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Rosenzweig1,2 has added much
needed focus to discussions
of the mechanisms that 

generate latitudinal gradients in
taxon richness. His championing
of the importance of geographic
area as the primary determinant 
of this almost ubiquitous pattern
in biodiversity stands in stark
contrast to recurrent statements 
that numerous factors might be
responsible and that it is not clear
in practice which are the most sig-
nificant3. Building on work by 
Terborgh4, Rosenzweig’s1 essen-
tial argument is that because the
tropics north and south of the
equator abut, they have a larger
climatically similar total surface
area than any other ecoclimatic
zone. This results in larger mean
geographic range sizes of species
in the tropics, which translates
into higher speciation rates (presuming larger ranges have
higher probabilities of speciation) and lower extinction
rates (presuming larger ranges have lower probabilities of
extinction). Consequently, tropical regions have greater
numbers of species and higher taxa than extratropical ones.

To date, beyond Rosenzweig’s publications, there has
been limited critical appraisal of this important ‘area
model’. Rohde5,6 suggested that several lines of evidence
fail to provide support, but these points were convincingly
rejected7. Although several other studies have claimed to
test assumptions or predictions of the model8–11, these
tests have been either weak or tangential.

At the heart of the area model lie three macroecological
and macroevolutionary assumptions: a positive relation-
ship between the geographic range size of a species and
the size of an ecoclimatic zone; a positive relationship
between the geographic range size of a species and the
likelihood of its speciation; and a negative relationship
between the geographic range size of a species and its 
likelihood of extinction2. We will consider each of these
assumptions in turn.

Range size and area
If numbers of species are equal, the area model predicts
that the geographic range sizes of species in the tropics
should be larger than those in ecoclimatic zones at higher
latitudes. By definition, these preconditions do not exist.
With greater numbers of species in the tropics, the area
model makes no precise prediction about the nature of the
observed latitudinal pattern in range size. The existence of
a Rapoport effect (a decline in mean or median latitudinal
extent towards lower latitudes12,13) does not falsify the
area model, although the mechanistic basis of the effect
might modulate it – a point to which we will return. Neither

the existence of the inverse rela-
tionship nor the absence of any
latitudinal gradient in latitudinal
extent13 provide any comment on
the model. Unfortunately, this
means that the first pivotal rela-
tionship for the area model is virtu-
ally impossible to test. The occur-
rence of species with a larger
maximum range size in larger bio-
geographic regions14,15 might be
suggestive, but little more.

Range size and speciation
The second relationship under-
pinning the area model is a posi-
tive one between the likelihood 
of speciation and a species’ geo-
graphic range size. Assuming spe-
ciation is allopatric, species with
larger ranges are more likely to
undergo speciation because their
likelihood of being bisected by a

barrier is higher. This assertion is true of barriers that are
‘moats’ (which surround their isolates) but not of those
that are ‘knives’ (which have beginnings and ends),
because at the largest range sizes the knives would 
be engulfed16. Thus, the probability of speciation re-
sulting from knives (probably the more common barrier
type) should peak at intermediate range sizes. However,
Rosenzweig2 argues that few species have geographic
ranges that are so large that reducing them would make
them an easier target for barriers. Therefore, speciation
probability should increase with range size in this case too.

How general this conclusion is depends on the fre-
quency distribution of barrier sizes. If large barriers are
rare, as seems likely to be the case17, then a full, peaked
function for the relationship between speciation and geo-
graphic range size might actually be more appropriate 
(Fig. 1). Such a peaked function has been discussed else-
where18 and might explain the strong dichotomy in his-
torical and current opinion concerning the relationship
between geographic range size and speciation probability
(a debate dating at least to Darwin; reviewed in Ref. 17).

Additional evidence for a peaked function between 
the probability of speciation and geographic range size,
rather than a positive function, comes from the generally
positive interspecific relationship between population size
and range size. Here, population size increases at a dispro-
portionately faster rate with increasing range size and 
thus local density also increases with increasing range
size19. Consequently, density-dependent dispersal prob-
ability tends to increase the cohesion of ranges dispropor-
tionately with increases in their size. This might occur 
in two ways. First, higher densities result in more individ-
uals moving between disjunct populations on a purely
probabilistic basis, thus increasing gene flow and lowering
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speciation probability. Second, gene flow from populations
at a range centre can act as a powerful inhibitor of change
in more peripheral populations, thus precluding speci-
ation20–23. Indeed, Gavrilets et al.24 have modelled patterns
of parapatric speciation and have found that the positive
effects of geographic range size on the likelihood of speci-
ation are overwhelmed by negative effects of population
density and dispersal ability, such that species with
smaller range sizes have higher speciation rates25.

