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ABSTRACI

Supervisor: Dr. E.M. Hagmeier

The porulaticn dynamics of a small relic caribou herd on Eic
Island, Cntario (10 km2?) was studied (1€77-81) to determine
the factcrs 1zregulating nrumbers and 1limiting population
growth. Fcur alternative hypotheses were tested to deter-
mine why carikcu have survived on Pic Island and disappeared
on the adjacent mainland: (1) food rescurces were inadeguate
on the mainland, (2) the mainland caribcu contécted discase
which Pic Island caribou did nct, (3) the mainland caribou
were more susceptible to predators than Pic Island caritkcu,
(4) the mainland pcpulaticn dispersed, whereas' the Eic popu-
lation was undisturbed.

The pcpulaticn cn Pic Island was estimated at 42 in
1977, 49 in 1978, 54 in 1979, 36 in 1980 and 28 in 1981.
Calf producticn was consistent at 20.0 percent cf the fcpu-
lation in 1978, 23.3 percent in 1¢7S9, 2z4.2 percent in 1980,
22,0 percent in 19&1. At least 7€ percent of the females,
two years and older, gave birth. The sex ratio wes equal.
Winter calf wmortality was the mechanisr o¢f decreased re-
cruitment and relative population stability. A die-off dur-

ing the 1976-77 winter, <caused by nutritional stress and

- iji -



wolf predation, eliminated 47 percent cf the fall popula-
tion. Emigration was assumed tc have cccured off the island
during the 1979-80 and 1980-81 winters.

Seasonal fccd preferences were determined and estimates
of the availability of these plants were used tc ccmpare Pic
Island against the adjacent mainlarnd. The mainland was
found to provide a greater atuncance of preferred focd
plants. The kulk cf the evidence, althcugh mostly circum-
stantial and therefore not conclusive, =suggests that preda-
tion has limited and elisinated the caribou which have re-
sided c¢n the adjacent mainland and it is the 1lack cf
predators and the presence cf escape habitat that has al-

lowed the carikcu to survive on the island.
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Chapter I

INTRODUCTICN

Management of caribou (Rangifer tarandus) has historically
relied upon assessment of carrying capacity through food ha-
bits and range productivity studies (leopold and Darling
1953, Edwards 1954, Cringan 1957, Scotter 1964, Ahti and
Hepburn 1962, Klein 1968, Miller 1974 and Kelsall and Klein
1979) . This approach has been criticised by Bergerud (1974,
1978, - 1980) and has proved to be an inadequate apprcach
(Parker 1972, Haber et al. 1976, Davis 1977, Gross 1978,
and Walters et al. 1978) . A more precductive approach has
been to look at population compcsiticn, natality, recruit-
ment rates and mortality rates as indicators of pcpulaticn
relationships with the environment. These primary indica-
tors or numerical responses (sensu Solomon 1949, Holling
1966) in effect summarize the manifestaticns of nutriticnal,
behavioral, environmental and genetic forces acting upcn a
population.

The complexity of this ecological relationship imgpedes

attempts to determine how envircnment affects population dy-

namics and thereby limits the usefulness of carrying capaci-



2
ty and range productivity studies in maragement. The tasic
tenet of many caribou biologists is that food limits caribou
populations. Bergerud (1974) argued that predation is a
more important 1limiting factor than focd and descriked a
test to discriminate Lketween these oppocsing views. This
study was initiated in response to these conflicting hy-
potheses.

Romesburg (1981) suggests the use of the hypothetico-de-
ductive method (Popper 1962, Harvey 1969, Platt 1964) as a
means for testing research hypotheses in wildlife research.
This method starts with a research hypothesis (a theory that
is intended for experimental test), wusually obtained Lty re-
troduction, from which predicticns are made that should be
true if the research hypothesis is actually true. To the
extent that experiment confirms or rejects the predicted
facts, the hypothesis is ccnfirmed cr rejected. Alternative
test consequences or a null hypothesis are needed to test a
research hypothesis.

Bergerud (1974) hypothesized that the decline cf caribou
in North America started with settlement which increased
hunting and in some areas more natural predation losses and
possibly also increased disease. This increased mortality
was sufficient to start a decline kecause of the clcse ba-
lance between reprcduction and natural mortality in undis-
turbed populations. Bergerud also suggested a test cf his

hypothesis by predicting that relic caribcu populations 1liv-
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ing in habitats where deer (QOdocoileus virginianus), mcose

(Alces alces), and wolf (Canis lupis) populaticns exist

should have some escape habitat advantage from wolves which
adjacent populations that disappeared did not (ie., calving
on islands).

Pic Island 1lent itself to this experimental situaticn
which allowed the testing of Bergerud's hypothesis. The is-
land has supported a populaticn of about 50 *# 30 caribou

(Rangife

tarandus caribou, Banfield) for at least the last
30 years. On the adjacent mainland (Coldwell Peninsula)
caribou have been occassionally seen during the past 30
years but none were observed on the rpeninsula for tiree
years prior tc my vegetation study in 1980. The peninsula
has supported a small resident moose and deer pcpulation
since about 1960.

Platt (1964) suggested the use of multiple hypotheses
to remove the bias of possessiveness. Four alternative hy-
potheses were pcstulated which could explain the survival of
caribou cn Pic Island in compariscn to their decline on the
adjoining mainland:

Hypothesis 1: Resource limitation (food)

The population on the mainland declined kecause <cf a
shortage cf fccd resulting from habitat changes. Such habi-
tat fluctuations <could have resulted from climatic changes
(Benson and Dcdds 1977) or man's alteration of the habitat

(Cringan 1957). In contrast, Pic Island has maintained an
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abundance of nutritious foods thereby permitting continued
survival.

Hypothesis 2: Mortality through disease.

The population on the mainland declined because white-

trongylus tenuis) to caribou (Anderson 1972). Carikcu on

Pic Island survived because the island provided refuge from
deer.
Hypothesis 3: Increased predation.

The caribou declined on the mainland because of densi-
ty- dependent mortality resultant from increased predation.
Moose and deer populations increased during the past century
thereby supporting a higher wclf population which also
preyed on caribou. The caribou on Pic Island have avcided
excessive predation kecause of the islands biogeography (wa-
ter barrier and rugged topography).

Hypothesis 4: Dispersal
The caribou on the mainland disappeared due tc disper-
sal. The caribou on the island are isclated from the main-

land preventing its recolonization.

1.1 Study Areas:

Pic Island (1038 ha) is 1lccated in Lake Superior
(48°40"' longitude, 869°35' latitude), 1-2 km cffshore from
the Coldwell Peninsula (3260 ha, Neys Provincial Park) in
northern Ontario (Fig. 1). A second study area was Otter

Island (212 ha) located 0.5 km frcm the north shore of lake
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Superior (Fig. 2). It is part of Pukaskwa National Park.
Otter Island, like Pic Island, has supported caribou during
all seasons of the year since observations started with Park
development in the 1970's.

The three study areas Pic Islang, Coldwell Peninsula
and Otter Island are situated within the Superior Climate
Region classified as moderate continental (Chapman and Tho-
mas 1968). Proximity to the lake results in cooler summers,
milder winters, and generally a higher incidence of wind and
moisture than are characteristic of +the inland areas. To~
pography (Fig. 3) is characteristic cf the Precambrian rock
formations with Pic Island being particularly rugged, dis-
playing a 230 m relief.

Coldwell Peninsula, Otter Island and Pic Island are lo-
cated in the southern extremity of the Ecreal Forest's Supe-
rior Section as descrited by Rowe (1972). The forests of
this area are typified by the prcminence of black spruce

(Picea mariana) with white spruce (Bicea glauca) and tamar-

——— | e_————_———

jack pine (Pinus banksiana) wusually present on dry sites.

Inextricably wcven into the patterns are the effects of

fire, which favor black spruce, paper birch (Betula papyrif-

—_———_===

era), poplar (Pcpulus tremuloides), and jack pine over bal-

sam fir (Alkies kalsamia).



