activities.
The nutrient most frequently addressed in foraging
theory is energy, but could be protein, sodium, etc.,
or even minimization of toxin intake.

Nutritient maximization is usually seen as the ex-
pected goal when the intake of nutrients determines
reproductionandsurvival, so that population densi-
ty would increase with greater food intake by indivi-
duals. However, feeding time minimization does
not imply that food availability is not important to
individual survival and reproduction, and popula-
tion density. A feeding time-minimizer’s fitness in-
creasesif morefoodisavailable, even though food in-
take per se isnot limiting, because acquistion of nut-
ritional requirements in less time makes more time
available for other fitness-increasing activities. The-
refore, to argue that food availability is only impor-
tant to nutrient maximizers is Incorrect.

The above observation means that clear distinct-
ions between food limitation, predator limitation,
etc., of populations is not easy to assess. For exam-
ple, if predation is limiting an animal’s fitness, then
we might expect the animal to be a time minimizer,
because it may be more exposed to predators while
foraging and need to spend more time hiding from
predators. The forager and its population would be-
nefit, greater fitness, when food is more abundant,
since nutritional requirements will be obtained in
less time which means less time exposed to preda-
tors. If exposure to predators does not increase with
foraging, then there would be no benefit provided
by a time-minimizinggoal and the forager would al-
ways be a nutrient maximizer, even when predators
reduce survival and reproduction. Thisis even more
apparent when we realize that these foraging goals
are endpoints along a continuum.

The above distrinctions between fitness limits are
important for caribou/reindeer. First, caribou/-
reindeer are known to have their survival and repro-
duction limited in some regions by nutrition (e.g.,
Adamczewski et al., 1987, 1988; Leader-Williams,
1980, Skogland, 1985a, b; Roby, 1980). Other stu-
dies claim predation to be the principle limit to cari-
bou populations, 1.e., more food would not increase
populations (Bergerud, 1980). From the above dis-
cussion, claims of predator limitation may not im-
ply that food is unimportant to the caribou/rein-
deer population. This is why other investigators
have argued that food availability and predation or
insect harassment may be important at the same
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time (Reimers, 1980; Haber and Walters, 1980; Hel-
le and Aspi, 1983). Therefore, assessing the impor-
tance of food to caribou/reindeer populations, even
when predators are abundant, cannot be accomplis-
hed without careful analysis of caribou/reindeer
feeding behaviour and their foraging environment.
The simulatenous importance of food and preda-
tion to populations has been most evident in studies
using foraging theory applied to bluegill (Lepomis
macrochirus) in the presence and absence of their
predator, the largemouth bass (Micro%?tems salmoi-
des) (Werner, 1985). These basic ecological studies
have forced sporttishery managers and aquacultu-
rists to reevaluate their assessment of food limitation
versus predator limitation. The same problem must
be addressed for caribou and the foraging model de-
veloped below may provide some insights.

Solving the foraging model

Using the constraint equations developed in Tables
2-5, a graphical representation of the linear pro-
gramming foraging model can be developed (Fig. 1).
The graphical portrayal illustrates how the different
constraints restrict the caribou/reindeer’s diet choi-
ces in the two environments to define a feasible set
of diets: these are the diet combinations of lichens
and non-lichens that satisfy the constraints. The to-
xin constraint for pulvinic acid in lichens was incor-
rect or not operating, since it is apparent that cari-
bou/reindeer consume a diet containing more
lichen than expected from the toxin constraint.
Most likely, the caribou/reindeer are better at deto-
xitying the pulvinic acid than rodents upon which
the LD50 was based (Rundell, 1978). These results
indicate the need for better measures of toxicity be-
fore the importance of secondary compounds can
be quantitatively assessed via foraging models (sensu
Belovsky and Schmitz, 1991).

The linear programming model can be used to sol-
ve for the two potential goals: feeding time minimi-
zation and nutrient maximization (Intriligator,
1972). The predicted diets are crude, since the model
parameters were not measured to satisfy the foraging
model’s criteria(e.g., cropping rates were not measu-
red instantaneously, g-dry/min for individual food
types, but by food intake measured using fistulated
animals, g-dry/longer time period, which can inclu-
de behaviours other than foraging and can combine
the intake of both food types). Nonetheless, certain
possibilities can be identified.

1) If energy is the only limiting nutrient require-
ment, then atime-minimizing diet would consist of
100% lichensin both habitats(Point 1 in Fig. 1A, B),
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Fig. 1. The graphical representation of the linear programming diet.model for caribou/reindeer is presented for the
high-centre polygon habitat (a) and the lake margin habitat (b). The letters along the x-axis identify the con-
straints (Tables 1-4) (P is protein, E is energy, T is feeding time, N is sodium, D is digestive processing), and the
flat line paralle] to the x-axis is labelled TOXIN for secondary compounds. Each graph presents the observed
dietand 3 solutions to the model (ignoring the toxin constraint, see text): 1) the time-minimized diet based only
onan energy requirement; 2) the time-minimized diet based on energy and protein requirements; 3) the energy-
maximized diet, ignoring the sodium requirement (see text).

but the observed dietsare 56% in the high-centre po-
lygon and 14% in the lake margin habitats. Therefo-
re, either there are other nutrient requirements not
satisfied along with energy requirements, or the ca-
ribou/reindeer are not time minimizers.

2) If energy and protein are limiting nutrients,
then a time-minimizing diet would consist of
77-79% lichens in the two habitats (Point 2 in Fig.
1A, B). Again this is very different from the obser-
ved diets, indicating that the caribou/reindeer do
not act as time minimizers or other nutrient con-
straints are operating.

3) The energy-maximizing diet consists of 57%
lichens in the high-centre polygon and 22% lichens
in the lake margin habitats (Point 3 in Fig. 1A, B).
Both of these values are very close to those observed.
Without detailed information on the diet samples
which are not provided in the studies (White and
Trudell, 1980a), a statistical comparison cannot be
made. Nevertheless, it appears that these animals
could be energy maximizers. But what about the
maximization of other nutrients? It cannot be pro-
tein because a diet composed of 100% non-lichens
would be predicted by protein maximization. This
indicates that caribou/reindeer do not appear to be
maximizing protein intake in anticipation of con-
sumption of low-protein lichens during winter.
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Thus, the idea that protein limits caribou populati-
ons (Klein, 1970) is brought into question. This lea-
ves maximization of sodium intake as the only
other possibility.

4) Using the sodium constraint, we find that the
caribou/reindeer in either habitat cannot attain
their minimum requirement measured in summer
(Staaland et al., 1981). The energymaximizing diet
in this case also maximizes sodium intake, so either
energy or sodium intake could be the goal. How-
ever, if sodium is in such short supply, how do the
caribou/reindeer acquire adequate amounts of sodi-
um in the summer? Possibly, this is achieved by the
consumption of small amounts of aquatic vegeta-
tion that is high in sodium content (Staaland and Ja-
cobsen, 1983), as found for moose (Alces alces) (Be-
lovsky, 1978).

It would be useful to determine the reliability of
the model’s predictions, given the confidence inter-
vals of the model’s parameters (sensitivity analysis).
This can be done using Monte Carlo simulations
(Belovsky, 1984b, submitted). However, most of the
confidence limits for the parameters are not repor-
ted. Therefore, asensitivity analysis could not be at-
tempted.

Anadditional evaluation of the model can be per-
formed by making qualitative predictions about
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how diet composition will change with food deple-
tion (White and Trudell, 1980a, b). White and Tru-
dell (1980a, b) tethered caribou/reindeer in a small
area for 3 days (314 m?) and the abundance of non-
lichens was depleted more than lichens over this pe-
riod. If a caribou/reindeer is a nutrient-maximizer
(energy or sodium), it should: a) consume less li-
chens as feeding time increases, and b) consume
more lichens as the more nutritious, in terms of
energy, non-lichens decrease in abundance. Thefirst
prediction isaffirmed by comparingdietsin the two
habitats. The second prediction also is affirmed. If
the caribou/reindeer were time minimizers, the diet
(77-79% lichens) would not have changed.

Fromthe model, we can reach several conclusions,
assuming that the parameter values are adequate to
build a foraging model. First, the caribou/reindeer
appear to be nutrient-maximizers. Second, the lake
margin habitat is superior (1.13 times) to the high-
centre polygon habitat from an energy intake per-
spective, and more so based on dry matter intake
(1.33 times). Third, the major difference between
the two habitats is due to differences in feeding time.
Fourth, because the caribou/reindeer at these sites
are nutrient-maximizers, this suggests that they
would have greater survival and reproduction if food
were more abundant, assuming that the observed fe-
edingtimesreflect the maximum values for these ha-
bitats (see below).

The above points illustrate the importance of the
feeding time constraint to developing a foraging mo-
del. Trudelland White (1981) originally argued that
the difference in feeding time for the two habitats is
due to the animal’s maintaining a set nutritional in-
take which results in less time spent feeding when
food is more abundant. Their argument is equiva-
lent to a time-minimizing goal. Because the obser-
ved goal is energy maximization, we should seek ex-
planationsfor the observed feeding time differences
elswhere (e.g., insect harassment, predators, ther-
mal environment, etc.). Furthermore, it is very diffi-
cult to attribute feeding time differences to differen-
ces in food abundance, when the measures of
different food abundances are based upon different
seasonsand habitats (Trudell and White, 1981). This
means that many other factors that affect feeding
time will be changing concurrently with food
abundance.

Additional support for the foraging model is pro-
vided by solving it for caribou/reindeer at other si-
tes where their diet and daily feeding time are
known (see Fig. 2). This is done assuming that all
model parameters presented in Tables 2-4 are the
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same for these other sites, except for feeding time.
The observed diets for these 6 additional sites are
predicted very well (r = 0.98, Fig. 2), which illustra-
tes the robustness of the model. The importance of
feeding time is also reaffirmed, since it alone is va-
ried in the diet model; feeding time in itself can ex-
plain the proportion of the diet composed of lichen
very well (r = -0.96, N = P < 0.01), but not as well
as the model. An interesting pattern emerges in Fig.
2. All the predicted diets contain more lichens than
observed, this might arise if the toxins in lichens
(Rundell, 1978) lead to reduced ingestion.

Habitat choice, predation and insect
harassment

Foraging theory applications developed experimen-
tally with fish (reviewed in Werner, 1985; Werner
and Mittlebach, 1981; Werner and Gilliam, 1984;
Gilliam and Fraser, 1987) can be used to address ha-
bitat use by caribou/reindeer. In the absence of na-
tural enemies, a forager, whether an energy maximi-
zer or time minimizer, will have its fitness
determined by its energy intake rate (energy/time).

OTHER DIET STUDIES WITH
FEEDING TIME
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Fig. 2. The comparison of the predicted and observed
proportion of the caribou/reindeer diet composed
of lichens for 6 studies (squares: Wright, 1980;
Skogland, 1984; Martell et al., 1985, White et /.,
1975) is presented. The studies used to develop the
linear programming diet model are also presented
(triangles: White and Trudell, 1980 a, b).
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With the greatest energy intake rate, a time-
minimizer will satisfy itsenergy requirementsin the
least time, while an energy-maximizer will acquire
the greatest energy intake in available feeding time.
In this case, foragers, when presented with a variety
of habitats, should choose to use the habitat that
provides the greatestfitness. However, if natural ene-
mies have an appreciable influence on an individu-
al’s fitness, then habitat selection based on energy
intake rate can be modified, but energy intake rate
will always be important. ‘

The above conclusions are based upon the as-
sumption that the habitat is neither depleted during
the period of observation by the individual or by
other individuals using the habitat during the same
period. However, as the food becomes depleted, the
individuals will distribute themselves according to
the Ideal Free Distribution (Fretwell and Lucas,
1970; Fretwell, 1972). In the Ideal Free Distributi-
on, individuals move or distribute themselves be-
tween habitats to maximize their fitness. Therefore,
the second-best habitat in terms of fitness will be
used only after a certain depletion of the best habitat
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Fig. 3. The seasonal change in energy intake rate for cari-
bou/reindeer in two habitatsis presented. The op-
timum switching between habitats based upon
energy intake rate is depicted. The relationship is
adapted from White’s (1983) representation of dry
matter intake, and the linear programming diet
model’s conversion of dry matter intake into ener-
gy intake per minute.
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or a certain accumulation of individuals within the
best habitat. The outcome is that the best habitat
will contain more individuals or more time will be
spent in it, and all habitats utilized will be equally
depleted, i.e., provide equal fitness.

Assuming that natural enemies do not apprecia-
bly influence fitness, we can make some predictions
about shifts in habitat use over the summer for cari-
bou/reindeer, using White’s (1983) seasonal compa-
rison of habitats based upon food intake. Because
daily food intake (g-dry) overestimates differences
between the lake margin and high-centre polygon
habitats (see above), daily food intake was converted
into daily energy intake. To control for differences
in daily foraging time, so the nutritional value of the
two habitats can be compared, the energy intake
(kcal/day)isdivided by daily feeding time (min/day)
to compute a rate of energy intake (kcal/min). The
habitats are compared in Fig. 3 based on the rate of
energy intake. The high-centre polygon would be
used in May, then the lake margin would be used in
mid-July, and then the high-centre polygon would
be used again starting in late-August. At any one
time, if a habitat cannot accommodate all individu-
als or is depleted, the other habitat would then be
used. Energy intake rate declines because cropping
rates (g-dry/min) decline, which reduces food intake
and/or changes the diet so more of the less nutriti-
ous food types are ingested.

Aspredictedabove, caribou in late-July preferenti-
ally use the lake margins (proportion of animal-
hours spent in the habit relative to the proportion
ofarea)(White and Trudell, 1980a, b). This preferen-
ce is not absolute (only one habitat used), since the
caribou also use the high-centre polygons, and this
use occurs before the food in the lake margins is de-
pleted. Therefore, caribouappear to utilize the high-
centre polygons more frequently than expected, gi-
ven energy intake rates. What other explanations
might be invoked to explain this greater than expec-
ted use of the high-centre polygon habitat? Two po-
tential causes could be insect harassment and pre-
dation.

Insect harassment reduces a caribou/reindeer’s
daily feeding time (White ez af,, 1975; Helle and
Aspi, 1983; Wright, 1980). White ezal. (1975) exami-
nereducedfeedingtime asafunction of theintensity
of insect harassment, and the habitats where insects
are most abundant. This study indicates: a) insect
harassment is greater in the lake margins than the
high-centreb)insect harassmentincreases as air tem-
perature rises and wind speed declines; ¢) at modera-
te levels of harassment, feeding time declines by 27%
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Fig. 4. The comparison between the energy intake ratesin
July for caribou/reindeer in two habitats, where
one habitat (LM: lake margin) has higher biting in-
sect abundances. The lake margin energy intake
rate must fall below the horizontal line before the
other habitat (HC: high-centre polygon) will be
used. This occurs at moderate and worse levels of
insect harassment in the lake margin habitat.

and at high levels of harassment the decline is 42%.
The observed feeding times used in the foraging mo-
del cannot be attributed to insect harassment. First,
the observed feeding times are not influenced by in-
sect harassment, since White and Trudell (1980a, b)
claim that the measures of feeding time were made
on days of minimum harassment. Second, if harass-
ment were important, we would expect less feeding
time in the lake margin, not more as observed.
Using the above observations for reduced feeding
time in the lake margin habitat, the foraging model
can be solved using the reduced feeding time. At mo-
derate and high levels of harassment, the caribou
should prefer the high-centre polygon habitat, since
energy intake rate (kcal/min) there becomes greater
than in the lake margin habitat (Fig. 3). Therefore,
insect harassment can influence habitat choice by
moditying nutritional return. This may be the rea-
sonwhy the caribou do not demonstrate anabsolute
preference for the lake margin during summer.
Predation could also operate in a similar manner
to insect harassment by reducing an individual’s fee-
ding time due to the need to spend time being vigi-
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lant for predators (Limaez al., 1985). Reimers (1980)
makes this claim for wolves and human hunters on
caribou/reindeer. Roby (1980) compared cari-
bou/reindeer feeding time at two sites, one with
wolves and the other without wolves. He found gre-
aterfeeding time in the presence of wolves; however,
this study compared two very different sites (Alaska
vs. Greenland). To investigate these assertions, there
must be much greater control over site differences
that also might influence feeding time. Therefore,
these data are not definitive, nor are there adequate
data for other ungulates inhabiting open habitats in
the presence and absence of predators.

Inaddition to decreased feeding time due to incre-
ased vigilance, predation can cause additional chan-
ges in foraging behaviour. If bealthy individuals are
killed (non-compensatory predation sensu Erring-
ton, 1956), predators reduce an individual’s expec-
ted fitness through increased mortality. This effect
of predation can be easily incorporated into foraging
theory using linear programming and has been em-
pirically tested using fish (Gilliam and Fraser, 1987;
Gilliam, 1990). When presented with two habitats,
asisthe case investigated here, a set of simple predic-
tions can be made based upon the ratio of mortality
rate to energy intake rate:

1) if the forager can move between both habitats
quickly (close proximity), then

a) the forager will only use the habitat with the
highest energy intake rate, if it also has the lowest
mortality rate (minimum ratio of mortality to
energy intake rate);

b) if 1a is not the case and the forager seeks a set
nutritional intake, the forager will feed in both
habitats; this is accomplished by preferentially
utilizing the habitat with the lowest mortality to
energy intake ratio, but spending sufficient time
in the other habitat to attain the set nutritional
intake (non-feeding time will be spent in the ha-
bitat with the lower mortality, i.e., refuge);

2) if the forager cannot move easily between both
habitats (not close proximity), then

a) it will spend all of its time in the habitat with
the lowest ratio of mortality to rate of energy in-
take, if it can attain its set nutritional intake in

this habitat;

b) if the set nutritional intake cannot be attained
in the above habitat, but can be obtained in the
other habitat, the animal will ignore the ratio of
mortality rate to energy intake rate (i.e., select the
habitat based solely on energy intake rate).
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We know from the diet model that the caribou/
reindeer do not forage to attain a set energy intake,
because they are energy maximizers; therefore, case
1b and 2b can be discounted. This distinction is im-
portant, because the only condition left is selecting
one habitat that minimizes the ratio of mortality
rate to energy intake rate (cases 1a, 2a). This observa-
tion does not preclude the use of one of these habi-
tats (or others) as refuges when the caribou are not
feeding, which is observed (White and Trudell,
1980a, b). How much greater would the mortality
rate due to predation have to be for acaribou/reinde-
er toshiftitsuse of the lake margin to the high-centre
polygon?

Wolves would have to be 14% more effective as
predatorsinthe lake marginsthanin the high-centre
polygon to make the ratio of mortality rate to ener-
gy intake rate equal for the two habitats. This would
eliminate any preference for the two habitats and il-
lustrates how small a difference in predation is nee-
ded to cause habitat shifts. If the caribou avoided the
habitat that provides a greater energy intake rate be-
cause of predation, the potential for food limitation
of their population would be enhanced. Perhaps the
killing of prey by predators is far less important to
limiting prey populations than the ability of preda-
torsto enhancefood limitation for their prey. Intere-
stingly, Bergerud (1980) lists the caribou used in the
foraging model (Western Arctic herd) as being limi-
ted by wolf predation.

Is there any evidence that wolves have differential
predatory impacts on caribou in the two habitats?
Miller (1982) argues that caribou are cautious when
in areas of dense willow and brush, fearing ambush
by a predator. Crisler (1956) and Kelsall (1968) indi-
cate that caribou are more vulnerable to ambush by
wolves, than to pursuit inthe open. Shrubsare much
more abundant in the high-centre polygon habitat,
perhaps making wolf predation more effective the-
re. Therefore, caribou may be more vulnerable in
the high-centre polygon habitat.

The potentially greater predation risk in the high-
centre polygon habitat may be the reason for the lo-
wer feeding jtime observed there, if the caribou
spend more time being vigilant. If the caribou could
increase their foraging time in the high-centre poly-
gonin the absence of wolves, they might have a grea-
ter energy intake rate there than in the lake margin
habitat and might preferentially use the polygon ha-
bitat. The.lake margin habitat is preferentially used
by the caribou. Caribou might prefer the lake mar-
gin because of its greater energy intake rate in the
presence or absence of predators, but they might use
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the high-centre polygon habitat less than the lake
margin, because of predation. Without better data
(mortality rates, and energy intake ratesin the absen-
ce and presence of predation), this type of scenario
cannot be evaluated, but will have important conse-
quences for caribou management.

Migratory behaviour of caribou/reindeer is often
attributed to the individuals’ search for better food
resources (Kuropat and Bryant, 1980; Wihitten and
Cameron, 1980; Skogland, 1980; Tyler and Oerits-
land, 1989). This can be addressed using the same ap-
proaches developed above, where the energy intake
rates for habitats thatare far apart are compared after
incorporating the amortized energy costs of migra-
tion. If the costs include reduced feeding time, this
can be incorporated by discounting the energy gains
obtained in each habitat after migration. Tyler and
Oeritsland (1989) found that, during migration, dai-
ly feeding time is reduced by 21%. If the costs inclu-

‘de increased mortality due to predators or exhaus-

tion, this can be incorporated as was done above by
using the ratio of mortality rate to energy intake rate.
If the migratory benefit is in reproduction above
that provided by better nutrition, this can be consi-
dered, but reproduction becomes the currency and
energy intake will have to be converted into repro-
ductive units. Anattempt to perform such an analy-
sis for migrating African ungulates was provided by
Fryxell er al. (1988).

The data necessary to evaluate migratory behav-
iour are unavailable, but if they were, one could eva-
luate the impacts of reduced migration on caribou
populations. This i1s an important management
question given that migration routes are being dis-
rupted and distinct habitats that are seasonally used
are disappearing.

Conclusions

The utility of foraging theory to address questions
about caribou/reindeer ecology is apparent from
the above discussion.Ido not wish toimply that the
analyses that I presented above are definitive, becau-
se the available data were not collected to meet the
parameter criteria of foraging models. These criteria
include measurements made at the same site where
the feeding studies were conducted, and over the
time frame required for the constraints (e.g., instan-
taneous cropping rates onasingle food type, see abo-
ve). However, the results do illustrate the potential
that the theory provides in understanding cari-
bou/reindeer ecology. These ecological questions
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are not only of scientific interest, but they have im-
portant implications for mznagement decisions.

I used the linear programming diet choice model
to investigate interactions (trade-offs) between dige-
stive physiology, feeding time/food abundance,
nutritional requirements and toxins, and the diet
choice model was built into habitat selection mo-
dels to investigate interactions between food intake,
insect harassment, and predation. The results raise
more questions than possibilities eliminated. For
example, the foraging model only examined two
food categories: lichens and non-lichens. Can the
foraging model explain the variable intake of the
plants composing the non-lichen category: grasses,
sedges, forbs and shrubs? For example, the habitat
choice model demonstrated how predator avoidan-
ce might reduce feeding time. Is feeding time redu-
ced in the presence of predators or do other factors
such as thermal physiology restrict feeding time
more? Thesearebutafew of the questionsemerging.

Based upon foraging theory some basic explana-
tions of caribou/reindeer ecology must be questio-
ned. These include: feeding time being limited by
food abundance (e.g., Trudell and White, 1981),
summer food abundance and quality not being im-
portant (e.g., Reimers, 1980), and wolf predation,
rather than food, limiting caribou populations (e.g.,
Bergerud, 1980). Rather than seeking a single expla-
nation, the interactions between factors should be
investigated (e.g., food and predation sensu Haber
and Walters, 1980). Clearly, food limitation is not
necessarily the simple observation of starving ani-
mals or overgrazed range, as sometimes claimed
(Bergerud, 1978, 1980), and a better understanding
of nutritional ecology is needed before other factors
(e.g., predation) can be designated the most impor-
tant limit to caribou/reindeer populations.

To make these types of comparisons, we need bet-
ter data on wildlife. This will involve the manipula-
tion and control of environmental conditions.
When factors are not controlled, or at least measu-
red for comparison (e.g., interplay between digesti-
vephysiology, thermoregulation, insect harassment
and predatory risk in determining daily feeding
time), it becomes very difficult to ascribe causality.
Iwasable to formulate the diet choice modelfor cari-
bou/reindeer because of awide range of data already
available, and even more importantly, the innovati-
ve experimental methods employed by Trudell and
White (White and Trudell, 1980a, b; Trudell and
White, 1981). These experimental methods are a
first step toward eventually being able to distinguish
amongalternative explanationsfor feeding time, ha-
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bitat usage, and a host of other caribou/reindeer at-
tributes critical to effective management.

While ecologists such as myself are thrilled by the
ability to predict quantitatively the biological de-
tails that represent species, populations and com-
munities, this type of detailed understanding is just
as critical for good management. Mautz (1978) ar-
guesthat our ability to manage is limited by the wea-
kestlink in our knowledge. Whilethisisin part true,
Iwould also argue that we need to ask whether more
detailed observations must be accumulated, or grea-
ter understanding might be achieved by developing
and testing concepts; this is the dilemma of generali-
ty vs. realism.

Conceptual understanding might enable a mana-
ger to answer a priori how habitat changes, restric-
ted migration, increased predator densities, etc.,
might affect the nutritional status of caribou/rein-
deer, and subsequently, their population densities.
Even with detailed knowledge of species’ biology, a
manager might not be able to address these ques-
tions without a conceptual framework. Foraging
theory provides this type of general conceptual fra-
mework with which fairly robust and valuable pre-
dictions can be made using the minimum of detailed
information. The elegance of these general and mi-
nimal models in comparison to more complex ap-
proaches (e.g., simulation models) is that the under-
lying explanations are more easily identified, and
can then be experimentally tested, so the model can
be verified and validated (Jeffers, 1982).
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Abstract: A useful theory for analyzing ungulate population dynamics is available in the form of equations based on
the work of A. J. Lotka. Because the Leslie matrix model yields identical results and is widely known, it is convenient
to label the resulting equations as the ”Lotka-Leslie”” model. The approach is useful for assessing population trends
and attempting to predict the outcomes of various management actions. A broad list of applications to large mammals,
and two examples specific to caribou are presented with a simple spreadsheet approach to calculations.

