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Rapoport’s rule states that species at high latitudes have broader ranges than species at
low latitudes. This rule has been strongly disputed over the years, and the majority of
current scientists think that this is mostly a local phenomenon. However, if Rapoport’s
rule applies, it should be a priori expected that taxa occurring in equatorial and tropical
regions should be more threatened than those at temperate regions. In this paper, we
test 1) whether Rapoport’s rule applies to Sciuridae genera (Mammalia, Rodentia) and,
if so, 2) whether the research efforts by scientists have been concentrated on those taxa
that, because of their range size, may be predicted to be more threatened (i.e. equatorial
and tropical taxa). Distribution data on Sciuridae came from literature and were transformed as maps according to World Map Program, and data about number of papers
published by genus and by latitude were collected from the ISI Web of Knowledge. Our
analysis verified the occurrence of a Rapoport’s effect in Sciuridae in both the hemispheres: mean range size increased significantly with latitude increases in both hemispheres. However, literature data inspection revealed that only a few genera accounted
for the great majority of studies, and these genera were widely distributed and found at
high latitudes. Thus, there is a potentially serious gap between current knowledge and
threat expectations for Sciuridae worldwide. We therefore strongly urge scientists to
give priority attention towards field studies of tropical Sciuridae genera.
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Rapoport’s rule states that species at high latitudes have
broader ranges than species at low latitudes (Stevens
1989). This idea has been strongly debated, with many
studies failing to find support for the rule (and when they
do it is often over fairly narrow latitudinal spans) (Gaston
and Chown 1999), so that it has been downgraded from a
‘rule’ to an ‘effect’ (Gaston et al. 1998, but see Taylor and
Gaines 1999). However, the Rapoport’s effect has been