Figure 1. Location of Pic Island.
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Figure 3. Tcpography of the Neys area. Hatched area de-
notes that portion of Coldwell Peninsula used in the vegeta-

tion comparison., Elevation at lake level is 183 meters.
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2.0 METHODS

2.1 DEMOGRAPHIC CENSUSING:

Measurements of composition, natality, recruitment
rates and mortality are considered better indicators of po-
pulation quality than a total populaticn count (Gross 1978,
Caughley 1978). Methods of total count censusing were em-
ployed in this study because they allowed indirect measures
of calf prcduction and survival and estimates cf mortality.
The census methcds chosen proved, in retrospect, to be sen-
sitive enough to describe dramatic changes in the population
over time, a more important characteristic than their accu-
racy or precision (Caughley and Goddard 1S72) . To test the
reliability of census results, Caughley (1978) suggested us-
ing more than two independent methods of estimating relative
abundance. The three estimates chosen for this study are
line transect censusing, pellet census and a Petersen Index
on marked animals. These three estimates described similar
changes in population size and are considered to give a rea-
sonable acccunt o¢f demographic changes o¢n the island over

the four years.
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2.11 Line transect censusing:
In the 1line transect method, o¢bservers walked census
lines of distance 1§ (i = 1, 2, ...m) across the island (to-
™
tal distance for census period; 1 = :Eli ) counting n, the
number of animals sighted, and recggding at the times of
first flushing: a) radial distance r from observer to ani-
mal, b) right-angle distance y from the caribou flushed to
the path of the observer, and c¢) angles of sighting 6 from
the observer's path to the pecint at which the animal was in-
itially cbserved. The relationship among the three measure-
ments is y = r sin (8). This technique is useful when the
animals once disturbed respond with a noticeable £flush
(Seber 1973) as cbserved for caribou.
The basic idea underlying such a general model is that
the probability of detecting an animal decreases as ity dis-

tance from the line increases., Any estimator of the density

(D) of animals is expressed as:

D = n (1.1
2Lw
or D = nf (0) (1.2)
2L

where w is usually referred to as half +the estimated width
of the strip and f(x) is the unkncwn probability density
function (pdf) of perpendicular distances. For statistical
reasons, it is advantageous to estimate £(0) = (1/w) rather
than w directly (Burnham et al. 1980) . The initial as-

sumption is that animals on the 1line arec detected with cer-
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tainty £(0) = 1, where f(x) defines the detection probabili-
ty of the points as a2 function of their distance from the
line (pdf). The most useful general equation is (1.2).

The basic assumpticns underlying the various line tran-
sect models are:

1. Animals directly on the line will never be missed.

2. Animals do not move before bLeing detected and ncne
are counted twice on the same linse.

3. Distances and angles are measured exactly.

4. Sightings are independent events.

Anderson €t al. {(1976) considered it essential that
straight lines ke used, and that the cbserver is atle tc de-
tect all animals on the centre of the line and be able to
determine the centre line of the transect accurately cnce an
animal is flushed. They also suggest the analysis rest on a
sample of animals that is reasonably large (n > 25) and that
only interested, competent and trained perscnnel should be
employed to ccnduct transect surveys.

For the 1980 and 1981 censusing, 10 straight transect
lines were selected which covered all habitat types and from
these, 1lines were chosen randomly. Although it has Leen
stated that randomness is necessary (Gates et al. 1¢68,
Seber 1973), that assumption is unnecessary if the line it-
self is randcmly located (Eberhardt 1S78). Previous to
1980, lines were not straight and were selected without ran-

dom sampling. Censusing occurred before and after calving
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(June 1st) during the 1978-1981 spring and summer work and
also during Septemker 1980. Caribcu observations were used
to calculate density and alsc allcwed for estimation of oth-
er population parameters (productivity, age, sex and antler
ratios, and calf survival). Dead caribocu and parts, ant-

lers, grouse (Bonasa umbellus), hares (Lepus americanus),

bush-thrashed trees and caribou beds were alsc censused.
Flushing behavior, escape strategies, cow-calf Lkehavicr,
feeding and habitat wuse, mcult and antler growth were de-
scribed for each caribou observation.

All cariktcu observations were recorded detailing a de-
scription of the caribou, its tehavior and the hakitat used
(Appendix 5.1: caribou observaticrn card). Sex of caribou
was determined by +the presence or absence of a vulva patch
(Bergerud 1961). In order to estimate productivity, it was
nacessary to determine which of the caribou cbserved after
June 1st were calves and which were females with a calf (or
a female which had a calf elsewhere). Caribou which were
not initially visible were tested ty observing their reac-
tion to an imitated calf call if the animal was cocnsidered
to be a female, and a cow grunt if the animal was considered
to be a calf. Reproductive females approached calf calls
while calves reacted by approaching imitated cow grunts. On
closer inspection reproductive females which did nct have
their calves present could be distinguished by the presence

of an udder (Bergerud 1964).
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Burnham et al. (1980) recommended that density estima-
tion be based on perpendicular (y) rather than sighting an-
gles and sighting distances. The Fourier series (FS) methcd
(Crain et al. 1978) which allows valid inferences tc be
based sclely cn perpendicular distances was chosen for this
study because it is a nonparametric procedure that is model
robust, pooling rotust, meets the shape criterion £(0) = 0;
it 1is easy to compute and its estimation efficiency for
small samples is quite gocd (Burnham ¢t al. 1980). The FS
estimate seems to perform well, often even with samples as
small as 30-40 and it does not require any assumpticns alkout
the nature of the detection rprocass.

2.12 Pellet census:

This procedure was used as a methcd of estimating actu-
al numbers of caribou by fecal pellet-group ccunts. It fro-
vided an objective measure cof substantial population fluctu-
ations and delineated preferred winter habitat types. A
pellet census was carried out cn the island every May for
three years (1979-81). The count each spring used the same
four continuous plot transect lines which started and ended
on opposite shores of Lake Superior and described a cross
section of the islands heterogeneous hatitat. Since many
small sampling units are more efficient than fewer larger
units, and long narrow plots are superior to shorter wider
plots of the same area (Robinette et al. 1958), 30 by 2 me-

ter continuous plots (approximately 290 fplots) were counted
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each spring. A preliminary pellet survey in 1late June,
1978, <consisted of three lines +totalling 2.6 km which were
not divided into individual flots.

The time of leaf fall determined the start of the per-
iod of winter ©pellets and was determined by the first -5°C
ambient temperature recorded in the fall from the Marathon
weather station. Thirty or mcre pellets within the flot
were considered to constitute a pellet group, approximately
one half of the observed average pellet group size (66.1 %
6.55 (s.e.), n = 16). For each plot the habitat was de-
scribed (Appendix 5.1). Age of pellet groups were deter-
mined subjectively using leaf litter, texture, shape, cclor,
mold, dryness and other characteristics.

Using Neff's (1968) review of the pellet-grcup ccunt
ta2chniques and suggestions by Smith (1964:442) and Rogers et
als (1658), I assumed that caribou defecate 13 groups per
day. This ccnversion factor agreed with averages for mccse,
black-tailed deer (Qdccoileus hemicnus c¢olumbianus), mule

deer (0. hemicnus), elk (Cervus canadensis), dcmestic sheep,

Barbary sheep (Ammotragus lervia), and cattle listed in
Neff's (1968) review.
The estimated number of caribcu and standard deviation

was calculated using the following formulas:

d X w (2.1)
X n
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n - 1

where Ai area of island (1038 ha)

Ap = area of plot (60 m2?

d = defecation rate (13.0 pellet groups/day)
n = number of plots

w = number of defecaticn days

2.13 Petersen Index:

The "Petersen's estimate" (Caughley 1978, Overton 1969)
is applicable to this study, assuming the probability of re-
sighting marked and unmarked caribou is equal; no immigra-
tion occurred; marked and unmarked caritou emigrate or die
at the same rate; and no marks are lost. The intuitively

reasonable relationship is then:

N= Mn (3.1)

where M animals are marked in a population of size N (N be-
ing unknown) and m marked animals are resighted in sutkse-
quent sampling of n animals. Because equation 3.1 results
in a positively biased estimate, Bailey (1951, 1952) <sug-
gested that when the number c¢f marked individuals to be re-
sighted is not decided prior to resighting a more satisfac-
tory estimate is:

N = M + 1) (3.2)

m + 1

with standard error of approximately:

s.E. 2| e m + 1) (n - m) (3.3)
(m + 1)2Cm + 2)



19

From the six marked caribou which included five with
transmitters on the island in 1980, a Petersen's estimate
was calculated from spring and fall observations. Two more
marked caribou were added in 1981 and a Petersen's estimate
was calculated from summer observationms.

