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The populaticn dynamics of a small relic caribou herd on Fie 

Island, Cntario (10 km 2 > was studiea (1577-81) ' to deter[.ine 

the factors regulating numbers and limiting population 

grow th. Four alternative hypotheses were tested to deter-

mine why caritcu have survived on Pie Island and disappeared 

on the adjacent mainland: ( 1) food res cur ces were inade g ua te 

on the mainland, (2) the mainland car ibc u cont acte a dis ease 

which Pie Island caribou did not, (3) the mainland caribou 

were more susceptible to predators than Pie Islana caritcu, 

(4) the mainland pcpulaticn disfersed, lihereas 1 the Fie popu­

lation was undisturbed. 

The pcpulaticn en Pie Island was estimated at 42 in 

1977, 49 in 1578, 54 in 1979, 39 in 1980 and 28 in 1981. 

Calf producticn was consistent at ~O.O fercent cf the fcpu­

lation in 1978, 23 . 3 percent in 1579, ~4 . 2 percent in 1980, 

22.0 percent in 1981. At 1€ast 7E percent of the females , 

two years and older, 

Winter calf rrortality 

gave birth. The sex ratio was egual. 

was the mecbanisrr of decreased re-

cruitment and relative population stability. A die-off dur­

ing the 1976-77 winter, caused b} nutritional stress and . 
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wolf predation , eliminated 47 fercent cf the fall popula­

tion . Emigration was assumed to have cccured off the island 

during the 19 79-80 and 1980-8 1 winters . 

Seasonal feed preferences were determined and estimates 

of the availability of these plants were used te ccffipare Pie 

Island against the adjacent mainland . The mainland was 

found to provide a greater atuncance of preferred focd 

plants . The tulk cf the e vidence , altheugh mostly circum­

stantial and therefore not conclusi ve , suggests that preda­

tion has limited and eli~inated the caribou which have re­

sided en the adjacent mainland and it i~ the lack cf 

predators and the presence cf escafe habitat that has al­

lowed the caritcu to survive on the island . 
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Chapter I 

INTBODUCTION 

Management of caribou (Bangi!gf lg!~ng]E) has historically 

r elied 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 

Hep burn 1962, Klein 1968, Miller 1974 and Kelsall and Klein 

1979). This approach has been criticised by Betgerud (1974, 

1978, · 1980) and has proved to be an inadequate apprcach 

(Parker 1972, Haber §i ~1- 1976, Davis 1977, Gross 1978, 

a nd Walters et al. 1978). A more prcductiv~ approach has 

been to look at population composition, natality , recruit­

me n t rates and mortality rates as indicators of pcpulaticn 

relationships with the environment . These primary indica­

tors or numerical responses (§gil§~ Solomon 1949, Holling 

1966) in effect summarize the manifestaticns of nutriticnal, 

b eha vioral, environmental and genetic forces acting ufcn a 

populat ion. 

The complexity of this ecological relationshiF imfedes 

attempts to determine how environment affects population dy­

namics and thereby limits the usefulness of carrying capaci-

- 1 -
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ty and range productivity studies in management . The tasic 

tenet of many caribou biologists is that food limits caribou 

populations . Bergerud ( 197 4) arg ued that predation is a 

more imFortant limiting factor than food and descrited a 

test to discriminate tetween these opposing views . lhis 

study was initiated in response to these conflic ting hy ­

pothese s . 

Romesburg (1 981 ) suggests the use of th€ hypothetico - de­

ductive method ( Popper 1962 , Harvey 1969 , Platt 1964 ) as a 

means for testing research hypotheses in wildlife resear c h . 

This method starts with a research h ypothesis ( a theory that 

is intended for e xperimental test) , usually obtained tyre­

troduction, from which predicticns are made that should be 

true if the research hypothesis is actually true . To the 

extent that exferiment confirms or rejects the Fredicted 

facts , the hypothesis is confirmed er re j ected . Alternative 

test consequences or a null hypothesis are needed to test a 

research hyFothesis . 

Bergerud (19 74 ) 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 . lhis increased mortality 
I 

was sufficient to start a decline tecause of the close ba-

lance between reproduction and natural mortality in undis-

turbed populations. Bergerud also suggested a test cf bis 

hypothasis by predicting that relic caribou populations li v-
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ing in habitats whEre deer (Odocoileus virginianus), mcose 

(Alces alces), and wolf (Canis luEis) populations exist 

should have some escape habitat advantage from wolves which 

adjacent populations that disappeared did not (ie., calving 

on islands) . 

Pie Island lent itself to this experimental situation 

which allowed the testing of Bergerud • s hypothesis. lhe is­

land has supported a populaticn of about 50 i 30 caribou 

(B9a.!EI.if§.I tarandus caribou , Banfield) 

30 years. On the adjacent mainland 

caribou have been occassionally seen 

for at least the last 

(Coldwell Peninsula) 

during the past 30 

years but none were observed on the peninsula for three 

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 on Pie Island in comparison to their decline on the 

adjoining mainland: 

Hypothesis 1: Resource limitation (food) 

The population on the mainland declined tecause cf a 

shortage cf feed resulting from habitat changes. Such habi­

tat fluctuations could have resulted from climatic changes 

(Benson and Dodds 1977) or man's alteration of the habitat 

(Cringan 1957) . In contrast, Pie 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

tailed deer transmitted disease (meningeal worm, Parelafhos­

trongyl us tenuis) to caribou (Anderson 1972). caribou on 

Pie Island survived because the island frovided 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 increasea during the past century 

thereby supporting a higher wolf population which also 

preyed on caribou. The caribou on Pie Island have avoided 

excessive predation because 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 isolated from the main­

land preventing its recolonization. 

1 . 1 study Are as : 

Pie Island (1038 ha) is located in Lake Superior 

(48°40' longitude, 86°35' latitude), 1-2 km offshore 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 



superior (Fig . 2). 
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It is part of Pukaskwa National Park . 

Otter Island, like Pie Island, has supported caribou during 

all seasons of the year since observations started with Park 

development in the 1970 1 s . 

The three study areas Pie Island , 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 . Tc­

pography (Fig . 3 ) is characteristic of the Precambrian rock 

formations with Pie Island being particularly rugged, dis­

playing a 230 m relief. 

Coldwell Peninsula , Otter Island and Pie Island are lo­

cated in the southern extremity of the Eoreal Forest ' s supe­

rior section as described by Rowe ( 19 72) • The forests of 

this area are typified by the prcminence of black spruce 

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

ack (Larix laricina ) forming the forests en wetter sites and 

jack pine (R~~g§ banksiana) usually present on dry sites. 

Inextricably wcven into the patterns are the effect~ of 

fire, which favor black spruce , pa per birch (Betula 2.a1u~rif­

g£9;) , poplar (Po.Qulus tremuloides) , and jack pine over bal­

sam fir (A ties balsamia) . 
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Figure 1. Location of Pie Island . 
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Figure 2. Otter Island (15 m ccntours). 
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Figure 3 . Tcpograpby cf the Neys area . Hatched area de­

notes that portion of Coldwell Peninsula used in the vegeta­

tion comparis on . Elevation at lake le vel is 183 meters . 
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2.0 METHODS 

2.1 DEMOGRA¥HIC CENSUSING: 

Me asurements of composition, natality, recruitment 

rates and mortality are considere d better indicators of po­

pula t ion quality t han a total populaticn count {Gross 1978, 

Caughle y 1978). Methods of total count censusing were em­

ployed in this study b ecause they allowe d indirect measures 

of calf production and survival and estimat e s cf mortality. 

The census methods chosen proved, in retrospect , to be sen­

sitive enough t o describe dramatic chang e s in the population 

ove r time, a more important characteristic than their accu­

racy or pr e cision (Caughl e y and Goddard 1572). To test t he 

r e liability of census results , caughle y (1978) suggested us­

ing more than two inde pendent methods of estimating relative 

abundance. The t hree estimates chosen for this study are 

line transect censusing, pellet census and a Petersen Index 

on marked animals . These three estimates de scribed similar 

changes in population size and ar e considered to give area­

sonabl e account of de mographic changes on the island ove r 

the four years . 
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2 . 11 Line transect censusing: 

In the line t rans e ct method , observe rs walked census 

lines of distance l L (i = 1, 2 , •.. m) a c ross the island (to-
"" 

t al distance for c e nsus period ; L = ~ 1 i. ) counting n , the 
i.=o 

numb e r of a nimals sighte d , and recording at the time~ of 

first flushing: a ) radial distance r from obser ver to ani-

mal , b ) right-angle distance y from th e carico u flushed to 

the path of the observer , and c ) angles of sighting~ from 

the observ e r ' s path to the point at whic h the animal was in­

itially obser ved. The r e lationship a mong the three measure-

ments is y = r sin (4) . This t e chnique is usef ul when the 

animals once disturbe d respond with a noti c eable flush 

(Sebe r 1973 ) as observ e d for c aribou . 

The basic idea underlying sucb a general model is that 

the probability of detecting an animal de c reases as its dis­

t ance from the lin e increases . Any estimator of the density 

( D) of animals is e xpr e ss e d as : 

or 

D = n 
2Lw 

D = nf (0) 
2L 

( 1 • 1) 

( 1 • 2) 

whe r e w is usually referred t o as half the estimated width 

of the strip and f (x ) is the unkncwn probability density 

func t ion (pdf ) of perp e ndicular distances . For statistic al 

r e asons , it is ad v antageous to estimate f ( 0) = (1 / w) rather 

than w dir e ctly (Burnham 1980 ). 'Ihe initial as-

sumption is that animals on the line are detected with cer -
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tainty f(O) = 1, where f(x) defines the detection probabili­

ty of the points as a 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 being detected and none 

are counted twice on the same line. 

3. Distances and angles are measured exactly . 

4. Sightings are independent events . 

Anderson~! ~1 - (1976) considered it essential that 

straight lines be 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 , lines were chosen randomly. Although it has been 

stated that randomness is necessary (Gates g! s1• 1568, 

Seber 1973), that assumption is unnecessary if the line it­

self is randomly located (Eberhardt 1978). 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 sfring and summer work and 

also durin g Septembe r 1980 . Caribcu observations were used 

to calculate aensity and also allcwed for estimation of oth­

e r population paramete rs (productivity , age , sex and antler 

ratios , and calf survival). Dead caribou and parts, ant­

l e rs, grouse (Bonasa umbellus ), hares (1gEg§ americanus ), 

bush-thrashed t rees and caribou b eds were also censused . 

Flushin g behavior, 

f eeding and habitat 

escape strategies , cow -calf tehavior , 

use , moult and antler growth were de-

scribed for each caribou obser vation . 

All caritcu obser va t ions were recorded detailing a de ­

scription of the caribou , its tehavior and the hatitat used 

(App endix 5. 1: caribou observation card). Sex of caribou 

was determined by th e presence or absen ce of a vulva patch 

(Be rger ud 1961 ). In order to estimate productivity , it was 

n ~cessary to de termine which of the caribou cbser ved after 

June 1st we re calves and which were females with a calf (or 

a female which had a calf elsewhe re). Caribo u which were 

not initially visible wer e test e d ty observing their reac­

tion to an imitat e d calf call if the animal was considered 

to be a f emale, and a cow grunt if the animal was considered 

to be a c alf . Re productive females apfroached calf calls 

whil e calves react e d by approaching imitated co w grunts. On 

close r inspection reproductive females which did not ha ve 

the ir calv e s present could be distinguishe d by th e pres ence 

of an udde r .(Berg erud 1964). 
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(1980 ) recommended that density estima-

tion be based on perpendicular (y) rather than sighting an­

gles and sighting distances . The Fourier series (FS ) methcd 

1978) which allows valid inferences tc be 

based sclely en perpendicular distances was chosen for this 

study because it is a nonparametric procedure that is model 

robust, pooling rotust, meets the shape criterion f (0 ) = 0; 

it is easy to compute and its estimation efficiency for 

small samples is quite good (Burnham ~1 g! • 1980 ). The FS 

estimate seems to perform well , often even with samples as 

small as 30-40 and it does not require any assumpticns atout 

the nature of -the detection Frocess . 

2.12 Pellet census: 

This procedure was used as a method of estimating actu­

al numbers of caribou by fecal pellet-group counts . It fro­

vided an objective measure of substantial population fluctu­

ations and delineated preferred winter habitat types . A 

p ellet census was carried out en the island e very May for 

three years ( 1979-81 ). The count each spring used the same 

four continuous plot transect lines which s tarted and ended 

on opposite shores of Lake superior and described a cross 

section of the islands heterogeneous habitat. Since many 

small sampling units are more efficient than fewer larger 

units , and long narrow plots are s uperior to sh orter wider 

plots of the same area (Robinette g.:,t ~1 - 1958), 30 by 2 me-

ter continuous plots (approximately 290 Flots) were counted 
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each spring. A preliminary pellet survey in late June, 

1978, consisted of three lines totalling 2.6 km which were 

not divide d into individual flats. 

The time of leaf fall determined the start of the per­

iod of winter pellets and was determined by the first -s 0 c 

ambie nt t e mperature recorded in the fall from the Marathon 

weather st at ion. Thirty or mere pe llets within the flat 

were considered t o constitute a pellet group, approximately 

one half of the obse rved averag e pellet group size (66.1 ± 

6.55 (s.e.), n = 16). 

scribe d (Appendix 5. 1) • 

For each flot the habitat was de­

Age of pellet groups were deter-

mined subjective ly using leaf litter, t exture, shape, cclor, 

mold, dryness and other characteristics. 

Using Neff •s (1968) review of the pellet-grcup ccunt 

t e chn iques and suggestions by Smith (1964:442) and Rogers §i 

sl• (1S58), I assumed that caribou defecate 13 groups per 

day. This conversion factor agreed with averages for mccse, 

black- t ail e d deer (0 doco i leus hemic nus col umbian us) , mule 

deer (Q.. hemicnus), elk (C e rvus canadensis), dcmestic sheep, 

Barbary sheep (Ammotragus Jg~~i~), and cattle listed in 

Neff's (1968) review. 

The e stimated number of caribcu and standard deviation 

was calculate d using t he following formulas: 

N = Ai X d X w 
Ap X n 

(2. 1) 



where 

S.D. =\l~_n_2 __ -_~<~_n~)_2--'-;_n_ ~ n - 1 

Ai= area of island (1038 ha) 
Ap = area of plot (60 m2 > 

(2. 2) 

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

2. 13 Petersen Index: 
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The "Petersen •s estimate " (Caughl ey 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. 

reasonable relationship is then: 

The intuitively 

N = M n 
rn 

(3. 1) 

where M animals are marked in a population of size N (N be­

ing unknown) and m marked animals are resighted in sutse-

guent sampling of n animals. Because equation 3.1 results 

in a positively biased estimate, Bailey (1951, 1952) sug­

gested that when the number cf marked individuals to be re­

sighted is not decided prior to resighting a more satisfac­

tory estimate is : 

N = M (n + 1) 
m + 1 

with standard error of approximately: 

S.E. M 2 (n + 1) (n - m) 
(m + 1)2Cm + 2) 

(3. 2) 

(3. 3) 



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 observations. 

These small samfle sizes created t wo problems. First, 

differe nt sex and age classes were considered tote egually 

observable wh en they should be stratified (Downing §t ~1-

1977) • Second, strandgaard (1972, cited by Downing §t ~1-

1977) after detailed analysis of the effect of behavior, ha­

bitat and stratification on Lincoln Index estimates , con­

cluded that acceptable precise estimates of roe deer (~~­

£reolus ca£reolus) populations required that two-thirds of 

the total population be marked. 

2.14 Dead caritou: 

For estimating inanimate 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 from 

line transects since such methods are relatively insensitive 

to the actual fcrm of the frequency distribution (Robinette 

1 958) • 

why the model: 

D = n 
2Ly 

Eberhardt (1968) gave theoretical reasons 

( 4. 1) 
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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 en Pie Island , this 

model was considered positively biased and tended to overes-

tima te . 

instead : 

A strip census model (Eberhardt 1978 ) was chcsen 

D = n* 
2Lb 

(4. 2 ) 

where b is the strip half width chosen , 1 is the total 

length of all individual lines , and n* is the numter of 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 OF NUTRITION : 

To determine the effects of pcor nutrition on the tigh 

density caribou population , morphological measurements were 

taken from captured caribou and cast antlers were collected 

and measured . Also bleed samples ~ere extracted for condi­

tional analysis . I determined length of growing season for 

each year . This provides a measure of winter negative ener­

gy balance and the corresponding length of summer food 

availability . 

2 . 21 Measurement of growth : 

Each captured caribou was weighed to the nearest pound 

by suspending it from a spring scale with a capacity cf 400 
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lbs . Weights we re later converted to kilograms. Caribou 

weights not actually weighed wer e regressed from a relation­

ship with heart girth. A series of external tody measure­

ments was taken with a flexible tafe 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

sured alcng the dcrso-medial line from the tip of the nose 

to the last tail vertebra following the animals contours. 

