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ABSTRACT

Aim Global warming and other anthropogenic changes to the environment affect
many aspects of biology and have often been invoked as causing body size changes in
vertebrates. Here we examine a diverse set of carnivore populations in search of
patterns in body size change that could reflect global warming (in accord with
Bergmann’s rule).

Location Global.

Methods We used > 4400 specimens representing 22 carnivore species in 52
populations collected over the last few decades to examine whether size changed
with collection date when geography and sex are accounted for. We then examined
several factors related to global warming, body mass, diet, and the attributes of the
different datasets, to see whether they affect the standardized slope (B) of the size
versus time regression.

Results Six of 52 populations we examined show a significant effect of year of
collection on body size at the 0.05 probability level. The response of size to global
warming does not reflect spatial patterns of size variation, nor do diet or body mass
affect tendency of populations to change in body size. Size changes are no more
pronounced in populations that have been sampled more recently. However, change,
where it occurs, is rapid.

Main conclusions There may be a tendency in the literature to report only cases
where recent changes are prevalent. Although in our data only a minority of popula-
tions show body size changes, we may see changes accelerating in the future in
response to more drastic climatic changes and other anthropogenic changes.

Keywords
Bergmann’s rule, body size evolution, Carnivora, evolutionary rates, global change,
global warming, publication bias.

INTRODUCTION

Carnivora often vary greatly in size across their geographic range,
usually in accordance with Bergmann’s Rule (Klein, 1986; Meiri

Body size is one of the most fundamental traits affecting
animal form, life history, physiology and ecology (Peters, 1983;
Schmidt-Nielsen, 1984). Within species, body size often varies
considerably over the geographic range in response to factors
such as climate, competition and predation regimes, and food
availability (Dayan & Simberloff, 1998; Raia & Meiri, 2006; Meiri
etal., 2007). It is therefore unsurprising that body size is also
highly labile temporally, and many examples of rapid size change
in response to climatic changes (Dayan et al., 1991) and insulariza-
tion (Lister, 1989) are known. Members of the mammalian order

& Dayan, 2003; Meiri et al., 2004, 2005d, 2007). Carnivores likewise
often evolve smaller sizes during interglacials relative to their
sizes in colder, glacial periods (Dayan et al., 1991).

Indeed size changes can be so rapid that they can be observed
over a period of just a few decades, often following anthropogenic
introductions (Johnston & Selander, 1964; Baker & Moeed, 1979;
Yom-Tov et al., 1986; Simberloff et al., 2000; Phillips & Shine,
2005). Recently, it has become apparent that size can also change
with time within decades, within the natural range of species,
following climatic and various anthropogenic changes (e.g.
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Oschadleus, 2004; Chamaillé-Jammes etal., 2006). Global
warming features prominently as a suggested cause of size
decreases. It is often claimed (e.g. Smith et al., 1998; Yom-Tov,
2001) that homeotherm size decreases, in accordance with
Bergmann’s rule, whereby body size is negatively correlated with
temperature. Recent size increases, however, also appear
common (Jarvinen, 1994; Nowakowski, 2002; Kanuscak et al.,
2004). It is therefore likely that climate change is not the sole, or
even the primary, driver of size changes, and that other recent
environmental changes cause size evolution. In a series of recent
works, Yom-Tov and co-workers (e.g. Yom-Tov, 2003; Yom-Tov
et al., 2003, 2006, 2007, 2008) have shown that body sizes of
various Holarctic birds and mammals have changed during the
20th century, changes they ascribe to changes in food availability.
Yom-Tov (2003) suggested that large carnivorous taxa increase
more in size than smaller species because their higher position in
the feeding hierarchy allows them better access to anthropogenic
food sources. Conversely, Schmidt & Jensen (2003) argued that
large species have recently decreased in size (including two
species that Yom-Tov et al., 2003, claimed increased in size in
the same area) while small species have increased. They argued
that natural habitats are increasingly fragmented, and are, in fact,
insularized. Thus, as expected by the island rule, large mammals grow
smaller because of resource limitation, whereas small mammals
increase in size because of reduced competition and predation
pressures (Lomolino, 2005, but see Meiri et al., 2006, 2008).

Here we use a large (> 4400 specimens) database of sizes of
members of the mammalian order Carnivora to examine
whether recent temporal size changes occur more frequently
than expected by chance, and we test the following predictions
about size change:

1. All species decrease in size through time, following Berg-
mann’s rule, because of global warming.

2. Global warming will cause species to show similar size variation
through time to the variation they show in space. Thus species
showing Bergmann’s rule across space will decrease in size through
time, species showing spatial patterns opposite to Bergmann’s rule
will increase, and those that do not change directionally across
space will show no tendency to change size with time.

3. Larger species are more likely to decrease in size because of
habitat fragmentation and smaller ones should grow larger
because of reduced competition and predation pressures
(Schmidt & Jensen, 2003).

4. Larger species are more likely to increase in size because they
can garner more resources through interspecific aggression
(Yom-Tov, 2003).

5. Omnivorous species are likely to have access to human refuse
and should increase in size more than strictly carnivorous species.
6. Anthropogenic changes have been accelerating, and rates of
body size change are therefore more pronounced in species that
have been sampled longer and more recently.

METHODS

We measured carnivore skulls in the following natural history
museums: American Museum of Natural History; Ann Arbor
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Museum of Zoology; Bell Museum of Natural History; Canadian
Museum of Nature; Carnegie Museum; Field Museum; ‘Giacomo
Doria, Genoa; Harrison Zoological Institute; Institut royal des
Sciences naturelles de Belgique; Museum fiir Naturkunde,
Berlin; Museum of Comparative Zoology; Museum of Vertebrate
Zoology; National Museum of Ireland; National Science
Museum, Tokyo; National Wildlife Institute, Bologna; Natural
History Collections, Hebrew University; Natural History
Museum, LA County; Natural History Museum, London; New
Walk Museum; Oxford University Museum of Natural History;
Primate Research Institute, Kyoto University; Royal British
Columbia Museum; Royal Ontario Museum; San Diego Natural
History Museum; Smithsonian Institution; Staatliche Naturhis-
torische Sammlungen, Dresden; Tel-Aviv University Zoological
Museum; Ulster Museum; University of Alaska, Museum of
Natural History; University of Amsterdam, Museum of Natural
History; University of Kansas Museum of Natural History;
Wildlife Disease Ecology Team, Woodchester Park; Zoological
Museum, University of Copenhagen.

Condylo-basal length (CBL, log-transformed in all analyses)
was chosen as an index of size. We used only wild-caught, sexed
adult specimens. Data were collected to study biogeographic
variation in size and morphological variability (e.g. Meiri et al.,
2005a,b) and are therefore unbiased with respect to the questions
we study here. The year of collection was recorded from the
specimen labels or museum databases. Where collection dates
were given as two years (e.g. ‘winter 1913-1914), season ‘1954—
1955’) we arbitrarily used the earlier year. We divide species
geographically into assemblages ranging from small countries
and single USA states (e.g. Israel, Florida) to larger countries and
states or regions (e.g. Alaska, Germany, New England). Within
each of these areas (henceforth, areas) we regressed CBL against
year of collection. We controlled for effects of sex and geographic
variation within countries by adding sex, latitude and longitude
as additional predictors in a multiple regression test. We used
data only from populations from areas where we have a minimum
sample size of 40 specimens (mean = 85) spanning at least 40 years
(mean = 87, 1900 to 1987). Because some geographic size variation
could remain unaccounted for, we used a sensitivity analysis, in
which only populations spanning < 1 degree of latitude and
longitude were used. In this analysis we used a minimum of 20
specimens (mean = 34) spanning at least 40 years (mean = 64)
and regressed CBL against year of collection, controlling for sex.