Keywords: Modelling, ungulates, Leslie matrix model, Lotka-Leslie model

Introduction

The material presented here was prepared for a
workshop session having the theme “’Incorporating
ecological theory into research design”. The major
issue in modelling ungulate population dynamics is
the lack of suitable field data. We never have enough
dataand frequently delude ourselves that in any de-
fensible way. This lack of good data leads me to be
very pessimistic about many aspects of what seems
to pass as ecological theory these days. A few years
ago some of these concerns were suggested in a note
about testing hypotheses (Eberhardt 1988a).

The Lotka-Leslie model
There isabody of theory that fits the overall theme
ofincorporating theory into practice very well inde-
ed, and that has been neglected in practice. This is
the theory developed by A.J. Lotka about 80 years
ago, which underlies modern studies of demogra-
phy. Another expression of the same general appro-
ach was presented by P. H. Leslie in two papersin the
1940’s (Leslie 1946, 1948). Calling the underlying
theory the “Lotka-Leslie model”” provides a useful
reminder of the equivalence of the two approaches.
To justify such a label, one needs to review a little
background. Lotka’s approach was via continuous
mathematics, no doubt inspired by the need to ac-
commodate the human habit of reproducing at any
season of the year. His principal result was thus ex-
pressed as an integral equation. On the other hand,
Leslie used matrix algebra, and thus considered
events at discrete points in time, so that the repro-
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ductive elements in this model are often described
as averages or approximations.

Inasmuch as caribou (and many other wildlife
species) give birth only ina short time interval each
year, it is possible to avoid many of the complicati-
ons of the usual demographic analyses. L. C. Cole
(1954) developed the necessary equations for such a
discrete approach. It turns out the principal equati-
onisthesameasthat widely used asan approximati-
on to Lotka’s equation, which cannot be solved di-
rectly in its integral form. Hence, for species like
caribou, thereisasimpleand direct approach in disc-
rete mathematics.

Cole thus provided a very useful formulation and
his paper should get more attention in textbooks
than usually is the case. Actually, it does get cited
quite a bit for another aspect. Probably it is worth-
whileto digress here,and mention thatissue, in view
of the suggestion that we should consider “’the de-
mographic parameters that are most influential in
terms of caribou numbers”. That can be done very
simply - adult female survival is the most important
such feature. This is readily demonstrated, and there
likely are now a dozen papers in the recent literature
addressing that point. I have had occasion to stress
it in two papers (Eberhardt and Siniff 1977; Eber-
hardt et al. 1982), both of which deal with species
(marine mammals and feral horses) having repro-
ductive and survival rates somewhat similar to those
of caribou.

Feral horses, however, start giving birth much ear-
lier in life than marine mammals, and thus illustrate
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animportantsecondary feature of population dyna-
mics, i.e., appreciably higher population growth ra-
tes are possible when habitat conditions permit first
births at age 2 rather than at age 3. Cole was intri-
gued by this feature and described it for the range of
species from bacteria to large mammals. On such a
scale, the age of first reproduction does indeed have
animpressive effect on population growth rates, and
academic types thus often tend to stress that aspect.
Hence we need to remember that caribou are notin-
sects, and that much of the population dynamics
material found in textbooks is derived from data on
1nsects.

Returning to the main theme here, the Leslie mat-
rix approach starts with a listing (a vector) of the
number of individualsin discrete age classesand pro-
jects that listing to produce a new such listing one
or more units of time in the future, adding in gains
from reproduction and losses due to mortality. Re-
calling that we are dealing with a species that gives
birth in ashort time period each year, it is most con-
venient to suppose that the youngest individual in
a given population is almost one year of age in the
initial listing (age vector). The next observation of
the population is made one year later, so that the sur-
vivors of the initial population are a year older, and
the youngest is again just under one year old. Conse-
quently, the reproductive elements in the matrix
which projects the population forward are the pro-
duct of a birth rate and survival for the first year of
life.

In contrast, Lotka’s formulation treats the popu-
lation just after births take place, and thus is formu-
lated somewhat differently, leading to a good deal of
confusion in the ecological literature. Fortunately,
anyone who can make simple calculations with any
of the many spreadsheet” programs now available
for personal computers can readily dispose of this
confusion by simply calculating the two approa-
ches. However, one further feature of the underly-
ing theory needs to be mentioned first.

Thisis the “’stable age distribution” which is pro-
duced if one projects a population having virtually
any initial age structure sufficiently far forward in
time. The underlying theory shows that not only
will the population age structure attain a given
form, but that the population will change ata con-
stant rate as that ”stable’ age structure is attained.
Unfortunately, details of the time required to appro-
ach the stable state and the nature of that approach
depend on the initial age structure and are usually
expressed via the calculus of complex domains. Prac-
tically speaking, however, one can avoid most of the-
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secomplications by doing some spreadsheet calcula-
tions to evaluate the effects of various realistic initial
age structures. The theory does, however, give us an

equation “’characterizing” the Leslie matrix appro-
ach (the “’characteristic polynomial”), that can be
compared with Lotka’s equations.

For the present, we need only note that the stable
age distribution can easily be computed by a simple
equation derived by Lotka. Once thishasbeen done
in a spreadsheet, it is then a simple matter to project
thisage distribution forward in time, using the same
reproductive and survival rates as used in Lotka’s
equations, but proceeding by the rules underlying
Leslie’s matrix approach. Doing this in a spread-
sheet yieldsexactly the same population growth rate
as that predicted by Leslie’s matrix approach, provi-
ding one retains fractional ’animals” in the calcula-
tions. Rounding off to the nearest whole individual,
as happensin reality, provides a useful reminder not
to use many decimal places in expressing a popula-
tion growth rate.

Using the Lotka-Leslie model

Thus far, we have considered the elements of a theo-
ry of population mathematics established by demo-
graphers in some 80 years of research and applica-
tion. (Books by Keyfitz (1968) and Pollard (1973)
describe details, history, and applications to human
populations; Eberhardt (1985) described some ap-
plications to wildlife populations). Some immedia-
te questions are, ”What good is it to wildlife mana-
gers?”, and “Why isn’t it used more in wildlife
management?”’

I suspect that the answer to the second question
liesin part in my initial one-word statement of what
matters most, i.e., data. A reasonably short answer
can be provided for the first question by considering
the kinds of observations collected in wildlife stu-
dies and what is done with them. Mostly, one sees
a lot of ratios calculated and discussed in general
terms and relative to similar ratiaos from other pla-
ces and times, such as age ratios, sex ratios, young-
adult ratios, and the like. The other common ele-
ment is some measure of population trend, along
with harvest data. If the trend changes somehow,
then we try to interpret it 1n terms of the auxiliary
information provided by the various ratios. Too fre-
quently, the results of such interpretations are not
very convincing nor very helpful in deciding what
to do next.

In my view, the advantage of a theory of populati-
on dynamics is that it provides a framework within
which the available data can be analyzed and inter-
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preted. Whether the analysis is very helpful in ma-
nagement seems to me mostly a matter of the com-
pleteness and quality of the information available
for agiven population. The essential ingredients are
survival and reproductive rates, from which one can
estimate an expected rate of increase or decrease, sub-
ject to the requirement that the stable age distributi-
on holds. In my experience this is not a very impor-
tant restriction, as can be demonstrated by
experimenting with changes in age structure in a
spreadsheet model of the kind described previously
here. However, this optimistic view does not extend
to estimating survival rates from single samples of
age structure data. Such estimates are quite sensitive
to fluctuations in age structure.

Ideally, one would be able to confirm the findings
of an analysis based on censuses or an index of some
kind. In practice, it often turns out that some essen-
tial rate is not available, such as first-year survival. It
is then possible to use the model to estimate the mis-
sing item of information.

How can the Lotka-Leslie model be used in real-
life management? One obvious way isjust asa means
to understanding what’s going on in a population.
Trend data provide a sufficient basis for manage-
ment only as long as nothing changes, and no chan-
ge in management action is contemplated. Sex and
age ratios usually defy interpretation unless one also
has the results of a Lotka-Leslie type of analysis, in

Table 1. Some applications of the Lotka-Leslie model.

which case the ratios are likely not to be of much in-
terest, anyhow. Table 1 lists some applications of
this kind of analysis in practice, but is limited to ca-
ses in which T have had some direct experience.

Some caribou examples

The next question is ’how does one obtain the ne-
cessary data?” Reproductive rates are not too diffi-
cult to obtain. The difficult part, of course, is obtai-
ning survival data. One way is via radiotelemetry,
but thisapproach is very expensive, even for species
withamorelimited range than caribou. THe alterna-
tive is to use age structure data. The usual approach
is to estimate survival from a single age structure
sample. If the populationis changing, onehastocor-
rect for that fact, using an independent estimate of
therate of change. An example is the data for the Ge-
orge River herd given by Messier ez al. (1988: Table
5). Their approach involves fitting a smoothed fre-
quency curve, and yields a steadily declining survi-
val rate, which seems somewhat doubtful, on the ba-
sis of experience with other large mammals. A
problem is that the age frequency curve should dec-
line throughout, but does not in this case. An alter-
native is to use a subset of age classes in which survi-
valislikely tobe nearly constant (say, age 3 to age 12),
and the Chapman-Robson “segment” method
(Robson and Chapman 1961) to the original data,
and correct for changing population size by multi-

Species Application

Reference

Whitetailed deer

Feral horses
Devising management strategies
Bowhead whales
and impact of Eskimo harvests

Hawaiian monk
seals

Searching for causes of persisting
low levels after decline

Fur seals Appraising population decline

and continuing low levels
Grizzly bears Assessing decline and future

prospects (Yellowstone N. Park)

Elk Evaluating population trends

Caribou Further studies of decline in
Nelchina herd

Sea otters Impact of Exxon Valdez oil spill

Pacific walrus

Planning and assessing impact of antlerless harvests

Assessing population growth rates.

Evaluating role of delayed maturity

Impacts of harvests on population

Eberhardt (1969)

Eberhardt et al. (1982)
On-going
Breiwick et al. (1984)

On-going
Eberhardt (1981, 1990)

Knight and Eberhardt
(1985)

McCorquodale et al. (1988)

Eberhardt and Pitcher
(submitted)

On-going
On-going
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plying by N (cf. Eberhardt 1988b). This gives an
unadjusted rate of 0.837 (S.E. = 0.016), which beco-
mes 0.837 (1.11) = 0.929 on correction. Some allo-
wance for senescence is needed to construct a survi-
vorship curve, and might be obtained by fitting the
curves described in Eberhardt (1985).

A second example isavailable in data presented by
Thomas and Barry (1990a). These authorsalso smo-
othed age data by fitting a quadratic, using pooled
age data from 6 successive years (1981-1986). Trend
data were not available, and it was indicated that ’a
review of the survey data suggests little change has
occurred since 1967”. It may then be appropriate to
pool the age data for the 6 years. This was done by
summing the data of Table 3 of Thomas and Barry
(1990a) along diagonals, i.e. entries of the same age-
class; the data of Table 3 were arranged by cohorts.
Using the first 10 age-classes reported and the
Chapman-Robson segment method as above, gives
s =0.852(S.E. = 0.012). An alternativeisto calculate
survival rates for each year. In this example, the aver-
age of the yearly survival rates is virtually that of the
pooled data. Because a constant population size is
assumed, no correction for population growth is ne-
eded (i.e., we assume \ = 1.0).

Adultsurvivalforthe Beverly herd is thusappreci-
ably less than for the George River herd, as might be
expected. An immediate question is whether these
rates can somehow be checked from the data at
hand. Because population trend data were used to
correct the apparent survival rates calculated from
the age data (explicitly for the George River herd
and implicitly for the Beverly herd) it does not, at
first glance, seem sensible to use the Lotka-Leslie

model to also calculate a rate of increase. However,
it can be argued that such a calculation does provide
some evidence as to internal consistency. This is be-
cause the age structure depends only on survivor-
ship, and not on reproductive rates. That is, the sta-
ble age structure is calculated as(cf. Eberhardt 1985:
998):
cx = RAXIx (1

where B = 1/ ¥ N*l.. Reproductive rates do, of co-
urse, influence population growth, but do so by de-
termining Afrom solution of the ”Fuler equation’”:

1=Y N*, mx (2)

where I, = survival to age x, and m, = female births
per female of age x, age of first reproduction is deno-
ted by a, and w represents the last age considered.
Calculating N from the observed survival and re-
productive rates thus can provide some evidence of
the internal consistency of the data. Rather than at-
tempting to fit a curve to represent senescence, one
can use an approximation assuggested by Eberhardt
(1985: 1007), but some extra terms are added here to
take into account lower reproductive rates in the
firstfew age classes. Messier ez al. (1988: Table 5) give
my values of 0.06 for age 2, 0.35 for age 3 and 0.40
for agesolderthan 3. If we truncate at age 12 (to com-
pensate for senescence), calculations of A can be car-
ried out in aspreadsheet model. Messier et al. (1988:
Table5) give survival to age 1as0.71,and 0.99 for age
1toage 2. Inasmuch asitappears unlikely that survi-
val in a younger age class would be so much higher
than that of adults, the rate calculated above is used
here from age 1 onwards, so that I, = 0.5(0.929%1),
One can then calculate values of eq. (1] in a spread-

Table 2. Entries for a spreadsheet model for eq. (1), based on data from Thomas and Barry (1990a, 1990b).

Age my 1, A X, my N %l Cx Sy
0 1 1 0.2242 0.63
1 0.63 0.63038 0.14133 0.8
2 0.06 0.504 0.03028 0.50461 0.11313 0.852
3 0.36 0.42941 0.15487 0.43018 0.09645 0.852
4 0.43 0.36586 0.1577 0.36673 0.08222 0.852
5 0.43 031171 0.13444 0.31265 0.0701 0.852
6 0.43 0.26558 0.11461 0.26653 0.05976 0.852
7 0.43 0.22627 0.09771 0.22722 0.05094 0.852
8 0.43 0.19278 0.0833 0.19371 0.04343 0.852
9 0.43 0.16425 0.07101 0.16514 0.03702 0.852
10 043 0.13994 0.06054 0.14078 0.03156 0.852
11 0.43 0.11923 0.05161 0.12002 0.02691 0.852
12 0.43 0.10158 0.044 0.10232 0.02294 0
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sheet, changing A\ until the equation balances. For
the George River herd, using the l, and my values gi-
ven above, the result is N = 1.096, reasonably close
to the observed 11% population growth rate.

Thomas and Barry (1990a: Table 2) gave first year
survival of 0.50 and second year survival of 0.80.
Using these values with the adult survival of 0.852
and the m, values of Thomas and Barry (1990b)
yields N = 0.964, appreciably below the value (1.0)
needed for a constant population size. Inasmuch as
the first and second year survival rates were “’develo-
ped by assuming 50% survival to 1 year and 20%
mortality fromage 1to 2 years”. (Thomas and Barry
1990a: 178), it seems reasonable to adjust these rates
to see what values are needed to achieve constant po-
pulation size (A = 1.0). Setting l; = 0.63 yields the
desired result. Entries for a spreadsheet calculation
to achieve this result appear in Table 2. The entries
in the 4th column (A * 1, m,) are summed, and N is
varied by trial and error until that sum is virtually
unity. The ¢, entries are calculated as in eq. [1],
which uses the values in the 5th column of the table
(N *1,). Values of s, in the final column are calcula-
ted as sy = 1, 1/l,, and serve as a check.

Discussion

I believe that estimates based on a single age structu-
re sample need to be regarded as being useful mainly
forexploratory studies. To meet management goals,
better estimates should be developed. A prospect
thatis worth pursuing is to use age structure samples
in successive years, weighted by ameasure of popula-
tion trend. One can then estimate survival rates as
the ratio of the abundance of an age class in one year
to its abundance in a previous year. To minimize
chance fluctuations a series of age classes need to be
combined. An effort along these lines for fur seals
was described in Eberhardt (1990), and a similar at-
tempt for caribou was developed by Eberhardt and
Pitcher (submitted).

A final point needs to be considered. The Lotka
equations can serve as an analytical device, combi-
ning reproductive and survival rates to estimate a
rate of increase. These same rates can then be used to
project a population forwards in time. However,
most practical problemsare more complex and need
some modifications, and likely a little modelling.
Onethus uses these toolsasa starting place Perhaps
one of the most difficult issues in going further, is

’what to do about density dependence?”” Often one
cannot neglect that issue, but the subject is certainly
not well understood as yet. My own inclination at
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presentisto suppose that density dependence opera-
tes initially (and perhaps mainly) on first-year survi-
val, and to represent this by a ’generalized logistic”
curve, as used, forexample, by Breiwick et al. (1984)

Skogland (1990: Fig. 7) presents data suggestmg a
decrease in first-year survival with increasing densi-
ty from which one might approximate the needed
curves.
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Abstract: Caribou and wild reindeer populations fluctuate over time. On this fact there is general agreement.
Factors responsible for population limitation and subsequent declines have been examined within the frame-
work of animal population theory. There is, however, little agreement when factors limiting specific popula-
tions are generalized to Rangifer populations over broad geographic regions. Comparative examinations of
wild Rangifer populations worldwide discloses that factors that have regulated those populations are highly
variable between populations, apparently as a reflection of the differences in environmental variables unique
to each population. Examples exist of populations where major regulating factors have been climatic extremes,
predation, hunting mortality, food limitation, insects, parasites, disease, interspecific competition, and human
developmental impacts or combinations of these factors. This diversity of limiting factors affecting caribou
and wild reindeer populations is a reflection of the ecologial complexity of the species, a concept that has
often been ignored in past efforts to reach management decisions by extrapolation from the limited localized
knowledge available on the species.

Keywords: Population dynamics, hunting, predation, food, climatic influence, parasites, diseases,

interspecific competition.

Caribou and wild reindeer populations fluctu-
ate over time In response to a variety of popu-
lation regulating factors. No single factor is uni-
versally responsible for these fluctuations. Each
herd has a unique set of environmental con-
straints with which it interacts. In most cases
mulitple factors are at play, although at any
one time a single factor may dominate in its re-
gulatory effect on the herd. Because of the mi-
gratory nature of large herds, their ecosystem
relationships are more complex than is the case
for nonmigratory wildlife.

Hunting pressure

Hunting has accounted for the limitation of
growth and reduction of Rangifer populations
worldwide. In North America excessive hunting
pressure has been implicated in reductions of
the Nelchina (Bos 1975), Western Arctic ( Da-
vis et al. 1980), and Fortymile (Davis et al.
1978) herds in Alaska and the Bathurst, Bever-
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ly, and Kaminuriak herds in Canada (Calef
1981). Today, in Alaska regulated hunting pres-
sure is a primary factor controlling the Adak,
Nelchina, and Delta herds. Hunting accounted
for the near extinction of the Svalbard reindeer
(Wollebaek 1926}, and hunting has been the pri-
mary regulating factor of wild reindeer herds in
Norway (Reimers et al. 1980) and the large Tal-
myr herd of the Soviet Union (Syroechkovski
1986).

Predation

Predators, primarily wolves, have been associa-
ted with population limitation of the Delta
Herd (Davis er al. 1983) in Alaska and small
herds of woodland caribou in Canada (Bergerud
1983). While predation has been invoked as the
primary limiting factor on other herds, such as
the Nelchina in Alaska (Bergerud and Ballard
1988) and the large caribou herds in northern
Canada (Bergerud 1983), opposing viewpoints
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cite contrary evidence (VanBallenberghe 1985;
LeHénaff and Luttich 1988). Predators clearly
interact in an additive or compensatory way
with other regulatory factors such as hunting
mortality, climatic extremes, and food limita-
tion in their degree of influence on caribou po-
pulations.

Food limitation

Constraints on food availability associated with
population control of Rangifer populations have
been most frequently documented in situations
where other controlling mechanisms, such as
predation, hunting pressure or dispersal were
absent or constrained. Island introductions have
experienced classic overgrazing and associated
population «crashes» or declines (Scheffer 1951;
Klein 1968; Leader-Williams 1988). Insular po-
pulations in the Arctic have also fluctuated in
relation to food abundance and availiability; the
New Siberian Islands (Kischinskii 1971) and
Coats Island in Hudson Bay (Adamczewski et
al. 1986), being of particular note. West Green-
land caribou (Thing 1984) and Norwegian wild
reindeer herds (Skogland 1985) have also fluc-
tuated in response to density-food relationships.

In northern North America, where large pre-
dator populations have remained intact, food li-
mitation of caribou herds has been poorly do-
cumented. The George River Herd in Quebec-
/Labrador (LeHénaff and Luttich 1988) and the
Southern Alaska Peninsula Herd (Pitcher et al.
1990) appear to be exceptions where declining
body condition, reduced calf production, and
increased mortality appear to be tied to con-
straints on seasonal forage quantity and quality.

Climatic extremes

Climatic extremes may account for increased
mortality of caribou, either directly as in the
case of loss of newborn calves to hypothermia
during windy or wet conditions (Kelsall 1953)
or indirectly as when extreme snow depths or
icing conditions limited access to forage (Klein
1968; Miller er al. 1982). Climatic extremes have
been more frequently documented as limiting
caribou populations in the High Arctic and on
islands than has been the case among the larger
continental herds (Parker et al. 1975; Kischin-
skii 1971; Adamczewski er al. 1986).
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Extinction of the endemic subspecies of cari-
bou in East Greenland at the turn of the last
century is believed to have been brought about
by a series of winters with extreme snow accu-
mulation (Vibe 1967). The synchrony of popu-
lation fluctuations of most large caribou herds
across North America during the past two deca-
des appears to be most parsimoniously explai-
ned on the basis of continent-wide trends in
weather patterns. There are, however, inadequa-
te weather records for the regions involved to

test this hypothesis.

Insects and parasites

The introduction of the warble fly and nasal
bot fly to West Greenland with a shipment of
domestic reindeer in 1952 resulted in apparent
decreases in body condition and accentuated po-
pulation lows among the caribou that previous-
ly had been free of these parasitic insects Clau-
sen et al. 1980). In Svalbard, the absence of in-
sect harassment and parasitic insects is believed
to contribute to the population welfare of the
endemic subspecies of reindeer (Reimers 1980).
Extreme insect harassment and associated para-
sitism during and unusually warm summer is
believed responsible for heavy mortality of cal-
ves during the subsequent winter among the
Western Arctic Herd (Davis et al. 1980).

Caribou have much lower tolerance for infes-
tation by the brain worm than deer that are
the principal host species (Dauphiné 1975). It
has therefore been speculated that the southern
limits of caribou in North America are control-
led by the northern distribution of deer (Berge-
rud 1983).

Disease

Disease has not been documented as the prima-
ry cause of population limitation among wild
Rangifer, although it has been a contributing
mortality factor in a few situations under con-
ditions of high density and apparent food limi-
tation. Colibacillosis has accounted for heavy
loss of calves during summer among caribou in
West Greenland (Clausen er 4/. 1980) and bru-
cellosis increased substantially among the Wes-
tern Arctic Herd in Alaska (Neiland ez al. 1968)
and the Taimyr Herd in Siberia (Syroechkovski
1986) under conditions of high density with
concurrent reduced reproductive success.
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Interspecific competition

Throughout much of the range of distribution
of wild Rangifer muskoxen are the only other
ungulate species present. Seasonal patterns of
habitat use by the two species result in limited
overlap in diet (Thomas and Edmonds 1984;
Klein 1986), although under extreme winter
conditions, when forage availability is limited
by snow cover, direct competition may occur
(Vibe 1967; Klein and Staaland 1984).

Grazing by domestic sheep in eastern Iceland
has, over several centuries, altered plant compo-
sition, reduced plant biomass, and accelerated
erosion in areas occupied by feral reindeer,
with comcommitant reduction in the «carrying
capacity» of the area for the reindeer, however,
little direct competition for forage between
reindeer and sheep appears to exist at present
(Thorisson 1983).

Domestic reindeer and wild reindeer or cari-
bou have a long history of direct competition
for forage resources wherever they have occur-
red together (Klein 1980b). In the Soviet Union
official management policy, untl the late
1970’5, encouraged the elimination of wild rein-
deer to allow for expansion of reindeer husban-
dry (Andreev 1975). During the 1980's it was
recognized that management for wild reindeer
could be far more productive in many areas of
the USSR than reindeer herding, and policy
was changed accordingly (Syroechkovski 1986).

Human development activities

The effects of human development activities on
caribou and wild reindeer population dynamics
have been the subject of widespread debate
(Klein 1971, 1980a; Bergerud et al. 1984; Skog-
land 1986), often fueled by polarized support
from development interests on the one hand
and environmental advocates on the other. Be-
havioral responses of caribou to disturbances,
including avoidance and range abandonment,
have been documented in association with oil
field development and development of transpor-
tation corridors, including roads, railroads, pi-
pelines, and icebreaker traffic in rivers (Pa-
rovshchikov 1965; Klein and Kuzyakin 1982;
Skogland 1986). Population responses to human
development activities have not been as well
documented, perhaps in some cases because of
the lack of background information on the po-
pulations prior to development, a long lag time
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in population responses, and because of the dif-
ficulty in establishing cause and effect relation-
ships for such an ecologically complex species.
In Norway, construction of a highway and rail-
road transportation corridor resulted in obstruc-
tion of a traditional migration route for wild
reindeer with associated overgrazing on the re-
stricted available range, followed by a precipi-
tous population decline (Skogland 1986). A sim-
ilar population decline of wild reindeer as a re-
sult of railroad construction in northern
European Russia has been reported (Parovshchi-
kov 1965). Mountain caribou in the northern
Rocky Mountains of the United States and adja-
cent Canada have suffered deterioration of habi-
tat quality through logging of old growth fo-
rests and associated road and highway construc-
tion with corresponding population declines
(Bloomfield 1979).

Unjustified assumptions and untested hy-
potheses

1) Ecosystem relationships in the Arctic and Sub-
arctic are simple:
Caribou belie this assumption. In contrast to
other deer species living at lower latitudes,
caribou show more plasticity of diet and ha-
bitat use throughout their distribution, and
through migration they bridge ecosystems
with their associated and unique predator, in-
sect, and forage relationships.

2) Nature tends toward stabiliry:

At high latitudes, climatic extremes with
interannual variations result in wide fluctua-
tions in plant productivity and availability as
forage, as well as having direct effects on sur-
vival of young, predator-prey interactions, le-
vels of insect harassment, and energetic costs
of locomotion and thermoregulation. Conse-
quently, wide fluctuations in numbers of cari-
bou is common as is also true of many other
northern herbivores, such as lemmings, hares,
and ptarmigan.

