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Abstract We developed a discriminant function based on
measurements of known-sex mandibles of walrus from the
Canadian Arctic collected between 1983 and 1998 and used
it to explore the sex ratio in the catches of walrus in
Tusenøyane, south-eastern Svalbard, during the nineteenth
century. Canadian mandibles older than 5 years of age of
known sex were classiWed into correct sex with 100% accu-
racy by using two measurements. Applying the same discri-
minant function to 80 mandibles from Svalbard older than
5 years of age classiWed 48 (60%) as males and 32 (40%) as
females. It also classiWed 584 aged and un-aged mandibles
from Svalbard 67% (390) as males and 33% (194) as
females. Eight of the aged jaws (10%) and 41 (7%) of the
un-aged jaws had probabilities of classiWcation into sex
<80%. We stress the importance of being cautious in apply-
ing a discriminant function developed from Canadian man-
dibles to classify the sex of old weathered mandibles from
Svalbard. However, we believe our results indicate that

female walrus were once more common in south-eastern
Svalbard than they are now.
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Introduction

In 1604 the Wrst hunt of Atlantic walrus (Odobenus rosma-
rus rosmarus) occurred in Svalbard (Poole 1604–1609),
marking the beginning of the onslaught on the walrus popu-
lation in this Arctic archipelago. By the middle of the nine-
teenth century the stock showed clear signs of decrease
(Lamont 1861). The centuries of walrus hunting brought
the reportedly large herds to the verge of extinction in Sval-
bard (Norderhaug 1969), until they Wnally were given total
protection in 1952 (Anonymous 1952). It is diYcult to
assess the size of the original populations prior to hunting,
but the Svalbard population must have been very large
(Reeves 1978). Today the walruses at Svalbard and at
Franz Josef Land in the western Russian Arctic are thought
to comprise one common population (Gjertz and Wiig
1994; Wiig et al. 1996; Born et al. 2001).

Sexual segregation for part of the year is common in wal-
ruses (Fay 1985). However, in several areas in the Atlantic,
male, females and young use the same terrestrial haul-outs
in summer (e.g. Salter 1979; Miller 1982; Born et al. 1995).
Most of the historic reports of walruses from Svalbard fail to
mention the sex of the animals, and the information on dis-
tribution of females and calves in former days is accordingly
scant (Gjertz and Wiig 1994). Chydenius (1865) wrote that
walrus cows and calves at Svalbard were found in other
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areas than the bulls, and that walrus hunters thought the
males travelled in big herds out to shallow water far from
land, while the females with calves habitually stayed close
to land and visited the fjords. Collett (1911–1912) also
noted that walruses at Svalbard segregated into male and
female herds. Today, however, most walruses observed at
Svalbard are males (Born 1984; Gjertz and Wiig 1994).
Summer and autumn observations after 1982 revealed
females and calves in signiWcant numbers only at the
extreme north-eastern part of Svalbard. Walruses observed
in other areas in summer were almost exclusively males,
both adults and immature (Gjertz and Wiig 1994).

It might be that the distribution of sexes before the near
extinction of the population at Svalbard was diVerent than
seen today. We address this question by investigating the
sex of the remains of hunted walruses found in the south-
eastern parts of Svalbard. Walruses have a high degree of
sexual size dimorphism which is also clearly expressed in
skull dimensions (Ognev 1935; Mohr 1942). Hence, sexual
dimorphism in size is reXected in mandible size and form
(Mohr 1942). Walruses at Svalbard are protected and pres-
ent day material does not exist to quantify the dimorphism.
We therefore developed a discriminant function (e.g. Wiig
1989; Hair et al. 1998) based on measurements of aged and
sexed mandibles collected from the hunt in the Canadian
Arctic and then used that function to explore the possible
sex distribution in the remains left from the walrus catches
in the Tusenøyane archipelago, south-eastern Svalbard,
during the nineteenth century (Fig. 1).

