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Abstract Teeth are vital for mammal performance and
especially in ungulates relying on mechanical decomposition of plant material for eﬀective microbial digestion
and energy uptake. The main focus of the role of teeth in
ungulate life histories has been on tooth wear, while no
one has addressed to what extent deviation from the
natural set of teeth (maldentition) causes variation in
individual ﬁtness components. Based on mandibles from
41,066 individual red deer (Cervus elaphus L.) collected
from 1969 to 2001, we tested whether maldentition had
an eﬀect on individual body condition and whether this
eﬀect depended on environmental harshness. Females
with maldentition (0.6% of the population) were in a
poorer condition than individuals without tooth anomalies and the eﬀect increased during unfavorable climatic
conditions. The eﬀect of maldentition in males was less
clear. This study indicates that a well-functioning set of
teeth is essential for mammal performance, and that
selection pressure against (dental) anomalies is more
pronounced when climate is unfavorable.
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Introduction
Mammals depend on a well-functioning set of teeth to
acquire and process food. This is particularly critical for
ungulates where eﬀective energy absorption in the
digestive tract depends on the molariform teeth’s ability
to reduce plant particle size to ensure more eﬃcient
microbial digestion (Pérez-Barberı́a and Gordon 1998).
Size and form of the front teeth (in addition to muzzle
width) may also aﬀect a herbivore’s ability to select the
preferred forage plants (Gordon and Illius 1988). Recent
studies have investigated the importance of tooth wear
for the life history of ungulates (Skogland 1988; Ericsson
and Wallin 2001; Loe et al. 2003). Maldentition (i.e.,
deviation from the natural set of teeth) is likely to reduce
teeth function to a higher extent than wear. Decreased
longevity was found in elk Cervus elaphus with severe
tooth damages due to anomalous exposure to ﬂuoride
and silica (Garrott et al. 2002). Only two large-scale
studies (Zima 1988; Azorit et al. 2002) have reported
frequency of maldentition occurrence in natural populations of ungulates (but see, e.g., Kierdorf and Kierdorf
2002 for single individuals) and no study has so far
investigated the consequences of tooth anomalies for
ungulate life history under more normal conditions
(than those present in the study system of Garrott et al.
2002).
In general, the environment aﬀects life history traits
(such as condition, fecundity, and survival) in ungulates
(Coulson et al. 2000), but inferior and injured individuals may suﬀer even more from environmental stress
than ‘normal’ individuals. In the speciﬁc case of maldentition, individuals with inferior teeth may suﬀer more
at high population density and/or under adverse climatic
conditions (especially if there is a deep snow layer), if
maldentition were related to their poorer ability to
masticate sub-optimal diets composed of rougher items.
Anomalies may accumulate throughout life and become
progressively more important for individual performance as they age.
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Here, we report on the age- and sex-speciﬁc frequency
of maldentition in a sample of 41,066 Norwegian red
deer (Cervus elaphus L.). We check if the frequency of
tooth anomalies increases by age. Thereafter, we test for
the ﬁrst time the hypotheses that body condition is lower
in red deer with maldentition, and that this is more
pronounced at a high population density and during
unfavorable climatic conditions.

Materials and methods
Study area
The study area consists of 65 municipalities covering
large parts of the Norwegian south–west coast, which is
the main area for red deer in Norway (Langvatn et al.
1996). Red deer in the study area can be divided into ﬁve
populations corresponding to Norwegian counties:
Rogaland and Hordaland (P1), Sogn og Fjordane (P2),
Møre og Romsdal and Sør-Trøndelag (P3), NordTrøndelag (P4), and the island Hitra (P5; Mysterud et al.
2000). Red deer eat graminoids and herbs in summer
and prefer blueberry and cowberry (Vaccinium L. sp.) in
the winter. However, when the snow layer is deep they
no longer have access to these dwarf shrubs and change
to browse and bark stripping in the tree layer (aspen
(Populus tremula L.), rowan (Sorbus aucuparia L.), willow (Salix L. sp.), juniper (Juniperus communis L.), and
Scots pine (Pinus sylvestris L.) (Ahlén 1965; Ahlén
1975).