3) Caribon populations cycle:
Caribou populations fluctuate widely over
long periods of time and the possibility that
caribou populations cycle with a periodicity
of 65 or more years has been proposed
(Meldgaard 1986). Unfortunately, estimates of
population numbers of specific herds are re-
liable only during recent decades, therefore
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no adequate data sets exist upon which to
test this hypothesis. To be cyclic, fluctuations
in numbers must have a common periodicity.

4) Population dynamics are influenced by exhange
of caribou berween herds:
It has been hypothesized that when caribou
populations increase to very high numbers
large segments of these herds may «spill
over» to join adjacent herds that may be at
low levels and unable to «escape» from «pre-
dator pits»(Haber and Walters 1980). This
«seeding» of small herds by large herds has
been proposed as the mechanism that allows
small herds to escape predator pits. Although
cited by some authors (Kelsall 1968; Skoog
1968) as a possible explanation for initial cari-
bou herd increase there is no documentation
of exchanges of more than a few animals be-
tween herds. The increased frequency of use
of radio collars to track caribou movements
in recent decades should have provided evi-
dence for large scale transfer of animals be-
tween herds if it had occured.

5) Migratory caribou do not require lichens:

This assumption is based on experimental fee-
ding trials in which caribou were able to sub-
sist quite well in the absence of lichens (Ber-
gerud 1974), and observations that some po-
pulations of caribou and reindeer in the High
Arctic and on islands have existed with virtu-
ally no available lichens (Thomas and Ed-
monds 1983). Thus, while it is true that high
arctic populations at very low density, island
popuiations under strong maritime climatic
influence, and individual caribou and reindeer
do not require lichens, the large migratory
herds of the northern portions of North
America and Eurasia are dependent upon li-
chens as the major winter forage resource
that sustains their high population levels (Kel-
sall 1968; Andreev 1975; Holleman et 4l
1979).
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Abstract: The main objective of this paperisto review and discuss the applicability of $tatistical procedures for the detec-
tion of density dependence based on a series of annual or multi-annual censuses. Regression models for which the stati-
stic value under the null hypothesis ofden31ty independence is set priovi (slope = Oor 1) generate spuriousindications
of density dependence. These tests are inappropriate because low sample sizes, high variance, and sampling error consi-
stently bias the slope when applied to a finite number of population estimates. Two distribution-free tests are reviewed
for which the rejection region for the hypothesis of density independence is derived intrinsically from the data through
acomputer-assisted permutation process. The randomization test” gives the best results as the presence of a pronoun-
ced trend in the sequence of population estimates does not affect test results. The other non-parametric test, the ’permu-
tation test”’, gives reliable results only if the population fluctuates around a long-term equilibrium density. Both proce-
dures are applied to three sets of data (Pukaskwa herd, Avalon herd, and a hypothetical example) that represent quite

divergent population trajectories over time.

Keywords: density dependence, census, randomization test, permutation test

Introduction

Population studies of ungulates generally aim at
identifying causes of population fluctuations, and
density-dependenteffects that lead to population re-
gulation (Messier 1991a, b). The first objective requ-
ires the investigation of processes that quantifiably
influence the population rate-of-increase, hence re-
vealing their limiting effect. The second objective is
morespecific; it addresses density dependence of do-
minant population processes, such as food competi-
tion, predation, parasitism, and dispersal, to assess
their regulatory effect on animal numbers (Fowler
1987; Messier 1989; Sinclair 1989). Density depen-
dence may be revealed by analysisof changesin sour-
ces of mortality with population density (Sauer and
Boyce 1983; Messier and Créte 1984, 1985; Skogland
1985, 1986; Freeland and Choquenot 1990). Alter-
natively, density dependence can be assessed at the
population level usinga series of census data (Vicke-
ry and Nudds 1984; Gaston and Lawton 1987; Pol-
lard er al. 1987; Reddingius and den Boer 1989).
The population dynamics of caribou or reindeer
(Rangifer tarandus) has been reviewed by many aut-
hors in recent years (Bergerud 1980, 1983; Leader-
Williams 1980; Skogland 1985, 1986, 1990; Messier
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et al. 1988). Food exploitation, predation, and win-
ter snow accumulation have been identified as pri-
mary limiting factors, although most authors stres-
sed that the respective impacts of these agents on
population growth likely differ according to cari-
bou densities, presence of alternate prey, geographic
region, and environmental factors (e.g., Van Ballen-
berghe 1985; Bergerud and Ballard 1988). However,
the density relationships of dominant causes of
mortality, primarily those involving biotic interac-
tions, are still poorly documented (Messier et al.
1988). This lack of information continues to restrict
our capacity to empirically understand the demo-
graphy of caribou in North America, particularly
the mechanisms involved in the regulation of cari-
bou numbers.

The principal objective of this paper is to review
and discuss the applicability of statistical methods
for the detection of density dependence based on a
series of annual or multi-annual censuses. Such ana-
lyses would be warranted when the density relati-
onship of individual causes of mortality cannot be
assessed due to limited information. Yet, the detecti-
on of overall density dependence would imply that
one or a number of mortality agents reduce the po-
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pulation rate-of-increase at elevated densities, and
vice versa. Mechanisms of population regulation are
exhibited only when density dependence actually
operates, not during periods of unlimited growth.
Therefore, such tests may suggest the mostappropri-
ate time period to initiate ademographic study aim-
ed at revealing feedback mechanisms in caribou po-
pulation dynamics.

Tests of density dependence
The bypotheses
Ananimal population is said to be density indepen-
dent if its growth rate is independent of the density
of the population itself. Let N, be the size of an ani-
mal population ataspecific time in the annual cycle.
A simple model of density independence is:

X =7+ X, + ¢ (1)
where X; = In (N) (¢ = 1,2, ..., n), & is an indepen-
dent normal random variable with mean zero and
variance o2, and r denotes a ’drift”’ factor. A popula-
tiongoverned by (1] follows arandom walk through
time with and average drift of r; there is no tendency
for the population toreturntoalong-term equilibri-
um value.

Ananimal population is said to be density depen-
dent if its growth rate is correlated with its size. The
correlation must be negative to create population
stabilization. A model of density dependence fre-
quently cited in the literature takes the following
form:

X1 =7+ BX + ¢ (2)

3.5 DI
3.0 - DD
2.5 L

LOG(N,, )

<2 'NO GROWTH

hg) = 7 + BLOG(N))

ro T LOG(N

1.0 1.5 2.0 2.5 3.0
L()G(N()

Figure 1. Test of density dependence proposed by Morris
(1959,1963), when applied to aseries of censuses
(Ny). It is hypothesised that f = 1 for a density
independent (DI} population, and B < 1 for a
density dependent (DD) population.
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where B isa constant reflecting the degree of density
dependence, and 7, X;, and € conform to model (1].
Here, the population growth rate depends upon X,
when 3 #1.If = 1,then model 2 converges to model
1. A population governed by (2}, when § < 1, will
tend to fluctuate around an expected value of e”(1)
(Fig. 1), which can be taken as the ecological carry-
ing capacity (KCC, Macnab 1985). The variable 7 re-
presents the population rate-of-increase assuming
no density dependent effects, or 7, as defined by
Caughley (1977: 53).

Models (1) and (2) essentially form the null and
the alternative hypothesis to test for the presence of
density dependence at the population level. Specifi-
cally, we are asking the following question: does the
sum of negative feedback mechanisms affecting po-
pulation growth outweigh the sum of the positive
feedback mechansisms, thus creating population re-
gulation (Berryman et 4l. 1987; Berryman 1991)?

Regression models

Regression analysis has been used by many authors
to analyse population data (review in Itd 1972, Slade
1977). A first approach, proposed by Morris (1959,
1963), consisted of regressing In(N_ ;) on In(N,) for
a series of annual censuses (Fig. 1). Density-
independent populationsshould generate aslope (3)
of one, and a y-intercept equal to » (the exponential
rate-of-increase). Density dependence should be in-
dicated by < 1. Here, B is estimated by b, the slope
of the regression line computed by standard least
squares procedure (Sokal and Rohlf 1981: 468). Ma-
elzer (1970), St. Amant (1970), and It (1972) noted
four important weaknesses to this approach: (1) a
problemof autocorrelationbecause each estimate of
population size (except the first and the last ones) is
used successively asx-and y-value; (2) thetest is large-
ly unsuitable for populations with large, stochastic
fluctuations in numbers; (3) a density-dependent
process frequently generates a curvilinear relations-
hip onaloglog graph because of an accelerating im-
pact at high densities, hence producing a relations-
hip not appropriately described by a linear
regression model; and (4)a population withalowin-
trinsic rate-of-increase, but with potentially wide
displacements in densities through time (like cari-
bou), will always be associated with a b-value close
to unity. The major weakness of this approach, ho-
wever, istheassumption that #isan unbiased estima-
tor of B, and should equal 1 for a density-
independent population (i.., the null hypothesis).
Computer simulations showed that such an as-
sumption wasin factincorrect for finite sample sizes
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Figure 2. Test of density dependence proposed by Varley
and Gradwell (1960), when applied to estimates
of annual total mortality rates (k1) versus log
population size (N,). Density independence
(DI)should be associated with a slope of 0, whe-
reas density dependence (DD) should be indica-
ted by a slope greater than 0.

(Maelzer 1970; St. Amant 1970; Slade 1977). Non-
regulated populations had a mean slope significant-
ly less than 1, and the departure was greater for low
sample sizes and variable data. Therefore, the test
proposed by Morris often generates spurious indica-
tions of population regulation (Bulmer 1975; Slade
1977).

Varley and Gradwell (1960) presented another
method for analysing serial census data which was
expanded later by Krebs (1970), Watson (1970), Po-
doler and Rogers (1975), and Manly (1977). This
method consists of expressing each source of morta-
lity (frequently called ’submortality”) as the diffe-
rence of log,, of population size before and after
the submortality has acted. Each submortality, ex-
pressed here in k-values for a number of years, can
then be plotted against log populationsize before its
action to assess the degree of density dependence
{(Podoler and Rogers 1975). For age-structured po-
pulations, the analysis can be restricted toagivenage
class (Sinclair 1973; Clutton-Brock ez al. 1987; Al-
bon et 4l. 1987) or to animals of all ages (Clutton-
Brock et al. 1985). However, a problem arises when
the study animal hasa complex life cycle. In such ca-
ses it is often impossible to sequence mortality
agents through time because they may act simulta-
neously (a notable difference compared to many in-
vertebrate species; Varley e al. 1973). Nonetheless,
total mortality (ko)) from rtoz+1  canbe plottet
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against log(N,) to reveal overall density dependence
(Fig. 2; It6 1972). Note that a regression expressing
the rate of population growth against log populati-
on size is mathematically equivalent to a regression
involving kyoral, assuming that the loss of breeding
potential is treated as a submortality (Kuno 1971;
Clutton-Brock ez al. 1985; Messier 1991a).

There is a serious empirical difficulty in applying
the approach of Varley and Gradwell. The authors
assumed that a density independent population
should be indicated by a slope of zero when &,y va-
lues are plotted against log population sige. Like the
model of Morris described above, the slope is biased
by data that contain low sample sizes and high vari-
ance (It6 1972), thus providing erroneous evidence
for density dependence. The fact that one cannot de-
rive the b-value for the null hypothesis greatly ham-
pers statistical testing for density dependence using
key factor analysis.

Other regression statistics have been used to deter-
mine density dependence. These include (1) the slo-
pe of the principal axis, (2) the slope of the standard
(reduced) major axis, (3) a comparison of the slope
of a double regression [In(N4+;) on In(N), and
In(N,) on In{N, )}, and (4) the coefficient of first
order serial correlation (see Varley and Gradwell
1963; Varley et al. 1973; Bulmer 1975; Slade 1977).
However, recent Monte Carlo simulations have de-
monstrated that these statistics remain largely inap-
propriate to reveal density dependence (Slade 1977;
Vickery and Nudds 1984; Pollard et al. 1987; Red-
dingius and den Boer 1989).

Non-parametric models
Pollard ez al. (1987) suggested a simple, distribution-
freeapproach for the detection of density dependen-
ce based on a series of annual censuses. The method
uses the correlation coefficient, or the slope of the
regression line, between the observed rate of popula-
tion growth and population size (Fig. 3). A distinct
feature of the proposed test isthat the correlation co-
efficient under Hy (i.e., model 1) is derived intrinsi-
cally from the data by a randomization process.
The rationale of the randomization test of Pollard
et al. (1987) is rather simple. Let X, (t = 1,2, ..., »)
be InN,) for a series of annual censuses. If model 1
applies, (X5 - X3), (X3 - X3), ..., (X, - X,1.1) are ran-
dom fluctuations that sequentially displace the po-
pulation size from Xy to X,,. Writing d; = (X,,;- X))
(t = 1,2, ..., n-1), the observed displacement of X
to X1s due to a particular ordering of random d, va-
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Figure 3. llustration of the randomization test proposed
by Pollard et a/. (1987) where the annual expo-
nential rate-of-increase is plotted against log po-
pulation size (N,). Density dependence (DD)
should be indicated by a slope signifincantly lo-
wer than the slope associated with a density in-
dependent (DI) process. The density distributi-
on of slopes under the hypothesis of density
independenceis derived from random permuta-
tions of the annual estimates of the population
rate-of-increase.

lues. For a density independent population, d, va-
lues could have occurred in a different order, genera-
ting a different, but equally likely, sequence of X,
values. Now we can run a large number of random
permutations of d; values to assess the correlation
coefficient between d; and X, symbolized here by
7dx- In essence, we are constructing the statistical di-
stribution of ry4, under Hg, which we then use to as-
sess to departure of the 74y value computed from the
original data set. If less than 5% of the 74, values cal-
culated from a randomization process are smaller
than or equal to the computed 74, from the original
sequences of dy, then reject the null hypothesis at
5% level of significance. In such cases, one concludes
that the present survey data show evidence of densi-
ty dependence.

It is important to realise that the test designed by
Pollard et al. (1987) can be used as an alternative to
a key factor analysis (Varley and Gradwell 1960) to
reveal density dependence. Consider the following
tautological equation:

Riowlt = Tmax - 4t (3]
Clearly, kol is simply the difference between the
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maximum rate of population growth under no eco-
logical constraints, minus the realised growth rate
for that year. The reader should notice that any loss
of breeding potential is part of the total mortality in
equation (3]. Thus, by, and d, are related by a con-
stant (7,,x), with no statistical effect on the regressi-
on analysis involvingeither d; or ki, on X, (Kuno
1971; Royama 1977). Monte Carlo simulations per-
formed by the present author have indeed shown
that the application of the randomization test on
koral values 1s mathematically equivalent to a test
based on d, values, with the notable exception that
the slopes of the two regression lines have opposite
signs (unpubl.).

Reddingius and den Boer (1989) have presented a
second non-parametric test, called the permutation
test, for the detection of density dependence in a se-
ries of sequential surveys. The test is closely related
to the procedure described by Pollard et 4l. (1987),
and for this reason I will adopt the same notation as
in the previous section. Specifically, we recognize

that

X, =X;+Zd,(t=1,2,..,n1) (4]
in which dy, d3, ...., d,.jconstitute a series of ran-
dom values, with a mean of runder model 1, gradual-
ly displacing population size from X to X, (above).
The hypothesis of density independence states that
all possible permutations of d, values are equally li-
kely to occur, resulting in unbounded population
changes (i.e., a random walk in density through
time). Under model 2, d, values should occur in
such an order that induces the population size to
converge on a certain range of densities. Asa measu-
re for the amount of fluctuation under Hgand Hy,
the test uses the logarithmic range (L; X, — Xinin)
of X, values. The statistical question here is whether
the observed logarithmic range (Lg) calculated from
the original sequences of X; values is significantly
smaller than might be expected under random per-
mutations of d, values (i.e., a density independent
population). As for the test of Pollard et al. (1987),
the statistical distribution of L under Hg can be as-
sessed by performing a large number of permutat-
ons of d; values, and then calculating L for each re-.
trieved sequence of X values. The P value is based
on the rank of Ly in the population of L values gene-
rated by permutation. Specifically, P equals a/k-1
where a represents the number of L values smaller
than or equalto Ly, and kis the number of permuta-
tions. Pcan also be calculated by the Mann-Whitney
test (Siegel and Castellan 1988: 128-137) where one
of the two samples is Ly and the other sample is
composed of the L values obtained from k& permu-
tations.
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Applications

In this section, I apply the randomization test and
the permutation test to three sets of data, two obtai-
ned from the literature and one hypothetical. Field
data were from the Avalon caribou herd in New-
foundland (Bergerud 1971; Bergerud et al. 1983;
Mercer et al. 1985; S. Mahoney, pers. comm.) and
from the Pukaskwaherdin Ontario (Bergerud 1989;
A.T. Bergerud, pers. comm.). The fictitious data set
was generated by acomputer simulation on the basis
of model (2) where ng = 10, r = 0.4, 3 = 0.9, and
¢ with amean of zero and ¢ 0f0.05. Here, my inten-
tionis to analyse extremes of population trajectories
(Fig. 4), from fluctuations within density bounds
(Pukaskwa herd) to unlimited growth (Avalon
herd). The hypothetical example illustrates a case of
an expanding population for which the respective
role of density dependenceand environmental vaga-
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Figure 4. Fluctuations over time of caribou numbers for
the Pukaskwa herd in Ontario, the Avalon herd
in Newfoundland, and the computer-
constructed example.
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ry on population growth requires statistical assess-
ment (Fig. 4). Population estimates are summarized
in Appendix 1.

One minor modification to the randomization
test was required to accommodate multiyear censu-
ses. In these cases d| relative to a multiyear interval
was divided by the number of years in that interval
o calculate correctly the exponential rate-of-
increase. Such modification would affect the varian-
ce of d, values, but not the underlying relationship
between d; and X, As the randomization test is a
distribution-free statistical analysis (Pollard et al.
1987), any differences in the variance among d, va-
lues, when annual and multiannual censuses are tre-
ated simultaneously, should not affect the test re-
sults. Note, however, that the original d; values were
used to generate the permuted sequences of X;.

Pukaskwa herd

The Pukaskwa herd ranged from 12 to 31 animals
during the period 1972-1991 (Fig. 4). The density
independent model wasrejected at P < 0.05 by both
the randomization and the permutation test (Table
1). It is, therefore, quite unlikely that this series of
population censuses could have originated simply
from random fluctuations. Theevidence for density
dependence is also reflected by the decline of d;
with X; (Fig. 5).

Avalon berd
The Avalon herd increased from 71 to 5782 animals
during the period 1956-1990 (Fig. 4). Contrary to
the previous example, there was a marked trend in
the observed data set, typical of a population expe-
riencing unlimited growth. The probability of re-
jecting the null hypothesis of density independence
varied from 0.09 to 0.14 for the randomization test
(Table 1). Consequently, the herd may have expe-
rienced reduced growth in recent years, but the
change was not strongly expressed statistically.
The permutation test gave quite a different result.
None of the permuted series of d; produced a range
of X, values more extreme than that observed in the
original sequences of X.. In fact, this example
points to a major weakness of the permutation test;
the test loses its power when the population shows
a pronounced trend over time. Indeed, when all d;
values are positive, asitisin thisexample, permutati-
on of d; values has no effect on the L statistic.

Example berd
The hypothetical example was constructed arbitra-
rily to mimic a herd recovering from a catastrophic
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Figure 5. Relationships between the exponential rate-of-
increase and log populationsize forthe three po-
pulations illustrated in Fig. 4.

reduction in numbers. Population stabilization, in
a broad sense, is not readily apparent through in-
spection of the graphed data (Fig. 4), and inference
about density dependence needs to be assessed stati-
stically. The randomization test clearly reveals evi-
dence for density dependence (P< 0.01, Table 1).
The permutation test, however, is again plagued
with low power. The probability to reject Hy is
only 0.77 in spite of a clear trend in declining popu-
lation growth with population size (Fig. 5). This re-
inforces the previous statement that the permuta-
tion test is largely ineffective when the population
undergoes substantial growth without fluctuations
around an equilibrium value.

Discussion
Until very recently, assessment of density depen-
dence from aseries of population estimates hasbeen
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hindered by thelack of a suitable statistical procedu-
re. All proposed regression models for which the sta-
tistic values under Hy are set a priori (e.g., b = O or
1) lead to incorrect test results because of biases in
the estimator of B (Morris’s method, Varley and
Gradwell’s method), or because of low power when
the population undergoes substantial growth or
decline (Bulmer’s test). Many authors have shown
the inefficiency of these procedures (Maelzer 1970;
St. Amant 1970; Kuno 1971; Itd 1972; Slade 1977;
Royama 1977; Vickery and Nudds 1984; Gaston and
Lawton 1987; Pollard er 4l. 1987).

The development of distribution-free, nonpara-
metric tests by Vickery and Nudds (1984, not revie-
wed here), Pollard ez 4/. (1987), and Reddingius and
den Boer (1989) represent important contributions
to population ecology. In these procedures, the re-
jection region for the hypothesis of density inde-
pendence is defined from the data through a
computer-assisted randomization process. Howe-
ver, these approaches are not without problems. For
example, Pollard ezal. (1987) showed that the test de-
signed by Vickery and Nudds(1984) was affected by
the total displacement in density away from a long-
term equilibrium. Pollard et a/l. (1987) further de-
monstrated that the test proposed by Vickery and
Nudds(1984) was related to the randomization test,
although with a loss of generality.

The results summarized in Table 1 indicate that
the permutation test as proposed by Reddingiusand
den Boer (1989) is largely inefficient when there is
amarked trend in the series of population estimates
(e.g., Avalon herd). The permutation test is best
only when the study population fluctuates around
a long-term equilibrium, such as the Pukaskwa
herd. In view of this finding, the conclusion of Red-
dingius and den Boer (1989) that the permutation
test has the same power as the Bulmer’s test is not
surprising; both tests can be applied with confiden-
ce only to aseries of censuses showing no trend over
time. I concur with Pollard ez al. (1987) that, at pre-
sent time, the randomization test appears to be the
best available test for detecting density dependence.

Limitations of the randomization test

There are a number of factors that should be consi-
dered while interpreting results from the randomi-
zation test. I should remark, however, that none of
them seem to create systematic biases that would in-
validate the procedure.

Measurement errors
Errors of measurement are known to bias the slope
of the regression line between d; and X, Maelzer

41



1970; Kuno 1971; Royama 1977). However, such a
departure will be present in the slope calculated
from the original sequence of X;, and in the slopes
obtained from permuted series of X;. As the rando-
mization test is based on the comparison of by with
the distribution of & values computed by permutati-
on, the test results should be relatively insensitive to
sampling error. In fact, if we assume that errors of
measurement are comparable among X; values,
then the overall variance of X, (¢) amounts simply
to the sum of the true variance and the sampling va-
riance. As shown by Pollard et a/. (1987), the rando-
mization test is not affected by differing values of €,
except that high overall variance makes the detec-
tion of density dependence more difficult.

Serial correlation in €

An assumption of the randomization test is that ¢
be a sequence of independent normally distribu-
ted variates, representing the stochasticity ele-
ment of the system. However, € may be sub-
ject to serial dependence if, for example,

€1 = B +

where 6(< 1) is the serial correlation constant and
p: a sequence of independent normally distributed
variates. Maelzer (1970) showed that any serial cor-
relation in €, and by extension in d,, biases the re-
gression slope b because changes m X, no longer fol-
low a first-order autocorrelation model, but instead
follow asecond-order autocorrelation model (Roya-
ma 1977; Reddingius 1990). However, the deviation
of b from the true slope § is a function of the
sign of the serial correlation parameter (8); negative
values of 8decrease b whereas positive values increa-
se b A carryover effect of environmental influences,
if occurringat all in ungulates (Picton 1984; Messier

1991a), should be associated with positive values of
8. Thus, following a severe winter the rate-of-
increase one year later should be somewhat lower
than it would have been if the winter had beenavera-
ge. The net result of serial correlation among e,
should, therefore, positively bias & calculated from
the original sequence of X;, but not 5 values compu-
ted from permuted sequences of X, (because here
the serial correlationamonge, vanishes). The above
argument suggests that the randomization test
would underrate the intensity of density dependen-
ce if serial correlation occurs, However, a rejection
of Hg would reinforce the conclusion that density
dependent mechanisms actually operate.

Time delay

Often, the rate of population growth at time s de-
pendent not only on current population size (X)),
but also on some previous population size (X4,
X, etc.). In these circumstances, fluctuations in
animal numbers are not a realization of a piece of
first-order Markov chain (Reddingius 1971). The
implications of population models that follow a se-
cond or upper order process, on the sensitivity of
the randomization test, have not been evaluated. Se-
cond order process, where d; is a function of X; and
X..q, often exhibit cyclic fluctuations in numbers
(Royama 1977). This implies that plots of d; on X
will be characterised by ellipsoidal (counterclock-
wise) patterns with various degrees of compression
towards the major axis (May et al. 1974). Thus, we
cansafely generalise that the presence of atime delay
would restrict the applications of the randomiza-
tion test because of a poorly defined relationship be-
tween d; and X, (Itd 1972; Royama 1977; Hanski
and Woiwod 1991).

Table 1. Results of the randomization and the permutation test using three statistics (7), when applied to caribou census
dataof Fig. 4. T'were (1) the product-moment correlation coefficient (r,;,) and (2) the slope (5) of the regression
line between population size (log.-values, X;) and the exponential rates of growth (d, = X, - X,), and (3) the
logarithmic range (L) of X, values (X;p.x - Xmim)- Results include the observed statistic values (7' = g, by, and
L) calculated from the original sequence of X, values, and the mean statistic values of 500 permutated series
of d,. The estimate of Pis also given, i.e., the chance to refute Hy (density independence hypothesis) while Hy

is actually true.