Materials and methods

Eighty mandibles (33 females and 47 males) were collected
between 1983 and 1998 in connection with monitoring of

subsistence hunting activity in Hall Beach and Igloolik, on
Foxe Basin, NT, Canada. These animals were aged by
counting annual incremental layers in a lower canine tooth
(Garlich-Miller et al. 1993). These mandibles were selected
from a larger sample to represent an age range from 0 to
25–30 years in both sexes. Four measurements were taken
of each mandible with a digital calliper and recorded to the
nearest 0.1 mm (Fig. 2):

1. Mandible length (ML), distance between most anterior
point on mandible and midpoint on posterior surface of
articular condyle.

2. Mandible height (MH), distance between most dorsal
point on coronoid process and most ventral point on
angular process.

3. Least mandible depth (MD), minimal distance between
dorsal and ventral mandibular surfaces, posterior to the
last post-canine.

4. Least mandible thickness (MT), minimal lateral dis-
tance between medial and lateral mandibular surfaces,
posterior to the last post-canine

The Wrst three measurements are standard mandible mea-
surements for walrus (F.H. Fay in lit. 1991) while the
fourth was selected to express robustness of the mandible
together with measurement 3.

In 1991 and 1992 we took the same four measurements
with a manual calliper (recorded to the nearest 0.1 mm) on
591 mandibles found on terrestrial haul-outs on diVerent
islands in the Tusenøyane area of south-eastern Svalbard
(about 77°N, 22°E). The mandibles derive from the catches
that were made in this area mainly during the nineteenth
century. These mandibles represented all samples found
except those mandibles that were too degraded to be mea-
sured as decided subjectively in the Weld. Several of the
measured mandibles were broken and did not provide all
four measurements. Post-canine teeth were present in 83
mandibles and were collected for age determination (Stew-
art and Stewart 2005) using incremental layers in the
cementum of the teeth (Garlich-Miller et al. 1993).

Fig. 1 Map of the Svalbard and Franz Josef Land archipelagos show-
ing place names mentioned in the text
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Fig. 2 Variable measured on mandibles of Atlantic walruses (Odobe-
nus rosmarus rosmarus): ML mandible length, MH mandible height,
MD least mandible depth, MT least mandible thickness
123



Polar Biol (2007) 31:69–75 71
To restrict the analyses to animals in which most of the
growth had ceased we explored the growth pattern in the
four variables against age in bivariate plots based on the
Canadian sample (not shown). From these plots it was clear
that most of the mandibular growth of females had ceased
in animals older than 5 years, while males continued to
grow for several more years. Petersen and Born (1982)
showed that male mandibles grow to the age of about
10 years. Female Atlantic walrus becomes sexually mature
about 5 years (Born 2001) whereas males mature some
years later (Born 2003). However, by age 5 years there was
no overlap between males and females in the variable used
and we restricted the analyses of the Canadian sample to
individuals older than 5 years, which were 43 males and 29
females.

First we developed a discriminant function (Wiig 1989)
using the Canadian material. The analysis considered diVer-
ences in means, variances, and covariances of variables
among groups. We selected variables in a stepwise manner,
taking Wrst the variable which made the largest contribution
to the separation between the sexes according to the Maha-
lanobis distance. At each step, the variable that maximized
the distance between the sexes was entered. Based on the
variables entered the program calculated a classiWcation
matrix which indicated the power of the discriminant func-
tion. We also used the cross-validation method in which
each case in the analysis was classiWed by the functions
derived from all cases other than that particular case. We
further used the Mahalanobis distance to calculate the prob-
ability that each case belonged to the predicted sex (see
Hair et al. 1998; and http://www.statsoft.com/textbook/stat-
home.html.)

Discriminant analyses require variables that have a mul-
tivariate normal distribution and within-group variance-
covariance matrices should be equal across groups (Hair
et al. 1998). The variables were log transformed to secure
normality and equality of variance-covariance matrices was
tested by Box’s M statistics. All analyses were conducted
in SPSS for Windows (version 14.0).