Heart {ch est) girth was measured around the animal 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 th e dorsal edge of the scapula. 

2.22 Growing season: 

Stewart .§1 ~1-

length (days) of 

(1976) calculated growing season as the 

the green period (between leaf flush and 

leaf abscission) each year. Meteorological records from the 

Marathon meteorological station were us ed to determine the 

dates for initiation of leaf growth and termination of the 

green period. Larcher {1973) considered -s 0 c the tempera­

ture reguired to cause cellular destruction (lysis in weedy 

leaves). The concept of growing degree day postulates that 

a base or threshcld temperat ure exists below wh ich plants 

will not develop. Stewart gt~!- (1976) used maximum daily 

temperature {h) greater than 12.2°c to calculate a mean lev­

el of 75 degree days ( ~(h-12.2)/2 = 32.8) which they sug-
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gest as the l€vel cf heat units initiating leaf flush and 

resulting in a positive energy talanee in moose . The termi­

nation date of positive energy balance was chosen tote that 

date when ambient temperatures of -5°c were reached . The 

number of days from the initial spring accumulaticn cf 75 

heat units to the first fall minimum temperatures of -5°c 

was accepted as the period of positive energy balance (grow­

ing season) for caribou . 

2. 3 TELEMETRY : 

Caribou were radio tagged in the spring of 198 1 primar­

ily to test b€tween the predation and disease hypotheses . 

Three radio tagged caribou were released on the mainland to 

s ee if they would contact disease or be fredated . seven ra­

dio-collared caribou were monitered on the island to deter­

mine behavioral strategies during calving , fall breeding and 

while es ea ping predators (f 1 ush f rem obser ver and/ or dog ) . 

1elemetry also described activity and movement patterns both 

temporally (daily and seasonally) and spatially (heme 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 : 25,000 

topographic map with a grid of 0 .1 1 km 2 overlying the is­

land. This relatively large grid size , relative to the stu-

dy area, 

due to 

was used because of errors in telemetr y readings 

obser vational inaccuracies , caribou mo v ement , the 

he terogeneous and rugged topography , and its conifer co ver . 
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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 Feints with boundary 

lines. This minimum area method {Dalke 1942, Mohr 1947), 

calculated using a planimeter, determined the area of each 

range. 

2.31 Capture: 

Caribou were captured in 4X6 ~ leg 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 ty P. Karns at the 

Forest Research center, Grand Rapids, Minr.esota; an incisor 

was pulled for aging; feces were e xamined for parasites by 

M.W. Lankester at the Lakehead University}, and measurements 

of general morphology and weigh t 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 collared with radio transmitters designed by 

Cedar Creek, Bethel, Minnesota , and released. 

2.32 Equipment: 

Three towers were buil on the three tallest hills on 

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 supForted 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 ground work. !WO AVM 

LA-12 receivers were used interchangeably to monitor the 151 

mhz signals . Two Rustrak strip chart recorders monitored 

caribou activity from the hill tops . 

2.33 Field methods: 

Caribou observations by telemetry were based on three 

techniques : actual location of animals from the ground; 

t riangulation using two simultaneous tower readings; trian­

gulation using a number of readings from ground and/or boat 

and/or tower. Escape behavior was initiated using a dog 

collared with a transmitter and released on the scent cf a 

collared caribou allowing both animals tc be tracked. Cari­

bou were tracked using a hand-held antennae so as tc observe 

their flushing behavior . Three times during 1980 (May 

18-19, June 30-July 1, July 14-15) continuous readings ~ere 

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 whe ther caribou were on the island and not the 

adjacent mainland due to forage conditions , seasonal food 

preferences were determined and estimates of the a vailabili­

ty of these plants for Pie 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 trcwse 

plots . These plcts were selected on the island for their 

accessibility and for the occurrence of species shown tc be 

preferred by car i bou (Ferguson and Ferguson 1981 ) • 

of me asurement, usually a leaf , for each plant 

A unit 

(up tc 35 

species ) was chosen to represent cne bite . 'I'he numter of 

bites a v ailable and the number eaten were counted within the 

different lines towards the end of each month (April tc No-

vember 198 1). Fiv e hundred bites cf each species were 

picked each month (or until no changes in weight of bites 

occurred) and o ven dried at 11 0 ° c fer 12 hours , to determine 

average dried weights (biomass ) and track the changes in 

weight over the growing season . 

Palatability of food species ~as calculated from esti­

mates of availability and utilizaticn: 

Palatability= relative utilization/ relative a vailability 
relative availability= amount available for species 

(dry wt. in g) X 100 / total amcunt for all species 
r e lative 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 2 19 Flots on Pie 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 incl uded the t-test for twc-group 

comparisons (Pie Island versus mainland) and the analysis of 

variance for multiple group comparisons (mainland, Pie and 

Otter Island ). significant differences between groufs were 

identified by the use cf Duncans Multiple Comparison test . 

Dependent variables were the basal area for individual flant 

spec ies , distance , dbh (diameter at breast height}, number 

of stems , bites eaten and bites available for mountain ash , 

maple , willow , alder , pin cherry , ser vi c eberry , sguashterry , 

dogwood, poplar , larch and elderberry , percent o verstory for 

individual species, percent understory for individual spe­

cies , percent cover of species in 4 m2 Flots , 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 am ount of arboreal lichen (tree 

species , distance , and number of bites ) . The minimum le vel 

of significance accepted was P < O. CS . Data in the text , 

tables and figures are given as means± standard error of 

the mean unless otherwise stated . Common 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 utilized and p 

equals the proportion of the variatle occuring within the 

environment or study area . Preference values indicate only 

the relative value of a plant species in compariscn to eth­

ers (ie. ranking) . Absclute statements about preference and 

avoidance were avoided since these conclusions depend 

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 lines, following a compass 

bearing . sampling was completed at regular intervals of 100 

m (50 m on Pie Island) along each transect. At each regular 

interval a stake was placed on the grcund to denote the 

quarter fOint and describe the bouncaries of the 4 ro 2 Flot. 

The distance to 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 O. 5 cm 

or taller than 1 m) was measured and recorded . The dbh of 

each shoot considered to arise from a ccmmon root system was 

also r e corded . The number of bites (usually a leaf or com­

pound leaf was considered a bite and was determined by cari-

bou feeding otservations) left and eaten on the shoots of 

the shrub and on its branches were recorded separately (ex-
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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 of the 

trunk and with shrubs, to the center in the clump . 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 Forts: 

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 Flant, usually a leaf 

which the caribou removed with each bite. !he number of 

bites left and remaining were recorded for forb species 

which were judged to be preferred from general cbservations . 

For other plant species in the 4 m2 plots which were con­

sidered potential caribou food, the percent co ver was re­

corded. 

Dry weights were obtained by oven drying 500 bites of 

each species at 110°c for 12 hours or more. For each Flot 

the habitat was evaluated subj e ctively within a 30 m radius 

area (Appendix 5 . 1 ) . Three layers were described: oversto­

ry, understory and ground cover . 
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2.423 Lichens: 

A visual estimation method (after Stevenson 1979) was 

used to determine subjectively the amount cf 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 . Uni t 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 harbour protostrcngylid nematode worms, as evidenced 

from spined larvae in their faeces (Lank ester gt 2 J,. 1976). 

Deer populations on the Rossport Islands have a high preve­

lance of meningeal worm (Lan kester ~er s. comm un.) in their 

faeces and it is e xpected that most deer populations in the 

area host this nematode. 

All deer and caribou pellet groups found on the main­

land and deer pellets on Pie Island were collected. Dr. 

M. W. Lankester (L akehead University) examined the samples by 

the Baermann technique , to distinguish the presence of 
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first-stage protostrongylid larvae (spin ed larvae) in faec­

es. The location and movements of the deer in the area were 

monitored and survival and behavior cf mcose living in close 

proximity to the deer population was watched. 

2 .6 Hypothesis 3: Predation 

Movements of two wolf packs (Fie River and Mink Creek) 

in the area were mcnitored by observing tracks. 

Twenty-six wolf scats from 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-coated mi­

croscope slide and fressure was applied to a second slide 

Flaced over the first. The negative imfression of the cuti­

cular surface of a hair on the lcwer imprinted slide was 

then removed from the press and placed under a microscope 

for inspection and determined to sfecies using Adorjan and 

Kolenosky's (1969) manual. 

Three caribou were translocated to the mainland and 

their survival monitored by telemetry. 

2.7 Hypothesis 4: Dispersal 

To test whether the island caribou crossed Thompson 

Channel to the mainland during the spring and summer mcnths, 

the Coldwell Peninsula beaches were checked internittently 

for caribou tracks . Also sand was spread in suitable posi­

tions and thread strung across Moss Point (closest swimming 

distance= 0.4 km), to detect movement to and from the is-
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Tracks in the sand helped determine direction and 

A salt lick was set UF en the Coldwell Feninsula 

in 1978 to attract cervids . This lick , as well as the 

beaches along the Peninsula were checked at least monthlj to 

identify cervid tracks. 
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3.0 RESULTS 

3. 1 DEMOGRAPHY ( 1976-81): 

The estimated population on Fie Island for 1978 waE 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 (Tatle 1, Tal:le 2, Fig . 4) . 'I·he decrease in population 

for 1980 and 1981 was likely due to emigration off Pie Is­

land . 

The average parturition rate over five years (1977-81) 

was 78.4 percent . The percentage of females (2 years and 

older} that gave birth to a calf waE calculated from the es­

timated number of calves , yearlings and adults in the fCpu­

lation , assuming an equal adult sex :ra tic (Fig. 5) : 

Percentage parous females= number of calv es bcrn/ 

number of adult caribou (2 years and older)/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 asEumed. 

Productivity (defined as the addition of calves to the 

summer population) averaged 21.9 percent and was ccnsistent 

over the four years sampled (Table 3). low calf su:rvival or 
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recruitment (defined as the addition of 1-year-old individu­

als to the populaticn) was detected only in 1978 (~able 3). 

I found six dead calves which refresented 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 v erified by a lcw fer­

centage of yearl in gs the next spring ( Table 3) • 

Sex ratio of adults on Pie Island appear to be atout 

equal in all four years (Table 3). However there was a en­

dency for Kales to be captured in traps . Seven adult males, 

three adult females and five male calves were caught. 

Table 1 • Line-transect censusing informaticn. 

number mean total number estimated 
year lines length length caribou number 

km km seen caribou 

1978 35 4 . 30 150.7 30 53.7 ± 12.8 
1979 47 4 . 18 197.0 38 53 .2 ± 17. 8 
1980 summer 41 3 . 45 1 41 . 5 24 41. 5 ± 2C.7 
1980 fall 28 4.77 1 33 . 6 17 
1981 61 5.01 305 . 8 37 3 1.1 ± 1.6 
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Table 2. Pellet census 1978-81. 

number pellet groups estimated 
of :i;lots :i;er plot mid-day leaf fall total n umter 
(2 X3 Om) X ± s . e . census (- 5°c) days caribou 

1978 72 0.514 June 27 Oct. 16 254 39.7 
1979 290 0 .483 ± 0 .063 May 29 Cct. 15 226 46 • .3 ± 6.63 
1980 279 0.545 ± 0.052 May 1 .3 Oct. 9 215 54.S ± 5.51 
1981 185 0.341 ± 0.044 May 4 Oct. 20 196 37.6 ± 4.59 

Tabl e 3. Demcgraphic data for Pie Island caribou population 
from line-transect observations (1978-81, 1atle 1). 

number number 
year males females calf 

seen seen recruitment 

1978 7 7 20.0 ( 1 5) 1 

1979 12 11 23.3 (3 C) 
1980 14 14 24.2 { 6 6) 
1981 8 7 22.0 ( 15) 

total 41 39 21.9 ( 126) 

1 sample size cf caribou which could be 
determined as: 
a) female with calf 
b) female with out calf (non-fare us) 

percent 
yearlings 

8.7 ( 2 5) 2 

17.4 (27) 
20.0 ( 4 8) 
15. 6 (32) 

c) female without calf but parous (calf elsewhere ) 
d) calf alone 
e ) none of the above 

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

tion on Pie Island ( X ± s . e .). 

* estimated from dead caribou censusing ( 197 8-81 ). 

** 1978 line transect census estimate before cal ving , 

assuming nc emigration , immigraticn or mortality. 

+ estimated eight caribou died dtring the pre vious 

winter 

* emigration from the island during the previous winter . 

++ emigration during the prev ious winter . 
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Demography of Pie Island caribou pcpulation 
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Caribou remains located whil e censusing were identified 

to hav e died during the 1976-77 (n=9), 1978-79 (n=2), and 

1979-80 (n=1) winters. Not all of the caribou remains liere 

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 

0.89 m (n=12, nine of 12 

from different animals). 

perpendicular distance cf 2.25 ± 

parts ~ere distinguished as being 

I chos e a strip width of 3.0 m 

which included 

into Eq. 3. 2, 

1976-77 winter. 

eight of the nine sightings. Substituting 

an estimated 29 caribou died during the 

If there were 42 caribcu on the island dur-

ing the summer cf 1977 ~ig. 4) which included nine calves 

(42 X 0 .219 calf production) then before the winter die-cff, 

an estimated 62 caribou (including 13 calves) were on Pie 

Island in 1976. Therefore the less of 29 caribou represents 

a substantial die-off, accounting for 47 percent of the fall 

population. 

To estimate the number of caribou that died during the 

1978-79 winter, the ratio of numter 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 ~as assumed that t •his was 

the only caribou to have died the previcus winter. 
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Census estimates suggest 23 and 17 caribou emigrated off 

Pie Island during the two winters of 1979-80 and 1980-81. 

In 1979 there were 54 animals, one died over the 1975-80 

winter; in 1980 there were 39 animals of which nine were 

calve s. Therefor e 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 

calve s) . Therefore 17 animals are unaccounted for (39 - 0 -

22 = 17) and are assum e d to have left the island by ice dur-

ing the wint e r . Fer the first tiffie in five years caribou 

we re observed on Coldwell Peninsula during the 19 80-81 win­

ter . From 1978 to 1981 productivity remain e d consistent 

(Table 3) and only on e dead caribou caribou was found after 

1979. Since no other mortality on the island was discovered 

I believe caribou lef t during the tao win te rs. 

3.2 Effects of Nutrition: 

Seventy four percent of the males (n=38) and 25 percent 

of the female s (n=16} observed after June 1st (pooled years) 

possessed antlers. Only one of the 12 male caribou captured 

had antler growth while bo t h 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 caugh t in 1980 and 1981 which were torn 

in 1979 r e vealed lower we ights and reduced growth rate s than 
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Table 4. Capture information for 15 caribou from Pie Island. 

Date Captured Name Sex Age 
(yr) 

1979 , July 26 Rang F 1.2 

1979 , Aug . 11 Fu M >3 .0 

1980, April 23 Ian M 1.0 

1980 , April 26 Ma F >4 . 0 

1980, April 27 Rang F 2.0 

1980, April 29 If M 3.0 

1980, May 4 DM 

1980, May 5 Tu 

1980, June 19 Bo 

1980, June · 26 Fre 

1981, April 30 Ian 

1981, May 2 Fa 

1981, May 13 Nob 

1981, May 15 If 

1981, May 20 Red 

M 1.0 

M >4.0 

M >3.0 

M 

M 

1 • 1 

2. 0 

M 1.0 

M 1.0 

M >3.0 

M >3.0 

Height Ant TL 
(kg) 

67.7 

149.2 

N 160 

Y 178 

SH HG 
(cm) 

89 91 

89 127 

44.7 Y 157 85 91 

150.1* N 140 102 132 

80.8 N 170 98 102 

111.9 Y 185 107 122 

55 . 9 Y 152 91 99 

104.6* N 183 93 114 

124.8* Y 208 107 122 

5 1 • C 

105.7 

Y 161 88 103 

Y 18C 103 116 

80.8 Y 87 92 102 

85.8 Y 165 89 107 

124.8* Y 205 106 124 

140.5 Y 209 106 124 

* weight estimated from regression of hart girth 
on weight cf other caribou weighed 
( y = 2. 5 2x + - 1 8 3 • 4 ; r = 0 • 9 2 5 ) 

An t = antlered (Yes or No); TL = total length; SH = shoulder 
he ight; F.G = heart girth. 
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calves born in 1980 (Table 5). The best recorded growing 

season over the study p~riod (1978-81) was in 1980 while the 

shortest season occured the previous year in 1979 (Fig. €). 

Bleed characteristics of Pie Island caribou did not 

show significant differences between y ears (Appendix 5.5). 

Table 5 . Spring weights (April 23 - May 13) of short yearlings 
campared between cohor ts and as 2-year-olds. 

year calves 
born in 

1 978 

1979 

1980 

1 capt ured July 26 
2 captured June 26 

spring weights 
(kg) 

weight recaptured 
as 2-year-cld 

(kg) 

67.71 ------------------- 80.8 

55.9 
51.0 2 

44.7 ------------------- 105.7 

80.8 
85.8 



Figure 6. 

