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Abstract: During 1999-2008 calf mortality was studied in six reindeer-herding cooperatives in Northern Finland, where
3942 semi-domesticated reindeer (Rangifer tarandus tarandus) calves were equipped with radio mortality collars. The
calves were weighed and earmarked mostly at 2-5 days of age, or at 2-8 weeks of age. Altogether 460 dead radio-collared
calves were found from calving in May until winter round-ups in October-January. In northern mountain herding
cooperatives, the average mortality of calves varied between 7-12%. On average, 39-54% of calves found dead were
attributed to predation. Golden eagles killed 0-3.5% of calves in different years and areas in Ivalo and Kisivarsi coopera-
tives. Golden eagles were responsible for 33-43% of the cases and 84-93% of all identified predation. Most calves killed
by golden eagles were found in July-August and in open areas. Calves killed by golden eagles were significantly (2<0.01)
lighter than those not predated. No predation occurred in the Poikajirvi cooperative, but the annual mortality of calves
varied between 0-35% in cooperatives near the Russian border. In Oivanki cooperative brown bears killed on average
2% of the radio-collared calves. Most predation (87%) occurred at the end of May and in early June. In the Kallioluoma
cooperative, predator-killed calves found comprised 53% and wolf-killed 45%. Predation was 70% of total mortality in
the Halla cooperative, and predation by wolf, bear, lynx and wolverine comprised on average 38%, 20%, 9% and 2.3%,
respectively. The sex and pelt color did not significantly affect survival of calves. Birth weight of calves killed by bears was
significantly (P<0.01) lighter than those not killed, but those calves killed by lynxes were significantly (7<0.05) heavier
than that survived. Bears killed calves mainly in May-July, wolves in July-October and lynx in August-December.
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Introduction

Several studies have shown the major role of
large terrestrial carnivores in neonate and juve-
nile mortality of different ungulate species (see
Linnell ez al., 1995). Mortality during the first
summer is an important factor in the popu-
lation dynamics of many reindeer (Rangifer
tarandus tarandus) and caribou (R. tarandus)
herds, and predation is usually suspected as the
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primary cause of mortality (Miller & Brough-
ton, 1974; Page, 1985; Mahoney ez al., 1990;
Skogland, 1991; Whitten ez al, 1992; Adams
et al., 1995; Valkenburg ez al, 2004). Apart
from many herding activities and supplemen-
tary feeding during winter months, reindeer
are free-ranging most of the year. In the north-
ern parts of Fennoscandia semi-domesticated
reindeer comprise an important source of prey
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for many predators. A similar situation occurs
in Finland, especially during the summer and
snow-free periods. These areas share parts of
their range with different predators including
wolverine (Gulo gulo), Eurasian lynx (Lynx
lynx), brown bear (Ursus arctos), wolf (Canis
lupus), and golden eagle (Aquila chrysaetos).
Large carnivores may cause substantial losses
in semi-domesticated reindeer by preying on
both adults and juveniles (Bjarvall ez 2/, 1990;
Nybakk ez al., 2002; Danell ez al., 2006; Nie-
minen, 2010). Furthermore, golden eagle and
red fox (Vulpes vulpes) also prey upon reindeer
calves (Nybakk et al. 1999; Tveraa ez al., 2003;
Norberg ez al., 20006).

The aim of this study was to investigate the
survival, timing, extent, and causes of reindeer
calf mortality in six reindeer-herding coopera-
tives in the Finnish reindeer husbandry area.
Studies have been necessary to assess the role
of predation in calf losses and the feasibility of
current compensation regimes for predator-
killed semi-domesticated reindeer. Some results
are published earlier in Finnish reports (Nor-
berg & Nieminen, 2004; 2007; Norberg ez al.,
2005) and in the journal Rangifer (Nieminen,
2010; Nieminen et al., 2011).

Study areas

The reindeer-herding cooperative of Ivalo,
situated in the municipality of Inari, northern
Finland, covers a total land area of 2626 km?
(see Fig. 1). In Ivalo, there are two herding-
groups, Nellim and Southern area partly sepa-
rated from each other by a fence. The reindeer-
herding cooperative of Kisivarsi, situated in the
municipality of Enontekid, covers a total land
area 4658 km?, and is the second largest among
the 56 cooperatives in Finland. The coopera-
tive of Kisivarsi is divided into three separate
herding-groups by fences: 1) Palojirvi, 2) Kova
Labba, and 3) Raittijirvi. The reindeer-herding
cooperative of Poikajirvi (2414 km?) is situated
in the municipality of Rovaniemi. These study
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cooperatives are situated in the north boreal
vegetation zone (Ahti ez al., 1964).

