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A Tribute to Jack Luick

Tt is 1970 in Cantwell, Alaska. Early August,
if memory serves. A borrowed bulldozer,
pulling an ancient 2-wheel trailer, lumbers uphill
toward 2 military surplus trailers and a
rudimentary system of paddocks - in those days,
the extent of our field facilities at the University
of Alaska Reindeer Rescarch Station. Perched
precariously atop the trailer is a well-used
outhouse «procured» from some abandoned
cabin site in the Village surburbs.

An exciting day indeed, for we were about to
install our very own convenience facility. Since
placement of the bare essentials in 1967, the team
had completed several batteries of field trials on
reindeer, all of which required that some
experiments be conducted in the dead of winter.
The original field complex consisted only of an
unheated handling barn and a drafty storage area.
And if Mother Nature called unexpectedly, the
recipient of the summons had but 2 choices,
depending upon the degree of urgency. One Professor Jack R. Luick 1921 — 1983.
could either hustle downhill to the automated
equipment in the Village, or bare one’s buttocks to the chill of the prevailing northerlies in a remote
corner of the main paddock. Hence, the joyous anticipation on that particular summer day.

Jack, adorned in his colorful Lappish headpiece, supervises the caravan’s progress with the sharp
eye of a seasoned civil engineer, while Steve Person and Dan Holleman scurry about checking the
ropes that secure the trailer’s precious burden. Technician Dick Gau screeches commands and insults
to yours truly whose incompetent hands are on the controls of the bulldozer. Bob White, our newly
arrived token Australian, feigns participation, but maintains a safe distance from the crazy Yanks
he has recently befriended, no doubt reflecting on the wisdom of his decision to relocate to Alaska.
The only absentee is the amiable team greensleeve, Bob Dieterich.

Miraculously, the one-holer arrives on site more-or-less intact and s cautiously unloaded next
to an excavation of the appropriate dimensions. At this point, an unexpected decision would have
to be made. The unspoken assumption among most team members was that the entrance would have
a southern exposure; on a clear day the occupant could then enjoy a spectacular, unobstructed view
of Mt. McKinley. To Jack, however, the only logical choice was a northwest orientation toward
the Village of Cantwell; that way, one might reflect on the past and contemplate the future of this
quaint whistle-stop town along the Alaska Railroad, and note the comings and goings of its handful
of friendly residents. Besides, he argued, one might spend an entire professional career on this remote
hill and never be fortunate enough to synchronize the movement of bowels with a rare, cloudless
view of the great mountain to the south.

Now you’d think that half a dozen scientists, having together braved the discomforts of frozen
fingers and insect attack, as well as the frustrations of clogged catheters, hemolyzed blood, and
malfunctioning field equipment, could make a unanimous decision on such a seemingly trivial matter.
No such luck! Several arguments erupted and tempers flared. Compromises were formulated and
promptly rejected. The negotiations reached an impasse, and heated exchanges continued while
enroute to the local watering hole for the usual (or at least not unusual) pre-dinner cockrail hour(s).
It 1s said that this was the worst argument in the 15-year history of the Reindeer Research Team.
There never was a mutually acceptable solution.
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This tongue-in-cheek anecdote illustrates the atmosphere of comradery that typified Jack’s
relationships with friends and colleagues. He wisely recognized that the quality of research, or any
other endeavor for that matter, could be maximized by a cohesive team approach. It is unclear
whether Jack had an instinct for assembling compatible folks or if his mere presence fostered that
compatibility. Some of each, I suspect. The wide assortment of coauthors on his list of well over
100 publications testifies convincingly that his personal relationships and professional achievements
were closely interwoven.

Jack will long be remembered for a unique sense of humor. Laughter was his antidote for everyday
stress, and he seemed helplessly attracted to the extraordinary, the unconventional, the unusual.
Seldom would he introduce a speaker, deliver a lecture, or even give a paper without first sharing
a joke or humorous story with his audience. Who among those attending the conference banquet
in Roros will forget Jack’s hilarious account of a fictional exchange of letters with Eigil Reimers?
A friendly, jocular informality was his trademark. In fact, if Jack’s greeting didn’t include a
wisecrack, or at least a warm smile, one knew that serious trouble was afoot somewhere. In his
personal and professional philosophy, there was always room for enjoying the task, as well as
delighting in a quality product

]ack s various experiences are enviable and his numerous accomplishments impressive. After
serving as Captain, U.S. Army Air Corps, for 4 years during World War II, he enrolled at the
University of California, Davis, and subsequently earned a B.S. in Animal Science. Following a
second assignmenr in the military during the Korean Conflict, he retnrned to Davis to work under
the brilliant Max Kleiber and emerged as a charter member of the famous Davis Tracer Team, pioneers
in the use of radioisotopes in animal research. Jack distinguished himself by making the first
measurements of calcium metabolism in the high-producing dairy cow using radio-tracer techniques.
In 1956, Ph.D. in hand, he joined the faculty at Davis where he remained until 1964, He then
expanded the application of his expertise in tracer methodology, first in Yugoslavia under IAEA
sponsorship and, a year later, in Australia as a Fulbrigth Scholar.

Jack ventured to Alaska in 1966 at the invitation of Peter Morrison, then Director of the Institute
of Arctic Biology, to initiate a research program in the nutritional physiology of large animals.
Appropriately, Jack focused his attention on Rangifer tarandus and promptly secured a major grant
from the U.S. Atomic Energy Commission to investigate the climatic and nutritional adaptations
of this unique Arctic species. He initiated, or was closely involved in, numerous studies Lmbraung,
a broad spectrum of research dlsuplmes - from intermediary metabolism and body composition to
animal capture and artificial insemination. He traveled trequently and extensively, notably to the
Scandinavian countries and the Soviet Union, in conjunerion with his interests in Rangifer, and
eagerly reciprocated with a special brand of hospitality to the many colleagues who visited Alaska.
In the later years, Jack’s research interests shifted somewhat toward reindeer husbandry and preducts
marketing, with a specific interest in development of the industry in Western Alaska. However, he
retained a keen interest in basic research, and was always quick with useful advice to colleagues and
students alike.

Late in 1970, Jack pulled together a group of biologists, including Dave Klein and Peter Lent,
to formulate plans for what was to become a series of international symposia on reindeer and caribou.
The First, held at the University of Alaska, was extremely successtul, but no more so than the Second
in Norway, the Third in Finland, and now a Fourth in Canada. We all missed Jack’s participation
at the recent Whitehorse conference, as we will in Sweden in 1988,

The Cantwell Research Station 1s now famous throughout the circumpolar countries for a prolific
output of research. To Jack, however, Cantwell represented a great deal more than an outdoor
laboratory. He and his family spent many a vacaton there, improving the station, hunting, fishing,
and simply soaking up the casual village atmosphere. And the irony is bittersweet that Jack’s last
days were spent in the place he cherished. Perhaps he climbed that nearly hill and, with a wry smile
at thickening clouds to the south, relaxed within a certain convenience facility to enjoy an unspoiled
view of his favorite little town.

Ray Cameron
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World status of wild Rangifer tarandus populations
T. Mark Williams and Douglas C. Heard

Abstract: We recognized 184 herds of wild Rangifer tarandus, 102 in North America, 55 in Europe, 24 in Asia
and 3 on South Georgia. Seventy-five percent of the world population of 3.3 to 3.9 million animals occurred
in nine herds. All seven herds larger than 120 000 animals were censused by some means of acrial photography
and all were increasing. Herds between 20 000 and 120 000 were most often censused using aerial strip transect
methods, while total counts were usually employed to census smaller herds. The most pronounced changes
in Rangifer herd status between 1979 and 1985 occurred in North America where population estimates for five
herds increased by a total of about one million animals. Part of this increase is attributable to a change from
visual to photographic surveys. Eighty-three percent of North American, 88% of European, and 68% of Asian

herds were stable or increasing.

Key words: Rangifer tarandus, caribou, reindeer, North America, Europe, Asia, census.

Department of Renewable Resources, Government of the Northwest Territories, Box 1320 Yellowknife,

N.W.T., Canada, X1A 2L9.

Introduction

This paper summarizes the
estimates of the size of the world’s wild Rangifer
tarandus herds and the trend in number since
1979 (Reimers et. al., 1980).

most recent

Methods

Most of the data for this paper were supplied
to us upon request by biologists from around the
world. Addresses of those providing unpublis-
hed data are listed in the Acknowledgments. The
data should be considered the most current
avatlable as of 1985.

Because many census techniques were emp-
loyed, we lumped most methods into either total
counts or sample counts and either direct visual
counts or counts of animals on photographs.
Total counts were attempts to enumerate all
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caribou in a herd, but they were usually
increased, based on additional information, to
account for missed animals. Strip and block
sampling techniques may have covered a herd’s
entire range or may have been restricted to only
part of it (e.g., the calving ground) and then
extrapolated, usually on the basis of additional
information, to a total population estimate.
Except where noted, surveys were conducted by
aircraft. i

The ranges of many herds overlap. For the
sake of clarity of the figures, areas of range
overlap were not delineated. Also, where ranges
overlapped jurisdictional boundaries, herds were
arbitrarily allocated to one jurisdiction.

Trend refers to change in herd size since 1979.
Date refers to the year when the survey was
completed or when observations were collated
to derive an estimate.
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Results

There were 2.3 to 2.8 million wild Rangifer in
102 herds in North America (Table 1). The seven
largest herds (George River, Bathurst, Beverly,
Western Arctic, Kaminuriak, Porcupine and
Northeastern Mainland) comprised 2 million
animals or 80% of the North American
population. Of the 71 herds for which a trend
was known 49% were increasing, 34% were
stable and 17% were declining. There were
2135000, 225600 and 13 100 animals in
increasing, stable and declining herds respecti-
vely.

Census techniques in North America have
changed in recent years with the increased use of
aerial photography to census calving or post-
calving aggregations of caribou (Table 1).

There were 106 700 to 124 100 wild Rangifer
in 58 herds in Europe and on South Georgia
(Table 2). The largest herd (Hardangervidda)
contained 20 000 animals or 17% of the
European population. Of the 51 herds for which
a trend was known 16% were increasing, 72%
were stable and 12% were declining. There were
10 800, 86 800 and 15 600 animals in mcreasing,
stable and declining herds respectively. The
predominance of relatively small, stable popula-
tions reflects intensive management techniques.

There were 930 500 to 944 300 wild Rangifer
in 24 herds in Asia (Table 2). The two largest
herds (Taimyr and Yana-Indigir rivers) contai-
ned a total of 630 000 animals or 56% of the
Asian population. Of the 22 herds for which a
trend was known 18% were increasing, 50%
were stable and 32% were declining. There were
575900, 231500 and 125000 animals in
increasing, stable and declining herds respecti-
vely.

Census techniques in Europe and Asia have
also changed in recent years with the increased
use of aerial photography in Norway and the
Soviet Union. In Norway, censuses were total
photo counts on winter or summer ranges. The
Soviets used a total photo count method for the
Taimyr population, and reported an increase in
the use of aircraft to census, usually by strip
samples, the remaining herds. Most other
estimates of Rangifer herds in Europe were based
on total counts.

No information has been collected on the three
South Georgia herds (Table 2) since 1979
(Walton, pers. comm. ).
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Discussion

Nine herds made up 75% of the world
population of 3.3 to 3.9 million animals. All
seven herds larger than 120 000 were increasing
and were censused by some means of aerial
photography. The most pronounced changes in
Rangifer numbers between 1979 and 1985
occurred in North America where the popula-
tion estimates for five herds, the George River,
Bathurst, Beverly, Kaminuriak and Western
Arctic increased by a total of over one million
animals. For the Bathurst, Beverly and Kami-
nuriak herds, part of the increase reflects greater
accuracy in census results, attributable to a
change from visual to photographic surveys, and
part represents real population growth. This may
also apply to the George River herd and to herds
in Norway and the Soviet Union.

Large increases in the world’s major caribou
herds lead us to agree with Bergerud (Arctic
38:156, 1985) «...the great days of the caribou
on the barren lands are here, at last». However,
many animals in a few large herds would not
compensate for loss of small herds that exist as
isolated gene pools, i.e. the Gaspesie Park and
Slate Islands herds (numbers 19 and 28, Table 1).
With almost 20% of all herds declining, we must
not become complacent with management of the
world’s wild Rangifer populations.

la.  Insular Newfoundland, Canada.

Fig

8

1. Wild Rangifer herd ranges in North America.
Numbers correspond to Table 1.
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1b.

Newfoundland and Quebec, Canada.

lc.  Ontario, Canada.

te.  Alberta, Canada.
1d.  Saskatchewan and Manitoba, Canada. """"‘
|
1
0 o
{
\
d
1f.

‘ -

lg.  British Columbia, Canada.
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1h.  Yukon, Canada. 1i. Alaska, U.S.A.

Table 1. Wild Rangifer tarandus herds in North America.

No. Name Estimate Year Method* Trend** Hunter Kill  Comment Source™**

Avalon 3300-6900 1982 BS I 1
2 MiddleRidge, Mt.

Peyton, Tolt 4600-9600 1982 BS I 1
3 Pot Hill 450 1982 TC I 1
4 Sandy Lake 200 1982 TC 1 1
5  Grey River 2500-8300 1982 BS [ 1
6  Gaff Topsails 1000-2100 1982 BS [ 1
7 Buchans 2000 1982 TC I 1
8 LaPoile 6700-12100 1982 BS 1 1
9 Hampden Downs 400 1982 TC [ 1
10 Humber 450 1982 TC I 1
11 Northern Peninsula 1500 1982 TC I 1
12 Mealy Min. 660-740 1981 TC I Unknown 2
13 White Bear Lake <100 1977 TC D,TH Unknown May be viably extinct 2
14 Torngat Mun. 5000-10000 G I 500-1000 2
15 Red Wine Mtn. 720-780 1981 TC S,V Unknown Range shared with

INC.MoOose pop. 2
16 Lac Joscph <600 1978 TC D,TH  Unknown  Interprovincial,
unprotected 2
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Koroc River
George River

Gaspesic Park

North Shore
Grands Jardins

Val d'Or

James Bay

Leaf River

NE Ontario

N. Lake Superior
NW Ontario

Slate Islands
Manitoba herds
Saskatchewan herds

Alberta herds

Northeast Baffin
North Baffin

South Baffin

Belcher Islands

Coats Island
Southampton Island
Northeastern Mainland
Kaminuriak

Beverly

Bathurst

Bluenose

Mackenzie Woodland
Boothia Peninsula
Banks Island

Victoria Island
Somerset, Pr. of Wales
Queen Eliz. Islands
eastern

western

Athin

Kaudy-Level
Spatsizi-Lawvers Pass
Horse Ranch

Pink Mountain

Liard Plateau

Telkwa

Tweedsmuir
[tcha-Ilgachuz
Canboo Mountains
Selkirk

Hart River

Bonnet Plume
Redstone

Mavo

5000
600 000
250

2000
67

50

4000-5000

65 000-70 000
4500

<200

3100

600

5000

2500
1500-3000

10000
>30 000

>60 000

287

2100

1100

110 000-130 000
180 -280 000
250 000-420 000
320 000-450 000
50 000-80 000
2000-5000
8900

5000
7000-9000
4400-5800
4200

1500

2700

500

800

1260

300

300

125

40

200

700

1500

25-30

1200

5000
5000-1000C

I, 1986

1980
1984
1980

1977
1982

1982
1983
1985
1985
1984
1984
1985
1985
1985

1984
1982
1984
1978
1983
1983

1984.

1984
1983

1985
1985
1980
1983

1961
1974
1979
1983
1982
1982
1978
1978
1977
1978
1982
1984
1980
1978
1982

SS,TC
PS
TC

TC

TC

10
10
SS

TC

10

SS
TC
SS
SS
SS
PSS
PSS
PSS
PSS

SS
SS
SS

SS
SS

TC
TC
TC

TC
TC
TC
TC
MR
TC
TC
TC

D,TH

covwgoY T T T YT we—a

ComYYg T e Y g gYca

15000
Unknown

Unknown
None Legal

Unknown
Unknown
Unk. native
None legal
2.4-3.6%
None
2-300
<100 legal
<25 native

1000
7600

8000
32
300
70
3900
10000
6000
14300
4000
>150

>500
1100-1500
150-250

Unknown
Unknown

11 males
33 males
3 males

59 malcs

10

15-20
45-50
None

Calving ground survey
Range madeinto parkin
1981

Range made into park
in 1982
Logging threatens habitat

Calving ground survey
No complete survey
Scattered remnant herds

Die-off expected
Logging, Habitat loss
Logging, Roads
Logging, Poaching,
Predation

Never surveyed
Range expansion,

not surveyed

Range expansion
Feral, introduced 1978
Icing causes die-offs
Introduced in 1967

Calving ground survey
Calving ground survey
Calving ground survey
Calving ground survey
No survey data

Minimum count
Minimum count
Wolf control

Ground based
Radio-tracking
Ground based

Predation, logging
Ground based
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64
65
66
67

68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

97
98
99
100
101
102

Ethel Lake 200 1977 TC u,v 5 28

Anvil Range 300 G u,v 15 28
Tay Lake 300 G uv 5-10 28
Finlayson 2500 1984 TC [ 250 Harvest reduction,

Wolf control 28
Nahanni 2000 G uv 25-70 28
Glenlyon Range 350 1977 TC U 5 28
Pelly Herds 1000 G U 10-15 28
Wolf Lake 500 G U 5-10 28
Little Rancheria 450 G D, TH 20-25 28
Carcross Herds 600 1980 TC S,V 10-15 28
Aishihik 1500 1981 TC S 35-45 28
Dawson Range 250 G U 5-10 28
Burwash 400 1982 TC S,V 15-20 28
Adak 300 1982 TC S None Preharvest count 29
Alaska Peninsula >30 000 1984 TC [ 1454 Photo and visual 29
Andreafsky 400 10 u 10-50 Not adequately censused 29
Beaver Mountains 1600 1983 TPC U 25 Based on radio-collars 29
Big River 750 1982 TC D 42-47 Based on radio-collars 29
Central Arctic >12 500 1983 TPC I 170 29
Chisana 1000 1981 TC U 28 Ground based 29
Delta 8000 1984 TPC S 694 Photo and visual 29
Denali(McKinley) 2100 1984 TC S None 29
Fortymile 16000 1984 TCSS I 250-300 Photo and visual 29
Kenai Lowlands 80-85 1983 TC S None Based on radio-collars 29
Kenai Mountains 300 1982 TC S 29 Based on radio-collars 29
Kuskokwim Mts. 600 1983 IO U 29
Macomb 700 1981 TC U 11 Based on 475 seen 29
Mentasta 3000 1983 TC S 90 Photo and visual 29
Mulchatna 30000-33 000 1984 TPC [ 1000-1500 29
Nelchina 25000 1984 TPC I 969 Based on 22100 seen 29
Porcupine 150000 1983 TC,SS I 400 Photo and visual 29
Rainy Pass 1500 1984 IO U 45-50 29
Ray Mis.,
Kokrines Hills 1000 1983 IO U 25 29
Sunshine Mountains 525-750 1983 TC D None Based on radio-collars 29
Teshekpuk 10 8000 1984 PSa Unknown  Calving ground survey 29
Tonzona <1000 1983 IO U 10-15 29
Western Arctic >200 000 1984 TC,SS I 5000-12000  Photo and visual 29
White Mountains 800 1983 10 U 6 29
Yanert >500 1984 DPSa U 54 Yanert -

Delta herd mixing 29

# BS=Block samples, TC=Total count, G=Guess, SS=Strip samples, PS=Photo strips, 10=Incidental
observations, V=Var10us methods, PSS=TPhoto strip samples, MR= \/Iark resighting, TPC=Total photo
count, PSa=Photo sample.