To examine whether we could predict the direction and degree
of size change through time, we used the standardized slope 3 of
the regression of CBL on collection year as a response variable.
The six hypotheses outlined above lead, respectively, to the
following predictions.

1. All slopes (for each species/population) should be negative.
2. Slopes of size versus year of collection (§) would be positively
correlated with the slope values for size regressed on latitude for
each species. The expectation was that species with a positive
size-latitude relationship decrease in size because of global
warming, species with a negative size-latitude relationship
increase in size, and those that show no geographic variation in
size also show no temporal variation.
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3. Body mass (values from Meiri et al., 2005¢) would be negatively
correlated with 3 (Schmidt & Jensen, 2003).

4. Body mass would be positively correlated with § (Yom-Tov,
2003).

5. Omnivorous species would have higher values of B than more
carnivorous species. Dietary categories were derived from the
literature (e.g. Nowak, 1999).

6. Body size change should be more pronounced in species that
have been sampled longer and more recently. Thus absolute values
of B (regardless of whether slopes are positive or negative) were
predicted to be steeper where populations were sampled more
recently and longer.

Using the slope of the In(CBL) versus time relationship, we
calculated evolutionary rates in darwins (one darwin is a change
in the character by a factor of e in one million years, Haldane, 1949)
by multiplying slopes by one million. We avoided correcting for
multiple tests using, e.g. sequential Bonferroni correction (Cabin
& Mitchell, 2000), because such methods are unable to detect
many significant results if P values are close to 0.05 (Moran, 2003).
Instead we tested whether more significant results were obtained
than would be expected by chance using a chi-square test.

RESULTS

Data on the 52 populations (22 species in 7 families, 23 areas)
studied are shown in Table 1. Size in six populations changed
significantly (at P <0.05) through time. British and Irish stoats
(Mustela erminea) and Alaskan mink (M. vison) increased in size
through time, whereas size in the former species declined
through time in Benelux and Minnesota. Long-tailed weasels
(M. frenata) decreased in size in New England. There were more
significant changes than the 5% expected by chance (y* = 4.68,
P =0.03), but these still represent only c. 12% of the populations
(Fig. 1). Size in three more populations showed change through
time at the 0.05 < P < 0.1 level: Michigan M. frenata and French
red foxes, Vulpes vulpes, decreasing in size, the latter species
increasing in size in Israel. The slopes, standardized slopes
and probabilities for all explanatory variables are listed in
Appendix S1 in the Supporting Information. Mean CBL values
for all populations are listed in Appendix S2. The mean standardized
slope for all populations, —0.003 % 1 0.102, did not significantly
differ from zero, and the frequency distribution of standardized
slopes was roughly symmetrical about a slope of zero (Fig. 2).
Furthermore, most individual slopes did not differ from zero,
and when they did they seemed just as likely to be positive as to
be negative. Thus there was no overall tendency for size either to
decrease or to increase, negating hypothesis 1.

The models for the sensitivity analysis, using only populations
spanning < 1 degree of latitude and longitude, are presented in
Appendix S3. Only two of 19 populations showed size change
through time: Mustela putorius in Belgium and the Netherlands
at 51° N, 6° E decreased in size between 1920 and 1974, whereas
M. erminea in Maine at 45° N, 69° W increased in size between
1874 and 1940. However adjacent populations (M. putorius at
51°N, 5° E, and M. erminea in Maine at 46° N, 69° W) showed
no correlation between sampling year and CBL (Appendix S3).

Frequency
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Figure 1 Frequency distribution of the P-values for an effect of
year of collection on skull length (corrected for sex, latitude and
longitude). Frequency is the number of populations associated with
any P value.
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Figure 2 Frequency distribution of the standardized slopes of size
change through time in different populations (corrected for sex,
latitude and longitude). Frequency is the number of populations
associated with different values of 3.

When size did change it changed very fast: for the six popula-
tions for which P < 0.05, the mean rate was 671 darwins (range:
315-896), comparable to the fastest rates reported for size change
in the literature (Millien, 2006), and for the three populations
for which 0.05 < P < 0.1 the average rate was 719 darwins (440—
884). Such high rates are expected because of the well known
negative relationship between sampling duration and evolutionary
rates (Gingerich, 1983; Gould, 1984).
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Table 1 Populations of carnivores used, with areas in which specimens originated, sample sizes, and periods over which specimens were
collected. B is the standardized slope of the regression of (log) Condylo-basal length (CBL) on collection year, and P is the probability that this
slope does not differ from zero.

Species Area n Earliest date Latest date Span (years) B P
Alopex lagopus Alaska 82 1897 1993 96 —0.077 0.435
Canis latrans Baja California 41 1884 1979 95 0.217 0.118
Canis lupus Alaska 89 1901 1994 93 —-0.082 0.427
Canis lupus British Columbia 45 1891 1982 91 0.313 0.110
Canis lupus Vancouver Island 58 1937 1985 48 -0.035 0.801
Lynx canadensis Alaska 68 1905 1992 87 —0.117 0.258
Lynx canadensis British Columbia 45 1889 1983 94 —0.098 0.361
Gulo gulo Alaska 52 1891 1993 102 —0.057 0.661
Martes americana Alaska 54 1860 1996 136 —0.187 0.488
Martes americana British Columbia 98 1889 1996 107 0.075 0.221
Martes americana Vancouver Island 194 1904 1988 84 —-0.010 0.672
Martes foina Germany 64 1876 1999 123 0.019 0.860
Martes martes Benelux 42 1947 2004 57 0.163 0.317
Martes melampus Honshu 104 1944 1991 47 0.060 0.247
Meles meles Benelux 66 1918 2000 82 0.185 0.143
Meles meles Britain 42 1911 1989 78 —0.163 0.300
Mustela erminea Alaska 226 1879 1998 119 0.045 0.211
Mustela erminea Benelux 126 1926 1988 62 —0.192 0.015
Mustela erminea Britain 139 1890 1984 94 0.171 0.00006
Mustela erminea British Columbia 211 1891 1999 108 —0.011 0.794
Mustela erminea Germany 42 1887 1994 107 0.065 0.536
Mustela erminea Ireland 72 1895 1982 87 0.124 0.028
Mustela erminea Labrador 62 1898 1990 92 0.008 0.963
Mustela erminea Minnesota 71 1890 1980 90 —-0.239 0.0001
Mustela erminea New England 178 1874 1997 123 0.072 0.143
Mustela erminea Ontario 53 1893 1981 88 —-0.142 0.258
Mustela erminea Washington 55 1894 1974 80 0.140 0.243
Mustela frenata British Columbia 49 1894 1999 105 —0.011 0.921
Mustela frenata California 151 1885 1974 89 0.041 0.445
Mustela frenata Michigan 52 1903 1971 68 —0.092 0.058
Mustela frenata New England 110 1864 1979 115 —0.171 0.003
Mustela frenata Oregon 62 1883 1990 107 0.086 0.190
Mustela frenata Washington 68 1891 1960 69 0.162 0.138
Mustela nivalis Alaska 56 1900 1987 87 -0.110 0.235
Mustela nivalis Benelux 266 1928 1990 62 0.075 0.137
Mustela nivalis Britain 123 1895 1987 92 —0.005 0.895
Mustela nivalis Italy 52 1883 1972 89 0.032 0.740
Mustela putorius Benelux 263 1912 2004 92 0.005 0.906
Mustela vison Alaska 84 1904 1999 95 0.361 0.00003
Mustela vison Ontario 46 1912 1955 43 0.045 0.722
Mustela vison Vancouver Island 40 1886 1975 89 —-0.109 0.224
Nyctereutes procyonoides Honshu 66 1949 1989 40 —0.125 0.421
Procyon lotor Florida 42 1891 1999 108 0.127 0.375
Spilogale gracilis California 60 1887 1954 67 —0.051 0.579
Urocyon cinereoargenteus California 72 1891 1987 96 —0.049 0.657
Ursus arctos Admiralty Island 58 1905 1979 74 —-0.023 0.824
Ursus arctos Alaska 92 1894 1975 81 —-0.096 0.103
Viverra tangalunga Borneo 53 1887 1962 75 —-0.032 0.800
Vulpes vulpes Alaska 47 1903 1996 93 —0.186 0.263
Vulpes vulpes Benelux 62 1932 2001 69 —-0.219 0.187
Vulpes vulpes France 47 1909 1992 83 —-0.308 0.052
Vulpes vulpes Israel 42 1945 2000 55 0.265 0.079
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instances of size evolution have been demonstrated (e.g.
Yom-Tov, 2003, Chamaillé-Jammes