(1973-80). 
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Length of growing seasons for the Marathon area 
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3.3 Hypothesis 1: Food 

3.31 Seasonal food preferences: 

Selection of food varies seasonally depending on the 

needs of the animal, the phenolcgical condition of plant 

species, and their availability. For ex ampl e , although car-

ibou rely on lichens (ground and aiboreal) in the winter, 

these plants are selected only because snow condition5 have 

reduced the availability of alternative food sources. Fig-

ur e 7 portrays the changes in Ielative 

foods t o the island caribou as suggested 

importance of plant 

by field otseiva-

tions. Figures 8 and 9 are specific examples cf how diffe-

rent plant species become available as caribou food, defend­

ing on their phenolcgical 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 lichen, Labiador tea and Canada yew 

formed the major portion of the caribcu•s diet during this 

late winter period . In May, ]£YQEte~i§ ferns supplied the 

caribou with the greatest vclume cf food and were preferred 

while leafing raspterry, currants and mafle contributed to 
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Figure 7. Schematic representaticn of energetic periods and 

their relationship to the seasonal selection of food by car­

ibou on Pie Island . 

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

shrubs ( 19 81) • 
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Figure 9. Timing of . eruption of three important fern spe­

cies (1981) • 
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the diet. In June there was an e xflcsicn 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 be found all year. The soft 

paddies associated with succulent Sfring and summer forage 

were formed primarily in the hard~ood 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 , be cam e more important in the diet. Fort spe­

cies that were important foods included raspberry , currants, 

horsetail , tunchberry , Clintcnia , rose - twisted stalk and 

sarsaparilla . 

With the colder weather during the fall, forb species 

were destroyed by frost, leaving only the shrut species and 

lichen as pctential caribou foods . During early summer , ma­

ple was the preferred shrub (palatatility index), being re­

placed by mountain ash in the late summer and early fall. 

Alder and other shrub species , including raspberry, also be­

came more important as caribou foods during this late summer 

to fall period , 
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Figure 10. Seasonal changes in palatability of three fern 

species eaten by caribou over the SFring to fall pericd. 
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Figure 11. Seasonal changes in palatability of shr ub spe-

cies eaten by caribou over the spring to fall period . 

other shrubs= birch, alder , saskatoon , dogwood 
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Figure 12 . Seasonal changes in palatability cf forb species 

eaten by caribou over the spring to fall period . 

other forbs = sweet-petasites , bunchterry , horsetail, 
starflower, clintcnia , sarsaparilla, blue- ' 
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 abun­

dance of all preferred shrub species than on Pie Island dur­

ing the period from leaf emergence in the spring to August 

12, 1981 (Table 6). Of the 56 forb species considered po­

tential caritou food, 14 were shewn 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 of spe­

cies (potential caribou food per 4 rr 2 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 canopy 

cover on the mainland was hardwoods, 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 (w illow , 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 ('Iable 10) • 
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Table 6 . Comparing abundance (w eight in grams of leaves 
available per hectare) and preference (P) tetween Pie 
Island and the adjacent mainland shrub species as spring 
and summer caribou foods. 

Species 

RQ£Y1Y§ tremuloides 
2~li!. spp 
Acer s2icatum 
Amelanchier 
R£Y~~§ virginiana 
122£.!rn§. a mer ic ana 
Alnus cr is:ea 

p 

+0 .9775 
+0.7960 
+0.7029 
+0.5480 
+0.5118 
+0.1138 
-0.5939 

Pie Island 

0.397 ± 0.206 
8.702 ± 3.202 
25.E4 ± 6.751 
7.482 ± 2.732 
6.618 ± 1.976 
173.3 ± 32.79 
408.6 ± 68.02 

Mainland 

11.00 ± 3.12 
12.7E ± 3.48 

2774.0 ± 2E3.9 
599 .4 i 57.99 
87. 58 ± 13. 77 

1151.0 ± 9C.46 
1C72.C i 176.9 

sig . 

** 
* 
** 
** 
** 
** 
** 

P = preference index= A - B; wh ere A= proportion of fcod type 
A + B 

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

* 0.05 significance, ** 0.01 significance. 

Example : For Acer spicatum a= eaten/available (from Tatle 9) 
= 5.97/25.64 = 0.2328 g/m 
b = available/total availatle = 25.64/630.7 
= 0.04065 g/m 
F = a b = 0.2735 = 0.7029 

a+ b 0.1922 
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Table 7. Compa rin g abundance (g/4 m2 ) of spr ing and s u mme r 
forb species rankEd in crde r c f fref e r Enc e tEtween the 
Pie Island and th e adjacent mainland (P as in 'Iable 9). 

Species 

Corn us stolinife r a 
(dog wood ) 

tEi12QiY~ angus tifoliu m 
(fi r ew£•ed ) 

££~U~§ vi rgin iana(cherry) 
2.£1..1! Sp p • ( W il 1 CW ) 

Galium tri flor u m 
(s tarflow e r) 

Ara lia nudicaulis 
( sa r sa par i l la) 

Sorbus arn e ricana 
(moun t ain ash) 

Ace r snicatum (mafle ) 
Alnus cri sna (a lder ) 
o the r fe r ns 
PQ.Qulus trem ulo ides 

(poplar) 
Ribes ~landulosum 

( s kunk c u rrent) 
Ruhu s nubesce ns 

(dwar f ras pte rry) 
Ruhns st r igosus 

(red r aspberr y) 
D£Y.OEt er i s nhegoQteris 

(be ech - fern ) 
D. SEinu l osa (wood-f ern) 
D. disjuncta (oak- fern ) 
Cornus ca nadens is 

(bunc hbe rry ) 
Bet ula Ea2~rifera (tirch ) 
Ledum gro e nlandi ca 

(labr ador tea ) 
Vaccin iu m SPF • 

(blue ber ry) 
]iQf§ americanum 

(Am eri c an current) 
Fragaria vesca 

( s trawberry ) 
Bub~§ 2arviflorus 

(t hi mbl e b e rry ) 
Actaea rubr a (baneberry ) 
E.2~!! sp ( rose ) 
Aster macro£h1lus 

(big-leaf aste r) 
Die rvilla l cnice ra 

(bush hon e y s uckl e ) 
Ame lanchie r sanguinea 

( saskatoon ) 

p 

+0.9 965 

+0.9932 

+0.9 893 
+0. 98 73 
+0.97 80 

+0.9453 

+0.9405 

+0.9220 
+0.9C77 
+0.84 8 4 
+0.8149 

+0.7389 

+0.7207 

+0.6899 

+0.6551 

+0.5870 
+0.0 806 
-0.1 8 11 

-0.3427 
-0.8250 

-0.8546 

-1.0000 

-1.0000 

-1.0000 

-1.00 00 
-1.0000 
-1.0000 

-1.0000 

-1.o oc o 

Fie Island 

0.005 6±0.00 56 

0.013 3±0.01 33 

0.0205±0.0205 
0.0275 ±0 .0143 
0.0019±0.0019 

0.1106±0. 096 0 

0.0914±0.0238 

0.1461±0.0474 
0.1453±0,0441 
0.0295±0.0220 
0 • 17 7· 8 ± 0 • C 8 96 

0. 565 0±0.3403 

0.2494±0.0 83 4 

0.4628±0 .2170 

0,4217±0.1393 

0.9066±0,2020 
1.2416±0.2 83 1 
0.3093±0.0 626 

1.0740±0.2056 
1. 83 2 ±0.517 

3.221 ±0.516 

o.o 

o.o 

0.0 

O.OC73±0.0073 
o.o 
o.o 

0.0090±0.0074 

Mainland 

0. 0 8 7 3 ± C. C 3 92 

0.257 ±0.257 

0.0 668± 0.02 82 
0. 0 54 6±0 .0442 
0.0137±0.C090 

8.235 ± 1.7640 

0.1434±0.C3 68 

3.675 9± 0.7582 
0.4011 ±0.12 34 
1.9 860± 0.1) 84 
0.1224±0.C 868 

0.0204±0.1511 

0.5C2 ±0.269 

1.085 ±0.356 

0.3996±0.1181 

1. 352 ±0.1 974 
0.51 80± 0.1022 
1.5347 ±0.1773 

0.063 8± 0.C179 
1.65 8 ±0.466 

2.310 ±0.535 

0.0126±0.01 26 

0.0274±0.0114 

o. 1704±0.1613 

0.0828± 0.0512 
0.0604 ±0 .0 29 4 
0.1554±0.0311 

0.3971 ± 0.3971 

0.1707±0.0400 

s ig. 

* 

** 
** 

** 

** 

* 
* 

* 
** 
** 

* 

* 

** 
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Table 8. Twenty-seven forb species (potential car it cu feed) 
comparing abuncance (average percent cover of species/4 re 2 

plots) tet ween P ic Island and adjacent mainland. 

Species 

~~J;it! spp. (grass) 
Gaultheria h~§Eigg1g (snowberry) 
Yi.21~ spp. ( violet) 
~.YB§I~£§g§ spp. (sedge) 
Taxus canadensis (Canada yew) 
oxalis montana (wood sorel) 
Vaccini um ox_ycoccos 

( small craneberr y) 
JuniEerus ccmmunis (juniper) 
Trientalis borealis (starflower) 
CoEtis trifolia (goldthread) 
Circaea al£ina 

(enchanters nightshade) 
Mitella nuda (naked mitterwort) 
Lineaus borealis (twinflower ) 
Mianthimum canadensis (mianthimum) 
Kalma angustifolia (sheep-laurel) 
Clintonia borealis (clintonia) 
Potentilla tridentata (cinguifoil) 
(rose-twisted stalk) 
Chamaeda£hne cal1clata 

(leatherleaf) 
Vaccinium Vitis-Idaea (cowberry) 
~ggi§g1gfil spp . (horsetail ) 
Andromeda glaucoEh.Ylla 

(bog rosemary) 
Me lamEyrum lineare (cow wheat) 
Petasites spp. (sweet-petasites) 
~21ig~gQ spp. (goldt bread) 
§~r~n!Yfil sp (geranium) 
Anaghalis margaritacea 

(pearly-everlasting) 

Pie 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 
0.365±0.0098 
0.251±0.229 
0.228±0.106 

0.228±0.150 
2.080±0.510 
0.137±0.059 
0.137±0.137 
0.046±0.046 
0.023±0.023 
0.023±0.023 
0. 0 

o.o 
0.0 
o.o 

o.o 
o.o 
0.0 
0.0 
0.0 

Mainland sig. 
( 2 LI 0) 

2.660±0 .640 
2.29 ±0.74 
0. 6 13 ±0 • 20 2 
1.508±0.652 
o.o 
o.o 
0.367±0.334 

1.104:i0.561 * 
C.146±0.054 * 
C.042:i0.024 
C.392±0.315 

0.029±0.022 
0.192±0.079 ** 
3.475±0.480 ** 
o.o 
4.604:t0.653 ** 
0.046±0.030 
o. 046±0.025 
0.317±0.170 

0. 2 9 2 ±0. 2 9 2 
0.196±0.099 
o. 167±0 .167 

0 . 067:t0.063 
0.054:t0.039 
0.02 1±0.021 
0.021±0 .021 
0.00€:i0.008 
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Table 9. overstory and Understcry percent cover compared 
bet wee n Pie Isl and and the adjacent mainland. 

Mainland Pie Island 
QlfERS'l'ORY 
total 51. 0 5 ± 1. 56 (23 7) 59.72 ± 1.57 ( 1 94) 
~.Ql,g§ !rnl§2!!!i2 10.53 ± 1 .12 ( 12 4) 10.05 ± 1.37 ( 52) 
J2gi!!.1£ EsEY£i.fgrs 26.56 ± 1. 60 ( 19 2) 23.74 ± 1.62 ( 134) 
Ri:fg£ 9ls!!£g 8.72 ± 1. 19 ( 81) 22.55 ± 1. 71 ( 120) ** 
Rigg~ 11rn£i:sn£ 1.48 ± 0.44 ( 26) 1.20 ± C.46 ( 8) 
.§QI:.QQ§ americana 2.78 ± 0.50 ( 54) 0.93 ± 0.35 ( 12) ** 
other species 2.04 ± 0.56 ( 34) 1. 06 ± 0.46 (7) 

UNDERSTORY 
total 41. 61 ± 1.85 (23 6) 44.97 ± 1. 58 ( 167) 
].Qi,g§. !2s1§s!!!is 7.89 ± 0.93 ( 11 3) 19.80 ± 1. 93 ( 85) ** 
Acer s:eicatum 0.44 ± 0. 12 ( 21) 1.32 ± 0.50 ( 8 5) 
Alnus cris:ea 0.83 ± 0. 19 ( 3 4) 12.45 ± 1. 32 (72) ** 
Ri:£g£ 9ls!!£g 17.31 ± 1.69 ( 110) 3. 10 ± 0. 7 8 ( 1 9) ** 
Serbus americana 9.80 ± 1. 58 ( 89) 7.31 ± 1.03 (50) 
other species 7.54 ± 1 • 21 ( 87) 1. 64 ± C.48 ( 1 4) ** 

'Iable 1 0 • Basal area (basal area factor = 2. CO, k value = 3 5. 3 5) • 

species Main land (240) Pie Island ( 219) 

Abies balsamia 1.57 ± 0.134 ( 13 9) 3.73 ± 0.360 ( 123) ** 
Betula £aE1rifera 3. 18 ± 0 .227 ( 15 9) 5.09 ± 0. 354 ( 167) ** 
Picea g:lauca 0.95 ± 0.145 ( 5 8) 5.50 ± 0.482 ( 139) ** 
Ficea mariana 0.30 ± 0.055 ( 44) 0.38 ± 0.115 (25) 
ether species 0.56 ± 0.086 (5 8) o. 70 ± 0.093 (68) 
tot al 6.54 ± 0.271 15.41 ± 0.657 ** 
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Although there was no significant difference in the am­

ount of ground lichen (Cladonia SE£ ■) between the island 

(3.0 x 10-6 ± 0.10 x 10-6 m3 of lichen per m2 ) and mainland 

(3.25 x 10-6 ± 1.50 x 10-6 m3 per m2), there were areas 

on the mainland which supported large flats of ground lichen 

which were not c ensused in the initial 1980 vegetation sur­

vey. The island had none of these distinct areas which wer e 

easily recognized frcm aerial Fhctographs. A greater volume 

cf ground lichen (36.29 ± 32.96 m3 ) was estimated from sev­

en areas cf ground lichen - SFruce flats on the mainland 

( 0 • 1 8 4 6 ha • ) than for al 1 of the is 1 an d ( 31 • 0 8 ± 1 0 • 3 6 m 3 ; 

1 03 6 ha. ) . 

The island had a greater density of arboreal lichen be­

low the 2 m height of trees (0.2298 ± 0.01680 g/m 2 ) than the 

mainland (0. 01131 ± 0. 001668 g/m 2 ). This supply of lichen 

on the island was of a more uniform density and most had 

b een 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 

brows e 1 ine. 

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). Pre tal::ly 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 attiibuted to the browsing pressure. 

Table 11. Comparison of the number of stems in a clumF cf trees 
and the average dth {i n cm) of the main OI largest stem, between 
Pie Island which is heavilly browsed by caribou and the adjacent 
mainland with minimal browsing pressure. 

Species Mainland {mean ± s.e. (n)) Pie Islana sig. 

Acer s~icatum stems 2.28±0.05 { 16 6) 1.40±0.13 { 43) ** dbh 3.06±0.18 { 16 6) 4.87±0.38 { 43) ** 
2.9!!2l!.§ sp stems 1.98±0.09 (20 6) 1.56±0.09 { 129) * dbh 6.70±0.44 (205} 10.51±0.58 ( 129} * 

!1D.!!§ fti§Es stems 3.63±0.21 ( 18 8) 3.98±0.29 ( 141} 
dbh 3.19±0.12 { 18 8) 4.64±0.15 ( 141} ** 

Amelanchier sp stems 1.56±0.08 ( 14 4} 2.42±0.34 ( 19) ** 
dbh 1.66±0.12 { 14 3} 2.79±0.30 (20) ** 

~9'1!!. spp stems 1. 71 ±0. 17 (7 0) 2.32±0.35 (28) ** 
dbh 2.88±0.26 (7 0) 4.41±0.48 { 2 8) ** 

R!.!!!!.!!§ ~p stems 1.17±0.06 (5 8) 1. 7 2±0. 24 ( 18) ** 
dbh 2.20±0.19 (5 8) 3.12±0.76 ( 18) * 



3 . 4 Hypothesis 2: Disease 

During the springs of 197 8, 
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197 9 , 1980 aeer 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 indication that the deer utilized any 

ether part of the island or that it remained longer than the 

early spring period from April-May . Deer feces c ollected on 

the island (1978 , n=8; 1979 , n=3) and mainland (1 978 , r=2 ) 

contained no spined larvae . It is possible that the aeer 

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 ~oose / km 2 from 249 4 m2 

flots censused for winter pellet grcups during the summer of 

1980 . ~his population remainea viable during the 1976-8 1 

period in the presence of deer . I obser ved no evidence of 

moose becoming inflicted with neurological disease transmit­

ted from white-tailed deer (ie . faraplegia , circling , or 

loss of fear) . 