post-mortem changes were distinguished from antemortem ones by looking at the alveoli and by the condition of the tooth fracture planes.
Environmental covariates
In an average year, snow covers the ground from
December to March; however, snow cover is dependent
on altitude and phase of the North Atlantic Oscillation
(see Hurrell and Van Loon 1997 for deﬁnition of the
NAO). On the west coast of Norway, high NAO values
in winter correlate with high temperatures and much
precipitation (falling mainly as rain at low elevation, and
more often as snow at high elevation). In lowland red
deer wintering areas, a signiﬁcant snow cover is only
present in years with low NAO value (Mysterud et al.
2000). We used the mean NAO value from December to
March as a covariate in our analyses. Recently, the use
of large-scale weather packages (such as the NAO) has
been acknowledged to predict ecological processes better
than local climate in some cases (Hallett et al. 2004).
In order to obtain an index for population density in
a given year and municipality, we divided the total
number of harvested red deer on the ‘qualifying area’,
which is the area deﬁned as deer habitat by the management authorities (see Mysterud et al. 2001c for details).
Statistical analyses
Frequency of tooth anomalies

Red deer data
A total of 41,066 mandibles from adult red deer
(>1 year old) were sampled during the annual autumn
harvest 1969–2001 (between 10th September and 15th
November), together with data on body weight and records of date of culling and locality (municipality)
(Langvatn et al. 1996). Recorded body weight is dressed
weight (accounting for 58% of live weight; Langvatn
1977). Jaw length was measured according to Langvatn
1977). Age was estimated from annual tooth cementum
layers (Mitchell 1967; Reimers and Nordby 1968).
Dental abnormalities were classiﬁed according to the
involved teeth and the malformation type (Table 1). The
various types of maldentition are a combination of
innate anomalies and mechanical damages inﬂicted
throughout life. Due to the relatively low number of
individuals with tooth anomalies, we did not attempt to
analyze subsets of speciﬁc types of teeth nor speciﬁc type
of anomalies (listed in Table 1). We found that the origin and the age of a tooth anomaly (i.e., if it was innate
or inﬂicted) could not be established for the majority of
individuals. Hence, we do not separate ‘innate’ or
‘inﬂicted’ tooth anomalies in the following analyses.
Teeth can sometimes be lost from cleaned, dry jaws, or
fracture during improper handling of mandibles. These

Tooth anomaly occurrence was modeled as a binary
response (present or not) using the Generalized Linear
Model with a logit link and binomial error distribution
(McCullagh and Nelder 1989; Agresti 1990). However,
given the relatively low occurrence of maldentition in
red deer (>1% in average), standard logistic regression
might give biased results (McCullagh and Nelder 1989;
Venables and Ripley 1999) by underestimating the
probabilities of the studied event to happen (King and
Zeng 2001). A way to overcome such biases is to modify
the maximum likelihood estimator (Firth 1993; Heinze
and Schemper 2002), which bears the consequence that
we could not compute the Akaike Information Criterion
(AIC; Akaike 1974) required for the theoretical information approach as we did in the body mass analyses
included in this paper. As recommended for the modeling of rare events such as tooth anomalies, proﬁle
likelihoods were used to test the eﬀect of year, population, sex, and age on tooth anomaly occurrence (Venables and Ripley 1999; Heinze and Schemper 2002).
Finally, we assessed the model ﬁt (goodness-of-ﬁt tests,
GOF) according to Agresti (1990) by (1) transforming
continuous variables into an 8-class categorical variable
and (2) comparing the Pearson residuals with a Chisquare with the residual number of degrees of freedom.
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Table 1 Occurrence of the diﬀerent types of maldentition in molars, premolars, and incisiforms of female and male Norwegian red deer
Molars

Females
No maldentition
Missinga
Brokenb
Malocclusion (incl torsion)
Supernumerary teeth
Not speciﬁed/Other
Males
No maldentition
Missinga
Brokenb
Malocclusion (incl torsion)
Supernumerary teeth
Not speciﬁed/Other
a

Premolars

Incisors

Total

n

Percentage

n

Percentage

n

Percentage

n

Percentage

16,773
5
0
4
1
12

99.87
0.03
0.00
0.02
0.01
0.08

16,735
38
1
6
1
13

99.65
0.23
0.01
0.04
0.01
0.08

16,760
5
10
9
1
2

99.84
0.03
0.06
0.05
0.01
0.02

16,735
48
11
19
3
27

99.36
0.28
0.07
0.11
0.02
0.16

24,134
3
2
1

99.93
0.01
0.01
0.00
0.00
0.04

24,104
23
2
4
5
17

99.79
0.10
0.01
0.02
0.02
0.07

24,104
6
5
24
1
15

99.79
0.02
0.02
0.10
0.00
0.06

24,104
32
9
29
6
43

99.51
0.13
0.04
0.12
0.02
0.18

11

No visible remains
Visible remains of the tooth

b

We assume that a good ﬁt of simple models (including
only one predictor variable) indicates that extended
models also ﬁt well (as done in Langvatn et al. 2004). All
GOF P-values were >0.4, suggesting that the models
captured the data adequately.