I Increasing, D=Decreasing, S=Stable, TH=Threatened, V=Vulnerable, U=Unknown
All sources are pers.comm. except those with a year citation.
1=Mercer, 2=Luttich, 3=Belanger and Le Hcnaff, 4=Anon. 1985, 5=Le Henaff and Messier,
6=Stefanski, 7=Darby, 8=Bergerud, 9=Kearney, 10=Trotuer, 11=Edmonds and Rippen, 12=Ferguson,
13=Heard, 14=Kraft, 15=Heard et. al. 1986, 16=Hecard and Calef 1986, 17=Gates, 18§=Williams and
Heard, 19=Decker, 20=Gunn, 21=]ingfors, 22=]akimchuk and Carruthers 1980, 23=Gunn and Decker,
24=Tener 1963, 25=Miller et al. 1977, 26=Bergerud 1980, 27=Seip, 28=Farnell, 29=Davis.
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and South Georgia. Numbers correspond to
Table 2.
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Table 2. Wild Rangifer tarandus herds in Europe, Asia and South Georgia.

No. Name Estimate JYear Method® Trend** Hunter Kill Comment Source™**
1 Inglefield Land <100 1984 LV <10 Isolated, wild 1
2 Orlik Fjord 100-300 1978 TC LV <10 Isolated, feral 1
3 Nunavik <100 1980 D, TH Isolated, wild 1
4 Nuussuaq 200-300 1980 1O 1 50 Wild, feral 1
5  Qeqertassuaq 150-250 1980 TC I 35 Feral 1
6 Nassuttooq 400-600 1978 TC 100 Wild 1
7 Nassuttuup 1300-3300 1982 TC D 700 Wild 1
8  Sisimut 2500-5500 1982 TC D 2000 Wild 1
9  Nuuk 5200-10200 1982 TC D 4000 Wild 1

10 Qoornoq 50-150 1982 TC S,V Feral 1

11 Ameralik 1000-2000 1983 TC S 200 Wild 1

12 Sermilik 200-400 1982 TC S <50 Wild 1

13 Qassit 100-300 1982 TC S 50 Wild 1

14  Nera 300-500 1980 IO S 100 Wild 1

15 Tasilag 80-120 1980 10 S.V <10 Feral 1

16 Iceland 3000 1984 TPC S,V 390 Aerial and ground;

proposed hydro project 2

17 Setesdal Vesthei 2700 1978 TPC S 352 Summer count 3

18 Saudafjella 75 1979 TPC S 10 3

19 Setesdal Austhei 2000 1979 TPC S 600 Summer count 3

20 Hardangervidda 20 000 1984 TPC S 9200 Summer count 3

21 Blefjell 130 1979 TPC S 50 Winter count 3

22 Hallingskarvet 2500 1984 TPC S 1000 Winter count 3

23 Raudafjell 30 1978 TPC S 0 3

24 Fjellheimen 850 1979 TPC S 185 Summer count 3

25  Brattfjell-Vindeggen 600 1983 TPC S 250 Winter count 3

26 Lerdal-Ardal 300 1979 TPC L 3

27 Ardal-Tyin 100 1979 TPC L 3

28 Vest-Jotunheimen 720 1977 TPC S 88 Winter count 3

29 Ottadalen Ser 460 1980 TPC S 81 Winter count 3

30  Ottadalen Nord 3100 1980 TPC S 725 Winter count 3

31 Fordefjella 100 1978 TPC S 14 Winter count 3

32 Sunnfjord 600 1978 TPC S 20 Winter count 3

33 Svartebotnen 130 1979 TPC S 25 Winter count 3

34 Snohetta 2800 1984 TPC S 1100 Winter count 3

35 Rondane 1200 1982 TPC S 350 Winter count 3

36 Selnkletten 530 1979 TPC S 29 Winter count 3

37 Forelhogna 1800 1984 TPC S 1000 Winter count 3

38  Knutshe 914 1984 TPC S 350 Winter count 3

39 Tolga Dstljell 200 1979 TPC S 9 Winter count 3

40 Rendalen 700 1984 TPC S 125 Ground based 3

41  Finnish forest reindeer 600 1984 TC I 0 4

42 Finnish 30-40 1984 TC U 0 Introduced 4

43 Nordenskioldland 4500 1985 TC S 0 5

44 Reinsdyrflya 1000 1985 G U 0 5

45  Nordaustlandet 500 1985 G S 0 5

46 Edgeoya-Barentsoya 2500 1985 TC S 0 5

47 Wedel-Jarlsbergland 300 1980 G U 0 5

48  Breggerhalvoya 50 1980 TC U 0 [ntroduced; experimental 5

49  Busen 450 1976  TPC D Introduced 6
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50
51
52

53

54
55
56
57
58
59
60

61
62

63
64
65
66
67
68
69
70
71
72

73

74

75
76
77
78

79
80
81
82

Barff
Royal Bay
W. Kola Peninsula

E. Kola Peninsula

Karelia

Archangel Forest
Archangel Tundra
Novaya Zemlya Isl.
Komi Forest

Yamal Tundra
Nadym-Pur Rivers

Konda-Sosva Rivers
W.Siberian Forest

Taimyr

Evenkiysk

Upper Angara R.
Altai-Sayan Mnins.
Irkutsk

E. Baikal

Amur

W. Okhotsk
Lena-Vilyui Rivers
Bulun

Yana-Indigir Rivers
Sundrun

Novosibirsk Isls.
Yukutsk Mntn. Taiga
Chukotsk Tundra
Wrangel Island

Chukotsk Forest
Kamchatka
Sakhalin

Taxinganling

1000
550
230

2700

7000-11000
14000
4000
6000-7000
4000

2000

5000

7000
5000

530 000

50 000

10 000

10 000
20000

8000

3000

15 000-17 000
20000

60 000

100 000

30 000

7500-16 300
30 000
5000-6000
2000

3000-5000
4000
3000

980

1976
1976
1984

1984

1983
1983
1983
1981
1983
1983
1983

1983
1983

1984
1982
1983
1982
1983
1983
1983
1983
1983
1983

1983

1983

1980
1983
1981
1982

1981
1983
1983
1982

TPC
TPC
TC

TC

SS

5S
SS
SS
SS
SS

SS
SS

TPC
SS
SS
SS
SS
SS
SS
SS
SS
SS

SS

SS

N
10
SS
TC

SS
SS
10
TC

w LoD wvD Y ogg— w
!
T

——

>

[

S, TH
TH
S,V

0.7%
<1.7%
1%
3.3%
1.3%
<1.5%
<1.5%

<1.5%
<50

13.8%
<2.0%
<2.0%
<1.0%
1.6%
<1.0%
1.2%
2.0%
<1.0%
<11%

<15%

<15%

<1.0%

<:1.00/0
<10%

1.8%

0

Introduced

Introduced

No contact with domestic
reindeer

Little contact with
domestic reindeer

Recovered

Close contact with
domestic reindeer

No contact with
domestic reindeer

Interaction with reindeer
husbandry
Interaction with reindeer
husbandry
Interaction with reindeer
husbandry

Two independent counts

Harvested to control
population size

Wolves and disease

I BN B e N N |

~NN

R N B B B e I B N |

NN N

00 SN NN

* TC—Total count, IO=Incidental observauons, TPC=Total photo count, G=Guess, SS=Strip samples

I Increasing, D=Decreasing, S=Stable, L=Lost, V=Vulncrable, TH=Threatened, U=Unknown
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A” sources are pers.comm. except t}‘IOSC Wlth a year citation.

I—Thln;,, 2=Thorisson, 3=Skogland, 4=Tunkkari, 5=Oritsland and Alendal 1985, 6=Leader-Williams
1980, 7=Kuzyakin, §=Ma.
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Macrominerals in free-ranging Swedish reindeer during winter
Birgitta Ahman', Axel Rydberg’ and Gustaf Ahman?

Abstract: Samples of blood, rumen, and caecal contents were taken from 238 rcindeer (Rangifer tarandus)
slaughtered between September and March in two consecutive years. Levels of magnesium, calcium and
phosphorus were measured to evaluate the extent to which levels of these minerals reflected changes in the
grazing conditions through the winter. Twenty-one reindeer in poor conditon were included in the investigation
and compared with normal animals with respect to the investigated minerals.

Serum values in September were within the normal range for domestic sheep (Owvis spp.) and cattle (Bos spp.)
(Church, 1979). Magnesium was 0.920.1 mmol/l, calcium 2.8 - 0.3 mmol/l and phosphorus 2.5 £ 0.5 mmol/L.
Calcium values did not change very much through the winter while magnesium and phosphorus constantly
decreased from September to February. Extremely low serum magnesium values (below 0.3 mmol/l in some
anirzals were found in January and February. The majority of the animals in poor condition had low
serum-magnesium values.

Key words: reindeer, Rangifer, nutrition, magnesium, caicium, phosphorus.

" Department of Clinical Nutrition, Swedish University of Acricultural Sciences, Box 7023, S-750 07 Uppsala,

Sweden.
* Department of Animal Nutrition and Management, Swedish University of Agcricultural Sciences, Box 5097,

$-900 05 Umed, Sweden.
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Introduction

An important part of the reindeer (Rangifer
tarandus spp.) winter diet is lichens, which can
be as much as 70-85% of the total food intake
(Eriksson et al., 1981). Lichens are low in protein
and minerals compared with forage plants
available to reindeer during other times of the
year (Table 1). Even when the winter food
supply is adequate to meet the need for energy,
protein and mineral content can sull be
inadequate.

Since 1978, we have extensively studied
field-slaughtered reindeer from northern Swe-
den. These studies have focussed on various
topics, including reproduction (Inga, 1984),
foetal growth (Mossing and Rydberg, 1982),
muscle fibre composition (Kiessling and Ryd-

Rangifer, Spccial Issue No. 1, 1986

berg, 1983), meat quality and slaughtering
strategy. One of the main objectives has been to
evaluate the influence of nutritional factors on
the condition of the reindeer from chemical
analysis of blood, organs and content of the
alimentary tract.

In this report we show how magnesium (Mg),
calcium (Ca), and phosphorus (P) content in
different parts of the body change during the
winter. We gave special attention to animals that
were weak and in poor condition and compared
them with antmals in normal condition.

Material and methods
Samples were taken from 217 reindeer
slaughtered in September to March in 1979/80
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Table 1. Macromineral and crude protein content (g/kg dry matter) in some reindeer forage plants (Isotalo,

1971).
Plant Mg Ca p Crude protein
Lichens:
Cladonia and Cladina 0.3-0.8 0.6-1.4 0.4-0.8 1-4
Alectoria and Usnea 0.2-0.3 1.1-2.0 0.6-0.8 6-7
Leaves:
Betula 2.8 5.7 2.8 20
Shrubs:
Vaccinium and Empetrum 0.9-1.5 3.6-5.1 1.1-2.6 6- 14
Grass:
Deschampsia etc. 0.7-2.2 1.2-4.2 1.6-2.1 §-18

and 1980/81 (Table 2). The animals were from
the same area around Arvidsjaur, Sweden. The
animals were considered by the herdsmen to be
in normal condition - they showed normal
activity and normal behaviour. In February/
March 1981, 21 reindeer in poor condition
(hereafter referred to as weak animals) were
selected (Table 2). These were animals which
tired while running in the corral and could not
keep pace with the others.

At slaughter we weighed the carcasses, the
liver and the contents of the digestive tract.

Weight of omentum was used as an index of body
fat. Samples were taken of mixed arterial and
venous blood when bleeding the animal, from
the liver and from rumen-reticulum and caecum
content. Before sampling, rumen-reticulum
content (hereafter referred to as rumen content)
was carefully mixed. Blood samples were kept
in 10-20°C and centrifuged after 3-8 h. Blood
serum and liver were stored frozen in -20°C until
analysed. Samples of rumen and caecum content
for mineral analyses were dried (to ca. 90% dry
matter DM) and stored dry until analysed.

Table 2. Numbers of animals by age, sex and condition slaughtered at different times.

Date of Females Males Cast-

slaughter Calves  yearling adule  yearling  adult rates Total
Animals in normal condition

1979/80

30 Aug — 26 Sept - - - 2 30 3 35
23 — 26 Oct 2 - 6 - - - 8
19 Nov — 19 Dec 11 - 21 - - 1 33
7 — 24 Jan 6 - 13 - - - 19
26 — 28 Feb 2 - 6 2 3 1 14
12 — 18 Mars 1 - 3 - - - 4
1980/81

5 — 22 Sept - 2 2 5 17 - 26
14 Nov — 17 Dec 4 10 9 13 1 3 40
8 — 26 Jan 6 4 5 6 ) 23
9 — 27 Feb 1 3 6 3 - 2 15
Total 33 19 71 31 53 10 217
Weak animals in poor condition

1981

2 Feb — 17 Mar 6 3 - 11 1 - 21

32
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Analyses of magnesium, calcium and phosp-
horus were made on blood serum and on acid
digests of liver. Analyses of Mg and Ca were
made on acid digests of rumen and caecum
content. Mg and Ca were analysed on an atomic
absorbtion spectrophotometer (Perkin Elmer
306). P was analysed according to Taussky et al.,
(1953). On rumen and caecum content DM, pH
and VFA (volatile fatty acids) were measured.
The methods of sampling and preparing samples
are described by Ahman and Ahman (1980).

Statistical analyses were carried out according
to GLM (general linear models) procedure of the
Statistical Analyses System (SAS Institute Inc.,
1982). The model used tested effect of age and
sex of animals, effect of time of slaughter and
possible combined effect of these factors. When

comparing weak and normal animals we used a
model testing effect of conditon (weak - normal)
and effect of age and sex. Only the animals
slaughtered in February and March were used in
the latter model.

Results and discussion

The four females slaughtered in September
1980 had the same body weights but lower
omentum weights than those slaughtered in
October to December (Table 3). No calves were
slaughtered in September. Calves and females
slaughtered in October to December weighed
slightly more than those slaughtered later in the
year. The omentum weights decrease relatively
more than carcass weights. Males are known to

Table 3. Carcass weight (kg) and weight of omentum (% of carcass) in normal condition reindeer of different
age and sex slaughtered at different times (mean+SD).

Normal animals

e i Weak animals
October - February- February-

September  December  January March March
Calves
n - 17 12 4 6
Carcass, kg 21+£2 18+4 19+4 15+2
Omentum, % 0.61+0.30 0.38£0.25 0.37£0.30 0.18x0.07
Yearling females
n 2 10 4 3 3
Carcass, kg 24/29' 29+3 24+1 27+1 26%2
Omentum, % 0.57/0.55! 0.99£0.45 0.72+0.26 0.61£0.16 0.71£0.45
Adult females
n 2 36 18 15 -
Carcass, kg 34/31 355 33+4 33+4
Omentum, % 0.44/1.09' 0.92£0.33 0.92+0.34 0.64+0.32
Yearling males
n 7 13 6 5 11
Carecass, kg 34%£3 30x2 24+4 2716 24=£4
Omentum, % 0.48%0.16 0.35%0.23 0.54%0.40 0.34%0.23 0.46+0.32
Adultmales
n 47 | 2 3 1
Carcass, kg 55410 36 39/31" 35+6 29
Omentum, % 0.83x0.18 0.04 0.45/0.46 0.29+£0.07 0.01
Castrates
n 3 4 - 3 -
Carcass, kg 58+4 53+4 49+3
Omentum, % 0.98=x0.15 1.15+£0.26 0.72+0.23
" Sample values only.
Rangifer, Spccial Issue Noo 1.0 1984 33



loose up to 35% of their body weight during the
3-week rut in October (Rydberg, 1982) when
they hardly eat at all (Skjenneberg and Slagsvold,
1968). As expected, males in this investigation
had higher carcass weight and omentum weight
in September, before the rut (Table 3). Later in
the year weights for males were consederably

lower.
The weak animals, except for yearling females,

had significantly lower carcass weight (P <0.001)
than normal animals of the same age and sex at
the same ume of year (Table 3, the last two
columns). Many of the weak animals, especially
the weak calves, but also some of the normal
animals had extremely low omentum weight,
indicating that they had used almost all of their
fat reserves. Dry matter and pH in rumen and
caecum (15-20% DM and pH 5.5-7.0 in rumen
and 15-19% DM and pH 6.0-7.0 in caecum) did
not indicate any starvation or low intake of food
prior to slaugther (Ahman and Ahman, 1980),
nor did levels of VFA (80-180 mmol/!l in rumen
and 40-120 mmol/lin caecum). Weak animals did
not differ from the other animals in this respect.

The changes in mineral values shown in Figs.

1, 2 and 3 through the winter differed between

17

o1 |
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) T\
5 \%\o—’#

1,07

mmol /|

0.5+

the two years. The first year there was a steady
decline from September to February in the levels
of minerals in serum and of Mg-levels in rumen
and caecum. The serum values were higher in
March. In the second vear the decline came later
and was less marked. Some of the differences
between the two years could perhaps be
explained by deeper snow in the area in late
November and in December the first year
(SMHTI, 1979, 1980 and 1981). Snow deeper than
75 cm, as was the case in December 1979, could
cause problems for reindeer when digging for
food (Eriksson, 1976).

Animals slaughtered at different times were
not of the same age and sex (Table 2). The
statistical analyses showed that in general there
were no significant effects of age and sex on the
levels of minerals buct castrates had non-signifi-
cantly higher caecum-Mg values than other
animals (P >>0.05) and calves had lower levels in
serum of Ca (P <0.01) and P (P <0.05). It proved
that applying the statistical model, where the
values are adjusted in relation to age and sex, did
not significantly change the curves in Figs. 1-3.)

