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Studies of Bergmann’s rule may encompass a non-random subsample of extant homeotherms. We examined patterns
of correlation between skull length and geographical latitude in 44 species of carnivores in order to test the validity
of Bergmann’s rule in the Carnivora. Results were then compared to those of other studies. Significant positive cor-
relation between skull length and latitude was found in 50% of carnivore species, while significant negative corre-
lation was found in only 11% of species. These results indicate that the occurrence of Bergmann’s rule in the
Carnivora is less frequent than earlier published data suggest. Publication bias is not detected in published data.
Therefore, previous studies of geographical size variation might be biased in favour of species known to follow Berg-
mann’s rule. © 2004 The Linnean Society of London, Biological Journal of the Linnean Society, 2004, 81, 579–588.

ADDITIONAL KEYWORDS: body size – geographical variation – latitude – size clines.

INTRODUCTION

Bergmann’s rule states that, within warm-blooded
vertebrate species, individuals in races from colder cli-
mates or higher latitudes are generally larger than
those from races living in warmer regions or lower lat-
itudes (Rensch, 1938; Blackburn, Gaston & Loder,
1999). Recent reviews (Ashton, Tracy & de Queiroz,
2000; Ashton, 2002; Meiri & Dayan, 2003) have con-
firmed that the rule is a valid empirical generalization
for both birds and mammals.

Published data suggest that some 65% of all mam-
mal species follow Bergmann’s rule and that the ten-
dency to conform to it increases with body size (Meiri
& Dayan, 2003). However, sampling effort was not
random in relation to either taxonomy or size: for
example, only about 1/3 of the mammalian species
sampled were rodents, and only 5% were marsupials,
while carnivores were far more frequently represented
relative to their proportion among mammals (see
below). This raises the question of whether the pub-
lished data accurately reflect a tendency for all mam-

mals to follow the rule. Other biases might prevail in
published data and thus influence the validity of the
emergent pattern. These biases might be related to
the biology of the species concerned: for example, rare
species might be under-represented or tropical species
might be less frequently analysed than temperate spe-
cies. Another possible source is publication bias (Sim-
berloff & Boecklen, 1981; Möller & Jennions, 2001). If
geographical size variation is more likely to have been
studied in species in which it was supposed a priori to
be present, and if studies in which positive results are
found are more likely to be submitted (the ‘file drawer
problem’; Rosenthal, 1979; Iyengar & Greenhouse,
1988; Palmer, 1999) or published, then observed per-
centages of compliance to Bergmann’s rule probably
exceed the actual ones.

Carnivores often have wide geographical ranges and
frequently show marked geographical size variation.
This is why geographical variation in size of members
of the Carnivora has been relatively frequently stud-
ied (Klein, 1986; Dayan et al., 1991). We have recently
compiled a large database of carnivore cranial mea-
surements in order to compare sizes of mainland and
insular populations (Meiri et al., 2004). This database
provides a unique opportunity for an unbiased analy-
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sis of latitudinal clines, as it consists of species chosen
mainly on the basis of their existence on insular hab-
itats or on mainlands nearest to islands, and not for
analysis of continental size variation. Our purpose
here is therefore twofold: to conduct an unbiased anal-
ysis of the prevalence of Bergmann’s rule in the Car-
nivora and to compare the results to those of published
studies. Bias in published material can result from
non-random sampling and submission (Rosenthal,
1979; Palmer, 1999) but also from publication bias.
The latter can take two opposing forms: negative
results may be less likely to be published, but on the
other hand a result negating common knowledge may
actually be favoured for publication as it is novel and
interesting (Möller & Jennions, 2001). We therefore
aimed to determine the sources of bias in published
data.

METHODS

BERGMANN’S RULE

In order to analyse carnivore body-size variation in
relation to latitude, we measured skulls in the follow-
ing collections: Natural History Museum, London;
Zoology Museum of Cambridge University; Sebastian
Payne collection; Harrison Zoological Museum;
Muséum National d’Histoire Naturelle, Paris; Labora-
toire d’Anatomie comparée, Paris; Museu de Zoologia,
Barcelona; Museo Nacional de Ciencias Naturales,
Madrid; Institut Royal des Sciences Naturelles de Bel-
gique; National Museum of Natural History ‘Natu-
ralis’, Leiden; University of Amsterdam, Zoological
Museum; Muséum d’Histoire Naturelle de la Ville de
Genève; Museo Civico di Storia Naturale ‘Giacomo
Doria’, Genoa; National Wildlife Institute, Bologna;
Zoologische Staatsamlung, München; Museum für
Naturkunde, Humboldt Universität zu Berlin; Staatli-
che Naturhistorische Sammlungen, Dresden; Zoologi-
cal Museum University of Copenhagen; National
Museum of Natural History at Tel Aviv University;
Raffles Museum of Biodiversity Research; National
Science Museum, Tokyo; University of Alaska Fair-
banks, Museum of Natural History; Royal British
Columbia Museum; Royal Ontario Museum; Canadian
Museum of Nature; the Field Museum; Carnegie
Museum of Natural History; National Museum of Nat-
ural History – Smithsonian Institution; American
Museum of Natural History; Museum of Comparative
Zoology, Harvard University.