Randomization test

Permutation test

(T = ra) ) (T-1D)

Caribou herd Ty 7 P by b P Ly L P
Pukaskwa 0.589 0.415 0.06 -0.6741 -0.3530 0.03 0949 1436 0.03
Avalon 0.422 0.228 0.14 -0.0551 -0.0067 0.09 4,400 4.400 1.00
Example 0762 0197 ®0.01 -0.1299 -0.0119 © 0.01 1.354 1361 0.77
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Linear model

Pollard e al. (1987) developed their statistical proce-
dure with the assumption that the relationship be-
tween d, and X, is linear. However, I suspect, with-
out presenting a proof, that the randomization test
can be applied on the basis of a curvilinear model
when inspection of residuals along the regression
line reveals a poor fit (e.g., Pukaskwa herd, Fig. 5).
As for the linear model, 74, of the curvilinear re-
gression model (more appropriately R 4,) calculated
from the original sequence of X, can be compared
with R values obtained from permuted sequences of
d,. Here, the hypothesis of density independence
should imply that all correlation constants (B, B,
etc.) equal zero, assuming infinite sample sizes. For
example, applyingaquadratic model to the Pukask-
wa data (Fig. 5) appreciably improves the fit (Rg, =
0.82, compared to 0.59 for the linear model), with
a rejection of Hgat P < 0.01.

Final remarks

Density dependence is achieved by a complex of fac-
tors whose collective action creates bounded popu-
lation fluctuations (Berrymanetal. 1987; Berryman
1991; DeAngelis and Waterhouse 1987). The questi-
on is not whether density dependence exists, for
without it, the recognised persistence of most natu-
ral populations would be inexplicable (Royama
1977). Rather, the goal is to assess (1) in what range
of densities do feedback mechanisms operate, and
(2)what arethe population processes involved? Any
test of density dependence based on a series of cen-
sus data cannotaddress the later question. For exam-
ple, the abrupt decline in the rate-of-increase of the
Pukaskwa herd at elevated densities (Fig. 5) may be
due to food competition, emigration, or some form
of interaction between the two factors. An appro-
priate test, however, would differentiate between a
period of unlimited growth and a period during
which mechanisms of population regulation are in-
strumental in stabilizing numbers.

Unlimited growth, often associated with a given
range of densities, does not imply that prevailing po-
pulation processes are largely density-uninfluenced.
It is important to stress that two density-influenced
factors may have antagonistic actions on populati-
on growth. For example, at Isle Royale, wolf preda-
tion and food competition exert opposite influences
on moose during periods of moderate density (Mes-
sier 1991a). The net effect of two population proces-
ses with opposite actions is to make the rate-of-
increase largely insensitive to changes in density
(i.e., weak density dependence), atype of interaction
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associated with the wunnecessary concept of
“density-vague” population regulation (Strong
1984, 1986).

Someecologists object to the notion of equilibri-
um’’that underlies most tests of density dependence
(Wolda 1989). A long-term equilibrium density is
simply a mathematical abstraction illustrating the
fact that a population trajectory over time would
tend to converge toward that equilibrium (Berry-
man 1991). The modern view of population dyna-
mics recognises the lability of equilibrium points
due to stochastic effects, and the fact that equilibria
can be unstable or multiple (DeAngelis and Water-
house 1987; Berryman et «/. 1987; Sinclair 1989). In
that perspective, one of the basic questionsin studies
of population dynamics is not simply to determine
whether the density of animals is regulated or not,
but to assess the relative importance of density-
dependent and density-independent processes in
changes of population size over time (Schaefer and
Messier 1991).
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Appendix I

Summary of caribou census data for the Pukaskwa herd
in Ontario (Bergerud 1989, A. T. Bergerud pers. comm.)
and the Avalon herd in Newfoundland (Bergerud 1971,
Bergerud et al. 1983, Mercer et al. 1985, and S. Mahoney
pers.comm.). Dataforahypothetical example mimicking
an expanding herd are also summarized.

Pukaskwa Avalon Example

N Year N Year N Year
15 1972 71 1956 10.0 1
15 1973 86 1957 12.1 2
15 1974 111 1958 13.4 3
18 1975 206 1959 16.6 4
22 1976 350 1961 18.3 5
22 1977 409 1962 19.4 6
26 1978 508 1964 23.4 7
31 1979 518 1965 24.7 8
20 1980 650 1966 26.5 9
28 1981 720 1967 26.8 10
17 1982 10504 1970 269 11
22 1983 1500 1975 30.3 12
26 1984 20504 1977 32.4 13
22 1985 3000 1979 32.1 14
24 1986 5099 1984 34.0 15
30 1987 5782 1990 36.9 16
12 1988 353 17
14 1989 35.7 18
20 1991 37.5 19
37.9 20

38.8 21

# Estimated from Tig. 2 of Bergerud et al. 1983,

Printed from manuscript after editorial review.

Printed from manuscript after cditorial review.
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Abstract: Predation, especially wolf (Canis lupus) predation, limits many North American caribou (Rangifer ta-
randus) populations below the density that food resources could sustain. The impact of predation depends on
the parameters for the functional and numerical response of the wolves, relative to the potential annual in-
crement of the caribou population. Differences in predator-avoidance strategies largely explain the major diffe-
rences 1n caribou densities that occur naturally in North America. Caribou migrations that spatially separate
caribou from wolves allow relatively high densities of caribou to survive. Non-migratory caribou that live in
areas where wolf populations are sustained by alternate prey can be eliminated by wolf predation.

Keywords: Caribou, wolves, predator-prey relationships, population dynamics.

Caribou populations without predators

In the absence of major predators or high levels of
human harvest, caribou and reindeer (Rangifer ta-
randus) populations generally increase until their
populations become regulated by density-
dependent competition for food (Klein 1968,
Leader-Williams 1980, Skogland 1985). Competi-
tion for food results in reduced nutrient intake due
to lower forage intake rates and reduced diet quality
as less nutritious food items are incorporated into
the diet (White 1983). Energy expenditures for mo-
vement and cratering may also increase as it beco-
mes more difficult to obtain food. Decreased nut-
rient intake and increased energy costs lead to a
reduced pregnancy rate, low calf survival and higher
adult mortality rates in Rangifer populations
(Leader-Williams 1980, Skogland 1985, Messier et a/.
1988, Thomas 1982).

Density-dependent competition results in a
dome-shaped annual increment curve (Caughley
1977) (Fig. 1). At low densities, annual increment is
small because although there is little competition
and the population growth rate is high, there is a
small breeding population. The maximum annual
increment occurs at an intermediate density where
there is a moderate sized breeding population and
the growth rate is still relatively high because com-
petition is not yet severe. At high densities, annual
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increment again becomes small because despite an
abundant breeding population, the growth rate is
low due to density-dependent competition for reso-
urces. In the absence of predators or harvesting, the
population will generally increase until competi-
tion for resources reduces the growth rate and
annual increment to zero. Rangifer populations re-
gulated by competition for food resources often
attain densities exceeding 2/km? (Table 1).

POTENTIAL ANNUAL INCREMENT

—

S VU T T R U Y A SN I S Lo
CARIBOU/SQUARE KM.

Fig. 1. Annual increment curve for caribou popula-
tions in absence of major predators or human
harvest.
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Predator-prey dynamics

When predators are present, especially wolves (Ca-
nis lupus), caribou populations are often reduced be-
low the density that food resources could sustain.
The predation rate depends on the number of preda-
torsand the number of prey killed by each predator.
In general, the number of predators (numerical re-
sponse) and the number of prey killed by each pre-
dator (functional response) will change asafunction
of prey density (Holling 1959). The number of prey
killed/predator willinitially increase with prey den-
sity as prey become easier to find but will eventually
reach a plateau as each predator becomes satiated
(Fig. 2b). Various numerical responses are possible
(Fig. 2c). The number of predators may increase
with prey density if the predator population is limi-
ted by availability of the prey species of interest (Fig.
2¢, line a). At high prey densities, the numerical re-
sponse may reach aplateau if some factor other than
availability of the prey species of interest begins to
limit predator population growth (Fig. 2¢, line b). It
the predator population is regulated by availability
of some other prey species or limiting factor, there
may be no numerical response of predators to chan-
ges in density of the prey species of interest (Fig. 2c,
line c). The functional and numerical response of
predators to changes in caribou density have not
been quantified. However, Messier and Crete (1985)
demonstrated that wolves had a higher rate of con-
sumption and reached higher densities in an area of
high moose (A/ces alces)density compared to areas of

low moose density. Fuller (1989) summarized data
from numerousstudies of wolvesto demonstrate the
numerical response of wolves to increasing prey
densities.

The number of prey killed by predatorsis the pro-
duct of the number of predators and the number of
prey killed by each predator (Fig. 2a). In general, few
prey will be killed when they are at low densities be-
cause predators will also be at low numbers and the
sparse prey are very difficult to find. As prey densi-
tiesincrease, the number of prey killed may increase
exponentially due to the multiplicative effect of an
increasing numerical and functional response of
predators. If either the functional or numerical re-
sponse levels off, the number of prey killed will in-
crease linearly with prey density. If both the nume-
rical and functional response level off, the number
of prey killed will remain constant with further in-
creases in prey density. Consequently, the predation
rate (proportion of prey killed) will often be density-
dependent at low prey densities, density-indepen-
dent at intermediate prey densities and inversely
density-dependent (depensatory) at high prey den-
sities.

The impact of predation depends on the magnitu-
de of predation losses compared to the potential an-
nualincrement that the prey population would pro-
duce in the absence of predation (Fig. 1). If losses to
predation exceed the potential annual increment,
the prey population will decline. If losses to preda-
tion are less than the potential annual increment,

Table 1. Densiry of Rangifer populations in relation to the level of predation.

Category Location Density Source
Major predators rare or absent  Slate islands 4-8/km? Bergerud 1983
Norway 3-4/km? Skogland 1985
Newfoundland 8.9/km? Fong et al. 1991
(winter range)
South Georgia 2.0/km? Williams and Heard 19862
Migratory Arctic herd George River 1.1/km? Messier et al. 1988
Porcupine 0.6/km? Williams and Heard 1986
Northwest 0.6/km? Williams and Heard 1986
Territories
Mountain dwelling herds Finlayson 0.15/km? Farnell and McDonald 1987
Little Rancheria 0.1/km? Farnell and McDonald 1990
Central Alaska 0.2/km? Williams and Heard 1986
Forest dwelling herds Quesnel Lake 0.03/km? Seip 1991
Ontario 0.03/km? Williams and Heard 1986
Saskatchewan 0.03/km? T. Rock, pers comm

2 Densities calculated from data presented in Williams and Heard 1986
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the prey population will increase, although more
slowly than if predators were absent. The prey
population will stabilize at a density where losses to
predation equal the potential annual increment.
Time lags and variations in density-independent li-
miting factors will cause fluctuations around the
equilibrium density.

Migratory Arctic caribou

A high prey-predator equilibrium will occur when
the number of prey killed by predators increases
slowly as a function of prey density relative to the
annual increment curve (Figure 2). That situation
will occur when the prey have an effective anti-
predator strategy or when the capacity of the preda-
tor population to respond to increasing prey is limi-
ted by other factors. The prey population will be re-
gulated by the combined density-dependent effects
of predation and competition for resources. It appe-
arsthat many migratory Arcticcaribou populations
exist at a high prey-predator equilibrium. Wolf pre-
dation is usually a major limiting factor, especially
of calves (Miller and Broughton 1974, Whitten ez al.
1988), but caribou remain abundant and can sustain

a) NUMBER OF PREY KILLED BY PREDATORS

r DEPENSATORY

DENSITY-INDEPENDENT
PHASE

DENS|TY-DEPENDENT
PHASE

L 1 [ 1 L

asubstantial human harvest. It appears that migrato-
ry Arctic caribou populations are able to reach a
high prey- -predator equilibrium because their annu-
al migrations are an effective anti-predator strategy.
Arctic wolves are sustained almost excluswely by ca-
ribou (Kuyt 1972). However, the capac1ty for wolf
numbers to increase in response to increasing cari-
bounumbersisseverely limited by the long distance
migrations of the caribou. Reproductive wolves are
restricted to the area near the den during summer
months. Most wolves den near treeline and few den
near the calving grounds (Heard and Williams
1991). Consequently, most wolves are unable to
prey on caribou on the calving grounds. Also, most
of the wolves are unable to take advantage of increa-
sing numbers of caribou to feed their pups during
the denning period so the numerical response of
wolves to increasing caribou numbers is greatly
limited.

Insome cases, the numerical response of predators
issolimited that Arctic caribou populations essenti-
ally escape any significant limitation due to preda-
torsand caribou increase until they are regulated pri-
marily by competition for food (Fig.-3). This
situation has been reported for the George River ca-

b
) FUNCTIONAL RESPONSE
NUMBER OF PREY KILLED/PREDATOR

PHASE

PREY DENSITY

c)
NUMERICAL RESPONSE
NUMBER OF PREDATORS
A

PREY DENSITY

Fig. 2 General relationships between prey density and
predation.
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Fig. 3. General predator-prey relationships for caribou populations in different areas of North America. The
@ indicates the point of predator-prey equilibrium.

ribou herd in northern Quebec which attained a
density of about 1/km? (Messier ez al. 1988). A high
mortality rate of wolves and alow human harvest of
caribou will increase the likelihood that migratory
Arctic caribou will escape from being regulated by
predation.

In other cases, predation rate and human harvest
rate appear to be adequate to restrict the growth of
Arctic caribou herds before competition for food
becomes extreme (Fig. 3). Many barren-ground cari-
bou herds in northern Canadaand Alaska appear to
have a medium prey-predator equilibrium at densi-
ties of about 0.6/km? (Table 1). Wolf predation is
more likely to regulate Arctic caribou populations
at a medium density if wolves are reasonably abun-
dantandthere isalso asignificant human harvest on
caribou. Caribou herds at a medium prey-predator
equilibrium density would exhibit some nutritio-
nal stress due to competition for food but predation
and human harvest would be the primary limiting

Rangifer, Special Issue No. 7, 1991

factors. This situation is probably the 1deal case for
management because caribou are abundant and in
good physical condition, natural predator populati-
ons are present and the herd is providing a sustain-
able harvest for human use. The population is also
easily subject to management by modified harvest
levels or wolf control. In contrast, high density, food
regulated caribou populations are vulnerable to ma-
jor population crashes (Klein 1968). Adequate pre-
dator populations should be maintained and appro-
priate human harvest levels should be encouraged to
prevent excessive growth of caribou populations.
Otherwise, caribou populations may increase so ra-
pidly that they cannot be effectively managed and
become susceptible to catastrophic population
crashes.

Forest-dwelling caribou

A low prey-predator equilibrium will occur when
the number of prey killed by predators increases ra-
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pidly asa function of prey density relative to the an-
nualincrement curve (Fig. 3). Thatsituation will oc-
cur when the prey lack an effective anti-predator
strategy or when predatorsare sustained by alternate
prey species even when the prey species of interest
isat low densities. Caribou populations below tree-
line in North America are more vulnerable to wolf
predat1on than Arctic caribou because wolf popula-
tions are maintained by a variety of prey spec1es and
the caribou do not have long-distance migrations to
space themselvesaway from wolves. Also, other pre-
dators such as bears (Ursus spp.) are more abundant
than in Arctic areas and remove an additional com-
ponent of the annual increment. Wolf populations
are sustained by a variety of prey species including
caribou, moose, mountain sheep (Owis spp.), elk
(Cervuselapbus)and deer (Odocoileus spp.). Therefo-
re, wolf numbers can remain high even if predation
hasdrastically reduced one of the prey species. Incre-
asesin the abundance of one of the prey species may
support increased wolf numbers and thereby have
deleterious effects on one or more of the other prey
species. Caribou are extremely vulnerable to wolf
predation compared to most other ungulate species.
They are unable to fight off predators the way moo-
se can, they do not use escape terrain like mountain
sheep and mountain goats (Oreamnos americana),
and they have a low reproductive rate compared to
most other ungulatessuch as deer so they cannot su-
stain high levels of predation. Therefore, caribou
populations are usually the most vulnerable species
in multiple prey-predator systems. Wolf predation
can eliminate caribou from areas where the wolf po-
pulation is sustained by other prey species because
there is no negative feedback on the number of wol-
ves as caribou decline (Seip 1991).

Woodland caribou in the mountainous regions of
Yukon, Alaska and northern British Columbia are
usually able to co-exist with wolves, bears and alter-
nate prey species such as moose. Although major
declines have occurred in some areas, possibly due
to increases in moose numbers and/or excessive hu-
man harvest (Bergerud 1974), viable populations of
caribou continue to survive at densities of about
0.2/km?(Table 1, Fig. 3). Seasonal migrations of ca-
ribou to alpine areas and habitat segregation be-
tween different ungulates species generally resultsin
sufficient spatial separation from wolves and alter-
nate prey to allow caribou populations to persist
(Bergerud er al. 1983, Seip 1990). However, preda-
tion and human harvest are usually the primary li-
miting factors so caribou populations in those
mountainous regions respond quickly to changesin
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the harvest rate and use of wolf control (Gasaway et
al. 1983, Farnell and McDonald 1988, Bergerud and
Elliot 1986).

It appears that caribou populations in the boreal
forests of North America historically co-existed
with wolves at a low prey-predator strategy (Berge-
rud and Page 1987). By spacing out and living at low
densities, caribou reduce the predation rate by beco-
ming difficult for predators to find. Living at low
densities can reduce both the functional and nume-
rical response of predators. However, that ant-
predator strategy is only effective if caribou are the
primary prey species in the area.

Forest-dwelling caribou populations throughout
North America have undergone major declines du-
ring the 1900’s (Bergerud 1974). Wolf predation and
human harvest have been implicated as the major
cause of many of those declines. Increased wolf pre-
dation on forest-dwelling caribou populations ap-
pears to be related to the range expansion of moose
in North America(Bergerud 1974, Seip 1990). Moo-
seexpanded their range during the 1900’s, especially
in northern Ontario, British Columbia, Yukon and
Alaska (Peterson 1955). The colonization of moose
was followed by reports of declining caribou popu-
lationsin many of those areas(Edwards 1956, Darby
etal. 1989). The presence of moose provided an alter-
nate prey which sustains increased wolf numbers
(Seip 1991). The increased wolf population results
in an increased predation rate on caribou and decli-
ning caribou numbers (Seip 1991). Because the pre-
dator population is sustained primarily by moose,
it is possible for the wolves to totally eliminate the
caribou population without any decline in wolf
numbers (Fig. 3).

Forest-dwelling caribou have declined or been eli-
minated from large parts of their historic range in
northern Ontario, Saskatchewan, Alberta and non-
mountainous regions of British columbia. Caribou
densities of 0.03/km? are common for remnant
herds (Table 1) but many of those herds are continu-
ing to decline to extinction. Only caribou which
have a predator-avoidance strategy such as calving
on islands (Cumming and Beange 1987) or caribou
intheextreme north of the boreal forest where moo-
se and human harvest are less common appear to be
able to maintain their populations.

Unless wolf control and/or reduction of moose
populations is undertaken, caribou will probably
continue to disappear from much of their historic
range in the southern part of the boreal forest. Any
habitat modifications, such as fires, which enhance
populations of moose or other prey species are like-
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ly to accelerate the decline of caribou. Also, any re-
duction in caribou habitat resulting from logging or
fire will concentrate the remaining caribou into the
remainingareaand effectively increase their density.
That reduction in their ability to space out makes it
easier for predators to locate them and will also cont-
ribute to a more rapid decline. Roads may also 1m-
prove access to caribou for predators and hunters.

Summary

Numerous limiting factors including winter severi-
ty, insect harassment, diet quality and accidents un-
doubtedly have an impact on caribou populations
and result in year to year (primarily density inde-
pendent) fluctuations in caribou populations.
However, when wolves are present, it appears that
wolf predation is the dominant, natural regulating
factor. Differences in the effectiveness of predator-
avoidance strategies appear to explain the major dif-
ferences in caribou density that occur naturally in
different regions of North America. Caribou gene-
rally appear unable to survive in areas where there
is extensive overlap with wolves and alternate prey
species. Caribou populations rely on migrations to
become spatially separated from wolves or spacing
out and living at low densities to minimize the pre-
dation rate. The number of caribou in an area de-
pends on the effectiveness of those strategies at avoi-
ding predators.

For migratory caribouin Arctic areas, manipulati-
on of predator numbersand human harvest rates can
be used to maintain abundant caribou populations
while preventing excessive population growth that
increases the risk of catastrophic population cras-
hes. In forested habitats, in addition to managing
predator numbersand harvest rates, habitat manage-
ment is also important. Habitat changes which en-
hance alternate prey species orareduction in habitat
which concentrates the caribou and increases their
density may undermine their predator avoidance
strategies and lead to increased predation rates.
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The implications of environmental variability on caribou demography:
theoretical considerations

James A. Schaefer and Frangois Messier
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Abstract: Random environmental influences, such as snow cover, are widely regarded as an integral feature of
caribou population dynamics. We conducted computer simulations to explore the ramifications of such sto-
chastic variability for caribou demography. We devised 4 models with increasing levels of complexity: Model
1, density-independence under different levels of stochasticity and 7; Model 2, non-linear effect of snow cover
on 7; Model 3, non-linear effect of snow cover on 7 and stochasticity as a function of population size; and
Model 4, non-linear effect of snow cover on 7, stochasticity as a funciton of population size, and density-de-
pendence according to the logistic equation. The results of Model 1 indicated that nearly all caribou popula-
tions subject only to environmental vagaries experienced either extincition or irruption. Model 2 revealed that
non-linear effect of snow cover depressed the realised 7 as a function of population size. Finally, Model 4 sug-
gested long-term population as previously reported in literature, but with reduced chance of overshooting K
under moderate to high environmental variability.

Keywords: caribou demography, computer simulation, environmental variability, population dyna-

mics.

Introduction

One of the axioms of population biology is
that virtually no population fluctuates solely as
a function of its density (Strong 1986). Indeed,
random environmental changes, such as snow
cover, are widely regarded as a prominent part
of the population dynamics of caribou (Klein
1968, Reimers 1977, Gates et al. 1986, Melgaard
1986, Schaefer and Pruitt 1991). One approach
to the study of environmental effects on popu-
lation change is to control such effects either
experimentally (e.g., Ollason 1977) or statistical-
ly (e.g., Botsworth 1985, Mech et al. 1987, Mes-
sier 1991a). A complementary approach is to
construct strategic models (Nisbet and Gurney
1982) to generate new hypotheses.

Here, we report on the results of a series of
such computer simulations to explore the rami-
fications of environmental vagaries on caribou
demography. We began with a simple model of
pure density-independence (Model 1) into
which we incorporated increasing levels of com-
plexity (Models 2-4). Our models are simple
(there is no age structure, for example), and
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thus it is the qualitative results that were of in-
terest, inasmuch as they might be of heuristic
value.

All simulations were conducted with SIM-
CON software (D. Vales and C.J. Walters,
Univ. British Columbia, Vancouver, B.C.) using
QuickBasic version 4.5 (MicroSoft Corp., Red-
mond, VA).

Model 1: Density-independence
We began by simulating each model population
through a simple, unlimited random walk. For
each replicate population projected over 1000
years, we specified a mean value of » and a sto-
chasticity factor in standard deviation (SD)
units (Fig. 1). Fluctuations on » were normally
distributed about the mean, with a SD varying
from 0 to 0.5 of 7y, (0.25). N, was 50 for all
cases. For each combination of » and SD, we
calculated the likelihoods of extinction (N < 1)
and irruption (N > 1000) for 1000 replicate po-
pulations.

The results indicated that the probabilities of
extinciton and irruption were sensitive to both
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Figure 1. Probabilities (%) of (A) persistence (N >

1) and (B) irruption (N > 1000) under
various combinations of 7 and stochastici-
ty. Each datum represents 1000 replicate
populations projected over 1000 years
(Ny=50) specific to each combination of
mean 7 value and SD. The full model was
N..s = N, € where N represented popula-
tion size, and » was a normally-distributed
growth rate with a mean varying from
- 0.10 to + 0.10 and a SD varying from 0
to 0.5 of ryax (0.25).

7 and stochasticity (Fig. 1). At low intrinsic
growth rates, most populations were unable to
persist; at high growth rates, persistence rates
improved but most of these populations also ir-
rupted. Persistence and irruption probabilities
were more sensitive to stochasticity at interme-
diate 7 levels (-0.03 to + 0.03).

Our results are consistent with earlier models
(Leigh 1981, Belovsky 1987, Goodman 1987,
Pimm er al. 1988, 1989) that persistence times
increase with increasing » and with decreasing
magnitude of temporal fluctuations. Pimm et 4.
(1988) confirmed these hypotheses empirically
in a study of extinction rates of British birds.

These results further underline the distinction
between factors which are /limiting, producing
annual fluctuations in density, and those which
are regulating, maintaining densities within rea-
sonable bounds (Murray 1982, Fowler 1987,
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Messier 1991a,b). Regulating factors generate
stabilisation of animal numbers and are necessa-
ry to ensure the numerical persistence of popu-
lation. Our results reinforce the idea that in a
solely density-independent world, any level of
stochasticity, however slight, will ultimately
cause population extinction or explosion.

This argument was recognised intuitively by
Reddings (1971) and Strong (1986). These aut-
hors, while conceding its logic, countered by
noting that it focuses on the ultimate result fol-
lowing an infinite amount of time. Thus Red-
dingus (1971:37) wrote: «It can never be obser-
ved that animal populations persist forevers.
Nontheless, the narrow margin between extinc-
tion and unrealistic densities (compare Fig. 1A
and IB) implies that unbounded random walks
are inadequate models for animal populations.
Some form of density-dependence, or ceiling on
density-independence («density-vagueness» of
Strong 1984, 1986), is required for long-term
population persistence.

Model 2: Non-linear effect of snow cover

In Model 1, we applied variability to r directly.
In this and subsequent models, we specified a
relationship between » and a random variable,
snow cover. In particular, we visualised an ever-
decreasing function such that each increment of
snow accumulation had an increasingly depres-
sing effect on » (Fig. 2.). Snow cover was nor-
mally-distributed random variable (mean = 1,
SD = 0.5). The postulated function (Fig. 2) was
associated with a deterministic rate of growth

max = 0.25
r=025-0.15X°
=
L
o]
[} 0.10 bocemaac e e nceeaa e s
=2
©
>
0
X=1

Snow Cover
Figure 2. Hypothesised non-linear relationship be-
tween 7 and snow cover for Model 2.
Snow cover values were normally distribu-
ted, with a mean of 1 and SD of 0.5.
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{(rper) of 0.10 for average snow cover, and ryax
of 0.25 with no snow. These values were wit-
hin the range of possible values reported in the
literature for Rangifer (Bergerud 1980).