These small sample sizes created *two problems. Pirst,
different sex and age classes were considered to ke equally
observable when they should be <stratified (Downing et al.
1977) . Second, Strandgaard (1972, <cited by Downing et al.
1977) after detailed analysis of the effect of behavior, ha-
bitat and stratification on Linccln Index estimates, con-
cluded that acceptalbkle precise estimates of roe deer (Ca-
preolus capreolus) populations required that two-thirds of
the total population be marked.

2.14 Dead caritou:

For estimating iranimate objects which do not flush
such as dead caribou, caribou beds, antlers or bush-thrashed
trees, it is advisable to use the right-angle distances fronm
line transects since such methods are relatively insensitive
to the actual fcrm of the frequency distributicn (Robinette
et al. 1958). Eberhardt (1968) gave theoretical reasons
why the model:

D= _n (4.1)
2Ly
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would be appropriate when detection depends on visibility
rather than on the behavior of animals and Caughley (1¢78)
suggested it may be a good estimate for mortality surveys.
From test estimates of inanimate objects cn Pic Island, this

model was considered positively biased and tended to overes-

timate. A strip census model (Eberhardt 1978) was chcsen
instead:
D = n % L.2)
2Lb

where b is the strip half width chosen, 1 is the total
length of all individual lines, and n* is the numker cf ob-
served objects within the strip. A strip width of 6.6 m
(b=3.3m) was used which assumed that all dead caritou within
the area were detected.

2.2 EFFECTS CF NUTRITION:

To determine the effects of pcor nutrition on the Lkigh
density caribou population, morphclogical measurements were
taken from captured caribou and cast antlers were collected
and measured. Also blcod samples were extracted for condi-
tional analysis. I determined length cf growing season for
each year. This provides a measure of winter negative ener-
gy balance and the <corresponding 1length of summer food
availability.

2.21 Measurement of growth:
Each captured carikou was weighed +to the nearest pcund

by suspending it from a spring scals with a capacity cf 400
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lbs. Weights were later converted to kilograms. Caribou
weights not actually weighed were regressed from a relaticn-
ship with heart girth. A series of external lody measure-
ments was taken with a flexible tape as the caribou lay on
its side with the four legs tied together. Bcdy measure-
ments were made to the nearest 5 mm. Tctal length was mea-
csured alcng the dcrso-medial line from the tip of the nose
to the 1last tail vertebra following the animals ccntours.
Heart (chest) girth was measured around the anrimal immediat-
edly posterior to the fore limb and the posterior edge of
the scapula. Shoulder height was measured along the radial
surface of the right foreleg and flank from the base of the
radial dew hoof to the dorsal edge of the scapula.

2.22 Growing season:

Stewart et al. (1976) calculated growing season as the
length (days) of the green pericd (between 1leaf flush and
leaf abscission) each year. Meteorological reccrds from the
Marathon metecrological station were used to determine the
dates for initiation of leaf growth and terminaticn of the
green period. Larcher (1973) considered -5°C the tempera-
ture required to cause cellular destruction (lysis in wcody
leaves). The concept of growing degree day postulates that
a base or threshcld temperature exists below which plants
will not develop. Stewart et al. (1976) used maximum daily
temperature (h) greater than 12.2°9C to calculate a mean lev-

el of 75 degree days ( jE(h-12.2)/2 = 32.8) which they sug-



22
gest as the level of heat units initiating leaf flush and
resulting in a positive energy talance in moose. The termi-
nation date of positive energy balance was chosen to tke that
date when ambkient temperatures of -5°C were reached. The
nunber of days from the initial spring accumulaticn c¢f 75
heat units to the first fall minimum temperatures of -59C
was accepted as the period of positive energy balance (grow-
ing seascn) for caribou.

2.3 TELEMETRY:

Caribou were radio tagged in the spring of 19€1 primar-
ily to test between the predation and disease hypotheses.
Three radio tagged caribou were released on the mainland to
see if they would contact disease or be predated. Seven ra-
dio-collared caribou were monitered on the island to deter-
mine behavioral strategies during calving, fall breeding and
while escaping predators (flush frcm cbserver and/or dog).
Telemetry also described activity and movement patterns both
temporally (daily and seasonally) and spatially (hcme range
sizes), and changes in these patterns due to differences
among caribou (age, sex and reproductive status).

All movements and locations were marked on a 1:2%5,000
topographic map with a grid of 0.11 km2 overlying the is-
land. This relatively large grid size, relative to the stu-
dy area, was used because of errors in telemetry readings
due to observational inaccuracies, caribou movement, the

heterogeneous and rugged topcgrarhy, and its conifer ccver.



23
Points were located on the map by triangulation using usual-
ly two or more bearings (directions). Aggregate and season-
al ranges were determined by plotting all observations ac-
quired on each marked individual during the study and con-
necting the cutermost observaticn pcints with Dboundary
lines. This minimum area method (Dalke 1942, Mchr 1947),
calculated using a planimeter, determined the area of each
range.
2.31 Capture:

Caribou were captured in 4X6 m lcg traps, baited with
ground lichen and block salt. A trip thread released a ply-
wood door tarricading the entrance. Standard samples (blood
for condition analyses was undertaken Lty P. Karns at the
Forest Research center, Grand Rapids, Minresota; an incisor
was pulled for aging; feces were exanmined for parasites by
M.W. Lankester at the lLakehead University), and measurements
of general mecrrholcgy and weight were taken. Two caribou
were captured in 1979, nine in 1980 and five in 1981 on the
island. During the springs of 1980> and 1981 nine of these
caribou were «ccllared with radio transmitters designed by
Cedar Creek, Bethel, Minnesota, and released.

2.32 Equipment:

Three towers were built on the three tallest hills omn
the island (Fig. 3) =so as to describe caribou positions by
triangulation. Two of the towers were constructed of two

3.5 m TV tower sections which supported two parallel four
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element yagi antennae secured to a center pole; the center
pole swivelled at the base around a rosette. Three and four
element yagi antennae were used for grcund work. Two AVM
LA-12 receivers were used interchangeably to monitor the 151
mhz signals. Two Rustrak strip chart recorders monitcred
caribou activity from the hill tops.

2.33 Field methods:

Caribou observations by telemetry were lkased on three
techniques : actual location of animals from the ground;
triangulation using two simultaneous.tower readings; trian-
gulation using a number of readings from ground and/or boat
and/or tovwer. Escape behavior was initiated using a dog
collared with a +transmitter and released on the =scent cf a
collared carikou allowing both animals tc be tracked. Cari-
bou were tracked using a hand-held antennae so as tc observe
t+heir flushing behavior. Three times during 1980 (May
18-19, June 30-July 1, July 14-15) continuous readings were
taken on caribou movement and activity every 15 minutes, for
an average of 24 hours, from two hill (#1 and #2) towers, by

two observers simultaneously.
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2.4 Hypothesis 1: Food

To test whether caribou were on the island and not the
adjacent mainland due to forage conditions, seasonal food
preferences were determined and estimates of the availabili-
ty of these plants for Pic Island versus Coldwell Peninsula
were used to compare the two habitats.

2.41 Seasonal food preferences:

Food preference was measured in eight 33 X 1 m krcwse
plots. These plcts were selected on the island for their
accessibility and for the occurrence of species shcwn tc be
preferred by caribou (Ferguson and Ferguson 1981). A unit
of measurement, wusually a leaf, for each plant (up tc 35
species) was chosen to represent cne bite. The numker of
bites available and the number eaten were counted within the
different lines towards the end of each month (April tc No-
vember 1981). Five hundred bites o¢f each species were
picked each month (or until no changes in weight of kites
occurred) and oven dried at 110°C fcr 12 hours, to determine
average dried weights (biomass) and track the changes in
weight over the growing season.