Results

Mandibles of Canadian male walruses over 5 years old
were signiWcantly larger than females in all four measure-
ments (untransformed) (Table 1; ML: F1,69 = 174.0,
P < 0.001; MH: F1,70 = 128.9, P < 0.001; MD: F1,70 =
220.1, P < 0.001; MT: F1,70 = 233.6, P < 0.001). The step-
wise discriminant analysis that included all four variables
showed that the covariance matrices of the log-transformed
data of the two sexes were not diVerent (Box’s M = 0.601,
df = 3 and 158,041, P = 0.90). Of the four variables, MD
and MT were selected because ML and MH did not contrib-

ute any additional discriminant power. The diVerences
between the sexes in discriminate space was highly signiW-
cant (Wilks’ � = 0.162, X2

2 =125.4,  P < 0.001). The model
accounted for 84% of the variation between sexes
(R = 0.92). Based on MD and MT, none of the 72 Canadian
mandibles was incorrectly sexed. The same result was
achieved by cross-validation. The probability of classiWca-
tion to sex based on Mahalanobis distance was accordingly
high for all individuals (Fig. 3).

The age of the Svalbard mandibles were between 5 and
30 years. Before we applied the discriminant function
derived from the Canadian sample to the Svalbard material,
we compared the relationship between the two variables in
mandibles older than 5 years of age from Canada (n = 72)
and Svalbard (n = 80) by linear regression of the log-trans-
formed data (Fig. 4). There was a complete overlap of the
data from the two areas and the regression coeYcients were
not signiWcantly diVerent (F = 2.244, df: 1, 148, P > 0.05).

Fig. 3 Probability distribution of classifying 72 mandibles of Atlantic
walrus (O. rosmarus rosmarus) from Canada as males based on a dis-
criminant analyses and Mahalanobis distance from group centroid.
Mandibles with probability < 0.50 are classiWed as females
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Table 1 Descriptive statistics for four variables measured on mandi-
bles of Atlantic walruses (Odobenus rosmarus rosmarus) older than
5 years from the Canadian Arctic

Variable (mm) n Males Females

Mean SD n Mean SD

Mandible length 43 262.64 12.82 28 225.74 9.14

Mandible height 43 88.61 5.21 29 75.27 4.37

Least mandible depth 43 59.20 3.52 29 47.36 3.0

Least mandible thickness 43 25.24 3.0 29 15.31 2.17
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We also compared the relationship between the two vari-
ables in the aged (>4 years) (n = 83) and the un-aged
(n = 501) Svalbard mandibles (Fig. 5). There was a com-
plete overlap in distribution in the two samples and the
regression coeYcients were not diVerent (F = 2.090, df: 1,
580, P > 0.05).

The discriminant function classiWed 48 (60%) of the 80
adult mandibles from Svalbard as males and 32 (40%) as
females. Probability for sex classiWcation was low (<80%)
for eight (10%) mandibles (Fig. 6). We then classiWed all
mandibles from Svalbard. Of the 584 mandibles on which
the two measurements were taken, 390 (67%) were classi-
Wed as males and 194 mandibles (33%) were classiWed as
females. Also for these mandibles the probability of correct
classiWcation into sex was close to 0.50 for several mandi-
bles (Fig. 7). Forty-one of them (7%) had probabilities
<80%. The diVerence between sex distributions of the aged
mandibles and all mandibles from Svalbard was not signiW-
cant (X1

2 =0.0093,  P = 0.92). Hence, the analyses indicate
that female walrus were more common in south-eastern
Svalbard in former days than today when very few adult
females are observed in the same areas.