Range size and extinction
The third assumption central to the area model is a positive
relationship between time to extinction and geographic
range size. The rationale is that large ranges should buffer
species from extinction by reducing the probability of range-
wide catastrophes, and that large population sizes should
minimize the chance that a species goes extinct for stochas-
tic reasons. There is a considerable amount of widely cited
evidence, from various palaeontological assemblages, 
that larger ranges have a reduced risk of extinction20,26–30.
However, a variety of factors can lead to this relationship
appearing stronger than it actually is or might confound it.

First, the positive correlation between density and range
size means that widely distributed species tend to be locally
more abundant, and are thus more likely to be recorded 
in the fossil record. Consequently, they might appear to 
persist for longer than less widely distributed species.

Second, estimates of the allochronic extent of occur-
rence (i.e. summing the spatial extent of localities – often
the number of provinces – over the total geological dur-
ation of a species or the geological period under investi-
gation17) might confound the relationship between range
size and risk of extinction. Where studies are explicit about
the way in which range size has been calculated, this is
often done using a measure of the allochronic extent of
occurrence. Such an estimate would provide a reliable
indication of the range size of a species only if it could be
demonstrated that, subsequent to speciation, species
rapidly attain the range size that will characterize them for
the bulk of their geological duration, and that these ranges
do not shift their geographic position (Box 1). Palaeontolo-
gists have sought to overcome this last problem by esti-
mating the range sizes of Recent taxa (especially species)

and then examining their persistence back through the fos-
sil record. Unfortunately, the temporal dynamics of range
sizes, throughout the duration of the taxa concerned, are
still likely to confound conclusions.

Third, documented relationships between time to
extinction and range size, which concern taxa above the
species level, are problematic. Even if a positive relation-
ship is demonstrated between the geographic range size of
a higher taxon and its likelihood of persistence, the rela-
tionship might well be of limited relevance at the species
level. This could be a consequence of different extinction
patterns for species and higher taxa during extinction
events of different magnitude or because range size vari-
ance is partitioned to a large extent at the species level17. In
the latter case, summing species ranges to generate those
for genera (or other higher taxa) might provide insufficient
insight into relationships at the species level.

Despite these problems with the existing empirical evi-
dence, it seems reasonable to assume that species persis-
tence increases with range size, at least during periods of
background extinction rates – there might be no relation-
ship during mass extinction events28. Perversely, the lower
extinction risk of species with larger range sizes could also
generate a positive relationship between the likelihood 
of speciation and geographic range size viewed over long
timescales. A peaked function relating range size and spe-
ciation probability is essentially based on a static or in-
stantaneous assessment of speciation probability. It does
not take into account the relationship between persistence
and geographic range size. If there is a reasonably strong pos-
itive relationship between time to extinction and range size
for species, then range size and likelihood of speciation could
show the positive relationship suggested by Rosenzweig. In
other words, even though the instantaneous likelihood of
speciation might show a peaked function, because the
largest ranges have the longest persistence times and thus a
greater lifetime probability of undergoing a speciation event,
the full relationship might, in fact, be positive. 

Apparently, only Wagner and Erwin31 have set out to
test these relationships empirically. They found that, in two
out of three case studies, species with larger ranges were
likely to leave more descendants and that, in all three cases,
species that persisted for longer were likely to leave more
descendants. The relationship between the instantaneous
rate of speciation (which is likely to be peaked) and the
number of descendants left by a lineage over time (which
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Fig. 1. Speciation probability as a function of geographic range
size, showing the full, peaked relationship (speciation, broken
line; extinction, unbroken line) that can be expected if the fre-
quency distribution of barrier sizes is right skewed. Modified,
with permission, from Ref. 18.
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Abundance, range size and dispersal ability