studies based on observational data (Johnson and Omland 2004), although it inﬂates the standard errors of
parameter estimates. An example of this model averaging procedure in ecology is given by Conner et al. (2001).
From model AICs, we derived the relative AIC weights
as

Body weight analyses

e0:5DAICi
^ i ¼ Pk
w
;
0:5DAICj
j¼1 e

The eﬀects of maldentition on log-transformed (to stabilize variance) body weight were investigated with the
Generalized Linear Model (McCullagh and Nelder
1989) using an identity link function and a normal error
distribution. All factors shown earlier to aﬀect red deer
body weight were included in our initial model (see
Yoccoz et al. 2002; Loe et al. 2003 for a similar approach). Theses variables were age (as 5 age classes for
females and a 6-order polynomial function for males;
Mysterud et al. 2001c), density (Mysterud et al. 2001c),
the NAO (Mysterud et al. 2001b), latitude (Mysterud
et al. 2001a), diversity of aspect (with the ShannonWiener information criteria; data: proportion of area
facing north, northeast, east, southeast, south, southwest, west, and northwest in each municipality), proportion of high altitude habitat and the distance to the
coast (Mysterud et al. 2001a), and population (Mysterud
et al. 2001a). Second-order interactions between population, age, and the NAO were also entered in the model.
We followed the same procedure as Yoccoz et al. (2002)
and standardized covariables so that coeﬃcients could
be easily interpreted as well as allowing the comparison
of the relative strength of each covariable.
The model selection was based on the Akaike Information Criterion (AIC), which selects the most parsimonious model. We followed the information theoretic
and model averaging approaches (Burnham and
Anderson 1998) which include more than one single best
model. This procedure has recently been promoted as a
useful tool in evolutionary biology and ecology for

which gives the probability for the model i to be the best
model. This model averaging procedure thus accounts
for the model selection uncertainty that is an integrated
part of the statistical inference (Buckland et al. 1997).
We considered a set of best models including all models
within a range of four AIC points from the best model to
build up the average model. The average model estimates were estimated as the weighted mean (^
wi ) of the
set of best model coeﬃcients. Coeﬃcient variances were
calculated as
varbj ¼

k
X

^i
w

qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
varðbj;i Þ þ ðbj þ bÞ2 ;

i¼1

where bj is the coeﬃcient of interest and bj,i the estimate
of bj knowing model i (Burnham and Anderson 1998).
According to Burnham and Anderson (1998), these
average model estimates of the coeﬃcients are lowered
to 0 and have increased variance when they do not appear in the ith model. Hence, some variables may be
selected in the average model without being signiﬁcantly
diﬀerent from 0.
We assessed independent probability for the ith
model to be the best model using a bootstrap resampling
method (Efron and Tibshirani 1993) denoted as pi
(Buckland et al. 1997; Burnham and Anderson 1998) by
analyzing resamples and selecting the model as done in
the original data. We ran 10,000 bootstrap batches
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(treating each observation as independent) to test the
reliability of the standard AIC model selection.
As we used log body weight as the response variable
in all analyses, one may argue that the causal relationship between maldentition and phenotypic quality cannot be established in transversal data when using body
weight as response. Individuals may become small as a
result of tooth anomalies, or they may get tooth
anomalies as a consequence of their lower phenotypic
quality. We therefore included a measure of skeletal
body size (jaw length) as a predictor so that the eﬀect of
maldentition on body weight after skeletal body size is
accounted for can be interpreted as an eﬀect on body
condition. Body condition is much less likely to inﬂuence maldentition than the other way around, avoiding a
discussion of causality in our results. However, we also
performed the analyses without including jaw length and
this gave qualitatively the same results.
All analyses were performed in S-Plus (Insightful,
Seattle, WA, USA) and R (R Development Core Team
2004).