In Ivalo cooperative, range is dominated by
rolling hills with different aged forest stands,
mainly Scots pine (Pinus sylvestris). Mountain
birch (Betula pubescens czerepanowii) grows
on the slopes of the highest hills. In Kisivarsi,
mountains dominate the landscape. The area of
coniferous forests is relative small and located
in the southern part of the cooperative. In Poi-
kajirvi, the main landscape types are Scots pine
and Norwegian spruce (Picea abies) forests.
Oivanki (1361 km?) and Kallioluoma (1369
km?) cooperatives are located in Kuusamo mu-
nicipality near the Russian border. The rein-
deer-herding cooperative of Halla in Kainuu,
also located near Russian border and north of
the wild forest reindeer (R. . fennicus) area in
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Fig.1. Reindeer-herding cooperatives in the study and
Finnish reindeer husbandy area: 1. Ivalo, 2. Kisivarsi, 3.
Poikajirvi, 4. Oivanki, 5. Kallioluoma and 6. Halla.
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Finland (municipalities of Suomussalmi, Puo-
lanka and Hyrynsalmi), covers a total land area
3592 km? It is the eighth largest cooperative
in Finland. The cooperatives of Oivanki, Kal-
lioluoma and Halla belong to the middle boreal
vegetation zone (Ahti ez al., 1968) (Fig. 1). The
main landscape types are Norway spruce and
Scots pine forests with ericaceous heather and
lichen and boggy areas.

There were on average 5660 reindeer (adults
and calves after slaughtering) in the reindeer-
herding cooperative of Ivalo during the study in
1999-2001, 10690 reindeer in Kisivarsi during
2002-04, 4670 in Poikajdrvi during 2001-03,
2440 in Oivanki during 1999-2004, and 2270
in Kallioluoma during 2005-06. In Oivanki,
the actual study area was the eastern part of
the cooperative confined to Russian border. In
Kallioluoma, the study area was between main
road 5 and the border with Russia. There were
approximately 1200 to 1600 adult (>1 year
old) reindeer in the cooperative of Halla during
the study 2006-08, and yearly about 500-700
calves were born. Reindeer densities (winter
stock/km?) were similar at 2.1 in Ivalo and 2.3
in Kisivarsi. In Poikajirvi, reindeer density was
1.9, in Oivanki 1.8, in Kallioluoma 1.7, and
significantly lower in Halla, at 0.6-0.8 reindeer/
km?.

In the entire Finnish reindeer husbandry
area, there were an estimated >160 bears,
>75 wolverines, >50 lynx, and 15-25 wolves
(RKTL, 2008). During 2000-03 in the entire
northern reindeer husbandry area (including
the 13 cooperatives) the minimum number of
large carnivores was: 45-50 brown bears, 40-45
wolverines, 5-10 lynx, and 3 wolves (Kojola
& Miittd, 2004). The most abundant among
the large carnivores was brown bear in Ivalo
and wolverine in Kisivarsi cooperative. In the
eastern reindeer husbandry area, the minimum
number of brown bears was 80-85 and 15-20
lynx. Most wolves of the Finnish reindeer hus-
bandry area are found in Kainuu (23 000 km?).
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In winter 2008, the size of the wolf population
there was estimated at 29-37 animals, a decrease
of about 50% compared with the previous year.
The population size of the lynx was estimated
at 140-190 individuals, including 23-31 lit-
ters, and the size of the wolverine population at
36-53 animals (Siira et al., 2009). Faeces sam-
ples collected during summer 2005 in Kainuu
(Niljainkd and Halla cooperatives) were geneti-
cally analysed (DNA), and 46 unique brown
bears were identified (RKTL, 2008). In winter
2007, 55-62 wolves were estimated in wild for-
est reindeer area of Kuhmo (RKTL, 2008).

The golden eagle population in Finland is
about 440 pairs or territories. About 80% of
all golden eagles occur in Lapland (at most
350 pairs in 2006; Large Carnivore Working
Group, 2008) and 90% in whole reindeer herd-
ing area. In the Kainuu area, 11 territorial pairs
of golden eagles were estimated in 2009 (Ollila,
2009).

Material and methods

We fitted 3942 reindeer calves with mortal-
ity indicating radio-transmitters (Televilt Inc.,
Lindesberg, Sweden) fixed on expandable
neck collars in six reindeer-herding coopera-
tives, in five herding-groups and areas during
1999-2008. Radio collars weighed about 100
grams, about 0.3-2.5% of the body weight of
the calves at marking. Calf survival and cause-
specific mortality were studied two years in the
herding groups of Nellim (1999-2000) in Iva-
lo and Raittijarvi (2002-03) in Kisivarsi, and
three years in other herding-groups (Southern
area of Ivalo 1999-2001, Palojirvi and Kova-
Labba 2002-04) in these cooperatives and also
in cooperatives of Poikajirvi, Kallioluoma and
Halla. The Oivanki cooperative study contin-
ued six years from 1999 to 2004.

Calves were weighed and marked at 2-5 days
of age in calving corrals in May/June. Females
were fed in corrals for 1.5 months with silage
and concentrates during the spring and calving
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periods. Mid-summer earmarking took place in
the last weeks of June and the first two weeks
of July, when calf age was 2-8 weeks. Calves
were marked in different corrals of coopera-
tives. Calves were sexed and weighed, and pelt
color recorded upon which the collared calves
were reunited with their mothers and released
to summer pastures.

Dead collared calves were located by track-
ing mortality sensor signals from the air (fixed-
wing aircraft and helicopter) and by ground
triangulation (sensors activate after 2.5 hrs of
being motionless). Tracking was performed in
2-3 day intervals during summer until the end
of August, and once per week in September and
October. Mortality activated radio-collars were
located by using hand receivers (Televilt RX-
8910°, Televilt Inc., Lindesberg, Sweden and
Tracker Maxima® and hound radars, Tracker
Inc., Oulunsalo, Finland). Field observations
of the site and carcass were recorded and pho-
tographed. Cause of death was first investigated
in the field (e.g., evidence supporting presence
of predator/scavenger species, such as tracks,
scats and feathers/downs) and then augmented
by necropsies conducted by biologists in the
laboratory of the Reindeer Research Station in
Kaamanen. The presence of hemorrhaging and
perforations, both in the skin and soft tissues of
the dead calf, were critical for determining the
cause of death by depredation. If the combined
evidence from the field site and the necropsy
was inconclusive, usually due to late discovery
of carcass, the cause of death was classified as
unknown (see also Bjarvall ez 4/, 1990; Nor-
berg et al., 2005; 20006).