There was no correlation between size response to latitude
(Bergmann’s rule) and the population-specific size/year slope
(correlation between [ values for year and latitude, n =52, r=
—0.048, P=0.73), which contradicted hypothesis 2. There was no
correlation between (log-transformed) body mass and P values
for year (n=>52, r=-0.055, P=0.69). Neither was there a
correlation between mass and the absolute value of B (slope
steepness, regardless of whether the relationship is positive or
negative; r=0.176, P=0.21), so neither of hypotheses 3 and 4
was supported. The mean slope for carnivorous populations
(0.007) did not differ significantly from that for omnivorous
ones (0.002, t;; o= 0.47, P = 0.64), in contrast to the expectation
of hypothesis 5.

Correlations between sampling dates and P values are
shown in Table 2. Neither the slopes nor their absolute values
(i.e. steepness) were correlated with any sample statistic, except
that sample size was negatively correlated with the absolute value
of the standardized size/time slope (the larger the sample the
shallower the slope): none of the samples with > 100 specimens
had standardized slopes steeper than 0.2, and none of those
with > 150 specimens had standardized slopes > 0.1. However,
hypothesis 6, that the absolute value of slopes would be higher
for populations that were sampled for longer periods or more
recently, was unsupported.

Compared to the few cases of size change with time, size
changed often with both latitude (in 19 of the 52 populations)
and longitude (in 13 populations, see Appendix S1). This result
probably reflects the much greater degree to which climate and
other environmental influences vary over space, relative to their
temporal variation during the period we study.

DISCUSSION

Reading the literature of the last 5-10 years, one may get the
impression that most animal species have been changing in size
over the last few decades because of climate change and other
anthropogenic environmental changes. While some impressive

© 2008 The Authors
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show significant or marginally significant size change: Mustela
vison increases in size in Alaska but not in Ontario or Vancouver
Island; Mustela frenata decrease in size in New England and
perhaps also in Michigan (P =0.058) but not in the other three
populations we examined. Similarly, Vulpes vulpes may be
decreasing in size in France (P =0.052) but shows no trends in
adjacent Benelux or in Alaska and may be increasing in size Israel
(P=0.079). Furthermore, no groupings of similar responses
were found in different areas: in no area did more than one
species change in size through time.

While size has sometimes changed, we hesitate to say it has
actually evolved over that time span because we have no evidence
for genetic changes. However Johnston & Selander (1964) and
Clegg et al. (2002) have shown that some recent size changes are
indeed adaptive and thus probably correspond to evolutionary
changes, rather than being mere phenotypic responses. When
change occurs, however, rates can be extremely fast, comparable
with the fastest rates reported by Millien (2006), which were
measured over similar time spans. The fastest rates we found,
however, were not restricted to islands (cf. Millien, 2006).

Neither body mass nor food habits predict the degree and
direction of size changes. There is no evidence that global
warming is causing most species to decline in size. Further,
the spatial patterns of size variation were poor predictors of
temporal size change, implying, perhaps, that global warming
has not reached a level at which it exerts strong selective pressure
on body size. There was no tendency for large and small carnivores
to respond differently to year of collection, even though our
sample covers the entire range of carnivore sizes, from least weasels
(Mustela nivalis) to brown bears (Ursus arctos). Thus there is little
evidence from size measurements that, on average, large species
either experience more resource shortage than small species
because of habitat fragmentation (Schmidt & Jensen, 2003) or
have better access than small species to human refuse through
interspecific aggression (Yom-Tov, 2003). That slopes for
populations of omnivorous species do not differ from those of
more carnivorous ones further supports the conclusion that food
habits play little role in shaping size response to environmental
change.

It therefore seems that carnivore size change through time is
rare and idiosyncratic, changing between taxa and localities.
Most of the populations we analyzed show no size change at all.
This result seems at odds with those of published studies, where
size changes are almost always reported. Even when multiple
populations were studied, the majority showed significant
changes of body size through time (Yom-Tov, 2001, 2003). The
only studies we are aware of that show no relationship between
size and year (or other climatic variable) are those of Koontz
et al. (2001) and Blois et al. (2008).

Some of the geographical groupings we used incorporate large
areas. We tried to control for the effects of geographic variation
within samples by correcting for latitude and longitude. Much
variation, however, is invariably left even with such corrections,
in response to specific ecological and anthropogenic influences
not accounted for by such linear trends (Meiri et al., 2007). Thus
there will invariably be much noise in our data, which will lower
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the power of detecting significant trends. However, we do not
find any obvious tendency for patterns in smaller areas, or in
more isolated ones (islands), and the result of our sensitivity
analysis, in which specimens were grouped only over much
smaller areas actually identified an even weaker response of size
to collection date. In fact, significant trends alongside little
evidence for change are often detected for different species in the
same areas. Furthermore, significant size changes through time
were previously reported for areas that are as large as the largest
ones we study here (e.g. Alaska) and using similar methods
(Yom-Tov et al., 2008).

It is possible that case studies are selected for research or for
submission for publication if they show what look like interesting
patterns. Global warming drastically affects many organisms
(Root et al., 2003). Ecologists therefore invest a great deal of
effort in studying effects of warming, and this effort is reflected
in the actions of policymakers and research-funding agencies.
There are good ecological reasons to expect ecological changes to
take place and good moral reasons to want to publicize these
effects. Failing to find that global warming has consistent and
drastic consequences is likely to be perceived as uninteresting
by journal editors and even by the researchers themselves
(Rosenthal, 1979; Palmer, 1999). It may even be perceived as
undermining conservation efforts. Only unbiased presentation
of the whole picture, however, is likely to yield a good under-
standing of the real ecological consequences of global change.
Our sample was collected for purposes other than the identification
of current size changes (e.g. Meiri et al., 2005a,b) and is therefore
unbiased with respect to the populations we study. We show that
size does change through time in some populations but that this
pattern is not predominant.

CONCLUSIONS

Our results have some implication for studies of size evolution
that use specimens collected over long periods. Time can probably
not be ignored when one examines patterns related to, for example,
geographic variation or sexual size dimorphism. It must be
shown to have no effect, or else it should be included in the
models as an additional covariate.

Although only a minority of carnivore populations exhibited
size change over time, in some instances body size changed
significantly over a few decades, and these cases deserve further
study to see if they are associated with anthropogenic environ-
mental change.