Palatability of food species was calculated from esti-
mates of availability and utilizaticn:

Palatability = relative utilizaticn/relative availability
relative availability = amount available for species

(dry wt. in g) X 100 / total amcunt for all species

relative utilization = amount eaten for species X 100/
total amount eaten for all species
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2.42 Estimating availability:

Forage availability was measured (July 2 - Aug. 12,
1980) in 219 plots on Pic Island and 238 plots placed in a
788 ha. section of the adjacent mainland (Fig. 2). Three
types of plant classification were delineated: forbs, shrubs
and lichens.

Statistical analysis included the t-test for twc-group
comparisons (Pic Island versus mainland) and the analysis of
variance for multiple group comparisons (mainland, Pic and
Otter Island). Significant differences between groups were
identified by the wuse cf Duncans Multiple Comparison test.
Dependent variables were the basal area for individual plant
species, distance, dbh (diameter at breast height), number
of stems, bites eaten and bites available for mcuntain ash,
maple, willow, alder, pin cherry, serviceberry, squashterry,
dogwood, pcplar, larch and elderberry, percent overstory for
individual species, percent understory for individual spe-
cies, percent cover of species in 4 m2 plots, number of
bites eaten and available for forb species (up to 100 forb
species), ground lichen volume, slope, blcwdown index, visi-
bility index, aspect, and amount c¢f arboreal lichen (tree
species, distance, and number of Lkites). The minimum le§el
of significance accepted was P < 0.C5. Data in the text,
tables and figures are given as means + standard error of
the mean unless otherwise stated. Cemmen names of plants
are used in the text while scientific and common names are

listed in Tables 7 and 8.
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Food preference was expressed by using Ivlev's (1961)
Electivity Coefficient, E=(r - p )/(r + p ), where E equals
the coefficient of electivity or preferece index, r equals
the proporticn of the variable which was wutilized and p
equals the proportion of the variakle cccuring within the
environment or study area. Preference values indicate only
the relative value of a plant species in compariscn to cth-
ers (ie. ranking). Absclute statements about preference and
avoidance were avoided since these conclusions degend
markedly upon the array of components deemed by the investi-
gator to by available to the animal (Jchnson 1980).

2.421 Shrubs:

Two people walked transect 1lines, following a compass
bearing. Sampling was completed at regular intervals of 100
m (50 m on Pic Island) along each transect. At each regular
interval a stake was placed on the grcund to denote the
quarter roint and describe the bouncaries cf the 4 m2 flot.
The distance toc the closest tree, sapling or shrub (referred
to as shrubs) of each species considered to be potential
caribou food (diameter at breast (dbh) greater than 0.5 cm
or taller than 1 m) was measured and recorded. The dbh of
each shoct ccnsidered to arise from a ccmmon root system was
also recorded. The number of bites (usuvally a leaf or com-
pound leaf was considered a bite and was determined by cari-
bou feeding okservations) left and eaten on the shoots of

the shrub and on its branches were recorded separately (ex-
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ceptions: for alder only recent leaf growth low to the
ground; for dcgwood only the number of stalks; and for larch
only the height of the tree was reccrded).

Distance for trees and saplings is to the center c¢f the
t+runk and with shrubs, to the <center in the clunmp. For
shrubs and trees less than 5 cm dbh the dbh was measured 10
cm from the ground. Any species occurring greater than 50 m
from the stake were excluded.

2.422 Forks:

A 4 m2 plot was marked out in each upper right hand
quarter from the stake which was placed along the direction
of the transect line. A bite, an arbitrary unit of measure-
ment, represented the cbserved unit of plant, usually a leaf
which the caribou removed with each bite. The numker of
bites 1left and remaining were recorded for forb species
which were judged to be preferred from general cbservations.
For other plant species in the 4 m2 ¢fplots which were con-
sidered potential caribou food, the percent cover was re-
corded.

Dry weights were obtained by cven drying 500 bites of
each species at 110°C for 12 hours cr more. For each plot
the habitat was evaluated subjectively within a 30 m radius
area (Appendix S5.1). Three layers were described: oversto-

ry, understory and ground cover.
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2.423 Lichens:

A visual estimaticn method (after Stevenson 1979) was
used to determine subjectively the amount of arboreal lichen
available to caribou. A small bag of lichen (2 grams dry
weight) was carried in the field and used to estimate by vi-
sual compariscn the number of such units on the tree belcw a
2 m height. The distance to the nearest trees and the spe-
cies type were recorded for each plct. A minimum amount of
lichen (1/2 unit) on a tree was necessary to include the
tree's estimate. Unit weights of lichen which approximated
visually the original 2 g bags were picked during the ccurse
of the lichen study. Later these units were dried and
weighed and the average weight of all the units (2.113 %
0.235, n = 22) was used in the bicmass calculations.

2.5 Hypothesis 2: Disease

Deer, caribou and moose on the north shcre of Lake Su-
perior harkour protostrecngylid rematcde worms, as evidenced
from spined larvae in their faeces (Lankester et al. 1976).
Deer populations on the Rossport Islands have a high preve-
lance of meningeal werm (Lankester pers. commun.) in their
faeces and it is expected that mcst deer populations in the
area host this nematode.

A11 deer and caribou pellet groups found on the main-
land and deer pellets on Pic Island were collected. Dr.
M.W. Lankester (Lakehead University) examined the samples by

the Baermann technique, to distinguish the presence of
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first-stage protostrongylid larvae (spined larvae) in faec-
es. The location and movements of the deer in the area were
monitored and survival and behavior c¢f mcose living in close
proximity tc the deer population was watched.

2.6 Hypothesis 3: Predation
Movements of two wolf packs (Fic River and Mink Creek)
in the area were mcnitored by observing tracks.

Twenty-six wolf scats ffom the Neys area, collected in
1978, were examined to determine composition. The hair im-
pression technique employed was similar tc that described by
Williamson (1951). The hair was placed on a gelva-ccated mi-
croscope slide and pressure was applied to a second slide
placed over the first. The negative impression of the cuti-
cular surface of a hair on the 1lcwer imprinted =slide was
then removed from the press and placed under a microscope
for inspection and determined to species using Aderjan and
Kolenosky's (1969) manual.

Three caribou were translccated tc¢ the mainland and
their survival monitored by telemetry.
2.7 Hypothesis 4: Dispersal

To test whether the island caribcu crossed Thompson
Channel to the mainland during the spring and summer mcnths,
the Coldwell Peninsula beaches were <checked intermittently
for caribou tracks. Also sand was spread in suitable posi-
tions and thread strung across Moss Pcint (closest swimming

distance = 0.4 km), to detect movement to and from the is-
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land. Tracks in the sand helped determine direction and
species. A salt lick was set wup cn the Coldwell EFeninsula
in 1978 to attract cervids. This lick, as well as the
beaches along the Peninsula were checked at least monthly to

identify cervid tracks.
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3.0 RESULTS

3.1 DEMCGRAPHY (1976-81) :

The estimated population on Pic Isiand for 1978 was 49
caribou, 54 caribou in 1979, 39 in 1980 and 28 in 1981. The
three census estimates (line-transect, pellet <censusing,
Petersen Index (n=44 1980, n=33 1981)) were in close agree-
ment (Takle 1, Takle 2, Fig. 4). The decrease in population
for 1980 and 1981 was likely due to emigraticn off Pic Is-
land.

The average parturition rate over five years (1977-81)
was 78.4 percent. The percentage of females (2 years and
clder) that gave birth to a calf was calculated from the es-
timated number of calves, yearlings and adults in the fpcpu-
lation, assuming an equal adult sex ratic (Fig. 5):

Percentage parous females = number of calves bcrn/
number of adult caribou (2 years and clder) /2
For years for which nc census estimates of calves and
yearlings were obtained, 22.0 percent calf production and
100 percent calf survival was assumed.