Box 1. Range transformation

Models of the relationships between geographic range size and the probabil-
ities of speciation and/or extinction would be straightforward to construct 
if the ranges of species were static in area. However, they are not. Not only
are ranges likely to decrease in size at speciation, thus increasing extinction
probability (perhaps the fate of most nascent species), but also subsequent
range transformation might precipitate a continuous change in the speciation
and extinction probability of a species through time. At least seven range
transformation scenarios have been mooted in the literature:
Age and area: a trajectory of steadily increasing size.
Age and area with positional shift: essentially a combination of the stasis
with positional shift, and the age and area models; this model conforms to a
taxon–pulse concept.
Cyclic: this model is similar to the previous one, but species ranges fragment
as the species divides up into subspecies and eventually species. This is
essentially equivalent to a taxon cycle.
Idiosyncratic: ranges assume any size and position, and these change 
regularly, in no ordered manner, over the lifetime of a species.
Stasis: an unrealistic model.
Stasis after a rapid early range expansion: the model favoured by Jablonski29.
After speciation, species rapidly attain their characteristic range size, which
they maintain until just before extinction.
Stasis with positional shift: here, range size remains constant, but the 
position of the range changes.
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might assume some other function) will require more atten-
tion if it is to be resolved in the context of the area model.
Recent work suggesting that speciation is sufficient to
reduce the likelihood of another such event in a given
ancestral species32 is particularly relevant in this regard.

The tropics as a museum
If species with larger geographic range size are more persis-
tent and such range sizes are typical of the tropics, then the
tropics should act as a museum of diversity, with low extinc-
tion rates. In other words, taxa should be considerably older
in the tropics. Of course, this discounts any effect of speci-
ation on range sizes and on species persistence. Nonetheless,
authors such as Stebbins33 argued in favour of the tropics as a
museum. Recently, the New World and African avifaunas
have provided more rigorous evidence34 for the tropics hous-
ing older species. This also appears to be the case for higher
taxa in the New World birds35. Here, mean tribe-age declines
from the equator towards higher latitudes, particularly 
in the northern hemisphere; this appears to be the 
consequence of the colonization of higher latitudes by
younger taxa following glaciation-induced extinctions of the
previously incumbent avifauna. However, note that higher
taxa might generate many new species without giving rise to
a new higher group36.

Paradoxically, although the tropics could be acting as a
museum because of longer persistence times34, this pat-
tern could also be the consequence of: high unrecorded
extinction rates (Box 2); evolutionary senescence and,
therefore, the absence of speciation in some taxa (which
might ultimately also mean longer persistence times); or
latitudinal differences in speciation models (Fig. 2). Indeed,
declining skewness of the tribal-age–frequency distribu-
tion with latitude in the northern hemisphere and, there-
fore, the apparent absence of older New World avian tribes
in the northern hemisphere, could be a consequence of
any of these mechanisms. However, insufficient time for
significant speciation at higher latitudes since the last Neo-
gene glaciation37, the steep cline in mean age of tribes and
an absence of any firm evidence for latitudinal differences
in speciation models suggest that immigration of younger
tribes to higher latitudes and unrecorded extinctions in
the tropics are responsible for this pattern. Thus, there is
some evidence for the tropics as a museum, albeit one
whose collections, at least from a northern perspective,
were fortuitously spared destruction.

Such a pattern of low extinction rates in the tropics, and
the converse in the extratropics, is predicted by most models
examining differences in evolutionary rates as a means to
account for differences in diversity between these areas38.
However, as for predictions regarding range size, these
models are also confounded by equilibrial differences in
rates, with equilibrial extinction rates generally being
higher in the tropics. Extinction rates might also appear
higher because of high species richness in the tropics39,
although in some cases the converse might actually be true.

The tropics as a cradle
Conversely, the tropics can also be viewed as a cradle of
diversity, with high origination rates3,30,33,38,40–42. The two
views need not be mutually exclusive, which greatly compli-
cates indirect methods of determining whether the tropics
do indeed act as a cradle. The most convincing evidence
derives from elegant analyses performed by Jablonski40.
Using post-Paleozoic benthic marine invertebrates, he
demonstrated that significantly more first fossil appear-
ances of orders occur in tropical latitudes than would be

expected from sampling bias alone. Although such elevated
ordinal originations do not necessarily mean that speciation
rates must be highest in this region40, they certainly suggest
that this might be the case.

Other studies have also claimed to provide support for
higher origination rates in the tropics, based on an indirect
method involving comparison of frequency distributions of
the ages of fossil assemblages from different latitudes30,41.
The authors argue that because assemblages from the trop-
ics are younger, there must be a greater rate of origination
there. For example, Flessa and Jablonski30 concluded that
there is considerable support for higher turnover and,
therefore, higher origination rates of Recent marine bivalve
genera (and other marine groups) in the tropics compared
with in temperate regions. However, interpretation of such
analyses must be made cautiously because temperate and
tropical fossil records might not be comparable.

