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calving location, we radio-collared 62 COws on the range of the
Kaminuriak ang Northeastern Mainland caribou herds, between
November 1984 and June 1985, We collared 40 more caribou before
June 1986 ang 10 more before June 1987, we flew over the entire
District of Keewatin listening for radio collars each June between
1985 and 1988 in an attempt to locate each Collared cow.

Cows (range 0-5%/yr) would not have been includeq within a calving
ground defined using standargd sSurvey techniques. at Wager Bay, the
Proportion of cows calving in peripheral areas averaged 9% (range
0-13%/yr). ,Moreover, Wager Bay cows calved at lower densities and
the location of the highest density calving areas varied more
between years. We concluded that standard calving ground survey
techniques adequately defined the Kaminuriakx calving ground but
failed to do so at Wager Bay.

In 1986, 7 of 571 Cows (14%) were unfaithful to their 1986 calving
location. Eight of s5¢ (16%) were unfaithful ip 1987 and 8 of 524
Cows (15%) were unfaithful in 198g. On average, 85% of cows return
to the same location each year to calve. 1n 19 of the 23 instances
where calving location changed between Years the cow went from
calving in the core of the calving ground to calving in 3

instances, 3.6% of al1 fidelity tests, cows moved between
recognized calving grounds.

Between 1985 gang 1988 the combined effects of changes in
calving location (4%) and calving groung survey bias (i.e.,

herd’s calving ground between 1980 and 1982 (315%) . Therefore the
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INTRODUCTION

The subject of herqd identity and‘calving ground fidelity has
received considerable attention from management, ecological and
evolutionary Perspectives, .Interest ih these topics has increaseq
because of; 1) mounting evidence that caribou may select different
areas for calving over time (Gauthier 1984, Brown ang Theberge
1985, Patten 1985, Pegau 1985, Davis et al. 1986, Brown et al.

1986, Heard ang Calef 1986, Valkenburg ang Davis 1986a), 2)

sociobiology (Bergerud 1974, Davis et a1, 1986).
Skoog (1968) defined a caribou herd as a group -of animals that

calve in the same location each Year. Thomas (1969) named four
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Melville herq. Because similar densities of calving caribou were
not found in Subsequent years (Donaldson 1981, c¢. cates pers.

comn. , Heard‘unpublished) uncertainty apout herd discreteness led

Year to calve. That assumption has never been tested in the

Northwest Territories (NWT) . Skoog (1968) Suggested that periodic

never documented such movements (Davis et a1. 1986, Patten 1985,
Pegau 1935, Valkenburg ang Davis 1986a). Ear tag returns of
Beverly ang Kaminuriak caribou Suggested that emigration was less

than 3% ber year (Heard 1983). Hearq and Calef (1986) suggested

been partly due to massive immigration.
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Because of the importance of calving ground surveys to caribou
management in the Northwest Territories and because of the large
changes in the Kaminﬁriak and Bathurst calving ground estimates
between years we felt it was necessary to test the critical
assumptions associated with calving ground survey methods (Heard
1985) .

This study addresses the following hypotheses. 1) H;: All
calving caribou are included within the census zone as defined
using standard calving ground survey techhiques. This hypothesis
can be rejected by locating one or more COWS outside the census
zone in any year. 2) Hg;: Individual cows return to the same place
each year to calve regardless of where they spent the remainder of
the year. This hypothesis can be rejected if one cow, Or more, is
located with a calf so far from where she calved in any previous
year that she would not have been considered part of the same herd
of calving caribou in both Yyears based on standard survey
techniques. One observation contrary to oﬁr null hypothesis
constitutes disproof, but weA felt that calving ground survey
assumptions would be grossly violated only if the behaviour of at
least 5% of the animals in a single year did not conform with our
predlctlons.