ACKNOWLEDGEMENTS

We thank R. Asher, H. Baagge, D. Balkwill, J. Chupasko, J. Cuisin,
J. Dawson, J. Eger, H. Endo, L.K. Gordon, M. Gosselin, H. van
Grouw, D. Harrison, D. Hills, S. H. Hinshaw, T. Holmes, G.
Jarrell, P. Jenkins, L. M. Kennes, Y. Kunimatsu, E. Lacey, G. Lenglet,
C. Ludwig, R. McDonald, S.B. McLaren, M. Nowak-Kemp,
M. Perch, B. Randall, A. Rol, T. A. Ross, Shariv, B. Shepherd,
W. Stanley, C. Stefen, P. Unitt, G. Véron, E. Westwig and
S. Woodward for their invaluable help during data collecting.

Global Ecology and Biogeography, 18, 240-247, Journal compilation © 2008 Blackwell Publishing Ltd 245



S. Meiri et al.

We are indebted to Mick Crawley and Ally Phillimore for statisti-
cal help. Jessica Blois, Sonya Clegg, Joaquin Hortal, Sharon Jansa,
Tania Jenkins, Alex Lord, Georgina Mace, Virginie Millien, Ian
Owens, Ally Phillimore, Gary Powney, Andy Purvis, Gavin Thomas
and Yoram Yom-Tov provided many helpful comments on earlier
versions of this manuscript. We thank Judy Chupasko, Sharon
Jansa, Dusty McDonald, Robbie McDonald and Chris Smeenk
for interesting discussion about possible reasons for size change
in carnivores at their areas of study. Shai Meiri is supported
by NERC.

REFERENCES

Baker, A.]. & Moeed, A. (1979) Evolution in the introduced New
Zealand populations of the common myna, Acridotheres tristis
(Aves: Sturnidae). Canadian Journal of Zoology, 57, 570-584.

Blois, J.L., Feranec, R.S. & Hadly, E.A. (2008) Environmental
influences on spatial and temporal patterns of body-size varia-
tion in California ground squirrels (Spermophilus beecheyy).
Journal of Biogeography, 35, 602—613.

Cabin, R.J. & Mitchell, R.J. (2000) To Bonferroni or not to
Bonferroni: when and how are the questions. Bulletin of the
Ecological Society of America, 81, 246-248.

Chamaillé-Jammes, S. Massot, M. Aragon, P. & Clobert, J. (2006)
Global warming and positive fitness response in mountain
populations of common lizards Lacerta vivipara. Global
Change Biology, 12, 392—402.

Clegg, S.M., Degnan, S.M., Moritz, C. Estoup, A. Kikkawa, J. &
Owens, I.P.F. (2002) Microevolution in island forms: the roles
of drift and directional selection in morphological divergence
of a passerine bird. Evolution, 56, 2090-2099.

Cohen, J. (1988) Statistical power analysis for the behavioural
sciences, 2nd edn. Lawrence Elbaum Associates, Hillsdale, New
Jersey.

Dayan, T. & Simberloff, D. (1998) Size patterns among competitors:
ecological character displacement and character release in
mammals, with special reference to island populations. Mammal
Review, 28,99—124.

Dayan, T., Simberloff, D., Tchernov, E. & Yom-Tov, Y. (1991)
Calibrating the paleothermometer: climate, communities, and
the evolution of size. Paleobiology, 17, 189-199.

Gingerich, P.D. (1983) Rates of evolution: effects of time and
temporal scaling. Science, 222, 159-161.

Gould, S.J. (1984) Smooth curve of evolutionary rate: a psycho-
logical and mathematical artifact. Science, 226, 994-995.

Haldane, J.B.S. (1949) Suggestions as to quantitative measurement
of rates of evolution. Evolution, 3, 51-56.

Jarvinen, A. (1994) Global warming and egg size of birds. Ecography,
17,108-110.

Johnston, R.F. & Selander, R.K. (1964) House sparrows:
rapid evolution of races in North America. Science, 144,
548-550.

Kanuscak, P,, Hromada, M., Tryjanowski, P. & Sparks, T. (2004)
Does climate at different scales influence the phenology and
phenotype of the River Warbler Locustella fluviatilist Oecologia,
141, 158-163.

Klein, R.G. (1986) Carnivore size and Quaternary climatic
change in Southern Africa. Quaternary Research, 26, 153—170.

Koontz, T.L., Shepherd, U.L. & Marshall, D. (2001) The effects of
climate change on Merriam’s kangaroo rat, Dipodomys merriami.
Journal of Arid Environments, 49, 581-591.

Lister, A.M. (1989) Rapid dwarfing of red deer on Jersey in the
last interglacial. Nature, 342, 539-542.

Lomolino, M.V. (2005) Body size evolution in insular vertebrates:
generality of the island rule. Journal of Biogeography, 32, 1683—
1699.

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) Carnivores, biases
and Bergmann’s rule. Biological Journal of the Linnean Society,
81, 579-588.

Meiri, S., Dayan, T. & Simberloff, D. (2005a) Area, isolation and
size evolution in insular carnivores. Ecology Letters, 8, 1211—
1217.

Meiri, S., Dayan, T. & Simberloff, D. (2005b) Variability and
sexual size dimorphism in carnivores: testing the niche variation
hypothesis. Ecology, 86, 1432—1440.

Meiri, S., Simberloff, D. & Dayan, T. (2005¢) Insular carnivore
biogeography: island area and mammalian optimal body size.
The American Naturalist, 165: 505-514.

Meiri, S., Dayan, T. & Simberloff, D. (2005d) Biogeographic
patterns in the Western Palearctic: the fasting-endurance hypo-
thesis and the status of Murphy’s rule. Journal of Biogeography,
32,369-375.

Meiri, S., Dayan, T. & Simberloff, D. (2006) The generality of the
island rule reexamined. Journal of Biogeography, 33, 1571-1577.

Meiri, S., Yom-Tov, Y. & Geffen, E. (2007) What determines
conformity to Bergmann'’s rule? Global Ecology and Biogeography,
16, 788-794.

Meiri, S., Cooper, N. & Purvis, A. (2008) The island rule: made
to be broken? Proceedings of the Royal Society B: Biological
Sciences, 275, 141-148.

Millien, V. (2006) Morphological evolution is accelerated among
island mammals. PLoS Biology, 4, 1863—1868.

Moran, M.D. (2003) Arguments for rejecting the sequential
Bonferroni in ecological studies. Oikos, 100, 403—405.

Nowak, R.M. (1999) Walker’s ‘mammals of the world’, 6th edn.
Johns Hopkins University Press, Baltimore.

Nowakowski, J.J. (2002) Variation of morphometric parameters
within the Savi’s warbler (Locustella luscinioides) population in
eastern Poland. Ring, 24, 49-67.

Oschadleus, H.D. (2004) Sociable Weaver biometrics and
primary moult. Ostrich, 75, 309-316.

Palmer, R.A. (1999) Detecting publication bias in meta-analyses:
a case study of fluctuating asymmetry and sexual selection.
The American Naturalist, 154, 220-233.

Peters, H.R. (1983) The ecological implications of body size.
Cambridge University Press, New York.

Phillips, B.L. & Shine, R. (2005) The morphology, and hence
impact, of an invasive species (the cane toad, Bufo marinus):
changes with time since colonisation. Animal Conservation, 8,
407-413.