confirmed for at least some groups of organisms (Gaston
et al. 1998). In most previous tests of the Rapoport’s effect, scientists based their conclusions on a statistical onedimensional approach of analysis that uses scatter plots to
show the latitudinal variation in range size over latitudinal
bands, across individual taxa or have analysed changes
in the latitude–range size association with time through
phylogenetic comparative analysis. These approaches may
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convey important information, but may be limited to
some extent by the fact that they lack a truly geographical
perspective to directly map the mean variation of range
size over continents (Ruggiero and Werenkraut 2007 for
a synthesis, and for some specific cases: Smith et al. 1994,
Eeley and Foley 1999, Noonan 1999, Graves and Rahbek
2005, Hawkins and Diniz-Filho 2006, Orme et al. 2006).
Thus, as pointed out by Ruggiero and Werenkraut (2007),
‘‘most of the analyses of range size patterns that tested the
Rapoport’s effect are impregnated by the imprint of thinking in one ‘latitudinal’ dimension’’. According to some
authors, many factors act against the rule (biotic and abiotic factors or others linked to the evolutionary age of the
species, different at different latitudes; Rohde 1996, Gaston et al. 1998). Nevertheless, recent reports for specific
groups suggest that the rule may still matter, at least for
specific contexts and taxonomically and ecologically-related groups, also after controlling for phylogenetic effects
(Diniz-Filho and Tôrres 2002), although ecological and
geometrical constraints around the world could influence
it (Ribas and Schoereder 2006). Within this complex context, it is obvious that we need to study additional groups
of organisms, and by applying several methods of analysis,
in order to understand how exactly does Rapoport’s effect
matter, and how we may improve our perception of the
pattern (Lyons and Willig 1997, Blackburn and Gaston
2006).
Mean range size could be considered as an indirect conservation status indicator because one would expect that
small range sizes would characterize endemic taxa which
may be more threatened (Gaston and Blackburn 1996,
Arita et al. 1997, Mace et al. 2001). Thus, it should be
expected a priori that species in equatorial and tropical
regions will be more threatened than those at temperate
regions as a consequence of the Rapoport’s effect. Thus,
it would in theory be possible to ‘organize’ the scientific
research on specific taxa in relation to their conservation
needs, for instance by concentrating the efforts to study
within larger taxonomic groups (e.g. families or orders)
the ecology and behaviour of those single species/genera
that occur in equatorial and tropical areas. However, to
our knowledge, testing the occurrence of a Rapoport’s effect matching with the ‘geographic origin’ of field research
efforts has never been done in the international literature,
particularly for any vertebrate group (Pagel et al. 1991).
In this paper, we use a particular mammalian group,
squirrels (the rodents belonging to the Sciuridae family)
as a case study. We test whether these animals follow the
Rapoport’s rule in their worldwide distribution, and if so,
whether the research efforts by scientists have been concentrated on those taxa that, because of their range size,
may be predicted to be more threatened (i.e. tropical taxa).
In order to address these issues, we performed our analyses at the genus level (Amori and Gippoliti 2001, 2003).
The reasons for selecting Sciuridae taxa as study system
are multifaceted: the family Sciuridae is: 1) species-rich (it
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comprises nearly 280 species belonging to 51 genera); 2)
offers a good opportunity to make biodiversity analysis in
a broad sense because its taxonomy is quite stable, especially at the genus level (in-between the twelve years spanned
between the publication of the two mammal world checklists (1993 to 2005) the number of known species for
Sciuridae increased only by two, Amori and Gippoliti
2003); and 3) is particularly suitable for studying latitudinal patterns because these rodents are non-migratory and
migration may obviously distort latitudinal patterns (Rabenold 1992). In this regard, it should be mentioned that,
although most studies on Rapoport’s effect have focused
on species, there were a few studies, e.g. on plants and
brachiopods, that were focused at both genera and family levels (Powell 2007). Using genera within species-rich
taxa (as are rodents) may have multiple advantages. Firstly,
genera were found to predict species richness distributions
most closely, with higher taxa (families, orders, subclasses)
exhibiting progressively worse correlations (La Ferla et al.
2002, Baldi 2003). Secondly, the geographic ranges appear
more firmly established all over the planet compared to
species, while the information quality on species’ ranges
may greatly differ among different regions. Furthermore,
we suspect that the relative taxonomic stability for Sciuridae species, despite the recent turmoil in mammalian taxonomy, may reflect a lack of research on alpha-taxonomy
more than a true pattern, this being untrue as for genera
(Gippoliti and Amori 2007).

Material and methods
Distribution data for each genus of Sciuridae were obtained from the literature. The following literature entries were examined: Wells and Giacalone (1985), Eisenberg (1989), Emmons and Feer (1990), Corbet and
Hill (1992), Gharaibeh and Jones (1996), Thorington
et al. (1996), Kingdon (1997), Reid (1997), Grubb et
al. (1998), Panteleyev (1998), Zahler and Karim (1998),
Wilson and Reeder (2005). The distribution maps presented in the above-mentioned literature entries were utilized to create the electronic maps of the software World
Map Program (hereafter WMP, Williams 2001). Geographic coordinates for the various maps were obtained
by using the appropriate module in WMP. The utilization of WMP is particularly appropriate for this type of
study because it subdivides the world into cells of a same
surface (Williams 2001), thus allowing for easy comparisons among taxa and regions that would not have been
possible with traditional UTM grids. In WMP, the two
hemispheres were subdivided from north to south into 23
latitudinal bands (hereafter, LB), each one comprising a
10’ latitudinal arc and formed by a set of cells of the same
latitude (equal area grid; 36 columns × 24 rows = 864 cells
of equal area each 611 000 km2 wide (Williams 2001). A
binary matrix (latitude/genera richness) was obtained on
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the basis of the distribution maps of the various genera,
and the total number of cells occupied by the range of a
given taxon were considered as indicators of total range
size for each genus. In order to avoid the statistical difficulty that a same taxon may be included several times
in different latitudinal bands generating non-independent
data (Rohde et al. 1993), we used Rohde et al.’s (1993)
method that was originally applied to analyze latitudinal
ranges of fish species. These authors used the means of
ranges of all species with a midpoint in the same 5-degrees
LB plotted against latitude. We acquired data only for LB
that host at least one record of a genus for the following
range: from 0 to 71 latitude north and from 0 to –60 latitude south. For each LB we obtained the total number
of genera. In WMP, each LB host a different number of
cells. Consequently, the total number of genera in each LB
was influenced by the different number of cells. Thus, we
normalized the data to available size area. In order to do
this, we calculated the ‘genera density’ as the ratio between
the number of genera present in each LB and their relative
number of squares. Then, genera density of each LB was
correlated with LB latitude. We calculated, for each LB,
the ratio ‘genera richness of each guilds/total genera richness’, correlating this value to latitude (Amori et al. 2009).
Variables were compared performing a non-parametric
statistic (Spearman rank correlation test, 2-tailed).
In order to analyse whether mean range size was influenced by latitude, we regressed the latitude against the
mean value of the individual range sizes of the various
genera occurring at that given latitudinal band. This procedure was repeated for both the Northern and for the
Southern hemispheres. Then, we applied a full Monte
Carlo randomization procedure (30 000 iterations) to the