Regardless of the outcome of this study, we knew that our data
would not determine if large scale dispersal had contrlbuted to
changes in the number of animals on the Kaminuriak and Bathurst

calving grounds in past years.
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METHODS

We radio-collared 112 female caribou between November 1984 and
October 1986 (Table 1). a1l caribou were captured by shooting a
hand held or skid mounted net (Margo Supplies Ltd., Calgary,

Alberta) fronm a Bell 206B helicopter. We attempted to catch only

age. In November 1984, we sedateqd all 9 animals with 30 mg of
Rompun (Xylaziné Hydrochloride), all but One other caribou were
handled without drugs. All but two animals were instrumented with
radio-collars made by Telonics (Mesa, Arizona). cCows #105 and 106
carried collars made by Lotek (Aurora, Ontario). Each radio-collar

transmitted on a different frequency ang had a coloured cover

Pregnancy (B.c. Bio-Medical Laboratoriesg Ltd., New Westminster,
British Columbia). we considered plasma Progesterone levels over
2.5 ng/ml an indication of Pregnancy (Rehbinder et al. 1981).

We attempteq to find all instrumenteq caribou each June from

caribou associated with each radio-collared cow. Radio-tracking

was accomplished from four aircraft: Beechcraft Tradewind,
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Table 1. Date, location and number of caribou radio collared
between November 1984 and October 1986 :

Date Location Number collared
November 1984 Eskimo Point 9
April 1985 Eskimo Point 30
May 1985 Baker Lake 1
May 1985 Lorillard River 22
November 1985 . Wager Bay 25
December 1985 Eskimo Point 3
April 1986 "Eskimo Point 12
October 1986 Chesterfield Inlet 10
Total 112

——————————————.——-_——_-—————.-———————-————————-———_—-_———_———————

Beechcraft Queen Air, DeHavillénd Beaver and Bell 206B. Each plane
was equipped with two H-element antennas (Telonics, Mesa, Arizona) .
The majority of radio relocations were made from the Tradewind and
the Queen Air because their high speed and long range allowed large
areas to be surveyed efficiently.

The ncore" of the calving groﬁnd was defined as an area where
there was a continuous distribution of calving cows occurring at
relatively high densities. In 1985 and 1988 the core of the
Kaminuriak calving ground was defined using standard procedures
(Heard 1985) independent of the location of collaréd cows. Core
Kaminuriak calving areas in 1986 and 1987 and for all four years at
Wager Bay were pased on the location of’ collared cows and

incidental observations of uncollared animals.
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RESULTS

Progesterone levels

nonpregnant animals is probdbly great enough to Overcome the

problem of measurement errors.

June 1985
We located all 62 collared cariboy in June 1985 (Table 2). -
Two (#44 and 55) were far from calving areas but neither hag a calf

nor were they associated with other calving caribou. A1l but one
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Table 2. Relocation of caribou in June 1985, 1986 and 1987

_—————_———-—-——--——-————-———-——_———_————--——-————_—.—_—.————-——-———-—

Year Found th_found Known dead Total available

caribou cohort collared Nov 1984-May 1985

1985 62 0 0 62
1986 - 50 2 10 62
1987 27 15% 10 52
1988 29 7 6 42

caribou cohort collared Nov 1985- Apr 1986

1986 36 3 1 40
1987 24 6° 9 39
1988 22 1 7 30

caribou cohort collared Oct 1986

1987 4 3 3 10
1988 3 2 2 _ 7

5 were found in Kaminuriak post-calving aggregations in 1987
2 were found in Kaminuriak post-calving aggregations in 1987




—-——————-—_—————_——_————

———————--—-—-———_—_——-—-

Kaminuriak
peripheral (%)
Wager core
Wager peripheral
Melville core
Beverly core

Totals

Unfaithful

--—-—-—-—-—-———-———_-—-.—-——-

8 not Pregnant

o - — -

—-————————————_-——————-———-———

-——_————-——-——-——

—————-.-———.-.--—————_—_-.-——-_—--c—
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11
included in a calving ground ceénsus calved at cCarr Lake, 130 km
south of the core Kaminuriak calving area which was at Kaminuriak
Lake. she was seen with a calf and was associated with about 20
barren Cows, yearlings and bulls and at least one other cow-calf

pair.
June 1986

r 50 of
the 62 found in June 1985 and 36 of 40 collared after June 1985
(Table 2). Eleven radio-collared'caribou were known to have died
between June 1985 and June 1986. Wolves apparently killed #23 (s.
Kearney pers. comm.) and #1 was shot. No attempt was made to
determine the cause of death for the remainder. Five of 102
collared caribou (5%) were not found in June 198s6.