© 2008 The Authors

246 Global Ecology and Biogeography, 18, 240-247, Journal compilation © 2008 Blackwell Publishing Ltd



Raia, P. & Meiri, S. (2006) The island rule in large mammals.
Paleontology meets ecology. Evolution, 60, 1731-1742.

Root, T.L., Price, ].T., Hall, K.R., Schneider, S.H., Rosenzweig, C.
& Pounds, J.A. (2003) Fingerprints of global warming on
animals and plants. Nature, 421, 57-60.

Rosenthal, R. (1979) The ‘file drawer problem’ and tolerance for
null results. Psychological Bulletin, 3, 638—641.

Schmidt, N.M. & Jensen, PM. (2003) Changes in mammalian
body length over 175 years—adaptations to a fragmented
landscape? Conservation Ecology, 7, 6. (Online) URL: http://
www.consecol.org/vol7/iss2/art6.

Schmidt-Nielsen, K. (1984) Scaling. Why is animal size so important?
Cambridge University Press, Cambridge.

Simberloff, D. Dayan, T. Jones, C. & Ogura, G. (2000) Character
displacement and release in the small Indian mongoose,
Herpestes javanicus. Ecology, 81, 2086-2099.

Smith, FA., Browning, H. & Shepherd, U.L. (1998) The influence
of climate change on the body mass of woodrats Neotoma in an
arid region of New Mexico, USA. Ecography, 21, 140—148.

Yom-Tov, Y. (2001) Global warming and body mass decline in
Israeli passerine birds. Proceedings of the Royal Society B:
Biological Sciences, 268, 947-952.

Yom-Tov, Y. (2003) Body sizes of carnivores commensal with
humans have increased over the past 50 years. Functional
Ecology, 17, 323-327.

Yom-Tov, Y., Green, W.O. & Coleman, ].D. (1986) Morphological
trends in the common brushtail possum, Trichosurus vulpecula,
in New Zealand. Journal of Zoology, 208, 583-593.

Yom-Tov, Y., Yom-Tov, S. & Baagge, H. (2003) Increase of skull
size in the red fox (Vulpes vulpes) and Eurasian badger (Meles
meles) in Denmark during the twentieth century: an effect of
improved diet? Evolutionary Ecology Research, 5,1037-1048.

Yom-Tov, Y. Heggberget, T.M. Wiig, O. & Yom-Tov, S. (2006)
Body size changes in the Norwegian otter: the possible effects
of food availability and global warming. Oecologia, 150, 155—
160.

© 2008 The Authors

Global change and carnivore body size

Yom-Tov, Y., Yom-Tov, S., Barreiro, J. & Blanco, J.C. (2007)
Body size of the red fox Vulpes vulpes in Spain: the effect of
agriculture. Biological Journal of the Linnean Society, 90, 729—
734.

Yom-Tov, Y., Yom-Tov, S. & Jarrell, G. (2008) Recent increase in
body size of the American marten Martes americana in Alaska.
Biological Journal of the Linnean Society, 93, 701-707.

SUPPORTING INFORMATION

Additional Supporting Information may be found in the online
version of this article:

Appendix S1 Statistics for the 52 multiple regression tests of
size (condylo-basal length) versus year of collection, sex, latitude
and longitude.

Appendix S2 Mean skull lengths (Condylo-basal length = CBL,
in mm) of populations inhabiting the regions studied.

Appendix S3 Models for an analysis using only populations
spanning 1 < degree of latitude and longitude.

Please note: Wiley-Blackwell are not responsible for the content
or functionality of any supporting materials supplied by the
authors. Any queries (other than missing material) should be
directed to the corresponding author for the article.

Shai Meiri is interested in the evolution of body size and
its implications, biogeographic correlates of morphology
and the morphological signatures of speciation and
community composition.

Editor: Brian McGill

Global Ecology and Biogeography, 18, 240-247, Journal compilation © 2008 Blackwell Publishing Ltd 247


http://www.consecol.org/vol7/iss2/art6

Appendix S1

Statistics for the 52 multiple regression tests of size (condylo-basal length) vs. year of

collection, sex, latitude and longitude.

species

Alopex lagopus

Canis latrans

Canis lupus

Canis lupus

Canis lupus

Gulo gulo

Lynx canadensis

Lynx canadensis

place

Alaska

Baja California

Alaska

British
Columbia

Vancouver
Island

Alaska

Alaska

British
Columbia

Factor
Intercept
Latitude
Longitude
sex

year
Intercept
Latitude
Longitude
sex

year
Intercept
Latitude
Longitude
sex

year

Intercept

Latitude
Longitude
sex

year

Intercept

Latitude
Longitude
sex

year
Intercept
Latitude
Longitude
sex

year
Intercept
Latitude
Longitude
sex

year

Intercept

Latitude
Longitude
sex

year

Beta

0.045
0.052
0.597
-0.077
na
0.650
0.398
0.267
0.217
na
0.089
-0.037
0.530
-0.082

na

0.216
0.099
0.402
0.313

na

-0.372
-0.307
0.549
-0.035
na
0.069
-0.072
0.788
-0.117
na
0.076
-0.084
0.515
-0.098

na

0.067
0.141
0.621
-0.057

Std.Err.
of Beta
na
0.102
0.095
0.093
0.098
na
0.232
0.230
0.137
0.135
na
0.117
0.123
0.091
0.103

na

0.242
0.229
0.143
0.191

na

0.342
0.327
0.114
0.138
na

0.100
0.090
0.090
0.102
na

0.115
0.116
0.106
0.107

na

0.220
0.213
0.122
0.130

B

1.071
0.002
0.000
0.039
0.000
2.057
0.010
0.009
0.028
0.001
1.598
0.001
0.000
0.040
0.000

1.653

0.002
0.001
0.030
0.000

1.223

-0.022
-0.009
0.044
0.000
-3.875
0.001
-0.001
0.090
0.000
1.237
0.001
-0.001
0.037
0.000

-0.221

0.001
0.003
0.053
0.000

Std.Err.
of B
0.936
0.005
0.001
0.006
0.000
1.695
0.004
0.005
0.014
0.000
0.843
0.001
0.001
0.007
0.000

1.205

0.003
0.003
0.010
0.000

1.197

0.020
0.010
0.009
0.000
1.064
0.001
0.001
0.010
0.000
0.863
0.002
0.001
0.008
0.000

1.166

0.005
0.004
0.010
0.000

p-level

0.256
0.659
0.581
0.000000
0.435
0.233
0.008
0.093
0.059
0.118
0.062
0.449
0.766
0.000000
0.427

0.178

0.376
0.669
0.007
0.110

0.312

0.282
0.351
0.00001
0.801
0.0007
0.497
0.427
0.000000
0.258
0.157
0.508
0.470
0.000008
0.361