Results
The overall frequency of any type of maldentition in
Norwegian red deer was 0.6% for females and 0.5% for
males (Table 1). The frequency of maldentition increased by age both in females and males (from less than
0.5% in young age classes to more than 6% in the oldest
females; Fig. 1), indicating that most of the damages in
the old individuals are not innate, but have accumulated
throughout life. There was no main eﬀect of sex (estimate=0.3411, SE=0.2670) nor an interaction between
sex and age (estimate=0.0318, SE=0.0293). Probability

Fig. 1 The proportion of individuals with tooth error by increasing
age in red deer. Since there is no sex eﬀect, the predicted model is
the same for males and females. The area of data points is
proportional to sample size. Note that we have no males in the
oldest age group (older than 20 years). For the young age classes,
standard errors are so small that they are covered by the data
points. The y-axis in females was cut for clarity (i.e., the upper part
of the standard error bar of >20-year-old females was cut, but is
similar to the lower part)

for tooth anomalies did vary in space (populations P3
[estimate=0.6974, SE=0.1935] and P5 [estimate=
1.033, SE=0.317] have lower probability of maldentition than the reference population P1). There was no
signiﬁcant temporal trend in tooth anomalies occurrence
over the course of the study (estimate=0.0091,
SE=0.0083).
As reported earlier, the NAO positively aﬀected body
weight of red deer when the index is above 2 (reversed
below this level; see Mysterud et al. 2001b), and the
eﬀect is strongest for positive NAO values (slightly nonlinear). Further, novel to this study, the eﬀect of the
NAO was stronger in female deer with maldentition
(Fig. 2; Tables 2 and 3; see electronic appendix S1 for
the full set of models). Females with maldentition were
on average 4 kg lighter than ‘normal’ females during
harsh climate (NAO around 1) while the weight did
not diﬀer when climate was favorable (NAO around 4;
Fig. 2; all other factors, also skeletal size, accounted
for). The eﬀect of maldentition was not stronger at high
densities (the interaction term density · maldentition
was not selected in the best models; Table 2). In males,
there was no clear eﬀect of maldentition on body condition, although the pattern was qualitatively consistent
with the pattern in females (i.e., the parameter estimates
for the mean eﬀect were similar, but the SE was larger;
see electronic appendix S2).

Discussion
Our study reports for the ﬁrst time consequences of
maldentition on body condition, which is a key life
history trait in ungulates. Maldentition was rare (0.6%),

Fig. 2 Inﬂuence of climate (as given by winter NAO) on body
weight of female red deer with and without maldentition, adjusted
for all other factors (including jaw length, which is a measure of
skeletal body size). Climate is most adverse around NAO values
close to 2 (see Mysterud et al. 2001b for the relationship between
NAO and local climate parameters). The (back-transformed
logarithmic) predicted values obtained with the parameters from
the average model (see Materials and methods) were used to draw
the ﬁgure

AIC refers to Akaikes Information Criterion (Akaike 1974), D AIC is the diﬀerence in AIC value between the given and the best model, wi is the theoretical probability for the given
model to be the right one (wi of all a priori models sum to 1). See Materials and methods for details. Terms related to maldentition and the interaction between maledentition and NAO
are bolded

4.2
13954.18
to coast + population + maldentition

0.048

3.22
13955.16
to coast + population + maldentition

0.079

1.47
13956.91
to coast + population + maldentition

0.189

0.94
13957.44

0.246

0
13958.38

to coast + population + maldentition
age·density
to coast + population + maldentition

ln(body weight)ln(jaw length) + age + density + diversity of aspects + date of culling + distance
+ NAO + NAO2 + NAO3 + NAO·maldentition + NAO2·maldentition + NAO3·maldentition +
ln(body weight)ln(jaw length) + age + density + diversity of aspects + date of culling + distance
+ NAO + NAO2 + NAO3 + NAO·maldentition + NAO2·maldentition + age·density
ln(body weight)ln(jaw length) + age + density + diversity of aspects + date of culling + distance
+ NAO2 + NAO3 + NAO·maldentition + NAO2·maldentition + age·density
ln(body weight)ln(jaw length) + age + density + diversity of aspects + date of culling + distance
+ NAO + NAO2 + NAO3 + NAO·maldentition + NAO2·maldentition + NAO3·maldentition
ln(body weight)ln(jaw length) + age + density + diversity of aspects + date of culling + distance
+ NAO + NAO2 + NAO3 + NAO·maldentition + NAO2·maldentition