In particular, tropical records might be poorer, with
the average persistence of taxa appearing to be younger,
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Box 2. The missing branches problem

Missing taxa in phylogenies pose a potentially significant problem for esti-
mating taxon age in different regions. Figure I shows a hypothetical phylogeny
of two tropical taxa (A, B) and two extratropical taxa (C, D), with speciation
events taking place at times X and Y before the present (0). Should B become
extinct by chance (broken line), then in the absence of knowledge of this event
the observed age of the taxon containing A is Y rather than X, therefore 
making the tropical clade appear older. Redrawn, with permission, from Ref. 35. 

This ‘missing branches problem’ has significant implications for virtually all
analyses in which phylogenies are used to estimate parameters, such as the
age of a taxon, internode durations, extinction rates and speciation rates. In
this respect, two types of missing branches can be distinguished. The first
occurs where the extant taxa have not been sampled for a phylogeny and the
second occurs when it is not known whether there are missing taxa (i.e. taxa
that have gone extinct and remain unrecorded). An example of these prob-
lems is provided by the rails (Rallidae)49. Ways to overcome these problems
are currently being investigated50.
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Fig. 2. Two hypothetical phylogenies with the same number of speciation
events (seven events). All branch lengths represent five million years (My).
In phylogeny (a) speciation is via cladogenesis with ancestral persistence,
while in (b) speciation is via cladogenesis without ancestral persistence.
The median taxon age is between five and 10 My in (a) and is five My in 
(b). Thus, latitudinal differences in the mode of speciation can cause 
differences in species–age frequency distributions (see also Ref. 38 for a
discussion of latitudinal differences in models of diversification).
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for several reasons. The tropical fossil record is more poorly
explored than the temperate one40,43 and tropical climates
usually provide poorer preservation than temperate cli-
mates43. Thus, differences in both taphonomic setting and
spatial asymmetry of fossil localities might result in tropical
taxa appearing slightly younger than their temperate 
counterparts, especially given the decline in the likelihood
of fossil recovery with time43. Lyellian percentages (i.e. the
proportion of a fossil fauna consisting of living species) 
have been used in some analyses in an attempt to overcome
these issues, but the outcomes are often equivocal30.

Equally, if the tropics are acting as both a museum and
as a cradle, then no difference between age–frequency dis-
tributions might be observed. In other words, if origination
rates are high and extinction rates are low in the tropics,
and the converse is true in extratropical regions, then the
two age–frequency distributions might be extremely simi-
lar, with the exception that diversity will be higher in the
tropics. Indeed, in the study by Flessa and Jablonski30 the
frequency distributions of ages of tropical and extratropi-
cal bivalves did not differ significantly, although their
median ages did under certain conditions.

Some authors have argued that higher speciation rates
in the tropics have more to do with greater effective evolu-
tionary time (e.g. shorter generation times) than with the
larger geographic area of this region3. However, the rela-
tionship between evolutionary rate and generation time
remains the subject of considerable debate44.

A major hurdle
In addition to the three macroecological and macroevolution-
ary patterns the area model assumes, it also requires that the
ecoclimatic zones decline in area moving from the equator
towards the poles. However, they do not do so, at least not in
terrestrial systems of the northern hemisphere. Here, the tun-
dra region is larger than the other extratropical regions,
which in themselves show little variation in total surface area,
although they remain much smaller than the tropics1. Three
possible explanations have been proposed for why a latitudi-
nal species-richness gradient might be expressed: first, low
productivity at high latitudes reduces the species richness
they would gain as a result of area alone2,9. Second, zonal
bleeding of tropical species into extratropical regions
smooths out species-richness gradients7. Third, climatic vari-
ability at high latitudes increases the area of ecoclimatic
zones that individual species can actually occupy12.

In favour of the first explanation, there is a reasonable
body of evidence indicating a strong monotonic relation-
ship between productivity (or more accurately a surrogate
for productivity) and diversity in terrestrial systems at
geographic scales45. However, some studies have shown
either that this relationship is explained better by other
variables or that it is highly nonlinear. Nonetheless, 
variation in productivity is regularly identified as an im-
portant correlate of species richness, often to the ex-
clusion of other potential explanatory variables45. The 
second explanation is accorded considerable importance
by Rosenzweig7. To date, the one study that has been 
performed on zonal bleeding has provided support for it8.