Measurements were taken using digital calipers to
0.01-mm precision or vernier calipers to 0.02-mm pre-
cision (for measurements exceeding 300 mm). We used
condylobasal length (CBL; Von den Driesch, 1976) as
an index for body size. CBL is a common measure of
body size in biogeographical research (see, for exam-

ple: Rausch, 1963; Ralls & Harvey, 1985; Ellison et al.,
1993; Lynch et al., 1996; Quin, Smith & Norton, 1996;
Jones, 1997). Only wild adult specimens (in which
there is complete suture closure) were used. As insular
mammals diverge markedly in size from their main-
land counterparts (Foster, 1964; Case, 1978; Heaney,
1978; Lomolino, 1985; Meiri et al. in press), we anal-
ysed only mainland specimens. We recorded sex and
location data for each specimen. We followed the tax-
onomy of Nowak (1999) for carnivores. We used only
specimens for which reasonably accurate locality data
were available (with an error of <2∞ latitude, although
for the vast majority of specimens latitude was known
with much greater accuracy). Latitude is correlated
with many factors that have been interpreted as selec-
tive forces driving Bergmannian size clines (see dis-
cussions in Blackburn et al., 1999; Yom-Tov,
Benjamini & Kark, 2002; Meiri & Dayan, 2003), such
as actual evapotranspiration (Rosenzweig, 1968), wet
bulb temperatures (James, 1970), maximum (Yom-
Tov, 1993) and minimum (Castro, Myers & Ricklefs,
1992) temperatures, seasonality (Boyce, 1978), and
the duration of the annual productivity pulse (Geist,
1987). We therefore regressed CBL on the latitude
from which the specimens originated, using a Spear-
man rank correlation test. This test was preferred
over the parametric product moment correlation for
two reasons. First, homoscedasticity cannot be
assumed a priori, because, for example, the presence
or absence of a competitor may change the variance of
traits in different populations (Van Valen, 1965). Sec-
ondly, while Bergmann’s rule predicts that individuals
from lower latitudes will be smaller than those from
higher latitudes, there is no assumption that the rela-
tion is linear. Thus, a ranked test seems better suited
to analyse the data (Sokal & Rohlf, 1995).

We did not analyse specimens originating from both
sides of the Equator together. Sexes were analysed
separately throughout the analysis. Only species for
which we had more than 20 specimens of a given sex
were analysed. Species for which either sex showed a
significant positive correlation between latitude and
size were tallied as obeying Bergmann’s rule (see
Meiri & Dayan, 2003) – even if the other sex did not
(eight cases). If a species was analysed in more than
one biogeographical region, and data from the differ-
ent regions yielded different results (three cases), we
considered the species to be obeying the rule.

ANALYSIS OF BIAS

We compared our results to those of other studies con-
cerning the prevalence of Bergmann’s rule in carni-
vores. We did not include species analysed by McNab
(1971), as his method of dividing data for each species
into latitudinal bands serves to limit both the sample
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sizes and the latitudinal range over which a correla-
tion between size and latitude was sought. Such an
analysis has low power to detect a Bergmannian size
cline, even if such a cline exists (Ashton et al., 2000;
Meiri & Dayan, 2003). We used only intraspecific sam-
ples and therefore did not include Rosenzweig’s ‘kit
fox’ [Vulpes macrotis Merriam and V. velox (Say)] and
‘wolf ’ [Canis lupus L. and C. niger (= C. rufus Audu-
bon & Bachman; See Wozencraft, 1993)] groups
(Rosenzweig, 1968).

We tested whether the prevalence of Bergmann’s
rule in the published literature is affected by publica-
tion bias by comparing the impact factors of journals
that published papers supporting the rule to those of
journals publishing papers in which the rule was not
supported. Impact factors are the only available quan-
titative indication for the perceived importance of a
journal. Therefore, if positive results have a better
chance of being published (Möller & Jennions, 2001),
the impact factors of journals in which they are pub-
lished might be higher than those of journals publish-
ing negative results. If, on the other hand, results
negating a known phenomenon are more highly
regarded by journal editors, then these might be pub-
lished in high impact-factor journals. Using impact
factors to investigate publication bias may be ques-
tioned because some studies were not dealing solely, or
even mainly, with Bergmann’s rule. These studies
were reviewed by referees and published on a different
basis. Furthermore, impact factors are from 2003,
rather than the year of publication (or submission).
However, we feel that high impact journals usually
stay high, and strong bias will be detected by such a
test. We used impact factors as presented in the ‘Web
of Science – ISI journal citation reports’ database of
January 2003 and tested for publication bias in stud-
ies of Bergmann’s rule. We did not use data published
in books, dissertations or in journals that do not have
an impact factor in the database. These comprised
seven of the 37 studies cited in this table. We did not
use the impact factors of journals publishing reviews
(Dayan et al., 1991; Ashton et al., 2000; Meiri &
Dayan, 2003); we chose to include McNab’s (1971)
paper, counting it as evidence against the prevalence
of Bergmann’s rule (as here we are interested in which
studies are chosen for publication rather than in the
methods of different studies). We did not include the
work of Fuentes & Jaksic (1979) in this analysis, as
they found one species to conform to the rule and the
other to vary in the opposite direction. Inclusion of
this study as either supporting the rule or negating it
does not change the significance of the results. We tal-
lied papers (rather than species as that would have
resulted in some studies being overrepresented and
others underrepresented) as either supporting the
rule (most species analysed showing the expected

trend) or opposing it. Each paper was given the impact
factor of the journal in which it was published. We
then compared the two groups using a Mann–Whitney
U-test.