0.393

D AIC
AIC
Model females

Table 2 The ﬁve best models for ln(body weight) in female Norwegian red deer (see electronic appendix S1 for all models)

wi
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but had a profound negative eﬀect on body weight in
females when the climate was unfavorable.
Too few studies have been reporting population
frequencies of maldentition to know if it is generally
rare among long-lived mammals. The single earlier
study reporting the frequency of maldentition in red
deer provides a remarkably similar estimate (0.8%
males and 0.6% females had abnormal teeth, n=1,091
individuals) for a population on the southern border of
the distribution range (in Spain; Azorit et al. 2002). In
roe deer, the frequency of numerical tooth anomalies
was much higher (4.85%; n=16,510 upper jaws and
16,177 lower jaws) but did not vary among 14 districts
within Czechoslovakia (Zima 1988). Deviations from a
normal set of teeth are known to be relatively common
in this species (Zima 1988), suggesting that the frequency of maldentition within ungulates is highly species speciﬁc.
We ﬁnd that maldentition occurs more than ten times
more often in old than in young females, indicating an
accumulation throughout life (see Kratochvil 1984 for a
similar pattern in roe deer). The predicted value is much
lower than the observed value for the oldest age group
(Fig. 1), indicating a rapidly accelerating deterioration
of the teeth as the individuals reach their terminal age.
This is in line with the observed pattern of reproductive
(Langvatn et al. 2004) and phenotypic (Mysterud et al.
2001c) senescence in this population. It is likely a strong
selection for a set of teeth that lasts for a normal lifetime, but not much longer. However, tooth anomalies
are not the main factor causing senescence in this population since it occurs in <10% of females that are close
to terminal age. Since the frequency of tooth anomalies
increased by age, the population frequency of maldentition will rely heavily on the age structure. Norwegian red deer are harvested extensively and age structure
is biased towards young individuals, especially in males
(Langvatn and Loison 1999).
The rarity of maldentition, especially in young individuals, may be due to strong selection against innate
tooth anomalies (some likely genetic in origin). We here
demonstrate that such a selection pressure is more severe
during unfavorable environmental conditions. In a
broader context, this implies that individuals either born
with or with a genetic susceptibility to acquire even
minor anomalies are punished by external factors to a
higher extent than ‘normal’ individuals under unfavorable conditions. The rarity of the phenomenon implies
that maldentition per se is of little importance in population dynamics, especially in harvested populations
with a high proportion of younger individuals.
The declining function of teeth by age has a central
role in the discussion of proximate factors for senescence
in ungulates (Klein and Olson 1960; Gaillard et al. 1993;
Loe et al. 2003). Garrott et al. (2002) linked severe
malformation of teeth to shorter lifespan in elk. In Loe
et al. (2003), we found no relationship between molar
height (a proxy for tooth wear) and body condition.
Here, we demonstrate that in the same populations,
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Table 3 Parameter estimates
(including 95% CI) of the
average model (see Materials
and methods) for body weight
in female red deer

Age categories are 1 2 years old,
2 3 years; 3 4 years, 4 5–20
years (prime age), 5 more than
20 years old (senescent). The
eﬀects of age categories 1–4 are
shown by contrasting them with
age category 5. The same
approach is taken on the eﬀect
of population (P1 to P5). Parameter estimates with 95%CI
not overlapping with 0 are
signiﬁcant on P<0.05 level.
Terms related to maldentition
and the interaction between
maledentition and NAO are
bolded

Intercept
ln(jaw length)
Age category (1–5)
Age category (2–5)
Age category (3–5)
Age category (4–5)
Density
Diversity of aspects
Date of culling
Distance to coast
Population (P1–P5)
Population (P2–P5)
Population (P3–P5)
Population (P4–P5)
Maldentition
NAO
NAO2
NAO3
Maldentition·NAO
Maldentition·NAO2
Maldentition·NAO3
Age category 1·density
Age category 2·density
Age category 3·density
Age category 4·density