The levels we have found of Mg in rumen and
caecum are similar to levels found in lichen-ted

\

CAECUM

0 RUMEN

weak
animals

n=21

[ SERUM {‘—][ I [
| T

|
I

SEPT OKT NOV/DEC JAN FEB  MARCH SEPT NOV/DEC JAN FEB
1979 1980 1980 1981
n=34 n-8 n=33 n=19 n=14 n=4 n=26 n=40 n=22  n=I5

Fig. 1. Magnesium in serum (A)inrumen (O) in caccum (®) and content from frgc—mnging reindecr slaughtered
atdifferent times from September to March in 1979/80 and 1980/81 and from weak reindeer slaughtered

in February/March 1981 (mean£SD).
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Table 4. Magnesium levels in serum from reindeer slaughtered in February/March: comparision berween
animals in normal condition and weak animals (mean®SD).

Normal animals o Weak animals B
no of animals no of animals
Mg with serum-Mg Mg with serum-Mg
n mmol/1 7ibelow 030 n mmol/1 bglgvz 0.30
Calves 4 0.65%£0.17 0 6 0.38+0.20 4
Yearling females 3 0.5540.24 1 3 0.41+0.12 1
Yearling males 5 0.57£0.27 1 11 0.43%0.30 5
Adult males 3 052028 1 o 029 1
Total 15 0.5820.22 3(20%) 2 0.4120.24 11(52%)

reindeer by Staaland et al. (1984). Their report  reindeer, but lower than the values they report
also shows that Mg content of the digestive tract  from reindeer fed mineral supplements (these
is markedly affected by mineral supplementa-  had values above 20 mmol/l). In the caecum, we
tion. found varying levels of Ca during the first year

Serum Mg levels in reindeer in normal (10-40 mmol/l). On the second year Ca levels

condition slaughtered in September of each of the increased from September to February, the mean
two years (Fig. 1) were well within the normal value in September being 14 mmol/l compared
range for sheep (Ovis spp.) and cattle (Bos spp.)  to 31 mmol/l in February. An explanation for
(0.7 to 1.2 mmol/l, Church 1979). Among this could be mobilization of bone to meet the
reindeer slaughtered in the first year, the values need for Mg and P when mineral content of the
were lower from October and reached the lowest ~ feed is low (Church, 1979). This could lead to
level (0.55 * 0.20 mmol/l) in January and excess of Cain the blood and a secretion of Ca
February. In the second year, the values stayed into the intestine, followed by high levels of Ca
high throughout November and December (0.86  In caecum.

+ 0.18 mmol/l), but the values tended to be Serum Ca levels were very uniform through-
lower (0.66 + 0.24 mmol/l) in reindeer out the year. There was a significant difference
slaughtered in January and February. The between the two years in the level of serum Ca
variation within groups was larger in the later (P <0.001). This might be a genuine difference,
part of the year. Most of the reindeer kept their O it could be due to some change in treatment
serum-Mg values within the normal range while of samples or method of analysis from one year
some had very low values (down t0 0.2 mmol/l).  to the next. Hyvirinen et a4l (1977) and
In reindeer fed lichens for 4 months, Bjarghov ~ Nieminen and Timisjirvi (1983) report serum Ca
et al. (1976) report similar Mg-levels. As in our values from reindeer slaughtered in October and
study no symptoms of tetany were seen in the February (2.3-2.8 mmol/l) that correspond well
animals. Reindeer fed pelleted reindeer feed were ~ With the values we have from the winter 79/80.

reported by Bjarghov et al. to have serum-Mg ~Serum Ca values reported by Bjarghov et al.
values between 1.0 and 1.2 mmol/l. (1976) from lichen-fed reindeer are ar the same

T ical | bowed th level. Our values from the second year, 80/81,
Ahe statstical analyses showed that weak e slightly higher with a maximum at 3.3
animals had significantly lower serum-Mg values 101/ Normal values for domestic ruminats
than normal animals (P <0.05), with over one .. 27 (6 3.3 mmol/l (Church, 1979)

half of the weak animals having values below 0.30 ' : : ‘

mmol/l (Table 4). The animals did not show signs
of tetany.

The consistent values for serum Ca through
the year indicate a very good ability in reindeer
to mobilize Ca from the bone to meet Ca

The levels of Ca in rumen (around 10-15 requirements when Ca in the diet is low.
mmol/l) are somewhat higher than what Staaland ~ Hyvérinen et al. (1977), however, claims thar Ca
et al. (1984) reports from four lichen fed deficiency at some times could be a problem.
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They found extremely low serum-Ca values (1.7
+ 0.2 mmol/l) together with moderately low
serum-Mg values (0.67 = 0.12 mmol/l) in females
living under poor nutritional conditions in
T'ebruary, and many reindeer from the same area
died later and were reported to have had
convulsions before death which indicates distur-
bances of grass tetany type.

The weak animals did not differ from animals
in normal condition with respect to Ca-levels in
rumen or caecum. In serum, the mean value of
Ca was lower for weak animals: the difference
was, however, not significant.

In serum-P there is a steady decline from
autumn through winter. The same pattern was
present in both years, though the values in
January and February are slightly lower in the
first year. P is often ane of the most limiting
minerals for many ruminants (Church, 1979) and
probably also for the reindeer. This leads to low
serum-P levels and a depletion of bone minerals
(Church, 1979). No clinical signs of P-deficiency
were shown in the reindeer investigated and the
weak animals had serom-T values at the same
level as animals in normal condition.

Our findings point to the conclusions that the
winter conditions encountered in Scandinavia
create difficulties for reindeer in meeting their
mineral needs. This causes a magnesium and
phosphorus deficiency and under the most
difficult conditons a calcium deficiency. At some
times Mg in serum drops to a level were the
health of the animal is in danger.

Mg-deficiency along with deficiency in P and
to some extent Ca are factors of considerable
importance causing weakened condition in
reindeer in the early spring.
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Reproductive performance of reindeer fed all-grain and hay-grain rations
Blanchard, J. M.! and Hauer, W. E.’

Abstract: Reproductive performance of grain-fed reindeer (Rangifer tarandus) was evaluated over a 2-year
period. Groups of pregnant reindeer were fed one of three rations, (1) 100% whole-grain barley, (2) 98.9%
whole-grain barley and 1.2% mineral and trace element supplement, and (3) 70% whole-grain barley and 30%
finely-chopped bluegrass hay. Reindeer fed unsupplemented whole-barley failed to produce a single live calf.
The addition of mineral and trace element supplement to the ration did not result in any significant improvement
in reproductive performance. Eighty-five percent of the reindeer consuming unsupplemented and supplemented
all-barley rations became pregnant; however, 76% of the pregnancies resulted in stillborn calves. One-hundred
percent of the cows maintained on the grain/hay ration produced live calves. We speculate that reproductive
failure in reindeer cows maintained on all-grain rations is most likely a result of a diet induced disfunction in
maternal rumen and/or carbohydrate metabolism rather than a micro-nutrient deficiency. More research is
neeeded to determine which metabolic pathways are affected.

Keywords: all-grain rations, reindeer, dystocia, stillborn.
Institute of Arctic Biology, University of Alaska, Fairbanks, AK 99701, U.S.A.
Rangifer, Special Issue No. 1, 1986: 39 - 41

Introduction maintained considerable body finish throughout

Reindeer (Rangifer tarandus spp.) herders in
Alaska have always relied upon tundra rangeland
as the only feed resource for their animals.
Because of this dependency, feed availability and
herd performance has often been affected by
range quality, snow conditions and current
competitive range-use by caribou (Rangifer
tarandus granti). Alternate feeds could be
invaluable to herders when used as a supplement
to tundra rangeland. In addition, alternate feeds
could also be utilized during emergencies caused
by prolonged adverse weather or depletion of
local grazing resources.

Expertments have been conducted to deter-
mine the feasibility of using Alaskan-grown
livestock feeds as a supplement to tundra range
and also as an alternative to grazing (Blanchard
et al., 1983). Due to the fact that cereal grain s
the most available livestock feed in Alaska, 1nitial
studies focused on performance of reindeer fed
all-grain ratons (Blanchard, 1983). Inital trials
that reindeer fed rations

showed all-grain
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the winter months (Blanchard and Luick, 1980).
However, preliminary findings also indicated
that reindeer cows fed all-grain rations throug-
hout gestation experienced a high incidence of
reproductive failure (Blanchard et al., 1983;
Blanchard et al., 1984).

The purposes of the feeding trials reported in
this paper were to determine the extent of
reproductive failure in grain-fed reindeer and to
speculate on the role of nutrient imbalance or
nutrient deficiency in reproductive failure.

Methods

Feeding trials were conducted during 1983 -
84 and 1984 - 85 using adult
Reindeer were placed on their respective rations
2 to 4 months prior to the fall rut and then
maintained on these rations throughout gestation.

All-grain rations are typicallv low in several
nutrients, including fiber and certain minerals
and (Nauonal Academy of
1971). In addition, unsupplemented

reindeer cows.

trace elements
Sciences,
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Table 1. Nutrient analysis (percent of dry-matter) of rations

Rattons NDF ADF Ca P K Na
1984-WB! 26.9 10.4 0.08 0.42 0.74 0.04
1985-WB 40.9 8.5 0.13 0.36 0.57 C.06
1985-WB-MIN: 36.0 8.0 0.44 €.34 0.30 C.18
1985-WB+HAY’ 50.6 17.3 0.22 0.32 0.83 0.06

 100% whole-grain barley.
2 98.8% whole-grain barley, 0.55% limestone, 0.65%
* 70% whole-grain barley and 30% bluegrass hay.

all-barley rations (Table 1) have a relative
imbalance of calcium to phosphorus (0.2:1.0)
and sodium to potassium (0.05:1.00). To
determine the effect of the level of micro-nutrient
intake on reproductive performance, one grain-
feeding group (1984-WB+MIN) was maintained
during 1983 - 84 on an all-whole-grain barley
ration supplemented with a mineral and trace
element block (ad libium). The other 1983 - 84
group (1984-WB) served as a control and was
maintained on an unsupplemented all-whole-
grain barley ration.

During 1984 - 85, three feed groups were
established. One group (1985-WB) served as a
control and received an, unsupplemented all-
whole-grain barley ration (a repeat of 1983 - 84
control). During the 1983 - 84 trial, ad libidum
mineral and trace element intake of the
1984-WB+MIN group was very low and
therefore did not significantly increase micro-
nutrient intake or change the low Ca:P and Na:K
ratios significantly from that of the unsupple-
mented all-barley ration. A feed group (1985-
WB+MIN) was created during the 1984 - 85

vitamin and mineral supplement.

trial to again test the effects of mineral and trace
element supplementation on the reproductive
performance of reindeer fed all-barley rations.
To assure sufficient intake, supplement was
mixed directly with the grain producing a ration
of 98.8% whole-grain barley, 0.65% limestone
flour and 0.55% mineral and trace element
supplement. This ration contained a Ca:P ratio
of 1.3:1.0 and a Na:K ratio of 0.6:1.0.

A third feed group was established during the
1984 - 85 trial to determine the effect of adding
a roughage source to all-barley rations. This
group (1985-WB+HAY) was offered a ration
(ad libidum) of 70% whole-grain barley and 30%
finely-chopped bluegrass hay. This ration was
not supplemented with micro-nutrients. The
Ca:D ratio of 0.70 to 1.00 and Na:K ratio of 0.07
to 1.00 were considerably lower thant that of the
supplemented  all-barley  ration  (1985-

WB+MIN).

Results
Reindeer fed unsupplemented all-whole-grain
barley rations failed to produce a single live calf

Table 2. The reproductive performance of reindeer fed all-grain and grain/hay ratons.

Number of calves produced

Number - Mean birth

pregnant Live at  Live at weight (kg)
Feed group' N cows birth 48 h  Sallborn  Live Sull
1984-WDB 6 6/6 0/6 0/6 6/6 8.3
1984-WB+MIN 7 6/7 1/6 0/6 5/6 4.8 5.8
1985-WB 3 2/3 0/2 0/2 2/2 2.3
1985-WB+MIN 4 3/3 2/3 1/3 1/3 4.1 2.7
1985-WB+HAY 4 4/4 4/4 4/4 0/4 6.6

* WB=100% whole-grain barley (1984 & 1985); WB+MIN=100% wholc grain barley plus mineral lick
(1983 - 84) and 98.8% whole grain barley, 0.65% limestone flour, ard 0.55% vitamin and mineral supplement
(1984 - 85); and WB+HAY=70% whole grain barlev and 30% choppel bluegrass hay.

* Number of reindeer in group sampled.

5 6/6=(number in this category) compared to (total number in this sample).
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(Table 2). Reindeer consuming supplemented
all-barley rations experienced only a slight
improvement In reproductive success. The
1984-WB+MIN group produced one live calf
that died within 48 hours of birth after failing to
stand and nurse. Similar results were observed
in the 1985-WB+MIN group where one calf died
within 48 hours of birth and another weak and
frail calf with a birthweight of only 2.3 kg lived
for 7 days.

During the 1983 - 84 trial, 70% of the cows
produced stillborn calves, of which all were
malpresented at parturition. In all cases,
malpresentation resulted in severe dystocia, and
ultimately caused the death of two cows. During
the 1984 - 85 trial, 33% of the stillborn calves
were malpresented. All reindeer in the 1985-
WB+HAY group produced live calves, which
averaged 6.6 kg at birth.

Conclusions

The low absolute levels and relative imbalance
of several micro-nutrients in barley may in part
contribute to reproductive failure in reindeer
cows fed all-barlev rations. However, results
from the present feeding trials indicate that
factors other than micro-nutrient status alone are
contributing to reproductive failure, since
supplemented rations resulted in only a slight
1mprovement n reproducmve success. In addi-
tion, micro-nutrient status of reindeer consu-
ming a 70% barley/30% chopped hay rations
was not substantially improved over that of
reindeer consuming an unsupplemented all-
barley ration, yet, consuming the grain/hay
ration resulted in high reproductive success.

Replacement of 30% of the grain (by weight)
with hav increased neutral detergent fiber by
25% and doubled the acid detergent fiber content
of the rauon (all barley vs. barley/hay). This
increase in fiber may have resulted in signiticant
changes in rumen function, volatile fatty acid
production, maternal carbohydrate metabolism
and/or partitioning of nutrients between mater-
nal and fetal tissues. More research is needed to
determine the specific metabolic effects that
occur when grain rations are fed to reindeer.

Rangifer, Special Issue No. 1. 1986
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The distribution and movement patterns of four woodland caribou herds in Quebec

and Labrador.
W. K. Brown’, J. Huot?, P. Lamothe’, S. Luttich’, M. Paré’, G. St. Martin® and J. B. Theberge’

Abstract: Recent studies of woodland caribou (Rangifer tarandus caribou) in northern Quebec and central
Labrador have demonstrated similar patterns of scasonal movements and distribution among four herds. Aerial
surveys and radio-telemetry indicated that animals occupied forest-wetland habitat at densities of 0.03 caribou
km 2, or lower, for most of the year. Although females were widely dispersed at calving individuals demonstrated
fidelity toward specific calving locations, in successive years. Caribou did not form large post-calving
aggregations. Movement was greatest in the spring, prior to calving, and in the fall, during or immediately after
rutting. Caribou were generally sedentary during summer and winter, although some moved relatively long
distances to late-winter range. Although the herds occupy continuous range across Quebec and Labrador, our
data indicate that the herds are largely discreete and should be managed individually.

Keywords: woodland caribou, Quebec, Labrador, distribution, movements
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habitat use and herd discreeteness of four
forest-dwelling herds in northern Quebec and
central Labrador (Fig. 1).

The four populations are: the Lac Bienville
herd (LBH); the Caniapiscau herd (CH); the Lac
Joseph herd (LJH) and the Red Wine Mountains
herd (RWMH). All four ranges lie on or within
the southern periphery of the winter range of the
much larger George River herd, currently
estimated at >500 000 caribou (S. Luttich,
unpublished data). The results of our studies
have important implications for the management

Introduction

Most current understanding of seasanal
movements, aggregation behaviour and habitat
use by caribou (Rangifer tarandus) in North
America is based upon studies of primanly
tundra-dwelling barren-ground caribou (R. ¢
groenlandicus) or woodland cartbou (R. 1.
cartbou) in open or mountainous habitats
(Bergerud, 1974; Bloomfield, 1980; Edwards
and Ritcey, 1959; Freddy, 1979; Kelsall, 1968;
Oosenbrug and Theberge, 1980; Skoog, 1968).
The only detailed studies of caribou that occupy

boreal-forest habitat in northern Canada year-
around are from Alberta (Edmonds and
Bloomfield, 1984; Fuller and Keith, 1981) and
Manitoba (Darby and Pruitt, 1984; Shoesmith
and Storey, 1977, Stardom, 1975). In this paper,
we summarize and compare the movements,
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of these herds.

Study areas
The ranges of the four herds extend >1000 km

from near Hudson Bay in northwestern Quebec
to Lake Melville, Labrador (Fig. 1). The entire
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area is located on a series of adjacent, level to
gently rolling, poorly drained plateaux. Uplands
of low, rolling hills are interspersed throughout
the region. Elevations on the plateaux range from
300 — 800 m and uplands extend to >1000 m.

The vegetation of the plateaux region s a
mosaic of boreal forest and wetlands. Forests are
primarily open lichen-woodlands, dominated by
black spruce (Picea mariana), with tamarack
(Larix laricina) common on wetter sites.
Scattered stands of jack pine (Pinus banksiana)
are found at the southern imit of the LBH range
but do not extend further east or north.
Deciduous forest, including trembling aspen
(Populus tremuloides), and white birch (Betula
papyrifera), occur uncommonly and only at
lower elevations on some south-facing slopes and
in major river valleys. The wetlands comprise a
complex of fens, bogs and swamps interspersed
with abundant lakes and rivers.

The uplands are dominated by tundra
vegetation consisting of lichens, mosses, sedges
and prostrate shrubs. Exposed bedrock and
glacial erratics are common in upland areas.

Major predators of the caribou are wolves
(Canis lupus) and black bears (Ursus america-
nus). Lynx (Lynx canadensis) are also present but
arc not numerous.

Human population centers in the region are
sparse and located on the peripheries of the
ranges (Fig. 1). The major industrial develop-
ments include iron-ore mines, near Labrador
City and Schefferville, and the La Grande (in
Quebec) and Churchill Falls hydroelectric
projects. Transportation corridors include: a
summer-use road across the southern portion of
the range of the CH; a railway in western
Labrador between the ranges of the LJH and
CH; an «all-weather» road from the railway to
Churchill Falls through the range of the LJH and
a summer-use road through the range of the
RWMH between Churchill Falls and Goose
Bay.

Methods

In North America, caribou herds have been
defined most often on the basis of the location
of their calving grounds. The populations we
report on calved over broad areas and did not use
relatively confined calving grounds. However,
they used these broad areas faithfully and
displayed regular scasonal patterns of range use.
As well, portions of each population aggregated
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during other critical life-history periods such as
winter or rut. Thus we consider the populations
to be relauvely discrete and refer to them as
«herds». All cartbou of the Quebec — Labrador
peninsula were classitied by Bantield (1961) as
the woodland subspecies (R. . caribon).