Productivity (defined as the addition of calves to the

summer populaticn) . averaged 21.9 percent and was ccnsistent

over the four years sampled (Table 3). 1Iocw calf survival or
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recruitment (defined as the addition of 1-year-old individu-
als to the populaticn) was detected only in 1978 (Table 3).
I found six dead calves which rerresented calf mortality
during the winter period (1977-81). Four died in the winter
of 1978, one in 1979 and one in the winter of 1980. I found
no dead calves after the winters of 1977 or 1981. The ex-
tensive winter mortality in 1977 was verified by a lcw fper-
centage of yearlings the next spring (Table 3).

Sex ratio of adults on Pic 1Island appear to be akout
equal in all four years (Table 3). However there was a ten-
dency for males to be captured in traps. Seven adult males,

three adult females and five male calves were caught.

Table 1. Line-transect censusing informaticn.

numker mean total number estimated
year lines length length caribou number
km km seen caribou
1978 35 4.30 150.7 30 537 £ 138
1979 47 4,18 197.0 38 5325 1748
1980 summer 41 3.45 141.5 24 41.5 & 20.7
1980 fall 28 4.77 133.6 17

1981 €1 5.01 305.8 37 31.1 + 1.6
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Table 2., Pellet census 1978-81.

number pellet groups estimated
of plcts rper plot mid-day 1leaf fall total numker
(2X30m) X + s.e. census (-5°c) days caribou

1978 72 0.4 June 27 Octe 16 - 254. 39.7%

1979 290 0.483 + 0.063 May 29 Cct. 15 226 U46.3 + 6.63
1980 279 0.545 £+ 0.052 May 13 Oct.. 9 215 54,9 £ 5.51
1981 185 0.341 + 0.0uu May 4 Oct. 20 196 37.6 * 4.59

Table 3. Demcgraphic data for Pic Island caribou population
from line-transect observations (1978-81, Takle 1).

number number

year males females calf percent

seen seen recruitment yearlings
1978 7 7 20.0 (15)1? 8.7 (2%)z2
1979 12 11 23.3 (30) 17.4  (27)
1980 14 14 24,2 (66) 20.0 (48
1981 8 7 22.0 (15) 15.6 (32)
total 41 39 21.9 (126)

1 sample size cf caribou which could be
determined as:
a) female with calf
b) female without calf (non-rarcus)
c) female without calf but parous (calf elsewhere)
d) calf alcne
e) ncne of the above

2 sample size of caribou cbservaticns which could ke determined as:
a) calves
b) yearlings
c) adult
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Figure 4. Absolute number estimates cf the caribou popula-

tion

*%k

44

on Pic Island (X % s.e.).

estimated frcm dead caribou censusing (1978-81).

1978 line transect census estimate before calving,
assuming nc emigration, immigraticn or mortality.
estimated eight caribcu died dvring the previous
winter

emigration from the island during the previous winter.

emigration during the previous winter.
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Figure 5. Demograrhy of Pic Island cariktou pcpulation

(1976-81) .
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Caribou remains located while censusing were identified
to have died during the 1976-77 (n=9), 1978-79 (n=2), and
1979-80 (n=1) winters. Not all of the caribou remains were
found because of scavenging and scattering by fcxes, ravens,
and wolves, as well as deterioraticn with age. During 470
km of transect lines walked over 1978-80, nine dead caribou
were found at an average perpendicular distance cf 2.25 %
0.89 m (n=12, nine of 12 parts were distinguished as being
from different animals). I chose a strip width cf 3.0 m
which included eight cf the nine =sightings. Substituting
intoe Eg.. 3.2, an estimated 29 caribou died during the
1976-77 winter. If there were 42 caribcu on the island dur-
ing the summer c¢f 1977 (Fig. 4) which included nine calves
(42 X 0.219 calf production) then before the winter die-cff,
an estimated 62 caribcu (including 13 calves) were on Pic
Island in 1976. Therefore the lcss of 29 caribou represents
a substantial die-off, accounting fcr 47 percent of the fall
population.

To estimate the number of caribou that died during the
1978-79 winter, the ratio of numker found to estimated dead
for the 1976-77 winter (9:29) was used. From this calcula-
tion six caribou were assumed to have died over the 1978-79
winter. In 1980, during extensive censusing (L=275.3 km),
only a calf jaw was located and it was assumed that this was

the only caribou to have died the previcus winter.
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Census estimates suggest 23 and 17 caribou emigrated off
Pic Island during the two winters of 1979-80 and 1980-81.
In 1979 there were 54 animals, one died over the 197¢-80
winter; in 1980 there were 39 animals of which nine were
calves. Therefore there are 23 animals unaccounted for (54
- 1 - 30 = 23). In 1980 there were 39 animals, none died
over winter; in 1981 there were 22 yearlings and adults (6
calves). Therefore 17 animals are unacccunted for (39 - 0 -
22 = 17) and are assumed to have left the island by ice dur-
ing the winter. Fer the first time in five years caribou
were observed on Coldwell Peninsula during the 198(0-81 win-
ter. From 1978 to 1981 productivity remained consistent
(Table 3) and only one dead caribou caribou was found after
1979. Since no other mortality on the island was discovered
I believe caribou left during the two winters.
3.2 Effects of Nutrition:

Seventy focur percent of the males (n=38) and 2t percent
of the females (n=16) observed after June 1st (pcoled years)
possessed antlers. Only one of the 12 male caribou captured
had antler growth while both females captured were bald.
Average cast antler size on the island was small (656.8 +
121.8 g, n=18).

Weights and body measurements of 15 caribou captured
from July 1979 to May 1981 are shown in Table 4, Weights of
calves and yearlings caught in 1980 and 1981 which were torn

in 1979 revealed lower weights and reduced growth rates than
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Table 4. Capture information fcr 15 caribou from Pic Island.
Date Captured Name Sex Age Weight Ant TL SH HG

(yr) (kg) (cm)

1979, July 26 Rang F 1.2 67.7 N 160 8¢ 91
1979, Aug.. 11 Fu M >3.0 149.2 Y 178 89 +. 127
1980, April 23 1Ian M 0 uy,7 ¥ 57 8t 91
1980, April 26 Ma F >4.0 150.1* N 140 102 132
1980, April 27 Rang F 2.0 80.8 N 170 98 102
1980, April 29 1If M 3.0 111.9 Y485 - 397 123

1980, May 4 DM M 1.0 55.9 T -152 91 99

1980, May > M >4.0 104.6* N 183 93 114
1980, June 19 Bo M >3.0 124.8% Y 208 107 122
1980, June ‘26 Fre M 1.1 51.C ¥, 161 88 103

1981, April 30 Ian M 2.0 105.7 Y 18C 103 116
1981, May 2 Fa M 1.0 80.8 Y 87 92 102
1981, May 13 Nob M 1.0 €5.8 Y 165 89 107
1981, May 15 1If M >3.0 124.8% Y 205 106 124
1981, May 20 Red ¥ >3.0 140.5 Y 209 106 124
* weight estimated from regression of heart girth

on weight cf other caribou weighed

(y = 2.52x + -183.4 ; r = 0.925)

Ant = antlered (Yes or No); TL = total length; SE = shculder
height; EG = heart girth.
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calves born in 1980 (Table 5). The best recorded growing
season over the study period (1978-81) was in 1980 while the
shortest season occured the previous year in 1979 (Fig. €).

Blocd characteristics of Pic Island caribou did not

show significant differences between years (Appendix 5.5).

Table 5. Spring weights (April 23 - May 13) of short yearlings

campared between cohorts and as 2-year-olds.

weight recaptured

year calves spring weights as 2-year-cld
born in (kq) (kg)
1978 6771 e e 80.8
1979 55.9

51.02

Bl T - | woswmme s s s e 105.7
1980 80.8

85.8

1  captured July 26
2 captured June 26



Figure 6.
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3.3 Hypothesis 1: Food
3.31 Seasonal food preferences:

Selection of food varies seasonally depending cn the
needs of the animal, the phenolcgical condition of plant
species, and their availability. For example, although car-
ibou rely on 1lichens (grcund and arboreal) in the winter,
these plants are selected only because snow conditions have
reduced the availability of alternative food sources. Fig-
ure 7 portrays the changes in relative importance of plant
foods to the island caribou as suggested by field okserva-
tions. Figures 8 and 9 are specific examples cf how diffe-
rent plant species become availalkle as caribou food, degpend-
ing on their phenclcgical ccnditicn.