Discussion

Discriminant analysis is useful for building a predictive
model of group membership based on observed characteris-
tics of each case. The procedure generates a discriminant

Fig. 4 Relationship between least mandible thickness (MT, mm) and
least mandible depth (MD, mm) of Atlantic walrus (O. rosmarus rosm-
arus) older than 5 years of age from Canada (open circles) and south-
eastern Svalbard (Wlled circles). Dashed line is the linear regression of
Canadian data (ln MD = 0.386 ln MT + 2.825, R2 = 0.74); solid line
is the linear regression of Svalbard data (ln MD = 0.446 ln
MT + 2.626, R2 = 0.76)
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Fig. 5 Relationship between least mandible thickness (MT, mm) and
least mandible depth (MD, mm) of Atlantic walrus (O. rosmarus rosm-
arus) from south-eastern Svalbard older than 4 years of age (open cir-
cles) and un-aged material (Wlled circles). Dashed line is linear
regression of aged data (ln MD = 0.438 ln MT + 2.652, R2 = 0.76);
solid line is linear regression of un-aged data (ln MD = 0.391 ln
MT + 2.798, R2 = 0.62)
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Fig. 6 Probability distribution of classifying 80 mandibles of Atlantic
walrus (O. rosmarus rosmarus) older than 5 years from the Tu-
senøyane area, south-eastern Svalbard, as males based on a discrimi-
nant analyses and Mahalanobis distance from group centroid.
Mandibles with probability < 0.50 are classiWed as females
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function based on linear combinations of the predictor vari-
ables that provide the best discrimination between the
groups. The functions are generated from a sample of cases
for which group membership is known; the functions can
then be applied to new cases that have measurements for
the predictor variables but have unknown group member-
ship (Hair et al. 1998, http://www.statsoft.com/textbook/
stathome.html

The analysis discriminated the sexes of the Canadian
mandibles with 100% accuracy. The same high frequency
was achieved using the cross validation technique in which
each case is classiWed by the functions derived from all
cases other than that particular case. This agreement of
independent techniques is a measure of the reliability of the
function. Early in the process of exploring the data we even
detected an individual for which the wrong sex was
recorded in the original material. The correct sex was later
conWrmed by molecular techniques (methods not reported
here).

Garlich-Miller and Stewart (1998) investigated body
growth in walruses from Foxe Basin collected in the
1980s–1990s and found them to be larger than walruses
collected from Hudson Bay in the 1950s. The body length
had a similar growth pattern to walruses collected in north-
western Greenland (taken from Knutsen and Born 1994),
and was within one SE for the asymptote of males selected
for large size in Svalbard (Wiig and Gjertz 1996). This
indicates that there might be diVerences in allometric
growth among areas so that a sex identiWcation tool devel-

oped on one set of data must be used with caution on a set
of data from other times and areas. However, there were no
allometric diVerence between samples from Canada and
Svalbard supporting the application of the discriminant
function developed on Canadian material to the material
from Svalbard. The larger spread in probability distribu-
tions (Figs. 6, 7) might partly reXect the uncertainty of
applying the Canadian discriminant function to the Sval-
bard material. Most of the material is, however, classiWed to
sex with a high probability.

After more than 100 years on the ground the Svalbard
mandibles were weathered to some degree. The bone struc-
ture of the walrus mandible is very dense, the periosteal
zone in particular, due to the age-related accumulation of
layering in this zone (Petersen and Born 1982). We there-
fore assume that the two measurements used for sexing
(MD and MT) were not inXuenced by weathering to any
great extent. If there were a bias, it would make the mandi-
bles smaller than they had been in the living animals,
thereby increasing the probability of wrongly classifying
males as females. However, ML and MH were more worn
by weathering and the use of them for sexing would have
been more uncertain. Application of the discriminant func-
tion on un-aged mandibles might, also, lead to young males
(<5 years old) being classiWed as females. However, the
age distribution of the aged material (>4 years) and the
overlap in size distribution of the aged and the un-aged
material (Fig. 5) indicate that there are few very young
individuals in the material. MisclassiWcation of young
males as females is not believed to be a signiWcant concern
in the analysis. We therefore believe that the results reXect
that there actually were many females in the catches (ca.
33%).