RESULTS

BERGMANN’S RULE

Results of the correlation of CBL and latitude are
given in Table 1. Under the criteria outlined above, 22
species obey Bergmann’s rule and 22 do not. Mustela
erminea L. shows a significant positive correlation
with latitude in the Nearctic region and a negative one
(for males only) in the Palaearctic, while Canis lupus
shows a significant positive correlation with latitude
in the Palaearctic region but not in the Nearctic. Five
species (M. erminea included) show a significant neg-
ative correlation of CBL and latitude.

Our data suggest that Bergmann’s rule might be
invalid in the Carnivora. Interestingly, though, of
the 45 significant correlations in Table 1, 37 repre-
senting 22 species are positive, and only eight corre-
lations representing five species are negative; 42
correlations representing 29 species are insignifi-
cant. Thus the number of positive correlations
between size and latitude exceeds the number of
negative ones (both sexes and all populations: G-test
for goodness-of-fit, applying Williams’ correction, cor-
rected G = 11.09, P < 0.001; species: corrected
G = 5.92, P < 0.05). So although for our whole sam-
ple Bergmann’s rule cannot be said to be supported
more often than not, when there is a pattern it is
usually in the direction predicted by Bergmann’s
rule. There was no difference between the number of
insignificant negative and positive correlations (21
negative, 21 positive).

PUBLISHED DATA AND ANALYSIS OF BIAS

We obtained published data on the prevalence of Berg-
mann’s rule in carnivores for 46 species (Table 2).
When we use the criteria outlined above, 34 species
follow Bergmann’s rule, while 12 do not. We measured
23 of these 46 species. On average, our samples con-
tain a lower number of specimens than do other stud-
ies in which sample sizes were reported, for both sexes
(Wilcoxon matched pairs test, females: n = 20 studies,
z = 2.93, P = 0.003; males: n = 27 studies, z = 3.87,
P = 0.0001). Our samples contain similar numbers of
specimens to the numbers of specimens used in stud-
ies that did not separate the sexes (n = 7 studies,
z = 1.18, P = 0.237). In terms of geographical spread of
data, however, our specimens were, on average, sam-
pled over wider geographical ranges than those
reported in other carnivore studies (Wilcoxon matched
pairs test, n = 24, z = 2.81, P = 0.005).
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Table 1. Correlation between CBL and latitude for carnivore species

Species Sex Biogeographical region Latitudinal range (∞) N r P

Alopex lagopus f Nearctic 20.13 63 -0.0074 0.9541
m Nearctic 15.13 76 -0.0250 0.8300

Canis aureus f Palaearctic 33.7 44 0.3717 0.0130
m Palaearctic 33.02 53 0.4096 0.0023

Canis latrans f Nearctic 33.02 69 0.6051 0.0000
m Nearctic 22.07 78 0.5481 0.0000

Canis lupus f Nearctic 22.07 71 0.0825 0.4937
m Nearctic 22.07 81 0.0738 0.5128
f Palaearctic 31.27 25 0.9226 0.0000
m Palaearctic 43.17 35 0.8936 0.0000

Eira barbara f Neotropic 8.4 22 -0.3550 0.1050
m Neotropic 14.42 29 -0.0141 0.9422

Felis benegalensis f Asia 31.52 28 -0.2496 0.2002
m Asia 39.5 33 0.6973 0.0000

Felis canadensis f Nearctic 22.73 98 0.5131 0.0000
m Nearctic 22.3 90 0.2987 0.0042

Felis chaus f Palaearctic 26.03 26 0.4641 0.0169
m Palaearctic 23.94 51 0.7394 0.0000

Felis concolor f New world 50.91 31 0.7563 0.0000
m New world 47.84 27 0.4833 0.0106

Felis pardalis f Neotropic 7.84 20 -0.1992 0.3997
m Neotropic 4.6 26 -0.1219 0.5529

Felis rufus f Nearctic 22.91 23 0.3662 0.0857
m Nearctic 25.8 46 -0.0260 0.8640

Felis silvestris m Palaearctic 29.42 40 0.3689 0.0191
Gulo gulo f Nearctic 19.51 44 0.2767 0.0690

m Nearctic 22.25 75 0.3248 0.0045
Herpestes edwardsii f Asia 22.1 42 -0.2571 0.1002

m Asia 22.5 58 -0.0806 0.5477
Herpestes javanicus f Asia 29.6 45 -0.4592 0.0015

m Asia 30.4 65 -0.7008 0.0000
Lontra canadensis f Nearctic 39.15 61 0.0936 0.4730

m Nearctic 37.92 76 -0.0796 0.4942
Lutra lutra f Eurasia 41.87 32 0.5067 0.0031

m Eurasia 51.46 34 0.1262 0.4770
Martes americana f Nearctic 22.76 110 0.5908 0.0000

m Nearctic 29.83 169 0.5192 0.0000
Martes flavigula f Asia 45.08 32 0.7223 0.0000

m Asia 41.57 24 0.3932 0.0573
Martes foina f Palaearctic 22.79 88 0.3309 0.0016

m Palaearctic 23.85 108 0.2501 0.0090
Martes martes f Palaearctic 18.53 63 -0.0373 0.7717

m Palaearctic 18.55 68 0.2560 0.0351
Martes pennanti f Nearctic 18.15 54 0.5289 0.0000

