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TESTING THE NICHE VARIATION HYPOTHESIS
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Abstract. The niche variation hypothesis predicts greater morphological variability in
populations occupying wide ecological niches than in those occupying narrow ones. Island
populations of carnivores are often assumed to have wider niches than mainland populations,
because the number of competing species on islands is usually smaller. We compared
coefficients of variation and degrees of sexual size dimorphism in skulls and canines of
pairs of related insular and mainland populations belonging to 39 carnivore species. Main-
land populations were more variable than insular ones. Averaging population values for
the different species, we found no significant differences in the variability of insular and
mainland taxa. There was no consistent difference in the degree of sexual size dimorphism
between insular and mainland carnivores for either skull length or canine diameter. We
hypothesize that gene flow is the main source of the greater variability in mainland pop-
ulations. The niche variation hypothesis is not supported.
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INTRODUCTION

Variation is the raw material for evolution. Under-
standing patterns of variability is thus an important goal
of evolutionary biology. Van Valen (1965) formulated
the niche variation hypothesis, suggesting that popu-
lations of species occupying narrow niches would be
less variable in morphological characters related to
niche occupation than populations occupying wider
niches. This model conceives of variation as adaptive
and selected for, because different individuals special-
ize in different resources. Alternatively, increased var-
iability can result from relaxed stabilizing selection in
environments from which competitors are absent.
Within-species variability results from both continuous
and discontinuous variation (Patterson 1983), the latter
usually in the form of sexual dimorphism (Ebenman
and Nilsson 1982, Patterson 1983). Because insular
populations usually face fewer competing species than
do mainland ones, they can be hypothesized to evolve
to fill at least part of the vacated niches and so to
increase their population variability. On the other hand,
the resource base on islands may be restricted, causing
morphological variability to be lower (Madsen and
Shine 1993). Islands can also be hypothesized to have
lower habitat diversity, resulting in reduced variability.
Isolation can be yet another factor causing variability
of insular populations to be lower than that of mainland
ones, by limiting genetic variation owing to gene flow.
We therefore compared the opposing predictions sug-
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gested by these latter factors and that of the niche var-
iation hypothesis, using insular and mainland carnivore
populations.

Although relative niche breadth is hard to define,
and Van Valen (1965) himself pointed out that relative
breadth of insular niches compared to mainland ones
cannot be determined a priori (see also Rothstein 1973),
many studies have tried to compare morphological var-
iability in environments perceived as differing in niche
breadth, such as islands and mainlands. Empirical tests
of the relative continuous variability of insular vs.
mainland forms usually do not support the niche var-
iation hypothesis (Grant 1967, 1979, Malmquist 1985,
Dennison and Baker 1991, Simberloff et al. 2000; but
see Van Valen 1965, Dayan and Simberloff 1994; see
also Soulé and Stewart [1970], Patterson [1983], Eben-
man [1986], for studies comparing mainland popula-
tions). Patterns of sexual dimorphism, however, gen-
erally support the model (Ebenman and Nilsson 1982,
Nagorsen 1994, Dayan and Simberloff 1994, Simber-
loff et al. 2000, Pearson et al. 2002, but see Dunham
et al. 1978, Blondel et al. 2002), with increased di-
morphism on islands, perhaps enabling females and
males to reduce intraspecific competition (Rothstein
1973, Shine 1989).

These finding accord well with Rothstein’s (1973)
suggestion that continuous variation is probably not
adaptive, in itself, but reflects relaxed stabilizing se-
lection, especially in large, mobile organisms (Levins
1968, Gould 1975) that perceive the environment in a
fine-grained way (i.e., as having smaller patches; For-
man 1995) that precludes formation of multiple adap-
tive peaks. On the other hand, phenotypic variability
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can be easily achieved through accentuation of sexual
size dimorphism (SSD) already present owing to sexual
selection (Darwin 1871, Ebenman 1986).

Most studies comparing patterns of continuous var-
iability and sexual dimorphism of insular and mainland
populations have been conducted on passerine birds,
usually one or just a few closely related species (but
see Grant 1967). To the best of our knowledge, all such
studies of mammals have been carried out either on
mustelid or herpestid carnivores (Dayan and Simberloff
1994, Simberloff et al. 2000). Rothstein (1973) criti-
cized the use of such taxonomically restricted data,
because outcomes of such studies can result from
‘‘sampling error in the choice of the species involved’’
(Rothstein 1973:599). In the 30 years since Rothstein’s
(1973) publication, no study of a large number of spe-
cies has been conducted on the subject of the relative
variability of insular and mainland animals (but see
Prinzing et al. [2002] for a related multispecies com-
parison of insular and mainland plants).

Here we analyze patterns of morphological vari-
ability and SSD in members of the Carnivora to test
whether variability is indeed greater on islands relative
to that on nearby mainlands. Carnivores are extremely
diverse in size, social structure, diet, and other life
history characteristics (Gittleman 1985, Macdonald
1992, Gittleman and Van Valkenburgh 1997, Nowak
1999, Kruuk 2002). Interspecific competition, a major
driving force in the niche variation hypothesis, has been
widely studied in carnivores (Major and Sherburne
1987, Cypher 1993, Johnson et al. 1996, Palomares and
Caro 1999, Arjo et al. 2002, Loveridge and Macdonald
2002), and is believed to promote morphological evo-
lution (Simms 1979, Kiltie 1988, Dayan et al. 1989,
1990, 1992, Thurber et al. 1992, Dayan and Simberloff
1994, Van Valkenburgh and Wayne 1994). Specifically,
carnivore SSD is a focus of much research (Erlinge
1979, Gliwicz 1988, Lüps and Roper 1988, Dayan and
Simberloff 1994, Gittleman and Van Valkenburgh
1997, Weckerly 1998, Johnson and Macdonald 2001).
Furthermore, members of the order are found on many
islands worldwide (137 species of wild carnivores in-
habited over 500 different islands in historical times;
S. Meiri, unpublished data). The Carnivora are there-
fore extremely well suited for a comprehensive study
of the niche variation hypothesis.

MATERIALS AND METHODS

In order to analyze size variation in insular and main-
land carnivores, we measured carnivore skulls in the
following collections: Natural History Museum, Lon-
don, UK; Zoology Museum of Cambridge University
Cambridge, UK; New-Walk Museum Leicester, UK;
National Monuments archeozoological collections,
London, UK; Harrison Zoological Museum, Seven-
oaks, Kent, UK; Royal Museum, Edinburgh, Scotland,
UK; Museu de Zoologia, Barcelona, Spain; Museo Na-
cional de Ciencias Naturales, Madrid, Spain; Muséum

d’Histoire Naturelle de la Ville de Genève, Geneva,
Switzerland; Museo Civico di Storia Naturale ‘‘Gia-
como Doria,’’ Genoa, Italy; National Wildlife Institute,
Bologna, Italy; Muséum National d’Histoire Naturelle,
Paris, France; Laboratoire d’Anatomie Comparée, Par-
is, France; Institut Royal des Sciences Naturelles de
Belgique, Brussels, Belgium; National Museum of Nat-
ural History Leiden ‘‘Naturalis’’, Leiden, The Neth-
erlands; University of Amsterdam Zoological Museum,
Amsterdam, The Netherlands; Zoologische Staats-
sammlung, München, Germany; Museum für Natur-
kunde, Humboldt Universität zu Berlin, Germany;
Staatliche Naturhistorische Sammlungen, Dresden,
Germany; Zoological Museum, University of Copen-
hagen, Denmark; Tel-Aviv University Zoological Mu-
seum, Israel; Raffles Museum of Biodiversity Re-
search, Singapore, Malaysia; National Science Muse-
um, Tokyo, Japan; Primate Research Institute, Kyoto
University, Japan; University of Alaska Fairbanks, Mu-
seum of Natural History, Fairbanks, Alaska, USA;
Royal British Columbia Museum, Vancouver, British
Columbia, Canada; Royal Ontario Museum, Toronto,
Canada; Canadian Museum of Nature, Ottawa, Canada;
Field Museum, Chicago, Illinois, USA; Carnegie Mu-
seum of Natural History, Pittsburgh, Pennsylvania,
USA; U.S. National Museum of Natural History,
Smithsonian Institution, Washington, D.C. USA;
American Museum of Natural History, New York, New
York, USA; Museum of Comparative Zoology, Harvard
University, Cambridge, Massachusetts USA; Natural
History Museum of Los Angeles County, Los Angeles,
California, USA; The National Museum of Ireland,
Dublin, Ireland, UK; the Collections of the Department
of Zoology, University College, Cork, Ireland, UK; Ul-
ster Museum, Ulster, Ireland, UK; University of Kansas
Museum of Natural History, Lawrence, Kansas, USA;
and Museum of Vertebrate Zoology, University of Cal-
ifornia, Berkeley, California, USA.