Although snow cover varied symmetrically
about its mean, caribou population growth did
not. Year-to-year variations in snow cover gene-
rated an average 7 value lower than that with-
out variation. This was due to the non-linear
relationship: an increment in snow cover above
the mean negatively affected population growth
more than the converse situation. Thus, the
mean exponential rate of increase (r = 0.06)
with environmental variability was lower with
than the deterministic rvalue (rpgr= 0.10) un-
der a constant environment (Fig. 3A). Consis-
tent with this realised », populations typically
irrupted (Fig. 3B).
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Figure 3. (A) Realised values of » at various densities
as generated by Model 2. The full model
was N,,, = N, e ' where N represented
population size and » (population growth
rate) was a stochastic function of snow as
depicted in Fig. 2. (B) Typical trajectory of
a population under Model 2.
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Figure 4. Hypothesised relationship between the Je-
vel of stochasticity (SD of snow cover ef-
fect, X) and population size for (A) low,
(B) medium, and (C) high levels of stochas-
ticity.

This depression on population growth due to
environmental variability accords with previous
models of the demography of large, tropical
herbivores. Van Sickle (1990) assumed that rain-
fall determined calf survival of African ungula-
tes and found that long-term rates of popula-
tion growth declined whenever such random
variation was applied. Similarly, Caughley
(1987) noted that symmetrical deviations in pas-
ture biomass (driven by rainfall) produced a
mean density of kangaroos lower than that in
the absence of environmental variability. He
hypothesised an analogous non-linear numerical
response of the animals to an environmental pa-
rameter (pasture biomass) as we suggested in
Fig 2. A discrepancy in deterministic and reali-
sed values, due to variability, is characteristic of
such concave-down funtions (Rubenstein 1982).

Model 3: Non-linear effect of snow cover, and sto-
chasticity as a function of animal density
Here, we extended Model 2, We retained the
non-linear relationship between snow cover and
population growth (Fig. 2) and visualised a level
of stochast1c1ty as a linear function of popula-
tion size (Fig. 4) rather than being fixed (i.e.,
SD of snow = 0.5) as in Model 2. We explored
three levels of such stochastic change, submo-
dels A, B and C, each with increasing slopes of
the stochasticity-density function.

What is the biological basis for this relations-
hip between the level of stochasticity and densi-
ty? We hypothesise that a higher population le-
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vels, cratering by caribou may exacerbate the
effect of snow cover such that subsequent fora-
ging is impeded. This hypothesis follows Pruitt
(1959) who noted the biologically important al-
teration in snow cover due to caribou cratering;
consequently, animals typically do not excavate
for terrestrial lichens more than twice in a gi-
ven area. Figure 4 implies an interaction be-
tween the variability of the effect of snow co-
ver and population densities of caribou. We hy-
pothesise that food availability (not to be
confused with food abundance) is a negative
function of cratering intensity in a given envi-
ronment. Caughley (1987) also reported a grea-
ter coefficient of variability for vegetation bio-
mass in the presence of high numbers of kang-
aroos than in their absence.

As in Model 2, realised r-values were depres-
sed compared to a deterministic -value of 0.10.
Here, however, the two facets of Model 3 com-
bined such that population growth was density-
dependent. At low densities (N = 50), values
close to 7 were attained because environmen-
tally-induced variability in » was minimal. At
the other extreme (N = 1000), depression of
the population growth rate was greater for all
three submodels (Fig 5). As expected, this decli-
ne was most severe for the high stochasticity
submodel (Fig. 5C). This density-dependence,
related to environmental variability, was reflec-
ted in the population trajectories (Fig. 6). Popu-
lations tended to persist within density bounds,
often with precipitous declines from high densi-
ties. The high stochasticity submodel was cha-
racterised by lower densities and an apparently
higher probability of extinction (Fig. 6C) due
to the elevated chance of successive low values
of  (Fig. 5C). We noted, however, that most
population trajectories did ‘not reveal predicta-
ble cyclicity in animal numbers.

The density relationships depicted in Fig. 5
are similar to Strong’s (1986:260) «spreading
scatters», a correlated mean and variance of r.
Strong suggested that under such a scenario, po-
pulations will experience density-vagueness, Le.,
density-dependent feedback only at high densi-
ties. Below some ceiling, fluctuations will be
largely random, driven by stochastic effects. Al-
though the magnitude of population declines
was greater at higher densities (Fig. 6), popula-
tion growth declined predictably with N (Fig.
5). Thus, the appearance of density-vagueness
may simply coincide with a lack of detectability
of regulating processes at low densities.
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Figure 5. Realised values of r at various densities as
generated by Model 3 for (A) low, (B) me-
dium, and (C) high levels of stochasticity.
Average rvalues at N = 50 and N = 1000
are presented at the bottom of each panel
to illustrate the predictable decline of r
with increasing population size. The full
model was N,,; = N, ¢®N where N re-
presented population size, and 7 (the popu-
lation growth rate) was a stochastic func-
tion of snow cover effect as influenced by
caribou numbers (see Fig. 2, 4). With no
environmental variability, » was fixed at
0.10.

The decline in the growth rate of hypotheti-
cal populations, with increasing environmental
variance, has been noted elsewhere (Tuljapurkar
and Orzack 1980, Van Sickle 1990). If environ-
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mental variability increases with population size
(as we hypothesise), then our results imply that
population regulation can be attained, specifical-
ly because the non-linear function depicted in
Fig. 2 becomes more instrumental in depressing
7 at high population densities. In effect, the two
components of Model 3 (the non-linear effect of
snow and increasing variability with density) al-
ter the year-to-year carrying capacity for cari-
bou. This may fit Strong’s (1986) notion of «li-
beral»> population regulation where density bo-
unds are unlikely to be static. Finally, our
model is qualitatively consistent with observa-
tions of Meldgaard (1986) who noted that long-
term population fluctuations of Greenland cari-
bou were often dramatic, occasionally termina-
ting in extinction.

10000 A
r
0 ) L .
10000 . B

Population Size

10000 C
0 A
0 200

Time (years)

Figure 6. Typical trajectories for population under
Model 3 for (A) low, (B) medium, and (C)
high levels of stochasticity.
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Model 4: Non-linear effect of snow cover, stochas-
ticity as a function of animal density, and densi-
ty-dependent logistic growth

Next, we explored the behaviour of hypotheti-
cal populations when our stochastic model was
incorporated into a traditional logistic model.
Model 4 thus specified two sources of depres-
sion on 7: that caused by snow cover (Model 3)
and that due to the logistic growth equation.
We used a moderate level of stochasticity (equa-
tion B of Fig. 4), set carrying capacity!without
snow (K) at 400, and included 20-year time de-
lay (7) in the logistic growth equation as hypo-
thesised by Messier et al. (1988). A rpgr of 0.10
and T of 20 resulted in density peak of 3K for
each population cycle (Fig. 7A) as previously
reported by Messier et al. (1988).

The results of our simulations were variable.
In some trajectories, the underlying cyclicity
(typical of logistic models with time delays) was
retained although obscured, with troughs so-
mewhat elevated and peaks truncated (Fig. 7B)
compared to the deterministic model. In others,
population cycles were barely discernible (Fig.
7C). On occasion, the density-dependent time-
delay and the immediate snow effect worked in
tandem to produce rapid declines from high
density. An interesting and general feature of
Model 4 was that the chance of severely over-
shooting K was reduced appreciably with mode-
rate to high environmental variability (e.g., Fig.

7B,C).

Conclusions

Our results imply two effects of snow caribou
demography (Fig. 8). First, a density-indepen-
dent effect, such that K with snow is less than
K without snow. Second, a stabilising effect of
snow as a consequence of the non-linear rela-
tionship between snow cover and » (Fig. 2), and
the increase in variance of the snow cover ef-
fect with N (Fig. 4). This second influence may
arise because caribou themselves affect the pro-
perties of snow cover, an interaction that may
further depress population growth at high den-
sitles, in addition to any density-dependent re-
source limitations (Skogland 1985, 1986). Our
Model 3, for example, infers no significant re-
duction in forage biomass per se, only in redu-
ced access to forage resources in winter due to
snow disturbance by caribou. In essence, this
implies that K for caribou populations is not
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Figure 7. Typical population trajectories for (A) de-
terministic logistic growth and 20-year
time delay (Messier er al. 1988), and (B,C)
logistic growth with 20-year time delay
and stochastic effect as dictated by Model
3B. The carrying capacity (K) without
snow was set at 400 caribou in all cases.

static, but fluctuates on a year-to-year basis and
with greater amplitudes at high caribou densiti-
es.

The combination of stochasticity, logistic
growth, and time-delay (Model 4) suggests prac-
tical difficulties involved with attempts to un-
mask the factors regulating or limiting caribou
populations. Similarly, Hassell (1985) remarked
on such stochastic obstacles in the use of k-fac-
tor analysis of the mechanisms of population
regulation in invertebrates. Nontheless, environ-
mental noise remains the essence of the demo-
graphy of numerous natural populations
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(Strong 1986). We believe that a better theoreti-
cal and empirical understanding of these influ-
ences remains integral to the management of

Rangifer.
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Figure 8. Hypothesised effects of snow on the rate
of increase of caribou populations. (See
text for explanation).
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Analysis of the standing age distribution and age-specific recruitment
rate of the George River and Beverly barren-ground caribou popula-
tions.

M. Taylor

Departement of Renewable Resources, P.O. Box 1320, Yellowknife, Northwest Territories, Canada, X1A
21.9.

Abstract: The primary advantage of the standing age distribution of a population is that it can be sampled.
Analysis of the age frequencies for estimates of survival rates and determinations of population status by life
table construction depend heavily on assumption that require additional data to evaluate. The analysis of age
structures for the George River (Messier et /. 1988) and Beverly (Thomas and Barry 1990a,b) caribou herd
was reviewed. An alternativ method of estimating age specific survival rates was explored. The dependence of
the life tables produced by the analysis of Messier et /. (1988) and Thomas and Barry (1990a, b) on tenuous
and untestable assumptions regarding population growth rate over the life span of the oldest animals, stability
of the standing age distribution, and constancy of life table parameters was emphasized. Although the life ta-
bles produced by Messier et al. (1988) for the George River herd and Thomas and Barry (1990a,b) for the
Beverly herd are probably the best available for barren-ground caribou, they should be used with caution,
particularly for management decisions.

Key words: age distribution, caribou, life table, mortality, Rangifer, recruitment, population dyna-

mics.

Introduction

The distribution of animals by age class (Stan-
ding Age Distribution) is one of the most com-
mon types of data available from harvested
wildlife. The standing age distribution may be
from a population that is stationary (i.e., neit-
her increasing or declining), increasing, or decli-
ning. The standing age distribution may be
stable (which occurs when the rates of recruit-
ment and death have remained unchanged for a
sufficient period) or unstable. For a given life
table (i.e., a given set of age specific rates of rec-
ruitment and death) a single stable age distribu-
tion is defined.

Life tables are usually given for females only.
Age specific recruitment (m,) is only the num-
ber of females of age 0 produced per female of
age x counted at the time of census. The time
of census is not critical to defining the life ta-
ble, however the time of census must be the
same for the estimate of survival rate. The stab-
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le standing age distribution is defined for that
time of census only. These rules are required to
maintain an internally consistent life table.

The recruitment schedule and standing age
distribution can be estimated from field data
that is easily obtained. When the standing age
distribution is both stationary and stable, the
age specific annual survival rates can be estima-
ted directly as the geometric mean rate of decli-
ne for age constant survival. Age specific survi-
val (p,) for the stable and stationary case is just
N,.,/N,. When the population is stable, but in-
creasing or declining, the estimate of survival
rate must be corrected by the rate of popula-
tion growth (A\):

NX+1

PN

If the survival rate is known from cohort esti-
mates (eg., radio telemetry) the standing age dis-
tribution may be compared to the expected
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stable age distribution calculated from the survi-
val and recruitment schedules. The population
growth rate at stable age distribution, and the
population growth rate from the observed stan-
ding age distribution may be calculated. If the
population growth rate is known from census
estimates, and the population growth rate has
remained constant, the age specific survival
schedule may be calculated.

Caughley (1977) notes the futility of recalcula-
ting the population growth rate from the recru-
itment and «corrected» survival schedule. No
matter what the recruitment schedule, and even
if the standing age distribution is not stable, the
assumed population growth rate correction will
be recovered. Analysis of the standing age dis-
tribution for estimates of survival rates requires
that the age distribution is stable, (i.e., the po-
pulation growth rate known from census has
been constant for the period of time specified
by the maximum age).

The age distributions described in Messier et
al. (1988) and Thomas and Barry (1990a,b) have
been used to develop life tables for the George
River and Beverly caribou herds. The resulting
life tables depend heavily on untested assump-
tions regarding the stability of age distributions,
and the constancy and value of the populations
growth rate.

Methods

The terminology used is taken from Caughley
(1977) and Taylor and Carley (1988). At stable
age distribution the relationship between the
recruitment schedule (m,), the survivorship
schedule (1,), and population growth rate (A) is
given by the discrete form of the life table
equation (Cole 1954):

1= % Lxm xA\™* (2)

x=0
The relationship of the survivorship schedule
to the survival rate schedule is:

1x+1 =11 Px (3)

where | is defined as O. The relationship of the
survivorshp schedule (l,) to the standing age dis-
tribution (S,) 1s:

| =Sx\* (4)

where:
S N, 5
x N,, ( )
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Rewriting equation 2 using the relationship in
equation 4 yields:

1=Y SxmXxNxA* (6)
x=0
which reduces to:
1= Y Sxm, 7)
x=0

Cauchley (1977) warns against analysis for stan-
ding age distributions that begin with the as-
sumption that they are stable. Using the defini-
tions of S, and m,, equation 7 may be rewritten
as:

1= T x (e

x=0 NO Nx (8)
g N

x=0 NO

where N, is the number of age O females pro-
duced by females of age x. Equation 7 will al-
ways be true for any age distribution and any
m, schedule, stable or unstable, biased or unbia-
sed.

The relationship in equation 4 is true only
for stable age distributions. However, any age
distribution (stable or unstable, biased or unbia-
sed) can be corrected by some assumed popula-
tion growth rate. Substitution for S, from equa-
tion 4 in equation 7 gives equation 2, the life
table equation. In other words the 1, schedule
that results from the «correction» will, by defi-
nition, return the assumed population growth
rate and initial standing age distribution as the
stable age life table result (Caughley, 1977).
This tautology does not test the stable age as-
sumption or the accuracy of the «correction»
term (N).

The relationship between the standing age dis-
tribution (S,) and age specific survival rate (p,)
can be developed from equations 3 and 4:

x-1
S- P

. — (9)
o N

The value of & for the mature adult age stra-
ta is best determined by the Chapman-Robson
truncated method (Chapman and Robson, 1960)
when survival rates are age constant:

Nx+1 px

(10)
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Table 1. The life table for the George River caribou herd as developed by Messier et al. (1988).

Age Frequency Recruitment Standing age Corrected Smoothed
rate distribution  (A=1.117)
@ N (m) &) Nv N, b Sem,
0 236.1 0 1.0 236.1 236.1 0.714 0
1 138 0 .585 154.0 168.5 0.99 0
2 156 0.06 661 194.4 167.0 0.98 0.0397
3 113 0.35 478 157.2 163.0 0.96 0.1673
4 94 0.40 398 145.9 156.6 0.94 0.1592
5 83 0.40 352 143.9 147.9 0.93 0.1408
6 65 0.40 275 125.8 137.3 0.91 0.1100
7 63 0.40 267 136.1 125.0 0.89 0.1068
8 57 0.40 242 137.4 1114 0.87 0.0986
9 40 0.40 .169 107.6 96.6 0.84 0.0676
10 24 0.40 .107 721 81.2 0.81 0.0428
11 18 0.40 .076 60.4 65.4 0.76 0.0030
12 12 0.40 .051 449 49.5 0.69 0.204
13 7 0.40 .030 29.2 33.9 0.56 0.0120
14 1 0.40 .004 4.7 18.8 0.24 0.0016
15 4 0.40 .017 20.8 4.4 0.10 0.0680
A = 1117 Y= 1.0
Results pulation growth rate was 1.0 to illustrate

The standing age distributions reported by Mes-
sier et al. (1988) and Thomas and Barry (1990a)
were reported as stable age distributions with
assumed population growth rates of 1.117 for
the George River Herd and 1.0 for the Beverly
Herd. Messier et al. (1988) used recruitment ra-
tes from other sources to develop a life table
for the George River herd. The «natality» rates
reported by Thomas and Barry (1990b) for the
Beverly herd may be taken as recruitment rates
by considering age O to be unborn calves.

The life Table for the George River herd is
given in Table 1, and the life table for the Be-
verly herd is given in table 2. As described abo-
ve, life tables developed in this manner always
return the assumed population growth rate as
the stable age growth rate, and the observed
standing age distribution as the stable age distri-
bution. The survival rate estimates are based on
the assumption that the population growth rate
has been constant over the time span embodied
by the age distribution, that survival rates have
not varied systematically, and that the age dis-
tribution was sampled without bias (Messier et
al. 1988; Thomas and Barry 1990a,b). A George
River life table was developed assuming the po-
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Caughley’s (1977) tautology of age distribution
analysis (Table 3). Similarly, recruitment rates
for the George River herd can be arbitrarily
doubled and the «corrected» life table will still
return the correction as the stable age popula-
tion growth rate (Table 4).

Both Messier et al. (1988) and Thomas and
Barry (1990a) used a linear regression to fit the
quadratic equation to the age distribution data.
Linear alternatives that assume constant age spe-
cific survival rates within a given age stratum
(Figures 1 and 2) gave an equally good fit to
the data. The linear approach suggested 2 age
strata of caribou could be identified: «mature»
(age 2-10) and «senescent» (age 11-16). The
Chapman-Robson estimates for the 2 strata are
given for both George River and Beverly herds
(Table 5). The recruitment rates for senescent
age classes did not appear to decline (Thomas
and Barry, 1990b).

Discussion

The standing age distribution is a history of the
population dynamics over the period embodied
by the number of age categories. It is informa-
tion rich and easily measured. Age specific re-
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cruitment is also relatively straight-forward to
measure. However, the information contained
in the standing age distribution is not accessible
without other information. As seen from the
examples: stable and unstable; and biased and
unbiased age distribution all give estimates of
survival rates that are indiscernible.

Constancy checks are possible when additio-
nal information is available. Caughley (1977) ar-
gues that survival and recruitment rates are age
constant for adult females of most harvested
species. The caribou age distribution data sug-
gests that the survival rates of senescent adult
females are about 74% of mature animals.
When survival rates of age strata are age con-
stant, the Chapman-Robson @ (p,/M\), estima-
ted from a stable age distribution, gives the re-
lationship between survival rates and popula-
tion growht rate. When the survival rate of
mature (x > a) females is age constant
(Caughley 1977) equation 8 may be rewritten in
a manner that is useful for testing the stable age
assumption from available field data:

a = age for first reproduction,

w = final age class

& = p,/\ (constant for mature adults);
@

1=Sxm,+ ¥ Sx & “xm, (11)

X=a

A measure of devation from stable age distribu-
tion (D) may be defined as:
D=1-Sxm,+ ¥ Sx&xm, (12)
x=at1

This devation from Stable Age Distribution
(D) depends on the number of age 0 (Ng) and
the number of N, for x = a (ie, S,); and the
number of N; per N, for x = a (e, m,). Age
specific juvenile survival is not an issue. An es-
timate of the variance of D may be calculated
using Monte Carlo methods from the variance
of & calculated from the Chapman-Robson
procedure, and the variance of m, (pooled age
classes or age specific as required).

The deviation from stable age distribution de-
fined by equation 11 examines the consistency
of the standing age distribution with the
known underlying life history. A deviation
from stable age distribution may be interpreted
by examining the fit of the Chapman-Robson
@ to the adult strata of the standing age distri-
bution (see Figures 1 and 2). If the residuals are
symmetrical, the deviation is probably due to
an incompatibilitiy between the recruitment
schedule and the standing age distribution.
Asymmetrical residuals indicate that survival ra-
tes may not be age constant, survival rates may

Table 2. The life table for the Beverly caribou herd as developed by Thomas and Barry (1990a,b).

Age Frequency Recruitment Standing age Corrected Smoothed
rate distribution  (A=1.007)

(x) (N,) (m,) (S0 NN N, Px Syem
0 305 0 1.0 305 305 0.478 0

1 146 0 0.478 146 145.9 0.929 0

2 136 0.06 0.444 136 1355 0.896 0.027
3 120 0.3585 0.398 120 121.4 0.889 0.142
4 109 0.4075 0.354 109 107.9 0.881 0.143
5 83 0.4275 0.312 83 95.2 0.872 0.132
6 101 0.4375 0.272 101 83.0 0.864 0.118
7 70 0.4375 0.235 70 71.6 0.847 0.102
8 59 0.4375 0.199 59 60.8 0.834 0.086
9 52 0.4375 0.166 52 50.6 0.813 0.072
10 45 0.4375 0.135 45 41.2 0.785 0.058
11 21 0.4375 0.106 21 323 0.745 0.045
12 31 0.4545 0.079 31 24.2 0.696 0.035
13 12 0.4545 0.055 12 16.7 0.582 0.024
14 9 0.4545 0.032 9 9.8 0.375 0.014
15 2 0.4545 0.012 2 37 0.000 0.005

A = 1.002 Y= 1.0
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Table 3. A life table for the George River caribou herd based on the same information as given in
Messier et al. (1988) but corrected for an assumed population growth rate of 1.00.

Age Frequency Recruitment Standing age Corrected Smoothed
rate distribution  (A=1.001)
(%) (N,) (m,) (S,) N,-N* N, Px Sem,
0 236.1 0 1.0 236.1 236.1 0.6567 0
1 138 0 585 138 155.0 0.8622 0
2 156 0.06 661 156 133.7 0.8584 1 0.0397
3 113 0.35 478 113 114.8 0.8536 0.1673
4 94 0.40 398 94 97.9 0.8474 0.1592
5 83 0.40 352 83 83.0 0.8397 0.1408
6 65 0.40 275 65 69.7 0.8298 0.1100
7 63 0.40 267 63 57.8 0.8168 0.1068
8 57 0.40 242 57 47.2 0.7995 0.0968
9 40 0.40 .169 40 37.8 0.7757 0.0676
10 24 0.40 107 24 29.3 0.7406 0.0428
11 18 0.40 .076 18 21.7 0.6868 0.0030
12 12 0.40 051 12 14.9 0.5914 0.0204
13 7 0.40 .030 7 8.8 0.3807 0.0120
14 1 0.40 .004 1 3.4 0.2310 0.0016
15 4 0.40 .017 4 0.8 0.0 0.0680
- 1.001 Y= 1.0
LINEAR FIT TO LN TRANSFORMED DATA LINEAR FIT TO LN TRANSFORMED DATA
GEORGE RIVER CARIBOU HERD BEVERLY CARIBOU BERD
5.5 T T T T T T T 5.0 = 5 T T T T
50 F — B
4.5 - 7 B
40 | -
x 35 [ B
% g 3.0
3 30t 4 3
z Z 258t
Z 25%F 4z
so L i 2.0 -
1.5 B 1.5 F R =092
1.0 b . 1.0 F
05 | 1 | 1 | I I 05 i 1 s L { |
2 4 6 8 10 12 14 186 4 6 8 10 12 14 16
AGE CLASS AGE CLASS
Fig. 1. The standing age distribution of the Fig. 2. The standing age distribution of the Be-
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George River caribou herd (Messier ez
al. 1988) may be divided into «mature»
(age 2-9) and senescent (age 10-15) age
strata that have age constant rates of
decline {®).

verly caribou herd (Thomas and Barry
1990a) may be divided into «mature»
(age 2-10) and senescent (age 11-15) age
strata that have age constant rates of
decline ().
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have increased or decline, or population growth
rate may have increased or declined.

The devation from stable age distribution (D)
calculated from the George River herd using
mature (0.87) and senescent (0.64) values of
& was -0.401 (SE = 0.100). The deviation
from stable age distribution calculated for the
Beverly herd using mature (0.86) and senescent
(0.63) values of & was 0.251 (SE = 0.074).
These deviations suggest some caution in inter-
preting the age distributions of these herds as
stable, but do not demonstrate that the age dis-
tributions are not stable. A «D» value that is
significantly different from 0 signifies inconsis-
tent assumptions, but does not identify which
assumptions are incorrect. As stated above, if
the @ values are calculated as age specific, D
will equal zero. Using flexible equations (such
as the quadratic) to fit observed age distribu-
tions offers limited opportunity to examine the
underlying assumptions involved in analysis of
standing age distributions.

An inconsistency in the life table developed
by Thomas and Barry (1990a) was noted. Barry
and Thomas (1990a} give survival rate estimates
based on the assumption that the population
growth rate is 1.0 (i.e., no correction term).
They suggest the mortality rate for age O is
37% (Thomas and Barry 1990a, page 183), and
the mortality rate of age class 1 is 10% (Tho-
mas and Barry 1990a, page 179). This gives a
survival rate of 0.567 for age O to age 2, the
first age class they feel is reliably represented.
However, the fecundity data given in Thomas
and Barry (1990b) indicates that N, = 305 and
N, = 136. This indicates a survival rate of
0.446 assuming the stable age A = 1.0. This dis-
crepancy is easily corrected by just accepting
the age distribution estimate. A defensible argu-
ment for that approach would be that intra-ute-
rine mortality was neglected in the lower calf
mortality estimate.

Conclusion

Analysis of standing age distributions is an enig-
ma. I appears that unless there is considerable
additional  information  about  population
growth rate and age specific rates of survival,
analysis of standing age distributions only re-
turns the initial .assumptions. Both Messier er
al. (1988) and Thomas and Barry (1990a,b) were
well aware of the assumptions they made in
examining the George River and Beverly stan-

Rangifer, Special Issue No. 7, 1991

Table 4. An example taken from Messier et al.
(1988) to illustrate that the sum ol the
standing age frequency (S,) times the
recruitment rate (m,) does not depend
on the values of m, (ie., it is always

1.0).
Age Frequency Recruitment Standing age
rate distribution

x O (my) (8 Syem,
0 472.2 0 1.0 0

1 138 0 0.292 0

2 156 0.12 0.330 0.0397
3 113 0.70 0.239 0.1673
4 94 0.80 0.199 0.1592
5 33 0.80 0.176 0.1408
6 65 0.80 0.138 0.1100
7 63 0.80 0.133 0.1068
8 57 0.80 0.121 0.0968
9 40 0.80 0.085 0.0676
10 24 0.80 0.051 0.0428
11 18 0.80 0.038 0.0030
12 12 0.80 0.025 0.0204
13 7 0.80 0.015 0.0120
14 1 0.80 0.002 0.0016
15 4 0.80 0.008 0.0680

Any m, schedule — stable age distribution

ding age distributions. It did not appear that
the data were sufficient to resolve whether sur-
vival rates were age specific or age constant for
either age distribution. The data were also in-
sufficient to determine whether the age distribu-
tions were unbiased or stable. Suspected chang-
es in the population dynamics of both herds
were mentioned by Messier er al. (1988) and
Thomas and Barry (1990a,b} which would have
caused deviation from stable age configuration.