m Nearctic 23.83 47 0.0310 0.8361
Meles meles f Palaearctic 36.82 101 0.6373 0.0000

m Palaearctic 35.56 147 0.5930 0.0000
Melogale personata m Oriental 6.95 21 -0.3282 0.1464
Mephitis mephitis m Nearctic 14.9 22 0.0259 0.9090
Mustela erminea f Nearctic 27.53 156 0.4683 0.0000

m Nearctic 27.96 335 0.4093 0.0000
f Palaearctic 24.46 102 0.1351 0.1757
m Palaearctic 25.53 154 -0.2198 0.0062

r- and P-values are for Spearman rank correlation and are rounded to four decimal places (P levels marked as 0.0000 are
<0.00005).
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Next, using both our data and those obtained from
the literature, we noted which species follow the rule
and which do not, after first separating the carnivore
species into four groups: species we did not analyse,
species we analysed but others did not, species for
which our results support those of previous studies,
and species for which our results are opposite to those
obtained in other studies. We then counted how many
species in each category obey the rule and how many
do not (Table 3).

In order to decide whether the ten species for
which our analyses differed from those of previous
studies follow Bergmann’s rule, we compared the
geographical range over which the different analy-
ses were performed and compared sample sizes

where ranges were similar. According to these crite-
ria our results (Table 1) should be preferred for
Canis aureus L., C. latrans Say, Martes pennanti
(Erxleben), Procyon lotor (L.) and Pseudalopex gri-
seus (Gray; and see Fuentes & Jaksic 1979). The
results of other studies should be preferred for Felis
rufus (Schreber, for which our results for females
suggest a positive correlation), Martes foina (Erxle-
ben; also see Dayan et al., 1989a, for temporal varia-
tion in M. foina), Mephitis mephitis (Schreber) and
Mustela frenata Lichtenstein (for which our speci-
mens cover a wider range than that covered by other
studies but with a much smaller sample and with
only females showing a cline) (Table 2). Ursus arctos
L. can be said to corroborate the rule following

Mustela frenata f New world 46.2 36 0.5709 0.0003
m New world 42.55 86 -0.0291 0.7901

Mustela nivalis m Nearctic 25.18 20 -0.7028 0.0005
f Palaearctic 38.53 146 -0.1947 0.0185
m Palaearctic 38.53 351 -0.4136 0.0000

Mustela putorius f Palaearctic 17.65 113 -0.1902 0.0436
m Palaearctic 19.4 185 0.0638 0.3880

Mustela sibirica m Palaearctic 27.75 30 -0.3459 0.0612
Mustela vison f Nearctic 32.75 106 0.5335 0.0000

m Nearctic 39.48 165 0.6106 0.0000
Nasua narica f Neotropic 17.1 23 -0.1520 0.4887
Paguma larvata f Oriental 29.7 21 -0.6255 0.0024
Panthera tigris m Asia 44.95 21 0.2611 0.2529
Paradoxurus hermaphroditus f Oriental 25 42 0.0294 0.8534

m Oriental 25.75 59 0.2002 0.1285
Procyon lotor f New world 41.62 54 -0.0937 0.5002

m New world 41.73 49 0.1925 0.1852
Pseudalopex griseus m Neotropic 22.8 30 0.2092 0.2672
Spilogale gracilis f Nearctic 26.67 32 0.0904 0.6226

m Nearctic 26.22 59 -0.0800 0.5468
Urocyon cinereoargenteus f Nearctic 22.95 29 0.5080 0.0049

m Nearctic 19.49 42 0.5107 0.0005
Ursus americanus f Nearctic 37.85 21 -0.0716 0.7576

m Nearctic 21.1 31 0.0480 0.7975
Ursus arctos f Nearctic 20.38 64 -0.1033 0.4165

m Nearctic 20.47 54 -0.0667 0.6320
Viverra zibetha f Oriental 32.91 25 -0.0794 0.7060

m Oriental 27.69 23 0.2171 0.3198
Viverricula indica f Asia 27.2 41 0.4194 0.0063

m Asia 29.8 60 0.1829 0.1620
Vulpes vulpes f Nearctic 34.93 82 0.6080 0.0000

m Nearctic 39.51 114 0.6920 0.0000
f Palaearctic 55.78 105 0.5194 0.0000
m Palaearctic 52.13 135 0.6937 0.0000

Species Sex Biogeographical region Latitudinal range (∞) N r P

r- and P-values are for Spearman rank correlation and are rounded to four decimal places (P levels marked as 0.0000 are
<0.00005).

Table 1. Continued
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Rausch (1963), who distinguished between popula-
tions from east and west of the Rocky Mountains.
This distinction bears heavily on bear body size,
because western populations have access to salmon,

while eastern ones do not. The availability or
unavailability of salmon is thought to be a major
factor influencing brown bear body size (Hilder-
brand et al., 1999). Another factor in our decision to

Table 2. Species studied in relation to Bergmann’s rule. ‘Yes’ designates a species found to follow the rule in previous
studies while ‘No’ designates a species found not to follow it