0.851

0.763
0.513
0.000009
0.661

darwins
na

na

na

na
153.55
na

na

na

na
517.89
na

na

na

na
147.46

na
na
na
na
439.63

na
na
na
na
114.09
na
na
na
na
245.89
na
na
na
na
170.02

na
na
na
na
64.91



species

Martes americana

Martes americana

Martes americana

Martes foina

Martes martes

Martes melampus

Meles meles

Meles meles

Mustela erminea

Mustela erminea

place

Alaska

British
Columbia

Vancouver
Island

Germany

Benelux

Honshu

Benelux

Britain

Alaska

Benelux

Factor
Intercept
Latitude
Longitude
sex

year

Intercept

Latitude
Longitude
sex

year

Intercept

Latitude
Longitude
sex

year
Intercept
Latitude
Longitude
sex

year
Intercept
Latitude
Longitude
sex

year
Intercept
Latitude
Longitude
sex

year
Intercept
Latitude
Longitude
sex

year
Intercept
Latitude
Longitude
sex

year

Intercept

Latitude
Longitude
sex

year
Intercept
Latitude
Longitude
sex

year

Beta

-0.002
-0.139
0.524

-0.187

na

0.357
0.107
0.794
0.075

na

0.086
0.131
0.950
-0.010
na
-0.142
-0.052
0.640
0.019
na
-0.176
0.123
0.729
0.163
na
0.082
-0.006
0.854
0.060
na
-0.328
0.117
0.333
0.185
na
0.192
0.090
0.311
-0.163

na

0.137
-0.262
0.788
0.045
na
0.331
-0.007
0.714
-0.192

Std.Err.
of Beta
na
0.163
0.251
0.110
0.268

na

0.062
0.071
0.051
0.061

na

0.061
0.061
0.023
0.024
na

0.102
0.107
0.100
0.109
na

0.183
0.139
0.127
0.160
na

0.078
0.079
0.051
0.051
na

0.133
0.126
0.118
0.125
na

0.155
0.155
0.152
0.155

na

0.040
0.039
0.035
0.036
na

0.074
0.065
0.063
0.078

B

-1.496
0.000
-0.001
0.061
0.000

-4.239

0.007
0.001
0.081
0.000

-5.495

0.006
0.004
0.100
0.000
-0.002
-0.005
-0.001
0.046
0.000
-3.187
-0.007
0.014
0.067
0.001
-5.693
0.018
0.000
0.086
0.000
2.614
-0.017
0.008
0.024
0.000
2.655
0.006
0.003
0.025
0.000

11.719
0.003
-0.003
0.144
0.000
-4.539
0.025
0.000
0.086
-0.001

Std.Err.
of B
1.672
0.003
0.002
0.013
0.000

0.546

0.001
0.001
0.005
0.000

0.295

0.004
0.002
0.002
0.000
0.795
0.004
0.002
0.007
0.000
1.602
0.008
0.016
0.012
0.001
1.005
0.017
0.005
0.005
0.000
1.034
0.007
0.009
0.008
0.000
1.429
0.005
0.005
0.012
0.000

0.682

0.001
0.000
0.006
0.000
0.850
0.005
0.005
0.008
0.000

p-level

0.375
0.989
0.581
0.00002
0.488

0.000000

0.000000
0.138
0.000000
0.221

0.000000

0.165
0.034
0.000000
0.672
0.998
0.169
0.631
0.000000
0.860
0.054
0.341
0.383
0.000001
0.317
0.000000
0.297
0.937
0.000000
0.247
0.014
0.016
0.358
0.007
0.143
0.071
0.224
0.566
0.048
0.300

0.000000

0.0007
0.000000
0.000000
0.211
0.000000
0.00002
0.919
0.000000
0.015

darwins
na

na

na

na
246.82

na
na
na
na
87.11

na
na

na

na
24.90
na

na

na

na
21.36
na

na

na

na
534.57
na

na

na

na
391.08
na

na

na

na
355.57
na

na

na

na
315.63

na
na
na
na
125.90
na
na
na
na
851.32



species place Beta Std.Err. B Std.Err. p-level
Factor of Beta of B darwins
Mustela erminea Britain Intercept  na na -5.794 0.565 0.000000 na
Latitude -0.275  0.081 -0.007 0.002 0.0009 na



species

Mustela frenata

Mustela frenata

Mustela frenata

Mustela frenata

Mustela frenata

Mustela nivalis

Mustela nivalis

Mustela nivalis

Mustela nivalis

Mustela putorius

place

California

Michigan

New England

Oregon

Washington

Alaska

Benelux

Britain

Italy

Benelux

Factor
year
Intercept
Latitude
Longitude
sex

year

Intercept

Latitude
Longitude
sex

year

Intercept

Latitude
Longitude
sex

year

Intercept

Latitude
Longitude
sex

year
Intercept
Latitude
Longitude
sex

year
Intercept
Latitude
Longitude
sex

year
Intercept
Latitude
Longitude
sex

year

Intercept

Latitude
Longitude
sex

year

Intercept

Latitude
Longitude
sex

year
Intercept
Latitude

Beta

-0.011

-0.474
-0.388
0.734
0.041

na

0.100
-0.163
0.930
-0.092

na

-0.008
-0.064
0.823

-0.171

na

0.028
-0.374
0.910
0.086
na
-0.147
-0.112
0.670
0.162
na
0.129
0.033
0.748
-0.110
na
0.389
-0.084
0.601
0.075

na

0.081
0.014
0.882
-0.005

na

-0.257
-0.353
0.789
0.032

-0.202

Std.Err.
of Beta
0.106

na
0.083
0.082
0.051
0.053

na

0.067
0.067
0.048
0.047

na

0.056
0.052
0.051
0.056

na

0.065
0.062
0.062
0.065
na

0.107
0.096
0.093
0.107
na

0.095
0.097
0.091
0.091
na

0.051
0.041
0.038
0.050

na

0.063
0.062
0.041
0.040

na

0.119
0.128
0.088
0.096
na

0.045

B

0.000
-7.841
-0.012
-0.012
0.103
0.000

13.000
0.007
-0.008
0.164
0.000

12.399
0.000
0.000
0.171
-0.001

12.944
0.002
-0.013
0.143
0.000
-7.556
-0.012
-0.005
0.100
0.001
-7.276
0.003
0.001
0.114
-0.001
-9.761
0.048
-0.007
0.098
0.001

11.852
0.003
0.001
0.151
0.000

10.960
-0.024
-0.014
0.154

0.000

-7.008
-0.020

Std.Err.
of B
0.000
0.822
0.002
0.003
0.007
0.000

1.017

0.004
0.003
0.008
0.000

1.164

0.003
0.000
0.011
0.000

1.141

0.004
0.002
0.010
0.000
1.676
0.009
0.004
0.014
0.000
1.610
0.002
0.002
0.014
0.000
0.762
0.006
0.004
0.006
0.000

0.752

0.002
0.004
0.007
0.000

1.902

0.011
0.005
0.017
0.000
0.846
0.004

p-level

0.921
0.000000
0.000000
0.000005
0.000000
0.445

0.000000

0.143
0.018
0.000000
0.058

0.000000

0.882
0.221
0.000000
0.003

0.000000

0.671
0.000000
0.000000
0.190
0.00003
0.177
0.248
0.000000
0.138
0.00004
0.181
0.737
0.000000
0.235
0.000000
0.000000
0.043
0.000000
0.137