During the course of the summer study I checked three 

beaches 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 v ary over the years from 1978-81 . Age ratios , estimated 

from tracks indicated good productivity for the Kcose (May 

to July 1979 : 14 adults , 7 cal ves , 4 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 o n moose calves in Alaska (Frenzmann and Schwartz 1979) 

and on elk calves in Idaho (Schlegel 1976). 

A bear lived 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 , ever-turned reeks, and old trees and 

roots which were pawed out. In May of 1979 a dead caribou 

was found near a tear den. The adult ~ale caritou had sup­

plied the bear with food over the late 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 populations and was con­

sidered unimportant as a predation factor in this study. 
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Lynx (Lynx canadensis) sign was not observed on either 

the island or the adjacent mainland, although during the 

high in the hare cycle, lynx sign was cbserved at the mouth 

cf Pie River within the Neys area. There is no evidence of 

lynx predation 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 infl uence on the 

e volutionary 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 habitat of relative faunal simflicity, found in 

the barren north. Of 26 wolf scats collected in 1978 from 

the Coldwell Peninsula and Neys Park area, 14 were judged to 

contain adult cervid remains by hair imfression techniques 

(Adorjan and Kclenosky 1969). Using Floyd 

gt ~1-'s (1978) technique for determining relative amounts, 

caribou (108 :kg) made up 59 percent of the cervids eaten, 

moose ( 2 70 kg) 32 percent and ~hi te- tailed deer (70 kg) 9 

percent. Of the eight wolf scats collected, which were es­

timated to have been formed by wolves during the August 1977 

to April 1978 period, four were identified as containing 

caribou, three had moose remains and one contained deer 

hair. Again, caribou under the foregoing assumptions sup­

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

It was during this period, 1977-78 that the small herd of 



69 

caribou occupying the Coldwell Peninsula and the Little Pie 

Riv er Valley disappeared. 

Wolf predation on Pie 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 Pie 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 lcca ted on Pie 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 (App endix 5.10: Escape Behaviotj. Eecause of 

scavenging and the length of time taken to locate them, cnly 

two of the remains cculd be distinguished as having been ea­

ten by wolves. Sign of wolves and their activity in the 

Neys area during this study was restricted to the 1977 die­

off and tracks of a pack of 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 to January 

1982 when observations stopped. 

I released a caribou on the mainland in June of 1980 to 

determine how it would fare in the fresence of wolves. The 

radio cellared caribcu continued to give an active signal up 
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Figure 13. Locations of dead caribou remains from the 

1976-77 winter die-off which included animals which died 

from malnutrition and/or wolf predation. 
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when it either left or the radio-

collar stopped transmitting . 

3.6 Hypothesis 4: Dispersal 

Tracks of only one caribou were observed crcssing the 

sand and thread markers placed on Moss Point, Pie Island . 

This animal walked out to the rocky point before returning 

to the island forest . No other summer movements to and from 

the island were detected by this method. In sprins of 1981 

a captured caritou released on the mainland swam back to the 

island within two weeks of its release. No caritcu tracks 

during the summer were observed en the Coldwell Peninsula 

beaches up until the release of a captured caritou 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 1981-82 winter a grouf 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. 
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Table 12. Estimates of caribou numters on Coldw~ll Peninsula. 

year season number 

1970-74 winter 10 

1975 winter 10 

1976 summer 5-10 

1977 winter6summer 0 

1978 winter&summer 0 

1979 

1980 

1 981 

1982 

winter 
summer 

summer 
winter 

winter 

winter 

0 
1 

1 
1 

3-10 

5-15 

observations 

OMNR Ontario Ministry Cf Natural Resourc es 
personnel ccserved caribou tracks 
crossing highway 17 by tracks in snow 
(two major crossings) 

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

Estimated ty E. Snider (Dist. Biologist) 
from beaches and walking 
No caribou observations 

Extensive walking by author 

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

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

CMNB plane saw cow and calf, author 
observed tracks and sign by walking. 
Two caribou released on mainland 
during summer. 

Observations by CMNR personnel and 
R. Fergusen (research assistant). 
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4.0 DISCUSSICN 

4.1 DEMOGRAPHY (1976-1981): 

Pie Island supported a population of approximatel} 60 

caribou in 1976 and during the summer and winter cf that 

year, caribou also 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 caribou population 

disappeared by 1977 during heavy wclf predation and did not 

r e appear until 1981. The island population recuilt over the 

three years fellowing t he 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 o f caribou off the island during the 

previous winters for both years . No e vidence of dead cari­

bou on the island were collected during these years and ob­

servations frcm the winter of 1981 and 1982 reve aled a small 

herd of caribou occupying the Coldwell Peninsula, including 

calves. No caribou movements were detected during the 

spring-summer months and it is hypothesized that the caribou 

left the island during the winter, across the ice . 



75 

4.2 Effects of Nutrition: 

Caribou, when they were more numerous in this area, mi-

grated north and south annually. ~he Pie Island - Coldwell 

Peninsula and most of the north shore and its associated is­

lands were wintering areas for the migratory caritou herds . 

With the decrease in caribou numbers, fewer caribou reached 

Pie 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 

r e sulte d in changes in the population. Some of the effects 

of high density were: 

1. environment: most palatatle Flants are heavily grazed 

and some have almost disappeared (eg . Canada yew, ho­

neysuckle, sarsaparilla); the use of stuffer fcods 

increases (eg. blueberry and labrador tea) ; browse 

lines appear (eg . a 2 m line for arboreal lichen) . 

2. reproduction: the reproductive rate decreases; calf 

mortality due to causes other than predation increas-

es. 

3. morpholcgy: there was a decline in size and ~eight of 

mature animals; antler size aecreased. 

4. physiology: the population was in poor physiological 

condition (more susceptible to disease and insects). 
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4.21 Re production: 

Chang e s in produc t ivity as a result of nutrition can be 

manifested as: 

1. decreased conceFtion due to failure of ovulating fe­

male s to copulate, or copulatien without fertiliza­

tion, or conce ption with an early death of zygote , 

blastocyst or e arly embryo (rauphing 1976). 

2. in ut e ro mortality (absorpticn of later f e tus). Dau­

phine (1976) considered embryonic er fetal mortality 

in caribou to be rare and therefore prenatal mortali­

ty not to be significant . Two female caribou remains 

were found on Fie Island with fetus tones in their 

pelvis, i ndicating that the female died either while 

giving birth to a calf or due to poor nutriticn in 

the later stage s of pregnancy . 

3. calf mortality du e to post-natal nutritive failure or 

envircnmental conditions (eg. wind-chill). Most calf 

loses cccur during the first 48 hours af t er t i rth and 

in deer (Verme 1962) are usually the result of one or 

more of the following: FOOr condition of calf; calf 

too small to r e ach teats; cow does not permit calf to 

suckl e ; delayed er no lactation . On the Slate Is­

lands I found four de ad calf remains during the 

spring of 1977. Low calf Froduction in 1977 on Fie 

Island was indicated by few yearlings (8.7% of the 

spring population, Table 3) in 197 8. 
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4. win t er calf mortality due tc pocr condition, small 

size (Mo e n 1973), and/or social dcminance (intra-spe­

cific compe tition for good quality foods in limited 

supply). 

Winte r calf mortality appears to be the causual link 

betw e en poor nutrition and decreased recruitment for Fie Is­

land caribou. Of all dead caritou found on the island 

(n= 21) 4 3 percent were identified as being calves. Because 

of smalle r size and softer bones, the remains of dead calves 

we re more difficult t o locate on censusing than adult ani­

mals. Only two of the d e ad caribou which were estimated to 

h a ve died prior to 1976 (n=8) wer e calves. Of 13 dead cari­

bou remains to have died since 1976, 54 fercent were calves. 

Calf mortality is the major mortality factor on Pie Island 

and is the me chanism of decre ased recruitment and relative 

populat ion statilit y. 

Estimate s of calf production and survival (Tabl e 3) in­

dicat e d an increasing caribou populaticn on Pie Island over 

the study period (1978-81). Calf recruitment was relatively 

consistent with 21.9 percent of the summer populaticn con­

sisting o f calves. Fr e e-ranging caribou fOpulations without 

any mortality, potentially can increase by 30 percent every 

y e ar (Eerge rud 1978). The lowe red recruitment observed on 

the island can be e xplained sa t isfactorilly by th e balanced 

s e x ratio (e xtrapolation from Fig. 5). A ratio favcring fe­

mal e s is exp e cted (Berger ud 1980) and a rmax = 0.30 is based 

on a s e x ratio of 1:2 (male s:females). 
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The number of aault femaleE giving birth to calves does 

not seem to be limiting calf production . Density-dependent 

effects of nutrition could conceivatly cause an older age of 

sexual maturation of females (Da Ufhine 1976) • 'Ihe 

2-year-old females which were included in the calculaticn of 

parturition rate (78.4 percent) rarely become pregnant (Ber­

gerud 19 80) • Assuming the average percent 2-year-old is si­

milar to the percent yearlings in the population (15.4 fer­

cent , Table 3) then almost all adult females 3-ye ars and 

older were pregnant (93.8 percent) . Reproductive rates for 

different female age classes on the island did not appear to 

be lower than expected (Berger ud 1980) • 

4.22 Morphology: 

Body weight is cne of the more universally used crite­

ria for reflecting growth rate and nutriti ve status . Pie 

Island caribou, because of the limited nutrition available 

to them, are smaller (average adult male weight = 91. 7 ± 

18. 8 kg , n=5 ) than most woodland caribou (Bergerud 1980). 

Growth rate and a decrease in ultimate body size is related 

to the quality of the spring and summer forage , which cor-

responds with the period of most active 

rather than with the quality cf winter 

growth of caritou , 

forage. caritou , 

like all cervid species occupying northern range have devel­

oped mechanisms to reduce the importance of winter fcods as 

the main factor influencing winter Eur vival: 
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1. body fat stored over the growing season supflies 

20-30 percent of the energy required during the win­

ter by catal::olism of fat (Mautz 1978) ; 

2 . a lowered metabolic rate (approximately one third of 

an energy reduction is required by deer to meet basal 

life functions (Holter §t 2! . 1 977 ) ); 

3. their insulative coat is tetter than deer or mcose 

(Ka ls all 1 968) ; 

4 . behavioral adaptations (winter telemetry work sug­

gested that the caribou remain bedded fer long fer­

iods during severe weather) . 

Short yearlings (11 months old ) caFture d in the spring 

o f 1981 were larger than 1979 or 1980 (Table 5) . This dif­

ference in growth likely cccured in the summer of 1980, when 

the growing season was 53 days lcnger than the mean (Fig . 

6). Further evidence to support that the longer grcwing 

season resulted in increased nutrition was that 1980 calves 

had antlers (n=8) and some with spikes , where as in 1978 and 

1979 none of the observed calves had antlers (n=3 and n=2 

r~spectively) . 

Antle rs have a lower priority for growth than most cth-

er body tissues (Cowan and Long 196 2; example of priority 

s eq uence: body fat , muscl e , hair, antlers) . Caribou without 

antlers were more prevelant than in any ether caritou FCpu­

lation studied . These changes have cccurred slowly over the 

generations and can be described by chang es in the weights 
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Recently (1976-1979) cast 

Pie Island antlers were significantly smaller than old Pie 

Island antlers (1 975 and earlier) and all Pie Island antlers 

were much smaller than antlers found en the adjoining main­

land {Coldwell Peninsula) . This suggests that the factors 

operating to decrease body and antler size on the island are 

not present on the mainland . The same decreases in antler 

size with time was observed on the Slate Islands (Bergerud 

and Butler 1574; Table 13) . But the recent decrease in ant­

ler size on Pie Island was greater than the decrease for the 

Slate Island antlers {Table 13 , P<0.05) . The largest ant­

lers collected from this area came from the Slate Islands in 

1949 and in 1947-48 . Caribou initially colonizing the Slate 

Islands could naximize energy intake in the atsence of 

wol ves and the need to migrate . 

increase in body and antler size. 

This likely resulted in an 
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Table 13. ieights of caribou antlers collected from variou s 
locations along the north shore cf Lake Superior. 

Area and Time Period 

Pie Island : 1976-1979 
<1975 
combined 

Coldwell Peninsula 

Slate Islands : 
colle cted in 1949 
coll e c ted in 1974 1 

S t . Igna c e and Rossport Islands 
collected in 1947-1948 

Mean± Standard Err cr (g) 

372.7 ± 107.7 (7) 
934.9 ± 151.8 (9) 
656.8 ± 121.e (1 e) 

12:6.7 ± 168.7 ( 8) 

1881.0 ± 239.1 ( 1 8) 
885 ( 10) 

1045 ( 10) 
1200 ( 1 0) 
1492 ( 10) 
2332 (10) 

1500.0 ± 226. 2 ( 12) 

Antlers found on the Lake superior mainland were significatly 
larger than island antlers , and on both Pie and Slate Islands 
the decrease in antler size with time was significant. 

1 five classes frcm most recent to eldes t (Berger ud and Eutler 1974) 
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4.3 Why Pie Island? 

To test whether caribou were on the island and not the 

mainland due to forage conditions , seasonal focd preferences 

were determined and estimates of the availability of these 

plants were used to compare the island and the adjacent 

mainland . This method ignores consideration of spatial var­

iation and quality. still the results were distinct: the 

mainland had more food but the caribou chose (no conscious 

d e cision necessary} Pie Island . I conclude that the caribcu 

are on the island not beca use of the amount of preferred 

f cods. 

No wolves entered the Coldwell Peninsula area bet~een 

1979-81 • No e vidence of disease from deer having affected 

the local caribou and mcose populations was found . Disper­

sal was not restricted and those animals on the mainland 

previous to 1977 declined while residing there . caribou 

transplanted on the mainland and those that are assumed to 

have emigrated off the island, survived and reproduced. The 

final test of the predation hy~othesis will be the sur vi val 

of the caribou on the mainland 

d is co v er t h em • The predation 

survival on the island. 

once the resident wclf facks 

hyfothesis predicts better 

The evidence suggests that predation has limited and 

eliminated the caribou which have resided on the adjacent 

mainland and it is the lack cf fredators and the presence of 
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escape habitat that has allowed the caribou tc s urvi v e on 

the island . 

4 . 4 Distribution and Abundance 

The basic question in ecology is to determine the fac­

tors that relate to distrib ution and abundance of animals 

(Andrewartha and Birch 1954). The caribou along the ncrth 

shore of Lake Superior occur on the most southerl y torder of 

their present distribution, making this an ideal locale to 

study factors limiting caribou distribution. How de these 

caribou survive sc far south and why only on Pie Island and 

a few scattered locations along the north shore of Lake Su­

perior? 

During the early 1800's caritou migrations north of 

Lake Superior fcllcwed a pattern which brcught caribou herds 

to the islands and the Lake Superior shoreline during the 

winter. Blair (1911, cited in Cringan 1957) documents a 

slaughter of 2400 caribou on Michipicoten Island in one ~in­

ter during the 1800's. In the 1960's caribou still migrated 

between Pie Island and the mainland {Tatle 14), and I sug­

gest that it was during this period that a group of caribou 

began to use the island continually, resulting in the Fre­

sent populaticn which is relatively sedentary . A non-nomad­

ic caribou population of high density resulted in overbrcws­

ing of the island and led to the morphological changes 

observed in this population. 
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Table 14. Faunal history cf the Neys area. 

Dat e Observations 

1940 e Caribou on Pie Island (hunted from Marathcn) 

1945-1955 b,c,e Approximately 20 caribcu used Neys beach. 

1955-19 6 5 b 

1964-65 b 

caribou swam between Pie Island and the Coldwell 
Peninsula across the 1homfson Channel. 
caritou continued to use the Neys area be aches. 

A large herd of caribou (approx imately 100) crossed 
over the ice on Thomp~on Channel in small groups. 

1960-1970 a,b,c Caribou continued their use of the Neys beach ar ea . 

1 965 a 

1971, 1977, a 
1979,1980 

1965-1973, f 
1975,1976 

1976-77 g 

1977,1978, g 
1 981 

Observe rs: 

Deer sign first appeared on the Coldwell Peninsula 
and the small population has continued its existence 
there up until 1981. Moose sign was alway~ present 
since 1940. Three beaches en Coldwell Feninsula wer e 
checked three ti mes per we ek from early May to the 
end of August (1978 and 1979). From these checks it 
was estimated that over the 120 day period there we re 
110 moose visits and 20 deer visits. 