During the month of April alder and maple stems were
highly selected while currant, raspberry, serviceberry,
mountain ash and birch were sometimes browsed (Figs.
10,11,12). Arboreal 1lichen, Labrador tea and Canada yew
formed the major portion of the caribcu's diet during this
late winter period. In May, DIryopteris ferns supplied the
caribou with the greatest vclume <c¢f food and were preferred

while leafing raspterry, currants and maple contributed to
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Figure 7. Schematic representaticn cf energetic periods and
their relationship to the seasonal selection of focd by car-
ibou on Pic Island.

(Bw = birch, Ac = maple, So = mountain ash, Al = alder)
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Figure 8. 1Lleaf emergence dates for six species of trees and

shrubs (1981).
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the diet. In June there was an exrlcsicn in both the number
of plants species eaten and the amount. Because of the lim-
ited nutritious growth on the island, fresh winter type car-
ibou feces (hard pellets) could ke found all year. The scft
paddies asscciated with succulent spring and summer forage
were formed primarily in the hardwood valleys during June
and July. During June and July the ferns continued tc be
highly selected while the shrub species, primarily mountain
ash and maple, became more important in the diet. Fork spe-
cies that were important foods included raspberry, currants,
horsetail, bLbunchberry, Clintcria, rose-twisted stalk and
sarsaparilla.

With the colder weather during the fall, fort species
were destroyed by frost, 1leaving only the shrubt species and
lichen as pctential caribou foods. During early summer, ma-
ple was the preferred shrub (palatakility index), being re-
placed by mountain ash in the 1late summer and early fall.
Alder and cother shrub species, including raspberry, also be-
came more important as caribou foods during this late summer

to fall period.



Figure 10. Seasonal changes in palatability of three fern

species eaten by caribou over the spring to fall pericd.
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Figure 11. Seasonal changes in palatability of shrub spe-

cies eaten by caribou over the spring to fall pericd.

other shrubs = birch, alder, saskatocn, dogwood
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Figure 12. Seasonal changes in palatability of fork species

eaten by caritou over the spring to fall period.

other forbs = sweet-petasites, bunchterry, horsetail,
starflower, clintcnia, sarsaparilla, blus-
berry, enchanters nightshade, cow wheat,
rose-twisted stalk.
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3.32 Availability cf Preferred Plants:

On the mainland there was a significantly greater akun-
dance of all preferred shrub species than on Pic Island dur-
ing the period from leaf emergence in the spring to August
12, 1981 (Table 6). 0f the 56 fork species considered fpo-
tential caritou food, 14 were shcwn +tc be more abundant on
the mainland whereas four were more abundant on the island
(Table 7 and 8). The mainland had a greater variety cf spe-
cies (potential carikou food per 4 m2 plct) than the island
(9.00 * 0.226; n = 220 versus 3.99 + 0.219; n = 202) and a
greater total number of species present (53 versus 42).

Conifer ccver (spruce-balsam fir) on the island consti-
tuted 58.6 percent of the overstory, while the major cancpy
cover on the mainland was hardwocods, ccmprising 59.4 percent
of the total overstory (Table 9). Although both areas had
similar percentages of food shrubs composing the understory
(Table 9), alder made up the greatest percentage of cover on
the island while the mainland offered a greater variety of
other food species (willow, serviceberry, cherry, poplar,
dogwood and squashberry). The island, tecause of the shal-
low soil surface, supported smaller trees (dbh) tut with a

greater density or basal area (Table 10).
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Table 6. Ccmparing abundance (weight in grams of leaves
available per hectare) and preference (P) ketween Pic
Island and the adjacent mainland shrub species as spring
and summer caribou foods.

Species P Pic Island Mainland siq.
Populus tremulcides +0.9775 0.397 + 0.206 11.00 ¢ 3.12 %%
Salix spp +0.7960 8.702 % 3.202 12.7€ + 3.48 *
Acer spicatunm +0.7029 25.€4 £ 6:751 2774.0 £ 263.9 *=*
Amelanchier +0.5480 7.482 % 2,732 599.4 ¢ 57.99 *=*
Prunus virginiana +0.5118 6.618 £ 1.976 87.58 £ 13.77 *%
Sorbus americana +0.1138  173.3 4 32.79 1151.0 2 90.46 **
Alnus crispa -0.5939 408,6 + 68,02 1072.0 £ 176.9 **

P = preference index = _A - B ; where A = propcrticn of fcocd type

A + B
eaten/amount available, B = proportion of food type in hebitat =
species density/total density; +1 mcst preferred, -1 least preferred

* 0.05 significance, ** 0.01 significance.

Example: TFor Acer spicatum a = eaten/available (frcm Takle 9)
5.97/25.64 = 0.2328 g/m
= available/total availakle = 25.64,/630.7
0.04065 g/m
=a-b = 0.2735 = 0.7029
a+b 0.1922

moo
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Comparing abundance (g/4 m2 ) of spring and summer

forb species ranked in crder cf preference Letween the
Pic Island and thke adjacent mainland (P as in Table 9).
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=
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_____ (willcw)
Galium triflorum
(starflower)

(sarsaparilla)
Sorbus americana

(mountain ash)
Acer spicatum (mafple)
Alnus crispa (alder)
other ferns

(beech-fern)

D. spinulosa (wood-fern)
(cak-fern)

(labrador tea)
Yaccinium spg.
(blueberry)
Ribes americarum
(American current)
Fragaria vesca
(strawberry)

(thimbleberry)

Actaea rubra (baneberry)

Rosa sp (rose)
Aster macrophylus

(big-leaf ast=ar)
Diervilla lcnicera

SEEESaems=s=a =lao=x==2

(saskatoon)

(tirch)

P
+0.9965
+0.9932
+0.9893
+0.9873
+0.9780
+0.,9453
+0.9405
+0.9220
+0.9C77
+0.8484
+0.8149
+0.7389
+0.7207
+0.6899
+0.6551
+0.5870
+0.0806
-0.1811

-0.3427
-0.8250

-0.8546
-1.0000
-1.0000
-1.0000
-1.0000
-1.0000
-1.0000
-1.0000

-1.00C0

Fic Island
0.005640.0056
0.0133+0.0133
0.020540.0205
0.0275+0.0143
0.0019+0.0019
0.1106+0.0960
0.0914+0.0238
0.1461+0,0474
0.1453+0.04u1
0.0295+0.0220
0.1778+0.C896
0.5650+0.3403
0.2494+0.0834
0.4628+0.2170
0.4217+0.1393
0.906640.2020
1.2416+0.2831
0.3093+0.0626

1.074040.20%6
1.832 $0.517

3.221 +0.516
0.0
0.0
0.0
0.0C73+0.0073
0.0

0.0

0.C194+0.01¢y4

0.0090+0.0074

Mainland
0.0873+C.C392
0.257 #0.257
0.06€68+40.0282
0.0546+C.00442
0.0137+0.C090
8.235 +1.7640
0.1434+0.C368
3.6759+0.7582
0.4011+0. 1234
1.9860+0., 1384
0.12z4+0.C€68
0.0204+0.,1511
0.5C2 +0.269
1.085 +0.356
0.3996+0.1181
1.352 +0.1974
0.5180+0.,1022
1.53u4740.1773

0.0638+0.C179
1.658 20.466

2.310 +#0.535
0.0126+0.0126
0.0274+0.0114
0.17041+0.1613
0.0828+0.0512
0.0604+0.,0294
0.1554+0.0311
0.3%71£0.3971

0.1707+0.0400

sig.