Species Bergmann’s rule? References

Acinonyx jubatus Yes Klein (1986)
Alopex lagopus No Eger (1984), Frafjord (1993)
Aonyx capensis Yes Klein (1986)
Atilax paludinosus Yes Klein (1986)
Canis aureus No Dayan et al. (1992)
Canis latrans No Thurber & Peterson (1991), Rosenzweig (1968)
Canis lupus Yes1 Davis (1981), Mendelssohn & Yom-Tov (1999)
Canis mesomelas Yes Klein (1986)
Crocuta crocuta Yes Klein (1986), Klein & Scott (1989)
Felis caracal Yes Klein (1986)
Felis concolor Yes Gay & Best (1996), Iriarte et al. (1990), Kurten (1973)
Felis rufus Yes Wigginton & Dobson (1999), Sikes & Kennedy (1992)
Felis silvestris Yes Klein (1986)
Galerella pulverulenta Yes Klein (1986)
Gulo gulo Yes Anderson (1977)
Herpestes ichneumon Yes Klein (1986)
Hyaena brunnea Yes Klein (1986)
Ictonyx striatus No Klein (1986)
Felis serval Yes Klein (1986)
Lycaon pictus Yes Klein (1986)
Martes americana Yes Hagmeier (1961), Rosenzweig (1968)
Martes foina No Reig (1992)
Martes martes No Reig (1992)
Martes pennanti No Rosenzweig (1968)
Meles meles Yes Dayan et al. (1989a)
Mellivora capensis No Klein (1986)
Mephitis mephitis Yes Koch (1986)
Mustela erminea Yes2 Rosenzweig (1968), Ralls & Harvey (1985), Erlinge (1987), Eger (1990)
Mustela eversmanni Yes Anderson (1977)
Mustela frenata No Rosenzweig (1968), Ralls & Harvey (1985)
Mustela nivalis No Rosenzweig (1968), Ralls & Harvey (1985)
Panthera leo Yes Klein (1986)
Panthera onca Yes Iriarte et al. (1990)
Panthera pardus No Klein (1986)
Procyon lotor Yes Kennedy & Lindsay (1984), Mugaas & Seidensticker (1993)
Pseudoalopex culpaeus Yes Fuentes & Jaksic (1979), Jimenez et al. (1996)
Pseudoalopex griseus Yes Fuentes & Jaksic (1979), Jimenez et al. (1996)
Taxidea taxus Yes Rosenzweig (1968), Anderson (1977)
Urocyon cinereoargenteus Yes Rosenzweig (1968)
Ursus americanus No Kennedy et al. (2002)
Ursus arctos Yes2 Rausch (1963), Kojola & Laitala (2001)
Ursus maritimus Yes Kurten (1964)
Vulpes cana Yes Geffen et al. (1992)
Vulpes chama Yes Klein (1986)
Vulpes rueppelli Yes Dayan et al. (1992)
Vulpes vulpes Yes Rosenzweig (1968), Davis (1977, 1981), Dayan et al. (1989b), Cavallini 

(1995), Frafjord & Stevy (1998), Macdonald et al. (1999)

Follows Bergmann’s rule 1only in the Palaearctic, 2only in North America
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count U. arctos as conforming to the rule is that our
data, although based on a very small sample (N = 7
for each sex), suggest it is larger in northern Eur-
asia than in more southern parts (females, Spear-
man’s r = 0.937, P = 0.002; males, r = 0.714,
P = 0.07). The specimens we measured span 30
degrees of latitude (34–64.7∞N for females and
30.33–60.83∞N for males), a range that far exceeds
the one looked at by Kojola & Laitala (2001). Thus,
for both North America and Eurasia, studies of this
species over a wider range support Bergmann’s rule.
Therefore, we find that previously published studies
‘correctly identified’ 32 carnivore species that obey
Bergmann’s rule and eight that disobey it. By the
same criteria our analysis ‘correctly identified’ 20
carnivore species that obey Bergmann’s rule and 19
that disobey it. Thus, a ‘consensus database’ would
recognize 43 species as adhering to Bergmann’s rule
and 24 as not.

The prevalence of Bergmann’s rule in the carni-
vores comprising our sample is significantly lower
than in previously published studies. This is true
when we compare our entire sample to all published
data (G-test for independence, applying Williams’
correction, corrected G = 5.43, P < 0.05); when we
compare species not analysed by us to those we
analysed and other studies did not (corrected
G = 13.66, P < 0.001); when we compare the results
of all previously published studies to species analy-
sed by us but not in other studies (corrected
G = 9.67, P < 0.005); and when we compare the ‘cor-
rectly identified’ species, i.e. subtracting from both
our sample or from the published record the species
we think were wrongly classified (see the above
paragraph). This leaves 32 species that obey the rule
vs. 8 in the published literature and 20 vs. 19 in our
sample (corrected G = 7.24, P < 0.01).

PUBLICATION BIAS

Comparing impact factors of journals publishing
papers supporting Bergmann’s rule to those contra-

dicting the rule failed to find significant differences
between these groups (Mann–Whitney U-test, n = 29
studies, U = 83.5, P = 0.759).

DISCUSSION

Our results suggest that species included in pub-
lished studies of geographical variation in size prob-
ably represent a biased selection of taxa chosen for
study. As our analysis failed to find evidence for pub-
lication bias, we suspect that patterns of geographi-
cal variation in size are more likely to be studied in
cases where it is suspected beforehand that such
variation exists. Thus, it can be argued that Berg-
mann’s rule might be an artefact of non-random
sampling and submission (Rosenthal, 1979; Iyengar
& Greenhouse, 1988; Palmer, 1999). The Carnivora
is one of the mammalian orders in which the per-
centage of species obeying the rule is highest (Ash-
ton et al., 2000; Meiri & Dayan, 2003). Our unbiased
sample, even using a liberal mode of vote counting,
found that only about 50% of carnivore species fol-
low Bergmann’s rule. More intensive sampling might
prove our results to be overly conservative. Of the 11
species for which our results differed from those of
previous studies, seven follow the rule when the
study using the larger range is considered (and
another, Felis rufus, borders on significance). Our
findings that Panthera tigris (L.), for example, does
not follow the rule are at odds with common knowl-
edge (see weights in Nowak, 1999); this result might
simply reflect the fact that we did not obtain speci-
mens of the northern (and largest) subspecies,
P. tigris altaica.