Physiological condition of dead reindeer
calves in Halla cooperative was determined by
using the oven-dry method of metatarsal mar-
row fat. Condition was expressed as percent of
marrow fat (see Nieminen & Laitinen, 1986).

Statistical analysis
Due to the difference in the marking time and
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age of calves, the weight of calves at marking
ranged between 4.2-32 kg, and therefore for
statistical analysis the weights were adjusted to
1*" June and to 1** July using a daily growth rate
of 270 grams (see Timisjirvi ez al., 1982) for
all calves weighed in the calving corrals in May.
A daily growth rate of 302 grams was used for
female calves and 315 grams for male calves
weighed later during earmarking (Norberg ez
al., 2005; 2000).

The daily survival estimates and ’reindeer
days” (one ‘reindeer day’= one radio-collared
reindeer out for one day) for the radio-collared
calves were calculated using the Kaplan-Meier
product/limit method (Kaplan & Meier, 1958)
and using the computer program "Kaplan-Mei-
er survivorship analysis version 1.0” (Pollock ez
al., 1989) to obtain daily and total survival esti-
mates for the study periods. Daily survival esti-
mates were used to present survivorship curves
between May/June and October. For calculat-
ing monthly survival estimates, cause specific
mortality rates and 95% confidence limits, the
program "Micromort version 1.3" (Heisey &
Fuller, 1985) was used.

Survival estimates for this analysis were cal-
culated based on calves that were: 1) found
dead, 2) had dropped their radio-collars during
the study, or 3) were recovered in the autumn/
winter round-ups (survivors) when radio-col-
lars were taken off. The statistical differences
in calf weights in different groups were tested
using t-test and stepwise logistic regression. In
addition to weight, the effect of sex, pelt color,
study year, and possible interactions on survival
probability were investigated using logistic re-
gression. Statistical tests were carried out by use
of SPSS ver. 7.0 for Windows. The data were

examined for statistical significance at P<0.05.

Results

During calving, 460 radio-collared calves were
found dead in the six cooperatives studied.
Pooled survival estimates in the mountain co-
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operatives of Ivalo (including all radio-collared
calves during years 1999-2001) and of Kisivar-
si (years 2002-04) were 0.937 (SE=0.011) and
0.885 (SE=0.011), respectively.

Of 806 reindeer calves radio-collared in
Ivalo reindeer-herding cooperative during
1999-2001, 4.6% (37 calves) were found dead,
90.4% survived, and 5.0% were not recaptured
until the end of the study (annual monitoring
from marking until the end of October). Of
919 radio-collared calves in Kisivarsi coopera-
tive during 2002-04 in total 5.2% (48 calves)
were found dead, 87.4% survived, and 7.4%
were not recaptured. Highest area-specific an-
nual mortality occurred in Ivalo in 2000, when
in total 19 (51.4% of all dead calves) were
found dead, and in Kisivarsi in 2004, when 20
radio-collared calves (41.7%) were found dead.

In the northern mountain herding coopera-
tives of Ivalo and Kisivarsi the average mortal-
ity of calves varied between 7-12% (Fig. 2).
On average, 39-54% of the calves found dead
were attributed to predation, and golden eagles
killed 0-3.5% of calves in different years and
areas in these cooperatives. Golden eagle pre-
dation accounted for 33-43% of the cases and
84-93% of all identified predation. The most
calves killed by golden eagles were found dur-
ing July-August and in the open areas.

In Ivalo cooperative, 8% of all calves found
dead were killed by brown bear and 3% by
red fox, and in Kisivarsi 6% by wolverine and
2% by unidentified predators. Mortality rates
caused by predators other than golden eagle
were on average less than 1% in both study co-
operatives. The share of other identified causes
of death (accidents, traffic, others) was 19% in
both cooperatives, while 27-40% of dead calves
were associated with unknown causes of mor-
tality. In Ivalo during 1999-2001, a total of 8%
of all calves found dead were from accidents
and collisions with vehicles, while 6% were by
accidents in Kisivarsi. Other causes (11-13%)
included disease, stress, and poor condition of
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calves in both cooperatives. When calves with
unidentified causes of death were excluded,
predation comprised on average 69% of the ob-
served mortality in Ivalo and 74% in Kisivarsi.

Of 404 reindeer calves radio-collared in
Poikajirvi reindeer-herding cooperative dur-
ing 2001-03 only 2.5% (10 calves) were found
dead, 93% survived, and 4.5% were not recap-
tured until the end of the study. The average
mortality from calving period in May to the
end of October was 5.7% and from 15 June
to the end of October 1.4%. No predation oc-
curred, and causes of death included poor con-
dition of calves and traffic.