Seven collared cows (10%) would have been excluded from any
censused area in 1986 (Figure 3). cCows #24 and 27 would have been
excluded from a Kaminuriak calving ground census because theybwere
over 100 km from the centre of the calving ground (where there were
42 collared cows) and at least 50 km from the next nearest radio-
collared caribou, but both were with smal] numbers (50-100) of cows

and calves. Cow #27 was last seen on 28 May 1986 and could have

but we assumed that she did not because we never heard her signal
during subsequent flights over the calving ground. Tt is unlikely

that animals #49, 59, 64, 66 and 67 would have been included in a
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south and east of its 1985 location. Although cows #51 and 52

moved 80 km and 50 km, respectively, between vyears we still
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examining calving locations. Cows were either much closer or much
further than 90 km from their previous year’s calving location.
Cows #24 and 27 calved with the majority of the Kaminuriak herd in
1985 but they were 120 and 150 km from where they calved in 1985
and over 100 km from the centre of the Kaminuriak calving
distribution in 1986. In 1986, #67 calved 90 km north of where she
had calved in 1985 and #49, 59, 64 and 66 calved between 100 and
240 km southwest of their 1985 calving site.

All of the 7 cows unfaithful to their calving locations
changed from calving in a major concentration to a peripheral low
density location. No cows calved on more than one previously

recognized calving ground (Figure 1).

June 1987

We located 55 collared cows in June 1987 (Table 2). We judged
that only 4 would not have been included in a calving ground
survey; one (#4) was south of the Kaminuriak calving ground, 2 (#48
and #49) were west of Wager Bay and #110 was northeast of Baker
Lake (Table 3, Figure 4). Eight were considered unfaithful to
their previous calving location.

Cow #4 was the only Kaminuriak animal that was unfaithful,
being far south of the calving ground on 9 June. At Wager Bay cows
#48 and 49 calved in a peripheral location in 1987 after being in
the core area in 1986. Cow #66 calved peripherally in 1986 and in

the core in 1987. Cows #51 and 76 calved with many other cows but
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both moved about 90km‘between years. Cow #72 calved on Melville
Peninsula in 1986 and at Wager Bay in 1987 and #91 calved at Wager
Bay in 1986 and on Melville Peninsula in 1987. .

Of the 4 (living) cows with atypical behaviour in 1985, #43
again calved at Beverly Lake, and #25, 44 and 55 were not found.
Nine cows had atypical behaviour in 1986. Cows #24, 27, 64 and 85
were not found, #49 again calved peripherally, #66 moved to the
core of the calving ground at Wager Bay, #59 moved only a short
distance toward the core of the calving ground south of Wager Bay
but because of the location of other cows was considered to have
calved in the core rather than peripherally, #67 died and #72 moved
to Wager Bay to calve.

As in 1986, more peripheral calving occurred around Wager Bay

than around the Kaminuriak’s calving ground (Table 3).

June 1988

We located 54 collared cows in June 1988 (Table 2); We judged
that only 2 would not have been jncluded in a calving ground
census; one (#80) north of Wager Bay and one (#66) south of Wager
Bay (Figure 5). No Kaminuriak cows calved peripherally.

Eight were unfaithful to their previous calving locations. In
1988, after three consecutive years of calving at Kaminuriak Lake,
cow #30 calved at Sand Lake amid thousands of calving ¢aribou from
the Beverly herd. Cow #24 moved from a peripheral location in 1986

to the core in 1988 (she was not found in 1987), cows #48, 49 and
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110 moved from peripheral locations in 1987 to the core in 1988,
#66 and #Solmoved from core to peripheral locations, #72 calved
pack on Melville Peninsula after calving at Wager Bay in 1987.