%%k

* %k

* %

* ¥

* Xk

¥k



Table 8. Twenty-seven forb species
comparing akuncance
plots)

Species

_____ (grass)
Gaultheria hispidula (snowberry)
(violet)

_______ spp. (sedge)
Taxus canadensis (Canada yew)
Oxalis montana (wood sorel)

__________________ (starflover)
Coptis trifolia (goldthread)
Circaea alpina
(enchanters nightshade)
Mitella nuda (naked mitterwort)
(twinflower)
(nianthimum)

(Leatherleaf)
Vaccinium Vitis-Idaea

__________ (cow wheat)
(sweet-petasites)
(goldthread)

(pearly-everlasting)

Pic Island
(219)

1.598+0.658
1.05 #0.62

0.882+0.467
0.753+0.44

0.489+0.209
0.480+0.329
0.457+0.372

0.411+0.306
0.36540.0098
0.25140.229
0.22840.10€

0.228+0.150
2.080+0.510
0.137+0.059
0.137+0.137
0.C46+x0.046
0.023+0.023
0.023+0.023
0.0

OO0 O
e o o
OO

OO OOO
e & o =
OO OO O
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(potential carikcu fccd)
(average percent cover of species/4 2
between Pic Island and adjacent mainland.

Mainland
(240)

2.66040.640
2.29 0.74
0.61340.202
1.50840.652
0.0

0.0
0.36710.334

1.10410.561
C.14640.054
C.04240.024
€.39240.315

0.02910.022
0.192+0.079
3.47540.480
0.0

4.60410.653
0.04610.030
0.046+0.025
0.317+£0.170

0.29240.292
0.196+0.099
0.16740.167

€.06710.063
C.05410.039
0.02140.021
€C.02110.021
0.00€40.008

sig.

* %k
* ¥k

%k
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Table 9. Overstory and Understcry percent cover ccmpared
between Pic Island and the adjacent mainland.

Mainland Pic Island
OVERSTORY
total 51.05 ‘& 1.%96 (237) 59,72 £ 1.57 (194)
Abies balsamia 10.53 £ 1.12 (124) 10.05 2 1.37 (52)
Betula papyrifera 26.56 = 1.60 (192) 23.74 £ 1.62 (134)
Picea glauca 8.72 + 1.19 (81) 22:55 £ 1.71. (120) . *=*
Picea mariana 1.48 + 0.44 (26) 1.20 £+ C.46 (8)
Sorbus americana 2.78 + 0.50 (54) 0.93. £ 0.35. (12) %%
other species 2.04 + 0.56 (34) 1.06 + C.46 (7)
UNDERSTORY
total 41.61 + 1.85 (236) 44,97 £ 1.58 (167)
Abies balsamia 7.89 £ 0.93 (113) 19.80 £ 1.93 (85) *k
Acer spicatum 0.44 + 0.12 (21) 1.32-¢ 0.50 (85)
Alnus crispa 0.83 + 0.19 (34) 12.45 2 1.32. (72) %%
Picea glauca 17.31 £+ 1.69 (110) 3.10 £+ 0.78 (19 *%
Sorbus americana 9.80 + 1.58 (89) 7«31 £ 1.03 (50)
other species 7-:54 £ 1.21 (87) 1.64 + C.48 (14) *3%

Table 10. Basal area (basal area factor = 2.00, k value = 35.35).

species Mainland (240) Pic Island (z219)
Abies balsamia 1.57 £ 0.134 (139) 3.73 £ 0.360 (123) *=*
Betula papyrifera 3.18 £ 0.227 (159) 5.09 + 0.354 (167) *x*
Picea glauca 0.95 £ 0.145 (58) 5.50 £+ 0.482 (139) *x*
Ficea mariana 0.30 £+ 0.055 (4u4) 0.38 £+ 0.115 (25)
cther species 0.56 + 0.086 (58) 0.70 £ 0.093 (68)
total 6.54 + 0.271 15.41 2 0.657 Bk
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Rlthough there was no significant difference in the am-
cunt of ground 1lichen (Cladonia spp.) between the island
(3.0 x 10-6 + 0.10 x 10— m3 of lichen per m2 ) and mainland
{(3.25 ¥ 10-¢ "'+ 1.50 x 10-¢ m3 per m2 ), there were areas
on the mainland which supported large flats of ground lichen
which were not censused in the initial 1980 vegetation sur-
vey. The island had none of these distinct areas which were
easily recognized frcm aerial phectcgrarhs. A greater volume
cf ground lichen (36.29 + 32.96 m3 ) was estimated from cev-
en areas c¢f ground 1lichen - spruce flats on the mainland
(0.1846 ha.) than for all of the island (31.08 * 10.36 m3 ;
1036 ha.).

The island had a greater density cf arboreal lichen be-
low the 2 m height of trees (0.2298 + 0.01680 g/m2) than the
mainland (0.01131 £ 0.001668 g/m2) . This supply of lichen
ocn the island was of a more uniform density and most had
be2en previously browsed. In contrast the mainland, althcugh
it contained a younger forest, cffered areas of high density
lichen which were easily available and revealed no visible
browse line,

For maple and mountain ash, the effect of browsing
pressure by caribou on the island over time has resulted in
a decrease in the number of stems (Table 11). Prctakly due
to this decrease in the number of competing shoots, there
has been a corresponding increase in the size of the main

stem. For serviceberry, willow and pin cherry there was an
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increase in both the number and the size of stems which was

also attributed to the browsing pressure.

Table 11. Comparison of the number of stems in a clump cf trees
and the average dth (in cm) of the main or largest stem, between
Pic Island which is heavilly browsed by caribou and the adjacent
mainland with minimal browsing pressure.

Species Mainland (nean * s.e. (n)) Pic Island siqg.
Acer spicatum stenms 2.28+0.C5 (166) 1.404£0.13 (43) %%
dbh 3.06+0.18 (166) 4,87+0.38 (43)  **
Sorbus sp stems 1.6820.09 (206) 1.56+0.09 (129) =*
dbh 6.70+0.44 (205) 10.51+£0.58 (129) *
Alnus crispa stems  3.63+0.21 (188) 3.9840.29  (141)
dbh 3.19+0.12 (188) 4.64+0.15 (141) **
Amelanchier sp stems 1.56+0.08 (144) 2.42+0.34 (19) **
dbh 1.6620.12 (143) 2.79+0.30 (20)  **
Salix spp stems 1.71£0.17 (70) 2.32+40.35 (28) **
dbh 2.88+0.26 (70) 4.41+0.48 (28) %%
Prunus sp stems 1.1740.C6 (58) 1.7240.24 (18)  *x*

dbh 2.20+0.19 (58) 3.12+¢0.76 (18) *
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3.4 Hypothesis 2: Disease

During the springs of 1978, 1979, 1980 deer sign was
observed in #4 Valley, including the use of a salt lick. ©On
May 7, 14, 26 (1979) an individual deer was seen in this
Valley. There was no indicaticn that the deer utilized any
cther part of the island or that it remained longer than the
early spring period from April-May. Deer feces collected on
the island (1978, n=8; 1979, n=3) and mainland (1978, «1=2)
contained no spined 1larvae. It is possible that the deer
was using the island as a fawning area.

A small population of moose existed on the mainland. I
estimated a moose density of 0.3 nmooseskm2 from 249 4 m2
rlots censused for winter pellet grcups during the summer of
1980. This population remained viable during +the 197€-81
pariod in the presence of deer. I observed no evidence of
moose becoming inflicted with neurclcgical dissase transmit-
ted from white-tailed deer (ie. —rparaplegia, circling, or
loss of fear).

During the course of the summer study I checked three
besaches on Coldwell Peninsula about three times per week,
from early May to the end of August (120 days). I estimated
that approximately 120 moose and 20 deer visited the beaches
each of the summers. This ratio of moose to deer visits did
not vary over the years from 1978-81. Age ratios, estimated
from tracks indicated good productivity for the @mcose (May
to July 1979: 14 adults, 7 calves, U yearlings) and deer

(1979: 4 adults, 1 fawn) populations.
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3.5 Hypothesis 3: Predation

The black bear (Ursus americanus) is a potential preda-
tor; recent studies have shown consistent black bear preda-
tion on moose calves in Alaska (Frernzmann and Schwartz 1S79)
and on elk calves in Idaho (Schlegel 1976).

