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Articles about varia-
tion in species rich-
ness over the planet
often open with a
statement that the
pattern is not under-
stood. They are
right, in the sense
that not everyone
agrees on how the
major driving forces
interact, but not in
the sense that we
have no idea what is
going on; biogeog-
raphers and ecolo-

gists have had some very good ideas, and some of
them are undoubtedly right. The problem is not com-
ing up with plausible explanations, it is winnowing
down the long list of potential explanations to the crit-
ical subset that indeed explains most of the geographi-
cal variation in diversity. I think we are in fact getting
close to a sensible explanation, which even if it does
not account for every taxonomic group, or 100% of
the variance, goes a long way to answering this ques-
tion. In this essay I follow several earlier authors (e.g.,
Hutchinson 1959, Huston 1979, Rohde 1992, Rosen-
zweig 1995) by presenting the backbone of an expla-
nation for the global-scale gradient. I must declare up-
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front that little I will say is original. All of the links in
the chain I will present have been argued by others, al-
though different workers emphasize different process-
es. Because I have no experience with freshwater or
marine organisms, I have a strong bias toward terres-
trial gradients.

As reasoned by both John Forster (1778) and
Alexander von Humboldt (1808), the foundation of
an explanation for the global diversity gradient must
rest on climate (Fig. 1). Indeed, the association be-
tween diversity and a combination of both energy in-
puts and precipitation is now so well established em-
pirically that it is difficult to deny their importance
(Hawkins et al. in press). Of course, other aspects of
climate may matter sometimes, but water-energy bal-
ance appears key to understanding why some places
have more species than others. This much is clear, in
my opinion, but less obvious is the set of intervening
links that explain why there are more species where it
is warm and wet. Another issue is that we need to dis-
tinguish climatic effects operating in ecological time
from those operating over evolutionary time. I will
first present the links leading from climate to diversity
that might operate over short time periods, and then
argue that climate generates diversity over evolution-
ary time in addition to maintaining it in ecological
time.

A major reason for the relationship between diversi-
ty and climate must be related to plant biomass.
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Again, many studies have shown that “productivity”
and diversity are positively associated, although we
are sometimes distracted by humped patterns often
found at less than global scales (Mittelbach et al.
2001) and by confounding productivity (biomass pro-
duction per unit time) and standing crop or total
aboveground biomass. At the global scale, linear rela-
tionships between plant biomass and plant/animal di-
versity are most common (few workers include pro-
ductivity sensu strictu in their analyses), and when
they are not it is likely because the proxies used for
biomass are not linearly associated with plant biomass
across their full range (Scurlock and Olson 2002). De-
spite these complications, it is likely that the first step
toward linking climate with diversity is via plant
biomass (which will often also be associated with pro-
ductivity, although more attention to teasing apart ef-
fects of biomass and productivity is needed).

How does plant biomass lead to higher diversity?
At least at the extremes it is obvious that increasing
plant biomass generates more individual organisms
(e.g., the Sahara Desert has very low plant biomass
and low population densities of just about everything).
Basically, more plant biomass usually means more in-
dividual plants and simultaneously more food for her-
bivores, the latter allowing more herbivores, allowing
for more carnivores, and so on up the food chain. This
reasoning is not controversial, and all proponents of
the productivity hypothesis have argued this. But plant
biomass is not the only factor that affects the number
of organisms inhabiting an area. It is a truism that
larger areas support more organisms than smaller
areas, all else being equal. However, at the global scale
all else is not equal, because the influence of climate
can swamp the effects of area (Antarctica is much larg-
er but much more depauperate than Madagascar, for

example). Despite this, it remains that for regions with
similar climates, area may have an important sec-
ondary influence on population sizes, and it is prema-
ture to exclude it from our model. More studies that
include both climate and area simultaneously are
needed to quantify the latter’s contribution. Finally,
climate may have direct physiological influences on or-
ganisms as well as indirect ones operating via food
availability, and this is most obvious for plants (plants
cannot survive long without sunlight and water). But
even for animals it is easy to imagine how water and
heat/cold stress could both increase mortality levels
and decrease the amount of biochemical energy avail-
able for reproduction, leading to lower population lev-
els, at least in the short term (Turner and Hawkins in
press). Even if true, the well known problem with this
is that over evolutionary time organisms can adapt to
all but the most extreme conditions. I will return to the
issue of time in a moment.