Measurements were taken with digital calipers to
0.01 mm precision, or with vernier calipers to 0.02 mm
precision (for measurements exceeding 300 mm). We
chose two morphological characters: skull length
(CBL, Von den Driesch 1976) and maximum diameter
of the upper canine. CBL is a commonly used measure
of body size in biogeographic research (see, e.g.,
Rausch 1963, Ralls and Harvey 1985, Dayan et al.
1989, 1990, 1992, Gittleman and Van Valkenburgh
1997, Jones 1997). The upper canine tooth is a main
killing apparatus in carnivores (Van Valkenburgh and
Ruff 1987, Dayan et al. 1989, 1990, Biknevicius and
Van Valkenburgh 2001). Canine size may be strongly
correlated with prey size (Dayan et al. 1989, 1990,
Dayan and Simberloff 1998) and may thus reflect di-
etary variation (Holmes and Powell 1994, Johnson and
Macdonald 2001). Hence the amount of variation in
canine size may be a good measure of feeding niche
breadth.
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We used only adult specimens (those with complete
closure of the dorsal sutures) when analyzing CBL.
Only specimens with fully erupted permanent canines
were analyzed for canine variation; we did not measure
worn teeth. We considered a population (either main-
land or insular) to be fit for analysis if we measured
at least five individuals of the same sex (see Grant
1967). Interesting patterns of size evolution have been
demonstrated for several mammalian taxa introduced
to islands (Yom-Tov et al. 1986, 1999), including car-
nivore species, e.g., Mustela vison (Dayan and Sim-
berloff 1994), and Herpestes javanicus (Simberloff et
al. 2000). However, we chose not to include popula-
tions introduced to islands during historical times in
our analysis, as the limited time since introduction
might not have sufficed for evolution to manifest itself
fully (Simberloff et al. 2000). In all analyses, we com-
pared island carnivores with their mainland conspecif-
ics, with one exception, in which an insular endemic
was compared to its nearest mainland congener: Uro-
cyon littoralis, endemic to the California Channel Is-
lands and the Gulf of California Islands, was compared
to its mainland ancestor, Urocyon cinereoargenteus.
We treated sexes as separate morphospecies for all is-
land–mainland comparisons.

We used mainlands as close as possible to the islands
in question. The geographic limits of the mainland pop-
ulations were chosen to approximate, or at least not
greatly exceed, those of the insular populations in both
area and latitudinal range. Although what constitutes
an island is hard to define and there are varying degrees
of insularity (Adsersen 1995, Meiri et al. 2004), with
respect to the niche variation hypothesis an island can
be defined by its greater degree of isolation and usually
lower species richness. Variability is represented by the
coefficient of variation (CV), a measure independent of
size often used in studies of the niche variation hy-
pothesis (Patterson 1983). CV is comparable between
different populations when the same measurement is
used (Lewontin 1966, Lande 1979), as long as a rank
order comparison is made (Patterson 1983). Absolute
size of carnivore cranial and dental traits is negatively
correlated with CV (Pengilly 1984, Polly 1998, Szuma
2000, Dayan et al. 2002). However, magnitudes of size
differences between insular and mainland populations
are relatively minor compared with the interspecific
size range of the sample (from least weasels to brown
bears), and they are random with respect to direction
and absolute size (i.e., there is no ‘‘island rule’’; Meiri
et al. 2004); therefore we expect no bias from using
CVs in the current study.

We compared CVs of insular and nearest mainland
pairs of populations of the same morphospecies with
the nonparametric Wilcoxon matched-pairs test for
paired samples. The insular populations that we used
all diverged from mainland populations belonging to
the same species (except for Urocyon). Therefore all
of our data are independent of variability evolution

above the species level. Felsenstein (1985:13) outlined
the rationale for such a paired test, writing ‘‘we could
use contrasts between pairs that we were fairly sure
had a common ancestor not shared with any member
of another pair, and these contrasts could then be safely
assumed to be independent.’’

Below the species level, populations are not inde-
pendent data points, because several mainland popu-
lations, at least, may share a phylogenetic history, and
also because males and females from the same popu-
lation were treated as independent, which they surely
are not. However, the lack of phylogenetic hypotheses
for populations within virtually all species in our da-
tabase, as well as gene flow between mainland popu-
lations, prevents us from using phylogenetic correction
methods with data for all populations (Garland et al.
1999).

In order to avoid inflating the number of the degrees
of freedom, we computed the mean variability of all
insular populations within each species, and of all
mainland populations within each species (note that
when the same mainland population was used as the
source population for more than one insular population,
its variability was used only once when we computed
the mean), and we ran the paired test using species
averages only. Such a paired design is recommended
by Garland et al. (1999) for comparing populations
within species. In addition, we ran independent-con-
trasts analysis on the species-averaged data. We con-
structed a phylogeny of all species using the supertree
of Bininda-Emonds et al. (1999), with island–mainland
pairs as sister OTUs (operational taxonomic units) with
branch lengths of 10 000 years (roughly the time since
separation of almost all the islands that we are dealing
with from their near mainland). Canine or CBL CV in
this analysis is one variable, island or mainland is the
other. Performing contrasts using the generalized least
squares approach allows for a t test-like model, in
which the null hypothesis is that island–mainland con-
trasts are zero. Independent contrasts were computed
using the CAIC (Comparative Analysis by Independent
Contrasts) software (version 2.6; Purvis and Rambaut
1995). However, because of the problems associated
with averaging population data and the inherent lack
of power resulting from the more than fourfold reduc-
tion in the number of degrees of freedom, results of
this analysis should be viewed as conservative.

We therefore also retain the original, population-lev-
el analysis because of the extremely labile nature of
population variability (Berry 1998). High lability of
the dependent variable probably makes the correction
for variation between populations of the same species
overly conservative, as is often the case when ‘‘con-
trolling for phylogeny’’ of highly labile traits (Felsen-
stein 1985, Gittleman et al. 1996, Bjorklund 1997, Cun-
ningham et al. 1998, Losos and Glor 2003).

Although populations within species are independent
from evolution at higher levels, different phylogenetic
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trajectories can cause the degree of variability between
islands and mainlands to differ between different clades
within the Carnivora. To test for such an interaction
between phylogeny and variability, we compared pat-
terns in different carnivore families to those of the
entire order. We also ran a nested ANOVA, with the
difference in CV between insular and mainland popu-
lation as the dependent variable, and examined the per-
centage of variance in the ranks of family, genus, and
species. This procedure can control for most of the
phylogenetic signal within the data (Bell 1989, Smith
1994).

We also examined whether body size affects the mag-
nitude and direction of the difference in insular vs.
mainland variability, using a Spearman rank correlation
test. Body mass was calculated as the midpoint of mass
of specimens of a morphospecies measured in this
study. When such data were unavailable, we used mas-
ses (for the sexes separately) obtained from the liter-
ature. We used the same mass for insular and mainland
populations because data for each population are al-
most always lacking and because, in a previous study
(Meiri et al. 2004), we found no consistent differences
between body sizes of insular and mainland popula-
tions. In a separate analysis, we compared only in-
stances in which the geographic area inhabited by in-
sular populations exceeds that of the mainland popu-
lation we chose. We did this to examine the degree to
which the total area from which specimens originated
influences the amount of variation.

We computed SSD as the size ratio of the male mean
to the female mean, for cases in which we had data for
both sexes on both islands and mainlands. We used
ratios to avoid statistical problems associated with the
use of residuals (Smith 1999). The use of ratios is jus-
tified both because ratios dominate the ecological lit-
erature (Dayan and Simberloff 1998) and because most
objections to their use are unjustified: our paired testing
procedure should encounter none of the difficulties as-
sociated with dealing with such ratios (discussed in
Smith [1999]).