Nevertheless, our finding that less than 50% of
carnivore species adhere to Bergmann’s rule sug-
gests its validity in the Mammalia might be ques-
tioned. We obtained many more significant positive
correlations between size and latitude than nega-
tive ones. So, carnivores that do vary in size with
latitude do so according to Bergmann’s rule. How-

Table 3. A comparison of carnivore species following Bergmann’s rule in this and other studies. Numbers are of species
found to either conform, or not to conform to Bergmann’s rule

Number of species analysed Number of species for which our results

by others
and not by us

by us and
not by others

support previous
study results

oppose previous
study results1

Number of species 
following Bergmann’s rule

20 7 9 6

Number of species 
not following Bergmann’s rule

3 14 3 5

1Counting of species as following the rule or not is based on our results
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ever, Meiri & Dayan (2003) have argued that spe-
cies with a wide geographical range that show no
size cline across their range clearly negate the pre-
dictions of Bergmann’s rule. The question of whether
over 50% of carnivore species follow the rule seems
an open one. The number of carnivore species stud-
ied is larger than that of any other mammalian
order. The 67 species studied comprise some 27% of
the species in the order (244 species of wild carni-
vores are recognized by Nowak, 1999), making it one
of the best-studied in this respect. In fact, carni-
vores now comprise some 38% of all mammalian spe-
cies studied (adding our results to those of Meiri &
Dayan, 2003), although the order contains only 5%
of mammalian species (Nowak, 1999). Of the carni-
vore species not analysed to date, some 15–30 are
either exceedingly rare or known from very few spec-
imens, four are either extinct or extinct in the wild,
27 are insular endemics (Nowak, 1999), and as
many as 45 others may be considered to have
restricted geographical ranges to the extent that lat-
itudinal size clines in them might not be expected.

Any question regarding the prevalence of Berg-
mann’s rule in the order, and indeed in any taxon, is
bound to encounter such conditions. The 50% rule is
therefore hard to test, as the null hypothesis is not
an easy one to raise – if species are excluded on the
basis of the above criteria, it can be argued that only
60–70% of carnivore species should be analysed at
all. As carnivores are comparatively very well known
mammals, the proportion of species worthy of study
in this respect in other major mammalian orders
may be lower still. Be that as it may, two things
seem clear: positive correlations between size and
latitude are relatively common among carnivores
(much more so than negative correlations), but
biased sampling has made this phenomenon appear
more common than it is.

ACKNOWLEDGEMENTS

We thank Robert Asher, Hans Baagøe, Darlene Balk-
will, Sebastian Bruaux, Yang Chang Man, Georges
Coulon, Jacques Cuisin, Judith Chupasko, Hideki
Endo, Judith Eger, Peter Giere, Michelle Gosselin,
Richard Harbord, Daphne Hills, Gordon Jarrell, Les-
ley M. Kennes, Richard Kraft, Georges Lenglet, H.K.
Lua, Timothy J. McCarthy, Suzanne McLaren, David
Nagorsen, Bob Randall, Francis Renoult, Adri G. Rol,
Tsila Shariv, Byrdena Shepherd, Ray Simmonds,
Chris Smeenk, William Stanley, Clara Stefen and Gér-
aldine Véron for their invaluable help during data col-
lecting. We thank Yoram Yom-Tov for valuable
discussion, and Ilpo Kojola and an anonymous
reviewer for many important comments. Tamar Dayan
wishes to thank her colleagues at the National Center

for Ecological Analysis and Synthesis body size work-
ing group for helpful discussion and support. This
study was supported by US–Israel Binational Scien-
tific Foundation (BSF) grant #9800477.

REFERENCES

Anderson E. 1977. Pleistocene Mustelidae (Mammalia, Car-
nivora) from Fairbanks, Alaska. Bulletin of the Museum of
Comparative Zoology 148: 1–21.

Ashton KG. 2002. Patterns of within-species body size varia-
tion of birds: strong evidence for Bergmann’s rule. Global
Ecology and Biogeography 11: 505–523.

Ashton KG, Tracy MC, de Queiroz A. 2000. Is Bergmann’s
rule valid for mammals? American Naturalist 156: 390–415.

Blackburn TM, Gaston KJ, Loder N. 1999. Geographic gra-
dients in body size: a clarification of Bergmann’s rule. Diver-
sity and Distribution 5: 165–174.

Boyce MS. 1978. Climatic variability and body size variation
in the muskrats (Ondatra zibethicus) of North America.
Oecologia 36: 1–20.

Case TJ. 1978. A general explanation for insular body size
trends in terrestrial vertebrates. Ecology 59: 1–18.

Castro G, Myers JP, Ricklefs RE. 1992. Ecology and ener-
getics of sanderlings migrating to 4 latitudes. Ecology 73:
833–844.