All the mandibles from Svalbard were collected in the
Tusenøyane archipelago. Most of the hunting here probably
took place in the period 1800–1899 (Gjertz and Wiig 1994;
Lønø 1972). It is diYcult to determine the hunting period in
which our material originated exactly. However, 502 out of
591 mandibles were from one island, Håøya, the scene of
one of the most famous slaughters of walruses in Svalbard.
It occurred in 1852 and is well documented. The exact
number of walruses present on the island at that time is not
known for certain, but is believed to have counted several
thousand, many hundreds of which were killed in 1 day
(Guernsey 1861). After this time the island was used rarely
by walruses (Guernsey 1861; Lamont 1861) even into the
twentieth century (Gjertz and Wiig 1994). It is therefore
likely that the mandibles measured at Håøya predominantly
are remains of the 1852 slaughter. This also means that
females and males were found on the same haul-out. This
situation is not uncommon for Atlantic walrus (Salter 1979;
Miller 1982; Born et al. 1995) and is also known for
the PaciWc walrus (O. r. divergens) at Wrangel Island

Fig. 7 Probability distribution of classifying 584 mandibles of
Atlantic walrus (O. rosmarus rosmarus) from the Tusenøyane area,
south-eastern Svalbard, as males based on a discriminant analyses and
Mahalanobis distance from group centroid. Mandibles with
probability < 0.50 are classiWed as females
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(e.g. Ovsyanikov et al. 1994) but contrasts with Chydenius
(1865) and Collett (1911–1912) who noted that walruses at
Svalbard segregated into male and female herds in summer.

We cannot be certain that the sex proportion in these
land catches reXect the sex proportion of the walruses in the
area. Lamont (1861) described that hunters often caught
females with young at ice Xoes in the Tusenøyane area.
These were butchered at the Xoes and would not turn up in
our samples. Such a bias would mean that the proportion of
females in the area was higher than the »33% we detected.
Similarly, present day catches in western Greenland and
Foxe Basin are about 33–40% females (Orr et al. 1986;
Born et al. 1995) and if present, such a bias in the 1800s
would result in an underestimate of the proportion of
females present in Svalbard, increasing the diVerence with
current population structure.

The limited information on the historical distribution of
females with calves in Svalbard indicates mother-calf pairs
centred on four main areas: north-western Spitsbergen,
Hinlopenstretet, north-eastern Nordaustlandet-Kvitøya, and
southern Edgeøya-Tusenøyane (Gjertz and Wiig 1994). In
the recent past, after 1982, the only area where females
with young have been observed in signiWcant numbers is
the extreme north-eastern part of Svalbard. The herds of
walruses observed in other areas in summer are almost
exclusively juveniles and adult males (Born 1984; Gjertz
and Wiig 1995).

The walruses in the Svalbard-Franz Josef Land area
today belong to a recovering population (Gjertz and Wiig
1994, 1995). Sealers caught large numbers of walruses in
Franz Josef Land in the late nineteenth century. In 1897,
almost all those caught were females with young, with a
few young bulls (Southwell 1898). From about 1,900 seal-
ing vessels caught large numbers of walruses in Franz Josef
Land (See Gjertz et al. 1992 for a review), predominantly
females and calves. Bruce and Clarke (1898) similarly
found few males in Franz Josef Land in summer. In recent
years, while limited at Svalbard, large herds of females
with calves have been documented at Franz Josef Land
(Born et al. 1995).

Our results indicate that mature female walrus were once
more common in south-eastern Svalbard than they are at
present. It appears that Franz-Josef Land served as a refuge
for females during the years of extreme exploitation at
Svalbard but that females have not re-established them-
selves on Svalbard as successfully as have males. This
might be expected based on the tendency for males to roam
more widely than females (Andersen and Born 2000; Stew-
art et al. 2003). The catches we have analysed were taken
during the so-called “Little Ice Age”, which were the cold-
est period during the whole Holocene (ACIA 2005). The
ice conditions were severe and much diVerent from today.
The eVect the changed ice conditions might have on the

distribution of sexes and on the recovery of walrus popula-
tions in the Svalbard-Franz Josef Land area remains unclear.