Annual mortality of calves varied between
0-35% in cooperatives near the Russian bor-
der. Of 580 reindeer calves radio-collared in
the eastern part of Oivanki during 1999-2004,
7.2% (42 calves) were found dead, 86.6% sur-
vived and 6.2% were not recaptured until the
end of the study. The average mortality from
the calving period in May to the end of Oc-
tober was 9.7% and from 15® June to the end
of October was 2.3%. In Oivanki, most mor-
tality (87%) occurred in May and June. The
most prominent cause of death was predation
by brown bear comprising on average 2% of
all radio-collared calves during 2000-04. When
calves with unidentified causes of death were
excluded, predation comprised on average 50%
of the observed mortality in Oivanki. From all
identified causes of death (2=18) 33.3% were
killed by brown bear and wolverine, while lynx
and wolf killed 5.6%.

In the eastern part of Kallioluoma, 139 of
587 radio-collared calves (23.7%) were found
dead within the study period 2005-06. Mortal-
ity of radio-collared calves was on average 18-
19% by the end of June, and 28-29%, 36-39%
and 42-46% by the end of October, December,
and mid-January, respectively. Predator-killed
calves comprised 53% and wolf-killed calves
were 45% of all the dead calves found. Wolf

predation was on average 18% while the total
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rate of all predation was at
least 21%. Large carnivores
comprised 92-97% of the total
predation. The mortality rate
due to other sources of mor-
tality than predation was on
average 10%. From all iden-
tified causes of death (»=100
calves) brown bear killed 62%.

Bear and lynx killed 3%, and 1 =
golden eagle 1%.

_ | —valo 1999 - 2001 S(t) \__‘

= ===Halla 2006-2008 S(t)

Of 546 radio-collared rein-
deer calves during 2006-08 to- May

065 m i

tally 177 (32.4%) were found 0.0
dead during the research pe-

61 9 121 161 181

riod until mid-January in
Halla cooperative in Kainuu
area. The total mortality in
2006-08 was 30.7% at the
end of October and increased
to 34.6% by mid-January (see
Fig. 2). Predation was 70% of total mortality,
and predation by wolf, bear, lynx, and wolver-
ine comprised on average 38%, 20%, 9%, and
2.3%, respectively. The mortality of reindeer
calves was slightly higher in Suomussalmi near
Russian border than in Hyrynsalmi/Puolanka
area, because of bear and wolf predation. The
sex and pelt color did not significantly affect
survival of calves.

The average adjusted weight of those radio-
collared calves that survived in Ivalo cooperative
was significantly higher (mean 9.8 kg, SD=2.0
kg, #=169) than weight of dead calves (mean
7.8 kg, SD=2.2 kg, n=12; t=2.79, df=179,
P=0.006). Calves killed by golden eagle were
significantly lighter (mean 7.2 kg, SD=2.2 kg,
n=5; t=2.47, dft=172) than surviving calves,
and also lighter than those calves that died
from other causes (mean 8.2 kg, SD=2.4 kg,
n=7). In Kova Labba herding-group (Kisivarsi
cooperative) calves killed by golden eagle were
1.7 kg lighter (mean 10.7 kg, SD=1.4 kg, n=5)
than those calves that survived (mean 12.4 kg,
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Fig. 2. Total survival curves for radio-collared reindeer calves in Ivalo (in 1999-
2001), Kasivarsi (in 2002-04) and Halla (in 2006-08) reindeer-herding cooper-
atives, expressed as days after 1 May (day 1). (Mortality (M) = 1 — Survival(S)).

SD=1.9 kg, n=259; t=1.9, df=262, P=0.053).
The average adjusted weight (on 1% July)
of those radio-collared calves killed by golden
eagles in Ivalo cooperative was significantly
lower (mean 12.8 kg, SD=1.7 kg, n=11) than
mean weight of survivors (16.6 kg, SD=2.5
kg, n=560; t=760, df=10.84, P<0.001). Also,
mean weight of calves killed by all predators
was significantly lower (13.1 kg, SD=1.7 kg,
n=13) than mean weight of survived calves
(t=7.05, df=13.17, P<0.001). The weight of
calves killed by golden eagle in Palojirvi herd-
ing-group in Kisivarsi was significantly lower
(mean 13.0 kg, SD=1.7 kg, #=5) than mean
weight of survived calves (19.3 kg, SD=3.4
kg, 7n=280; t=409, df=283, P<0.001). Mean
weight of calves killed by all predators was
significantly lower (12.2 kg, SD=2.2 kg, n=7)
than mean weight of survived calves (t=5.46,
df=285, P<0.001). Weight of calves killed by
golden eagle in Kova-Labba herding-group was
very low and significantly lower (mean 7.2 kg,
SD=3.2 kg, 7=6) than mean weight of survived
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calves (13.4 kg, SD=4.3 kg, »=28; t=3.03,
df=31, P=0.005). No significant effect of pelt
color on calf survival in Ivalo and Kisivarsi co-
operatives was found.

The average adjusted weight (on 1st June)
of those radio-collared calves that were found
dead in Poikajirvi cooperative was slightly
lower (mean 8.0 kg, SD=2.6 kg, #n=10) than
mean weight of survivors (9.3 kg, SD=2.1 kg,
n=155; P<0.05). The average adjusted weight
of those radio-collared calves that were found
dead also in Oivanki cooperative was slightly
lower (mean 9.3 kg, SD=2.5 kg, #=38) than
mean weight of survivors (11.0 kg, SD=2.1 kg,
n=348; P<0.001). The weight of calves killed
by predators (8.6 kg, SD=1.2 kg, n=8) were sig-
nificantly lower than weight of survivors (11.0
kg, SD=2.1, n=347; t=3.23, df=353, P=0.001)
(see also Norberg ez al., 2005). In contrast to
previous calf mortality, the weight of the calves
in Kallioluoma cooperative did not have sig-
nificant effect on the mortality.