0.000000

0.203
0.818
0.000000
0.895

0.000001

0.035
0.008
0.000000
0.740
0.000000
0.00001

darwins
25.61

na

na

na

na
140.92

na
na
na
na
440.16

na
na
na
na
615.41

na
na
na
na
333,51
na
na
na
na
569.55
na
na
na
na
500.47
na
na
na
na
514.23

na
na
na
na
17.96

na
na
na
na
117.14
na
na



species

Mustela vison

Mustela vison

Mustela vison

Nyctereutes
procyonoides

Procyon lotor

Spilogale gracilis

Urocyon
cinereoargenteus

Ursus arctos

Ursus arctos

Viverra

place

Alaska

Ontario

Vancouver
Island

Honshu

Florida

California

California

Admiralty
Island

Alaska

Borneo

Factor
Longitude
sex

year
Intercept
Latitude
Longitude
sex

year
Intercept
Latitude
Longitude
sex

year

Intercept

Latitude
Longitude
sex

year

Intercept

Latitude
Longitude
sex

year
Intercept
Latitude
Longitude
sex

year
Intercept
Latitude
Longitude
sex

year

Intercept

Latitude
Longitude
sex

year

Intercept

Latitude
Longitude
sex

year
Intercept
Latitude
Longitude
sex

year
Intercept

Beta

0.169
0.686
0.005
na
-0.225
-0.121
0.502
0.361
na
0.529
-0.253
0.753
0.045

na

-0.405
-0.251
0.797

-0.109

na

0.204
-0.278
0.228
-0.125
na
-0.240
0.268
0.345
0.127
na
-0.760
-1.248
0.683
-0.051

na

0.077
0.013
0.487
-0.049

na

0.075
-0.002
0.712
-0.023
na
-0.372
-0.160
0.663
-0.096

Std.Err.
of Beta
0.044
0.041
0.045
na
0.097
0.100
0.084
0.082
na
0.133
0.131
0.118
0.125

na

0.350
0.350
0.089
0.089

na

0.185
0.175
0.123
0.154
na

0.216
0.222
0.134
0.142
na

0.223
0.223
0.086
0.091

na

0.106
0.109
0.106
0.109

na

0.103
0.105
0.100
0.101
na

0.072
0.073
0.059
0.058
na

B

0.016
0.118
0.000
-6.289
-0.007
-0.001
0.089
0.001
-6.563
0.015
-0.004
0.090
0.000

-5.853

-0.030
-0.010
0.109
0.000

5.100

0.008
-0.008
0.013
0.000
1.752
-0.006
0.009
0.033
0.000
-8.440
-0.022
-0.032
0.097
0.000

1.871

0.001
0.000
0.030
0.000

-1.477

0.025
-0.001
0.117
0.000
-4.982
-0.012
-0.002
0.117
0.000
2.150

Std.Err.
of B
0.004
0.007
0.000
1.520
0.003
0.001
0.015
0.000
1.868
0.004
0.002
0.014
0.001

1.462

0.026
0.014
0.012
0.000

1.633

0.007
0.005
0.007
0.001
1.425
0.005
0.007
0.013
0.000
1.313
0.006
0.006
0.012
0.000

0.734

0.001
0.000
0.006
0.000

5.760

0.034
0.039
0.016
0.000
1.206
0.002
0.001
0.010
0.000
0.726

p-level

0.0002
0.000000
0.906
0.00009
0.023
0.230
0.000000
0.00003
0.001
0.0003
0.060
0.000000
0.722

0.0003

0.255
0.478
0.000000
0.224

0.003

0.275
0.117
0.069
0.421
0.226
0.273
0.234
0.014
0.375
0.000000
0.001
0.000001
0.000000
0.579

0.013

0.473
0.904
0.00002
0.657

0.200

0.470
0.988
0.000000
0.824
0.00008
0.000002
0.031
0.000000
0.103
0.005

darwins
na

na
28.51
na

na

na

na
896.00
na

na

na

na
223.43

na
na
na
na
407.95

na
na
na
na
432.17
na
na
na
na
216.87
na
na
na
na
198.44

na
na
na
na
72.85

na
na

na

na
86.21
na

na

na

na
349.38
na



species

tangalunga

Vulpes vulpes

Vulpes vulpes

Vulpes vulpes

Vulpes vulpes

place

Alaska

Benelux

France

Israel

Factor

Latitude
Longitude
sex

year
Intercept
Latitude
Longitude
sex

year
Intercept
Latitude
Longitude
sex

year
Intercept
Latitude
Longitude
sex

year
Intercept
Latitude
Longitude
sex

year

Beta

0.174
-0.126
0.518
-0.032
na
0.142
-0.223
0.566
-0.186
na
-0.019
-0.065
0.559
-0.219
na
0.023
0.221
0.544
-0.308
na
-0.006
0.313
0.359
0.265

Std.Err.
of Beta

0.152
0.155
0.136
0.126
na

0.159
0.122
0.126
0.164
na

0.157
0.119
0.108
0.164
na

0.134
0.145
0.129
0.154
na

0.145
0.140
0.135
0.147

B

0.002
-0.001
0.027
0.000
0.131
0.002
-0.001
0.050
0.000
1.360
-0.001
-0.005
0.045
0.000
1.272
0.001
0.010
0.051
-0.001
-2.458
0.000
0.051
0.037
0.001

Std.Err.
of B

0.002
0.001
0.007
0.000
1.300
0.002
0.001
0.011
0.000
1.057
0.006
0.009
0.009
0.000
1.388
0.003
0.007
0.012
0.000
1.799
0.006
0.023
0.014
0.000

p-level

0.256
0.420
0.0004
0.800
0.920
0.377
0.074
0.00006
0.263
0.203
0.903
0.588
0.000003
0.187
0.365
0.863
0.136
0.0001
0.052
0.180
0.968
0.032
0.012
0.079

darwins

na
na

na
35.16
na

na

na

na
268.40
na

na

na

na
462.77
na

na

na

na
833.31
na

na

na

na
884.15



Appendix S2

Mean skull lengths (CBL, in mm) of populations inhabiting the regions studied.

Species

Alopex lagopus
Alopex lagopus
Canis latrans
Canis latrans
Canis lupus

Canis lupus

Canis lupus

Canis lupus

Canis lupus

Canis lupus

Canis lupus

Canis lupus

Lynx canadensis
Lynx canadensis
Lynx canadensis
Lynx canadensis
Gulo gulo

Gulo gulo

Martes americana
Martes americana
Martes americana
Martes americana
Martes americana
Martes americana
Martes foina
Martes foina
Martes martes
Martes martes
Martes melampus
Martes melampus
Meles meles
Meles meles
Meles meles
Meles meles
Mustela erminea
Mustela erminea
Mustela erminea
Mustela erminea
Mustela erminea

region

Alaska

Alaska

Baja California
Baja California
Alaska

Alaska

British Columbia
British Columbia
Israel

Israel

Vancouver Island
Vancouver Island
Alaska

Alaska

British Columbia
British Columbia
Alaska

Alaska

Alaska

Alaska

British Columbia
British Columbia
Vancouver Island
Vancouver Island
Germany
Germany
Benelux

Benelux

Honshu

Honshu

Benelux

Benelux

Britain

Britain

Alaska

Alaska

Benelux

Benelux

Britain

sex
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female

CBL
(mm)
118.43
123.13
166.92
174.66
240.49
250.70
244.13
249.85
200.43
210.72
227.91
237.89
116.34
120.61
112.66
118.78
134.31
146.24
76.56
82.15
72.51
78.15
72.62
80.07
78.17
81.49
79.95
84.71
78.37
85.18
131.33
134.33
126.26
129.18
39.61
45.32
43.29
46.75
45.46



Species

Mustela erminea
Mustela erminea
Mustela erminea
Mustela erminea
Mustela erminea
Mustela erminea
Mustela erminea
Mustela erminea
Mustela erminea
Mustela erminea
Mustela erminea
Mustela erminea
Mustela erminea