One to two caribou were seen in the McKeller 
area (5 km from Neys) 

Small groups of caribou crossed the t rans-
canada highway during the winter at two crcssings. 

The winter die-off on Pie Island and ~olf kills 
were found on the Coldwell Peninsula ana i~land. 

Some scattered caribou observations on 
Coldwell Peninsula. 

a Phil Bridson 
b Oliver le Ear 
c Clem Downing 
d Colin MacMillan 
e William Hienrick 
f CMNE personnel 
g author 
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The past 100 years have brought significant changes to 

the caribou's environment which has resulted in a marked re-

auction in the Ontario population. Presently, only small 

pockets of caribou, totalling approximately 300 animals oc­

cupy range along the north shore of Lake Superior , including 

Pie Island. There are now only a few caribou on the ieys 

mainland , in ccntrast to the 40 ± 20 that have resided on 

the island for over 20 years . 

Wh y then , have caribou declined in northern Ontario 

during the last century , and what do Pie Island and other 

areas along the north shore of Lake Superior ha v e tc cffer 

caribou which would allow these populaticns to persist? My 

thesis is that predation can be used to describe the process 

which has resulted in the changes in caribou distribution . 

Human or unnatural predation can be easily linked to the 

caribou decline~ Up until the 20th century much of northern 

Ontario was caribou range (deVos and Peterson 1951) and 

these migratory herds were regulated by their obligate hun­

ter, the wolf , with some Indian h unting exerting its preda -

tory influence . Human predation methods bec ame more sop-
, 

histicated during the 1800 1 s, with increased settlement by 

white man, and these methods were easily employed against 

the highly susceptible herds of gregarious and tradition­

bound caribou . 

Se cond, and probably more importantly , during the last 

century natural or wclf predaticn en caribou has increased . 
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This increased wolf pressure has teen made possitle by the 

r ecent influx cf mcose and deer pofulaticns into this area. 

Deer and moose live at higher densities and reproduce faster 

than caribou , making them less susceptible tc the greater 

predator pressure from wolves and man . The greater prey 

biomass which now includes deer ana moose , has allowed the 

wolf population to increase , and ccnc urrently res ulted in a 

decrease in caribou (Bergerud 1974) . 

A decisive requirement of this description of changes 

in predatory pressure is an explanaticn for the changes in 

distribution of moose and deer. There are two factcrs which 

were instrumental in allowing the northward expansion of 

moose and deer range . First, was the settlement of the 

north which resulted in an increase in early successional 

forest habitat . The new and highly nutritious growth which 

follows after fires and disturbances , such as logging , is an 

advantage to most boreal species . But moose and deer are 

tetter adapted to take advantage of these variations in the 

environment (Geist 1971 ) than caribou . 

Moose ana deer within the boreal forest live in short­

lived subclimax plant communities generally created after 

forest fires or logging practices. This transient ceciduous 

tree and shrub community is irregular with expansion and 

slow contraction . Moose and deer range also expands IEFEat­

edly into the fresh transient habitat and retreats slowly 

into small patches of permanent hititat which ferro nuclei 

for future expanding populaticns (Geist 197 1) . 
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Characteristics of r-selection are the atility to 

discover the habitat quickly , reproduce rapidly to use up 

the resource and disperse in search of other new hatitats 

(Wilson 1975) . Among cervids it is possible to descrite an 

ascending gradient of K-selection , demcgraphic traits and 

population stability from deer and moose to caritou and elk. 

An expanding population can be expected to minimize the age 

of maturaticn of individuals, concentrate reproductive ef­

fort early in life and increase breed size, all of which are 

charac teristic cf moose and deer relative to caricou and elk 

(Ferguson unpublished) . 

Therefore the use of transient environment after burns 

has selected for a higher rmax in moose and deer. Expanding 

and contracting population phases for mcose and deer create 

conflicting selection pressure for single or multiple births 

and have produced a mechanism that ties ovulation rate to 

the nutritional regime of the femal e (Geist 1975) . There is 

no evidence that natality rates cf free ranging caritou are 

affected by nutrition (Bergerud 1980). 

The second factor which allowed the expansion of mcose 

and deer range was climate . Petersen (1959) first suggested 

that changes in the climate during the past century can be 

correlated with changes in the distribution cf cervids in 

North America . A world-wide warming trend from 1880- 1945 

(Thomas 19=9, Flint 1971, Matthews 1976, Benson and Dcdds 

1977) made northern Cntario more congenial tc moose and 
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deer, both of which are not as well adapted to severe winter 

conditions as caribou (Telfer and Kelsall 1979). 

The bulk of the e vidence, although mostly circumstan­

tial and therefore not conclusive, suggests that these 

changes have resulted in the decline of caritou in northern 

Ontario and are responsible for the precarious situation in 

which we now find the remaining small pockets of caribou 

which range along the north shore of Lake Superior. 
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5 . 0 APPENDIX 

5 . 1 Obser vation Cards 

Figure 14. Vege tation card used for r ecording hatitat in-

formation which was ne cessary to calculate estimate~ of car­

ibou food availability and use. 
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Site~---- Date _ ________ _ 
Location _____ _ Observers _ _______ _ 

Page !lo ___ _ 

SAR VEGETATION METHOD 

Transect No. ----
Direction _______ _ 

Stand No. ----
Plot No. ____ _ 

Habitat Descripti on: 
Basal Area Sp __ No. Trees ___ Overstory Sp ___ % Cover ____ _ 

Understory Sp __ % Cover Ground Cover Sp % Cover 

Slope Aspect 
Visibility Bl mvdowns 

4 m2 Sp __ Left Eaten Sp __ % Cover 

Units ----

Lichen 1 Sp Distance No. Bites 2 -- --- ---

3 
4 --

Shrubs 
Sp Distance No. Stems DBH Max. Bites Air Ground Eaten Air Ground 
Ac 
So 
A1 

Am 

Sa 
Po 
Pr 
Vib 
Co 
La 
Samb __ _ 
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Explanation of Habitat Description used in both SAR Vegeta­

tion Method (Fig. 14) and Ca:r ibo u Observation Card (Fig . 

1 5) • 

The hatitat was described for an area 30 min radius . 

1he percentage cover of the total cverstory and of each ma­

jor tree species (greater than 5 percent of the overstory) 

ws estimated for summer leaf conditions . Trees were defined 

as being greater than 5 cm in dbh and taller than 3 m. The 

understory percent cover was estimated for trees, sapling 

and shrubs greater than 10 percent of the total canopy , less 

than 5 cm in dth and less than 3 m tall, in the same 30 m 

radius area . The herb layer or the grcund cover was esti­

mated in a 15 m radius area by descriting percent cov~r for 

each major (greater than 10 percent cover) forb, herb, sa­

pling and shrub which was less than 1 min height . Browsing 

sign was recorded . The slope and aspect was estimated using 

a compass . A subjective estimate cf blowdown se verity was 

me asured according to four classes : 1) none, 2) some Fre­

s ent , 3 ) would cause the caribcu scme difficulty in moving , 

and 4) would be almost impossible for the caribou to walk . 

Visibility was an estimated maximum distance at which a car­

ibou would be able tc detect ancther caribou or a wolf. 
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Figure 15. Caribou Observation Card. 
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CARIBOU OBSERVATION CARD 

Date ____ Obs ___ l~o ___ Time ___ to ___ View _____ _ 

Tags Y N CND describe _____________ Con __ _ 

Sex MF RV or Con Calf Test Y N Con Mother .Test Y N Con --- ---
Age A 2 1 C CND Con ___ Color ____ Neck Marie ______ _ 

Antlers Y N CND V Diagram ___________ Ht. _____ Pts._·-----'-

Udder Y N CND Pregnant Y N CND Con Moult Y N CHO% ----
Activity ___________ F B ·WR 

Census Str. ____ Perp. ____ 9 ____ Run ___ 1-Jalk Circle 

Senses 1: Alert Flush 2: Alert Flush --- --- ---

Vocals Response Stimulus --------
Habitat Before: Overstory _________ -Understory __________ _ 

Forbs Bl __ Vis __ Sl o __ Asp __ 

After: Overstory Understory __________ _ 

Forbs _____________ Bl __ Vis __ Slo __ Asp __ 

Environment : Sky _____ Wind _____ Temp ___ Insect ____ Ground ___ _ 

Escape Beha~ior: 

• 

Other Observat ions (Beha vior): 



Explanations for Caribou Observation Card 

Obs.: otservers initials 

Time : first heard to last heard 

View: left or right side, rear or ccmplete 

describe: colors of ear tags and neck cellar (radio) 
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Con: confidence in description (100% = complete confidence) 

Sex: male, female by vulva patch (RV = rear view ) er by 
subjective inference (conf idence) 

Calf Test : response of animal to ccw grunt 

Mother Test : response of animal tc calf grunt 

Age: A= adult, 1 = one year old, 2 = two year old, CND = 
could not determine 

Neck Mane: length and color 

Antlers: V = vel vet, and diagram R (right) and L (lef t ) 
antlers with estimated height and number of points 

Moult: Y = yes, N = no, and percent of animal which has 
lost old win ter hair 

Activity: before flush occured: F = feeding, B = tedded, 
w = walking, R = running 

Census: see line transect methcdolcgy; distance ran, 
walked, and circled (in degrees ) 

Senses: used on first and second flush; sight, sound, scent 

Vocals: cow grunt, stag pant, calf grunt, wheezy snort 

Habitat: see apendix above 

Environment: sky - percent cloud; liind - N (none ) , L (light), 
M(moderate), S(strong), G(gale); Temp. (relative 
seasonal temperature) - C (eccl) , W ( -warm) , H (hot) ; 
Insect - N(none), B (bad), T~errible); Ground -
quiet (wet) or noisy (dry). 

Escape Behavior: did the caribou use trails, run up or 
down hill, use specific habitat etc.? 

Other Behavior: eg . feeding, reproductive, dominance 
hie~archies interaction 



109 

5.2 Pie Island Vegetation Stands 

Thirteen stands (Fig . 16) on Pie Island were described 

by the Ontario Ministry of Natural Eesources, during a frel­

iminary forest research inventcry cf tree types and their 

harvestability. The stands revealed variation in nearly all 

vegetative parameters measured in my study (Table 

15,16,17,18). From field reconnaissance and aerial Fhcto­

graphs, the stands appeared to characterize geographic urits 

within the islands temporal and spatial variations in physi­

cal conditions (water availability, thermal environment, so­

lar energy). 
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Figure 16. Vegetation stands on Pie Island . Numcers in 

circles correspondes to stand numbers used in Table 15, 16 , 

17, 18 . 



...... 
...... 
...... 
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Table 15. Characte ristics of 13 stands on Pie Island. 

Mnt . Ash Ald e r Maple 
s n Area (ha) Visitility Slope densit y d ensity density 

(in deg r ees) (shrubs/ha) (sh rubs/ha) (shrubs/ha) 

1 17 72. 0 28 . 82±3 .28 1 5 .7 1±5.00 7.39±3 . 56 7.80±3 . 29 3.58±0.39 

1 5 10 8 .4 30 , 67 ±3 , 34 24.00±7 ,1 8 16.01 ±3 .91 40 .5 8±8 . 21 3.21±0,02 

3 13 59 . 5 32.22±3,24 38 . 50±6 .75 4 . 55±0 .7 6 104 .7 6±32 . 7 5 . 6 1±2 . 20 

4 15 84.6 31.07±3,06 36.78±6,08 6 . 30±2 ,45 !:1.05± 15. 1 3.1 8±0 . 00 

5 20 30.6 4 8 • 7 !:± 9 9 • 6 7 5 . CC±5 .CO 2 1. 9 1±4.37 7 7 .04 ±2 , 53 17. 2 1±8 . 39 

6 15 99. 1 50.00:t6,31 16 . 67:t3 . 22 1 5 . 2 4 ±5 . 50 88 .46±52 .3 7.36±3.37 

7 15 56.0 41.20±7,20 12 . 33±3 , 27 8 , 76±3,42 Ee . 09± 13 . 8 3 .1 8±0 . 00 

8 28 18 9 .5 44, 00±4 . 67 12. 50±2 . 25 15.49±5.82 69 .37±23 .3 25.83±16.2 

9 12 67 . 0 50.50± 9 .3 2 16 .1 1±3 . 09 47.76±32 . 2 56 . 50± 19 . 9 3.1 8±0 , 00 

10 20 95 . 4 9,00 ± 1.63 57 . 57 ±2!: .4 1 5 . 66±8 . 45 72.53±38.8 

11 20 46.7 33.50±3 . 10 17. 50±4 .73 16.53±3,32 69 . 53.±39 .2 3. 18±0 . 00 

12 , 6 6 6 . 8 27 . 50 ±3. 34 52.27±9,89 25 . 01± 4.7 6 48.51±10 . 8 6. 30±3. 11 

13 1 3 69 . 8 32.92±5,09 12 . 00±2,44 5 .07 ±0 . 96 35,49±14 . 4 3 . S C±0 . 69 

tota l 219 1059.2 20.64±1 , 65 26 . 36±7 , 86 49.86±6,73 14. 43:!.4 . 32 

Analysis of varianc e 
betwe en stands (S) ** * 
(* = 0. 05 , ** = 0. 0 1) 
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Table 16. Basal area for 1 3 stands on Pi e Island. 

Stand 'Iota 1 Balsam Birch Elack White Othe r 
Fir Spruce Spruce Trees 

1 15.05±2 .4 0 2.88 1. 40 2 .76.±0,87 9 . 06±2 . 38± 0. 1 8± 0 • 13 0.18±0.18 

2 2 2. 86±2 . 3 4 11 • 07 ± 1 . 83 7.27±1.04 4.33±0 . 80 o~o 0.20±0.11 

3 10.70±2 .62 3 . 54±1.24 3.3HC.87 3 • 1 5± 0. 85 0.31±0.24 0.3 8±0.27 

4 17.67±2.19 5.73±1.44 3 . 67±0.64 8 .1 3±1 . ':4 o.o 0 . 13±0. 09 

5 8 .05±2 .1 9 3 .0 5±1 . 32 2 . 75±1. 011 0 . 0 1.55±1.C0 C.7C±0.29 

6 16.47±2.45 2 . 27±0 .78 4.07± 1. 24 9 . 2 0± 2. 4 0 0.20±0. 14 0.73±0.36 

7 19.80±1,94 1.1 3:t0 . SS 1.60±0.45 15 . C7±2 .47 o. c 2. 00±0 . 77 

8 20.36±1.72 6 . H±1.C2 8 .00± 1.19 4.32±1.09 1. 00±0 . 39 0.E6±0.20 

9 8.00±2.00 C.50:t0 . 34 3 .17±1.12 4.C0±1. 62 o. o 0.33±0.19 

10 14.90±1.79 3.20±0 . 90 9.30±1.30 0.45±0.22 0. 3 5± 0. 30 1 .60±0. 37 

11 17.40±1.91 3.35±1 . C0 8 . 8 5± 1. 4 8 4.35±0.93 0.35:t0.35 0. 50±0.19 

12 8 . 38±1.88 0. 5C:t0.27 3 . 56±C . 8 0 3.50±1.18 o.o 0.81±0.43 

13 1 6.85±2,40 3.08±1.64 3.08±0 . 98 10 .54±2.28 0.C8:t0 .C 8 0.08±0 . 08 

15.40±0.66 3.73:t0 . 36 5.10±0.35 5 . 4 9± 0. 4 8 1. 68±0 .11 1.3 8±0.09 

sig. ** ** 
.,. 

** ** 
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Table 17. Abundance (g/4 m2 > o f forbs for 13 stands on Pie Island. 