The life tables developed for the George Ri-
ver and Beverly herd were consistent with the
available data and the assumptions given. The
recruitment rates given by Thomas and Barry
(1990b) were measurements rather than inter-
pretations. However, the other life table para-
meters for both the George River and Beverly
herds are most correctly understood as hypo-
theses which currently depend on un-testable
assumptions.

Life tables provide powerful tools for wildlife
managers. However, it appears that the useful-
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Table 5. The Chapman-Robson (Chapman and References
Robson 1960) truncated values of Caughley, G. 1977. Analysis of Vertebrate Popula-
® for «mature» (age 2-10 and 2-9) and tions. - J. Wiley and Sons., London, U.K. 234 pp.
«senescent» (age 11-15 and 10-15) age Chapman, D.G. and Robson, D.S. 1960. The analy-
. sis of a catch curve. - Biometrics. 16:354-368.
strata are given for the Beverly (Tho- . .
. Cole, L.C. 1954. The population consequences of life
mas and Barry 1990a) and Georg Ri- . h ) :
. ) istory phenomena. - Quartery Review of Biology
ver (.Messwr et al. 1988) caribou re-  ,9.103.137.
spectively. Messier, F., Huot, J., LeHenaff, D. and Luttich, S.
Beverly herd 1988. Demography of the George River herd: evi-
dence of population regulation by forage exploita-
tion and range expansion. - Arctic. 41:279-287.

Age Strata CR PHI (#) SE of @ Thomas, D.C. and Barry, S.J. 1990a. A life table for
female barren ground caribou in north-central Ca-

Mature (age 2-10) 0.87 0.02 nada. - Rangifer Special Issue No. 3:177-184.

Senescent (age 11-15) 0.64 0.06 Thomas, D.C. and Barry, S.J. 1990b. Age-specific fe-

cundity of the Beverly herd of Barren-ground cari-
bou. - Rangifer Special Issue No. 3:257-263.
Taylor, M.K. and Carley, ].S. 1988. Life table analy-

George River herd sis of age structured populations in seasonal envi-
ronments. - Jouwrnal of Wildlife Management
52(2):366-373.

Aga Strata CR PHI (¢) SE of &
Mature (age 2-9) 0.86 0.02
Senescent (age 10-15) 0.64 0.06

ness of standing age distributions is limited un-
less there is precise and accurate population
census data to accompany it. The ideal data set
would include cohort estimates of age specific
survival rates, age specific recruitment rates, and
an independent census to confirm the popula-
tion dynamics suggested by the resulting life ta-
ble. Simulation studies might improve qualitati-
ve understanding of the value and dangers of
simplifying assumptions to life table analysis of

caribou. Printed from manuscript after editorial review.

66 Rangifer, Special Issue No. 7, 1991



Proceedings of the Fifth North American Caribou Workshop

Joint management inaction - George River caribou herd

Chesley Andersen and Judy Rowell

Labrador Inuit Association, Box 70, Nain, Labrador, Canada, AOP 1L0.

Keywords: George River caribou herd, Labrador Inuit Association, explotation of land

Introduction

This paper is not a scientific presentation of
data on the George River caribou herd. Nor is
it a scientific interpretation of the status of the
herd. This paper is about a major caribou herd
that may be in trouble and the belief of the
Labrador Inuit Association (LIA) that the big-
gest .current threat to the health of the herd
may be the management policies of govern-
ments.

Our experience and knowledge of the herd
combined with the data collected by biologists
over the years suggest to us that the George Ri-
ver herd may be at risk. We are not interested
in getting involved in the techincal and someti-
mes academic arguments about census techni-
ques, confidence levels and theories of popula-
tion dynamics. We are primarily concerned
about the information base that is used by go-
vernment managers and the politics that conti-
nue to influence management policies.

The Labrador Inuit are watching with real
concern as the governments of Quebec and
Newfoundland deny some of the indicators sug-
gesting the George River herd may be in trou-
ble and proceed to manage it in isolation from
its biophysical realities and in defiance of prin-
ciples of conservation.

In this paper we will highlight what LIA con-
siders to be the essence of what Labrador Inuit
know about the herd as it should affect man-
agement policies for the George River herd. We
will also point out what we believe to be some
of the major external threats to the herd and
focus on the absence of a joint management re-
gime and the complete lack of political will on
the part of Quebec and Newfoundland to work
co-operatively.
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The George River caribou herd

The George River caribou herd is most likely
the largest caribou herd in the world. These ca-
ribou, generally considered to be barren ground
caribou, range throughout the entire Labrador/-
Ungava Peninsula which is split into the two
political jurisdictions of Quebec and Newfound-
land.

The caribou spend most of the winter spread
across the barrens of Northern Quebec as far
west and north as the coast of Hudson’s Bay.
Migration eastward begins when the females
start to move in early March if conditions per-
mit. Females reach the main calving grounds in
the upland tundra area in the height of land be-
tween Quebec and Labrador at the end of May
or early June. Throughout the summer the ani-
mals disperse and are found along the north
coast of Labrador and north to Ungava Bay. In
late summer and early fall the caribou head
west again for their winter range.

One of the most impressive things about the
annual migration of the George River caribou
herd is the distance that is covered. A satellite
collar deployed on an animal captured near He-
bron on the coast of Labrador can later put out
a signal from the Caniapiscau River. The herd
lately has been shifting and while the general
east/west migration pattern is constant we see
changes in migration patterns and behaviour. In
1990 the caribou did not come into Labrador
until mid-May. This was the first time this had
happend in living memory.

There are a number of aboriginal peoples li-
ving in the Labrador/Ungava Peninsula whose
culture, economy and society are tied to the
George River herd. In Labrador the herd is
hunted by the Labrador Inuit who live along
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the coast of Labrador and the Naskapi/Montag-
nais Innu. Labrador Inuit will sometimes travel
west of the George River in search of caribou
for their families.

In Quebec the Inuit, Naskapi and Cree all
traditionally and currently hunt the George Ri-
ver caribou. In addition to the Quebec aborigi-
nal users there is a very significant sports hunt.
The land claims of the Cree and the Inuit of
Quebec have been settled and their rights are
set out in the James Bay and Northern Quebec
Agreement (JBNQA). The claims of the Naska-
pi of Schefferville have also been settled and
their rights are set out in the North Eastern
Quebec Agreement (NEQA).

Under the JBNQA and the NEQA the rights
of the Quebec Inuti, Cree and Naskapis to take
levels of caribou sufficient to meet their needs
are guaranteed. These agreements also guarantee
a management body known as the James Bay
Hunting Trapping Fishing Coordinating Com-
mittee. While this is an advisor committee to
the Minister Responsible for Wildlife it is a
cooperative management arrangement with re-
presentation from all three arboriginal parties,
the Quebec government and the government of
Canada. A specific provision in the agreements
allows the Coordinating Committee to establish
the upper limit of kill for caribou subject to
the principle of conservation which is defined
in the JBNQA as follows:

«Conservation means the pursuit for the opti-
mum natural productivity of all living resources
and the protection of the ecological systems of
the territory so as to protect endangered species
and to ensure primarily the continuance of the
traditional pursuits of the Native people, and
secondarily the satisfaction of the needs of non-
Native people for sport hunting and fishing».

The sports hunt kill in Quebec takes almost
as much as the subsistence hunt. Recent figures
put the Quebec kill by sports hunters at 9,000
animals and the subsistence kill at 10,000 ani-
mals. It is a very different situation on the Lab-
rador side. There are no land claims agreements
with the Inuit or the Innu. The LIA has only
just started negotiations towards settling its out-
standing claims. The Innu are not yet at the ta-
ble. There are no formal arrangements with
Newfoundland that provide any guarantee or
form of protection for priority allocations for
aboriginal people in Labrador. All that LIA has
is a reassurance from a Minister responsible for
Wildlife in a previous government that priority
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would be given first to the subsistence hunt, se-
cond to the commercial hunt, and last to the
sports hunt. Caribou numbers have not gone
low enough to test that assurance.

There is no management arrangement in
Newfoundland that provides for co-operation
with aboriginal users. There is no effort on the
part of the Newfoundland government to soli-
cit the participation of the Labrador Inuit or
Innu with respect to management decisions.

The LIA operates a commercial caribou hunt
through its economic arm - the Labrador Inuit
Development Corporation taking an average of
about 500 animals per year so far.

What we know about the herd

We know that the George River herd is large
and is likely the largest caribou herd in the
world. We know that the herd is no longer in-
creasing. We suspect that it has been decreasing
at a rate of about 7-9% per year for the past
few years. Evidence from the past few years
also suggest that the caribou coming off the
summer range are in very poor nutritional state
and some animals have started to death.

The main calving grounds used by the Geor-
ge River animals have been used consistently
over the past 20-30 years and preliminary work
indicates that the calving grounds are almost
bare of forage. There is some intermingling of
descrete herds with the George River herd espe-
cially where the Leaf River and George River
caribou share the same winter and rutting rang-
es. The range of the George River herd in the
winter sometimes extends to include range that
is used by more southern woodland herds.

What we do not know about the George
River herd?

We do not have a population estimate of the
George River herd that is accepted equally by
government managers, government biologists
and arboriginal users. Population estimates for
the George River herd now range from 150,000
to 680,000. The governments of Newfoundland
and Quebec appear to be basing their manage-
ment policies on the high estimate of 680,000.
Biologists for Quebec and Labrador believe the
count is lower.

We are seeing changes in migration routes
and patterns of the George River herd but we
don’t know what precipitates them. There are
som theories and speculation only. We know
that certain environmental factors especially ice
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and snow in the winter and insect harassment
in the summer can influence cariobu behaviour
and migration. However we don’t really under-
stand what factors are at work. For instance we
do not know why the caribou 'did not show
up’ in Labrador in 1990. We do not know the
impact of wolf predation on the caribou nor do
vi know very much about the quantity , qual-
ity and nutritional levels of the vegetation thro-
ughout the George River herd’s range.

What we have just outlined is a simplistic and
incomplete overview of what we know and
don’t know about the herd for management
purposes. Obviously such an overview is not
intended to undermine all of the work done by
scientists and wildlife managers. Rather it is in-
tended to put things into perspective.

Some of the very basic issues that are essen-
tial to responsible wildlife management are un-
known. We know the herd is declining but we
can’t even agree on its size. We know animals
are starving at a time when they should be buil-
ding up their fat and nutritional reserves. We
think there may be a problem with the carry-
ing capacity of the range but we don’t know.

We are not naive enough to expect to have
answers to all these unknowns but we do ex-
pect that managment policies operating within
these parameters should be conservative and
sensitive to the number of unknown variables.
Management should also be sensitive to, and
take into account, the external factors that may
also pose a threat to the herd.

Threats to the herd

The Department of National Defence (DND)
and various North Atlantic Treaty Organiza-
tion countries have been practising low level
flying in Labrador for eleven years. Until 1990
there was no monitoring of the effects of low
level flying on caribou or on habitat. The ex-
ception was a two year study done by Dr. Fred
Harrington on the effects of low level flying on
the behaviour of George River caribou. Because
of time and funding constraints the study was
inconclusive. Low level flying is practised from
mid April to the end of October and a signifi-
cant portion of the George River caribou range
falls inside the low level flying zone. No long
term monitoring studies have been initiated, no
appropriate baseline studies have been done.
With eleven consecutive years of low level
flying we are unable to answer any questions
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about the effect of such activities on the health
and behaviour of the George River caribou
herd or on its habitat.

Current plans of Hydro Quebec involving
the La Grande and the Great Whale Rivers in
western Quebec potentially threaten important
habitat used by the George River caribou. Both
river systems, and particularly the Great Whale
in the area of Lac Bienville, have been docu-
mented as having become a prime and/or pre-
ferred winter range for a portion of the George
River caribou herd. Caribou collared' in the
Torngat Mountains, north of Nain, in the late
summer subsequently crossed the Labrador Pen-
insula during the autumn to over-winter in the
Great Whale River drainage. It is very difficult
for us in Labrador to get any information on
what is actually happening in Quebec. The ini-
tiative is being addressed as a project with no
trans-boundary impacts and there 1s no pressure
coming from outside Quebec to address any
trans-boundary impacts. It is extremely unrealis-
tic to expect that James Bay II will not impact
on the George River herd but how and to what
degree we do not know. Many efforts to pre-
dict impacts will be reliable only to the degree
to which they incorporate the current situation
of the George River herd.

The governments of both Newfoundland and
Quebec are relying on the high population esti-
mate for the George River herd. Each govern-
ment establishes kills independent of the other.
Because the herd is large it is corsidered to be
«under-harvested».

For the past few years Quebec has been wor-
king very hard to push for a commercial kill
which is currently not allowed under the
JBNQA or NEQA. Originally the commercial
quota was for 40,000 now it is in the range of
15,000.

Joint management inaction

LIA believes that the single biggest threat to
the health of the George River herd is the cur-
rent approach to management by the govern-
ments of Newfoundland and Quebec. Dialogue
between Newfoundland and Quebec has never
been great and it is virtually non-existent in
terms of management responsibilities for Geor-
ge River caribou. Each government manages the
herd as if it is within its sole jurisdiction and
does not migrate outside provincial boundaries.
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In the early 1980’s LIA met with Quebec
and Newfoundland officials to try to initiate
discussions that would lead to some form of
joint management arrangement for the George
River herd. We were not successful. The politi-
cal agendas of the two governments are such
that there is no room to talk about joint man-
agement. Long standing disputes between New-
foundland and Quebec over the sale of Chur-
chill Falls power and the Quebec/Labrador bo-
undary leave no room for, or political will to
discuss joint management of a shared resource,
particularly when each sees that resource as
being under-harvested. LIA also met with the
aboriginal groups in northern Quebec to see if
we could generate the initiation at that level.
We failed there too. Apart from some interest
shown by Makivik (which represents the
Northern Quebec Inuit) there was no follow
through. In 1984 when LIA was negotiating
with Quebec and the Inuit Cree and Naskapi
signatories to the JBNQA and the NEQA for
rights to hunt in Quebec we tried to make
joint management an issue. We failed again. We
discovered that it was not an appropriate forum
because we did not have all the necessary parti-
cipants. We were missing the Newfoundland
government and the Labrador Innu.

LIA also spent considerable effort trying to
get Canada involved at least as a facilitator for
negotiations between Quebec and Newfound-
land. But Canada has its own political agenda
and at the time was not prepared to be seen as
Intervening in any way in the political squab-
bles or the provincial jurisdictions for the two
parties. And so we have had to stand back and
watch as a resource as vital as the George River
caribou herd pays the price for bitter, positio-
nal political agendas. This then, has become the
biggest threat to the George River herd.

It is very alarming to watch governments de-
fault on their management responsibilities the
way Newfoundland and Quebec continue to
do. Each government jealously guards its juris-
diction over wildlife and rabidly defends what
it believes to be its jurisdictional territory. But
just look at how they interpret their manage-
ment responsibilities. First, as we have said,
they manage the herd as if it stays within pro-
vincial boundaries. Not only does that deny the
reality of herd dynamics, it also requires unne-
cessary duplication of cost and effort for certain
things like surveys and radio collaring. Despite
warnings from aboriginal users and from some
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of its own biologists Quebec and Newfound-
land both choose to accept the highest popula-
tion estimate for the herd and continue to push
for larger kills. Questions about the census,
about the methods used to establish the popula-
tion levels and warnings about a decline in the
population should generate a management ap-
proach that is cautious and errs on the low
side. Quebec and Newfoundland are reckless
about establishing levels and allocations of kills
from the herd because they believe it is large
enough that it can absorb whatever they per-
mit.

At a time when the population count is un-
certain and the herd in a state of decline man-
agement policies should be especially sensitive
to additional external threats that may add to
the stress of an already stressed herd. Yet neit-
her government has taken any lead in trying to
regulate, or at least monitor the effect of low
level flying on the George River herd. In fact
Newfoundland is a strong advocate for the mili-
tary presence in Goose Bay. Its political agenda
has little tolerance for actions that would place
a burden on DND'’s flying activities.

The Federal Environmental Assessment and
Review Panel established in 1986 to assess the
environmental impacts of low level flying has
stalled. The Environmental Impact Statement
prepared by DND was declared deficient by the
Panel in May 1990 and we are still waiting to
hear what happens next. Since the Review Pa-
nel was established we are now entering the
sixth season of low level flying. We have been a
lone voice protesting this. Finally DND agreed
to negotiate a Memoradum of Understanding
with LIA which among other things planned a
monitoring program to be carried out by LIA
and funded by DND.

When Newfoundland discovered that DND
planned to fund LIA to put satellite collars on
caribou they intervened in our discussion and
made it clear LIA had no jurisdiction, or right,
to put collars on caribou. Newfoundland rejec-
ted a proposal that would have seen LIA con-
tract the Newfoundland wildlife division to put
on the collars. Newfoundland protested so
loudly that LIA forfeited that part of the plans
under the Memorandum of Understanding in
order to save its other features. Newfoundland
then stepped into the ring at the eleventh hour
claiming an interest in establishing a monito-
ring plan for 1990. Newfoundland would have
maintained its wall of silence on the issue if it
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had not perversely believed that in securing
funding for satellite collars LIA was somehow
threatening its jurisdiction.

Right to manage

We are becoming bitter about what we see hap-
pening and afraid of what the consequences will
be. The question we ask ourselves is «by what
rights does either Newfoundland or Quebec
have jurisdiction over wildlife»? Surely jurisdic-
tion for wildlife implies a role of stewardship.
By vesting jurisdiction for wildlife in the
Crown the intent is to ensure responsible ste-
wardship of the resource for the citizens of the
province or the county, as the case may be.
LIA believes that defaulting on that responsibil-
ity should be a criminal offense. We watched
while government mismanaged and ultimately
decimated the northern cod stocks off our
coast. We pay the consequences for this action.
We go hungry and watch as a critical part of
our future harvesting rights are wiped out. But
what happens to the government managers and
policy makers, to all of those people who, in
exercising their powers violated the very re-
sponsibility that was vested in them? Nothing.
Their jobs are secure, their futures are secure.
They are simply not accountable. We don’t
mean accountable in the political or electoral
sense. That may be enough in an industrial so-
ciety that does no depend on renewable resour-
ces and that probably has the kind of popula-
tion base that could make electoral accountabi-
lity mean something. We mean legally account-
able or legally liable with legally enforceable
remedies.

The Labrador Inuit are an aboriginal people
whose lives, culture and economy depend on
access to healthy populations of wildlife. How
can we be expected to respect government's
claim to jurisdiction over wildlife when their
political agendas override responsible manage-
ment based on conservation? How would the
system change if there was a way to make go-
vernments legally liable for the consequences of
negligence in wildlife management policies? We
are not lawyers but we strongly suggest to
those people who are lawyers or who are inter-
ested in public policy and who care about the
future of certain wildlife populations te go out
and be creative and find a way that can make
governments legally accountable for their ac-
tions. We believe this applies equally to Canada
with respect to the George River caribou herd.
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We believe Canada has jurisdiction for trans-
boundary migratory species and it too has ste-
wardship responsibilities on behalf of the Cana-
dian public. Canada can see what is happening
to the George River herd and yet it will not in-
tervene despite the obvious violations of the
principles of sound management and conserva-
tion. These violations are, if nothing else, a
breakdown in order and good government wit-
hin the Country. Canada’s silence on this issue
also calls into question its commitment to the
principles of environmental protection and
wildlife management which form the basis of
the newly announced Green Plan. It is also dif-
ficult to take seriously Canada’s commitment
to environmental protection on the internatio-
nal scene when it chooses to abdicate its re-
sponsibilities at home.

Conclusion and recommendations

LIA is discouraged and afraid of what govern-
ments may be doing to exacerbate and accelera-
te a decline in the health and numbers of the
George River caribou herd. We have a major
migrating herd that is becoming the victim of
political divisions between Newfoundland and
Quebec. There are other major herds in the
country that involve more jurisdictions than
just two provinces. The Beveriy/Kaminuriak
Joint Management Board has two provinces, a
territorial government and federal government
as well as the major aboriginal users all repre-
sented on it. The Porcupine Caribou Herd
Management Board has two territorial govern-
ments, the federal government :nd Alaska as
well as the major aboriginal usess represented
on it. These management boards are not with-
out their problems but they are success stories
in the field of co-operative management. They
provide a means by which best efforts can be
made to manage a wildlife population in a way
that integrates wildlife and habitat, uses the best
information available, optimizes research efforts
and respects the principles and practices of con-
servation.

It is a tragedy that such a system cannot be
established for the George River herd because
there is no political will. It is especially tragic
that the Quebec and Newfoundland govern-
ments choose to ignore the indications that we
believe are signalling trouble. Governments can
afford to operate in this manner because they
are not legally liable for their actions. It is the
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aboriginal people who will pay the cost. LIA
has given this situation much tought and we
have come up with two possible courses of ac-
tion:

1)

2

Canada could commit to a financing and
convening process to deal with conflict reso-
lution and interest identification associated
with the governments and the aboriginal
users involved with the George River cari-
bou herd in a way similar to that done by
Don Snowden for the Beverly/Kaminuriak
herd.

The governments have failed to act respon-
sibly as managers of the George River herd
and they have helped to create a manage-
ment crisis. LIA believes that the aboriginal
users of the herd also have a duty to act as
responsible managers and this duty exists in-

dependent of what governments may or may
not do. It is time for the aboriginal users in
Quebec and Labrador to act unilaterally and
in the interests of the herd. The Inuvialuit in
the western Arctic were able to negotiate
with the Inupiat in Alaska a co-management
agreement on polar bears. We should be able
to do a similar thing with caribou.

Accordingly, LIA is prepared to consider ta-
king initiatives to bring together the major
aboriginal users of the herd for purposes of
discussing a way of establishing a joint man-
agement agreement. LIA considers that the
JBNQA could act as a vehicle in the interim
through which the aboriginal users could
give expression to an aboriginal joint man-
agement agreement. No such vehicles exist
in Labrador.

Printed from manuscript after editorial review.
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Wildlife Co-management defined: The Beverly and Kaminuriak Caribou
Management Board

Donald C. Thomas! & James Schaefer?

! Canadian Wildlife, Service, 4999-98 Avenue, Edmonton, Alberta, Canada T6B 2X3.
2Box 987, Fort Smith, Northwest Territories, Canada X1A OPO.

Abstract: A comparison of indigenous and scientific forms of wildlife data gathering and conservation/management
revealssimilarities and differences. The two systems are needed to effectively manage wildlife in northern Canada, parti-
cularly migratory, trans-boundary species. The Beverly and Kaminuriak Caribou Management Board brought multi-
jurisdictional caribou users and managers together to co-manage two large herds of caribou (Rannger tarandus groenlan-
dicus). The advisory Board’s principal duties and responsibilities are communication and to maintain the two herds
at population levels that will meet user needs. Goals, objectives, and principles are set out in a management plan. Board
activities are structured in 15 action plans under major categories of communication, supply of caribou, use of caribou,
and habitar. Board successes are attributed to use of the plan to guide actions; to the Chairmen and vice-Chairmen;
to the quality of founding members and their continuity; to effective vehicles of communication such as a newspaper,
radio, video, and community meetings; toaspirit of cooperation; and to high caribou numbersbecause of high producti-
vity combined with poor accessibility. Problem areas include technical limitations, members’ decreasing powers and
increasingturnover, inadequate communication of Board objectives and activities within the communities, and accoun-
tablhty Future challenges include the management of caribou shortages, obtaining better herd data, and the need for

more 1nten51ve management as user populat1ons grow.

Keywords: caribou, caribou management board, conservation, management

Introduction
Management of the great caribou herds that migrate
between forests and tundra of the Canadian main-
land and across political boundaries poses a great
challenge. Traditional user groups include many dif-
ferent culturesof Inuit, Chipewyan, Cree,and Metis
and a few white trappers with special hunting licen-
ses in the Northwest Territories (NW'T). These
groups have unrestricted use of the caribou resource
by treaty, aboriginal rights, special licences, and tra-
dition. Southern forms of wildlife management had
limited application. They are based to a large extent
on regulating the kill by hunters. Regulations were
foreign to users and their imposition unacceptable
forseveral reasons. Enforcementof any rules was dif-
ficult to impossible.

A further serious problem was obtaining reliable
scientific data on the herds. Costs were extremely
high and difficult to justify unless management was
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possible. Data obtained in the late-1940s and 1950s
indicated aserious decline in caribou numbers(Ban-
field 1954, Kelsall 1968). Inter-government commit-
tees were established to coordinate research and look
for management solutions. Regulations on use of ca-
ribou, educational programs, and wolf poisoning
were introduced to stem the decline in caribou num-
bers (Kelsall 1968). From 1967 through 1972, an at-
tempt was made to fight fires on the winter range of
the Beverly herd. After apparent recovery of cari-
bou numbers in the 1960s and 1970s, a serious decli-
ne in the Kaminuriak herd was indicated by survey
data in 1980. The native people disagreed with the
survey data. In 1979-80, the Beverly herd wintered
innorthern Saskatchewan in areasaccessible by road
and 15,000-20,000 were killed. Native users were
blamed for caribou declines. A confrontational at-
mosphere developed between usersand wildlife bio-
logists/managers.
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In the late 1970s, it became obvious to govern-
ment managers that the native people must be part
of the solution to management of the Beverly and
Kaminuriak herds of caribou. The first step was to
get native users and government managers around
the same table to discuss the problem and seek solu-
tions. This led to the first co-management caribou
board described herein.