Birth weight of calves killed by bears in Halla
was significantly (P<0.01) lighter, but killed by
lynx significantly (2<0.05) heavier than that of
survivors. Bears killed calves mainly in May-Ju-
ly, wolves in July-October and lynx in August-
December. Causes not associated with preda-
tion comprised 11.9% of total mortality, and
included traffic accident and other accidents.
Metatarsal fat content was < 25% in calves
dead by bad condition and disease. Excluding
the deaths from unknown causes (7z=11), and
if unknown calves eaten by different predators,
mainly by bears (2=18), were also killed by
these predators, total predation was very high,
83.1%.

Birth weight of calves that were lost or killed
by predators during the study in Halla was on
average 0.2 kg lower (mean 6.3 kg) than that of
survivors. Birth weight of calves killed by bears
was significantly (2<0.05) lower (mean 5.8
kg), but those killed by lynx was significantly
(P<0.05) higher (mean 6.7 kg). Condition of
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calves was, however, fair or good (metatarsal
fat content > 30%). The birth weight of male
and female calves and pelt color did not affect
survival differently, as there were no significant
interaction between weight, sex and color on
calf survival.

Discussion

According to Reimers (1983) mortality rates in
calves of Svalbard reindeer (R. z. platyrhynchus),
existing in an environment almost free of pred-
ators, are approximately 1% and 19% in the
age intervals 0-6 and 6-12 months. The mortal-
ity rates among 0-6 month old reindeer calves
is expected to be within the range of 6-21%
found also in the predator-free South-Georgia
(Leader-Williams, 1980), and lower than 45-
60% found in many Rangifer herds subject to
predation (Rehbinder, 1975; Bergerud, 1980).
Wolves, bears, and golden eagles have been the
most important predators of radio-tagged rein-
deer/caribou calves in both North America and
Russia, as 80-89% of mortalities were caused
by predation (see Bergerud, 1980).

In a study conducted in northeastern Finn-
ish Lapland, mortality from golden eagles
comprised annually 3-4% of the radio-collared
cohort in 1997-98 (Norberg ez al., 20006). In
studies conducted in central Norway, Nybakk
et al. (1999) found golden eagle predation to
account for 1-2% among radio-collared calves,
while Kvam et al. (1998) observed a total mor-
tality of 8%, and calves killed by golden eagle
comprised 40% of all calves found dead. In the
present study golden eagle was also the most
significant cause of death both in mountain
cooperatives of Ivalo and Kisivarsi, causing up
to 3.5% annual mortality rate among radio-
collared calves.

The majority of semi-domesticated reindeer
calves are born in northern Finland in May
with peak calving occurring from 18-23 May
(Eloranta & Nieminen, 1986; Weladji ez al.,
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20006). In this study, 52% of calf mortality in
Nellim and 87% in Kova-Labba reindeer herd-
ing group took place before the end of June.
In Oivanki, most mortality (87%) occurred in
May-June. According to Linnell et al. (1995)
predation generally comprises the major share
of the total mortality of juvenile ungulates.
Many studies of reindeer/caribou have also
demonstrated that calf mortality is usually
highest during the first days and weeks after
calving and then decreases considerably during
summer and autumn (see Eloranta & Niemin-
en, 1986; Whitten ez 4/, 1992; Adams et al,
1995; Norberg ez al., 2005).

In a study conducted in central Norway, 89%
of the total mortality of calves from August to
April was due to predation, and 60% of calves
with identified cause of death were killed by
lynx. Predation comprised an even higher pro-
portion, 94% of all identified mortality, when
examined from August to mid-November (Ny-
bakk er al, 2002). Also in northern Norway,
predation accounted for 75% of the calf losses
during summer and winter, and lynx was the
main predator (55%) (Mathisen ez al., 2003).
In Halla, predation caused 70% of all calves
found dead and 87% of all identified mortal-
ity. Predation by wolf, bear, lynx, and wolverine
comprised 38.4%, 20.3%, 9.0%, and 2.3% of
all radio-collared calves found dead, respective-
ly (see also Nieminen, 2010).

Highest mortality in mountain areas oc-
curred in this study during July and August and
was caused mainly by golden eagles. We con-
clude that access to, and use of alpine highlands
and other open areas influenced the risk of rein-
deer calves to predation by golden eagles, and
subsequently the temporal survival distribution
in study cooperatives. We also emphasize the
relative importance of golden eagles as a mor-
tality factor in the northern part of the Finnish
reindeer husbandry area, where the proportion
of open alpine landscape is much higher than
in the southern area (see also Nieminen ez al,
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2011).

The design of the present study in Halla co-
operative was similar to that of the four-year
program that monitored reindeer calf mortality
in Sweden in the 1980s (Bjirvall ez /., 1990),
and also studies in 1995-96 in central Norway
(Nybakk ez /., 2002) and in 1997-98 in north-
eastern Finnish Lapland (Norberg ez al., 2000).
The total mortality recorded in the present
study was, however, much higher (32.4%) than
total mortality (14.3%) recorded in Umbyn,
Sweden and in Lappi reindeer-herding coop-
erative in Finland (8.5%). The total mortality
was also slightly higher than that in North-
Trondelag in Norway (31.0%) from August to
April.