We compared the degree of SSD between islands and
their nearest mainlands with the Wilcoxon matched-
pairs test. All statistical tests were run with STATIS-
TICA 6 software (StatSoft Israel 2004).

RESULTS

The CVs for the different island–mainland pairs are
shown in Appendices A and B. Canine CVs of 155
population pairs belonging to 37 species and CBL CVs
of 152 population pairs belonging to 36 species were
compared. In total, 39 carnivore species in seven of
the eight fissiped families are represented. A Wilcoxon
matched-pairs test revealed that, for both morpholog-
ical variables, CVs of insular populations were lower
than those of mainland ones (for canines, n 5 155, T
5 4171.5, P 5 0.0008; for CBL, n 5 152, T 5 3334.5,
P , 0.00001). CVs were also lower on islands for each

sex, for both canines (for females, n 5 66, T 5 743,
P 5 0.021; for males, n 5 89, T 5 1405.5, P 5 0.015)
and CBL (for females, n 5 65, T 5 636, P 5 0.007;
for males, n 5 87, T 5 1080, P 5 0.0004). The dif-
ferences in CV of mainland and insular populations
were not correlated with body mass for either variable
(Spearman rank correlation: for canines, r 5 0.021, P
5 0.791; for CBL, r 5 0.038, P 5 0.645).

There were no differences in the canine CVs of in-
sular and mainland values when species averages were
compared (n 5 37 species, T 5 237, P 5 0.202), but
data on CBL suggested that insular CV may be higher
(n 5 36 species, T 5 226, P 5 0.093). Independent-
contrasts analysis did not reveal significant differences
between insular and mainland CVs (t test for single
means: canines, n 5 37, t 5 1.30, P 5 0.20; for CBL,
n 5 36, t 5 1.36, P 5 0.18).

When we selected only cases in which the geograph-
ical area of the insular populations exceeded that of
the mainland ones, variability was not significantly
greater on the mainlands for canines (Wilcoxon
matched-pairs test, n 5 29, T 5 149, P50.139), but it
was for CBL (n 5 28, T 5 99, P 5 0.018), as it is in
the whole sample. Furthermore, the differences be-
tween insular and mainland CVs did not differ signif-
icantly between pairs in which the islands are larger
and those where they are smaller than the correspond-
ing mainland, for either trait (Mann-Whitney U test:
for canines, U 5 1834, P 5 0.973; for CBL, U 5 1525,
P 5 0.288).

We compared the frequency of higher vs. lower CV

on mainlands in each family to the observed frequency
in the entire order. We excluded Herpestidae from this
analysis because of small sample size (n 5 3 for ca-
nines, n 5 2 for CBL). Only one family (Felidae), and
only for CBL, showed a different pattern than that for
carnivores as a whole (13 instances of higher variation
on the islands vs. eight on the mainlands, P , 0.019).
This result is not significant if we apply a correction
for multiple testing (Rice 1989, Cabin and Mitchell
2000).

A nested ANOVA revealed that only at the species
level, and only for CBL, did the taxonomic category
affect the difference between insular and mainland pop-
ulations (canine diameter: family, F 5 0.7, P 5 0.65;
genus, F 5 1.44, P 5 0.14; species, F 5 1.12, P 5
0.35. CBL: family, F 5 1.26, P 5 0.28; genus, F 5
0.92, P 5 0.55; species, F 5 1.76, P 5 0.049).

The degree of sexual size dimorphism in canine di-
ameter was similar on islands and mainlands (Fig. 1;
Wilcoxon matched-pairs test, n 5 55, T 5 684, P 5
0.614). The same was true for CBL (Fig. 2; Wilcoxon
matched-pairs test, n 5 52, T 5 658, P 5 0.778). Re-
sults were virtually identical when we analyzed logs
of ratios rather than raw ratios (cf. Smith 1999).

DISCUSSION

Islands usually have fewer species than the nearby
mainland (MacArthur and Wilson 1967, Whittaker
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FIG. 1. Sexual size dimorphism (SSD) in canine diameter
of island carnivore populations as a function of the SSD of
the corresponding mainland populations. SSD is calculated
as mean male size divided by mean female size. The line of
equality is shown (not a regression line).

FIG. 2. Sexual size dimorphism in skull length (CBL) of
island carnivore populations as a function of the SSD of the
corresponding mainland populations. SSD is calculated as
mean male size divided by mean female size. The line of
equality is shown (not a regression line).

1998). The islands in our sample are no exception: the
only island with a carnivore community as diverse as
that of the mainland is Sumatra (30 species, the same
as in the Malay Peninsula south of the Isthmus of Kra).
The situation is much the same at the family level: the
only case in which an island has more species of a
carnivore family is the mustelids on Sumatra (nine spe-
cies vs. seven on the mainland).

However, continuous variability is usually higher on
the mainland, exactly opposite to the prediction of the
niche variation hypothesis. When we use average val-
ues and phylogenetic comparative methods, the pattern
disappears, but the hypothesis remains unsupported.
Sexual size dimorphism does not differ consistently
between islands and mainlands. It is not that there are
no cases in which variation or SSD is greater on the
islands. In Appendix A, for instance, insular variation
in canines is higher in 58 of 155 cases (and for CBL
in 47 out of 152), sometimes markedly so (e.g., Honshu
vs. East Asian female Mustela sibirica). These cases
may indeed stem from exactly the mechanism posited
by the niche variation model (Van Valen 1965), but this
minority result obviously cannot be considered as an
ecological generalization.

These figures do, however, point to the danger of
selecting only one species as a model for animals as a
whole: choosing one species at random would have a
high probability of arriving at a wrong conclusion in
this case. We agree with Rothstein (1973) that such an
analysis requires a large, diverse database.

What causes the greater variability of mainland pop-
ulations in most cases? The fact that the area from
which mainland populations were sampled was often
somewhat larger than that of the area from which in-
sular populations were sampled cannot explain the en-
tire pattern. When we limit the geographic range of the
mainland areas from which populations were sampled,
CV for CBL is still smaller on the islands. Areal size
is not perceived as influencing variability per se, but

rather as acting through greater habitat diversity (Grant
1967, 1979). It is unlikely that the large islands in
Appendix A and B are consistently less diverse in hab-
itats than the corresponding mainlands (e.g., Britain
has greater elevational and latitudinal ranges than Bel-
gium and The Netherlands). Thus, we suspect that hab-
itat diversity is not responsible for the greater variation
on the mainland. Genetic bottlenecks affecting insular
populations (Berry 1998) are also not a very likely
cause, as some introduced mammals show extremely
rapid morphological changes in their new settings
(Yom Tov et al. 1986, 1999, Dayan and Simberloff
1994, Berry 1998, Simberloff et al. 2000). All insular
carnivores in our database (except Urocyon littoralis,
isolated since the late Pleistocene; Nowak 1999) in-
habit land-bridge islands isolated as early as the early
Holocene. If variability is adaptive, significant evolu-
tionary change would have had enough time to occur.
We are left with gene flow as the major mechanism
generating diversity in mainland populations. Espe-
cially in large, mobile animals such as carnivores, gene
flow between populations might continually replenish
variation lost to selection or drift.

In theory (Soulé and Stewart 1970, Rothstein 1973),
SSD, rather than continuous variability, is more likely
to be elevated on islands, enabling the sexes to spe-
cialize on different foods. Empirical evidence (Eben-
man and Nilsson 1982, Dayan and Simberloff 1994,
Nagorsen 1994; but see Simberloff et al. 2000, Blondel
et al. 2002) often supports this prediction. Carnivores,
however, do not show a consistent direction in differ-
ences in the degree of SSD between islands and nearby
mainlands.

Sexual size dimorphism often results from selective
pressures related to sexual selection. For example, se-
lective pressures related to competition between males,
such as agonistic behavior and threat displays, probably
play an important role in the evolution of carnivore
SSD (Erlinge 1979, Lüps and Roper 1988, Holmes and
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Powell 1994, Gittleman and Van Valkenburgh 1997).
In some species, increased SSD may have been selected
to facilitate resource partitioning between sexes
(Brown and Lasiewski 1972, Simms 1979, Shine 1989,
Dayan et al. 1989, Dayan and Simberloff 1998, Johnson
and Macdonald 2001).