How can co-management work best? First of all,
native users must learn about scientific forms of ma-
nagement and biologists and managers must learn
about native culture and attitudes towards wildlife.
The scientific form of wildlife management was vir-
tually unknown by native users of caribou. In the
1980s, papers began to appear on indigenous forms
of conservation and management (Freeman 1985;
Usher 1986, 1987; Feit 1988; Osherenko 1988; Rie-
we and Gamble 1988; Therrien 1988). The best
aspects of both systems will be needed to improve
northern wildlife management in general and cari-
bou management in particular.

In this paper we compare scientific and indigeno-
usforms of wildlife conservation/management; dis-
cuss co-management as an integrated approach; and
examine one attempt at co-management: the Bever-
ly and Kaminuriak Caribou Management Board
(BKCMB). We then express personal views on cur-
rent problem areas in the BKCMB and future chal-
lenges.

The scientific system of management

Scientific wildlife management was developed in
the U.S.A. and southern Canada. The system is ba-
sed om obtaining, storing, handling, manipulating,
analyzing, and applyingtechnical data. The goals of
scientific wildlife management are to maintain wild-
life populations at some level or between certain sta-
ted levels or densities. Populations must not be allo-
wed to exceed the carrying capacity of their habitat
orarapid decline will occur. Often the management
level is set to provide a certain level of sustained har-
vest. Historically, scientific management was aimed
at providinga” harvest” surplus for hunters who are
termed “consumptive users”. As habitat was lost
and populations declined, a greater emphasis was
placed in just maintaining wildlife populations.
Thus, conservation and endangered species pro-
grams are now part of some federal and provinci-
al/territorial agencies. Provisions are also made for
increasing proportions of non-consumptive users,
e.g., bird watchers.

The major technical management tools are cont-
rol or modification of hunting, predator control,
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and safeguarding or enhancing habitat. Hunting re-
gulations are the major tool. Predator control is litt-
le used because of public opposition and, in some ca-
ses, the need to protect predators. The primary
statistics used in management are estimates of popu-
lation size or trend; population age and sex structu-
re, particularly additions of young to the populati-
on; and deaths from hunting and natural causes.

The system has worked well in southern Canada
andthe US.A., including some large Indian reserva-
tions in the west. It has not worked well when ap-
plied to northern caribou herds. The main manage-
rial problemsin northern Canadaare insufficient or
unreliable data on the caribou herds, management
tools are limited, habitat management is costly, and
land management decisions consider other resour-
ces. The costs are enormous to obtain reliable data
on herd distributions and numbers; recruitment
(addition of 1-year-old caribou to the herds), natural
mortality rate, and harvest level. Treaty rights gua-
rantee hunting rights and equivalent rights are ex-
tended to non-treaty native people through General
Hunting Licences (NWT) or by not enforcing laws
and regulations.

Wolf control using poison and predator control
officers was discontinued in the early 1960s because
of its cost, it questionable effectiveness, and opposi-
tion to it from people outside northern Canada. A
wolf bounty was discontinued in the early 1970s.
Control of forest fires is exceedingly costly and of
questionable effectiveness. Roads are developed in
caribou range to access mineral resources and provi-
de cheaper goods to northern settlements.

Indigenous forms of wildlife management

Native wildlife management termed “indigenous
tradition”, “traditional knowledge”, “’customary
law”, and ’selv-management” (articles in Freeman
and Carbyn 1988) have not been explained in any
detail. One view, held or inferred by many northern
zoologists, is that no historical evidence existsforac-
tive wildlife management of caribou in northern
Canada (Banfield 1954; Kelsall 1968; Cowan 1969;
Macpherson 1981; Theberge 1981; Thomas 1981;
Miller 1982). The hunters and the caribou were in
approximate balance before theintroduction of mo-
dernequipment. Shortages of wildlife resulted in pe-
riodic starvation and management was by default.
Native users were nomadic and shifted from one
species to another as one became scarce, e.g., from
caribou to sea mammals or from caribou to musk-
oxen or fish. The key pointis whether there was acti-
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ve management or not. Was the kill of a species deli-
berately reduced when populations of that species
were low? Aboriginal hunters and societies were
most likely to survive if they took as many animals
as possible when the opportunity arose. Meat was
stored in various forms but if fresh meat was obtai-
ned some of the stored meat-would not be used. Sur-
plus meat was shared with other groups in the area
that were less fortunate. Hunting restraints were un-
likely for any sparse migratory population of ani-
mals in a hunting territory. The status of a hunter
was proportional to his success at obtaining food.
Thus, much behaviour relates more to survival than
to conservation or management.

Many traditions concerning wildlife took the
form of beliefs, myths, legends, and taboos that arise
when favourable or unfavourable events were asso-
ciated with a hunting incident or use of animals or,
perhaps, in dreams. Myths and legends were handed
down by oral tradition and no doubt changed
through time. Our perceptions of people-caribou
sytems therefore are based on recent history. The
Dene and Inuit believed that caribou had souls that
lived on after death and these must not be offended
(Arnold 1989). This translated into respect for the
animals. Spiritual links developed over time be-
tween the aboriginal hunters and their prey and
these are particularly strong for caribou.

At the other extreme we occasionally hear almost
mystical views of harmony between native hunters
and their prey. Arguments for active management
are articulated mostly by social scientists (Freeman
1985; Usher 1986, 1987; Feit 1988; Osherenko 1988;
Riewe and Gamble 1988; Therrien 1988). In most
cases, a few recent examples of harvest restraint of
largely non-migratory species are extrapolated to ot-
her cultures with the assumption that active mana-
gement was universal. Explanations of indigenous
systems of wildlife management often include as-
sumptions and general statements that are suppor-
ted by few data. These assumptions are repeated by
others until they are regarded as fact. Aboriginal so-
cleties had to develop conservation measures to sur-
vive but such practices should not be confused with
active management. The problem may be semantics
(language). There would be less confusion if ”mana-
gement” was replaced by “conservation” in many
of thearticles onindigenous societies-wildlife relati-
onships. To a biologist, the term “overhunting”
may mean that there are too many hunters for the
number of caribou available for sustained harvest;
to the hunter it may infer that he, as an individual,
is taking too many caribou. Clear definitions of
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terms are needed to avoid misinterpretation and
unnecessary conflict.

Pre-19th century, northern, indigenous socie-
ties must be admired for their ability to survive
in a servere environment with an unstable re-
source base. We should not burden them with
proof that they actively managed migratory
wildlife resources. After Europeans arrived, the
need for trade goods was so great that caribou
were shot just for their hides as recently as
1960. What is lacking are explanations from na-
tive elders of where conservation or manage-
ment occurred and how it was effected. With
no written history, we must rely on oral ac-
counts of human-wildlife relationships. No one
disagrees that native users of wildlife are keen
observers who detect changes in animal behavi-
our, health, and physical condition. Native
hunters knew where caribou were likely to be
at various times of the year but only within
their territory or from conversations with
neighbouring bands. Knowledge of caribou be-
haviour was a great asset in the hunting of cari-
bou. For example, some caribou would be allo-
wed to cross a river before some were killed.
Otherwise all the caribou might use another
crossing. The people learned through trial and
error to avoid diseased parts of animals, al-
though the major prey species were free of pa-
rasites obtained from eating meat. They were
familiar with all the anatomical parts of ani-
mals. The use of all parts of caribou was a con-
servation and survival strategy. There was and
is strong selection for the age and sex classes of
caribou that are fattest during annual cycles of
condition. Such selection favours human survi-
val but not conservation because losses of adult
females has the greatest impact on the growth
of a population. Adult females are fattest over a
greater proportion of the annual cycle than ma-
les. There are complications to any form of
management where other groups hunted the
same herd of caribou that ranged unpredictably
over vast areas. Expanding native populations
and modern support systems, hunting equip-
ment, and transportation add new dimensions
to equilibria between hunters and prey.

Traditions, beliefs, legends, folklore, and
taboos change much more slowly than the in-
troduced technology. Some beliefs influence in-
digenous peoples’ attitude towards wildlife
management: (1) that abundant animals will be
provided by God, spirits, or other; (2) that ani-
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mal populations are cyclic (e.g., Thomas 1981,
Gunn et al. 1988); and (3) that animals can be
offended by certain human actions. Thus, Chi-
pewyan in northern Manitoba and Saskatche-
wan believe that caribou should not be handled
or disturbed outside of hunting them (Bone er
al. 1973, Miiller-Wille 1974). If not disturbed,
there will be plenty of caribou for all time.
Hunting with rifles, snowmobiles, aircraft, and
motorboats creates much more disturbance to
the caribou than in the ”old days” before Euro-
peans arrived. Many wildlife populations have
been eliminated through hunting with modern

equipment. Caribou have not fully adapted to
the rifle.

Differences between traditional and
indigenous management

There are always interpretation problems and
in particular when two or more languages are
involved. The term “management” is interpre-
ted differently by different groups. Management
in indigenous systems usually means some form
of harvest restraint or conservation. This is also
the major tool of technical managers who use it
to maintain sufficient numbers in a hunted po-
pulation. In indigenous management there was,
with a few recent exceptions, no accounting of
numbers or achieving some balance between
harvest and annual addition of young to popu-
lations.

Technical management may arbitrarily but
functionally be divided into six steps: data col-
lection, accumulation, analysis, interpretation,
transfer; and management action. Gunn et al.
(1988) divided the process into three steps. Hy-
pothesis making and testing focuses the process
particularly for theoretical questions. The six
steps reveal similarities and differences in indi-
genous and scientific systems.

Data collection

Both methods of data collection are based on
observations and the indigenous method is part-
ly scientific. (“Science: knowledge; comprehen-
sion or understanding; knowledge coordinated,
arranged, and systematized...”, The New Webs-
ter Encyclopedic Dictionary). Scientists tend to
formalize and standardize their quantitative ob-
servations. They tend to rely, excessively we
might add, on proven methods of other scien-
tists. This permits them to directly compare
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their data with those of the previous worker.
Often the methods of study are changed to suit
the new study. The best scientists devise new
methods of collecting data and set a new stan-
dard. The scientist gathers quantitative and qua-
litative information from throughout the range
of a caribou population, whereas the observa-
tions of indigenous hunters tends to be more
localized and mostly qualitative. Nevertheless,
the indigenous hunter may detect things and
subtle differences that a scientist would overlo-
ok. Such observational data are termed “empiri-
cal” as opposed to theoretical.

Data accumulation

Indigenous “scientists” accumulate knowledge
in their brain. Scientists accumulate observa-
tions in memory and in notebooks, on data
forms, in computers, and summarize the obser-
vations in reports and publications of standard
format. The accumulated written material be-
comes what is termed b aseline information on
a subject to which new written observations are
compared. Transmission is mostly by reports
and publications, although there is transfer of
information orally at meetings, workshops, and

individually.

Data analysis

Another major difference in the two systems is
that scientists are bound by certain conventions
of how data are processed and presented. There
are arbitrary limits on whether observations or
data are real or are due to chance. They use sta-
tistics to make decisions about their observa-
tions. Generally, they attempt to collect large
amounts of data to meet criteria for informa-
tion adequacy. A high degree of variability oc-
curs in biological data and there are additional
errors associated with collecting it. Certain arbi-
trary levels of certainty (probability) are used
to make decisions about data. For example, in-
digenous hunters would know that caribou
were fat in a certain winter based on observa-
tions of carcass fat. The scientist reports that
adult cows had 10 mm of back fat plus or mi-
nus 5 mm at a certain probability level, usually
95%. There are complicated statistical methodo-
logy to describe data, compare them with other
data, and determine if relationships exist among
variables (e.g., age, sex, and depth of back fat).
These are termed quantitative (amount) analyses
of data. Indigenous people describe things in
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more-general categories termed  qualitative.
There is a potential for scientists to dwell exces-
sively on data analysis and manipulation and
lose sight of some basic relationships. That is,
scientists may rely too much on quantitative
data and overlook obvious qualitative differen-
ces. For example, Geist (1991) argues that sub-
species criteria for caribou should be based on
qualitative differences in coat (pelage) patterns
in autumn and verified by quantitative molecu-
lar data. Indigenous people can contribute data
on the coat patterns of caribou in different po-
pulations.

Data interpretation

An important step is the interpretation of data.
The scientist and the indigenous person may
come to the same conclusion but by different
processes. For example, fatness in caribou may
be caused by an early spring and low number
of flies. The indigenous hunter may know from
many years of experience what environmental
conditions result in fat caribou. It may take sci-
entists many years of painstaking work and
large budgets to arrive at the same conclusion.
Scientists use statistics and computers to sort
out which environmental variables are most im-
portant. Experience is also valuable in coming
to correct conclusions. The results of other re-
searchers must be drawn upon to fill gaps in in-
formation. However, care must be exercised in
transferring data among populations and re-
glons.

Data transfer

Information on wildlife was spread orally in in-
digenous societies. It was important for survi-
val. Technical data are transferred in reports
and publications. Information is also transferred
orally in talks, lectures, and interviews. The ac-
cumulated information on a subject is termed
baseline data and all new data are discussed in
terms of previous work.

Management action

Wildlife management must involve a mix of
technical and indigenous knowledge where indi-
genous people are the primary resource users.
This is the step where co-management is most
effective. The technical information is presented
and the indigenous users see how it fits with
their observations. If there is consensus on the
validity of the data, then solutions to problems
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are solved jointly through discussion. The indi-
genous members know what types of manage-
ment actions may be successful in their commu-
nities and hunting areas. Imposition of solu-
tions by technical managers will not work
unless the local people support them.

The evolution of co-management

Why did co-management solutions not arise un-
til recently? The biologists, with a few excep-
tions, did not believe that the natives could
help them gain knowledge. In turn, the natives
often believed that they knew more about cari-
bou than any biologist. Both were correct: the
biologists knew certain facts unknown to the
natives and vice versa. There were and are lan-
guage barriers. The scientific managers did not
think that hunters were interested in the com-
plicated technical methodology used to arrive at
management decisions. Co-management could
not work until both parties had an understan-
ding of the value of each others’ contribution.
Their methods of obtaining information (Table
1) and solutions to management problems are
similar.

The minimum requirement for co-manage-
ment 1s: (1) direct involvement of indigenous
people in management decisions and means of
acting on them; and (2) direct involvement of
native people in data gathering. Wildlife man-
agement boards are a means of achieving the
first requirement. Native people were involved
in many wildlife studies, but mostly as assis-
tants, They should be more involved in project
planning and interpretation of results. Further-
more, scientists and resource managers should
devise systems of collecting data and ecological
information from indigenous people. There
may be no proof of ecological relationships sug-
gested by the local people but repeated observa-
tions from different groups would suggest rela-
tionships and these could be tested scientifical-
ly. Some types of monitoring such as fatness
and general health of caribou populations and
sub-populations can largely be done by the
hunters.

It 1s true that the native people have had to
adapt to the scientific form of data gathering
and the solving of management problems in
semi-formal meetings. There was no apparent
alternative considering the large number of nati-
ve communities involved and no system of col-
lecting adequate traditional information.
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Table 1. Major similarities and differences between the indigenous tradition and the scientific method of data
gathering and processing and major conservation/management methods.

Process Indigenous tradition

Scientific method

Data collection

Brain, oral tradition
(stories, legends)

Data accumulation
Discussion

Data analysis

Data interpretation Inductive reasoning

Data transfer Oral

Conservation/ Consensus to reduce
management kill through social
method pressure, taboos

Qualitative, empirical observations

Formalized, empirical,
quantitative observations

Forms, tables, computer data
bases, reports, publications

Statistics, computers, brain
predictive models

Results vs. those of others;
induction and deduction

Reports, publications, oral

Regulations to reduce kill,
predator control, habitat
protection, education

Adaptive management

McDonald (1988) suggests use of adaptive man-
agement techniques to aid wildlife management
in the North. The essence of the method is tri-
al and error management. Such methodology
appears to have little application to caribou
management because: (1) the system is more
stable than suggested even though it is a rather
simple system: essentially one prey and two
predators including humans; (2) there is little
scope for experimentation (e.g., wolf control or
altered harvest); (3) measuring the effects of any
“tinkering” is exceedingly difficult and expensi-
ve (e.g., effect of wolf control in the 1950s and
early 1960s); (4) the key indicators (hunting and
wolf mortality) are known; (5) experimentation
with habitat can have long-lasting effects (e.g.,
experiments of minimum winter habitat re-
quirements could have 50-70-year effects). These
techniques are more applicable to closed sys-
tems such as lakes where the effects of manipu-
lating ecological and human factors can be rea-
dily measured. The co-management aspects in
adaptive management techniques are good.

The first caribou management board

The first major study of caribou between Hud-
son Bay and the Mackenzie River in 1949-51
indicated there were 677,000 caribou, far fewer
than at the turn of the century (Banfield 1954).
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Numbers dwindled during the 1950s and led to
the first caribou ”crisis”. Predator controls
were initiated, By 1957, numbers in what is
now known as the Beverly herd were estimated
at 100,000 (Kelsall 1968). We know from com-
parisons between visual and photographic sur-
veys (Heard 1985) that numbers were probably
2-3 times larger than the estimates. They had
to be to support the annual kill. The first crisis
led, in 1957, to formation of the Technical
Committee on Caribou Preservation (TCCP).
Members were from the Department of Indian
Affairs and Northern Development (DIAND),
the Canadian Wildlife Service (CWS), and wild-
life agencies in Saskatchewan and Manitoba.
The members from CWS and Saskatchewan joi-
ned forces in May 1967 to mount a 17-month
study of the Saskatchewan herd (part of the Be-
verly herd) (Kelsall 1968). Research on fire
(Scotter 1964) and discussions at the TCCP led,
in 1967, to a 5-year program of firesuppression
on the winter range of the Beverly herd in the
NW'T. Field stations were established at Porter
and Sandy lakes. In spite of having crews on
the range, large areas of the herd’s winter range
burned in the NWT in 1970 and 1971.
Beginning in 1958, the caribou herds began to
recover and by 1967 the estimate was about
160,000 for the Beverly herd (Thomas 1969).
Still, numbers were relatively low in the Kami-
nuriak herd leading in 1966-88 to a major stu-
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dy of that herd by CWS. The herd was belie-
ved to be stable at 63,000 (Parker 1972). By
1973, the TCCP could not justify its further
existence and it disbanded. There was, at the
same time, an Administrative Committee for
Caribou Conservation that was inactive.

The second caribou board

Increasing concerns for caribou management in
the 1970s led to formation of the Caribou Man-
agement Group (CMG) in 1978. Membership of
the CMG was the management agencies of
NWT, Saskatchewan, and Manitoba, plus DI-
AND, the native affairs agency and land mana-
ger in the NWT. Observer status was conferred
to CWS in 1979 and membership in 1980. Seve-
ral events combined to spark formation of the
CMG and its successor, the Beverly and Kami-
nuriak Caribou Management Board (BKCMB).
Survey data indicated that the Kaminuriak herd
was declining. Native people in Baker Lake bla-
med mining explorations for changes in caribou
distributions and some decline in numbers. In
1977, they launched a court case against the mi-
ning companies and the Government of Canada
to stop the mining explorations. In 1978, con-
trols were placed on mining explorations with-
in caribou protection areas on the calving gro-
unds of the two herds. In 1979-80, concern was
extended to the Beverly herd because of the
large kill in Saskatchewan. In 1979, the CMG
decided that herd management was not possible
unless the user groups were involved and sup-
portive of management plans. In this paper
“user” refers to mostly native people that use
the caribou resource within the historical rang-
es of the Beverly and Kaminuriak herds. Native
leaders, Gunther Abrahamson (DIAND), and
Rich Goulden (Manitoba) spearheaded forma-
tion of a board with native and government re-
presentation.

Interviews with native users in 1981 and 1982
editions of Caribou News indicated that causes
of caribou declines and possible solutions were
similar to those proposed by government mana-
gers. The users tended to place more emphasis
on the effects of fire and industrial activities;
the biologists on the effects of hunting. It was
clear, however, that management by quotas or
other restrictions would be impossible unless
the users were involved in the decision-making
process. Voluntary reductions in the kill would
not occur as long as responsibility for caribou
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rested with governments. Nor was token repre-
sentation by users acceptable. Trade-offs often
were mentioned: if users were to be restricted
then they must receive some concessions in re-
turn. These concessions might include increased
fire protection, predator management plans, or
intersettlement trade of caribou and other
“country” foods.

The Beverly and Kaminuriak Caribou
Management Board

Inception, composition, and function

The main landmarks in formation of the
BKCMB were: (1) a ministerial meeting in Win-
nipeg in December 1980 where a crisis situation
was acknowledged; (2) user meetings in Snow-
drift, NWT (April 1981); and user-government
meetings in Thompson, Manitoba (June 1981),
and Prince Albert, Saskatchewan (August 1981);
and (3) negotiations between users and govern-
ments in Yellowknife in October 1981. In re-
sponse to a ministerial letter to native groups
that cooperative action was needed, the users
decided in the Snowdrift and Thompson mee-
tings they would form their own caribou man-
agement board. The DIAND Minister agreed to
fund only a joint user-government board. The
final agreement saw government participation
in a board dominated in numbers by users.

The Board became official on June 3, 1982,
with ministerial signing of a 10-year agreement.
The agreement was among four governments
with Canada represented by the ministers of
DIAND and Environment. Users agreed to a
joint board provided they could have two re-
presentatives from each of the geographical
areas of South Slave and southern Keewatin
(NWT), Manitoba, and Saskatchewan. User re-
presentatives are appointed by the respective ju-
risdiction ministers and most of their Board-re-
lated expenses are paid by those agencies. Mee-
ting locations rotated and included a user
community about every second meeting. Each
agency contributes $15,000 per year to fund
Board activities. Beginning in 1989, the board
decided to hold two of the three meetings per
year in the user settlements.

The Board functions largely through consen-
sus or near-consensus achieved through modifi-
cation of a position through considerable dis-
cussion. A motion is raised and voted on by
raise of hands. A few key issues such as com-
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mercial quotas were determined by secret bal-
lot. The Chairman votes only in the case of
ties. A Secretary/Treasurer was hired by the
Board and that person is essentially an Executi-
ve Secretary who handles many of the administ-
rative functions. Written operating procedures
of the Board are updated periodically. The pro-
cess, including the need for audited financial
statements, seems unnecessarily structured to
user representatives. However, much of the
“bureaucracy” is a condition of government
grants to operate the board.

Objectives, duties, and responsibilities
of the Board

Board objectives (condensed) as specified in the
Beverly-Kaminuriak  Barren-Ground Caribou
Management Agreement are to: (1) coordinate
management of the herds in the interests of tra-
ditional users; (2) establish a process of shared
responsibility for the development of manage-
ments program; (3) establish communications to
further conservation and habitat protection; and
(4) discharge management responsibilities collec-
tively (Beverly and Kaminuriak Caribou Man-
agement Board 1987). The objectives clearly in-
dicate that coordinated, cooperative manage-
ment (co-management) of the herds is primarily
for the benefit of the users. This was an ideolo-
gical change from earlier emphasis on conserva-
tion. This point is important because it places
the emphasis on managing at a high sustained
yield rather than imply preventing the herd
from dropping below a certain population size.
A summary of the Board’s duties and responsi-
bilities are to: (1) recommend measures that
will restore the herds to a size that will meet
the requirements of traditional users; (2) main-
tain habitat; (3) communicate Board functions
to user groups;(4) discuss management plans
with governments and users; (5) submit annual
reports on the state of the herds and Board acti-
vities; and address other matters affecting the
herds. The duty of the Board clearly is to main-
tain the herds at population levels that will
meet the requirements of the traditional users.
The actions of the Board are guided by terms
of the agreement and a management plan.

The Beverly and Kaminuriak Caribou
Management Plan
Background

The need for a plan to guide the Board was rea-
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lized as early as 1979 and various groups draf-
ted preliminary editions of the plan. After for-
mation of the Board, subcommittees that inclu-
ded user representatives worked on the plan
and it passed through many revisions. The
Board hired an academic to bring the plan to a
conclusion in 1986 and printing in 1987 (Bever-
ly and Kaminuriak Caribou Management Board
1987). The plan was developed slowly because
the Board wanted all parties to be satisfied with
its contents. The plan received approval at a
user assembly held in Eskimo Point and it was
widely distributed throughout Canada.

Goals, objectives, and principles

The mandate, goals, objectives, principles, and
actions of the Board are outlined in the plan.
The goals are to safeguard the herds: (1) for the
traditional users and (2) for Canadians and
others. There are important objectives: (1) to
maintain each herd above a crisis level of
150,000; (2) to achieve optimum herd sizes of
330,000 (BH) and 300,000; (3) to ensure herd
accessibility to users; (4) to increase knowledge
of caribou ecology; (5) to encourage wise use;
(6) to involve local people in management; and
(7) to strengthen public support for caribou
conservation.

Ten Board principles relate to cooperation,
communication, co-management, herd conserva-
tion, the food and cultural value of caribou, ef-
ficient use of caribou, local participation, main-
tenance of habitat, the central role of the
Board, and to ensure that caribou are conside-
red in all land-use plans.

Action plans

The manner in which the Board will attempt
to achieve its goals, objectives, duties, and re-
sponsibilities are set out in 15 action plans.
They are outlined under the headings: (1) infor-
mation, education, and communication; (2) sup-
ply of caribou; (3) use of caribou; and (4) pro-
tection and habitat management. Each plan is
discussed under the headings: background; pro-
blem statements; objectives; methods; schedule;
budget; evaluation; and lead role. Most of the
action plans are ongoing such as Caribou News,
Board liasion, competitions and awards, herd
size and recruitment, spoilage of meat, crippling
losses, fire management, protection measures,
and caribou-human relationships. The schools
program was completed but work is underway
on improving its implementation. The study of
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herd definition (Kaminuriak) was completed
but more work is needed. The requirement for
caribou must be revised periodically; priorities
for demand were established in 1987. The study
of the effects of fire is nearing an end but addi-
tional monitoring is needed.

The Board reviewed the progress of the ac-
tion plans in August, 1988. However, respons-
ibility for the plans rests with the Board or the
jurisdiction heading the plan and accountability
is not rigorous. The plan for the Porcupine
herd includes specific management objectives
(e.g., obtain recruitment data in March/April)
throughout the year (Porcupine Caribou Man-
agement Plan n.d.). Cized (n.d.) and Scotter (in
press) provide additional details on Board func-
tions and processes.