of the 4 cows with atypical behaviour in 1985, #43 again
calved at Beverly Lake, #25 was found calving at Beverly Lake after
2 years without being located, #44 was not found and #55 was found
in the calving ground core at Wager Bay. Of the 8 cows with
atyéical behaviour in 1986, #24 was found.in the calving core at
Kaminuriak Lake, #27 was not found,A#49 and 59 moved to the core
calving area at Wager Bay, #64 died, #66 calved on the periphery of
the Wager Bay calving ground, #72 moved back to Melville Peninsula
where she calved in 1986 and #85 was found again on Melville
Peninsula. Six»cows had atypical behaviour in 1987. Cows #4 and
91 died before June 1988. Cow #48 moved from a-peripheral to core
calving area, #51 again calved in the Wager Bay calving core, #76
was not found and #110 moved to the calving core at Wager an.

Again more peripheral calving occurred at Wager Bay than ‘at

Kaminuriak Lake.
Four vear summar

Twenty caribou were located in each of the 4 calving periods
of this study and 32 were found only twice (Table 4). Thirty were
located twice after their initial calving year but for 7 of those

30, there was at least one intervening year when they were not

found.
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Table 4, Frequency with which individual caribou were located in
subsequent calving years

-——-———-—-——--—--——-———-—————-——————----————-—-——_--—--—.—-———-——-—

Number of locations Number of caribouy
Calving years Subsequent yrs

——-.——--———-—-——_-..—-.—_————-—-——--—.--—-———-.————_-——-———-—_-———-—

_-———————_——————____——————.-——--_———————--—_—.—._-._—_-—_..—__——-———

a 6 occurred over 3 years e. <+ the caribouy was not found one Year
b 7 occurred over 4 years '
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of the 112 cows collared 17 were never located during
calvingand 13 were located only once during calving. The remaining
82 animals were located at least twice during calving. Cows that
were located during two calving periods provided one test of
calving area fidelity and if they were located three or four times
they provided 2 and 3 tests, respectively. Thus the total number
of calving fidelity tests was 152 (32+[2x30]+[3x20]). Of those 82
animals 66 (80%) were always faithful to their previous calving
location or conversely 20% éhowed a lack of calving fidelity at
least once. calving fidelity was demonstrated on 129 of the 152
tests (85%). |

Nineteen of the 23 instances where calving locations changed
between years involved a difference between calving locations of at
least 90km and where the cow went from calving in the core of the
calving ground to a peripheral location or the other way around.
In the other 4 instances COWS changed between recognized calving
grounds. Cow #30 calved on the Kaminuriak herd’s calving ground in
1985, 1986 and 1987 but in 1988 she was located at sand Lake on the
Beverly herd’s calving ground. Cow #91 calved at Wager Bay and
Melville Peninsula in 1986 and 1987, respectively. Cow #72 calved
on Melville Peninsula in 1986 and 1988 and at Wager Bay in 1987.

There was only a slight tendency for cows to show calving
fidelity to either the north or south side of Wager Bay but 12 of
34 cows (35%) located in more than 2 years calved on both sides of

the bay. Between 1985 and 1986 2 of 20 cows (10%) switched sides




21
of the bay to calve, 11 of 20 (55%) switched between 1986 and 1987

and 1 of 14 (7%) switched between 1987 ang 1988.

Mortality

Mortalities from netting were few. Four per cent of the 124
caribou netted (5 mortalities / [112 collared + 5 mortalities + 7
‘netted inadvertently and released uncollared]), died from injuries
Sustained during capture. Four died from broken necks and one was
shot after breaking a leg. One animal died after being stalked and
darted from a Ashooter on the groﬁnd. and the technique was
abandoned. We have no .evidence that any animals died subsequently
from capture myopathy. All but 5 caribouy were known to be alive at
least two months after having been captured. Only one of those was
known to have died ang it died 30 km from its capture site.

The mean annual mortality rate (p) wWas based on the binomial
distribution such that p = d/n, where g = the number of animals
dying during the Year, n = the number of animals alive at the
beginning of the Year and the variance of P = (p) (1-p)/n.