In each study, radio-telemetry was used to
monitor caribou movements and distribution,
with emphasis on adult (>1-vear old) females.
Caribou were approximateiy
monthly intervals from either fixed-wing aircratt
or helicopters. Caribou habitat use was deter-
mined by observations made during aerial and
ground-based surveys.

The herds and study periods are described
below:

monitored ar

Lac Bienville herd (LBH )

Data from the LBH were collected between
1975 and 1980 by P. Lamothe. Seventeen female
caribou were radio-collared in March 1977 and
monitored through May 1979. During the study,
the herd was estmated at approximately 1500
cartbou. The range of the herd was >35 000 km’
and winter densities were <0.03 caribou km™.

Caniapiscan herd (CH)

In 1981 and 1983, 42 female caribou of the CH
were radio-collared (N=25 and 17, respecti-
vely). Data were collected from March 1981
through December 1984 by M. Paré and J. Huot.
In 1977, prior to the study, the herd was
estimated at approximately 600 animals. Because
of winter ingress of caribou from the George
River herd, the total herd size and density could
not be estimated during the study. The entre
range of the herd was not determined. The study
arca was approximately 41 000 km.

Lac Joseph herd (LJH)

Detailed study of the LJH, by G. St. Martin,
S. Luttich and J. B. Theberge, began in April
1984 when 18 female caribou were radio-colla-
red. Monitoring of the herd will continue
through April 1986. In 1985, the herd was
estimated at a minimum of 240 caribou. The
herd's total range was >35 000 km* and caribou
densines were estimated to be <0.03 caribou

km °.

Red Wine Mountains herd (RWMEH
Data were collected for the RWMH {rom
March 1982 through June 1985 by W. K. Brown,
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S. Luttich and J. B. Theberge. In March 1982,
27 female caribou were radio-collared. Sixteen
adult caribou (nine females and seven males)
were radio-collared in March 1983, Herd size
was estimated at approximately 800 in 1983 and
the range of the herd, based upon the relocation
of radio-collared caribou, was >25 000 km-.
Densities were <<0.03 caribou km2.

Data were not collected in a standardized
fashion among all studies and, therefore, some
data are not available for all herds. Study of the
LJH is ongoing and the information presented
1s based upon 13 months of monitoring,
including two calving periods only.

Caribou distribution 1s described for the
following seasons: spring (May — June; sum-
mer (July — August); fall (September — No-
vember); winter (December — February) and
late-winter (March — April). The movements of
radio-collared caribou in Fig. 2 are expressed as
«mean kilometres moved per day» to standardize
observations over variable survey intervals.

These values are not intended to describe the
actual daily movements of the caribou but
represent indices to compare seasonal and herd
variability in mobility.

Results
Spring

In spring, prior to calving, caribou in all herds
dispersed widely from areas of late-winter
aggregation. The greatest movements of radio-
collared caribou between successive relocations
occurred during this period (Fig. 2). Although
individuals moved relatvely long distances
during this dispersal, the general area and extent
of the ranges used remained the same as during
winter and late winter.

[n all herds, calving took place primarily
during the first two weeks of June. Caribou were
widely dispersed with estimated distributions of
calving females of >12 000 knm1* for the LBH,
>15 000 km* for the CH, >29 000 km?’ for the
LJH and >12 000 km’ for the RWMH. The
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estimated densities of calving females were <0.04
females km?in the LBH, LJH and RWMH. The
mean group size, excluding newborn calves, in
the RWMH in mid-June was 1.2 (SD=0.46,
range=1 - 3, n=70).

Individual temales displayed marked fidelity
toward specific calving locations. During the
calving period, >95% (n=70), 82% (n=9) and
a minimum of 64% (n=23) of radio-collared
females from the CH, LJH and RWMH,
respectively, were located <10 km from their
calving-period locations of the previous year. Of
females in the LTH and RWMH, 33% (n=3) and
64% (n=16), respectively, were located <3 km
from their former calving-period location.
Several females were observed on the same
island, peninsula or bog they had occupied the
previous year. From their locations in March,
some females of the CH travelled from 200 to
>500 km (mean=75.3, SD=72.0, range=10 -
520, n=385) to return to the calving location they
had used the previous year.

In the RWMH, there was no significant
difference (G-test, P>0.99) between the tidelity
of those females known to have had calves in

successive years (n=15) and those whose
reproductive status In successive years was
unknown (n=8) (Brown and Theberge, 1985).

Not all females returned to their former
calving locations. Two females of the LBH gave
birth 1n successive years at sites scparated by 120
and 139 km respectively. As well, two
radio-collared CH females were located >250
km northeast of the study area, within the range
of the George River herd, during calving in 1984
whether those individuals calved that year is
unknown. Sixteen percent (n=6) of RWMH
caribou were located during the 1983 and 1984
calving periods >30 km from their previous
calving-season location (range=35 - 69 km).
However, all remained within the recognized
range of the RWMH. During the 1985 calving
period, one RWMH female of unknown
reproductive status moved >100 km east into the
centre of the LJH range. That animal had been
located on the western edge of the RWMH range
during the previous 2 calving periods.

All observed calving sites of the LBH (n=29)
and 82% (n=71) of the CH were located in small
(<1 km?), open wetlands, and usually only one
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temale was observed per wetland. Caribou of the
ILJH and RWMH occupied similar forest-
wetland habitats during the calving period but
the specific habitat types used for calving were
not determined. No radio-collared females of
any herd were known to have calved in upland
tundra, although this habitat type was available
within each range.

Thirty-five percent (n=10), 41% (n=38) and
<10% (n=5) of the calving sites of LBH, CH
and RWMH females, respectively, were located
on islands or peninsulas. The relatively greater
proportion of LBH and CH caribou calving on
these isolated topographic features compared
with the RWMH may be due to a greater
abundance of open water (approximately 20% in
the LBH area and 21% in the Cantapiscau area
after reservoir flooding, versus 13% in the Red
Wine arca).

Summer

Following calving, caribou did not form large
post-calving aggregations. Females of the LBH,
CH and RWMH remained alone with their
calves or formed groups of two to three adult-calf
pairs.

The caribou in all herds were relatively
sedentary throughout the summer. Mean distan-
ces moved between calving and mid-summer
were 10 - 20 km (Fig. 2). The animals remained
in forest-wetland habitat; however, the relative

use of forests versus wetlands was not
determined.
Fall

Movements increased during the fall, probably
due to breeding activity as the animals moved to
form rutting groups, and caribou remained
distributed over much of the total range of each
herd. Rutting of the RWMH was estimated,
based upon the timing of calving, to have peaked
in mid- to late October (Brown and Theberge,
1985). Rutting appeared to take place in open
wetlands, although quantitative data are lacking.

During the fall, group sizes increased but were
variable among herds, ranging from 2.5 in the
LJH (SD=1.46, range =1 - 5, n=17; late
October) and 5.7 in the CH (SD=4.4, range=1
- 23, n=77; early November) to 15.5 (SD=13.9,
range=2 - 60, n=22; early November) in the
RWMH.

Winter and late-winter

Caribou movements varied among herds

during winter and late-winter. Between Novem-
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ber and early December, the distances moved by
CH caribou increased substantially (Fig. 2).
Other herds did not demonstrate a similar
increase in movement at this time except for a
distinct range shifc by RWMH caribou between
fall and early winter of 1983. That range shift was
characterized by a synchronous northward
movement of widely scattered animals, appa-
rently made in response to extreme November
snowfall (146.4 cm or 214% of normal snowfall
at Churchill Falls). The direction of the winter
movements of the CH caribou was not
coordinated as was that of the RWMH, and the
movement was not associated with greater than
average snowfall.

Some caribou of the CH left the study area
with caribou of the George River herd each
winter, moving as far away as 520 km before
returning during the calving period. In February
and March 1984, >2000 George River caribou
moved onto the range of the McPhadyen River
herd (Fig. 2). Three of four resident caribou,
which had been radio-collared in conjunction
with the LJH study, associated with the George
River animals at that time. However, they did
not leave the McPhadyen area when the George
River caribou migrated north in April.

Caribou of the LJH appeared to be the most
sedentary of the four herds during winter and late
winter. LJH caribou remained in localized areas
of forest-wetland habitat, moving only short
distances between surveys (mean=<26 km).

More than half of the RWMH made distinct
range-shifts during the winter and late-winter
from forest-wetland habitat to the upland-tundra
regions of the Red Wine Mountains. Many of
these movements were relatively long (range=16
- 86 km), and the caribou making them were
generally sedentary both before and after.
Caribou of the other herds remained primarily
in forest-wetland habitat throughout the entire
winter. LBH caribou used upland-tundra areas
for loafing in late winter but returned to lichen
woodlands to feed.

The mean group size in the LJH in February
was 11.4 (SD=8.2, range=2 - 28, n=21). The
mean group size in the RWMH in April was 11.1
(SD=8.8, range=1 - 43, n=53).

Discussion
Distribution and movements

The four study herds demonstrated similar
patterns of seasonal dispersion and movements.
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Caribou were widely dispersed at calving,
demonstrated calving-site fidelity and did not
form large post-calving aggregations. Through-
out the summer, they remained dispersed in
small groups and were relatively sedentary. They
increased their movements and group sizes
during the rut, and then generally remained
sedentary throughout the winter and late-winter.
With the exception of the RWMH, the caribou
did not extensively utilize available upland-
tundra habitat.

These observations differ in some respects
from the general patterns described for barren-
ground caribou and tundra-dwelling woodland
caribou (Bergerud, 1974; Kelsall, 1968; Skoog,
1968). None of the herds we report on migrated
in 1ar§,e groups or followed «traditional»
migration routes; the respective seasonal ranges
of each herd largely overlapped; females did not
aggregate on discrete calving grounds but sull
demonstrated marked calving-site fidelity; fe-
males did not utlize tundra habitat for calving
although that habitat type was available; and
caribou did not form large post-calving aggre-
gations.

Movements similar to those of the herds we
studied have been reported for other caribou and
reindeer in forest habitats (Darby and Pruitt,
1984; Edmonds and Bloomfield, 1984; Fuller
and Keith, 1981; Helle, 1979, 1980; Pulliainen
et al., 1983; Shoesmith and Storey, 1977;
Stardom, 1975). Thus, the patterns we observed
may be typical of most forest-dwelling Rangifer
populations.

Herd discreeteness and management
implications

Our findings regarding caribou movements in
northern Quebec and central Labrador have
important management implications. The range
fidelity displayed by caribou of the southern
herds indicates that even with periodic, large
influxes of George River caribou, the southern
herds will persist and, therefore should be
managed as discreete populations. More conclu-
sive data concerning herd discreeteness may be
obtainable through comparisons of body mor-
phology and the electrophoretic analysis of
globulin transferrins (e.g. Nadler er al., 1967;
Roed, 1985).

Some interchange of caribou between adjacent
southern herds during our studies was expected
because of the continuous distribution of caribou
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across the region. Qur data indicate changes in
the home ranges of some caribou in all herds,
even during the calving period when range
fidelity was greatest. However, interchange
among the southern herds appeared to be a minor
factor in the dynamics of the populations during
our studics, based upon movement data from
radio-collared caribou and empirical evidence
collected durmg aerial surveys.

A more important factor was the periodic
ingress by caribou of the George River herd.
Since approximately 1980, large numbers of
George River caribou have migrated through the
ranges of the LBH and CH. In the winter of
1984 — 85, George River cartbou were found at
the northern and northwestern peripheries of the
LJH and RWMH ranges.

The hypothesis regarding the persistence of
southern herds will be testable if the range of the
George River herd continues to expand. If the
George River herd moves further south during
future winters, and into the range of the LJH or
the RWMH, our prediction is that such ingress
will not substantially affect the distribution of
those herds. The magnitude of the effect that
such ingress may have on the population size of
the southern herds cannot be predicted from our
data. However, because of calving-location
fidelity, a substantial shift in range affiliation by
females of the southern herds should not occur.
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Summer range fidelity of radio-collared caribou in Alaska’s Central Arctic Herd
R. D. Cameron', K. R. Whitten', and W. T. Smith'

Abstract: Sixty-four adult (2+ years) female caribou (Rangifer tarandus granti), radio-collared in April or May
1975 - 82, were relocated during the following June and/or July within the summer range of the Central Arctic
Herd (CAH). Relocations made during the following three summers were used to assess range fidelity.
Cumulative relocations of radio-collared females in the Central Arctic region were equivalent to 91% of the
projected availability based on transmitter life. A chronological analysis indicates that 98%, 91%, and 82%
of radio-collared females were found there one, two, and three years later; most of the progressively lower
relocation success is probably attributable to transitter malfunctions rather than emigration. These observations
suggest that summer range fidelity of adult females in the CAH is at least 90%, and may approach 100%.

Key words: caribou, range fidelity, emigration, radio collars.

" Alaska Department of Fish and Game, 1300 College Road, Fairbanks, Alaska 99701, U.S.A.

Introduction

Previously we reported a low frequency of
emigration of collared female caribou (Rangifer
tarandus granti) from the Central Arctc Herd
(CAH) (Whitten and Cameron, 1983a). Of 127
females marked on winter range with transmitter
and/or visual (numbered) collars between 1975
and 1978, seven (6%) were later observed in the
Porcupine, Western Arctic, or Teshekpuk Herds
(see Davis, 1980). It was concluded that these
resightings constituted inter-herd movements,

In retrospect, 1t appears that some of the
caribou collared in the Central Arctic region
were within zones of overlap with the winter
ranges of adjacent herds, and that our conclusi-
ons regarding the extent of emigration of CAH
caribou may have been inappropriate. There is
considerable evidence that variable numbers of
caribou from the Western Arctic Herd, in
particular, share a common winter range with
animals from the CAH. In November 1976 and
1981, tor example, we observed ;1pproximatcly
1200 and 400 caribou, respectively, in the Upper
lekillik River/Galbraith Lake area (Fig. 1), some
distance from known CAH caribou to the north;
tracks indicated that thev had moved in from the
west. Carruthers and Jakimchuk (1985) reported
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a steady increase in the numbers of caribou
wintering in the western portion of the Central
Arctic region since 1981. They estimated that
38 000 caribou occupied the area during winter
1984 - 85, some 23 000 more than the approx-
imate size of the resident CAH. And, finally,
recent Alaska Department of Fish and Game
radiotracking studies indicate that some females
from the Western Arctic and Teshekpuk Herds
may winter as tar east as the Sagavanirktok River
(P. Valkenburg, pers. comm.).

Few specitfics are available regarding overlap
of the CAH and Porcupine Herd ranges.
However, our recent observations of caribou
distribution during summer, fall, and winter in
the vicmity of the middle Canning River (Fig. 1)
suggest that mixing of these two herds could also
occur.

We report here on the summer range fidehity
of CAH female caribou over a 10-vear period.
To avoid errors resulting trom the inadvertent
collaring of caribou from other herds, we firse
established CAH atfiliation ot radio-collared
temales based on use of the Central Arctic arca
during the tirst summer after collaring. TFidelity
was then assessed by relocationy those indivi-
duals durmg the following three vears.
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Table 1. Numbers of female caribou radio-collared, 1975 - 82, and the projected numbers of years that
radio-collared caribou were available for tracking vs. years relocated in the Central Arctic region

(Fig. 1), Alaska, during summer.

Number of
collared caribou
in Central Arctic,

Number of caribou

Cumulative number of caribou-years

Available

for tracking*

Relocated in
Central Arctict

Year Collared® Recollared® Ist summer® after 1st summer®  after 1st summer®
1975 8 1 5 4 4
1976 10 - 2 3 3
1977 12 1 9 22 22
1978 8 | 8 24 23
1980 13 - 8 9 8
1981 18 4 15 36 29
1982 21 - 17 44 40
Total 90 7 64 142 129

(91% fidelity)

*In late April or early May.
b June-July.

¢ Excludes known mortality, shed collars, and transmitter failures.

4 Assuming 3.3 years transmitter lifc.

Methods

In April or May 1975 - 78 and 1980 - 82, 90
adult (24 years) female caribou were equipped
with radio-transmitter collars (Table 1) on the
Central Arctic Slope of Alaska, generally within
20 km of the Dalton Highway (Fig. 1). Of these,
seven were subsequently recollared (Table 1).
Immobilization procedures, and the radio collars
used through 1981, were described previously
(Whitten and Cameron, 1983a). Transmitters
used in 1982 were supplied by Telonics, Inc.,
Mesa, Arizona. All radio collars deployed after
1975 were equipped with a red and yellow
numbered collar or coded with colored tape.

Radio-collared cartbou were tracked and
relocated using a fixed-wing aircraft equipped
with a scanner/receiver and two dual element
antennas (Telonics, Inc., Mesa, Arizona).
Searches were conducted primarily within the
area shown in Fig. 1. Each year through 1980,
relocation attempts were made once in February
or March, at approximately 10-day intervals
between April and October, and again in
November. For the period 1981 - 1985, we
attempted relocations in March and/or April, at
irregular intervals between May and August, and
again in September and November. However,
inclement weather and logistical problems
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occastonally prevented our completing radio-
tracking flights as scheduled.

Radio-collared caribou observed between the
Colville/Itkillik and Canning River drainages
(Fig. 1) at least once during the first June or July
after capture were considered members of the
CAH. Fidelity to CAH summer range was
evaluated one, two, and three years thereafter.

Mortalities of collared caribou and occurren-
ces of shed transmitters were confirmed by visual
inspection during routine tracking flights.
Inoperative transmitters were identified through
opportunistic  sightings by air or from the
ground, followed by wverification that signal
transmisston had ceased. Radio-collared caribou
not relocated in the Central Arctic region during
the prescribed period and not otherwise
accounted for (i.ce., by confirmation of morta-
lity, shed collar, or inoperative transmitter) were
assumed to have left the area. However, such
missing individuals were monitored for at least
one year after the date of last relocation, both by
us and by other biologists routinely tracking
collared individuals from the other three Arctic
herds. A radio-collared caribou observed on the
summer range of another herd, after first being
relocated on CAH summer range, was assumed
to have emigrated to that herd.
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Results

The cumulative relocation data indicate a high
degree of repeated use of CAH summer range by
radio-collared female caribou (Table 1). Between
1975 and 1982, 64 of the 90 females collared were
observed in the study area during the first
summer after collaring. Assuming the manufac-
turer’s projected 3.3-year transmitter life and
adjusting for mortality, shed collars, and
confirmed transmitter failures, we calculated that
known CAH caribou were potentially available
for a total of 142 caribou-years of radio-tracking.
Caribou were relocated in the Central Arctic
region 129 of those years, indicating an overall
fidelity of 91%.

An analysis across years yields similar results
(Table 2). Of those radio-collared caribou
located on CAH range the first summer after
collaring, 98% were located in the Central Arctic
area for an additional summer, 91% for two
more summers, and 82% for three more
summers (Table 2).