regression analysis by using EcoSim software (Gotelli and
Entsminger 2002) to verify whether these relationships
were due to chance.
In order to study the variation of scientific attention
by taxon, we searched from the ISI Web of Knowledge,
genus by genus, all the literature published in the various
research fields, with a search for the following key-words:
ecology, biogeography, taxonomy, and conservation (years
1996–2008). Then, we subdivided the world into five
wide latitudinal bands (band 1: from 71°N to 43°N, band
2: from 42°59´N to 20° N, band 3: from 19°59´N to 0°,
band 4: from 0° to 20° S, and band 5: from 20°01´ S
to 43° S), and assigned each Sciuridae genus to one or
more latitudinal bands. For instance, the genus Sciurus is
occurring from approximately 60°N and 25°N, covering
both latitudinal bands 1 and 2, being scored in the group
‘12’ in the statistical analyses (Table 1). Then, the variation in the numbers of studies published by latitudinal
band group was analysed by one-way ANOVA (with the
number of studies as dependent variable and latitudinal
bands as grouping variable), followed by Tukey’s Honestly
Significance post-hoc test for assigning a pairwise significance among the various latitudinal bands.

Figure 1. Relationships between latitude (x-axis, in °N) and mean
range size (y-axis, in number of cells) for Sciuridae genera in the
Northern hemisphere. Statistics of the regression: r = 0.949,
mean range = 0.456 latitude + 8.64. Error bars are given for each
data point.

Figure 2. Relationships between latitude (x-axis, in °S) and mean
range size for Sciuridae genera in the Southern hemisphere (yaxis, in number of cells). Statistics of the regression: r = 0.967,
mean range = 0.409 latitude + 10.25. Error bars are given for
each data point.
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Results
Do Sciuridae follow Rapoport’s rule?
In the northern hemisphere, mean range size increased
significantly with latitude increases (Fig. 1), and this pattern was not randomly generated after randomization tests
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Figure 3. Mean range size (and dispersion measure, SD) for Sciuridae genera in the various biogeographic regions. For statistical
details, see the text.