We do not suggest, however, that our data point to
the existence of any phylogenetic constraints, because
there can be fairly large differences between insular
and mainland populations in the degree of variability
and SSD. The highest degree of difference between
insular and mainland degrees of SSD is shown in the
most dimorphic species (Mustela spp.): the highest dif-
ferences in canine SSD, in both directions (either in-
sular or mainland populations more dimorphic) are
found in Mustela erminea (SSD in Ireland is 129.9%
vs. 116.4% in Britain, on Vancouver Island it is 105.2%
vs. 133.4% on the mainland). Large differences in the
degree of SSD in both directions are also found in other
species (e.g., Meles meles). Sexually dimorphic species
probably will be dimorphic throughout their ranges,
because selective forces related to mating behavior
(Lüps and Roper 1988, Gittleman and Van Valkenburgh
1997, Weckerly 1998; see also Johnson and Macdonald
2001) will probably be present throughout a species’
range. However, the exact degree of SSD for different
populations of these species often differs geographi-
cally (e.g., Ralls and Harvey 1985, Dayan and Sim-
berloff 1994, Nagorsen 1994, Lynch et al. 1996, 1997).
That SSD does not always differ in the same direction
between islands and mainlands cannot be taken as ev-
idence that this trait is in any way constrained to be
invariant.

Be that as it may, the niche variation hypothesis
predicts that SSD in canines will increase on the more
species-depauperate islands. The fact that there are no
such consistent differences in the degree of SSD be-
tween islands and mainlands implies that interspecific
competition is not generally weaker on islands despite
lower carnivore species richness, or that the insular
resource base is also restricted, therefore restricting
the range of adaptive variation. Alternatively, the hy-
pothesis that greater SSD will evolve to enable a spe-
cies to ‘‘fill’’ an empty niche may simply be incorrect.
Individual cases in which SSD is smaller on islands
may indeed result from a more restricted food niche,
whereas cases in which the situation is reversed may
attest to insular character release. In any event, the
null hypothesis, that insular populations are no more
likely than mainland ones to have greater SSD, is not
falsified. It is interesting to note, in this respect, that
there is a relationship between a higher degree of in-
sular SSD and higher CVs on the same island (and vice
versa) for CBL; in 33 of 52 cases, the difference of
insular vs. mainland SSD and the difference of insular
vs. mainland CV (calculated as the average of male
and female CVs) have the same sign (x2 5 5.42, P 5
0.020). No such pattern is apparent for canines; the

sign is the same in 30 of 55 cases, not significantly
more than expected (expected values are based on the
frequency of the signs actually observed; x2 5 0.10,
P 5 0.753).

Niches and morphospace do not ‘‘exist’’ without
the organisms that occupy them (Gould 2002). The
width of a niche is usually thought to be inversely
proportional to the number of sympatric species with-
in a guild (Rothstein 1973), but is this really so? Are
the niches of peninsular Malaysian cats really nar-
rower than those of Borneo cats because Malaya has
eight species of cats and Borneo merely five? The
largest felid on Borneo is the clouded leopard (Neo-
felis nebulosa), whereas peninsular Malaysia also har-
bors two larger felid species: the leopard (Panthera
pardus) and tiger (P. tigris), and both locations have
the same species of small cats (Felis planiceps, F.
marmorata, and F. bengalensis). Hence the realized
morphospace in Borneo is smaller, whereas realized
species niches might actually resemble those of the
mainland. Also in Southeast Asia, Sumatra has seven
cat species, and the nearby island of Java has only
four, but the largest of the Java cats (tiger) is larger
than its Sumatran conspecific (Meiri 2004), whereas
the smallest guild member (F. bengalensis) is smaller
on Java (Meiri et al. 2004). The often-smaller vari-
ability and similar degree of SSD of insular carnivores
may result from shrinkage of the whole Eltonian food
pyramid. Insular faunas differ from mainland ones not
only in faunal composition, but also in the sizes even
of the same species. Population densities also often
differ between mainland and insular conspecifics.
Treating carnivore insular niches as wider owing to
the existence of fewer competitors ignores the fact
that the number, and perhaps size distribution, of po-
tential prey may also be smaller on islands.

In sum, it appears that mainland populations are as
variable as insular ones, or even more variable, pos-
sibly reflecting gene flow. There are no consistent dif-
ferences in the degree of SSD between islands and
mainlands, further undermining the notion of wider in-
sular niches. As for realized niche width, the situation
is obscure. Even in relation to simple variables such
as diet, it is very difficult to give an account of an
organism’s niche, because the resource base is largely
unknown. We concur with Van Valen (1965) that no a
priori prediction that islands will have narrower niches
than mainlands can be given with assurance.
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APPENDIX A

A table showing sample sizes, coefficients of variation of canine diameters, and body masses in island and nearest mainland
population pairs is available in ESA’s Electronic Data Archive: Ecological Archives EO86-078-A1.

APPENDIX B

A table showing sample sizes, coefficients of variation of skull length (CBL), and body masses in island and nearest
mainland population pairs is available in ESA’s Electronic Data Archive: Ecological Archives EO86-078-A2.
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Appendix B (Table B1). Sample sizes, coefficients of variation of skull length (CBL) and 
body masses in island and nearest-mainland population pairs. See Notes at end of table 
for details.  

Species Sex Island 
Sample 
size Mainland 

Sample 
size Island CV  

Mainland 
CV 

log 
body 
mass 
(g) 

Alopex lagopus M Flaherty  5 Quebec N. of 55N 21 2.95 3.51 3.53 
Alopex lagopus F St. Lawrence  52 Alaska W. of 159W 18 2.48 2.90 3.42 
Alopex lagopus M St. Lawrence  57 Alaska W. of 159W 21 2.68 2.35 3.53 
Alopex lagopus F St. Matthew 7 Alaska W. of 159W 18 3.50 2.90 3.42 
Alopex lagopus M St. Matthew 9 Alaska W. of 159W 21 1.58 2.35 3.53 
Aonyx cinerea F Java 17 Sumatra 6 3.66 2.47 3.483

Arctogalidia trivirgata F Borneo 24 Indochina S. of 16N 7 2.86 3.27 3.195

Arctogalidia trivirgata M Borneo* 24 Malay Peninsula S. Of 7N 8 3.84 3.67 3.386

Arctogalidia trivirgata F Sumatra 8 Indochina S. of 16N 7 2.10 3.27 3.195

Bassariscus astutus F Espiritu Santo 8 Baja California S. of 27N 11 1.43 1.58 2.951

Bassariscus astutus M Espiritu Santo 6 Baja California S. of 27N 7 1.71 1.75 3.001

Bassariscus astutus F San Jose 6 Baja California S. of 27N 11 1.44 1.58 2.951

Bassariscus astutus M San Jose 6 Baja California S. of 27N 7 1.31 1.75 3.001

Canis aureus M Sri Lanka 5 India S. of 20N 14 4.98 3.03 4.056

Canis lupus F Prince of Wales  15 Alaska and BC, 54-60N, 127-135W 15 2.77 3.79 4.526

Canis lupus M Prince of Wales  11 Alaska and BC, 54-60N, 127-133W 10 3.11 3.67 4.546

Canis lupus F Vancouver Island 27 BC S. of 55N, W of 120W 7 3.22 1.79 4.526

Canis lupus M Vancouver Island 35 BC S. of 55N, W of 120W 11 3.31 5.00 4.546

Felis benegalensis M Bali 5 Java 18 4.16 4.33 3.526

Felis benegalensis F Borneo* 6 Malay Peninsula S. Of 7N 6 3.32 2.64 3.356

Felis benegalensis M Borneo* 12 Malay Peninsula S. Of 12N 5 3.64 2.81 3.526

Felis benegalensis F Java 24 Sumatra 9 3.24 4.54 3.356

Felis benegalensis M Java 19 Sumatra 7 5.78 4.22 3.526

Felis benegalensis F Sumatra* 9 Malay Peninsula S. Of 7N 6 4.54 2.64 3.356

Felis benegalensis M Sumatra* 7 Malay Peninsula S. Of 12N 5 4.22 2.81 3.526

Felis concolor F Vancouver Island 13 
BC and Washington 47-55N, W of 
120W 5 4.16 4.00 4.636

Felis lynx M Newfoundland 26 
SE Canada and Maine S. of 55N, E 
of 67W 5 4.13 3.42 3.94 