In a number of cases we were able to document
CAH summer range fidelity for periods
exceeding the 3.3-year standard operational life
of transmitters. A few females were recollared
(Table 1), some transmitters functioned longer
than expected, and others with expired collars
were sighted incidental to other activities. Eight
radio-collared females were observed on CAH
summer range for five consecutive years, one for
five of six years, one for six of eight years, and
one for seven of nine years.

Discussion

These data indicate a strong affinity of CAH
female caribou to their summer range. Only
seven radio-collared females accounted for all of
the apparent range infidelity (Table 2; one in year
1, three more in year 2, and three more in year
3). Of these, only one was a confirmed
emigration and another, with a weak transmitter,
was eventually found dead on CAH summer
range. The remaining five were never accounted
for, and four of those were difficult to track
because of weak or intermittent signals when last
located.

The probability of a caribou with a failed
transmitter remaining in the CAH undetected
would have been high. Between 1975 and 1979,
the likelihood of observing a collared caribou
without the use of telemetry was only ca. 60%
(Whitten and Cameron, 19834). Since then, the
proportion of collared caribou in the CAH has
decreased with continued herd growth (Whitten
and Cameron, 19835; Smith, unpublished data),
and general surveys of the CAH have been far
less frequent and intensive,

Eleven transmitter failures were detected
during the course of this study. That an
additional six malfunctioned seems likely,
especially considering that five were known ro
be weak or intermittent. Thus, transmitter
malfunction was the probable cause of most of
the supposed infidelity. Nevertheless, for the
calculations in Table 2, individuals not accounted
for during a given summer were considered

Table 2. Analysis across years of the fidelity of radio-collared female caribou to the Central Arctic region

(Fig. 1), Alaska, during summer.

Number of collared caribou

Relocated in

Unavailable  Available Leaving Central Arctic
Year  Total®  for tracking” for tracking Central Arctic'  during summer! % Fidelity
0 90 17 73 4 64 —
1 64 (64) 13 (14) 51 (50) 0 50 98 (100)
2 51 (50) 7 (9) 44 (41) 1 40 91 (98)
3 44 (41) 6 (9) 38 (32) 0 31 82 (97)

« Number of caribou collared (year 0), or the maximum numbers of collared caribou iniually available for

tracking (years 1, 2, and 3).

b Visual confirmation of mortality, shed collar, or transmitter failure.
¢ Confirmed present on the summer range of the Porcupine, Western Arctic, or Teshekpuk Herd.

* During June and/or July.

NOTE: Values in parentheses are recalculations assuming six transmitter failures (one in vear I, two m year

2, and three in vear 3). See text for derails.
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available for the projected 3.3 years of
transmitter life. If the six missing female caribou
are assumed to have been unavailable for
tracking, the fidelity values increase to 100, 98,
and 97% in years 1, 2, and 3, respectively (Table
2). We believe that the latter estimates are more
realistic. Viewed from another perspective, the
data indicate that emigration to the summer
range of an adjacent herd was confirmed in only
one of 64 cases.

Likewise, the available evidence indicates that
little or no immigration into the CAH occurs.
Since 1979, at least 200 adult female caribou have
been radio-collared in the adjacent Western
Arctic, Porcupine, and Teshekpuk Herds.
However, not a single animal, having once been
found on any of these herds’ calving grounds or
summer range, has been later observed on the
summer range of the CAH.

Fidelity to a discrete calving area is the
generally accepted criterion for assigning herd
status to a particular group of barren-ground
caribou (Skoog, 1968). Unfortunately, our data
are insufficient to directly address the specific
question of calving location. In most years,
logistical complications or weather problems
prevented our relocating all collared cows during
the calving period in early .June. When
radio-tracking was attempted, however, all
collared individuals found were on the CAH
calving grounds (see Whitten and Cameron,
1985). Furthermore, our year-round relocation
schedule (see Methods) provided fairly complete
movement information on the majority of
collared females. Cartbou present on CAH
summer range in late June and/or July, but not
relocated at calving time, were known to have
wintered in the Central Arctic region (Fig. 1). It
seems highly unlikely that a pregnant female
would move to the calving ground of an adjacent
herd an then rejoin Central Arctic caribou on
summer range (with a young calf) some 3 - 6
weeks later; in fact, no such movements have
ever been documented. Hence, we believe that
our estimates of summer range fidelity are a
reasonably accurate reflection of calving ground
fidelity.

Although patterns of range fidelity may differ
among barren-ground caribou across North
America, the preponderance of data on seasonal
distribution  and indicates  that
caribou occur as separate subpopulations or
herds, each occupving a calving ground and

movements
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summer range distinct from that of any other.
Thus, censuses and composition counts conduc-
ted during summer provide the most reliable data
on a given herd. In contrast, range overlap by
adjacent herds during winter and/or spring is not
uncommon, dictating that results obtained
during those seasons be interpreted with caution.
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Distribution and habitat use of the Bluenose caribou herd in mid-winter
D. R. Carruthers', S. H. Ferguson?, R. D. Jakimchuk’ and L. G. Sopuck’

Abstract: The mid-winter distribution and densities of the Bluenose caribou herd were compared with previous
surveys over six years and were similar in all years except 1981 when exceptionally mild weather prevailed.
Differences in group size, distribution and habitat use between sexes were noted in 1983. Caribou were
distributed disproportionately 1o availability of végetation types and used lakes significantly more than expected
based on their occurrence. Male groups used conifer cover more than did female-calf groups which used open
areas (lakes, fens, bogs) more than males. Cow-calf groups chose areas with a higher small lake density compared
to lake density generally available. Generally caribou preferred habitat between 200 and 300 m in elevation with
high densities of lakes less than 1 km? in size. Snow depths and hardness were greater in most unoccupied habitats
than in occupied habitats. Wolves were associated with high densities of cow/calf groups.

Keywords: Barren-ground caribou, caribou winter habitat, distribution, Bluenose caribou herd.

'D. R. Carruthers & Associates Ltd., Box 4176, Whitehorse, Yukon, Canada Y1A 359.
2 P. O. Box 473, Postal Station C, Goose Bay, Labrador, Canada AOP 1CQ.
5> Renewable Resources Consulting Services Ltd., 9865 West Saanich Road, R. R. #2, Sidney, B. C., Canada

V8L 3S1.

Introduction
Nine aerial surveys of the winter range of the

Bluenose caribou herd were conducted by

Renewable Resources Consulting Services Ltd.

between 1976 and 1983. Surveys conducted prior

to 1982 were designed to describe the density and
distribution of caribou on winter range. Surveys
in 1982 and 1983 were designed to characterize
habitats within winter range in order to predict
caribou distribution in relation to petroleum
exploration activity. This report presents the
results of surveys conducted in January and

February 1983, the objectives being:

1) to describe the distribution and density of
caritbou on winter range and compare these
data with past surveys;

2) to describe caribou distribution in relation to
vegetation types, elevation, the presence of
lakes, snow conditions and wolf numbers.

Study area
The study area covers 63 00C km* within the
region bounded by the Mackenzie river to the
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west, the Hare Indian River and Great Bear Lake
to the south, and the Anderson river to the north
and east (Fig. 1).

The area has a polar continental climate with
long, cold winters and short, cool summers. The
mean daily temperature for the coldest month
(February)is —30°C and mean daily temperature
for the warmest month (July) is 11°C (ALUR,
1977). The mean annual preciptation is 27 cm
with an annual snowfall of 174 ¢cm measured at
Inuvik. Most snowfall occurs during September
to December; June, July and August are the
wettest months.

Much of the study area consists of rolling or
undulating ull plain, with numerous lakes and
ponds. The major drainage systems m the region
include the Anderson and Mackenzie rivers
which drain northward into the Arctic Ocean.
The area borders on the western extremity of the
Precambrian Shield, referred to as the Mackenzie
Uplands (Bird and Bird, 1961). Glacial features
present in the study area include meltwalter
channels, eskers, drumlins, hummocky moraine
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Fig. 1. Locations where caribou occurred in 4 ycars of 6 years during the mid-winter period (January through

March) at different densities, 1976 - 1983.

and alluvial fans and deltas (ALUR, 1977). The
most prominent uplands are the hills northeast
of Lac Maunoir (maximum elevation = 550 m)
and the Colville Hills (maximum elevation = 675
m) in the vicinity of Colville and Aubry lakes.

Three major forest types occur in the study
area: upland spruce/feather moss, black spruce/
sphagnum and black spruce/lichen (Forest
Management Institute, 1974). Forest consisting
of white (Picea glauca) and black (Picea mariana)
spruce with abundant mosses and lichens, is the
most common forest type (>80%) in the study
area. Burns are also common in this type. Bog
and forest consisting of black spruce, sedge
meadows, willow sedge parklands and numerous
shallow lakes and bogs, occurs in a limited area
(<20% of study area) immediately north of the
Hare Indian River and adjacent to the Mackenzie
River (Jacobson, 1979).

Methods
Strip transects (1.0 km wide) spaced at 25 km
intervals (4% survey coverage) were flown with
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a Cessna 185 fixed-wing aircraft during 21 to 28
January, and 22 February to 2 March 1983.

Caribou were classified as to the number of
calves (young-of-year) and adults (includes all
non-calf animals) whenever possible. Groups-
not classified as above were designated as
predominantly male or female and calves where
greater than two-thirds of either sex was
classified. During aerial survey of the study area,
vegetation type was recorded at 5 km intervals
along transects based on military grid lines.
During February and March, snow depth and
hardness measurements (Ramsonde Penetrome-
ter) were taken at 22 stations in the study area
in cooperation with the Northwest Territories
Wildlife Service.

The study area was divided into 101 cells, each
25 km square (625 km?) to accommodate transect
spacing and to facilitate analysis of caribou
distribution and density.

Lake density and area were measured from
1:250 000 scale topographic maps with a circular
sample plot of 5 km radius (78.5 km*) centered
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on the vegetation sample points. The size of lakes
within and parnally within each plot was
estimated based on diameter according to several
classes.

Vegetation associations were evaluated using
Ivlev's (1961) Elecuvity Coefficient:
E=(rj - pi) / (ri + pi)
E=coefficient of electivity (preference
index)

Where:

ri=proportion of the variable used (use)
pi=proportion of the variable occurring
in the study area (availability)
Preference values indicate only the refative
value (i.e., ranking) of a habitat component in
comparison to others (Johnson, 1980).

Results
Caribou distribution and density
January — February 1983

Caribou occurred throughout most (57%) of
the study area during the mid-winter period
(January — February) in 1983. High (>300
caribou/100 km?) density cells were present over
8% of the area in the northwest and northeast.
Densities greater than 100 caribou/km? occurred
over less than 22% of the area in January and less
than 20% in February. Caribou were absent over
43% of the study area. The distribution in 1983
was similar to that reported over a 6 year period.

In January, high densities of caribou were
found in the Aubry-Tedji lakes area and
northeast of Tenlen Lake. In February, high
densities were found from Aubry/Niwelin lakes
northeast to the Anderson River, and near
Tenlen Lake. Generally, the distribution was
similar during January and February except that
more caribou occupied the northeastern portion
of the study area in February.

Males and females were segregated on the
range with most male groups occupying the
southwestern half and females the northeastern
half of the area. Female groups were three times
larger (%=20.6, n=224) than male groups
(x=7.2, n=207, Z=5.1, P<0.05) and contribu-
ted most to high caribou density areas. Males
were much more dispersed than females and
rarely occurred at densities exceeding 100
caribou/100 km?.

Between late January and early March female
caribou groups moved eastward while male
groups exhibited no discernible direction of
movement. Females were concentrated in an area
surrounding Tedji Lake in February, whereas
males were dispersed over the area between
Travaillant Lake and Lac Belot. Subsequent
movement by females in mid-March was north
to the area between Simpson Lake and the
Anderson River (Williams, pers. comm.).

Table 1. Caribou numbers and density for mid-winter acrial surveys within the study area, 1976 — 1983.

Survey date

1983 1982 1981 1980 1977 1976
Feb./

Observation Feb. Jan.  Feb.'  Jan.' Feb.? Jan. Mar.? Mar.' Feb.*
Total

caribou 4047 5269 3179 2989 2060 3107 6945 4079 845
Caribou

on transect 1745 2191 2235 2708 1966 1361 3759 2875
Caribou/

100 km? 94.55 118.6 94 120 86 85 90 90 88
Survey

area (km?) 46 175 46 175 60000 56 500 57000 40000 67000 8C 000 64000
Percent

sample 4 4 4 4 4 4 6.25 4 4
" Carruthers and Sopuck (1982)
* Carruthers and Jakimchuk (1981).
' Carruthers (1981).
* Wooley and Mair (1977).
* Data for survey by Hawlev, in Decker (1976); all cartbou assumed to be on transect.
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Winter 1976 — 1983

Data from nine aerial surveys in six winters
(January — March) were used to analyze
caribou distribution in the study area (Table 1).
High densities (>300 caribou/100 km?) of
caribou consistently used the northern half of the
study area (Fig. 1). Between January and March
there was a decrease in the dispersion of different
density classes and a shift to the north and east.

Caribou distribution in relation to winter
range physiography
Vegetation type

The distribution of caribou in relation to the
availability of six vegetation types appears in
Table 2. Caribou used lakes and rivers four times
more frequently than their occurrence. Open
conifer was used in proportion to its occurrence
and all other types were used less than their
occurrence.

No significant relationship was found between
group size and vegetation type (F=0.503,
df=678, P>0.05). Group size on lakes (x=15.6,
n=368) was the same as off lakes (x=12.0,
n=310, t=—1.36, P>0.05). However, group
composition (age and sex) varied significantly
with vegetation type (x*=15.2, P<0.05). Male
groups used open conifer forest more than
female-calf groups which used open areas (lakes,
fens, bogs) more than did males.

Table 2. The availability of six vegetation types and
their use by caribou ranked by a preference
index (+1.0=most preferred; —1.0=least

preferred).

Vegetation  Availabilitcy Caribou groups!
Prefe-

Type No. % No, Yo rence

Lake/River 59 14.5 368 54.4 +0.5791

Open

conifer 226 55.5 254 37.4 —0.1948

Herbaceous 66 16.2 40 5.9 —0.4685

Closed

conifer 15 3.7 11 1.6 —0.3962

Burned

forest 38 9.4 4 0.6 —0.8800

Shrub 3 0.7 1 0.1 —0.7500

Total 407 100.0 678 100.0

' Group chi-square = 895.0, df = 5, p<<0.001
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Elevation

Elevation was considered to be an important
physiographic feature influencing caribou dist-
ribution. Caribou were found at a mean elevation
of 250 m above sea level (asl) which was the
average for the study area (t=0.08, n=678 318;
P>0.05) (Fig. 2). Differences related to sex of
groups (t=2.26, n=207 224; P<<0.05) and survey
data (t=2.98, n=377 301; P<0.05), although
statistically significant, were small (<12 m) and
probably not biologically significant.

1907 AVAILABLE n-318
1 [] usep (Groups) n.678
USED (Individuals) n:9364
80 4 :
60 -
-
z zZ
w
& %
O ?
20
0

201300 >300

101-200
ELEVATION CLASS (m)

Fig. 2. The distribution of elevation classes and their
use by caribou, January - February 1983.

Lakes

Open areas represented by lakes, rivers, fens
and bogs were the most preferred of six
vegetation types deemed available. To clarify this
observation we examined the size and location
of lakes in the study area.

Caribou preferred lakes less than 1.0 km® in
area (Fig. 3). They selected locations with a large
number of small lakes (x=0.53 lakes/km?,
n=678) compared to lake density generally
available (=0.41 lakes/km’, n=318, t=7.55,
P<0.05). Large lakes were not used by caribou
as frequently as areas with high densities of small
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lakes. Preferred locations contained many small
lakes which comprised a total area of 2 - 30
percent of the landscape.

These patterns of selection were evident for all
caribou groups but there were differences related
to the sex of groups. Female-calf groups were
observed on lakes more often (54.3%, n=204)
than male groups (45.7%, n=172) (x’=4.07,
df=1, P<0.05) and female groups were observed
in areas of higher lake density (8=0.57 lakes/km’,
n=343) more than males (x=0.49 lakes/km’,
n=2329, t=—4.94, P<0.05).

100
777l AVAILABLE n-403
[ ] USED n.67
804 ™ X?.126.37
df-6
60
-
Zz
w
8
o
w
a
40
]
77
[
204‘
|
i
L %ﬁﬁ%ﬂ
1.0 3.1-70 201-78.5 > 700
11-3.0 7.1-20.0 78.6-700
LAKE AREA (km?
Fig. 3. Use of different sizes of lakes by caribou
groups, January - February 1983.
Snow Depth

In 1982, snow depth and hardness were
measured at 64 stations throughout the study
area. Mean snow depth was highest in forest
>300 m asl (68.4 cm) and lowest in forest <300
m asl (62.2 cm). Snow depth in areas of high
caribou density (>>300 caribou/100 km?) avera-
ged 62.2 cm. Snow was of similar hardness at low
elevations but significantly harder at elevations
>300 m asl.

Wolves

Wolves were found in areas with high densities
of canbou. Caribou density in cells containing
wolves (¥=167 caribou/100 km’, n=23) was

Rangifer, Spccial Issue No. 1, 1986

significantly higher than in cells without wolves
(x=73,S5.E.=12, n=188, t=2.05, P<0.05). This
relationship was stronger for female-calf groups
where their density in cells with wolves was
much higher (x=19 groups/100 km*, n=23) than
in cells without wolves (x=4 groups/100 km?,
n=233, t=2.49, P<0.05). Wolves were observed
only in the northern half of the study area.

Discussion

The distribution of caribou observed in
January and February 1983 was consistent with
the pattern recorded over the previous 5 years
(Wooley and Mair, 1977; Carruthers and
Jakimchuk, 1981; Carruthers and Sopuck,
1982). The consistent use and size of winter range
and similar densities since 1976 corroborate
census results that suggest the Bluenose herd has
been relatively stable in numbers in recent times
and suggests a strong affinity for particular
habitat types.

Caribou were segregated on the winter range
by sex which typifies most seasonal distributions
and reflects differing adaptive strategies of males
and females (Jakimchuk and Ferguson, unpub-
lished data). Cows and calves were found in
forested areas with high snow depths and high
densities of small lakes whereas males occupied
forested areas with often lower snow depths and
fewer small lakes.

Burned forest was one of the least preferrcd
vegetation types available to caribou. In 1983,
0.2% of caribou were found in burned forest,
and a maximum of 3.3% (0.0 — 3.3%) was
observed in the previous winters. Results from
all winters showed that about 90% of all caribou
were located in unburned areas below 300 m asl.