During 2006-08 in the Halla cooperative
large predators (mainly wolf and lynx) killed
380 to 455 reindeer yearly, and compensation
for predator-killed reindeer to reindeer owners
was 5-6.5 times more than slaughter incomes.
According to reindeer owners many wolves
from Russia and Kuhmo are visiting Halla co-
operative and killing reindeer mainly during
summers and autumns. Predation accounted
for a higher part of total mortality recorded
in the present study (70%) than in studies in
Sweden (65%) and in Finland (53%). In the
Norway study, predation was higher (75.3%)
than in the present study. Indeed, caribou herds
exposed to predation may lose usually 50% of
the annual calf crop (Bergerud, 1980), and pre-
dation can constitute up to 93% of total an-
nual mortality in calves (Mahoney ez al., 1990).
Nevertheless, the annual mortality recorded in
the present study was higher than earlier re-
ported from Sweden and Finland. If unknown
calves eaten by different predators, mainly by
bears, were also killed by these predators, to-
tal predation was highest in Halla at 83%. In
central Norway 89.3% of the total mortality in
calves was also due to predation, and predation
by lynx was the dominant cause (42.4%) (Ny-
bakk ez al., 2002).
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A common perception is that animals preyed
upon are either smaller or in poorer nutritional
condition compared to survivors, and several
studies (e.g., Haukioja & Salovaara, 1978;
Eloranta & Nieminen, 1986; Tveraa et al,
2003) have shown that body weight of rein-
deer calves at calving and also during the first
summer is positively correlated with survival.
Although golden eagles are capable of killing
ungulates up to the size of an adult reindeer
in certain conditions (Bergo, 1987), they usu-
ally kill smaller than average calves (Nybakk ez
al.,1999; Norberg ez al., 2005; 2006). In the
radio-collar study conducted in central Norway
(Nybakk ez al., 1999), calves were marked dur-
ing July and early August, and calves killed by
golden eagles weighed on average 2.7-4.1 kg
less than surviving calves. Also in the present
study in mountain cooperatives, the weights
of calves (adjusted to 1% June and to 1* July)
killed by golden eagles were 1-3.8 kg lower
than weights of survived calves. Mean weight
of calves killed by all predators was also lower
than mean weight of calves that survived, but
there was no significant difference in weights of
predator-killed calves compared to calves that
died on other causes.

Birth weight of calves that were lost or killed
by predators in Halla cooperative was slightly
lower, but birth weights of calves killed by
brown bears were significantly (£<0.05) lower
than surviving calves. In our earlier study in
nine reindeer herding cooperatives in Finland,
birth weight of the lost calves was on average
0.4-0.5 kg lower than birth weight of the sur-
vived calves. In Oivanki cooperative, calves
killed by bears also had 0.5 kg lighter birth
weight compared to those that survived (Nor-
berg ez al., 2002). Calves killed by lynx in Halla
had, however, significantly (P<0.05) higher
birth weight (mean 6.67 kg) than surviving
calves. Most small calves were lost or killed by
bears during early and mid-summer, and lynx
killed bigger reindeer calves mainly during au-
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tumn. Also in central Norway predation by
lynx peaked in autumn and early winter (Ny-
bakk ez al., 2002).

In the present study, golden eagles were re-
sponsible for 33-43% of the cases and 84-93%
of all identified predation in mountain coop-
eratives in the northern Finland. Most calves
killed by golden eagles were found during July-
August and in open areas. Predator-killed calves
comprised >50% and wolf-killed calves 45% of
all the dead calves found in Kallioluoma, in the
southeastern cooperative near border of Russia.
Our results showed, however, highest preda-
tion and calf mortality in Halla, in the southern
cooperative, also near the Russian border and
wild forest reindeer area of Finland. The total
mortality was >30% at the end of October and
reached 35% by mid-January. Predation was
70% of total mortality, and predation by wolf
comprised on average 38% and by brown bear
20%. The economic consequences for reindeer
husbandry of this area makes it questionable to
what extent reindeer husbandry in its present
form can be continued in Kainuu, southeastern
reindeer-herding region of Finland.

Acknowledgements

This study was supported financially mainly by
the Finnish Ministry of Agriculture and For-
estry and Finnish Game and Fisheries Research
Institute (RKTL). We acknowledge all the
herders and associates in the different reindeer-
herding cooperative and herding-groups of for
their support during this study. We especially
want to thank the reindeer owners Viljo Huru,
Tuomas 1. Palojirvi, Veikko Heiskari, Olavi
Aikkila, Heikki Hirmi, Hannu Kaartinen and
Ari Junttila. We like to thank also Pasi Koivu-
maa, Heli Routti, Sampo Siira and Timo Kin-
nunen and many students for their work in the
field and project. We also warmly thank Sari
and Jukka Siitari and Heikki Términen for
their assistance in RKTL, Reindeer Research
Station in Kaamanen.

87



References

Adams, L.G., Springer, EJ. & Dale, B.W.
1995. Caribou calf mortality in Denali Na-
tional Park, Alaska. — Journal of Wildlife
Management 59(3): 584-594.