Felis planiceps M Borneo* 9 Malay Peninsula S. of 6N 9 4.15 5.73 3.206

Felis silvestris M Britain 21 Belgium and France N. of 47N 6 5.16 6.00 3.701

Herpestes smithii M Sri Lanka 9 India S. of 19N 5 5.20 2.99 3.321

Herpestes urva F Taiwan 10 China S. of 27N, E. of 118E 5 3.32 1.68 3.301

Lontra canadensis M Baranof  7 Alaska and BC, 56-60N, 126-140W 7 2.76 2.86 3.93 
Lontra canadensis M Chichagof  6 Alaska and BC, 56-60N, 126-140W 7 2.20 2.86 3.93 
Lontra canadensis M Prince of Wales  5 Alaska and BC, 56-60N, 126-140W 7 0.43 2.86 3.93 

Lontra canadensis F Vancouver Island 8 
BC and Washington 47-55N, W. of 
122W 14 3.55 2.36 3.91 

Lutra lutra F Britain 9 Belgium and France N. of 47N 6 3.73 4.40 3.836

Lutra lutra F Ireland 15 Britain 9 2.10 3.73 3.836

Lutra lutra M Ireland 18 Britain 10 2.58 3.36 4.006

Lutra lutra F Sri Lanka 8 India S. of 26N 6 5.07 3.57 3.836

Martes americana F Chichagof  34 Alaska & BC 54-60N, 129-135W 19 2.92 3.75 2.80 



Species Sex Island 
Sample 
size Mainland 

Sample 
size Island CV  

Mainland 
CV 

log 
body 
mass 
(g) 

Martes americana M Chichagof  53 Alaska and BC 54-60N, 129-136W 20 2.38 2.71 3.14 
Martes americana F Louise 9 Moresby  15 1.32 1.98 2.80 
Martes americana M Louise 7 Moresby  33 1.98 1.41 3.14 
Martes americana F Mitkof  16 Alaska and BC 54-60N, 129-135W 19 3.40 3.75 2.80 
Martes americana M Mitkof  26 Alaska and BC 54-60N, 129-136W 20 2.80 2.71 3.14 
Martes americana F Moresby  15 BC 51-55N, W. of 126W 13 1.98 2.00 2.80 
Martes americana M Moresby  33 BC 51-55N, W. of 126W 16 1.41 2.96 3.14 
Martes americana F Prince of Wales  8 Alaska and BC 54-60N, 129-135W 19 1.81 3.75 2.80 
Martes americana M Prince of Wales  12 Alaska and BC 54-60N, 129-136W 20 1.27 2.71 3.14 

Martes americana F Vancouver Island 83 
BC and Washington 45-54N, W. of 
121W 25 2.12 4.36 2.80 

Martes americana M Vancouver Island 119 
BC and Washington 45-54N, W. of 
121W 44 1.99 3.32 3.14 

Martes flavigula F Borneo* 18 Malay Peninsula S. of 9N 11 2.31 2.61 3.403

Martes foina M Sjaelland 10 Denmark (Jutland) 5 2.57 2.49 3.13 
Martes martes M Sjaelland 8 Denmark (Jutland) 6 1.20 1.42 3.227

Meles meles F Britain* 13 Belgium and the Netherlands 9 4.64 2.82 4.007

Meles meles M Britain* 26 Belgium 11 3.77 3.64 4.067

Meles meles F Ireland 31 Britain 13 2.94 4.64 4.007

Meles meles M Ireland 21 Britain 26 2.05 3.77 4.067

Meles meles F Sjaelland 14 Denmark (Jutland) 52 2.47 2.76 4.007

Meles meles M Sjaelland 17 Denmark (Jutland) 55 2.32 2.60 4.067

Melogale moschata F Hainan 8 
Vietnam and China, 21-26N, E of 
102E 8 2.12 5.42 2.91 

Melogale moschata F Taiwan 28 China S. of 30N, E. of 113E 6 2.85 5.51 2.91 
Mustela erminea F Admiralty  8 Alaska and BC 54-60N, 127-140W 16 2.05 3.30 1.91 
Mustela erminea M Admiralty  18 Alaska and BC 54-60N, 127-140W 39 3.83 3.92 2.35 
Mustela erminea F Britain* 58 Belgium 47 4.01 3.60 2.32 
Mustela erminea M Britain* 66 Belgium 44 3.94 6.22 2.56 
Mustela erminea M Chichagof  5 Alaska and BC 54-60N, 127-140W 39 4.86 3.92 2.35 
Mustela erminea F Ireland 46 Britain 58 5.17 4.01 2.32 
Mustela erminea M Ireland 73 Britain 66 3.81 3.94 2.56 
Mustela erminea M Kodiak  11 Alaska S. of 61N, W. of 149 18 3.68 4.46 2.35 
Mustela erminea F Mitkof  9 Alaska and BC 54-60N, 127-140W 16 2.03 3.30 1.91 
Mustela erminea M Mitkof  18 Alaska and BC 54-60N, 127-140W 39 3.01 3.92 2.35 
Mustela erminea F Newfoundland* 8 Labrador S. 0f 54N, E of 58W 9 1.63 3.24 1.91 
Mustela erminea M Newfoundland* 45 Labrador S. 0f 54N, E of 58W 35 3.64 4.64 2.35 
Mustela erminea M Prince of wales  17 Alaska and BC 54-60N, 127-140W 39 4.48 3.92 2.35 

Mustela erminea F Sjaelland 20 
Denmark, Germany and Sweden, 53-
60N 6 3.07 4.02 2.32 

Mustela erminea M Sjaelland 19 
Denmark, Germany and Sweden, 53-
60N 13 3.86 4.33 2.56 

Mustela erminea F Tukarak  12 Ontario, 50-60N, 75-90W 5 2.32 2.58 1.91 

Mustela erminea M Tukarak  12 
Ontario and Quebec, 50-60N, 75-
90W 18 4.93 4.08 2.35 

Mustela erminea F Vancouver Island 7 
BC and Washington 49-54N, W. of 
122W 15 3.09 6.89 1.91 

Mustela erminea M Vancouver Island 17 
BC and Washington 48-54N, W. of 
122W 40 2.90 5.64 2.35 

Mustela nivalis F Britain* 40 Belgium 82 3.93 5.30 1.777

Mustela nivalis M Britain* 122 Belgium 155 3.73 5.09 2.067

Mustela nivalis F Sardinia 8 Italy 10 7.86 6.60 1.777

Mustela nivalis M Sardinia 23 Italy 57 3.50 4.62 2.067

Mustela nivalis M Sjaelland 9 
Denmark, Germany and Sweden, 53-
60N 5 3.85 0.44 2.067

Mustela putorius F Britain* 13 Belgium 45 2.42 6.95 2.847

Mustela putorius M Britain* 38 Belgium 79 5.70 5.86 3.057

Mustela putorius F Sjaelland 8 Denmark (Jutland) 8 3.81 2.53 2.847



Species Sex Island 
Sample 
size Mainland 

Sample 
size Island CV  

Mainland 
CV 

log 
body 
mass 
(g) 

Mustela putorius M Sjaelland 16 Denmark (Jutland) 17 4.07 3.39 3.057

Mustela sibirica F Honshu 13 E Asia, 30-45N, E of 115E 6 6.50 3.06 2.602

Mustela sibirica M Honshu 90 E Asia, 30-45N, E of 115E 7 6.28 7.12 2.89 
Mustela sibirica M Kyushu 5 Honshu 90 10.17 6.28 2.89 
Mustela sibirica M Sado  9 Honshu 90 3.88 6.28 2.89 
Mustela sibirica M Shikoku 5 Honshu 90 4.80 6.28 2.89 
Mustela vison M Admiralty  5 Alaska and BC 55-59N, 127-135W 12 1.59 3.82 3.12 
Mustela vison F Baranof  13 Alaska and BC 55-59N, 130-135W 9 2.45 3.52 2.89 
Mustela vison M Baranof  29 Alaska and BC 55-59N, 127-135W 12 3.34 3.82 3.12 
Mustela vison F Chichagof  7 Alaska and BC 55-59N, 130-135W 9 1.50 3.52 2.89 
Mustela vison M Chichagof  8 Alaska and BC 55-59N, 127-135W 12 2.18 3.82 3.12 
Mustela vison F Nunivak 10 Alaska 60-62N, W. of 157W 7 2.75 5.02 2.89 
Mustela vison M Nunivak 11 Alaska 58-62N, W. of 157W 28 3.04 5.84 3.12 