Snow depths and hardness were greater at high
elevations than elsewhere and we believe that
these conditions inhibit the use of such areas by
caribou (Carruthers and Sopuck, 1982). Under
normal or above-normal snow conditions in
mid- and late-winter, caribou avoid high
elevations. However, in the absence of a
sufficient snow stimulus, such as in January
1981, and in the fall and early winter, caribou
were dispersed through otherwise unfavourable
mid-winter habitats. This pattern was reflected
by the greater dispersion of caribou and wolves
in Januarv 1981 (Carruthers and Jakimchuk,
1981).

The selection of open habitat (lakes, fens and
bogs) by caribou in mid-winter has been
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previously noted by Miller (1974, 1975, 1976)
and Pruitt (1959). The use of small lakes allows
caribou to visually locate wolves and provides a
sufficiently large, shallow, often wind-packed
snow surface for escape by running (Nasimo-
vich, 1955; Pulliainen, 1965).

Wolves can visually check large lakes for
caribou rather quickly, whereas in areas of large
densities of small lakes 1t takes longer for wolves
to locate caribou since they have to check each
lake individually. Also, individual caribou,
fleeing across a large lake can be readily followed
by wolves whereas caribou running from lake to
nearby lake may make it more difficult for
wolves to locate and follow individual animals.

The proximity of other lakes and open areas
allows shorter movements in deep snow and
efficient exploitation of the more extensive
feeding sites on lake margins, adjacent forest and
in bogs and fens (Riewe, 1979). These
characteristics allow caribou to forage and escape
predators even in the presence of deep snows. As
snow depths increase through the winter,
caribou, especially cows with calves, move into
areas with these characteristics and away from
areas which lack preferred habitats.

Bluenose caribou used their forested winter
range in a consistent manner during winters of
normal snow conditions. The pattern of use was
consistent over 6 years and reflects the efficient
response of caribou to snow conditions that
gradually reduce forage and predator avoidance
options though the winter. Caribou associate
with habitat features that are most imorrant to
their survival.
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Caribou of the Central Arctic Region of Alaska in relation to adjacent caribou herds
D. R. Carruthers ' and R. D. Jakimchuk’

Abstract: There was an unusual increase in numbers of caribou (Rangifer tarandus granti) in the Central Arctic
region of Alaska from 1981 to 1985. In fall and winter numbers were up to five times greater than at the onset
of calving in June. Numbers appeared to double during the month of June each year, then remain relatively
stable over the summer period with a further increase in the fall. Ingress of caribou from outside the region
in fall was observed in all years and egress in the early spring is postulated. We conclude that a small resident
herd inhabits the region year round with numbers increasing through ingress of caribou from the Western Arctic
herd possibly beginning as early as June. Increases or decreases in the size of adjacent herds probably will affect

the numbers of caribou occupying the Central Arctic region.

'D. R. Carruthers & Associates Ltd., P. O. Box 4176, Whitchorse, Yukon, Canada Y1A 359
* Renewable Resources Consulting Services Ltd., 9865 West Saanich Road, R.R. #2, Sidney, B. C., Canada

V8L 3S1.
Introduction
In 1976, Cameron and Whitten (1979)

identified caribou in the Central Arctic region of
Alaska between the Colville and Canning rivers
as the Central Arctic caribou herd (Fig. 1). Since
then caribou numbers in the region have
increased at a rate of 12 to 20% per year to 13 000
in 1983 (Whitten and Cameron, 1983; Smith,
1985). The current view that these caribou
represent a «distinct unit» 1s based on the concept
of fidelity to a calving ground and synchronous,
uniform movements (Cameron and Whitten,
1979:630).

Prior to 1976, caribou in the region were
sometimes described as a herd although specific
calving grounds were not described (Child,
1973; Roseneau et al., 1974; Gavin, 1979). Skoog
(1968:356) concluded that Central Arctic caribou
made up a «remnant» herd occurring outside
«centers of habitation» of the Porcupine and
Western Arctic herds (Fig. 2).

During the course of monitoring caribou in the
Central Arctic region from 1981 through 1985,
we noted changes in numbers and movements
which suggested an overlapping of range with the
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adjacent Western Arctic herd. Qur observations
are consistent with the views of Skoog (1968) and
raise questions concerning range relationships of
caribou in the region. We discuss the results in
relation to the current concept of a caribou herd
and implications to research and management of
caribou in the region. The objective of this paper
is to provide more data on the changing numbers
of caribou in the Central Arctic Region of Alaska
and to show that more than one herd occurs in
the region.

Study area

The study area, located in north-central
Alaska, covers 46 000 km’ (Fig. 1). The area is
treeless and ranges in elevation from 0 to 1500
m above sea level. The physiography of the area
was described by Roby (1978).

Methods

The area was sampled by aerial survey at 10%
coverage with 20 to 30% coverage along a coastal
strip 100 km wide during Mid-June. Most
caribou in the area are within this 100 km zone
between late May and July. Standard strip
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Fig. 1. The Central Arctic region and study arca bounded by the Colville and Canning rivers.

transects (Caughley, 1977; Eberhardt, 1981)
ortented north to south were systematically
located and consistently sampled from May to
March. Helio Courier and Cessna fixed-wing
aircraft were flown at 120 m agl at 160 kmph.
Two experienced observers were used in all
surveys with the pilot as navigator.

The numbers of caribou were derived as a raw
ratio estimate using 10% survey coverage (Jolly,
1969), with the variance estimated according to
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the formula of Miller ez al. (1977). All estimates
were corrected for visibility bias by multplying
by 1.25 based on convention and recent work by
Heard (1985). However, this correction assumes
equal bias over all survey periods. We believe
that visibility bias can be higher during late May
surveys because of snow melt conditions which
varied considerably over the 4 years and because
new born calves are not easily seen. Bias was not
measured during any survey but estimates of

Rangifer, Spccial lssue No. 1, 1986



CENTRAL
ARCTIC
HERD

PRUDHOL BAY

BARROW

WESTERN ARCTIC
HERD

N N
\( PORCUPINE
N HERD ™

TRANS — ALASKA
PIPELINE g

YUKON R.
>

ANCHORAGE

Fig. 2. General ranges of the Central Arctic, Western
Arctic and Porcupine cartbou herds in Alaska
(Western Arctic and Porcupine ranges after
Hemming, 1971).

numbers during June were similar to those
reported by Whitten and Cameron (1983) and
Smith (1985).

Average annual rate of increase (r) was
measured by regressing log e of population size
on time (Caughley and Birch, 1971).

Results

Estimates of numbers of caribou in the study
area were made for 26 surveys conducted
between June 1981 and June 1985 (Table 1). The
average annual rate of increase (r) was variable
depending on the time of year the data were
collected. The highest estimate of r was obtained
for late winter (r = 0.56) and rut periods (r =
0.52), and the lowest in the spring (late May)
(r = 0.04). During the post-calving period in
mid-July (r = 0.20) caribou were highly
aggregated and estimates are qualified by high
variances. Qur best estimate of numbers based
on the lowest variance (CV = 0.18) was during
the calving period in mid-June. Numbers
increased at r = 0.31 from 1981 to 1985 based
on the calving period estimates. These observa-
tions suggest an ingress of caribou during the
pre-rut in 1982 and during the rut in most years.
Egress appears to occur during the early spring.

There were three times the number of caribou
in the study area in fall and late-winter compared
with May and June. By May the numbers
declined to less than 25% of the March estimate.
However, 3 weeks later, in Mid-June, the
numbers more than doubled in size. In 1985 we
sampled the study area at 10% coverage twice
from 30 May to 17 June. The estimated number
of caribou in the study area almost tripled during
this period from an estimated 6400 (SE = 1000)
to 17 000 (SE = 2900). From 1982 to 1984 a
further 3 to 4-fold increase in numbers occurred
between calving and the rut. The greatest

Table 1. Estimate of Caribou numbers in the study area based on 10% survey coverage.

Average
Life Estimate of numbers £ SE' annual
cycle rate of
phase 1981 1982 1983 1984 1985 increase
Late winter — 5300 1200 16600 3900 — 33000 8300 0.56
Spring — 3900 1300 5600 1300 1900 500 6400 1000 0.04
Ca]ving 4700 700 6600 1100 9400 1700 10900 1800 17000 2900 0.31
Post-
Calving 6400- 2600 10000 4300 3700 2000 30200 12400 — 0.20
August
dispersal 7700 3100 6200 1700 11400 5000 — — 0.20
Pre-rut 5000 1300 13500 2500 9400 4600 — - 0.32
Rut 6300 1400 27300 5000 29000 7200 35700 10100 — 0.52
" Rounded to the nearest 100.
Rangifer, Spccial Issue No. 1, 1986 67



Table 2. Ratio of adult males: 100 females in various scasons from 1981 to 1985.

Late Post August
Year winter Spring Calving calving dispersal Pre-rut Rut
1981 —! — 32.5 117.9 23.3 52.2 175.4
(1350y  (427) (502) (280) (168)
1982 22.8 21.7 47.8 42.9 67.7 76.8 61.2
(124) (146) (683) (140) (317) (442) (574)
1983 36.2 23.7 32.4 40.4 35.4 39.5 54.8
(531) (245) (886)  (1414)  (562) (413) (1184)
1984 — 55.9 55.5 118.5 — — 71.4
(212) (1454) (118) (744)
1985 129.4 195.3 108.4 _ — — —

(1670)  (685)  (1384)

' Dash indicates no sample.
? Number of adults classified.

increase occurred in the fall while numbers were
relatively stable during the summer.

The ratio of adult males to adult females was
highly variable both within and between years
(Table 2). No consistent changes in sex ratios
were observed during periods of ingress/egress.
Although seasonal biases in classification are
possible, consistent methodologies were em-
ployed on all surveys.

The increase in numbers in the fall resulted
from an ingress of caribou from the west. In all
years in September or October we observed large
numbers of caribou (2500 — 15 000) moving into
the region from the northwest up the Itkillik
River Valley and in the Anaktuvuk River area.
In the fall and late winter of 1985, a relatively
high proportion of these animals were males
(Table 2). The apparent increase in numbers
(from late May to July) occurred in all years but
no obvious movement of caribou from outside
the study area was detected.

Discussion

Our observations of caribou in the study area
and review of recent and historical data strongly
support the view of Skoog (1968) concerning the
origin of caribou in the area. There appears to
be a small number of resident caribou (6400 in
1985) that remain 1n the study area throughout
the year. During the calving period, caribou
from outside the study area move into the area
to calve along with caribou resident year round
in the study area. By fall there is a larger ingress
of caribou that overwinter in the area. We
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suspect that most of these animals move to the
west and northwest in the spring leaving behind
a resident herd that calves along the coastal zone
each spring.

This resident herd is analogous to the Central
Brooks Range herd described by Skoog (1968)
as a relict of previous population highs in the
adjacent Western Arctic and Porcupine caribou
herds. This view 1s corroborated by observations
made by Child (1973), Gavin (1979) and
Roseneau et al. (1974). During the early 1970s
when the adjacent Western Arctic and Porcupine
herds were large (Davis et al., 1980; Bergerud et
al.,1984), Child (1973) described a small, distinct
resident «Central herd» of about 3000 animals in
the region with periodic large influxes of caribou
from other herds duriag the summer and fall
(White et al., 1975). Roseneau et al. (1974)
described a similar situation referring to a
remnant «Central Arctic herd».

Coincident with the decline of the Western
Arctic herd during the early 1970’s (Davis et al.,
1980) the number of caribou in the study area
also declined at the same rate (see Gavin, 1979).
Ingressand egress in the east and west during the
fall and spring, respectively, ceased during this
period. In 1975, Whitten and Cameron (1983)
estimated only 5000 cartbou in the study area and

designated them the Central Arctic herd
(Cameron and Whitten, 1979).
Since 1975 the Central Arctic herd has

increased at a rate of 13 to 20% per year (Whitten
and Cameron, 1983; Smith, 1985). The Western
Arctic herd has increased since 1976 an average
of 11 — 14% annually (Davis et al., 1980;
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Anderson and James, 1984) and the Porcupine
herd at 10 — 12% since 1981 (Whitten, 1984).
In fall 1976, 1200 Western Arctic caribou were
observed in the Central Arctic region (Whitten,
in Roby, 1978) but subsequently, fall movements
of the Western Arctie herd into the area were not
documented until 1981 and have accelerated
since then (this study; Valkenburg et al., 1983).

Cartbou that moved into the area in the fall
probably wintered in the region in 1983 and 1985
and perhaps in other years. Historically, when
caribou numbers north of the Brooks Range
were high, caribou have wintered in the region
(Skoog, 1968; Roseneau et al., 1974; Valkenburg
et al., 1983). Olson (1959) reported 150 000
caribou wintering in the Central Arctic in 1958.

Caribou presumably moved out of the area
between late winter and spring. Roseneau et al.
(1974), Skoog (1968), Gavin (1979) and Valken-
burg et al. (1983) reported movements to the
west and east by caribou that wintered in the
foothills of the study area. These movements
occurred in late April and May and involved
much larger numbers of caribou than those
moving north at that time. Surveys during this
period are required to confirm these movements.

The apparent increasing male: female ratio
from calving to the rut suggests a movement of
male caribou into the study area during the
summer and an exodus during the spring
consistent with changes in overall numbers.
Previous researchers speculated that an ingress
of males occurred in the study area during
summer (Gavin, 1979; Whitten and Cameron,
1983). This observation is common for other
caribou herds where males move slowly from
winter to summer ranges along similar but
broader routes than those used by migrating
females (Kelsall, 1968; Parker, 1972).

The definition of a caribou herd centers on
seasonal range use and association with specific
calving grounds (Skoog, 1968; Thomas, 1967).
The Central Arctic herd was described on this
basis (Cameron and Whitten, 1979). However,
the mobility of caritbou confounds herd
identification. If we measured the size of the herd
at the onset of calving we would derive an
estimate quite different from that obtained a
week or two later. The most recent estimate of
13 000 in 1983 was based on a photo census in
late July (Smith, 1985). This estimate is
consistent with previous estimates and extrapo-
lations (Whitten and Cameron, 1983) but
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probably includes a substantial number of
caribou that originated from outside the study
area.

The overall range of caribou censused in July
1983 is quite different than previously reported
(Cameron and Whitten, 1979). When we
extended our surveys west of the Colville River
and east of the Canning River we continued to
encounter calving caribou, indicating a conti-
nuum of calving beyond the boundaries
previously established for the herd. The numbers
of caribou within the aruficially established
boundaries include those from other «herds» for
at least 10 months of the year. The numbers
within the study area are variable throughout the
year but can reach a total in late fall and winter
which is up to five times that of late May and
calving populations. These differences have a
bearing on virtually all aspects of understanding
the ecology of earibou within the region. For
example, there are significant considerations in
such diverse areas as range use studies,
disturbance studies, harvest allocations and in
interpretations of herd demography.

Large changes in the size of some herds (e.g.,
Kaminuriak, George River, Bathurst, Beverly),
the discovery of «new» herds (e.g., Lorillard,
Wager Bay, Melville, Teshekpuk, Central
Arctic) and the extinction of others (e.g.,
Dolphin and Union, Arctic Islands) demonstra-
tes the importance of understanding the mobility
of caribou (Bergerud, 1980). «Unusual» move-
ments of caribou (e.g., Fortymile, Bluenose,
Nelehina, Western Arctic) have significance to
the animals and we should strive to incorporate
their meaning into our understanding of caribou
biology. What might be considered to be an
aberrant or unusual distribution or movement
may reflect events which have significant
adaptive value. These may involve re-occupation
of unused or predator free ranges or may reflect
population size, characteristics and trends.

The Central Arctic herd appears to be
manifesting itsef once again according to the
incomplete scenario constructed by Skoog (1968)
almost 20 years ago. In 1984, Bergerud er al.
(1984) reiterated that change within the study
area was imminent. Based on Skoog’s hypothesis
(1968), there could be many more caribou
occupying the study area if the adjacent Western
Arctic and Porcupine herds continue to increase
and expand their ranges into the Central Arctic
Region. Alternatively, a decline in numbers
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might be associated with a major range shift or
decline in the numbers of adjacent herds. We
must be prepared to recognize and document the
occurrence of these events if and when they
occur.

We believe that researchers and managers
should acknowledge the wvariable status of
caribou in the Central Arctic region which are
currently considered to be a distinct herd
(Cameron and Whitten, 1979). If this variability
is ignored, interpretation of research conducted
in the region may be in serious error. The
dynamic nature of the population must also be
considered in management decisions affecting
caribou found in the Central Arctic region.
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Evaluation of a satellite telemetry system for monitoring movements of caribou

James A. Curatolo!

Abstract: A cow caribou from the Central Arctic Herd was collared with a satellite-monitored radio transmitter
in the Kuparuk Oilfield, Alaska, in 1984. From 19 June to 17 August, the radio transmitted 18 hours per day.
A total of 346 locations were recorded, for a mean of 5.8 locations per day or one location every 3.1 hours
of transmission time. The location of 13 direct observations of the radio-collared cow averaged less than 1 km
from the nearest satellite-fixed location. The satellite-fixed locations of the radio-collared cow provided detailed
data on movement patterns during the three seasons studied. The cow traveled an average of 8 km day, 23
km™, and 14 km day' during the post-calving season, mosquito season, and oestrid fly season, respectively.

Key words: caribou, telemtry, satellite, movements, petroleum development.

'Alaska Biological Research, P. O. Box 81934, Fairbanks, Alaska, USA 99708.

Introduction

Conventional radio telemetry, in which
radio-collared animals are tracked from the
ground or from aircraft, is an effective, widely
used technique for monitoring animal move-
ments. In recent years, advances have been made
in the use of satellites for receiving transmissions
from radio-collars (Gandy, 1982; Kolz et al,
1982). Satellite-based receivers offer several
advantages over aircraft- or ground based
receivers: animals can be tracked in all weather
conditions, the cost per location may be lower,
the risks to personnel are greatly reduced and
additional information can be gathered from
auxiliary sensors. The last two considerations are
important when comparing satellite telemetry to
aircraft telemetry in remote areas. The major
disadvantages of satellite telemetry are that the
precision and accuracy of the locations can vary,
transmissions can only be monitored when a
satellite is passing overhead, and the availability
of transmitters and satellites is limited.

Satellite telemetry is based on the Doppler
effect; as the satellite passes overhead, changes
in radio-wave frequency are measured and used
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to calculate the location of the transmitter. The
accuracy of this technique depends on oscillator
stability, which 1s affected by temperature. The
transmitter will not function below —40°C.
Calculation of locations assumes that elevation
of the transmitter is constant. Location accuracy
declines as the differenee between the actual and
assumed elevations increases.

The only satellite system available to the
private sector for location information is the
TIROS-N Series satellites, using the ARGOS
(Centre National d'Etudes Spatiales, France)
Data Collection System. Two satellites were in
operation during this study; plans call for the use
of two satellites until at least 1990 (ARGOS
Bulletin, October 1984).

Telonics, Inc. (Mesa, Arizona) recently
developed a satellite-compatible transmitter
suitable for use on caribou (Pank et al., 1985).
The availability of that transmitter provided the
impetus to pursue a study of caribou movements
using satellite telemetry.