with Monte Carlo regression procedure (30 000 iterations,
p < 0.001). In the southern hemisphere, mean range size
was also significantly influenced by latitude (Fig. 2), tending to increase with latitude increases (randomization test
with Monte Carlo regression procedure after 30 000 iterations: p < 0.05). The non-random patterns in both hemispheres clearly supported a Rapoport’s effect for Sciuridae
genera. However, an analysis of co-variance (ANCOVA)
revealed that the slopes of the regressions were significantly
different (F = 34.621, p < 0.01), thus showing that the
strength of the relationship was greater in the northern
hemisphere.
In terms of mean range size, there were significant differences among Sciuridae genera from the various biogeographic regions (Fig. 3). More precisely, a Monte Carlo
ANOVA procedure (with 30 000 iterations) revealed that,
once the relative size of each cell area was taken into account, 1) Nearctic genera had a mean range size significantly wider than that of Afrotropical genera (p < 0.05)
and of all the genera occurring in the other biogeographic
regions (p < 0.0001); 2) Afrotropical genera had a significantly wider range size than all the genera occurring in the
other biogeographic regions (p < 0.001); 3) genera from

Figure 4. Relationships between (log) range size of genera and
species number/genera ratio for Scuridae worldwide.
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Figure 5. Distribution of the number of studies by latitudinal
band. Symbols for the latitudinal bands: band 1: from 71°N to
43°N, band 2: from 42°59´N to 20°N, band 3: from 19°59´N
to 0°, and band 4: from 0° to 20°S. When more than one band
is involved (i.e. 1–2, 2–3, etc.), this means that the given genus
occurs in both latitudinal bands.

Neotropical, Oriental, and Palearctic regions were not significantly different from one another (at least p > 0.278
in the pairwise comparisons). However, as a general rule
the more speciose a genus, the wider its range size (Fig. 4).
The three genera with widest range size were Spermophilus,
Sciurus, and Tamias, and these genera were also among the
most speciose.

Is scientific attention to Sciuridae genera
mirroring conservation auspices collected from
Rapoport’s effect?
With Sciuridae, we should expect that the genera needing higher conservation attention live around the equator, because this rodent family follows Rapoport’s rule
(above). Indeed, a previous study based on IUCN’s criteria for assessing threatened species found that the majority of threatened genera are tropical (Amori and Gippoliti
2003). Our compilation of literature data for the various
genera however revealed that only a few genera accounted
for the great majority of studies, and these genera were
widely distributed, and found at high latitudes (Table
1). Indeed, an ANOVA indicated that there were strong
variations among geographic zones in terms of number of
studies published in ISI journals (one-way ANOVA – F5,45
= 33.31, p < 0.00001), and a Tukey HSD post-hoc test
revealed that the genera at the latitudinal regions 3 (from 0
to 20°N) and 3–4 (from 20° S to 20°N) were significantly
less studied (p < 0.00001) than those at the regions 1–2
(from 20° to 71°N) (Fig. 5). Thus, this analysis confirmed
that there was a gap between the regions with the highest
number of genera (and the narrowest mean range size) and
the ‘hotspots’ of scientific research.
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Table 1. Summary of the studies concerning the biology of Sciuridae genera obtained from ISI Web of Knowledge. Symbols for the
latitudinal bands: band 1: from 71°N to 43°N, band 2: from 42°59´N to 20°N, band 3: from 19°59´N to 0°, and band 4: from 0° to
20°S. When more than one band is involved (i.e. 12, 23, etc), this means that the given genus occurs in both latitudinal bands.
Genera

Ecology

Taxonomy

Biogeography

Conservation

Total no. of studies

Latitudinal bands

Spermophilus
Sciurus
Marmota
Tamias
Tamiasciurus
Cynomys
Glaucomys
Funambulus
Pteromys
Callosciurus
Petaurista
Ammospermophilus
Xerus
Atlantoxerus
Ratufa
Belomys
Eupetaurus
Menetes
Hylopetes
Microsciurus
Funisciurus
Paraxerus
Tamiops
Trogopterus
Dremomys
Prosciurillus
Sciurillus
Sundasciurus
Petinomys
Lariscus
Rubrisciurus
Heliosciurus
Rhinosciurus
Sciurotamias
Epixerus
Exilisciurus
Glyphotes
Hyosciurus
Myosciurus
Nannosciurus
Protoxerus
Rheithrosciurus
Spermophilopsis