Stand Bunchberry Ra£fberry Cur rant t. sE inulosa D.di s J!!ncta D.rh egofterus 

1 

2 

3 

4 

5 

6 

7 

8 

9 

o.o 

o.o 

2 .46±2 . 46 

0.20 ±0 . 20 

12.70±5 . 28 

2.60± 1. 46 

1.0 ±1.0 

5. 93±2 . 35 

1.0 ±1.0 

10 8.75±4.04 

11 6.7 0±2 . 04 

12 0. 0 

13 o.o 

o.o 

o.o 

o. o 

o.o 

60 . 2±44 . 6 

5 . 87±5 .87 

o.o 

o.o 

o.o 

72. 9±68 . 8 

o.o 

0.0 

o.o 

o.o 

o.o 

o.o 

o.o 

8 . 90±6 .40 

0.67±0.67 

o.o 

2.64±2,01 

o.o 

1. 24± 1. 24 

o.o 

2.92±2.92 

o.o 

11.4 ±2 . 63 

7.13 :t5 .E 6 

o.o 

1.2S±0.64 

o.o 

38.1±30.9 11. 50±4 .3] 

2.0 ± 1.38 

o.o 

o.o 

1.4 0±0 .7 8 

o.o 

o.o 

4.24±4.24 

o.o 

9 .1 5±7 . S2 

o.o 

41.1±11.6 

8 . 20±5 . 9 C 

o.o 

9 . 98± 7. S4 

o.o 

S.t5±5.65 

o.o 

o.c 

o.o 

7.6 5±6 . 80 

6.13±5.16 

o.o 

2.79±1.94 

o.o 

14.1 ±4 .3 6 10. 25±3.55 

1. 30±C .S2 O.C 

o.o o.o 

o. o o.o 

3.79 ±0 .77 12 . SS:t 4. 6 1 4.E6±2.93 3 .14±0.69 7. 86±1.79 2.85±0.94 

** • •• ** 
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Table 18. Abundance (g / 4m ) o f for bs for 13 stands on Pie Island. 

s willow . alder maple ash birch No • fcrb sfecies 
per 4 mz 

1 o.o o.o o.o o~o 10.24±6 .6 8 2. 76±0. 30 

2 o.o o.o 0.33±0.23 0 . 27±0 . 27 18.27±9.C8 1.80±0 . 26 

3 o.o 3.77±2.40 o.o o.o 45. 54 ±3 0 . 9 2. 00±0. 41 

4 o.o 4.07±3 , 03 o.o o.o 7.27±2.97 1.87±0 , 24 

5 0.15 ±0 .15 o.o 4 . 80±2,41 4,20±2 , 43 84.55±31 . 6 8.15±0 . 65 

6 3.93±3.93 3 . EC±2.91 1.C7±1.C7 2 .2C±1. 93 30.53±14.2 3.53±0 . 89 

7 o.o o.o o.o o.o 1.93±0.£9 3.00±0.31 

8 1.79±1 .7 9 3.86±2.18 1. SO± 1. 10 1.61.±0,Eil 5 . 00±2.18 3 , 3E±0,60 

9 o.o 4.17±4.17 o.o 0.92±0.92 2 .17±2 .17 2.42±0 . 58 

10 o.o o.o 13.9 ±5 , 86 2 .45 ±1,49 23. 3 5± 17. 7 6.95±0,88 

11 2. 60±1. 8 1 5 . 7 5± 4. 37 o.o C.7C±0,33 5.55±2.94 5.1 0±0 . 66 

12 o.o 1.1 3.:tl.13 o.o 3.00±1 . 88 74.94±30.7 1.88±0 . 38 

13 o.o o. o o.o o.o 37. 15±24.1 1. 77±0 . 30 

0. 7 5±0. 3 9 2. C 8±0. 6 3 1 . 99±0 . 65 1. 3 2 ±0. 3 4 26.27±5.03 3. 68±0 . 21 

** ** ** 
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5.3 Otter Island vegetation compared to Fie Island 

Two areas of relatively high densities of caritou, Pie 

Island and Otter Island, were used tc descripe caribou feed­

ing preferences during the period from leaf emergence in the 

spring to July 28 (1980). Fifty vegetation plots on the 

212.0 ha . Otter Island were compared against a sample cf 219 

plots on the 788 ha . Pie Island. 

caribou remain on Pie Island the year ro und, yet there 

is more abundant food 1 km swimming distance away en the 

mainland. Brcwsing pressure is significant, since approxi-

mately 40 caribou have occupied the 10 km 2 island for at 

least 10 years. Orr the other hand, Otter Island (2.5 km 2 > 

supported only two caribou (Ferguson and Ferguson 1980) dur­

ing the period of the vegetation study and protably a simi­

lar number of car ibcu resided here during the spring and 

summer leaf growing season. 

The preferece of shrub species by caribou on Fie Island 

was less variabl e than caribou preferences on Otter Island 

(Tabl e 19). This likely resulted because browsing pressure 

on Pie Island had reduced species which were highly prefer­

r e d. Cn Otter Island the preferred forb species wer e : 

rose, sguashl:erry, mountain ash, ferns, and poplar see­

dlings. Sarsaparilla accounted for 90 i;ercent of the forb 

biomass eaten and aster accounted for 80.2 percent of the 

forb biomass available (Table 20). Of the Otter Island 

shrubs, mountain ash, sguashberry, dogwood and poplar sccred 
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highest on the preference index (Table 19), while mountain 

ash accounted for 41.1 percent of the shrub biomass eaten 

compared to alder which accounted for 54 percent of the 

shrub bicmass available. 

Tabl e 19. Shrub biomass available and utilized ·by 
caribou compared between Pie Island and Otter Island. 

species Pie Island (weight in grams) Otter Island 

gQ££d:.!!§ 
tremuloides 

spp. 

availatle eaten P 

0.397 0.022 +0.977 

8.702 1.057 +0.796 

Acer s_2icatum 25.64 5.974 +0.703 

Amelanchier 7.482 0.304 +0.548 
§ .9!Ern in.§.§ 

2Q!:Q.Y§ 
american us 

Alnus cris.2a 

6.618 0.215 +0.512 

173.3 59.85 +0.114 

408.6 67.44 -0.594 

Viburnum edule 0.001 0.0 -1.000 

~Q£!l!!§ 
stolen if era 

0.0 o.o ? 

available eaten Freference 
Index 

20.88** 12.58** +0.408 

125.0** 11.25** -0.018 

286.6** 26.11** -0.176 

7.640 0.159 0.000 

34.42* 

133.6 

Q33.1 

2.229 

14.91 

o.o 

58.56 

-o. 37 7 

+O. 67 5 

7.264** -0.953 

o.o 

3.143 

+0.580 

t0.574 

total 630.70 134.80 1058.25 107.74 
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Table 20. Comparison of forb biomass tetween two islands of 
high density and the mainland with low mcose, deer and caribou 
densities . 

Species 

~QrE~§ americana 

Acer s.12icat um 

Alnus cris.12a 

A me lanchie r 

weight (g) 
per bite 

0.0409 

0.0695 

0.0734 

0.0699 

0.0336 

0.0367 

fQJ2g1g§ tremulodies 0. 1109 

frug~§ v irgir.iana 0.0467 

~2rng2 stolenifera 0.0816 

Vibernum edule 0.1080 

other ferns 0.431 

Eigg2 glandulosa 0. 1163 

EiBg2 americana 0.1163 

Fra~ara vesca 0.0285 

]~8~§ sp 0.0563 

E~hg2 .12arviflorus 1. 136 

low 

multiple 
range test 

(0. 4/kmz > 
' Mainland 

available** 
eaten ** 
avail2.ble 
eaten 
available** 
eaten 
availa ble 
eaten * 
available** 
eaten 
available 
eaten 
available 
eaten * 
available 
eaten 
availa ble 
eaten 
available * 
eaten 
available 
eaten 
available** 
eaten 
available** 
eaten ** 
available** 
eaten 
available 
eaten 
avail2.ble* 
eaten 
avail a bl E"' 

eaten 
available** 
eat en 
availa ble 
eaten 
availab l e 
eaten 
available 
eaten 
available 
eat e n 

0.23!:6a 
0.06 3 8a 
0.1434 
o. 0092 
3.6760t 
o. 0178 
3.6760 
o. 0178 
C. 1707a 
0.0028 
0.0546 

. o. 0028 
0 . 1224 
o.o 
0.0668 
o.o 
0.0873 
o.o 
C.9913a 
0.0414 
0. 399 6 
C.0006 
0.5180a 
o.o 
1.352a 
0.0181 
1.98 60a 
0.0392 
0.0204 
o.o 
0.012 6a 
0.00145 
0.0274a 
0.0006 
1.587a 
0.0014 

C. 170 4 
o.o 
o. 257 
0.0132 

dens-ity 
high 

(10/kmz> 
Iic 1 

(g/4 m2 

1.074C**b 
0.0479:Hb 
0.0914 
0.0231 
C.1461**b 
0.0446 
0.1461** 
0.0446 
C. C CSC**b 
c.o 
0.0275 
o.o 
C.1778 
0.0263 
0.0205 
0.0066 
O.OC5E 
0.0015 
0.0*b 
o.o 
0.4217 
0.0724* 
1.2416,.b 
0.1537 
C.05061: 
0.2679>+* 
0.0295b 
C.0009 
0.5650 
0.025C 
0.0 a 
o.o 
0.0 *b 
0.0 
0.7065**b 
0.1296 
G.2491.l 
0.0325 
0.4628 
0.0990 
0. 0. 
o.o 
0.0133 
0.0044 

m~dium 
( 1 . 0/kmz > 
Otter 2 

0.2356• * a 
0.0 **a 
0. 0 47 3 
0. 0320 
0.3112a 
0.0088 
0. 3 11 2 
0.0088 
0.0235b 
o.o 
o.o 
o.o 
0. 436 9 
0.0998 
0.0 
o.o 
0.0 
o.o 
0.0086**ab 
0.0043 
0. 0533 
0.0059 
0.111 **b 
o. o 
0.011 6,;:* b 
o.o 
0.0431b 
o.o 
0.0 
o.o 
0.349 *b 
0.0 
0.0017 *b 
0.0 
0.0090**c 
o.o 

0.0 
0.0 · 
o.o 
o.o 
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!rs:!J,s nudicaulis 1. 153 available** 8.235b C.1106**a 0.996ab 
eaten ** 0.1057a 0.0369a 2. 883b 

f.Q!:!l.!:!§ canadensis o. 0816 available** 1.5347a 0.3093**b 0.4912b 
eaten ** o.o a 0.0443**b 0.0571b 

!£t.~Ez. I.!:!!n;;£ 0.0817 available 0.0828 c.o o.o 
eaten 0.0 c.o o.o 

_gl!J:11.!:!!!! triflcrum 0.0297 available o. 0137 0.0019 o.o 
eaten o.o 0.0003 o.o 

Diervilla ! Q!l i£gr:~ 1. 059 available** 0.3971a O.C191l**b 0.0424b 
eaten 0.044 c.o o.o 

Afi.:t&r. macroEh_ylus 1. 243 available** 0.1554a o.o a 32.716**b 
eaten ** o.oa o.oa 0. 0 24 9 *b 

_Bos~ sp o. 196 available* 0.0604ab o.o *a 0 .1333**b 
eaten ** O.Oa o.oa 0.0510 * b 

V accin i um spp available 2.310 3. 221 2.290 
eaten o.o 0.069 0.0 

1~!lll!!!. groerilandicus available 1.658 1.832 5. 118 
eaten 0.0 0.0 o.o 

Total available 26.555 11.788 48.294 
eaten C.2965 1 • 1291 3. 1668 

Any two means standard error fcllcwed by a common letter belong t o a 
subset, whose highe st and lowest means de not differ by more than 
the shortest significant range at the five percent level (** 1%). 

1 t-test for 2 grouF ccmfariscn between Pie Island and 
the adjacent mainland. 

2 2 group comfarison between Pi~ Island and Otter Island. 
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In comparing the two islanas it appears that to ccmfen­

sate for the lack cf sarsaparilla on Pie Island, caribou 

have switched to grazing on ferns and seedlings. Alder as-

sumed a more imfortant role on Fie Island once ether prefer-

r e d shrut species (Table 21) had been used. on Pie Island, 

ve ry little dogwood, sarsaparilla, big-leaf aster and 

squashberry are present, all of which were important 

spring-summer foods for caribou on Otter Island. This can 

b e a t tributed to the different habitat and/or to past graz-

ing pr e ssures. 

Table 21. Biomass of forb species eaten by caribou 
en Pie and Otter Islands and by moose on the mainland. 

Sp e cies 

deciduous suckers 1 

f e rns 
Ei12g§ sp P. 
SY12Y§ spp. 
Cornus canadensis 
Aralia nudiclaulis 
other forts2 
total 

Mainland 
g/4m 2 

0.0712 
0.0635 
0.0015 
0.0014 
o.o 
0.1057 
0.0578 
0.2970 

Iic Island Otter Island 
g/4m 2 g/4m 2 

0. 1932 0.1449 
0.4946 0.0059 
0.0250 0.0 
0.2611 o.o 
0.0369 0.0571 
0.0440 2.88:3 
0.1707 0.0759 
1.1295 3.1672 

1 birch, mountain ash, maple, alaer, saskatoon, willcw, poplar, 
cherry, dogwccd, sguashberry. 

2 blueberry, strawberry, Rubus parviflorus, fireweed, thre e -flow e 
bedstraw, bush honeysuckle, rose, big-leaf aster. 
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The two islands showed no significant difference in the 

number of species per 4 m2 plot (3.81 ± 0.341 (44) versus 

3.99 ± 0.219 (202)), amounts of arboreal lichen (0.1E8 ± 

0.0337 g/m 2 versus 0.230 ± 0.0168) er grcund lichens (2.00 ± 

0175 cm 3 /m 2 versus 3.00 ± 0.01). 



5.4 Population Genetics 

5.41 Me thods: 

5.411 Field phase: 
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Blood and tissue samples were taken £rem trapped and im­

mobilized caricou. For each animal cne vial of tlccd was 

frozen (-40 °c) whcle without heparinization. Another sam­

ple was centrifuged in the field within 5 hours and vials cf 

serum and red blood cells frozen. c. Reuterwall (pers. 

comm., Department of Human Genetics , University of Arhus, 

Denmark) considered that whole blood samples withstand fair­

ly rough treatment without hemolyzing as compared to moose, 

r e d deer (Cervus elafhus), or roe deer . A plug of muscle 

and ear tissue was taken with biopsy instruments and frozen 

with an egual volume of saline. These samples were kept in 

a deep freezer until time to 

at the University of Guelph , 

ice and driven there. 

5.412 Laboratory phase: 

transfort them to a laboratory 

when they were packed in dry 

The electrcphoretic technique is to allow protein to 

migrate in a slab of starch or acrylamide gel under the in­

fluence of an electric field . Different mobilities are due 

to different electrostatic charges. Specific histcchemical 

stains are applied directly tc t he electrophoretic medium 

with bands of stain representing phenotype, enzyme activity 

protein concentration and electromorph . 
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Tissues were partially thawed and homogenized in an 

equal volume cf deionized water. 1he hcmogenate was then 

frozen at -70°c, thawed and clarified ty centrifugaticn at 

14,500 G for 30-40 min. at 4°c. The supernatant was stored 

at -7o 0 c. 

Starch-gel electrophoresis was carried out at room 

temperat ur e of about 22°c employing methods of Selander ~i 

~J,_. (1 971) • A series of experimental trials were performed 

in order to determine the most favorable tuffer system, tis­

sue type , and running time which Froduced the best resolu­

tion of the following soluble enzymes: esterase, lactate 

dehydrogenase (LDH), transferrins and haemaglobin . Dr. J.P. 

Bogart at the University of Guelph carried out the electro­

phoreses. 

5.42 Findings: 

By the mid 1960's, electrophoretic techniques were suf­

ficiently refined to be introduced to FCpulaticn genetics by 

Lewontin and Hubby (1966) in their analysis of natural fCpu­

lations of DrosoEhila, and by Harris (1966), in his studies 

on human populations. These multi-loci studies were the be­

ginning of a new method of analysis of genetic variation and 

population structure (Gottleib, 1571). 

Since we cannot directly measure genetic variation in 

DNA, estimates of genetic variation in populations are based 

on heterogeneity of structural gene products (enzymes and 

other proteins) • These analyses use indirect measures of 
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structural heterogeneity, since techniques of amino acid se­

quencing ate tco time consuming and expensive (Selander 

197 6) • Electrcphoret ic mobility cf Frctein pro vi des indi­

rect information about DNA thereby justifying the ccmmon 

practice of referring to segregating froteins as alleles 

(alternate forms of a gene ) . 

Work on the blocd protein of reindeer (Braend 1964 , 

Gahne and Rendel 1961, Nadler g! s1 • 1967) has reported 

great variation, with the transferrin genotype being espe­

cially variable. Recent literature ccmparing nor-temperate 

c ervids (Baccus g:t _gJ. 197 9) describe reindeer as having 

the lowest heterozygosity (H = 0 . 0 1 4) in comparison to 

white-tailed deer which showed significant differences in 

their heterozygosities. The range within this one dee r spe­

cies was almost as great as that acrcss the other seven cer­

vid species studied. Baccus g:t _g_! . (1 979) suggest that 

perhaps white-tailed deer are more of a habitat generalist 

on the average since there is a trend for hatitat general-

ists to have higher heterozygosities (Neve 1978). However, 

there is no obvious correlation between heterozygosity and 

the size of the species range which is the characteristic 

Nevo used to define habitat generalists. As additional data 

hav e accumulated, many of the earlier hyfotheses atout gen­

etic variation have not been substantiated (eg , body size of 

mammals) . Certainly the examinaticn cf cervid genetics has 

just begun and the importance of electroFhoresis as a tool 

of observation is yet to be comFletely realized . 
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once a population becomes partially or ccmpletely 

isolated we e xpect that this will be reflected in an altera­

tion of the gene frequencies due to genetic drift, intreed-

ing, or fcunder effects. The ref ore 

tially isolated poulations should 

distinctive (Lavigne g1 £1• 1979) • 

isola t ed or even par­

tecome genetically 

The indication of high 

variability in gene frequencies for Pie Island caritou popu­

lation suggests nc founder effect has cccurred. 