Acknowledgments We thank Kathy Fisher, Joel Garlich-Miller and
the walrus hunters of Igloolik and Hall beach for collecting walrus jaws
in Canada. Ages of Canadian material was done by Barb Stewart. Sval-
bard material was aged by Bjørn BergXødt and Kjell A. Fagerheim.
Ryan Stewart assisted with the Canadian measurements and drawing
(Fig. 2). We are thankful to all. Funding in Canada was provided by the
Department of Fisheries and Oceans. Funding in Norway was provided
by the Research Council of Norway (grant no.: I 735.004), the Norwe-
gian Polar Institute, and the Natural History Museum, University of
Oslo.

References

ACIA (2005) Arctic climate impact assessment. Cambridge University
Press, New York

Andersen LW, Born EW (2000) Indications of two genetically diVer-
ent subpopulations of Atlantic walruses (Odobenus rosmarus
rosmarus) in west and northwest Greenland. Can J Zool 78:1999–
2009

Anonymous (1952) Fredning av hvalross. Kongelig Resolusjon (Royal
Decree) 20

Bruce WS, Clarke WE (1898) The mammalia and birds of Franz Josef
Land. Proc R Phys Soc 14:78–112

Born EW (1984) Status of the Atlantic walrus Odobenus rosmarus
rosmarus in the Svalbard area. Polar Res 2 n.s.:27–45

Born EW (2001) Reproduction in female Atlantic walruses (Odobenus
rosmarus rosmarus) from northwestern Greenland. J Zool
255:165–174

Born EW (2003) Reproduction in male Atlantic walruses (Odobenus
rosmarus rosmarus) from North Water (N BaYn Bay). Mar
Mamm Sci 19:819–831

Born EW, Gjertz I, Reeves RR (1995) Population assessment of Atlan-
tic walrus. Norsk Polarinst Medd 138:1–100

Born EW, Andersen LW, Gjertz I, Wiig Ø (2001) A review of the
genetic relationships of Atlantic walrus (Odobenus rosmarus
rosmarus) east and west of Greenland. Polar Biol 24:713–718

Collett R (1911–1912) Norges Hvirveldyr, vol 1. Norges pattedyr. H.
Aschehoug & Co. (W. Nygaard), Kristiania

Chydenius K (1865) Svenska expeditionen till Spetsbergen år 1861 un-
der ledning av Otto Torell. P.A. Norstedt & Söner, Stockholm

Fay FH (1985) Odobenus rosmarus. Mamm Species 238:1–7
Garlich-Miller JL, Stewart REA (1998) Growth and sexual dimor-

phism of Atlantic walruses (Odobenus rosmarus rosmarus) in
Foxe Basin, Northwest Territories, Canada. Mar Mamm Sci
14:803–818

Garlich-Miller JL, Stewart REA, Stewart BE, Hiltz EA (1993) Com-
parison of madibular with cemental growth-layer counts for age-
ing Atlantic walrus (Odobenus rosmarus rosmarus). Can J Zool
71:163–167

Gjertz I, Wiig Ø (1994) Past and present distribution of walruses in
Svalbard. Arctic 47:34–42

Gjertz I, Wiig Ø (1995) The number of walruses (Odobenus rosmarus)
in Svalbard in summer. Polar Biol 15:527–530

Gjertz I, Hansson R, Wiig Ø (1992) The historical distribution and
catch of walrus in Franz Josef Land. Norsk Polarinst Medd
120:67–81

Guernsey AH (1861) Sporting in Spitzbergen. Harper’s New Mon Mag
23:606–617

Hair JF, Anderson RE, Tatham RL, Black WC (1998) Multivariate
data analysis. Prentice-Hall, New Jersey
123