Mustela vison F Vancouver Island 19 
BC and Washington 48-54N, W. of 
121W 13 4.34 4.34 2.89 

Mustela vison M Vancouver Island 25 
BC and Washington 48-54N, W. of 
122W 9 3.46 4.76 3.12 

Nyctereutes 
procyonoides M Kyushu* 5 GifuPrefecture, Honshu 41 1.63 3.40 3.69 
Paguma larvata F Borneo* 9 Malay Peninsula S. of 9N 6 3.59 5.47 3.47 
Paguma larvata M Borneo* 6 Malay Peninsula S. of 9N 6 3.83 4.09 3.784

Paguma larvata F Sumatra* 9 Malay Peninsula S. of 9N 6 3.24 5.47 3.47 
Paguma larvata M Sumatra* 5 Malay Peninsula S. of 9N 6 1.41 4.09 3.784

Panthera tigris M Java 6 Sumatra 6 3.15 4.21 5.083

Panthera tigris M Sumatra 6 
Malaya, Vietnam and Thailand S. of 
17S 7 4.21 4.06 5.343

Paradoxurus 
hermaphroditus M Bali 6 Java 14 6.32 3.90 3.521

Paradoxurus 
hermaphroditus F Borneo* 11 Malay Peninsula S. of 9N 18 4.36 6.64 3.516

Paradoxurus 
hermaphroditus M Borneo* 23 Malay Peninsula S. of 9N 24 3.64 5.63 3.521

Paradoxurus 
hermaphroditus F Java 31 Sumatra 14 3.51 3.70 3.516

Paradoxurus 
hermaphroditus M Java 15 Sumatra 17 3.86 3.26 3.521

Paradoxurus 
hermaphroditus M Palawan 5 Borneo 23 2.87 3.64 3.521

Paradoxurus 
hermaphroditus F Sumatra* 14 Malay Peninsula S. of 9N 18 3.70 6.64 3.516

Paradoxurus 
hermaphroditus M Sumatra* 17 Malay Peninsula S. of 9N 24 3.26 5.63 3.521

Paradoxurus 
hermaphroditus M Terutau 7 Malay Peninsula S. of 9N 24 3.53 5.63 3.521

Procyon lotor M Key Largo 9 Florida 20 1.53 4.80 3.936

Procyon lotor M No name key 5 Florida 20 3.01 4.80 3.936

Procyon lotor F Vancouver Island 18 Washington N. of 46N, W. of 120W 7 2.42 1.84 3.816

Procyon lotor M Vancouver Island 17 Washington N. of 46N, W. of 120W 8 2.53 2.55 3.936

Urocyon 
(cinereoargenteus) 
littoralis F San Clemente 5 California, 32-34N, W. of 116W 8 2.77 3.31 3.506

Urocyon 
(cinereoargenteus) 
littoralis F San Miguel 6 California, 33-35N, W. of 117W 10 2.16 2.19 3.506

Urocyon 
(cinereoargenteus) 
littoralis F Santa Catalina 5 California, 32-34N, W. of 116W 8 2.34 3.31 3.596

Urocyon 
(cinereoargenteus) M Santa Catalina 6 California, 32-34N, W. of 116W 9 4.18 2.41 3.596



Species Sex Island 
Sample 
size Mainland 

Sample 
size Island CV  

Mainland 
CV 

log 
body 
mass 
(g) 

littoralis 
Urocyon 
(cinereoargenteus) 
littoralis M Santa Cruz 5 California, 33-35N, W. of 117W 23 2.78 3.35 3.596

Urocyon 
(cinereoargenteus) 
littoralis M Santa Rosa 6 California, 33-35N, W. of 117W 23 3.37 3.35 3.596

Ursus americanus M Kuiu  6 Kupreanof 5 8.17 3.06 5.196

Ursus americanus M kupreanof  5 Alaska 55-60N, E. of 132W 10 3.06 4.06 5.196

Ursus americanus M Vancouver Island 6 BC S. of 55N, W of 122W 7 4.76 3.86 5.196

Ursus arctos F Admiralty  20 Alaska and BC, 55-60N, 127-140W 11 4.78 5.63 5.481

Ursus arctos M Admiralty  37 Alaska and BC, 54-61N, 127-143W 7 5.98 10.69 5.651

Ursus arctos F Baranof  5 Alaska and BC, 55-60N, 127-140W 11 5.04 5.63 5.481

Ursus arctos F Chichagof  9 Alaska and BC, 55-60N, 127-140W 11 4.12 5.63 5.481

Ursus arctos M Chichagof  11 Alaska and BC, 54-61N, 127-143W 7 8.05 10.69 5.651

Ursus arctos F Kodiak 12 Alaska S. of 60N, W. of 150W 28 2.58 3.70 5.481

Ursus arctos M Kodiak 8 Alaska S. of 60N, W. of 150W 21 2.69 4.61 5.651

Viverricula indica F Hainan 8 China, 15-26N, E of 102E 14 1.46 2.83 3.41 
Viverricula indica M Hainan 5 China, 15-26N, E of 102E 15 2.29 3.68 3.476

Viverricula indica M Sri Lanka 10 India S. of 23N 6 3.35 4.63 3.476

Viverricula indica F Taiwan 6 China 23-26N, E. of 113E 13 5.05 2.63 3.41 
Viverricula indica M Taiwan 7 China 23-26N, E. of 113E 13 4.46 3.54 3.476

Vulpes vulpes F Britain* 24 Belgium 18 3.71 2.28 3.74 
Vulpes vulpes M Britain* 29 Belgium 21 4.00 3.31 3.85 
Vulpes vulpes F Ireland 45 Britain 24 2.95 3.71 3.74 
Vulpes vulpes M Ireland 51 Britain 29 2.91 4.00 3.85 

Vulpes vulpes F Newfoundland 9 
SE Canada and Maine S. of 55N, E 
of 70W 9 5.12 5.06 3.633

Vulpes vulpes M Newfoundland 6 
SE Canada and Maine S. of 55N, E 
of 70W 18 2.55 4.73 3.70 

Vulpes vulpes M Tukarak  7 
Ontario and Quebec, 50-60N, 76-
85W 10 3.95 4.86 3.70 

   Notes: Islands marked with an asterisk are larger than the area on the corresponding 
mainland over which specimens were measured. Sources for mass data are: Creel and 
Macdonald 1995 (1), Johnson et al. 2000 (2), Nowak 1999 (3), Roberts 1977 (4), Shukor 
1996 (5), Silva and Downing 1995 (6) and Weckerly 1998 (7). Where no source is given, 
body mass data are from tag data of specimens measured in this study (these data are 
available upon request, from the corresponding author).  BC is British Columbia. Malaya 
is the Malay Peninsula.  
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Species Sex Island 
Sample 
size Mainland 

Sample 
size 

Island 
CV  

Mainland 
CV 

log 
body 
mass 
(g) 

Alopex lagopus M Flaherty  5 Quebec N. of 55N 21 2.95 3.51 3.53
Alopex lagopus F St. Lawrence  52 Alaska W. of 159W 18 2.48 2.90 3.42
Alopex lagopus M St. Lawrence  57 Alaska W. of 159W 21 2.68 2.35 3.53
Alopex lagopus F St. Matthew 7 Alaska W. of 159W 18 3.50 2.90 3.42
Alopex lagopus M St. Matthew 9 Alaska W. of 159W 21 1.58 2.35 3.53
Aonyx cinerea F Java 17 Sumatra 6 3.66 2.47 3.483

Arctogalidia trivirgata F Borneo 24 Indochina S. of 16N 7 2.86 3.27 3.195

Arctogalidia trivirgata M Borneo* 24 Malay Peninsula S. Of 7N 8 3.84 3.67 3.386

Arctogalidia trivirgata F Sumatra 8 Indochina S. of 16N 7 2.10 3.27 3.195

Bassariscus astutus F Espiritu Santo 8 Baja California S. of 27N 11 1.43 1.58 2.951

Bassariscus astutus M Espiritu Santo 6 Baja California S. of 27N 7 1.71 1.75 3.001