Three of the four proteins analysed were shown tc be 

h eterozygous (LDH homczygous) in a sample of only five cari­

bou. Transferrins revealed three loci, two with different 

alLeles. It would be of interest tc determine the origin of 

the north shore caribou by comparing genetic patterns. 

Whether they are remnants of the early 1900's Ontaric pcpu­

lation or predecessors of a group cf six caribou which were 

r e leased on Caribou Island, Lake Su pericr a round 19 03. Car­

ter (1979) describes how several hundred of these Island 

caribou crossed the frozen ice to the mainland at atout 

1925. Also in 1934 the Ontario Ministry cf Lands and Forest 

transported part of the herd to the mainland north of Lake 

Superior, while the last caribou on the Island was apparent­

ly shot about 1950. 

5.43 Inbreeding: Low levels of genetic variation are 

found in certain populations which are isolated en islands 

or found on refuges (Selander g,:t £1• 1971 and 1974). Gen-

e t ic drift results in the fixation cf alleles therety reduc-



ing heterozygosity and genetic variation. 
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Alsc because the 

populaticn will remain small for several generations, genet­

ic drift is further enhanced in fCFulations with low rates 

of increase (Cavelli-Sforza and Bodmer 1971). The deviation 

between the cbserved and expected number of heterozygotes 

can be used to calculate an inbreeding coefficient (Wright 

1969), from the data on the genotypic arrays for the varia­

ble loci collected from electrophoretic analysis. Inbreed­

ing should result in a decrease in heterozygosisty and re­

duced genetic variability compared to that expected in a 

randomly breeding population. There is now good evidence 

(Ralls §1 ~1- 1979) that inbreeding in small populations of 

ungulates results in increased juvenile mortality. 



5.5 Blood Characteristics of Pie Island Caritcu 

5.51 Methods: 
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Blood was samfled from the lateral ~aphenous vein , with 

some collected in EDTA for hematology and the remainder al­

lowed to clot 2-4 hours and separated by centrifuge for pre­

paration of serum. serum and whole blood was frozen, and 

transported to the Forest Wildlife Research Laboratory at 

Grand Rapids, Minnesota for chemical analysis to determine 

30 assays. Hematology and routine chemistry assays were de­

scribed by Karns and Crichton (1978). 

5.52 Findings : 

Condition can be evaluated by making comparisons between 

different blood assays from populations in different habi­

tats or the same population can be measured over more than 

one year (Seal gt 2!. 1972). Assays reflecting metatclic 

differences have potential for interpretation as indicators 

of the status of animal populations and the condition cf ha­

bitat. Le Resche §! 2!. (1974) considered PCV (h ematocrit) 

and BUN as good indicators of condition for moose and Seal 

( 1978) considered RBC, BUN, PCV, cholesterol, LDH, and T-4 

as reasonable indicators of conditicn for white-tailed deer. 

The three blood variables BUN , hematocrit, and glucose were 

found to vary between the three years of blood collection on 

the Slate Islands for caribou (Ferguson unpublished). 

To determine whether any yearly differences might be 

significant, the effects of age, sex , seasons, and reproauc-
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tive condition which have been demoftrated for most big game 

species in North America (Franzmann 1972, Seal §1 21• 1972, 

Franzmann g! ~!• 1975), must be first taken into ccnsid€ra­

tion. The sample from the island (1able 22) is too small to 

detect any of these differences, and its usefullness is lim­

ited to describing Pie Island caribou population in a com­

parison study. 
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Table 22. Hema to logy and blood ch e mistry of fie Island caribcu 
(capt ur e d 1978-81). 

Date sex ag e Hb LOH AlkP Chol Gluc EUN cr e at T. F. Alb Glob Ca cu 

1979 
7/26 f yrl. 15. 1 1060 8 .9 77 20 25 1 • 5 4 .9 4. 10 0.80 9.9 
8/11 m ad. 784 8 . 2 89 161 24 1. 7 5.0 3.7C 1.30 9.8 -
1980 
4/23 m cal f 19.0 67 8 7.6 60 1.2 5.3 4. 12 1. 18 6.5 51 
4/26 f ad. p 17. 4 3 6 0 5.9 51 2. 1 5. 1 3. 93 1. 17 9 .0 46 
4/27 f 2 yr. NP 18,8 1102 11 . 5 57 166 16 ~ c; 

L• - 4.6 3.97 C.63 9 . 5 127 
4/29 m 2-3yr 18. 1 EE 9 8 .7 53 181 22 2 . 4 4 .6 4 . 04 C.56 8.9 32 
5/4 m calf 1E. 7 721 10.0 48 1. 2 3 .7 3 . 04 0 . 66 7.4 51 
5/5 m hu mme l 17. 8 7 6 3 11 . 1 115 33 22 1. 8 6. E 3 .7 4 3.06 9 . 8 67 
6/19 m ad . 1100 9.5 80 281 35 1.0 6 .4 4.28 2 . 12 9.5 70 
6/26 m yrl. 16. 1 

1981 
4/30 m 2yr. 16.6 760 7.2 58 127 14 2.2 5.0 3 . 50 1. 50 1,0 54 
5/2 m cal f 16.7 640 13.2 63 10 1 1. 7 · 5 .0 3 . 73 1.27 9. 1 46 
5/13 m calf 16 . 0 600 6.4 49 165 18 1. 5 4.7 3 . 61 1.09 S . 3 56 
5/15 m ad . 17.8 720 8.6 57 2C4 21 2 . 5 5.3 4.33 o. 97 8 . 8 41 
5/20 mad. 16. 2 1160 11 • 5 68 66 68 2 . 0 5. 1 3 . 81 1.29 6. 1 44 

Hb = h e ma a globin, lDH = lactic debydrog e nas e , AlkP = alkaa line 
phosphatas e , Chol= chole st e rol, Gluc = gluco se , BON = l::looa 
ur e a nitro g e n , Cr e at = er e a tin e , T.P. = total frote in , 
Alb = albu min, Glob= globulin , Ca= calcium , Cu = ccpper. 
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5 .6 Status of Beaver on Pie Island 

Frcm the 1962 aerial photos eight active teaver cclo­

nies were located en most of the nir.e major water systems of 

the 10 km 2 island (Fig. 17). The 1974 aerial photos reveal 

no beaver activity as did ground cbservations in 197E and 

1977. South of highway 17, only one active beaver colony 

remaine d in the mid-1970's and that was a lodge built en a 

sunken dredger in Pert Coldwell harbor . Recolonization of 

the Neys Lake water system draining into Port Coldwell har­

bor , occurred during the summer of 1978. Young beavers, 

frobably frcm the Lake Superior lodge, were observed along 

the Coldwell Peninsula and Pie Island shoreline. By August 

of 1978 two ether beaver colonies \ere established in this 

area: one on Neys Lake and one on the island (Currant Valley 

beaver meadow). 
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Figure 17. Drainage patterns and sites of recent 

(1976-1982) and old (1960 1 s ) beaver activity. 
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The main beaver colony on the island has fersisted 

(1978-1981) despite difficultie s in obtaining food in the 

cvermature habitat ; food trails during the first year cf co­

lonization were greater than 40m and included one trail up a 

75° slope rising 15 m; by May of each Sfring ( 1979- 1981 ) the 

winter food cache was completely depleted ; all of the hard­

wood used in the dam and lodge was de - tarked; the lodge was 

primarily constructed of mud ; balsam fir trees were used in 

dam construction; and after their first year of residency 

only one beaver kit was born in 1S79 . During the summer of 

1978 dams were started in NW Raven Valley and Best Valley , 

but only the latter persisted through the winter . 

The island retained no consistent fresh water source , 

during the summer of 1979 which was the driest in the 

1977-81 period. The best dam , built in currant Valley was 

lowered to a 30 cm water depth and by August the entrance to 

the lodge was visible above the water line . The teavers re­

sorted to constructing terraced dams beneath the major pond 

in an attempt to retain water . The Eest Valley dam dried up 

and by July the beavers had left er died. A skull of a 

beaver , estimated to have died in 197 8 was found in this 

valley during the summer of 1979 . 

The summer of 1980 , although not reducing water levels 

to the low of 1979 , was still a relatively dry year (the 

second lowest water levels recorded , 1977-1981) . The dams 

in Currant Valley continued to be built upon but they re-
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mained weak and easily broken. AlEo, food trails increased 

in distance to 0.3 km. In 1980 a ledge and three ponds were 

built east of currant Valley along the south shore, likely 

ty the offspring cf the former colcny. All of the four 

beaver residences built during the study period were on fre­

viously occupied (1960's) dam sites. 1he beaver colony, on 

Neys Lake of the mainland, had expanded further inland dur­

ing 1979 and 1980, as offspring of this lodge followed up 

the lakes waterways. 

Food supplies for beavers on the island have been de­

clining steadily for at least 35 years, as aspen and birch 

dating from the fire of 1847 (Agassiz and Cabot 1850) lave 

been cut back farther and farther frcm water. Fluctuations 

in beaver numbers is more dramatic en islands, and for Isle 

Royale (Shelton , 1979) more dramatic inland than on its har­

bors. Shelton (1979) suggested t ularemia caused the decline 

in beaver in the 1950 1 s. 1ularemia is easily spread among 

stream dwelling beavers, which suffer the annual changeE in 

water level fluctuations, compared to those living on larger 

bodies of water. 

Although the teavers on Pie Island are free from their 

major predator, the wolf, they have inherited other regula­

tory factors which may make recolonizaticn of the island im­

possible. The forests are mor e mature compared to the last 

period of teaver colonization in the 1960 1 s. Periodic and 

seasonal low water levels can create an ideal situaticn for 
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diseas e , such as tularemia. This could e xplain the sudden 

disappearance of beaver from t he Neys area during the late 

1960 •s. 

Be aver activity has a ncticeable effect on the environ­

me nt and these changes on the island can be related to the 

caribou ' s life history. Beaver dams create an edge effect 

which can increase the variety of foods available to cari­

bou . Also , teaver cutting activities change the o verstory 

canopy by removing hardwoods and creating blowdowns . Both 

r e sults could te teneficial to the caribou ' s food source , 

d e pending on the kind cf new grcwth whic h suc ceeds the ma­

ture habitat . Generally on Pie Island , the regrowth after 

disturbance is Balsam fir which is unpalatable to caribou . 

A major effect on the habitat occurs when a teaver dam be­

comes inactive and creates a beaver meadow. The dead trees 

provid e arboreal lichens and the meadow vegetation is pre­

f e rre d by caribou during th e spring (eg. horsetail, sedge 

and grasses ) . In som e cases deciduous growth , usually in 

the form of s uckers , increased in teaver meadows and in mo­

ist blowdown areas which provide prime summer foods for the 

caribou . Last , the open meadows and blowdown areas also 

pro vide an arena for the fall rutting displays of caritcu . 
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5.7 Heme Ranges of Caritou 

Home ranges are defined (Harestad 1981) as an integrat­

ed expression of an animal ' s locations and movements over a 

specific time interval . A regression cf home range area on 

the number of fixes suggested that other factors, tesides 

the number of times caribou were located by telemetry, were 

de termining the variations in home range size observed in 

1980 (Table 23 ). The difference between home range sizes 

be tween spring (April 26 - July 2) compared to fall (S eFtem­

be r 9 - October 2) for the five animals was significant . 

Smaller home ranges in the fall could be due to the shorter 

time pe riod locations were taken and/ or to the rutting ac-

tivities of the associated animals . Variation in range 

sizes was significantly greater in the fall and is prctably 

the result cf the variation in acti vity of animals during 

the breeding period . 

Tahle 23. Home ranges of individual radio-collared caritcu 
during summer and fall , 1980 . 

animal April 26 - July 2 Sept . 9 - Oct . 

Ma 4 . 84 km 2 (n=35) 2 . 58 km 2 (n= 15) 
Rang 5 . 72 ( 3 6) ~.79 (1 4) 
If 6.26 ( 3 1) 6 . 38 ( 17) 
Tu 5 . 93 (2 4) 3 . 78 ( 18 ) 
Bo 2 . 64 ( 11) 

Total (mean±s . e . , n=5 ) 5 . 69±0 . 31 3 . 83±0 . 69 

Because the samFle size was only five animals , compari­

sons with age , sex and reproductive classes was not FCSsi-

2 
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ble, but it appeared that the ycunger animals displayed lar­

ger home ranges, fewer patterns or traditions in movements 

and were less predictable. An older female caritou (Ma, 'Ia­

ble 4) who gave birth to a calf in 1980 and 1981, had the 

smallest home range size during the spring to fall period 

for both years (Fig. 18) and showed the greatest pre a ict­

abili ty in mcvernent patterns. In 1980 (June 1 - July 2) 

after giving birth to a male calf during the first week of 

June, Ma and her calf remained in a small belt of area rang­

ing from NE Point through Windy Bay to #4 Valley. In 1981 

she remained in Maple Valley from May 16-26, then in the 

Windy Bay to #4 Valley area frcm May 28 - June 11, during 

which she likely gave birth to her female calf, and then 

moved back again to MaFle Valley frcm June 12-23, after 

which she and her calf used most of the island. 
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Figure 18. Heme ranges of four caribcu during the summer 

(April 26 - July 2) and fall (Sept. 9 - Oc t . 9). Numters 

r e fer to the number of times the caribou was located in the 

0.11 km2 area. 



139 

SUMMER FALL 

MA (>4 yr f emale) CALF 

SUMMER FALL 

RANG (2.5 yr f ema l e) 



140 

I I 

I I J 

l ~ 71 : : 12 ~) 

'\ u 
SUMMER FALL 

TU (>4 yr male hummel ) 

. -
1 

'-7" 2 QJ 

1 I 
I--<-' 

1 

SUMMER 

IF (3 yr male) 



141 

5.8 caribou Aggregaticns 

Group size varied seasonally (Table 24). ether than 

cow-calf combinations, caribou avcided each other and re-

mained as singles once calving began in late May. Group 

size increased during the fall rutting period in September, 

with rutting groups of three-nine animals being cbserved . 

Aggr e gation grcups of two-four caribcu were not unusual dur­

ing the winter and early spring (Tatle 24). Still the indi­

vidual animal remained the most ccmmon social unit, other 

than cow-calf combinaticns , thrcughcut the seasons . 

Table 24. Seasonal changes in group size. 

group April 14- May 21- July 1- Sept 1- Nev -
size May 20 June 31 Aug 31 Oct 17 April 

cne 44 39 29 25 3 
two 6 91 42 13 1 
three 3 1 3 
four 2 1 
five 1 1 
six 1 
seven 
eight 
nine 1 

no . obs . 55 
total C 73 

48 
57 

34 
40 

1 . 18±0 . 13 

33 
59 

1 . 79±0 . 30 

5 
10 
2 . 00±0 . 96 X ±s e 1 • 3 3 ± C • 1 0 1. 9 9± 0. 06 

1 

2 

3 

Eight of the nine pairs of caribou were cows with their calves 
Two of four pairs were cows with their cal ves while six lone 
calves were observed 
Of 59 caribou observed in the fall of 1980 , 34 were in groups 
associated with rutting activity (4 . 29±2 . 14, n=8) 
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To test whether caribou form pest-calving aggregations, 

all calf tracks were recorded from June 16 to July 11, 1979 

(Fig. 19). A 2-tailed Poisson variance test was used to 

show that the coefficient of di~persicn of the points (C.D. 

= 1.54) described a random distril:ution (P < 0.05). The 

caribou did not form post-calving aggregations and did not 

have localized calving areas. 



Figure 19. 

11, 1979). 

located. 
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Location of caribou calf tracks (June 16 - July 

Numbers indicate the earliest to latest dates 
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5 . 9 Cow-calf Eehavior 

Vocal sound s wer e used by caribou to co mm unicate and 

communication is necessary for social interacti on . Caribou 

we re more vocal during early spring (April- May ) and during 

the rut (September-October ) than during the remainder of the 

year . Cow grunts to a calf wer e rare and only used ty fe­

males trying tc relocate calves in sit u ations of potential 

danger . Th e calves were more vocal in trying to maintain 

close ties wi th their mot her , but not as vocal as cow-calf 

combinations in OFen e n vironments ( lent 1974) . Later in the 

summer cow - calf bonds weak ened and the sighting of lone 

calves was not un usual . During July 1 - August 31, only two 

of fou r pairs of caribou observe d were cows with their 

calve s ( Table 24), while six lone calves and one lcn e fe~ale 

with an udder wer e s e en . Calves were ne ver observed hidden 

by their mothers as cccurs in deer (de Vo s e t s1 • 196 7) , b ut 

t he y did r emain sedentary while the cow roamed to feed . The 

b e havior of the cow-calf co mbinations on the island agreed 

wit h Hardin ~! ~1- ' s (1976) hypothesis , that higher densi ­

t i e s and t h e abs e nce of predation , resul t s in weak e r social 

bonds and fawns (Key deer ) behaving mere ind e pendent at an 

earlier age . Obs e rvat icns of lcne cal ves were not uncommon , 

although t he mother ' s strat egy of leaving the ycung while 

f eeding is expecte d from for est dwelling cervids (blac k­

tail e d d eer , Cowan 1956 ; mule deer , Linsdale and Tomich 

1 953 ; elk, Altmann 1 963 ; an d moose , Ma rk gren 1969). 
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5.10 Escape Behavior 

A flush was considered the initial reaction of a cari­

bou to the approaching obser ver which resulted in a hard run 

away from the flushing stimulus . 