Ahti, T., Himet-Ahti, L. & Jalas, J. 1968.
Vegetation zones and their sections in north-
western Europe. — Annales Botanica Fennica
5: 169-211.

Bergerud, A.T. 1980. A review of the popula-
tion dynamics of caribou and wild reindeer
in North America. — /n: Reimers, E., Gaare,
E. & Skjenneberg, S. (eds.). Second interna-
tional reindeer/ caribou symposium, pp. 556-
581. Directoratet for vilt og ferskvannfisk,
Trondheim, Norway.

Bergo, G. 1987. Eagles as predators on live-
stock and deer. — Fauna Norvegica Series C,
Cinclus 10: 95-102.

Bjirvall, A., Franzén, R., Nordkvist, M.
& Ahman, G. 1990. Renar och rovdjur. —
Naturvdrdverket forlag, Solna, Sweden, 296
pp. (In Swedish).

Danell, A.C., Andren, H., Segerstréom, P. &
Franzen, R. 2006. Space use by Eurasian
lynx in relation to reindeer migration. — Ca-
nadian Journal of Zoology 84: 546-555.

Eloranta, E. & Nieminen, M. 1986. Calving
of the experimental reindeer herd in Kaa-
manen during 1970-85. — Rangifer, Special
Issue No. 1: 115-121.

Haukioja, E. & Salovaara, R. 1978. Summer
weight of reindeer (Rangifer tarandus) calves
and its importance for their future survival.
— Reports from Kevo Subarctic Research Station
14: 14.

Heisey, D.M. & Fuller, TK. 1985. Evaluation
of survival and cause specific mortality rates
using telemetry data. — Journal of Wildlife
Management 49(3): 668-674.

Kaplan, E.L. & Meier, P. 1958. Nonparamet-
ric estimation from incomplete observations.
— Journal of the American Statistical Associa-
tion 53: 457-481.

8 8 This journal is published under the terms of the Creative Commons Attribution 3.0 Unported License

Kojola, I. & Maiaittd, E. 2004. Suurpetojen
lukumiiri lisdidntyminen vuonna 2003. —
Riistantutkimuksen tiedote 194: 1-7. (In Finn-
ish).

Kvam, T., Kjelvik, O., Nybakk, K. & Over-
skaug, K. 1998. Effecten av simlas vinterbete
og gjetin pa vekt og overlevelse hos reinkalv.
— In: Kvam, T. & Jonsson, B. (eds.). Store
rovdyrsikoloi i Norge, pp. 168-172. Slutrap-
port, Norsk Institutt for Naturforskning. (In
Norwegian).

Large Carnivore Working Group. 2008. /n:
Ekenstedt, ]J. & Schneider, M. (Eds.); The
golden eagle (Aquila chrysaetos) in the North
Calotte Area 1990-2007. — The North Calotte
Council, Report 55, 45 pp.

Leader-Williams, N. 1980. Population dy-
namics and mortality of reindeer introduced
into South Georgia. — Journal of Wildlife
Management 44:640-657.

Linnell, J.D.C., Aanes, R. & Andersen, R.
1995. Who killed Bambi? The role of preda-
tion in the neonatal mortality of temperate
ungulates. — Wildlife Biology 1(4): 209-223.

Mahoney, S.P., Abbott, L.H., Russell, H. &
Porter, B.R. 1990. Woodland caribou calf
mortality in insular Newfoundland. — /n:
Myrberget (ed.). Tranmsactions of the XIXth
congress of International Union of Game Bi-
ologists: Vol. I, Wildlife Management, pp. 592-
599. Trondheim, Norway.

Mathisen, J.H., Landa, A., Andersen, R. &
Fox, J.L. 2003. Sex-specific differences in
reindeer calf behaviour and predation vulner-
ability. — Behavioral Ecology 14(1): 10-15.

Miller, EL. & Broughton, E. 1974. Calf mor-
tality on the calving grounds of Kaminuriak
caribou, during 1970. — Can. Wildl. Serv.
Rep. Ser. 26, 26 pp.

Nieminen, M. 2010. The impact of large carni-
vores on the mortality of semi-domesticated
reindeer (Rangifer tarandus tarandus L.) calves
in Kainuu, southeastern reindeer-herding re-

gion of Finland. — Rangifer 30(1): 79-87.

no Rangifer, 33, Special Issue No. 21, 2013

Editor in Chief: Birgitta Ahman, Technical Editor Eva Wiklund and Graphic Design: Bertil Larsson, www.rangifer.



Nieminen, M. & Laitinen, M. 1986. Bone
marrow and kidney fat as indicators of con-
dition in reindeer. — Rangifer, Special Issue 1:
219-226.

Nieminen, M., Norberg, H. & Maijala, V.
2011. Mortality and survival of semi-domes-
ticated reindeer (Rangifer tarandus tarandus
L.) calves in northern Finland. — Rangifer
31(1): 71-82.

Norberg, H. & Nieminen, M. 2004. Vasakuol-
leisuus ja sen syyt Oivangin, Poikajirven ja
Kisivarren paliskunnissa vuosina 2002-03.
(Calf mortality and reasons in Oivanki, Poi-
kajiarvi and Kisivarsi co-operatives during
2002-2003). — Loppuraportti. 28 sivua + 1
liite. (In Finnish).