Bassariscus astutus F San Jose 6 Baja California S. of 27N 11 1.44 1.58 2.951

Bassariscus astutus M San Jose 6 Baja California S. of 27N 7 1.31 1.75 3.001

Canis aureus M Sri Lanka 5 India S. of 20N 14 4.98 3.03 4.056

Canis lupus F Prince of Wales  15 Alaska and BC, 54-60N, 127-135W 15 2.77 3.79 4.526

Canis lupus M Prince of Wales  11 Alaska and BC, 54-60N, 127-133W 10 3.11 3.67 4.546

Canis lupus F Vancouver Island 27 BC S. of 55N, W of 120W 7 3.22 1.79 4.526

Canis lupus M Vancouver Island 35 BC S. of 55N, W of 120W 11 3.31 5.00 4.546

Felis benegalensis M Bali 5 Java 18 4.16 4.33 3.526

Felis benegalensis F Borneo* 6 Malay Peninsula S. Of 7N 6 3.32 2.64 3.356

Felis benegalensis M Borneo* 12 Malay Peninsula S. Of 12N 5 3.64 2.81 3.526

Felis benegalensis F Java 24 Sumatra 9 3.24 4.54 3.356

Felis benegalensis M Java 19 Sumatra 7 5.78 4.22 3.526

Felis benegalensis F Sumatra* 9 Malay Peninsula S. Of 7N 6 4.54 2.64 3.356

Felis benegalensis M Sumatra* 7 Malay Peninsula S. Of 12N 5 4.22 2.81 3.526

Felis concolor F Vancouver Island 13 
BC and Washington 47-55N, W of 
120W 5 4.16 4.00 4.636

Felis lynx M Newfoundland 26 
SE Canada and Maine S. of 55N, E 
of 67W 5 4.13 3.42 3.94

Felis planiceps M Borneo* 9 Malay Peninsula S. of 6N 9 4.15 5.73 3.206

Felis silvestris M Britain 21 Belgium and France N. of 47N 6 5.16 6.00 3.701

Herpestes smithii M Sri Lanka 9 India S. of 19N 5 5.20 2.99 3.321

Herpestes urva F Taiwan 10 China S. of 27N, E. of 118E 5 3.32 1.68 3.301

Lontra canadensis M Baranof  7 Alaska and BC, 56-60N, 126-140W 7 2.76 2.86 3.93
Lontra canadensis M Chichagof  6 Alaska and BC, 56-60N, 126-140W 7 2.20 2.86 3.93
Lontra canadensis M Prince of Wales  5 Alaska and BC, 56-60N, 126-140W 7 0.43 2.86 3.93

Lontra canadensis F Vancouver Island 8 
BC and Washington 47-55N, W. of 
122W 14 3.55 2.36 3.91

Lutra lutra F Britain 9 Belgium and France N. of 47N 6 3.73 4.40 3.836

Lutra lutra F Ireland 15 Britain 9 2.10 3.73 3.836

Lutra lutra M Ireland 18 Britain 10 2.58 3.36 4.006

Lutra lutra F Sri Lanka 8 India S. of 26N 6 5.07 3.57 3.836

Martes americana F Chichagof  34 Alaska & BC 54-60N, 129-135W 19 2.92 3.75 2.80



Species Sex Island 
Sample 
size Mainland 

Sample 
size 

Island 
CV  

Mainland 
CV 

log 
body 
mass 
(g) 

Martes americana M Chichagof  53 Alaska and BC 54-60N, 129-136W 20 2.38 2.71 3.14
Martes americana F Louise 9 Moresby  15 1.32 1.98 2.80
Martes americana M Louise 7 Moresby  33 1.98 1.41 3.14
Martes americana F Mitkof  16 Alaska and BC 54-60N, 129-135W 19 3.40 3.75 2.80
Martes americana M Mitkof  26 Alaska and BC 54-60N, 129-136W 20 2.80 2.71 3.14
Martes americana F Moresby  15 BC 51-55N, W. of 126W 13 1.98 2.00 2.80
Martes americana M Moresby  33 BC 51-55N, W. of 126W 16 1.41 2.96 3.14
Martes americana F Prince of Wales  8 Alaska and BC 54-60N, 129-135W 19 1.81 3.75 2.80
Martes americana M Prince of Wales  12 Alaska and BC 54-60N, 129-136W 20 1.27 2.71 3.14

Martes americana F Vancouver Island 83 
BC and Washington 45-54N, W. of 
121W 25 2.12 4.36 2.80

Martes americana M Vancouver Island 119 
BC and Washington 45-54N, W. of 
121W 44 1.99 3.32 3.14

Martes flavigula F Borneo* 18 Malay Peninsula S. of 9N 11 2.31 2.61 3.403

Martes foina M Sjaelland 10 Denmark (Jutland) 5 2.57 2.49 3.13
Martes martes M Sjaelland 8 Denmark (Jutland) 6 1.20 1.42 3.227

Meles meles F Britain* 13 Belgium and the Netherlands 9 4.64 2.82 4.007

Meles meles M Britain* 26 Belgium 11 3.77 3.64 4.067

Meles meles F Ireland 31 Britain 13 2.94 4.64 4.007

Meles meles M Ireland 21 Britain 26 2.05 3.77 4.067

Meles meles F Sjaelland 14 Denmark (Jutland) 52 2.47 2.76 4.007

Meles meles M Sjaelland 17 Denmark (Jutland) 55 2.32 2.60 4.067

Melogale moschata F Hainan 8 
Vietnam and China, 21-26N, E of 
102E 8 2.12 5.42 2.91

Melogale moschata F Taiwan 28 China S. of 30N, E. of 113E 6 2.85 5.51 2.91
Mustela erminea F Admiralty  8 Alaska and BC 54-60N, 127-140W 16 2.05 3.30 1.91
Mustela erminea M Admiralty  18 Alaska and BC 54-60N, 127-140W 39 3.83 3.92 2.35
Mustela erminea F Britain* 58 Belgium 47 4.01 3.60 2.32
Mustela erminea M Britain* 66 Belgium 44 3.94 6.22 2.56
Mustela erminea M Chichagof  5 Alaska and BC 54-60N, 127-140W 39 4.86 3.92 2.35
Mustela erminea F Ireland 46 Britain 58 5.17 4.01 2.32
Mustela erminea M Ireland 73 Britain 66 3.81 3.94 2.56
Mustela erminea M Kodiak  11 Alaska S. of 61N, W. of 149 18 3.68 4.46 2.35
Mustela erminea F Mitkof  9 Alaska and BC 54-60N, 127-140W 16 2.03 3.30 1.91
Mustela erminea M Mitkof  18 Alaska and BC 54-60N, 127-140W 39 3.01 3.92 2.35
Mustela erminea F Newfoundland* 8 Labrador S. 0f 54N, E of 58W 9 1.63 3.24 1.91
Mustela erminea M Newfoundland* 45 Labrador S. 0f 54N, E of 58W 35 3.64 4.64 2.35
Mustela erminea M Prince of wales  17 Alaska and BC 54-60N, 127-140W 39 4.48 3.92 2.35

Mustela erminea F Sjaelland 20 
Denmark, Germany and Sweden, 53-
60N 6 3.07 4.02 2.32

Mustela erminea M Sjaelland 19 
Denmark, Germany and Sweden, 53-
60N 13 3.86 4.33 2.56

Mustela erminea F Tukarak  12 Ontario, 50-60N, 75-90W 5 2.32 2.58 1.91

Mustela erminea M Tukarak  12 
Ontario and Quebec, 50-60N, 75-
90W 18 4.93 4.08 2.35

Mustela erminea F Vancouver Island 7 
BC and Washington 49-54N, W. of 
122W 15 3.09 6.89 1.91

Mustela erminea M Vancouver Island 17 
BC and Washington 48-54N, W. of 
122W 40 2.90 5.64 2.35

Mustela nivalis F Britain* 40 Belgium 82 3.93 5.30 1.777

Mustela nivalis M Britain* 122 Belgium 155 3.73 5.09 2.067

Mustela nivalis F Sardinia 8 Italy 10 7.86 6.60 1.777

Mustela nivalis M Sardinia 23 Italy 57 3.50 4.62 2.067

Mustela nivalis M Sjaelland 9 
Denmark, Germany and Sweden, 53-
60N 5 3.85 0.44 2.067