Polar Biol (2007) 31:69–75 75
Knutsen LØ, Born EW (1994) Body growth in Atlantic walruses
(Odobenus rosmarus rosmarus) from Greenland. J Zool Lond
234:371–385

Lamont J (1861) Seasons with the sea-horses; or sporting adventures
in the northern seas. Hurst and Blackett, London

Lønø O (1972) The catch of walrus (Odobenus rosmarus) in the areas
of Svalbard, Novaja Zemlja, and Franz Josef Land. Norsk Pola-
rinst Årbok 1970:199–212

Miller EH (1982) Herd organisation and female threat behaviour in
Atlantic walruses Odobenus rosmarus rosmarus (L.). Mamm
46:29–34

Mohr E (1942) Geschlechtunterschiede am Walross-Schädel (Gender
diVerence in the walrus skull). Zool Anz 137(5–6):71–76 (in
German)

Norderhaug M (1969) Hvalrossens (Odobenus rosmarus) forekomst i
Svalbardområdet 1960–1967. Norsk Polarinst Årbok 1967:146–
150

Ognev SI (1935) Odobenidae Walruses, pp.271–299. In: SI Ognev
1962. Zveri SSSR i prilezhashchikh stran (Mammals of USSR
and adjacent countries, vol III. Carnivora, Fissipedia and Pinnipe-
dia). Moskow, Leningrad. Translated from Russian, Israel pro-
gram for ScientiWc Translations, Jerusalem, 1962, pp 271–299

Orr JR, Renooy B, Dahlke (1986) Information from hunts and surveys
from walrus (Odobenus rosmarus) in Northern Foxe Basin,
Northwest Terrirories, 1982–1984. Can Fish Aquat Sci Man Rep
No 1899

Ovsyanikov NG, Bove LL, Kochnev AA (1994) The factors causing
mass death of walruses on coastal rookeries. Zool Zh 73:80–87

Petersen S, Born EW (1982) Age determination of the Atlantic walrus,
Odobenus rosmarus rosmarus, by means of mandibular growth
layers. Z Säugetierk 47:55–62

Poole J (1604–1609) Divers Voyages to Cherie Iland, in the yeeres
1604, 1605, 1606, 1608, 1609. Reprinted diary in: Purchas, S.
1906. Hakluytus posthumus or Purchas his Pilgrimes, vol 13.
James MacLehose and Sons, Glasgow

Reeves RR (1978) Atlantic walrus (Odobenus rosmarus rosmarus): a
literature survey and status report. Wildl Res Rep 10:1–41

Salter RE (1979) Site utilization, activity budgets, and disturbance re-
sponses of Atlantic walruses during terrestrial haul-out. Can J
Zool 57:1169–1180

Southwell T (1898) Notes on the seal and whale Wshery, 1897. Zoolo-
gist 4:69–77

Stewart REA, Stewart BE (2005) Comparison of between-tooth age
estimates of Atlantic walrus (Odobenus rosmarus rosmarus). Mar
Mamm Sci 21:346–354

Stewart REA, Outridge PM, Stern RA (2003) Walrus life-history
movements reconstructed from lead isotopes in annual layers of
teeth. Mar Mamm Sci 19:806–818

Wiig Ø (1989) Craniometric variation in Norwegian wolverines Gulo
gulo L. Zool J Linn Soc 95:177–204

Wiig Ø, Gjertz I (1996) Body size of male Atlantic walruses (Odobe-
nus rosmarus rosmarus) from Svalbard. J Zool 240:495–499

Wiig Ø, Gjertz I, GriYths D (1996) Migration of walruses (Odobenus
rosmarus) in the Svalbard and Franz Josef Land area. J Zool
238:769–784
123


	Historical sex-speciWc distribution of Atlantic walrus (Odobenus rosmarus rosmarus) in Svalbard assessed by mandible measurements
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