Norberg, H. & Nieminen, M. 2007. Suurpe-
tojen vaikutus poronvasojen kuolleisuuteen
Kallioluoman paliskunnassa vuosina 2005-
06. (In Finnish with an English summary:
The impact of large carnivores on the mor-
tality of semi-domesticated reindeer calves in
the reindeer-herding cooperative of Kallio-
luoma in 2005-06). — Kala- ja Riistaraportteja
nro 415: 1-55. (In Finnish).

Norberg, H., Nieminen, M., Kumpula, J.,
Kojola, I. & Maijala, V. 2005. Poronvasojen
kuolleisuus ja kuolinsyyt: yhteenveto tele-
metriatutkimuksista Suomen poronhoitoal-
ueella 1997-2004 (Cause-specific mortality
of radio-collared reindeer calves: a summary
report of calf mortality studies in the Finn-
ish reindeer herding area from 1997-2004).
— Kala- ja Riistaraportteja nro 335, 65 pp. (In
Finnish).

Norberg, H., Kojola, I., Aikio, P. & Nyl-
und, M. 2006. Predation by golden eagle
Aquila chrysaetos on semi-domesticated rein-
deer Rangifer tarandus calves in northeastern
Finnish Lapland. — Wildlife Biology 12(4):
423-432,

Nybakk, K., Kjelvik, O. & Kvam, T. 1999.
Golden eagle predation on semidomestic

reindeer. —Wildlife Society Bulletin 27(4):

Rangifer, 33, Special Issue No. 21, 2013 [

1038-1042.

Nybakk, K., Kjelvik, O., Kvam, T., Over-
skaug, K. & Sunde, P. 2002. Mortality of
semi-domestic reindeer Rangifer tarandus in
central Norway. — Wildlife Biology 8(1): 63-
68.

Ollila, T. 2009. Raportti maakotkan, muuto-
haukan, tunturihaukan sekd Oulun ja Lapin
lddnien merikotkien pesinndisti vuonna
2009. — Metsihallitus, Luontopalvelur 2009,
8 pp. (In Finnish).

Page, R.E. 1985. Early caribou calf mortality in
northwestern British Columbia. M.S. Thesis,
Univ. Victoria, Victoria, B.C., 143 pp.

Pollock, K.H., Winterstein, S.R. & Conroy,
M.]J. 1989. Estimation and analysis of sur-
vival distribution for radio tagged animals. —
Biometrics 45: 99-109.

Rehbinder, C. 1975. Kalvdodligheten iAngesé’t
samebys renhjord. — Nord. Ver. Med. 27: 241-
252.

Reimers, E. 1983. Mortality in Svalbard rein-
deer. — Holartic Ecology 6: 141-149.

RKTL. 2008. Kuhmosta loytyi DNA-analyy-
sissd 46 karhua. Suomalaisten karhujen ulo-
steista on ensimmiisti kertaa tehty DNA- eli
perintdtekijaanalyysi. www.rktl.fi/tiedotteet/
kuhmosta (In Finnish).

Siira, A., Kerinen, J. & Kojola, 1. 2009. Kai-
nuun suurpetojen lumijilkilaskenta 2008 (In
Finnish with an English absract: Large carni-
vores snow-track counting in Kainuu 2008).
— Riista- ja kalatalous — Tutkimuksia 1/2009.
30 pp.

Skogland, T. 1991. What are effects of preda-
tors on large ungulate populations? — Oikos
61:401-411.

Timisjiarvi, J., Nieminen, M., Roine, K,
Koskinen, M. & Laaksonen, H. 1982.
Growth in the reindeer. — Acta Veterinaria
Scandinavia 23: 603-618.

Tveraa, T., Fauchald, P., Henaug, C. & Yoc-
coz, N.G. 2003. An examination of a com-
pensatory relationship between food limina-

This journal is published under the terms of the Creative Commons Attribution 3.0 Unported License 8 9
Editor in Chief: Birgitta Ahman, Technical Editor Eva Wiklund and Graphic Design: Bertil Larsson, www.rangifer.no



tion and predation in semi-domestic reindeer.
— Oecologia 137:370-376.

Valkenburg, P., McNay, M.E. & Dale, B.W.
2004. Calf mortality and population growth
in the Delta caribou herd after wolf control. —
Wildlife Society Bulletin 32(3): 746-756.

Weladji, R. B., Gaillard, J-M., Yoccoz, N. G.,
Holand, 9., Mysterud, A, Loison, A., Nie-
minen, M. & Stenseth, N. Chr. 2006. Good
reindeer mothers live longer and become bet-
ter in raiding offspring. — Proc. R. Soc. B 273:
1239-1244.

Whitten, K.R., Garner, G.W., Mauer, EJ. &
Harris, R.B. 1992. Productivity and early
calf survival in the Porcupine Caribou Herd.
— Journal of Wildlife Management 56: 201-
212.

Young, Jr., D.D. & McCabe, T.R. 1997. Griz-
zly bear predation rates on caribou calves
in northeastern Alaska. — Journal of Wildlife
Management 61(4): 1056-10606.

90 This journal is published under the terms of the Creative Commons Attribution 3.0 Unported License
Editor in Chief: Birgitta Ahman, Technical Editor Eva Wiklund and Graphic Design: Bertil Larsson, www.rangifer.n

o Rangifer, 33, Special Issue No. 21, 2013