Mustela putorius F Britain* 13 Belgium 45 2.42 6.95 2.847

Mustela putorius M Britain* 38 Belgium 79 5.70 5.86 3.057

Mustela putorius F Sjaelland 8 Denmark (Jutland) 8 3.81 2.53 2.847



Species Sex Island 
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size Mainland 
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CV 
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body 
mass 
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Mustela putorius M Sjaelland 16 Denmark (Jutland) 17 4.07 3.39 3.057

Mustela sibirica F Honshu 13 E Asia, 30-45N, E of 115E 6 6.50 3.06 2.602

Mustela sibirica M Honshu 90 E Asia, 30-45N, E of 115E 7 6.28 7.12 2.89
Mustela sibirica M Kyushu 5 Honshu 90 10.17 6.28 2.89
Mustela sibirica M Sado  9 Honshu 90 3.88 6.28 2.89
Mustela sibirica M Shikoku 5 Honshu 90 4.80 6.28 2.89
Mustela vison M Admiralty  5 Alaska and BC 55-59N, 127-135W 12 1.59 3.82 3.12
Mustela vison F Baranof  13 Alaska and BC 55-59N, 130-135W 9 2.45 3.52 2.89
Mustela vison M Baranof  29 Alaska and BC 55-59N, 127-135W 12 3.34 3.82 3.12
Mustela vison F Chichagof  7 Alaska and BC 55-59N, 130-135W 9 1.50 3.52 2.89
Mustela vison M Chichagof  8 Alaska and BC 55-59N, 127-135W 12 2.18 3.82 3.12
Mustela vison F Nunivak 10 Alaska 60-62N, W. of 157W 7 2.75 5.02 2.89
Mustela vison M Nunivak 11 Alaska 58-62N, W. of 157W 28 3.04 5.84 3.12

Mustela vison F Vancouver Island 19 
BC and Washington 48-54N, W. of 
121W 13 4.34 4.34 2.89

Mustela vison M Vancouver Island 25 
BC and Washington 48-54N, W. of 
122W 9 3.46 4.76 3.12

Nyctereutes procyonoides M Kyushu* 5 GifuPrefecture, Honshu 41 1.63 3.40 3.69
Paguma larvata F Borneo* 9 Malay Peninsula S. of 9N 6 3.59 5.47 3.47
Paguma larvata M Borneo* 6 Malay Peninsula S. of 9N 6 3.83 4.09 3.784

Paguma larvata F Sumatra* 9 Malay Peninsula S. of 9N 6 3.24 5.47 3.47
Paguma larvata M Sumatra* 5 Malay Peninsula S. of 9N 6 1.41 4.09 3.784

Panthera tigris M Java 6 Sumatra 6 3.15 4.21 5.083

Panthera tigris M Sumatra 6 
Malaya, Vietnam and Thailand S. of 
17S 7 4.21 4.06 5.343

Paradoxurus hermaphroditus M Bali 6 Java 14 6.32 3.90 3.521

Paradoxurus hermaphroditus F Borneo* 11 Malay Peninsula S. of 9N 18 4.36 6.64 3.516

Paradoxurus hermaphroditus M Borneo* 23 Malay Peninsula S. of 9N 24 3.64 5.63 3.521

Paradoxurus hermaphroditus F Java 31 Sumatra 14 3.51 3.70 3.516

Paradoxurus hermaphroditus M Java 15 Sumatra 17 3.86 3.26 3.521

Paradoxurus hermaphroditus M Palawan 5 Borneo 23 2.87 3.64 3.521

Paradoxurus hermaphroditus F Sumatra* 14 Malay Peninsula S. of 9N 18 3.70 6.64 3.516

Paradoxurus hermaphroditus M Sumatra* 17 Malay Peninsula S. of 9N 24 3.26 5.63 3.521

Paradoxurus hermaphroditus M Terutau 7 Malay Peninsula S. of 9N 24 3.53 5.63 3.521

Procyon lotor M Key Largo 9 Florida 20 1.53 4.80 3.936

Procyon lotor M No name key 5 Florida 20 3.01 4.80 3.936

Procyon lotor F Vancouver Island 18 Washington N. of 46N, W. of 120W 7 2.42 1.84 3.816

Procyon lotor M Vancouver Island 17 Washington N. of 46N, W. of 120W 8 2.53 2.55 3.936

Urocyon (cinereoargenteus) 
littoralis F San Clemente 5 California, 32-34N, W. of 116W 8 2.77 3.31 3.506

Urocyon (cinereoargenteus) 
littoralis F San Miguel 6 California, 33-35N, W. of 117W 10 2.16 2.19 3.506

Urocyon (cinereoargenteus) 
littoralis F Santa Catalina 5 California, 32-34N, W. of 116W 8 2.34 3.31 3.596

Urocyon (cinereoargenteus) 
littoralis M Santa Catalina 6 California, 32-34N, W. of 116W 9 4.18 2.41 3.596

Urocyon (cinereoargenteus) 
littoralis M Santa Cruz 5 California, 33-35N, W. of 117W 23 2.78 3.35 3.596

Urocyon (cinereoargenteus) 
littoralis M Santa Rosa 6 California, 33-35N, W. of 117W 23 3.37 3.35 3.596

Ursus americanus M Kuiu  6 Kupreanof 5 8.17 3.06 5.196

Ursus americanus M kupreanof  5 Alaska 55-60N, E. of 132W 10 3.06 4.06 5.196

Ursus americanus M Vancouver Island 6 BC S. of 55N, W of 122W 7 4.76 3.86 5.196

Ursus arctos F Admiralty  20 Alaska and BC, 55-60N, 127-140W 11 4.78 5.63 5.481

Ursus arctos M Admiralty  37 Alaska and BC, 54-61N, 127-143W 7 5.98 10.69 5.651

Ursus arctos F Baranof  5 Alaska and BC, 55-60N, 127-140W 11 5.04 5.63 5.481

Ursus arctos F Chichagof  9 Alaska and BC, 55-60N, 127-140W 11 4.12 5.63 5.481

Ursus arctos M Chichagof  11 Alaska and BC, 54-61N, 127-143W 7 8.05 10.69 5.651



Species Sex Island 
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size Mainland 

Sample 
size 

Island 
CV  

Mainland 
CV 

log 
body 
mass 
(g) 

Ursus arctos F Kodiak 12 Alaska S. of 60N, W. of 150W 28 2.58 3.70 5.481

Ursus arctos M Kodiak 8 Alaska S. of 60N, W. of 150W 21 2.69 4.61 5.651

Viverricula indica F Hainan 8 China, 15-26N, E of 102E 14 1.46 2.83 3.41
Viverricula indica M Hainan 5 China, 15-26N, E of 102E 15 2.29 3.68 3.476

Viverricula indica M Sri Lanka 10 India S. of 23N 6 3.35 4.63 3.476

Viverricula indica F Taiwan 6 China 23-26N, E. of 113E 13 5.05 2.63 3.41
Viverricula indica M Taiwan 7 China 23-26N, E. of 113E 13 4.46 3.54 3.476

Vulpes vulpes F Britain* 24 Belgium 18 3.71 2.28 3.74
Vulpes vulpes M Britain* 29 Belgium 21 4.00 3.31 3.85
Vulpes vulpes F Ireland 45 Britain 24 2.95 3.71 3.74
Vulpes vulpes M Ireland 51 Britain 29 2.91 4.00 3.85

Vulpes vulpes F Newfoundland 9 
SE Canada and Maine S. of 55N, E 
of 70W 9 5.12 5.06 3.633

Vulpes vulpes M Newfoundland 6 
SE Canada and Maine S. of 55N, E 
of 70W 18 2.55 4.73 3.70

Vulpes vulpes M Tukarak  7 
Ontario and Quebec, 50-60N, 76-
85W 10 3.95 4.86 3.70

   Notes: Islands marked with an asterisk are larger than the area on the corresponding 
mainland over which specimens were measured. Sources for mass data are: Creel and 
Macdonald 1995 (1), Johnson et al. 2000 (2), Nowak 1999 (3), Roberts 1977 (4), Shukor 
1996 (5), Silva and Downing 1995 (6) and Weckerly 1998 (7). Where no source is given, 
body mass data are from tag data of specimens measured in this study (these data are 
available upon request, from the corresponding author).  BC is British Columbia. Malaya 
is the Malay Peninsula.  
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