maldentition, which decreases tooth function to a higher
extent than normal wear, has a strong eﬀect on condition for the females that are aﬀected.
Male body condition was not aﬀected by tooth
anomalies to the same extent as females (electronic
appendix S2). For each sampled individual, tooth
anomalies became eﬀective at an unknown time between
the eruption of the permanent teeth (1–2 years of age
dependent on the tooth; Loe et al. 2004) and age
at harvest. Due to sex-biased harvest (Langvatn and
Loison 1999), sampled males with tooth anomalies were
younger (mean=4.41, median=3 years old) than
females (mean=9.58, median=8 years old). If there had
been a cumulative eﬀect of tooth anomalies, the lacking
condition eﬀect in males could be because they (on
average) have been subjected to maldentition for a
shorter time period than females. However, we could not
detect such a cumulative eﬀect in our analyses (the
interaction term age · maldentition was not selected in
the best models). Maldentition may also interact with or
speed up the rate of tooth wear, which may potentially
come into play for the older females, although we did
not ﬁnd a body condition eﬀect of normal wear in Loe
et al. (2003). In general, body weights of males
(CV=24%) are much more variable than those of females (CV=15%), which may mask a minor eﬀect of
maldentition in males. To detect a signiﬁcant eﬀect of
tooth anomalies on body weight would therefore require
a larger data set for males than for females (they are now
of similar size; Table 1), implying that the male data set
may be marginal. Indeed, as the parameter estimates for
the mean eﬀect were similar for males and females (but
the SE was larger for males), lower power for males may
likely be the case.

Parameter estimate

95% CI

8.185495393
2.01
0.0367
0.0165
0.013
0.0095
0.035
0.501
0.000393
0.0375
0.0195
0.0164
0.00634
0.0059
0.072
0.00278
0.000154
8.80E-05
0.00735
0.00599
0.00063
0.0194
0.0111
0.00705
0.00297

8.84, 7.53
1.92, 2.09
0.0736, 0.000231
0.00241, 0.0307
0.00470, 0.0213
0.00514, 0.0139
0.0522, 0.0178
0.254, 0.749
0.000495, 0.000292
0.0316, 0.0434
0.0163, 0.0228
0.0143, 0.0185
0.0138, 0.00113
0.00839, 0.00340
0.105, 0.0395
0.000554, 0.00501
0.000278, 0.000586
0.000252, 7.61E-05
0.0145, 0.0292
0.00170, 0.0103
0.00226, 0.00100
0.0205, 0.0592
0.0267, 0.00446
0.0163, 0.00220
0.00773, 0.00178

The eﬀect of tooth anomalies on female body condition was dependent on climate, but not on population
density. Adverse climate and population density are two
forms of environmental stress that are known to aﬀect
herbivore performance. During winter, red deer prefer
blueberry and cowberry in the ﬁeld layer and only shift
to browse in the tree layer if the former is not available
(Ahlén 1965, 1975). Therefore, severe climate and high
density would intuitively lead to the same eﬀect, namely
a shift towards rougher type of diets due to, respectively,
snow coverage and reduction of easily chewable forage
in the ﬁeld layer. We identiﬁed an overall negative eﬀect
of population density (i.e., a main eﬀect) in agreement
with earlier work (e.g., Mysterud et al. 2001b), but no
interaction between maldentition and density was detected. A likely explanation for why female deer with
maldentition are more susceptible to unfavorable climate than to high density is that deer habitats per date
are not grazed to such an extent that would cause a
suﬃciently large shift in diet types. Along the west coast
of Norway, winters with much snow at high altitudes
(summer range) coincide with less snow at low altitudes
(winter range) (Mysterud et al. 2000). The NAO is
known to at least partly operate through summer foraging conditions, as it aﬀects snow accumulation and
hence plant phenology and foraging conditions during
early summer at high altitudes (Mysterud et al. 2001b).
If snow cover totally inhibits access to the ﬁeld layer,
this would force deer to eat a lower quality diet and
make tooth anomalies fatal. As it is more diﬃcult to see
how maldentitions can aﬀect performance from the
summer grazing situation, our study therefore also
provides some indirect evidence that the NAO may also
operate through winter conditions.

30
Acknowledgements We gratefully acknowledge the ﬁnancial support provided by the AURORA grant from the Research Council
of Norway (NFR) and EGIDE (French Ministry for Foreign
Aﬀairs) to L.E.L and C.B. We thank David Firth, Nigel G.
Yoccoz, Torbjørn Ergon, and Jon Olav Vik for valuable statistical advice, and Jean-Michel Gaillard and the two anonymous
referees for valuable comments on an earlier draft. We declare
that no action associated with this work violates the current laws
of Norway.

References
Agresti A (1990) Categorical data analysis. Wiley, New York
Ahlén I (1965) Studies on the red deer, Cervus elaphus L., in
Scandinavia. Swed Wildl Res 3:177–376
Ahlén I (1975) Winter habitats of moose and deer in relation to
land use in Scandinavia. Swed Wildl Res 9:45–192
Akaike H (1974) A new look at statistical model identiﬁcation.
IEEE T Automat Contr AU 19:716–722
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