27
32
15
24
14
26
12
0
5
0
1
3
2
0
1
0
1
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2
4
2
2
2
2
4
0
1
1
2
1
0
0
1
1
0
1
1
1
0
0
1
0
0
0
1
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0

3
6
4
2
5
3
8
0
2
0
1
1
3
0
0
2
1
0
1
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

21
37
12
7
6
27
11
0
6
1
3
1
0
0
2
0
0
1
0
0
0
0
1
0
0
1
1
0
1
0
1
0
0
0
0
0
0
0
0
0
0
0
0

53
79
33
35
27
58
35
0
14
2
7
6
5
0
4
3
2
2
2
1
0
0
2
1
0
1
2
0
3
0
1
0
0
0
0
0
0
0
0
0
0
0
0

1–2
1–2
1–2
1–2
1–2
2
1–2
3
1–2
3
3
2
4–5
2
3
3
2
3
2–3
3
3–4
4
3
2
3
4
4
3–4
3
3–4
4
4
3–4
2
3–4
3–4
3
4
3
4
3–4
3–4
2
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Table 1. Continued.
Genera

Ecology

Taxonomy

Biogeography

Conservation

Total no. of studies

Latitudinal bands

Syntheosciurus
Aeretes
Aeromys
Biswamayopterus
Iomys
Petaurillus
Pteromyscus
Eoglaucomys

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

3
2
3
2
4
3
3–4
2

Discussion
This paper highlights two clear patterns. Firstly, Sciuridae follow the Rapoport’s effect in that mean range size
decreased substantially from temperate to tropical and
equatorial regions. Secondly, there was an evident excess
of studies published on temperate genera (characterized
by wide range sizes) compared to equatorial and tropical
genera (characterized by narrow range sizes).
Concerning point 1), it should be mentioned that in
squirrels smaller values of mean range size are found in
the genera present in the Neotropical region (marginal
for Sciuridae), and in the Oriental and Palearctic regions,
whereas the higher genera richness was observed in southeast Asia. At present it seems to be widely accepted that
Rapoport’s rule is a local phenomenon restricted to high
latitudes in the northern Hemisphere (Rohde 1996, Gaston et al. 1998, Gaston and Chown 1999), whereas our
study confirmed this effect also towards the Southern
hemisphere. Thus, our data are in agreement with Cardillo’s (2002) opinion that the pattern could be more general
than is currently recognized. He found that the latitudinal
range sizes of birds follow a latitudinal Rapoport effect at
a global scale, although the pattern is not as strong in the
southern hemisphere compared with the northern Hemisphere (but see Orme et al. 2006). Our study also showed
that the Rapoport’s effect was stronger in the northern
than in the southern hemisphere, but we suggest that for
Sciuridae this trend merely reflects the relative scarcity
of genera in the southern hemisphere compared to the
Northern hemisphere.
Concerning point 2), this pattern clearly reflects the
different levels of funding available for scientific research
in countries from the various latitudinal bands (these
being concentrated especially in the USA and western
Europe), but also the attitude of governmental and nongovernmental authorities to concentrate their research and
conservation efforts preferentially towards the charismatic mammals in the tropics (Amori and Gippoliti 2000,
2003). Thus, there is a potentially serious gap between
current knowledge and threat expectations for Sciuridae
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worldwide. This fact may be especially crucial as there are
currently five highly threatened genera of Sciuridae, all
being tropical (four Asian and one African) and six potentially threatened (also all tropical, five Asian and one
African) (Amori and Gippoliti 2003).
In conclusion, by this study we would strongly urge
governmental and non-governmental organizations, as
well as scientists, to give priority attention in the years to
come towards field studies of tropical Sciuridae genera.
This is also important because nearly all tropical Sciuridae
are linked to forest biota, that are currently under severe
threat by agricultural exploitation, logging, and urban
development (Raman et al. 2002, Rodrigues et al. 2004,
Perry 2007).
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