Cavallini P. 1995. Variation in the body size of the red fox.
Annales Zoologici Fennici 32: 421–427.

Davis S. 1977. Size variation of the fox, Vulpes vulpes in the
palaearctic today and in Israel during the late Quaternary.
Journal of Zoology 182: 343–351.

Davis S. 1981. The effects of temperature change and domes-
tication on the body size of late Pleistocene to Holocene mam-
mals of Israel. Paleobiology 7: 101–114.

Dayan T, Simberloff D, Tchernov E, Yom-Tov Y. 1989a.
Inter- and intraspecific character displacement in mustelids.
Ecology 70: 1526–1539.

Dayan T, Tchernov E, Yom-Tov Y, Simberloff D.
1989b. Ecological character displacement in Saharo-
Arabian Vulpes: Outfoxing Bergmann’s rule. Oikos 55:
263–272.

Dayan T, Simberloff D, Tchernov E, Yom-Tov Y. 1991. Cal-
ibrating the paleothermometer: climate, communities, and
the evolution of size. Paleobiology 17: 189–199.

Dayan T, Simberloff D, Tchernov E, Yom-Tov Y. 1992.
Canine carnassials: character displacement in the wolves,
jackals and foxes of Israel. Biological Journal of the Linnean
Society 45: 315–331.

Eger JL. 1984. Patterns of geographic variation in some
Nearctic mammals. Unpublished DPhil Thesis, University of
Toronto, Toronto.

Eger JL. 1990. Patterns of geographic variation in the skull of
Nearctic Ermine (Mustela erminea). Canadian Journal of
Zoology 68: 1241–1249.

Ellison GTH, Taylor PJ, Nix HA, Bronner GN, Mcmahon
JP. 1993. Climatic adaptation of body-size among pouched
mice (Saccostomus campestris, Cricetidae) in the southern



CARNIVORES, BIASES AND BERGMANN’S RULE 587

© 2004 The Linnean Society of London, Biological Journal of the Linnean Society, 2004, 81, 579–588

African subregion. Global Ecology and Biogeography Letters
3: 41–47.

Erlinge S. 1987. Why do European stoats Mustela erminea not
follow Bergmann’s rule? Holarctic Ecology 10: 33–39.

Foster BJ. 1964. Evolution of mammals on islands. Nature
202: 234–235.

Frafjord K. 1993. Circumpolar size variation in the skull of
the arctic fox Alopex lagopus. Polar Biology 13: 235–238.

Frafjord K, Stevy I. 1998. The red fox in Norway: Morpho-
logical adaptation or random variation in size? Zeitschrift für
Saugetierkunde 63: 16–25.

Fuentes ER, Jaksic FM. 1979. Latitudinal size variation of
Chilean foxes: tests of alternative hypothesis. Ecology 60:
43–47.

Gay SW, Best TL. 1996. Relationship between abiotic vari-
ables and geographic variation in skulls of pumas (Puma
concolor: Mammalia, Felidae) in North and South America.
Zoological Journal of the Linnean Society 117: 259–282.

Geffen E, Hefner R, Macdonald W, Ucko M. 1992. Morpho-
logical adaptations and seasonal weight changes in Bland-
ford’s fox Vulpes cana. Journal of Arid Environments 23:
287–292.

Geist V. 1987. Bergmann’s rule is invalid. Canadian Journal
of Zoology. 65: 1035–1038.

Hagmeier EM. 1961. Variation and relationships in North
American marten. Canadian Field Naturalist 75: 122–138.

Heaney LR. 1978. Island area and body size of insular mam-
mals: Evidence from the tri-colored squirrel (Callosciurus
prevosti) of Southeast Asia. Evolution 32: 29–44.

Hilderbrand GV, Schwartz CC, Robbins CT, Jacoby ME,
Hanley TA, Arthur SM, Servheen C. 1999. The impor-
tance of meat, particularly salmon, to body size, population
productivity, and conservation of North American brown
bears. Canadian Journal of Zoology 77: 132–138.

Iriarte JA, Franklin WL, Johnson WE, Redford KH. 1990.
Biogeographic variation of food habits and body size of the
American puma. Oecologia 85: 185–190.

Iyengar S, Greenhouse JB. 1988. Selection models and the
file drawer problem. Statistical Science 3: 109–135.

James FC. 1970. Geographic size variation in birds and its
relationship to climate. Ecology 51: 365–390.

Jimenez JE, Yanez JL, Tabilo EL, Jaksic FM. 1996. Body
size of Chilean foxes – a new pattern in light of new data.
Acta Theriologica 40: 321–326.

Jones M. 1997. Character displacement in Australian
dasyurid carnivores: size relationships and prey size pat-
terns. Ecology 78: 2569–2587.

Kennedy ML, Lindsay SL. 1984. Morphologic variation in
the raccoon, Procyon lotor, and its relationship to genic and
environmental variation. Journal of Mammalogy 65: 195–
205.

Kennedy ML, Kennedy PK, Bogan MA, Waits JL. 2002.
Geographic variation in the black bear (Ursus americanus)
in the Eastern United States and Canada. Southwestern
Naturalist 47: 257–266.

Klein RG. 1986. Carnivore size and Quaternary climatic
change in Southern Africa. Quaternary Research 26: 153–
170.

Klein RG, Scott K. 1989. Glacial/interglacial size variation in
fossil spotted Hyena (Crocuta crocuta) from Britain. Quater-
nary Research 32: 88–95.