Board accomplishments
Communication within the Board

The Board is a forum for the views of user and
government representatives and various obser-
vers who attend meetings. Data obtained on the
herds is presented at meetings and discussed.
Observation of user members are brought for-
ward to complement the reports of biologists.
These range from information on movements
and the fatness of different groups of caribou to
behaviour of caribou in response to various ac-
tivities on the land. This exchange is probably
the most important function of the Board, at
least in the short term.

Communication among governments, users, indu-
stry, and others

The Board serves as an important communica-
tion link among the four governments and
their agencies as well as between them and the
various user groups. Perhaps more valuable are
the exchanges among the native groups. They
realize that harvests in one area can affect the
take in another region. Fires in northern Mani-
toba may affect the distribution of caribou in
the Keewatm. One group may have abundant
caribou; another group little or none. Native
representatives exchange information on factors
that affect the caribou throughout the range
rather than in their own particular area. In user
communities, an evening session of the Board is
devoted to communication between the Board
and the users. The meetings are vital to convey-
ing the purposes of the Board and the major
concerns of the community elders. The Board
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was used by industry to attempt to bring
changes to regulations affecting mineral explora-
tion on the calving grounds of the herds. Hun-
ting associations make requests to the Board
concerning caribou quotas for non-native resi-
dents. Thus, the BKCMB is a clearinghouse for

communications concerning the two herds.

Caribou News

Caribou News was first issued in May 1981 be-
fore the Board was established and largely
through the influence of officials in DIAND
who financed a large proportion of the costs.
Current costs for six issues are $100,000 per
year. The management agencies contribute to
costs in proportion to the number of issues
sent to communities in each jurisdiction. The
original intention was to publish the bimonthly
Caribou News for 2 years to inform users about
the purposes of the board, to inform the inter-
ested public, and to attempt to change attitudes.
The paper proved to have popular appeal as
well as great value and continued to publish for
10 years. Prevailing financial restraints may see
Caribou News come to an end in 1992. The pa-
per maintains an independent stance from the
Board. The paper includes information on
Board activities, research efforts, settlement acti-
vities, and stories of general interest of caribou
managers and users.

Schools program

A major initiative and expenditure, that began
in 1984, was development of a Schools Program
consisting of four modules. Each unit contains
written materials, tapes, and slides. It was inten-
ded for use in each school within the range of
the two herds. An independent evaluation of
the schools program indicated that it was suc-
cessful {(Nortext 1987). It was found by field re-
presentatives to receive enthusiastic use by
some teachers in some schools. A survey of use
in 1989-90 in northern Saskatchewan indicated
that 13-20% of teachers used the kits for 4-5%
of instructional time (Nicholls pers. comm.).
An educator invited to a Board meeting sugges-
ted ways to improve use of the material. The
prime problem was that use was discretional;
the program was not integrated in the curricu-
lum. Steps are now being taken by the Board
to remedy the problem. There appears to be
need for new content and material aimed at lo-
wer grades.
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School competitions/awards and schoolarships

The Board realized that the future lay with
youngsters in school. A schools competition
was started in 1988 with the objective of ma-
king the Board known to youngsters and to get
children thinking about caribou, their uses, and
management. Prizes are awarded after judging is
done by Board members. Many members were
amazed by the quality of the art, poetry, and
prose. Some of it was published in Caribou
News, which then makes the paper interesting
to the students.

The Board also supports studies of caribou
and related subjects through a scholarship fund
established by the Board and augmented by a
grant from the NWT government. The fund le-
gally is separate from the Board but its trustees
sit on the Board. About $3,000 are awarded an-
nually to one to three recipients.

Video and radio programs

The Caribou Management Group commissio-
ned production of videos in 1980 that explored
all sides of the caribou management problem.
This approach was new in the north and its
success was due to involvement of Inuit and
Inuit groups in its production. The videos were
shown to Inuit communities in 1981 and 1982.
The high costs prevented its extension to com-
munities in northern Manitoba and Saskatche-
wan. In 1989, the Board supported production
of tapes that were broadcast on northern radio
stations. The tapes were information items by
biologists and managers.

Cooperative research

The Board has facilitated cooperative studies of
the two herds. For example, a user Board mem-
ber has piloted an aircraft containing surveyors
from the governments of Manitoba and the
NWT. The timing of caribou surveys by biolo-
gists of Manitoba, Saskatchewan, and CWS was
coordinated so that coverage was complete
from Yellowknife to northern Manitoba. The
Board supported financially a values-at-risk stu-
dy that incorporated fire maps into a computer-
based geographical information system (GIS).
The management agencies will be able to upda-
te the GIS annually. Analysis of burn trends
and how they will affect caribou and other
wildlife will be facilitated by GIS capabilities.
The GIS will aid decision making if fires are
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fought on the caribou range. Cooperative re-
search is not an action plan but it is implied in
Board objectives.

Priorities for use of caribou

In April 1987, the Board formally etablished
priorities for use of the two herds. The order is
as follows: (1) traditional users, domestic use;
(2) resident users, domestic use; (3) traditional
users, intersettlement trade; (4) traditional/resi-
dent use for non-resident hunting; (5) commer-
cial, local; and (6) commercial, export. These
priorities are important because they focus on
the importance of caribou for subsistence by
traditional users (mostly natives) and they for-
malize a reverse order of removal when caribou
numbers decline. Priorities may have to be re-
ordered in the future. For example, sports hun-
ting could generate millions of dollars into local
economies with no adverse effect on the cari-
bou population. Native corporations must be
major stakeholders in such developments.

Cartbou protection: stands on developments

The BKCMB has lobbied DIAND to retain the
Caribou Protection Measures that began in
1978 and provide for minimum disturbance of
caribou in the two herds during spring migra-
tion (May 15—]une 15), on the calving grounds
(June 1-30), in post- calving areas (June 15-July
15), and at major water crossings. Funding
from DIAND for monitoring the regulations
currently is $65,000 per year.

The Board keeps an eye on and reviews new
developments that could affect the caribou. For
example, in 1985, members reviewed the propo-
sal for a powerline from Beaverlodge (Lake
Athabasca) to Wollaston Lake. The Board revie-
wed the plans for fighter aircraft training runs
at low level from the region of Artillery Lake
to Fort Chipewyan. The Board has taken
strong stands agalnst opening the Thelon Game
Sanctuary to mining and to development of an
uranium mine (Kiggavik) west of Baker Lake.

Fire management

The Board, in 1984, requested that government
agencies fight fires on the winter range of the
two herds. The agencies responded that they
had insufficient funds to extend fire control. Se-
veral millions of dollars would be needed to es-
tablish the infrastructure for effective fire sup-
pression on the winter range of the Beverly
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herd in the NWT. Results of a fire study indi-
cated that fire suppression was not needed at
the caribou population level (Thomas 1991).
However, the distribution of the Beverly herd
was affected by burns in the past 50 years or
longer. A management objective is to ensure ac-
cess to the herds by traditional users. This can-
not be accomplished unless a high proportion
of the forests around villages is maintained in
ages older than about 70 years. Priority areas
for the users are their traditional hunting and
trapping areas. Users in all southern communi-
ties, such as Fond du Lac, Black Lake, Wollas-
ton Lake, Brochet, Lac Brochet, and Tadoule
Lake have to go further and further north to
obtain caribou.

Accomplishments relative to goals and
objectives

In general terms, all Board objectives, duties,
and responsibilities (p. 6 & 7) were attained.
Management plan goals were satisfied. Some of
the management plan objectives were met:
maintaining the herds above 150,000 (objective
1); to encourage wise use (objective 5); and to
involve local people in management (objective
6). Objective 2 of achieving herd sizes of
330,000 and 300,000 may have been reached in
the mid 1980s. The latest estimates of 190,000
+ 71,000 (standard error) (Heard er al 1990)
and 220,000 = 72,000 (Heard and Jackson
1990) for the Beverly and Kaminuriak herds fall
below that value. The confidence limits of the
estimates (ca. double the standard errors) over-
lap the population goals. No actions were taken
on ensuring herd accessibility to users (objective
3). Accessibility generally was good for Inuit
communities and for Snowdrift. Herd accessibi-
lity to communities in northern Manitoba and
Saskatchewan has eroded with forest fires being
the apparent primary cause. The objective of
increasing knowledge of caribou ecology (rela-
tionship to the environment) was met to some
degree by the results of the fire study. Ecology
of caribou in the spring, summer, and autumn
is poorly understood. The degree to which pu-
blic support for caribou conservation was
strengthened remains unknown.

Reasons for board successes

The management plan

The management plan even in draft stages ser-
ved as a guide for Board actions. The plan gives
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timetables for various actions. It provides a con-
stant reminder of the goals, objectives, and re-
sponsibilities of the Board as spelled out in the
agreement and the management plan.

Chairmen and vice-chairmen

The Chairman has a great responsibility to at-
tempt to achieve consensus on issues. He must
understand viewpoints of users, scientists, mana-
gers, governments, and the general public. Tra-
ditionally, users avoid snap decisions and gene-
rally prefer decision by consensus. Their deci-
sion making is based on serious thought of all
the consequences of a certain action. They pre-
fer prolonged discussion that includds elders in
each community., The Chairman must be pati-
ent and draw comments from user representati-
ves. Decisions often are postponed to provide
sufficient time for discussion and consensus.
Much of the success of the Board is because
Chairmen and Vice-Chairmen were able to
weld the diverse representatives into a common
purpose through prolonged discussion.

Native representation
Success of the BKCMB is largely due to the

user’s choice of their representatives. On cer-
tain issues, such as commercial use of caribou,
they tolerate majority decisions that go against
their personal convictions and those of commu-
nities they represent. They have shown great
patience in how long it takes to obtain action
on certain issues. For example, since 1982 nati-
ve representatives from treed regions of the
range have requested that the management
agencies fight forest fires. Little action was
taken. The representatives generally are deeply
concerned about the caribou and their proper
management.

Membership continuity

Turnover of members was low: the first Chair-
man served for 8 years; two user members for
9 years; and each government or department
was represented by 2-4 members. Continuity is
important and alternate members should receive
a good briefing before attending meetings. De-
tailed minutes record board discussions and de-
cisions. A brief summary of major decisions
and discussions relative to each action plan and
to “other business”, updated after each meeting,
would be useful to continuing members and
particularly to alternate and new members.
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Spirit of cooperation

Cooperation has been good because agency re-
presentatives and users realize that they have
the same objectives. The agencies have other
clients when herd numbers are high. For ex-
ample, in 1988, the Board approved a request
that the quota for residents of the NWT be in-
creased from two to five caribou. Two user
groups sought from the Board and received ap-
proval to sell caribou within the NWT. Com-
mercial use was allowed in the NWT for many
years but only among holders of General Hun-
ting Licences. The selling of caribou to others
in the NWT was restricted to trial quotas of
200 and 350 caribou for Hunters and Trappers
Associations in Fort Smith and the Keewatin,
respectively. Later, the Board approved export
of up to 100 caribou in the Keewatin quota for
Inuit consumption in southern hospitals. The
requests for commercial quotas were approved
only after the population trends indicated that
the herds could withstand limited commercial
use. The quota was not used in Fort Smith. Ge-
nerally, user members from Saskatchewan and
Manitoba are opposed to any commercial use
of caribou and hunting by residents” and
“non-residents”. Thus, there is no non-resident
hunting of the two herds, whereas non-resident
hunting on the adjacent Bathurst herd generates
$1.4 million. The replacement value of meat
obtained from the Beverly and Kaminuriak
herds is $13-14 million. Cultural, recreational,
biological, and intrisic values are incalculable.

The herd's productivity and distribution

The BKCMB has not had to address caribou
shortages except locally. Recruitment in the Be-
verly and Kaminuriak herds in the late-1970s
and 1980-s has averaged 17.4 (Bh) and 17.6%
(BKCMB 1987, Williams et al. 1990) compared
with 16% in the 1950s and 60s (Kelsall 1968).
Large numbers of caribou have not migrated far
into Saskatchewan or Manitoba since the early
1960s with the exception of 1 or 2 years (e.g.
1979-80 in Saskatchewan, 1987/88 in Manito-
ba). Therefore, the estimated average annual re-
trieved kill from the two herds (20,000) was
much reduced from what it might have been.
The actual mortality to hunting is 25,000 cari-
bou if 20% is added to account for crippling
and unretrieved animals.
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Problem areas

Technical problems

Technical problems identified by Therrien
(1988) for the Porcupine Caribou Management
Board also apply to the BKCMB: little control
of techniques used; no control of budgets; no
control of implementation; no guarantee of user
involvement; and no independent research capa-
bility. The precursor CMG (1978-82) was sup-
ported by a technical committee comprised of
biologists from each agency. There was no pro-
vision for such a committee upon formation of
the BKCMB. The Board has requested advice
from ad hoc meetings of agency biologists on
two or three occasions. Technical aspects gene-
rally are handled by each jurisdiction. Problems
arise from this arrangement. The Board is not
certain if the data obtained for the herd are ade-
quate for management purposes. For example,
management may be impossible if population
(excluding calves) estimates are obtained every
5-6 years, as proposed, with population estima-
tes subject to large confidence limits, e.g,
190,000 *+ 142,000 for the Beverly herd in
1988. The change from visual surveys to photo-
graphic-based surveys improved herd estimates
but the large confidence intervals remain. The
solution may lie in use of post-calving photo-
graphic estimates as used on the Bluenose and
Porcupine herds.

Population trends could be followed if better
data were available on retrieved kill, the extent
of wounding, the natural mortality rate, chang-
es in age structure, and recruitment. Not much
has changed since Fuller (1979) stated that the
quality of the data was wholly inadequate for
the management of caribou. The factors that in-
fluence caribou health, physical condition, and
natural mortality are poorly understood because
a comprehensive, long-term study that evalua-
ted the importance of alle ecological factors has
never been done. Every 2-3 years, the BRCMB
should seek independent advice from recogni-
zed authorities from outside the Board on the
adequacy of data being obtained in support of
Board objectives. The best format would be a
structured yet informal workshop where users
would be represented and contribute. The sci-
entists, with the assistance of users, have the ca-
pability to produce data that could be used to
effectively manage the caribou herds primarily
for the benefit of traditional users. Lack of ade-
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quate funding and perceived restrictions on
techniques prevent them from doing so.

Membership

A complaint of user groups is that the represen-
tatives from government have no power. The
government representatives usually are either
biologists or first or second-level managers.
While they may be knowledgeable of caribou,
they are unable to commit their agencies to
new actions. Conversely, user representatives
typically are Chiefs or heads of user associa-
tions. They are part of, or close to, the decision
making level in their communities or region.
The problem is that few senior managers in go-
vernment are familiar with caribou ecology and
management. This is solved to some extent by
having agency biologists present to support the
manager. User members sometimes believe that
the government members are not free to use
their best judgement on certain issues and must
adhere to policy established by their depart-
ment or governments.

Attendance generally is good at most mee-
tings despite two problems. Self-employed
members lose revenue during the 4-6 days nee-
ded to attend meetings. Travel costs can run as
high as $2,500 per meeting for some members.
Cost could be reduced by meeting Thursday-
Saturday and scheduling informal tours and
events on Sunday.

Communication

The greatest communication gap between the
board and the user community appears to be
between user representatives and the communi-
ties they serve. The function of the Board is
not understood in the communities as revealed
at public meetings. How this problem can be
resolved is not readily apparent. One possibility
is weekly local or regional radio shows devoted
to wildlife and including the last information
on location of wildlife, hunter success, as well
as wildlife research and management. The show
would have to be locally produced in local lan-
guages. User representatives may need the advi-
ce or assistance of educators in finding ways of
getting the message out. Further, Caribou News
is unlikely to exist after June 1992. It is the
main communication vehicle between the
Board and the users. The Board would like to

have every resident in user communities famili-
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ar with its purpose and function. That may be
an unrealistic goal. Few southern residents are
familiar with the wildlife management pro-
grams that affect them.

The Board has not addressed mechanisms to
systematically obtain the user’s knowledge.
This knowledge should include the collective
wisdom of elders and current information
about the distribution, movements, health, fat-
ness, and reproduction of caribou. Additional
information could be accumulated on the Beha-
vioral responses of caribou to burns, snowmo-
biles, aircraft, and other forms of disturbance.
One possibility is to process the data using “ex-
pert systems” computer technology.

Accountability

There is little accountability for seeing that ac-
tion plans are completed on schedule. The
Executive Secretary sees that outstanding issues
are placed on meeting agenda. There is provi-
sion in the Plan for an annual review at the

March/April meeting.

Looking into the future

Expiry of the Agreement, June 1992

Budgetary cycles mean that a decision on
whether the agreement will be renewed in June
1992 will be made by autumn 1991 or earlier.
In December 1990, the Board contracted a con-
sultant to review the success of the BKCMB in
meeting its goals and objectives. Reporting da-
tes are March (interim report) and August,
1991. The review will not be an audit or value-
for-dollars exercise. Most Board members ap-
pear to favour an extension of the Board’s
mandate.

Land settlements and other wildlife management

boards

Some members see the Board’s function being
replaced by wildlife management boards arising
from land claims settlements. Others see a con-
tinuing or greater need for an inter-jurisdictio-
nal board on caribou management, as the cari-
bou ranges are further subdivided along politi-
cal lines. The Board could encompass all inter-
jurisdictional wildlife management with caribou
being the most important trans-boundary speci-
es. The logical solution is for some representati-
ves to be on two or more boards concerned
with wildlife management and land use. Some
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members of the BKCMB currently sit on other
boards. There is increasing communication
among boards through visitations: invited, re-
quested, and casual. Ideally, the political units
should correspond with herd boundaries as
they did before Europeans arrived (Gordon
1975).

Politics: Imbalance of government and > User” re-
presentatives

If they so desired, the users through their majo-
rity could dictate all deliberations of the Board.
This has not occurred to date because issues
have not divided along user-government lines.
Users realize that the Board is only advisory
and members have accepted the futility of con-
frontations. The goal of both groups is the
same - to maintain and possibly enhance a ma-
jor, natural, sustainable, renewable resource.
Members must strive to keep the Board as apo-
litical as possible. The Porcupine Caribou Man-
agement Board has balanced government and
user representation, however the user popula-
tion is much smaller than that encompassed by

the BKCMB.

The next caribou crisis

The first board, the TCCP was disbanded in
1973 because the herds increased during the
1960s. Within a few years, caribou apparently
declined once again and the Caribou Manage-
ment Group was formed. A repeat of history
could happen if the Board disbands in 1992. Ca-
ribou numbers fluctuate in response to weather
and weather-related factors as well as to the le-
vel of the kill and predation. The question is
not if the herds will decline again but when.
The present kill appears to be the maximum
that the herds can support. Calf production has
been high in the 1980s and wolf numbers relati-
vely low. Wolf numbers were relatively low on
the winter ranges of the two herds in the
1980s. Any downturn in recruitment caused by
weather factors, directly or indirectly, or an in-
crease in wolf numbers could result in caribou
declines. The test of the Board will be its abili-
ty to manage the herds when the next crisis ar-
rives.

Better herd data

The best-possible monitoring of the herds and
their utilization will be necessary if they are to
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"be maintained at a high and valuable level. As

mentioned earlier, more-precise data are needed
on population size, recruitment (including stan-
dard errors), and kill (e.g., no data for Snow-
drift). Data are needed on movement patterns,
winter distributions, natural mortality factors
and rates, behaviour to disturbances, spring and
summer ecology, and genetic differences among
populations, among others. The Chipewyan el-
ders believe that caribou should be left alone.
These beliefs currently inhibit data collection in
support of technical forms of wildlife manage-
ment. For example, radio collars on caribou
would help to define herd boundaries; to mea-
sure herd interchange and gene flow; to support

_survey techniques based on post-calving photo-

graphy; to measure natural mortality rates; to
record behaviour towards burns, roads, aircraft,
skidoos, minig developments; etc.

Intensity of herd management

There is little active management of the herds.
There are no restrictions on most native users
except Metis users in the provinces. The quota
for “residents” of the NWT (minimum 2 years
residence) is adjusted from time to time from
two to five caribou. The take of caribou from
the Beverly and Kaminuriak herds by non-nati-
ve residents is minor or insignificant. Caribou
hunted along the winter road to Comtwoyto
Lake may belong to the Beverly or Bathurst
herds. There is no ”sports” hunting except by
residents in Manitoba (150 tags). The informa-
tion campaigns sponsored by the BKCMB, inc-
luding preventing wastage of meat, ’pick your
target”, etc. has unknown influence on users
out on the hunt. Other factors such as herd dis-
tribution and movements, the cost of air char-
ters, the availability of winter roads, snow con-
ditions and other weather factors, the price of
furs, and the number of wolves, has more to do
with the size of the harvest than the manage-
ment actions.

A time will come when increased kill and/or
high natural mortality will cause herd reduc-
tions. The user communities are presently dou-
bling in numbers in 18-24 years (3-4% annual-
ly) (Hamelin 1979, Fuller and Hubert 1981,
Special Committee on the Northern Economy
1989). Minimum user needs are in the order of
3 caribou per person or 20 caribou per family.
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Retrieved kill per successful hunter, per hunter,
and per person in the Kitikmeot (Central
Arctic) Region in 1982-84 were 42, 15, and 3.1,
respectively (Jingfors 1986). The estimated total
harvest was 3.6 caribou per person in the first
year of the study. Jingors (1986) calculated that
per capita harvest was 3.2 and 2.8 caribou per
year 1n a similar harvest study in Keewatin Re-
gion in 1981-83 (Gamble 1984). Wants are lis-
ted as high as 5-7 caribou per person (Miller
1982) and 30-40 caribou per family. There may
soon be a need to manage the herds more in-
tensively as suggested by Fuller and Hebert
(1981). There are two major options that will
challenge the Board: (1) reduce or change the
age/sex structure of the kill; and /or (2) reduce
predation. Minor options include safeguarding
habitat and reducing disturbances. These are im-
portant but currently have little effect on herd
numbers. The main challenge is to not allow the
herds to sink below present levels because recovery
takes. many years and it will be painful to the
users.

User requirements must be projected and cari-
bou population sizes managed to support the
required level of use to limits imposed by the
environment (forage/snow).

Habitat loss/modification

The greatest long-term threat to the two herds
is loss or modification of habitat. Loss of habi-
tat is most likely to be caused by greater burn
rates because of changes in weather. The global
warming trend could have such an effect. Modi-
fication of habitat is caused by a variety of de-
velopments including roads, pipe and power li-
nes, mines, and tourism as it may affect harass-
ment particularly at water crossings. Of these,
the most potentially damaging are roads that in-
crease access to the herds and increase the kill.
Hunting along roads could affect movement
patterns over time. Potentially as serious as
roads are global air pollutants that could dama-
ge lichens or make caribou meat unfit for con-
sumption. Prevailing winds mean that contami-
nants from the U.S. and southern Canada are a
problem only for short periods each summer.
Global pollutants are a concern. Radio-cesium
from the Chernobyl accident in the U.S.S.R.
was deposited throughout Canada. Lichens in
Finland are affected significantly by pollutants
from other countries.
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Conclusions

1. Effective management of the large migratory
populations of caribou was not possible un-
til mechanisms of co-management were esta-
blished.

2. Wildlife management decisions and mecha-
nisms should occur with technical and user
groups sitting around the same table.

3.If caribou management occurred before Eu-
ropeans arrived in Canada, the ways were
lost because of lack of a written history and
changes wrought by the immigrants. Con-
servation measures such as use of all the car-
cass were tied more to survival than to mo-
dern concepts of management.

4. No benefit is gained from attacking the in-
digenous and scientific forms of data gathe-
ring and management; clearly the best ele-
ments of both should be united in a system
of management that will work in the
North.

5. There are similarities in indigenous and sci-
entific systems of data collection and inter-
pretation and in decisions about how con-
servation/management may be effected.

6. Major differences in the two systems relate
to reliance on qualitative and quantitative
data by indigenous people and scientists, re-
spectively; to traditional scientific methodo-
logies of data accumulation, analysis, inter-
pretation and transfer; and to greater use by
scientists of deductive as opposed to inducti-
ve reasoning.

7.An advisory caribou management board
comprised of eight Dene, Metis, and Inuit
members and five representatives from three
governments has, since 1982, achieved many
of it’s goals, objectives, and responsibilities.

8. Board successes are attributed to develop-
ment of a management plan; to the quality
of founding members; to relatively low
turnover of members; to understanding
Chairmen/Vice-Chairmen; to a spirit of
cooperation; and, perhaps most importantly,
to excellent cooperation by the caribou
herds.

9. Board shortcomings include lack of control
on technical matters; lack of a strong techni-
cal committee to guide the Board; inadequa-
te communication within many of the com-
munities; failure to establish a process whe-
reby information on the herds s
consistently obtained from the many users;
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and limited power to ensure that action
plans are completed.

10. The future of the Board depends on its: re-
newal of the agreement in 1992; links with
other wildlife management boards; ability to
remain apolitical yet pro-active; ability to
stave off harmful developments; ability to
manage at low population size; ability to
better monitor the herd’s status; and ability
to manage more intensively to meet, as far
as possible, the needs to traditional users.
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Co-management in action: The Porcupine Caribou Management Board

Doug Urquhart & Albert Peter.

Porcupine Caribou Management Board, Site 20, Comp. 116, R.R. No. 1, Whitehorse, Yukon Territory, Canada Y1A
476

Abstract: The Porcupine Caribou Management Board is typical of co-management boards in northern Ca-
nada. Itis composed of 8 members representing governments and user groups plus a chairman and secretari-
at who are officers of the Board. The main function of this Board is to permit significant input from user
communities to the management of the Porcupine Caribou Herd. To do so, the Board develops recommen-
dations for management of the herd wich are provided primarily to the territorial Ministers of Renewable
Resources.

The success of the Board’s operation over the past 5 years is due to many factors including astute chairmen,
enlightened bureaucrats, dedicated user representatives and a dilligent secretariat. Together this group has
excelled in communication with the user communities, development of a relevant management plan plus
a vartety of other projects aimed at increasing user involvement with the system. So far, all this has been
accomplished with friendliness and respect among members and their constituents and the full support
of government funding parties. Much of this is due to the Board’s style of operation which sincerely at-
tempts to blend native and bureaucratic approaches to decision making.
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