This study was intiated to determine the
effectiveness of satellite telemetry for monitoring
the late-spring and summer movements of a
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caribou in the Central Arctic Herd (CAH) of

Alaska. Two specific objectives were addressed:

1) to determine the daily movement patterns of
a caribou, and

2) to determine the reliability and accuracy of
satellite-fixed locations of the radio-collared
caribou.

Study area

The study area was bounded by the Colville
River on the west and the Kuparuk River on the
east, and extended inland approximately 32 km.
This area encompasses the Kuparuk Oilfield and
the western portion of the Prudhoe Bay Oilfield.
Detailed informatin on physiography, climate,
and vegetation is prestented by Walker et al.
(1980).

Methods

Field work began on 19 June 1984, when
biologists from the Alaska Department of Fish
and Game and Alaska Biological Research placed
a collar with conventional and satellite transmit-
ters on a cow caribou near Milne Point. The cow
was accompanied by a calf.

The frequency of the satellite transmitter was
401.650 MHz (UHF). The transmitter auty-
cycle was 18 h day!, from 0400 to 2200 Alaska
Daylight Savings Time; this transmission sche-
dule corresponded to the maximal number of
overpasses by the satellite. A pulse of data was
transmitted to the satellite once each minute.
These data were relayed to a ground station and
then transferred to the ARGOS Service Center
(Toulouse, France) for decoding and compila-
tion. Monthly computer print-outs were mailed
from the ARGOS Service Center to our office.
Data could also be transferred daily between
ARGOS and our computer via a telephone
modem.

The data received included the date, time, and
latitude and longitude (to the nearest thousandth
of a degree) of each location, the temperature of
the collar, and an activity count. The distanee
traveled by the cow was determined by
measuring the straight-line distance between
consecutive locations. The collar temperature
and activity count did not correlate with ambient
air temperature and behavior, respectively (Pank
et al., 1985), and are not discussed in this paper.

The standard beacon transmitter was used to
locate the caribou through standard radio-tele-
metry techniques. The caribou was located
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Fig. 1. Diurnal distribution of satellite-fixed loca-
tions of a cow caribou in the Central Arcric

Herd, Alaska, 1984.

periodically from a Piper PA-18 Super Cub”
aircraft to obtain accurate locations for compa-
rison with satellite fixes.

Prior to being placed on the caribou, the
radio-collar was placed at several sites in the
Kuparuk Oilfield between 21 and 26 May to
compare the satellite-fixed locations with known
locations. Locations of the radio-collar and the
caribou were determined from 1:63 360-scale U,
S. Geological Survey topographic maps.

Results and discussion
Life of the satellite transmitter

The satellite transmitter functioned from 19
June to 17 August 1984 for a total of 1080 h, 80
h (8%) longer than expected. The next
generation of transmirtters, built in 1985, are
expected to last 20% longer due to stronger
batteries and reduced electrical drain from the
transmitter (D. Beaty, pers. comm.).

Number of locations

A total of 346 locations were recorded, for a
mean of 5.8 (SID=2.5) locations per dav, or one
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location every 3.1 h of transmission time (Table
1). Additional locations would probably have
been recorded if the NOAA-8 satellite had not
stopped working in late June, leaving only one
satellite for the remainder of the project. The
diurnal distribution of locations fixed was
consistently low during certain periods (Fig. 1).
Few locations were collected during 0400 - 0500
and 1900 - 2200 because few satellite passes
occurred during those periods and because some
satellite orbits made reception difficult (e.g., low
angle of elevation during the pass). During 0700
- 0800 and 1500 - 1600, few locations were
collected due to the pattern of satellite passes,
which created a gap in coverage. These results
indicate that radio transmissions should be timed
to coincide with periods when satellite passes are
most frequent (based on satellite orbit predicu-
ons), to maximize the number of locations fixed.
Three hours of continuous transmission should
be adequate to fix one location on a regular basis.

Accuracy of locations

Two procedures were used to determine the
accuracy of the locations fixed by the satellite.
First, the radio-collar was placed at five sites in

the study area during late May. Thirteen satellite
fixes were obtained for those five sites. The mean
difference between the satellite-fixed locations
and the known locations was 1.0 km (SD=0.74).
Second, 13 locations of the radio-collared cow
were obtained from direct sightings during aerial
and ground surveys in July. During those
surveys, we were unable to locate the cow at
precisely the same moment that the satellite did.
The sighting locations averaged less than 1 km
from the nearest satellite-fixed locations.

The differences between known and fixed
locations indicate that the accuracy of locations
obtained by satellite should be satisfactory for
the purposes of many studies. Indeed, even
locations plotted from direct observations
contain some error, depending on the type of
map used and the ability of the observer to record
an accurate location.

Movements patterns

The movement patterns of the radio-collared
cow differed among the post-calving, mosquito,
and oestrid fly seasons (Fig. 2, 3 and 4). During
most of the post-calving period the cow
remained between the Oliktok Point and Milne

Begufort , Sec

*

~--—- Movements between days

Daily movements

Start of 19 June
(copture iocoation)

End of 30 June

J

Fig. 2. Movements of a satellite-radio-collared cow in the Central Arctic Herd, Alaska, during the post-calving

period, 19-30 June 1984.
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Fig. 3. Movements of a satellite-radio-collared cow in the Central Arctic Herd, Alaska, during the mosquito

season, 1-31 Juli 1984.

Point roads, moving an average of 8 km day"'
(Table 1). The cow remained within an area that
had a relatively high density of caribou during
the calving season (Cameron et al., 1983).

The cow crossed the Milne Point Road at least
twice, but tended to be located at least 1.6 km
from any road during this period (Fig. 2). Cows
may be more wary when their calves are very
young (Lent, 1966), which may account for this
distribution. In the future it may be possible to
determine if structures such as pipelines and
roads are being avoided by caribou by using
relatively few satellite-radio-collared animals,
because of the high number of locations fixed.

The movement pattern of the cow changed
considerably after the emergence of mosquitoes
(Fig. 3). During mosquito scason the cow
traveled a mean distance of 22.5 km day -,
moving as far west as the Colville River and at
least 10 km east of the Kuparuk River, and
crossing the Milne Point and Oliktok Point roads
a minimum of six and four times, respectively.

The movements of this cow generally fit
within the entire summer range used by caribou
in the Kuparuk Oiltield in 1983. (Lawhead and
Curatolo, 1984), and illustrate three important
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characteristics of CAH movements during
mosquito season. First, mosquito-harassed
caribou travel into the wind until they reach
mosquito-relief habitat at or near the coast
(White et al., 1975); river deltas are favored as
relief habitat (Cameron, 1983; Lawhead and
Curatolo, 1984). Because the prevailing summer
winds in the study area are from the ENE
(Walker et al., 1980), caribou in the Kuparuk
Oilfield often use the Kuparuk River delta during
the mosquito season (Lawhead and Curatolo,
1984). In 1984, however, the frequency of
westerly winds was abnormally high (Lawhead,
1984), causing caribou to seck relief from
mosquito harassment in the vicinity of the
Colville River delta. This occurrence accounts
for the number of locations near the Colville
River (Iig. 3). Second, in response to severe
mosquito harassment, CAH caribou usually
travel east or west near the coastline (depending
on wind velocity and direction), which 1s cooler
and windier than inland areas: the movements of
the collared cow reflect this tendency. Third, as
mosquito harassment subsides  during  cool,
windv weather, CAH caribou move mland

(White et al., 1975; Curatolo and Murphy,
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1983); the collared cow moved relatively far
inland (Fig. 3) only during prolonged periods of
cool weather.

During oestrid fly season, the radio-collared
cow left the areas of the coastal plain used during
mosquito season and moved inland (Fig. 4). The
mean minimum distance traveled per day
decreased to 14.5 km during this period (Table
1), probably due to the long periods of standing
typically engaged in by caribou during oestrid fly
season (Espmark, 1968). The cow was found
near the Spine Road-Kuparuk Pipeline corridor
in three separate areas (Fig. 4). This association
may have resulted from oestrid fly harassment,
because CAH caribou sometimes select roads
and pipelines as fly-relief habitat (Curatolo and
Murphy, 1983). The collared cow was observed
standing under a pipeline on 1 August (S.
Murphy, pers. comm.).

Conclusions

The satellite transmitter used in this study
worked well under summer field conditions and
allowed intensive monitoring of the movements

of a cow caribou in the CAH. The caribou was
located an average of about six times per day,
which far exceeded the results of standard
ground or aerial telemetry studies of this species.
In addition, locations were obtained regardless
of weather conditions, allowing a continuous
record of the animal’s movements during a
2-month period. Locations fixed by satellite
were within 1.0 km of the true locations, which
is accurate enough for the purposes of most
movement studies.

The high number of location fixes potentially
available through satellite telemetry can provide
the data necessary to answer important manage-
ment questions regarding caribou. Examples of
further applications worth pursuing include
documentation of caribou responses to man-
made structures, segregation by sex due to
selection of different habitats, and clarification
of range-use patterns. As satellite telemetry is
refined, the data needed to address such issues
will become more accessible, thereby allowing
greater cost-effectiveness of research funds and
increasing the amount of information available
for making management decisions.
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Fig. 4. Movements of a satellite-radio-collared cow
scason, 1-17 august 1984
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Table 1. Seasonal means for locations, number of locations, and distances traveled, for a cow caribou monitored
by satellite telemetry, 1984.
Mean
minimum
Mean distance
Mean location number of traveled
- locations per day

Season Lattude Longitude per day (km) N
Post-calving 70.42 149.62 4.7(2.1) 8.5(3.5) 59
(16-30 June) (0.04)° (0.09)
Mosquito 70.38 149.76 5.9(1.7) 22.8(9.5) 184
(1-31 July) (0.09) (0.54)
Oestrid fly 70.22 149.79 6.2(3.5) 14.5(6.1) 106
(1-17 August) (0.08) (0.27)
Overall 70.34 149.75 5.8(2.5) 17.7(7.4) 346
(19 June-17 august) (0.11) (0.43)

» n=total number of locations
b Number in parentheses is one standard deviation.
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Seasonal variations and responses to normal activity of the deep body temperature
in the Svalbard rcindeer (Rangifer tarandus plaryrbynchus)

L. Christine Cuyler and Nils A. Oritsland
Division of General Physiology, University of Oslo, P. O. Box 1051 - Blindern, 0316 Oslo 3, Norway.

Abstract: Deep body temperature was recorded in two female Svalbard reindeer during summer and winter.
The reindeer were subjected to naturally occurring weather, photoperiod and stimuli in outdoor pens on
Svalbard. A telemetry system was employed using transmittors ingested into the rumen. Mean deep body
temperature was 0.3°C higher in winter and while the animals were lying down. This suggests a different strategy
for thermoregulation than that employed by other reindeer subspecies.

Key words: reindeer, deep body temperature, seasonal changes, resting means, normal activity

means.

Introduction

The Svalbard reindeer is found on the high
arctic Svalbard Archipelago, between 77° and 81°
N.Lat. Mean monthly air temperatures are
below 0°C for most of the year, strong winds are
common and the sun is below horizon for over
4 months. To maintain a constant deep body
temperature (Tw) in this cold climate these
reindeer employ various means for reducing heat
loss. Morphological adaprations such as their
small appendage size and thick pelt, as opposed
to other reindeer races have been described by
many and may assist in reducing heat loss. Sull,
relatively little is known about the Tw of these
animals.

The Tw of caribou calves (R. t. tarandus) was
studied by McEvan et al. (1965) and observed to
be 39°+0.78°C. Later the Ta for non-exercising
and exercising adult reindeer (R 1. tarandus) was
recorded by Hammel er 4l (1972) as
38.4°+£0.2°C and 39.2°+0.1°C  respectively.
Yousef and Luick (1975) reported Ta's between
38.4° and 38.8°C from vearling reindeer (R.
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tarandus) in ambient temperatures of 10° to
30°C. Segal (1983) and Segal and Ignatov (1974)
investigated the Ta of adult reindeer (R. t.
tarandus) and found a 0.3°C reduction during
winter. Cermnych and Visneveckaja (1980)
studied adult reindeer (R. t. tarandus) during late
winter and reported Tu's of 38.3°+0.01°C, with
fluctuations from 38.0 to 38.8°C. They also
stated that the Ta of 16 animals dropped to
37.7£0.02°C in response to a 16°C decrease in
ambient temperature, which occurred over 12
hours. This suggests an inertia in the regulatory
system’s response to decreased Tu's. Also, the
above information indicates that there are
seasonal deep body temperature differences,
differences between calves and adults and from
rest to exercise.

Since there was no published literature on Tu
in Svalbard reindeer (R. t. platyrbynchus), a
studv seemed warranted. The present work
investigated for seasonal variations in Tu, and the
possible relationship between Tu and their
normal lethargic movements and resting.

81



Methods and materials

Seasonal variations and responses to normal
acuvity of Ta were investigated by the remote
monitoring of two tame female reindeer, Fi and
F2, subjected to naturally occurring weather,
photoperiod and stimuli in outdoor pens.

Activity observations recognized only two
activity levels 1) resting and 2) active. «Resting»
meant lying down. During the winter resting was
always in the curled up, legs under, round ball
posture. «Active» included all activities where
the reindeer were on their feet, eg. standing,
walking, grazing. All such movement was
usually lethargic.

Measurements of Ta and observations of
activity were recorded hourly for a minium of
96 continuous hours during an observation
period. Observation periods were in February,
March and December for both Fi and F2, while
for F2 July and August were also included. In
addition, during December, February and
March, the animals were continually observed
between measurements to ascertain the length of
time they spent resting.

Deep body temperature was actually rumen
temperature, measured using SINTEF tempera-
ture sensitive radio transmitters (SINTEF
Reguleringsteknikk, 7034 Trondheim) which
were ingested. These thermistor temperature
sensors had an accuracy of £0.2°C and were
Teflon coated cylinders, with length 50 mm and
diameter 20 mm. The transmitters responded to
changes in temperature by altering signal-pulse
frequency, which was detected by an FM radio.
A stop watch was used to measure the time taken
to record 50 signals. The Ta was then read from
the calibration chart for that transmitter.
Calibration of transmittors before use was done
by the SINTEF office. Body temperatures were
always measured at least three times. The mean
from these three was taken as the Tu for that
measurement.

Traditionally deep body temperatures are
measured by rectal probe. To help evaluate this
study’s results to those of previous studies,
comparison measurements of rectal and rumen
temperature were taken simultaneously at 5
different ambient temperatures (—20°, —2°, 5°,
11° and 23°C).

Comparison of sample means was donc by
computing ¢’ for unpaired series of samples
from two populations, a 7t
assumptions made as to cquality of the variance

test with no
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(Snedecor and Cox, 1967). All temperature
means are given with their standard error of the
mean. The £0.2°C accuracy error of the sensors
became intrinsic within the standard deviation
for individual measurements and standard error
of the mean due to the volume of samples.

Results

Mean Tu for Fi, at age 4 months, was
39.14%£0.07°C, (mean ambient temperature
—3°C). The mean Ts for Fi and F2, from 12 to
18 months of age, was 38.83+£0.05°C.

Ts's changed seasonally. For Fi Ta rose from
a combined mean for activity and resting of
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Fig. 1 Deep body temperature means for normal
activity and restin July, Aug., Dec., Feb. and
March. Animals i and F:are shown separately
(mecanz*se). Months in which the difference
between the two means was significant are
marked with an asterix.
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38.65+0.04°C in July (n=107) to 38.960.04°C
in December (n=108). This difference in the
means from July and December was significant
(P<0.001).

The mean of all resting values for Fi and F:
combined was 38.92+0.02°C(n=>530). Similarly
the mean for all acuvity values was
38.73£0.02°C (n=360). The difference between
these means was also significant (P<<0.001).

Examined each month, the mean Ta's for
resting are higher than mean Ta's for activity
(Fig. 1), but the difference was not always
statistically significant. For Fi there was a
significant difference between the mean Ta's for
resting and activity, in the months of December
and March (P<0.001 and P<0.002 respectively).
For F: significant differences occurred in
February and March (P<0.01 and P<0.00C1
respectively) (Fig. 1).

During December, February and March
significant differences between resting and active
Ta's were found when the animals rested
continuously (no activity between the hourly
observations) for 1 or more hours. The mean Ta.
for rest and activity combined was
38.83+0.05°C. However the mean Tus for
activity occurring in the hour just prior to
continuous rest was 38.68%+0.07°C (Fig. 2).
After one hour of continuous rest, the mean T

was 39.01%£0.04°C (Fig. 2). The 0.3°C difference

Rest

Active —

.

393

{'C)

39,2 -
391 -
39,0 -

38,9 E

38,8 1

38,7 1 %

38,6 4
385

TEMPERATURE

BODY

DEEP
w
@
£~

'

T T T T T \J

0 1 2 3 4 5/,

RESTING TIME (hours)

Fig. 2 Deep body temperature differences between
resting for 1 or more hours and normal acuvity
prior to rest during the Dee., Teb. and March
observation periods (mean®se).
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between the initial active Ta and the Ta
following continuous rest of 1 more hours was
statistically significant (P<<0.001). There were no
significant  differences (P<0.05) among the
resting means shown in fig. 2, though each by
itself, was significantly different from the initial
active Ta (P<<0.001 for 1, 2, and 3 hours rest;
P<0.02 for 4 hours and P<0.05 for 5/6 hours).

The mean rectal Ta was always lower than
mean rumen Tu at all 5 ambient temperatures
tested. The difference between the two was least,
0.3°C, at ambient temperatures above 0°C. At
ambient temperatures of —2° and —20°C the
temperature difference was 1.0° and 1.6°C

respectively. All differences were significant
(P<0.05).

Discussion

Deep body temperatures measured were
rumen temperatures. When rumen and rectal
measurements were compared mean rectal Ta
was always lower than mean rumen Ta. The
temperature difference perhaps can be accounted
for by rumen microbial acuvity providing a
termentation heat increment thereby elevating all
Ts measurements. Heat production of rumen
ingesta can be as high as (0.09kcal/hr)/kg body
wt. (Hammel et al, 1962). However, the
temperature difference between rumen and rectal
means was not constant (being greater at ambient
temperatures below 0°C) suggesting that rumen
microbial activity may not be the only factor
operating.

Snow ingestion affected only 9 out of the 100's
of individual measurements within the study and
were considered insignificant in affecting overall
temperature means.

Mean Ta was 38.83°+0.05°C for normal
activity and resting combined, in reindeer aged
12 to 18 months. These results were higher than
the 38.4°C for adults from the study by Hammel
et al. (1972). The presence of a termentation
increment might account for some of this
difference. However, Youset and Luick (1975),
reported Ta's of 38.4 to 38.8°C for vearlings
(Table 1).