The third hypothesis regarding climatic variability is also
quite plausible. Stevens12 suggested that a Rapoport effect is
the consequence of a relatively straightforward mechanism.
Individuals at higher latitudes encounter a wider temporal
range of climatic conditions (e.g. greater extremes in tem-
perature) than their more tropical counterparts. Thus,
species to which these individuals belong have broader tol-
erances enabling them to achieve wider ranges. Because the

microhabitat requirements of these high-latitude organisms
are not narrowly defined, the rescue or mass effect that leads
to coexistence of high numbers of species does not occur in
these areas. Consequently, they have lower species richness
than more tropical areas. Although it appears that the
Rapoport effect might be a more local than general phenom-
enon13,46, the mechanism thought to be responsible for it has
some significant, although poorly explored, nuances that
might well be extremely important in accounting for the lack
of a consistent relationship between diversity and the size of
ecoclimatic regions.

Of most interest is the relationship between the mean
and variability in climatic conditions. Terborgh4 showed
that mean temperatures remain virtually constant between
258N and 258S. Combining this pattern with variation in sur-
face area essentially generates a strongly peaked plot of the
Earth’s surface between 18C isotherms centred on equato-
rial latitudes. This means that, for a substantial band about
the equator, the temporal average of climatic conditions
remains relatively constant. Thus, even if the temporal vari-
ability in temperature declines towards the equator,
species at these latitudes should be able to occupy a dis-
proportionately large latitudinal extent. Therefore, species
at low latitudes might lose the potential to occupy broad
latitudinal extents because individuals do not have to be
able to withstand high temporal variance in climatic condi-
tions. However, they regain some of this potential because
mean conditions stabilize at low latitudes; thus, the latitudi-
nal extent available to them is greater. Species at low lati-
tudes might have large ranges for geographic reasons,
whereas those at high latitudes might have large ranges for
climatic reasons.

Therefore, for extratropical species any barriers posed
by climatic conditions are likely to be less important than
similar barriers are to tropical species; therefore, the 
speciation rate will decline. In addition, because of larger
variation in patch quality at high latitudes (as a conse-
quence of seasonal variation), species at higher latitudes
probably move larger distances, thus reducing the impacts
of barriers. This movement is also likely to have been exac-
erbated by the effects of glaciations46,47, thus reducing the
likelihood of speciation even further.

Conclusions
The area model assumes not only that latitudinal gradients
in richness can be generated by differences in ecoclimatic
area, but also that they must. The effect of area on spe-
cies richness is so important that it is almost inconceivable
that it does not have a major role in determining these 
gradients. In principle, we agree. However, we caution that
support for at least two of the three relationships under-
lying the area model is scanty or in the opposite direction
and, in the case of the relationship between geographic
range size and ecoclimatic area, perhaps impossible to
accumulate empirically. Furthermore, the mechanisms
modulating the area model might obscure its effects in many
circumstances. The influence of productivity on taxon rich-
ness is especially significant in this regard and the subtleties
of this relationship are increasingly being explored9,45. 

A second modulating mechanism that might signifi-
cantly affect the interaction between range size and speci-
ation probability at geographic scales is the major differ-
ence in the mechanisms promoting large range sizes in the
tropics (geographic area) and in more polar (climate)
regions48. Finally, the existence of equilibrial diversities or,
more importantly, latitudinal variation in such equilibrium
conditions, is an assumption frequently made with regard
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to the area model. Despite some evidence in favour of equi-
librium conditions2,7,39, their existence has often been ques-
tioned3,6. Thus, like so many of the other processes under-
lying the area model, both the existence of equilibrial
conditions and its implications, with regard to the way in
which the latitudinal diversity gradient in species richness
has arisen39, merit further explicit investigation.

Despite these caveats, the area model is an important,
although in many instances perhaps not sufficient, expla-
nation for latitudinal patterns in taxon richness. Therefore,
analyses examining geographic variation in taxon richness
cannot afford to ignore the model and its nuances. More
importantly, Rosenzweig’s2 championing of the area model
has served to highlight several basic issues concerning
range size, speciation and extinction that remain poorly
understood despite their considerable significance.
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