Mustela erminea

Mustela erminea
Mustela erminea
Mustela erminea
Mustela erminea
Mustela erminea
Mustela frenata
Mustela frenata
Mustela frenata
Mustela frenata
Mustela frenata
Mustela frenata
Mustela frenata
Mustela frenata
Mustela frenata
Mustela frenata
Mustela frenata
Mustela frenata
Mustela nivalis
Mustela nivalis
Mustela nivalis
Mustela nivalis
Mustela nivalis
Mustela nivalis
Mustela nivalis
Mustela nivalis
Mustela putorius
Mustela putorius

region

Britain

British Columbia
British Columbia
Germany
Germany

Ireland

Ireland

Labrador
Labrador
Minnesota
Minnesota

New England

New England
North Western
Teritorries
North Western
Teritorries

Ontario
Ontario
Washington
Washington
British Columbia
British Columbia
California
California
Michigan
Michigan
New England
New England
Oregon
Oregon
Washington
Washington
Alaska
Alaska
Benelux
Benelux
Britain
Britain

Italy

Italy
Benelux
Benelux

sex
male
female
male
female
male
female
male
female
male
female
male
female
male

female

male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male

CBL

(mm)
49.41
36.86
42.47
44.35
47.67
40.21
46.24
37.01
42.49
36.04
41.65
36.51
41.56

38.85

43.40
36.92
42.27
34.35
36.28
45.07
48.11
44.09
48.67
40.35
47.37
40.97
48.28
41.32
46.62
42.70
47.16
29.88
33.61
32.57
36.27
33.55
39.14
37.88
43.95
58.62
66.36



Species

Mustela vison
Mustela vison
Mustela vison
Mustela vison
Mustela vison
Mustela vison

Nyctereutes procyonoides
Nyctereutes procyonoides

Procyon lotor
Procyon lotor

Spilogale gracilis
Spilogale gracilis
Urocyon cinereoargenteus
Urocyon cinereoargenteus

Ursus arctos
Ursus arctos
Ursus arctos
Ursus arctos

Viverra tangalunga
Viverra tangalunga

Vulpes vulpes
Vulpes vulpes
Vulpes vulpes
Vulpes vulpes
Vulpes vulpes
Vulpes vulpes
Vulpes vulpes
Vulpes vulpes

region
Alaska
Alaska
Ontario
Ontario
Vancouver Island
Vancouver Island
Honshu
Honshu
Florida
Florida
California
California
California
California
Admiralty
Admiralty
Alaska
Alaska
Borneo
Borneo
Alaska
Alaska
Benelux
Benelux
France
France
Israel
Israel

sex
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male
female
male

CBL
(mm)
63.20
69.70
62.11
66.29
61.87
69.30
109.13
110.30
105.11
108.96
51.67
55.96
116.16
119.91
309.28
347.83
337.84
382.42
110.80
113.55
139.16
146.43
137.74
144.32
134.22
140.63
122.34
127.55



Appendix S3 - Models for an analysis using only populations spanning < 1 degree of latitude and longitude.

earliest latest Std.

Species country longitude latitude n  date date factor Estimate Error t P

Alopex lagopus Alaska -157 71 29 1897 1962 Intercept  4.999 0.474 10.557 0.0000
Alopex lagopus sex 0.042 0.010 4.081  0.0004
Alopex lagopus year 0.000 0.000 -0.471 0.6414
Martes foina Germany 14 51 39 1879 1999 Intercept  4.274 0.343 12.472 0.0000
Martes foina sex 0.053 0.008 6.215  0.0000
Martes foina year 0.000 0.000 0.233 0.8170
Meles meles Israel 35 32 24 1911 1986 Intercept 3.420 1.031 3.318 0.0033
Meles meles sex 0.049 0.016 2.948 0.0077
Meles meles year 0.001 0.001 1.299 0.2079
Melogale orientalis  Java 107 -7 23 1881 1970 Intercept 4.477 0.491 9.111  0.0000
Melogale orientalis sex 0.041 0.010 4.144  0.0005
Melogale orientalis year 0.000 0.000 -0.407 0.6886
Mustela erminea Vermont -73 44 30 1912 1977 Intercept 1.849 0.959 1927 0.0645
Mustela erminea sex 0.080 0.017 4.821  0.0000
Mustela erminea year 0.001 0.000 1.808 0.0818
Mustela erminea* Maine -69 45 62 1874 1940 Intercept 1.933 0.812 2.380 0.0244
Mustela erminea* year 0.001 0.000 2.233  0.0337
Mustela erminea Maine -69 46 28 1902 1950 Intercept 2.852 1.582 1.803 0.0835
Mustela erminea sex 0.140 0.046 3.033  0.0056
Mustela erminea year 0.000 0.001 0.489 0.6293

British
Columbia &

Mustela erminea Washington -122 49 39 1895 1939 Intercept 2.945 0.943 3.123  0.0035
Mustela erminea sex 0.155 0.018 8.653  0.0000
Mustela erminea year 0.000 0.000 0.622  0.5380
Mustela erminea Minnesota -93 45 32 1931 1979 Intercept 5.110 1.314 3.888  0.0005
Mustela erminea sex 0.134 0.024 5.628  0.0000




Mustela erminea year -0.001 0.001 -1.150 0.2596
Mustela frenata California -117 33 24 1899 1964 Intercept 3.111 0.670 4.644  0.0001
Mustela frenata sex 0.080 0.012 6.518  0.0000
Mustela frenata year 0.000 0.000 1.051 0.3054
Mustela frenata Michigan -84 42 42 1903 1971 Intercept 4.435 0.626 7.091 0.0000
Mustela frenata sex 0.162 0.012 13.097 0.0000
Mustela frenata year 0.000 0.000 -1.195 0.2390
Mustela nivalis Italy 8 44 28 1907 1954 Intercept 4.661 1.651 2.823  0.0092
Mustela nivalis sex 0.126 0.019 6.646  0.0000
Mustela nivalis year -0.001 0.001 -0.606 0.5498
Belgium & the
Mustela nivalis Netherlands 5 51 46 1928 1990 Intercept 2.545 1.742 1461  0.1510
Mustela nivalis sex 0.086 0.019 4460  0.0001
Mustela nivalis year 0.000 0.001 0.552 0.5840
Mustela nivalis Alaska -157 71 34 1928 1969 Intercept 2.698 1.239 2177 0.0372
Mustela nivalis sex 0.117 0.014 8.550  0.0000
Mustela nivalis year 0.000 0.001 0.579 0.5667
Belgium & the
Mustela putorius Netherlands 5 51 50 1939 2000 Intercept 2.793 1.952 1431  0.1590
Mustela putorius sex 0.106 0.017 6.077  0.0000
Mustela putorius year 0.001 0.001 0.653 05170
Belgium & the
Mustela putorius Netherlands 6 51 26 1920 1974 Intercept 7.713 1.421 5.427  0.0000
Mustela putorius sex 0.094 0.025 3.804  0.0009
Mustela putorius year -0.002 0.001 -2.523 0.0190
Mustela putorius Netherlands 5 52 33 1921 1986 Intercept 2.258 1.131 1.997  0.0549
Mustela putorius sex 0.120 0.020 6.072  0.0000
Mustela putorius year 0.001 0.001 1585 0.1234
Ursus arctos Admiralty -134 57 22 1907 1979 Intercept 5.888 0.963 6.115 0.0000
Ursus arctos sex 0.133 0.029 4573 0.0002
Ursus arctos year 0.000 0.000 -0.181 0.8580




Ursus arctos Admiralty -134 58 31 1905 1970 Intercept 4.894 1.608 3.044  0.0050
Ursus arctos sex 0.114 0.024 4.697 0.0001
Ursus arctos year 0.000 0.001 0.523  0.6048

CBL (In transformed) in each population is regressed against sex and year of collection.
* we have no measurement of females from this region

0.000 is < 0.0005

0.0000 is < 0.00005

sex is the difference between male and female In CBL

slope is the slope of In CBL on year of collection
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