Annual mortality of radio-collared caribou averaged 19%. Ten
of 62 cows were known to have died between June 1985 and June 1986
(16% sd=4.7), 19 of 91 (21% sd=4.2) the next Year and 15 of 79 (19%
sd=4.4) between June 1987 and June 1988. Hunters shot 4 of those
48 caribou which was about 2% of the total mortality. Hunting

mortality was expected to be about 2% bPer year given an estimated
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kill of 2500-4000 Kaminuriak cows from a population of about
175,000 cows and a kill of about 1600 Wager Bay cows from a
population of about 70,000 cows (Gamble 1987a,b; Heard and Calef
1986; Heard et al. 1985). At 17%/yr, the natural mortality rate of
collared caribou was considerably higher than expected. Heard and
calef (1986) assumed that natural mortality in the Kaminuriak herd
waé in the range of 7%/year and natural mortality of cows was about
4-5%/yr where it has beenAmeasured in Alaska (Davis and Valkenburg

'1985a,b). Specific causes of natural deaths were not determined

during this study.
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DISCUSSION

Calving ground fidelity was judged in a social as well as a

spacial context. Cows giving birth within a major calving

if, in the next Year, they calveq; 1) in areas peripheral to the
main calving concentration, or 2) within the calving concentration
of another recognized herd. Cows were not considered to be
unfaithful if they happened to have moved a considerable distance
but stayed with the same group of caribou €.g9., where the calving
area of all cows changed among years (see below). small shifts in
the calving ground location of the entire herd is g commén
occurrence (Skoog 1968, Bergerud 1974, Fleck and Gunn 1982,
Valkenburg and Davis 1986a). we dig not consider calving ground
shifts evidence of calving infidelity because such shifts do not
conflict with Skoog’s (1968) herd concept, they do not have
implications to population dynamics, nor do the? violate the
assumptions of calving ground survey techniques. Such shifts are
important when it comes to 1) defining calving areas for protection
from industrial development and 2) except where adverse weather is
involved (see Valkenburg and Davis 1986a:320), determining the
mechanisms of how caribou find and recognize calving grounds and
the evolutionary advantages of calving gfound fidelity and 3)
constructing models of caribou sociobiology.

Considering calving ground fidelity in both a social as well

as a spacial context permitted us to decide that cow #67 was
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unfaithful whereas #51 was faithful, even though the distances
petween their 1985 and 1986 calving locations were similar. 1In
1986, #67 calved 90 km north of where she calved in 1985 and #51
calved 80 km from where she calved in 1985 but she remained within
a calving concentration. |

We set out our first hypothesis assuming that if cows were not
within the defined calving ground they would be peripheral to it
either calving with other cows at low density or as part of a small
concentration of calving cows. The worst case we envisaged was
that more than 5% of cows would be overlooked using standard survey
methods. Our results did not support our first hypothesis, but we
concluded that standard calving ground survey techniques were
adequate because only 3% of calving Kaminuriak caribou would be
excluded from the census zone (Table 3). At Wager Bay, the
proportion of cows calving in peripheral areas averaged 9% (0-
13%/yr) . Moreovér, Wager cows calved at lower densities and the
location of the highest density calving areas varied more between
years. We concluded that standard calving ground survey techniques
would not'adequately define the calving ground at Wager:Bay.

We have no explanation why cows were unfaithful to calving
sites, nor why some COWS calved - far from the main calving
concentrations. The most likély explanation for peripheral calving
is that those cows were not pregnant. That was the case for cows
#44 and 55 in 1985 but was not the case for #2 in 1985.
Unfortunately we were unable to confirm the calving status of most

cows because visibility was poor from the aircraft we were using.
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This would have been a more serious problem if peripheral calving
involved more animals.

At Wager Bay calving densities were lower, the location of the
core calving areas varied more between Years and there was a higher'<
proportion of cows on the periphery fhan on the Kaminuriak herd's
calving ground. The Wager herd was only one tenth.the size of
Kaminuriak herd (36,000 in 1983 vs 320 +000 in 1985) and does not
appear to undergo such long and predictable migrations (Heard and
Calef 1986, Heard et al 198s6). .Possibly the Wager animals are, on
average, adopting a different calving strategy (Bergerud and Page
1987), because calving and winter ranges are not widely separated,
they are attempting to be less predictable and more dlspersed at
calving. This strategy would also be correlated with populatlon
size because migration distance correlates with herd numbers (Heard
and Calef 1986).