A bear 1lived on the island during the summer in 1978
and in 1979 and may have been present in previous years.
The bear left the island during mid-summer 1979. Signs of
the bear indicated that it roamed over most of +the island
but concentrated its activity on the south side. Bear sign
during May of both years included: fresh scats which con-
tained ants and sedge, digs in fern areas, stripping of the
bark off elderberry, cver-turned rccks, and old trees and
roots which were pawed out. In May of 1979 a dead caribou
was found near a lkear den. The adult male caribou had sup-
plied the bear with food over the lats winter and early
spring. The left humerus was cracked longitudinally with
sign of haemorrhage, suggesting the caribou suffered a fall
off a 4 m ledge nearby. Caribou droppings at this site in-
dicated that the caribou remained below the cliff for a per-
iod of time before dying, and was then dragged 5 m tc the
entrance of the bear den.

No other sign of bear predation on caribou was observed
on either the mainland (214 spring scats examined) or the
island (23 scats examined). Black bear predation has not
been documented for eastern cervid populationé and was con-

sidered unimpocrtant as a predation factor in this study.
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Lynx (Lynx canadsnsis) sign was nct observed on either
the island or the adjacent mainland, although during the
high in the hare cycle, 1lynx sign was cbserved at the mouth
cf Pic River within the Neys area. There is no evidence cf
lynx predaticn on calves outside of Newfoundland (Bergerud
1971) and it was considered unimportant as a predatcr factor
in this study.

Wolf predation has been a pervasive influence on the
evolutionary development of caribou. Caribou abundance has
traditionally been limited by predation and their k-selected
life-history strategy is a result of this selective pressure
in an open hatitat cf relative faunal simplicity, found in
the barren north. 0f 26 wolf scats collected in 1978 from
the Coldwell Peninsula and Neys Park area, 14 were judged to
contain adult cervid remains by hair impression techniques
(Adorjan and Kclenosky 1969). Using Floyd

et al.'s (1978) technique for determining relative amounts,

caribou (108 kg) made up 59 percent of the cervids eaten,
moose (270 kg) 32 percent and white-tailed deer (70 kg) 9
percent. Cf the eight wolf scats collected, which were es-
timated to have been formed by wclves during the August 1977
to April 1678 period, four were identified as containing
caribou, three had moose remains and c¢ne contained deer
hair. Again, caribou under the foregoing assumptions sup-

plied the wolves with the greater percentage of focd (53%).

It was during this period, 1977-78 that the small herd of
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caribou occupying the Coldwell Peninsula and the Little Pic
River Valley disappeared.

Wolf predation on Pic Island during the late winter of
1976-77 was partly responsible for the decline which reduced
the island population by almost a half. A major die-off oc-
cured during the 1976-77 winter on Slate Islands, lccated 23
km southwest of Pic Island in Lake Superior. I estimated
approximately one third of the Slate Island caribou died of
starvation during the course of that winter (pers. files).
Dead caribou remains lccated on Pic Island (Fig. 13) were
found to be near lake Superior and major valleys, the two
routes wolves would be expected to use in chasing caribou
(Bergerud and Wyett 1976) . Caribou were found to respond to
predators by running uphill in predator avoidance studies on
the island (Appendix 5.10: Escape Behavior). Because of
scavenging and the length of time taken tc locate them, cnly
two of the remains cculd be distinguished as having been ea-
ten by wolves. Sign of wclves and their activity in the
Neys area during this study was restricted to the 1977 die-
off and tracks of a pack cf five wolves which were on the
Coldwell Peninsula in December of 1977. No more wolf sign
was seen on the island or the Peninsula area up tc January
1982 when observations stopped.

I released a caribou on the mainland in June of 1980 to
determine how it would fare in the rresence of wolves. The

radio ccllared caribcu continued to give an active signal up



Figure 13. Locations of dead <caribcu
1976-77 winter die-off which included

from malnutrition and/or wolf predation.

remains from

animals which
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until November of 1981, when it either left or the radio-
collar stopped transmitting.

3.6 Hypothesis U4: Dispersal

Tracks of only one caribou were observed <crcssing the
sand and thread markers placed on Mcss Point, Pic Island.
This animal walked out to the rocky pcint befcre returning
to the island forest. No cther summer movements to and from
the island were detected by this method. In spring cf 1981
a captured caritou released on the mainland swam back to the
island within two weeks of its release. No carikcu tracks
during the summer were observed on the Coldwell Feninsula
beaches up until the release of a captured carikou in 1980.

The tracks of cne caribou were observed near the Park
in May and June of 1979 (Table 12). Not until the winter of
1980-81 were caribou again observed on the peninsula. Dur-
ing the summer study from early May tc the end of August
(120 days) of 1978 and 1979 approximately 110 moose visits,
20 deer visits and no caribou visits were recorded on the
sand of three major Coldwell Peninsula beaches. During the
1980-81 winter and the following 1¢81-82 winter a grcuf cf
caribou occupied the Peninsula. I estimated that 23 and 17
caribou were missed from census estimates in 1980 and 1981.
I assumed that these caribou <crossed the Thompson Channel

over ice formed during the previous winters.



Table 12.

year

seascn

1970-74 winter

1975

1976
1977
1978

1979

1980

1981

1982

winter

summer

number

10

10

5-10

winter&summer 0

winter&summer 0

winter
summer

summer
winter

winter

winter

0
1

1
1

3~10

5=15

13

Estimates of caribou numkers on Coldwell Peninsula.

observations

OMNR Ontaric Ministry Cf Natural Resources
personnel ckserved caribcu tracks
crossing highway 17 by tracks in snow

(two major crossings)

OMNR observations and National Eark
helicopter saw two caribou near
Premier mcuntain

Estimated ky B. Snider (Dist. Biologist
from beaches and walking
No caribou observations

Extensive walking by author

Snowshoed Coldwell Peninsula
Extensive walking by author (one
caribou crossed from the ncrth cf
highway 17 in May into C.P. and
left the area in June).

One caribou released on mainland.
Active signal frcem released caribou.

CMNR plane saw cow and calf, author
observed tracks and sign by walking.
Two caribou released ¢on mainland
during sumner.

Observations by CMNR persconnel and
R. Ferguscn (research assistant).
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4.0 DISCUSSICN

4,1 DEMOGRAPHY (1976-1981):

Pic Island supported a population cf approximately 60
caribou in 1976 and during the summer and winter c¢f that
year, caribou alsc resided on the adjacent mainland. The
winter of 1976-77 resulted in a major die-off on the island
which can be attributed to wolf predation and/or a difficult
winter because cf the high  density of animals competing for
a limited food resource. The mainland carikou pcpulation
disappeared by 1977 during heavy wclf predation and did not
reappear until 1981. The island population rektuilt over the
three years fcllowing the 1976-77 die-off (constant produc-
tivity of 21.9 percent of the summer populaticn ccnsisting
of calves) frcm about 30 to 50 caribou in 1979 (Fig. 4).

Estimates based on island censusing for 1980 and 1981
suggest an emigration of caribou off the island during the
previous winters for both years. Nc evidence of dead cari-
bou on the island were collected during these years and ob-
servations frcm the winter of 1981 and 1982 revealed a small
herd of caribou occupying the Coldwell Peninsula, including
calves. No caribou movements were detected during the
spring-summer mcnths and it is hypothesized that the caribou

left the island during the winter, across the ice.
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4.2 Effects of Nutrition:

Caribou, when they were more numerous in this area, mi-
grated north and south annually. The Pic Island - Coldwell
Peninsula and most cf the north shore and its associated is-
lands were wintering areas for the migratory carikcu herds.
With the decrease in caribou numbers, fewer caribou reached
Pic Island and fewer migrated. Scme became localized on the
island and by avoiding wolf predation, became limited by nu-
trition. Changes in the factors ccntrolling the population
resulted in changes in the populaticn. Some of the effects
of high density wer<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>