It at 4 months of age had a mean Tu of
39.1420.07°C similar to McEwans's et al. (1965)
39.0%0.78°C for caribou calves (Table 1).

Observed deep body  temperatures
surprisingly higher when the animals were
resting than when active. Mean deep bodv
temperature 0.3°C and

were

rose stabilized at
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Table 1. Mean body temperature (°C) of reindeer/caribou, Rangifer tarandus

Subspecies Adult/Subadult Calf Reference
Summer  Winter Rest «Active»*  Exercise
tarandus =~ e mmmmmm e e 39 McEwan et
+0.78°  al. (1965)
tarandus =~ =mmmmmmmmmm mme oo e 38.4 39.2 e Hammel et
+0.2° +0.1° al. (1972)
tarandus =~ —ommmmmmmmmmm mmmmee e e 38310 mmmmmemmemee e Yousef and
38.8° Luick (1975)
tarandus 38.7 38.4 e e s e Segal and
[gnatov (1974)
tarandus 38.7 38,4 e e Segal (1983)
+0.4° +0.2°
tarandus =~ -mmmmmmmo-moe- 383 e e e Cermnychand
+0.01° Visneveckaja
(1980)
platyrbynchus  38.65 38.96 38.92 3873 e 39.14 This study
+0.04° +0.04° +0.02° +0.02° +0.07°

mean (rest + normal activity) 38.83+0.05°

* «active» for this study was all normal lethargic activity; for other studies «active» meant non-exercise.

=39.0°C (Fig. 2) when lying down for 1 or more
hours in winter (unfortunately summer data
concerning lying down was not available). This
increase was probably due to a reduction in total
conductance as a result of the «round ball»
resting posture. Thus small Tw increases, within
the ranges measured, seen to be tolerated without
any metabolic adjustment being made to keep T
strictly constant. The Tw rise indicates an inertia
in the regulatory system. Cermnych and
Visneveckaja (1980) also found indication of
inertia within the system, butin their study it was
for Ta decreases.

Mean Tu was highest in winter and lowest in
summer. The winter rise of 0.3°C in mean Tu
may not be accounted for by rumen fermentation
rate, as this 1s lower in winter, due to reduced
tood intake. If the fermentation heat increment
was important, one would expect a winter
decrease 1 rumen Ta and a summer increase.
Instead this winter increase can most probably
be accounted for by the extremely thick and long
winter pelt providing a much lowered fur
conductance, as opposed to the summer pelt, for
the same amount of the heat production. Thus
even with the cold winter air temperatues
considered, the winter fur conductance is so low
as to cause T to rise as heat loss is reduced. The
To increase need not be a result of increased
metabolism. In fact Segal (1983) reported a 25%
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reduction in winter metabolic rates for reindeer
and Nilssen (1984) studying Svalbard reindeer,
observed reductions in the winter resting
metabolic rate. Nilssen (1984) suggested the
reductions were due to the animal’s decreased
winter feed intake and not the result of a
physiological adaption. The winter rise in mean
Ta's may also be to some extent affected by the
Svalbard reindeer’s very low level of locomotor
activity in winter. Cuyler (1984) found that the
same two reindeer studied spent 65% of their
time resting i winter. Since the present study has
shown mean T was highest while resting, this
lack of winter movement may be of importance
tor thermoregulation and contribute to the high
winter T mean.

In contrast to this study’s 0.3°C winter
increase in mean T, work by Segal (1983) and
Segal and Ignatov (1974) reported a 0.3°C winter
reduction in Tw for R. ¢. tarvandus (Table 1). This
difference may have been caused by experimental
methods or may be the result of different
strategies for thermoregulation being employed
by these two subspecies of reindeer. It is difficult
to describe a strategy for the reindeer used in
Segal (1983} and Segal and Ignatov's (1974)
studies without more information. However
from observation, the winter strategy of Svalbard
reindeer seems to include a thick insultative pelt.
little activity and much rest in curled round ball
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posture (65% of the time). The resting posture
by reducing overall conductance, enables the
animal to maintain T without the expence of
extra work or metabolism.
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Woodland caribou and forestry in Northern Ontario, Canada.
W. R. Darby' and L. S. Duquette’

Abstract: Expansion of logging in remote Ontario borcal forest requires mitigation of effects on woodland
caribou. Three examples of caribou-forestry interaction arc reviewed. In two, caribou were apparently displaced
from peripheral portions of their winter range by logging. In the third, caribou disappeared when exposed to:
logging in a central third of their winter range; increased deer density, and; a probable increase in predation.
In all cases there is no evidence of human harvest. The literature plus experience in Ontario suggest the following
mitigativc techniques: protection of winter concentration arcas, significant calving arcas and traditional
migration routes from logging; dirccting imber harvest to forest stands of least value to caribou; restrlctmg
disturbance to one large clearcut in a peripheral portlon of range rather than dispersing it over a large portion
as several small clearcuts; modified site preparation and rc;,cncmtlon, and; restricted road access. Research is
required on the cffect of forestry on caribou with and without mingation, and on causes for effects observed.

Key words: caribou, decline, forestry, mitigation.
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Introduction

. predators and are little affected by disturbance
Woodland caribou (Rangifer tarandus cari-

(Bergerud, 1974a; Bergerud et al., 1984).

bou) inhabiting boreal forest usually form groups
of less than 50 that move ut to 100 km between
seasonal ranges. Gregarious in autumn, winter
and early spring, they are essentially solitary in
late spring and summer (Simkin, 1965; Sho-
esmith and Storey, 1977; Fuller and Keith, 1981;
Darby and Pruitt, 1984; Edmonds and Bloom-
field, 1984).

The Ontario distribution of woodland caribou
has steadily receded since European settlement
(deVos and Peterson, 1951). It is stll receding
(Fig. 1). Population density 1s low, 0.014 to
0.021/km* (Simkin, 1965; Hamilton, 1979).
Two hypotheses have emerged as reasons for
caribou declines. One states caribou populations
are limited by seasonal range quality and
availability (chm 1968; Geist, 1978). Logging,
land clearing, fire and human disturbance force
caribou onto unsuitable range. The sccond states
hunting and

populations are regulated by
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Recent expansion of loggmg into remote
boreal forest of northern Ontario requires
mitigation of effects on caribou. Our objectives
are: (1) review habitat requirements of woodland
caribou in boreal forest; (2) summarize the forest
management context; (3) summarize forestry-
caribou interactions in Ontario; (4) recommend
mitigative techniques, and; (5) identify rescarch
nceds.

Habitat requirements in boreal forest
Studies of woodland caribou in boreal forest
show that: use of mature and overmature pine
(Pinus sp.} and spruce (Picea sp.) forest is high:
use of deciduous forest is low, and; open
muskegs, lakes and islands are preferred for
foraging, bedding, escape and calving (Simkin,
1965: Euler et al., 1976; Shoesmith and Storey,

1977 Fuller and Keith, 1981; Darbv and Pruitt,
1984 Edmonds and Bloomtield, 1984}, While
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Fig. 1. Distribution of woodland caribou in Ontario
from 1900 to 1950 (deVos and Peterson,
1951), to 1985 (unpublished data, OMNR).

caribou can use a variety of habitat types, they
nevertheless exhibit strong seasonal preferences
governed by forage availability, predators and
snow condittons.

In spring and summer, caribou feed on forbs,
deciduous leaves, lichens, fungi, grasses and
sedges (Simkin, 1965; Bergerud, 1972). Where
these are widely abundant, caribou use a greater
diversity of habitats in spring and summer than
in winter (Fuller and Keith, 1981; Darby and
Pruitt, 1984). Spring dispersal of cows and calves
plus use of open muskegs, lakes and islands may
be anti-predator strategtes (Simkin, 1965;
Shoesmith and Storey, 1977; Fuller and Keith,
1981). Similarly, caribou may use shorelines,
open muskegs and exposed ridges for relief from
insects (Shoesmith and Storey, 1977; Edmonds
and Bloomfield, 1984).

In autumn and winter caribou feed on arboreal
and terrestrial lichens, sedges and bog ericoids;
woody browse 1s not a dietary staple (Simkin,
1965; Bergerud, 1972; Darby and Pruitt, 1984;
Edmonds and Bloomtield, 1984). During early
winter, caribou feed in muskegs until snow
restricts activity, then crater on coniferous
uplands where snow 1s less deep, or feed on
arboreal lichens. Frozen lakes and creeks are
used for travel, escape, resting and drinking slush
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water (Stardom, 1977; Fuller and Keith, 1981;
Darby and Pruitt, 1984; Edmonds and Bloom-

> field, 1984).

Although it has been argued that lichens are
not essential for caribou survival (Bergerud,
1972, Euler er al., 1976), they are a valuable
winter food. During winter, caribou metabolic

%, rate and protein requirements are reduced while

carbohydrate demands are high. Lichens,
although low 1in protein, are rich in carbohyd-
rates (Russell and Martell, 1984). Nutrients
missing in lichens are contained in evergreen
shrubs and graminoids consumed (Klein, 1982).

Woodland caribou may use traditional migra-
tion routes to move between summer and winter
range (Stardom, 1977; Edmonds and Bloomfi-
eld, 1984), but fidelity to such routes is not strict.
Stardom (1977) reported the Sasaginnigak herd
in eastern Manitoba followed the same migration
route in only 3 of 4 years. In other areas caribou
did not show cohesive and unidirectional
movements (Shoesmith and Storey, 1977; Fuller
and Keith, 1981). Individual or herd movements
may be as great as 84 km (Edmonds and
Bloomfield, 1984), but distances of 10 — 40 km
are more common (Stardom, 1977; Fuller and
Keith, 1981). Some cartbou use the same range
year round (Fuller and Keith, 1981; Darby and
Pruitt, 1984; Edmonds and Bloomfield, 1984).

Forest management context

Forestry in northern Ontario is directed to
mature and overmature conifer for paper
production. Clearcuts of 50 to several thousand
hectares are common, selective cutting is rare,
and cuts are modified only for site protection and
other resource values. Post-logging treatment
may involve scarification, prescribed burning,
natural or artificial seeding, or planting. Forestry
activities are governed by forest management
agreements (FMA’s) between the companies and
the Ontario Ministry of Natural Resources
(OMNR). Timber management plans, rene-
wable every 5 years, provide direction for 20
vears, and operational details for the next 5 years.

Mitigation of effects on woodland caribou
must be achieved within the FMA framework.
The opuions for special designation of caribou
habitat are limited: (1) exclusion; (2) withdrawal,
and; (3) deferment. Exclusions, minimal in size
and number, are lands where rights to timber
resources are permanently alienated betore the
FMA is signed. Withdrawals are lands where
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such rights are alienated after signing. AIlFMA’s
stipulate a maximum amount of withdrawal,
generally 5% of the annual allowable cut by
species group per annum. Deferments are areas
where cutting 1s delayed, usually for 10 years
maximum, with no limit on amount deferred.

Areas of Concern are areas of value to other
users identified at both the 20 and 5 year planning
levels. Examination of the concerns may result
in normal on modified forestry operations, or
reserves. However, the mechanism for imple-
mention must be withdrawal or deferment. For
example, shelter patches and travel corridors are
usually deferments. If required for more than 10
years they must be withdrawn or depleted from
the productive forest inventory, and equivalent
timber elsewhere must be provided to the
company. In most cases cut size is only modified
through use of shelter patches and travel
corridors. Other changes must occur through
persuasive negotiation.

Clearcut logging alters cartbou habitat in more
ways than simple reversion to an early
successional stage unfavourable to slow-growing
lichens. Stand conversion from coniferous to
deciduous species may occur, especially where
poplar (Populus spp.) are common. This 1s due
to rapid vegetarional reproduction of deciduous
trees and shrubs. Lichens, fungi and some
ericoids are replaced by wvasculars. Woody
browse proliferates, benefiting moose (Alces
alces) in winter, but not caribou.

Forestry and caribou case histories

Since 1960 there have been several cases in
northern Ontario where small groups of caribou
(10 to 40) disappeared or were displaced when
logging occurred in their range. Usually,
documentation and data relating to these cases
are poor or non-existent, for example at McKay
Lake near Geraldton (Fig. 1). However, in three
cases there are sufficient data to provide insight
to the problem.

Fleming Lake, Geraldton District

For many years woodland caribou were
known to winter near Fleming Lake north of
Geraldton (Fig. 1). Twenty-one caribou were
observed in"December, 1981; other cartbou were
likely present but not observed (Mark Sobchuk,
OMNR, Fort Frances, pers. comm.). Forest
composition of the winter range (170 km* was
61% mature and overmature conifer (80 vrs or
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older), 11% immature conifer, 9% deciduous
forest, 7% mixed forest, 8% muskeg and open
land, and 4% water.

From 1980 to 1983, 1130 ha of mature and
overmature conifer were cut in a southern 7%
of the winter range; 630 ha were clearcut, and
500 ha were modified cut leaving rows of uncut
blocks 5 ha in size, spaced 200 m apart. The
modified clearcut was intended to protect sandy
soils from erosion, improve regeneration success
and secondarily mitigate the effects of cutting on
caribou (M. Sobchuk, pers. comm.).

Nine aerial transect surveys (1.3 h each) were
flown to monitor caribou distribution after
cutting; one per month during December,
January and February of 1981 — 82, 1982 — 83
and 1983 — 84. Results showed that caribou did
not occupy any of the cuts. Instead, they were
found in adjacent mature and overmature jack
pine (Pinus banksiana) north of the cuts where
terrestrial lichens were abundant. Some caribou
tracks were observed along the northern
boundary of the cuts, but none were observed
within them. No caribou or caribou sign have
been observed in the disturbed area to date (M.
Sobchuk, pers. comm.).

No data are available on caribou reproductive
or mortality rates. There is no evidence of human
harvest of caribou in this winter range despite
frequent patrols by Conservation Officers.
Moose density (0.12’km~”}did not increase after
cutting, and white-tailed deer are not present.
Wolf density is low but unquantified. However,
wolf predation of caribou is not likely to have
increased after cutting, because moose density
did not increase.

Armstrong, Nipigon District

Since 1975 approximately 100 caribou have
summered on islands in lake Nipigon and
wintered on the mainland near Armstrong, 10 to
50 km away (Fig. 1). The winter range (180 km")
is comprised of 35% mature and overmature
conifer, 26% immature conifer, 11% deciduous
forest, 17% mixed forest, 7% muskeg and open
land, and 4% water. Most caribou activity in
winter occurs on mature and immature jack
pine-spruce-lichen uplands. The community of
Armstrong (population 500), a road and the
Armstrong airport are located on northwestern
and northern boundaries of the winter range
respectively.
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1974 to 1985, several
clearcuts totalling 1140 ha were made in mature

From contiguous
and overmature conifer in a western 6% of the
winter range. Caribouhave not used the cutovers
since they were cleared, but continue to use
adjacent uncut winter range (Blake
OMNR,
observed: on an aerial transect survey in 1983 and

Beange,

Nipigon, Pers. This was

comm.).

1985 to monitor caribou winter distribution; on

stratified random aerial quadrat surveys for

moose in January 1976, 1979 and 1984, and;

during casual observations of caribou and
caribou tracks by OMNR staff. Local residents
frequently view caribou and caribou tracks near
the Armstrong airport adjacent to uncut winter
range, butnot in the cutovers.

No data areavailable on caribou reproduction
or mortality rates. There is no evidence of human
harvest of caribou despite frequent patrols by
Conservation Officers. Moose density immedia-
tely west of the winter range was 0.16-km* in
1976 and 0.24-km in 1979. To the southwest it
was 0.36-km: in 1979. White-tailed deer are not
present in the area. Wolves are present but no
information is available on their density.
Caribou numbers seem unaffected by increased
moose density west of the winter range, so
increased wolf predation of caribou is not

implicated.

Cliff Lake, Dry den District

Brousseau (1978) reported caribou disappea-
red from the Cliff Lake area northwest of
Dryden (Fig. 1) after logging occurred in their
winter range. Caribou had been known to exist
there for many years. Sixaerial transect surveys
in winter 1966 — 67 showed the number of
caribou exceeded 36. Brousseau (1978) described
how the distribution and number of caribou
subsequently receded as cutting occurred from
1968 to 1978.Four aerial transect surveys in
March, 1978, showed there were only about 12
caribou left, wintering on uncut rocky jack pine
ridges. Annual pellet group surveys showed
caribou density declined from 0.86 £ 0.35-km:
(P<0.05, n=318 plots) in 1972 to zero in 1978
(n=320 plots). Cutting in the area has continued
to date. N o caribou have been seen in Dryden
district since 1978 (W.May, OMNR, Dryden,
pers. comm.).

Before cutting, the winter range of 270 knr
(OMNR unpublished data; Brousseau, 1978)
was 39% mature and overmature conifer, 15%
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immature conifer, 9% deciduous forest, 11%
mixed forest, 9% muskeg andopen land, and
17% water. By 1978, 15% was clearcuts 60 to
1600 hainsize, scattered among lakes in central
and eastern portions (33%0) ofthe winter range.
A road bisected thewinter range, and large cuts
and a road surrounded its eastern and northern
margins.

Brousseau (1978) suggested the decline or
possible emigration of caribou was due to
logging. He speculated the reasons may have
through habitat
disturbance, orindirect through increased wolf

been direct, destruction and
(Canis [upus) predation and illegal hunting.

However, itappears other factors wereinvolved.

The density of white-tailed deer (Odocoilens
virginianus) was high from the 1960's to
approximately 1975 (W. May, pers. comm.). N o
data ondeer density are available forthe Cliff
Lake area, but deer density in a wintering area
50 km south was 8.6 & 2.3-km* in 1964. Moose

density in the Cliff Lake area (0.18 = 0.07-km-,

P<0.10) did notincrease during the period of
caribou decline. There is no information on wolf
density, but wolf-killed deer were commonly
seen on the lakes. A high density of wolves may
have increased predation rates on caribou. The
meningeal worm, Parelaphostrongylus ‘tenuis,
may have been a mortality factor (Anderson,
1971) since deer densities were high forat least
5 years before the caribou started todecline. N o
evidence of human harvest of caribou was
observed during patrols by Conservation Offi-
cers from 1972 to 1977, (Carl Hansson, OMNR,
Dryden, pers. comm.), even though Brousseau

(1978) mentioned the possibility.

Discussion

Concensus in the literature has not been
achieved on the reasons for caribou displacement
that both the

and predation-hunting hy-

or decline, but it appears
habitat-disturbance
potheses may be operative. Ina few cases, disease
may also be involved.

Forage and range condition can limit Rangifer
population size, and affect distribution (Klein,
1968). Caribou mobility and low reproductive
potential are adaptations to avoid population
crashes (Bergerud, 1.978). Deep snow canlimit
1977; Darby and

the value

food availability (Stardom,
Pruitt, 1984),
adaptations.

enhancing of such
The low density of woodland

caribou in boteal forest (Simkin, 1965; Hamil-
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