Bergerud and Page (1987) suggested that small woodland caribou
populations that do not migrate far from predators adopt a
dispersed calv1ng strategy in order to reduce the chance that their
calf will be found by a predator. We suggest that the same
arguments may apply to medium sized (e.qg., Wager) caribou herds as
well,

Conceptual models of caribou sociobiology (Bergerud 1974,
Davis et. al. 1986) are inadequate to explain exceptions to the
general rule of calving area fidelity. Davis et al. (1986)
suggested that different calving strategies may exist within one

population. If so, we might expect the cows we considered
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peripheral and unfaithful in one year to be overrepresented in the
peripheral and unfaithful category in other years. This did not
appear to be the case as cows were often found in core and
peripheral areas in alternate Yyears. Perhaps the two'calving
strategies that exist are ’variable’ and ‘core’; i.e., ‘core’
animals always calve in the core of the calving gfound and
'variable’ cows may calve peripherally or in the core. This
hypothesis would be difficult tq test directly but one could
examine the reasons why a cow should pursue either of those
strategies (e.g., social status, age, past reproductive success
etc.).

We believe that 90 km is a reasonable minimum distance to
demonstrate a change in calving locations among years. Davis et
al. (1986) considered that the 10 (of 49) radio-collared Delta herd
cows that calved on the Yanert herd calving ground in 1984, 70 km
away to be a significant change in calving location. Brown and
Theberge (1985) and Brown et.al. (1986) considered only those cows
whose calving sites were within 10 km showed calving area fidelity.

our éstimates of calving ground fidelity (80-85%) were within
the range observed by others. Calving fidelity was over 88% in the
Burwash herd (Gauthier 1984 cited in Davis et al. 1986) at least
63% in the Red Wine Mountains herd (Brown and Theberge 1985). Over
95%‘in the Caniapiscau herd and 82% in the Lac Joseph herd (Brown
et al. 1986). Davis et al. (1986) said they found a mean calving
fidelity of 96% in the Delta and Yanert herds baged on almost 100%

fidelity in all but one year when 20% (10 of 49) of the Delta herad
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cows calved elsewhere. However, those 10 cows returned to the
Delta herd the following year and were therefore again unfaithful
to their previous Year’s calving area. Furthermore Davis et al.
(1986) counted the first Year a cow was observed on a calving
ground as a "faithful" calving-ground—year whereas we began
counting with the second Year. When the above two changes were
incorporated into the calculations, their mean calving ground
fidelity dropped to about 88% (21 calving éite changes in about 180
calving ground years). Neither the exact number of calving ground
years, nor the number of cows that had born calvés, could be
calculated from the data in their paper. Bias resulting from some
cows not having calves could be in either direction.

Our data support our second hypothesis that cows return to the
same calving ground each year to calve. We recorded more than five
"unfaithful" cows each year but only 1 cow in 1987 and 3 in 1988
would have been considered part of a different herd. Therefore, we
See no reason to rejeét the traditional definition of caribou herds
based on calving ground association.

Between 1985 and 1988 the combined effects of changes in
calving 1location (4%) and calving ground survey bias (i.e.,
excluding between 3 and 13% of the cows from the census zone) were
much less than the change in the number of cows on the Kaminuriak
herd’s calving ground between 1980 and 1982 (315%). Therefore the
data do not support the suggestion that immigration contributed
substantially to that increase. However, our observations describe

caribou behaviour only between 1985 and 1988 and do not eliminate
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the possibiiity that large scale dispersal contributed to changes
in the number of animals on the Kaminuriak calving ground in past
years.

Because calving site fidelity was high and similar to what has
been observed elsewhere, the Kaminuriak and Northeastern Mainland
caribou herds appear to be discrete and there is no reason to
reject the concept'of herd definition based on calving grounds.
The calving ground concept suggests that Lorillard and Wager
caribou must be considered one herd, but moveménts on the
northgastern mainland are still too poorly known to be able to

differentiate subpopulations.
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