A typical caribou encounter during the spring er summer 

was initiated by the animal alerting to the sound of the ap­

proaching observer (91% of the 83 otservations) and flushing 

to sight of movement (48% ,n=79) or sound (41% ,n=79). The 

caribou then ran an average cf 26.29 ± 3.98 m (n=70) before 

stopping. The total observation which included circling be­

havior and sometimes second and third flushes lasted an av­

erage of 3. 91 ± O. 44 min. -(n=70). turing the fall rut Fer­

iod, caribou relied mere on their sense of smell to flush 

(47 % ,n=30) but still alerted 

n=12). While caribou ran further 

primarily to sound (75%, 

during the fall (48.ES ± 

6.47 m, n=32, n=32), the length of observations was longer 

(5.96 ± 2.12 min., n=32). No significant stimulus was det­

ermined for the wheezy snort associated with some flushes 

(sight and movement 9/21, scent 4/21, sound 3/21) . 

Sighting distances varied with sex, age and reproduc­

tive status of the individual animals . Females may have in­

itiated a flush a t a greater distance from the ctserver (ra­

dial distance = r) than males, especially cow-calf 

combinations (Table 25). Lone calves waited until the ob­

server was relatively close before reacting . The distance 

at which caribou flushed varied seasonally (Fig. 20). All 
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animals flushed significantly further in the early spring 

than the summer . Possitly the density cf vegetation affect­

ed detection . 

Table 25. sighti ng distances (meters from the ctserver tc th~ 
caribou at the mcment the fl ush was detected) from line transect 
census lines on Pie Island. 

sighting distance (meters ) 
X ± s. e . (n ) 

males 22 . 3 ± 1. 4 ( 17) 
females 24 . 3 ± 2 . 7 (1 2 ) 
calves 19 . 3 ± 6 . 2 ( 3) 
cow-calf 37 . 0 ± 11 • 8 ( 4 ) 

several characteristics of a flush tecame apparent from 

observations of caritou while I wa~ walking transect lines , 

during predator simulation , and during telemetry observa-

tions (Table 26) . If the animal antic ipated a threat from 

the flushing stimulus it ran hard , zig- zagged if the preda ­

tor was close , u sed the easiest and best caribo u trails when 

available , and ran uphill if it was fl ushed in a valley ini-

tially. Only cne observation of caribou using the water as 

an escape strategy was noted . A calf I chased , jumped into 

Lake superior and followed the shoreline for 1 km , until it 

had successfully eluded me. 
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Figure 2 0. Average flushing distances (95% C. L .) fo:r adult 

caribou cbserved en census lines . 
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Table 26. Movement behavior of radic-ccllared caritcu when 
approached by ground using telemetry . 

Animal Date Hours Dist Time Sfeed Habitat Cbservations 
(km) (minutes ) 

Ma& c Apr i 1 2 8 1400-1545 0.69 10 LI. 14 13-8 Sh Tr 
>4yrF May 1 140C-1500 0.23 15 C. 9 2 13-8 Sh Tr 

1.42 45 1. 8 9 
May 26 1915-1930 0.26 13 Sh Tr 

0.81 10 4.87 
June 7 2130-220 0 8-11 Up 
June 8 1940-2015 0.66 6 c.59 8 Sh Tr 
June 9 1522-1€45 1.57 25 3.77 6-8-7-8 Sh Tr 
June 17 1830-2045 1.02 30 2. 0 4 8 Va Tr 
July 2 1147-1300 0.76 38 1.20 Va Tr 

Rang April 27 1030-1130 1 . 42 60 1.22 8-6 Up 
2yrF 
Tu June 20 1(100-1415 0.61 30 1.22 4-5 Sh Tr 
>4yrM 
Rang June 20 1130- 1415 1. 10 4-5 Va Tr Ci Up 

Up = ran uphill 
Tr = used trails and easy running areas 
Zz = zig-zagged 
Ci = circled 
Sh = followed shoreline (within 0.2 km) 
Va = used valley 

Hb = habitat used (-=ran to) see Fig. 16 

Animal= descripticn of caribou (age and sex), Hours= time of day, 
Dist= distance caribou ran, Time= length of time dog chased cario 
Speed= Dist/Time 

For the predator simulation (Tatle 27) a dog chased one 

of three caribcu en five runs for a short distance (0.23 ± 

0.14 km) lasting less than 10 minutes. The caribou resfcnd­

ed by running 1.64 ± 0 .42 km in 30.Ll ± 8.4 minutes, averag­

ing 3.24 ± 0.86 km/hr. The fastest initial rush was record-

ed by a female (Ma) when she averaged 12 km/hr for five 

minutes. This flushing speed appears guite slow, unless the 
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density of the vegetation and the ruggedness cf the terrain 

is taken into ccnsideration. Ccmpared to the adjacent main­

land the island had a greater density of trees (Table 10) 

and a greater slofe (*15.16 ± 1.37°, n = 156 versus 20.E4 ± 

1. 65°, n = 15 5) • 

Table 27. Behavior of caribou chased by a dog simulating 
a predator (wolf). (Observation legend as in !able 26) 

Name Age sex Date Time Pred Ran Dog Habitat Observations 

Rang 2 yr F June 10 1405-1450 E 1.22 0.43 5-6-7 Up Ci 
? June 10 1720-1750 E >1.0 0. 17 5-6 Up Zz 

If 3yr M June 12 1330-1335 B 1. 93 bark 9 Tr Sh Va 
If 3yr M June 25 1600-1625 E 1. 3 2 0. 21 10 Up Tr Sh 
Ma&c >3yrF Jun e 27 1123-1150 E 2. 21 o. 12 7-8 Tr Sh 

Pred = dog simulating predator; E = elk hound, B = teagle 
Ran = distance caribou ran (km) 

There was a decrease in the speed at which caribou 

flushed with time (Fig. 21). One animal's run (If) was 

tracked for over 30 minutes (1330-1400) during which it ran 

1.35 km and displayed an initial burst cf speed, typical for 

all runs , of just under 10 km/hr fer the first five minutes 

(Fig. 21). After 15 minutes of running the animal stcfped 

to r9st and/or slowed down once realizing the dog was no 

longer in pursuit. Twenty minutes after the initial encoun­

ter If resumed a walking pace (2 km/hr) away from the area 

which initiated the chase. 
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Figure 21. Rate of speed of caribou flushed by a dog simu­

lating a predator (wolf) regressed against the length of en­

counter. The speed was calculated relative to the time when 

the chase was initiated. 

Regression: y = 7.09 - 0.16x , r = -0.856 
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5.11 Activity Patterns 

An active signal was conside red any noticeable change 

in an ampag e reading (receiver), frcm a radioed caribou, 

ove r a 30 se cond interval. Any fast movement of the cari-

bou's neck and its attached collar (feeding or walking) re­

sulte d in an active reading. Treating th e active er not ac-

tive det erminations as a bi ncmial fOpulation, 

t e sting of patterns using the Chi-squared test. 

allowed the 

A ccmparison cf frequency of activity readings for the 

four s e asons indicated differences in activity between all 

seasons (Fig. 22). 

No daily (dawn, mid-day, dusk) activity patterns were 

detecte d (Fig. 23) fer spring (May 15-29, 1981), or the sum­

me r (June 1 - August 20, 1980 and 1981), or the fall (Sep­

t ember 12 - Octcber 19), or the ccmbined results (May 15 -

October 19, 1980 and 1981). During the spring and summer of 

1980 (April 2 6 - July 3) eight collared caribou movement f of 

gre ater than 2 km in less than 24 hours were detected by 

t e lemetry. Of these only two occurred during the mid-day. 
I 

Of 16 mov e ments de tected (Table 28) during three periods of 

continuous teleme try readings (average 25 hours duration), 

none occured during the mid-day. For the May 18-19 teleme-

try readings, hot weather during the day appeared to res-

trict caribou movement s to the night (Fig. 24) . caril::ou in 

the summ er (June 30-July 1 and July 14-15), after moulting, 

still avoided lcng movements during the mid-day heat. Move-
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ments were restricted to the two crepuscular periods: dawn 

(just after daylight) and dusk (jus t before dark). ~his 

would suggest that the island caribou de not have crepuscu­

lar activity fatterns but that major activity in the form cf 

extensi v e movements seldom occurred during the mid-day. 
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Figure 22. Seasonal activity of caribou. Number cf activi­

ty readings in trackets. 
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Figure 23. Daily activity patterns for the island caritou. 

Spring and summer (E - C) activity readings are groufed to 

compar e daily activity patte rns iith fall (D) readings. 
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Figure 24. Movement patterns (refresented by solid lines , 

distance in km) over 24 hours of continuous telemetry read­

ings for individual caribou . 
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Table 28. caribou movemen t s during thre e periods cf ccntinuous 
t e lemetry r e adings . 

Date and 'Iime 

May 18-19 Jun 30-Jul 1 Jul 14-15 
1300 - 2000 1200 - 700 2130 - 2100 

total hours 31 1 9 24 
mov e me nts (km) 
X ± s. e . (n) 1.75±0.34(4) 1 .19±0 .23 (4) 3.46±0.17(3) 
numb e r of movements 5 7 8 
pe riod of the day 

dawn (700-900) 1 2 
mid-a.a y (900-1900) 0 1 1 
dusk (1900-2200) 1 4 4 
nigh t (2200-700) 3 2 1 

There was no significant difference between activity of 

individual animals due to sex, age or reproductive status 

(Fig. 25), but the sample size was too small for adequate 

testing . A collared three year ola male (If), did shew a 

s i gnificant increase in activity in the 1980 fall breeaing 

p eriod. 

I n conclusion: no daily activity patterns were detected 

which would distinguish between feeding or walking versus 

b e dding behavior. But during the summer months, ~ovements 

of gr e ater than 0.1 km did describe a daily crepuscular pat­

t e rn. 
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Figure 25. Changes in activity patterns between individual 

caribou for summer (C) and fall (D) readings. 
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5.12 Eias in Line-transect Censusing 

Possible bias in line transect censusing can occur if 

caribou detectability varies due to temporal or spatial 

changes in behavior. The locations of caritou observed on 

census lines were randomly distributed over the island 

(2-tailed Poisson variance test) suggesting that the census 

lines covered the variations in habitat and that caribou 

were not clumped during the censusing period. No signifi-

cant differences were detected between the three daylight 

periods (Table 29) or the four sea sens ( 'Ia.ble 3 0) , concern­

ing the sightability of caribou (number observed/km walked). 

Flushing distances and behavior were correlated with age, 

sex and reproductive status (cows with calves) 

seasonally with changes in floral density. 

and varied 

To minimize 

these problems censusing should probably te conducted over a 

short period in early spring (May) before calving, when dif-

ferences in age, 

marked. 

sex and reproductive status are less 

Table 29. Caritou seen/km walked during three daily periods 
(pooled 1978-80 years). 

time n km caribou seen caribou seen/km no. caribou 
walked seen/line 

6-12 30 127.4 23 0.18 0.227 
12-17 67 253 .1 50 0.20 0.259 
17-19 20 70.7 12 0. 17 0.521 
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Table 30. Caribou observed/ km walked during four s e asonal pe riods. 
(L = to t al distance of lines walke d in km, c;km = 
caribou observed/km) . 

Seasonal Per icd 

April 1- May 21- June 30- Se pt. 1 
Year Averag e May 20 June 30 Se pt . 1 Oct. 31 

L C/km L C/ km L C/km L C/km L 

1978 151.6 0 . 19 64. 1 0.20 60.2 0. 18 27 . 3 0 . 18 
1979 201 . 4 0. 18 34 . 9 0 . 40 8 1 • 8 0 . 17 84 . 7 0 . 11 
1980 282.2 0 . 14 130 . 4 0 . 15 18 . 1 0 . 17 133 . 7 
198 1 307 . 5 0 . 13 140 . 0 0 . 20 16 7. 5 0 . 13 

One of the basic assumptio ns of line transect theory is 

that the population is immobile before dete ction . From my 

t e leme try cbservations , it appears that the c aribou mo ve 

randomly with respect to the cbser ver before detection . 

With the sound of an approaching obser v er , caritou will stop 

their movement t o identify the sound by sight or sm ell . The 

animals typically alert to sound and flush t o sight and 

movement . Their initial reaction is a hard flus h which is 

e asily beard and located by an obser ver walking on a quiet 

day. The distance from the otserv er to where the c aribcu 

flushed from was relatively uniform ( 22 . 6 ± 6 .4 9 m, n= 7 0) 

varying slightly due to seasons , age , se x, reproducti ve sta-

t us and t he caribou ' s pre vious activity. Schweder (1 97 7 , 

cited in Burnham g! ~1· 1980) has shown that random mo ve-

ment of th e animals that is slow relati ve to the obser ver 

(animals not counted more than onc e ) 

problem for the usual e stimation theor y. 

is not a fracti c al 

It is my experi-

C/km 

0 .13 
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ence from telemetry observations that I walk faster than 

caribou on census lines (2.08 km/hr) and that seldom do the 

animals move in response to the otserv er before detection 

(ie . evasive Kovement). Therefore there is no need to use 

procedures for mobile populations in analyzing this transect 

d~ta (eg, monotonically decreasing estimators such as expo­

nential polyncmial). However, if there was unobserved move­

ment, such as that described below then the estimate of den­

sity will be tiased negatively. 

There was some indication that cow-calf pairs may move 

away from the observer without teing detected. With the in­

itial burst of a hard flush Ma ran an average of 0.9 km in 

3.48 minutes (12km/hr, n=6). Five of nine approaches tc Ma 

and her calf (April 28 - Jun e 16, 1980), resulted in the two 

moving away frcm the observer without a hard fl ush. The ra­

diod cow and calf moved away at long distances which did not 

permit detection by sight or so und . This indicated that fe­

male caribou with their calves are more alert and can move 

away from an cbserver without being detected, thereby vio­

lating the line transect census assumption of equal ctserv­

ability. Downing§! ~1• (1977) did not believe there was a 

period during summer or fall in which ea ch sex and age class 

cf white-tailed deer was eq ually observable. Unequal ob­

ser vability was believed caused by differences in feeding 

and bedding time. 
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There are three differences b et ween the apprca ch cf an 

observe r towards a caribou when walking with an antennae and 

r e ceive r, and when walking on a line transect: 

1. the sounds of an aluminum antennae snagging under­

brush and the beeping of the receiver; 

2. the walking pace is much slower and cautious, perhaps 

more closely imitating the afproach of a predator; 

3. and instead of a straight line the direction of trav­

el is erratic and repetitious with more area teing 

covered. 

Be cause of these differences, I telieve a fast (2.0 km/hr), 

even pace which does not prevent an animal's flush from be­

ing heard, will reduce the possibility cf not detecting re-

productive females. Still it is Euggested that censuEing 

occur in May tefore calving begins. 
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5. 13 Parasites 

When food is limiting numbers, animals are generally in 

poor physiological condition, and often heavy parasitec tur-

dens occur because of lowered resistence. Higher densities 

also allow increased opportunity for transmissicn of the in­

fective ageRt. Winter tick (Dermacentor albiEictus) were 

commonly found on the caribou; notabley the younger caribou 

captured in April. Calves and yearlings characteristically 

ha ve lower resistance to parasites and disease (Wcolf 

1978). None of the caribou feces e~amined by Dr. M.W. Lank­

ester for larvae using the Baermann technique revealed any 

spined larvae which are common in mcose, deer and caritcu in 

the area {Lankester &1 ~1• 1976). 

5.14 Cast antlers 

All antlers found on Pie Island (n = 19) could be clas­

sified as being located in one or toth of two habitat types 

(Fig. 26). Ten were found in OFen ground lichen flats which 

suggests that the caribou used these areas during late fall. 

Most of these antlers were large, indicating that they were 

male antlers and it is during the late fall that males are 

expected to drop their antlers (Eergerud 1975). Otherwise 

the caribou, lik€ly females or ycung animals because of 

their smaller antler size, were lost within 1/2 km of lake 

Superior (n = 12). 
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Figure 26. lccaticns of caribou cast caribou antlers fcund 

en Pie Island. 

antlers found within lichen bedrock areas 

other locations 
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