Koch PL. 1986. Clinal geographic variation in mammals:
implications for the study of chronoclines. Paleobiology 12:
269–281.

Kojola I, Laitala HM. 2001. Body size variation of brown bear
in Finland. Annales Zoologici Fennici 38: 173–178.

Kurtén B. 1964. The evolution of the polar bear Ursus marit-
imus Phipps. Acta Zoologica Fennica 108: 3–30.

Kurtén B. 1973. Geographic variation in size in the Puma
(Felis concolor). Commentationes Biologicae 63: 1–8.

Lomolino MV. 1985. Body size of mammals on islands: The
island rule reexamined. American Naturalist 125: 310–
316.

Lynch JM, Conroy JHH, Kitchener AC, Jefferies DJ,
Hayden TJ. 1996. Variation in cranial form and sexual
dimorphism among five European populations of the otter
Lutra lutra. Journal of Zoology 238: 81–96.

Macdonald DW, Courtenay O, Forbes S, Mathews F.
1999. The red fox (Vulpes vulpes) in Saudi Arabia: loose-knit
groupings in the absence of territoriality. Journal of Zoology
249: 383–391.

McNab BK. 1971. On the ecological significance of Berg-
mann’s rule. Ecology 52: 845–854.

Meiri S, Dayan T. 2003. On the validity of Bergmann’s rule.
Journal of Biogeography 30: 331–351.

Meiri S, Dayan T, Simberloff D, 2004. Body size of insular
Carnivores: Little support for the island rule. American Nat-
uralist in press.

Mendelssohn H, Yom-Tov Y. 1999. Mammalia of Israel.
Jerusalem: The Israel Academy of Sciences and Humanities.

Möller AP, Jennions MD. 2001. Testing and adjusting for
publication bias. Trends in Ecology and Evolution 16: 580–
586.

Mugaas JN, Seidensticker J. 1993. Geographic variation of
lean body mass and a model of its effect on the capacity of the
racoon to fatten and fast. Bulletin of the Florida Museum of
Natural History Biological Sciences 36: 85–107.

Nowak RM. 1999. Walker’s mammals of the world, 6th edn.
Baltimore, MD: Johns Hopkins University Press.

Palmer RA. 1999. Detecting publication bias in meta-analy-
ses: a case study of fluctuating asymmetry and sexual selec-
tion. American Naturalist 154: 220–233.

Quin DG, Smith AP, Norton TW. 1996. Eco-geographic vari-
ation in size and sexual dimorphism in sugar gliders and
squirrel gliders (Marsupialia: Petauridae). Australian Jour-
nal of Zoology 44: 19–45.

Ralls K, Harvey PH. 1985. Geographic variation in size and
sexual dimorphism of North American weasels. Biological
Journal of the Linnean Society 25: 119–167.

Rausch RL. 1963. Geographic variation in size in North
American brown bears, Ursus arctos L., as indicated by
condylobasal length. Canadian Journal of Zoology 41: 33–
45.

Reig S. 1992. Geographic variation in pine marten (Martes
martes) and beech marten (M. foina) in Europe. Journal of
Mammalogy 73: 744–769.



588 S. MEIRI ET AL.

© 2004 The Linnean Society of London, Biological Journal of the Linnean Society, 2004, 81, 579–588

Rensch B. 1938. Some problems of geographical variation and
species formation. Proceedings of the Linnean Society of Lon-
don 150: 275–285.

Rosenthal R. 1979. The ‘file drawer problem’ and tolerance for
null results. Psychological Bulletin 3: 638–641.

Rosenzweig ML. 1968. The strategy of body size in mamma-
lian carnivores. American Midland Naturalist 80: 299–315.

Sikes RS, Kennedy ML. 1992. Morphologic variation of the
Bobcat (Felis rufus) in the Eastern United States and its
association with selected environmental variables. American
Midland Naturalist 128: 313–324.

Simberloff D, Boecklen W. 1981. Santa Rosalia reconsid-
ered: size ratios and competition. Evolution 35: 1206–1228.

Sokal RR, Rohlf FJ. 1995. Biometry, 3rd edn. New York: W.H.
Freeman.

Thurber JM, Peterson RO. 1991. Changes in body size asso-
ciated with range expansion in the coyote (Canis latrans).
Journal of Mammalogy 72: 750–755.

Van Valen LM. 1965. Morphological variation and the width
of the ecological niche. American Naturalist 99: 377–390.

Von den Driesch A. 1976. A guide to the measurement of ani-
mal bones from archaeological sites. Peabody Museum Bul-
letins 1. Harvard, Peabody Museum.

Wigginton JD, Dobson FS. 1999. Environmental influences
on geographic variation in body size of western bobcats.
Canadian Journal of Zoology 77: 802–813.

Wozencraft CW. 1993. Order Carnivora. In: Wilson DE,
Reeder DM, eds. Mammal species of the world, 2nd edn.
Washington, DC: Smithsonian Institution Press, 279–348.

Yom-Tov Y. 1993. Does the rock hyrax, Procavia capensis con-
form with Bergmann’s rule? Zoological Journal of the Lin-
nean Society 108: 171–177.

Yom-Tov Y, Benjamini Y, Kark S. 2002. Global warming,
Bergmann’s rule and body mass – are they related? The
chukar partridge (Alectoris chukar) case. Journal of Zoology
257: 449–455.