Now we must make the most controversial link in
the model; how does an increase in the number of in-
dividuals (whether determined entirely by food avail-
ability or by multiple factors) lead to an increase in
the number of species? There are several possibilities
based on the turnover of species or of individuals.
First, most stochastic models of population dynamics
would predict that low energy (food) levels (among
other things) lead to low population sizes, and conse-
quently, higher extinction rates. Clearly, this should
result in lower species numbers in low-energy areas.
Alternatively, Hubbell’s ‘neutral theory of biodiversi-
ty’ predicts that species richness (via the fundamental
biodiversity number) will be directly related to the
total number of individuals, regulated by the produc-
tivity and area of the metacommunity. Thus, any fac-
tor that influences population sizes, or the total num-
ber of individuals over all species, will influence the
equilibrium number of species. Climate and food are
obvious candidates. But are the predictions of these
models supported by evidence? It is hard to say, par-
ticularly for Hubbell’s model. This contentious theo-
ry is being heavily scrutinized, and it is beginning to
look like some serious adjustments will be needed,
but it would be a mistake to discount it entirely. Per-
haps it is too neutral to generate accurate quantita-
tive predictions, but the concept of linking the num-
ber of individuals with the number of species via
birth and death rates coupled with dispersal within
metacommunities represents a powerful heuristic tool
for studying diversity gradients. Irrespective of the
fate of any particular theory, broadly based empirical
data on geographic abundance patterns for numerous
plant and animal groups would let us test the link be-
tween the numbers of individuals and the numbers of
species.
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Fig. 1. An explanation for the global diversity gradient based on the current bio-
diversity literature.  Note that the association between the extreme ends of this
logical chain, a correlation between diversity and the aspects of climate control-
ling water and energy inputs, is very well established empirically, whereas the in-
termediate links have varying levels of support, some reasonably strong (e.g., area
and the number of individuals) and some very weak (e.g. physiological stress re-
duces total population sizes).  Others, such as the feedback between diversity and
the strength of biotic interactions, might be difficult to measure and incorporate
into the model quantitatively.



So, are we making progress in understanding the
global diversity gradient? I believe we are, and that we
have made more progress in the past 15 years than in
the preceding 200. This primarily reflects that less em-
phasis is now being placed on vague, untestable hy-
potheses, and workers are increasingly focusing on
empirically demonstrated relationships between diver-
sity and environmental and biological variables. Obvi-
ously, neither I nor anyone else can provide a complete
answer with the currently available data, and we may
never have one given the difficulty in measuring events
extending back millions of years. But personally I am
optimistic, and I look forward to the day when papers
on global diversity no longer begin with the blanket
claim that we do not know why most species live in
the tropics.
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Now we need to consider what happens over longer
time periods, during which new species are added to
the global pool. Such processes are often termed “his-
torical”, but I interpret them as simply a question of
how far back we need to measure climate. If we want
to understand how currently existing species distribute
themselves over the planet, measures of how warm and
wet it is now work quite well, but if we also want to
understand how species are generated, we must know
how long a place has been warm and wet. That is,
areas that have been continuously warm and wet for
long periods will have more species than areas that also
become cold and/or dry from time to time. This is re-
ferred to as the evolutionary time hypothesis in the lit-
erature. How might this work mechanistically? Space
constraints, coupled with very limited empirical data,
preclude a detailed discussion, but a range of possibili-
ties can be found in the primary literature (e.g. Mc-
Glone 1996, Cardillo 1999). For now, I argue that we
can test this if we can obtain two sorts of data; phylo-
genetic trees that allow us to estimate the evolutionary
ages of clades inhabiting different parts of the world,
and reasonable models of global paleoclimates extend-
ing back millions of years that allow us to determine
how long organisms have had continuous access to
high levels of plant biomass (presumably plants have
always grown best when provided lots of heat and
water). The former data are rapidly becoming avail-
able, whereas the latter may take longer. Irrespective, I
suspect that before long we will have an excellent idea
of how past and present climates each contribute to the
quantitative pattern of global diversity, and whether or
not they operate via effects on population sizes.

The final link in this model, a feedback between the
strength of biotic interactions and diversity, is included
because it seems plausible, although I currently do not
know how to deal with it. The tropics are full of highly
specialized species with complex and sometimes
bizarre interactions among them. Many workers have
argued that geographic variation in the strength of bi-
otic interactions in fact explains the gradient, and per-
haps it does represent an important part of the story.
However, whereas all of the other variables in the
model can be measured in a fairly straight-forward
way, I do not know how to measure this(these) vari-
able(s). And without empirical data, this hypothesis
represents a just-so story, neither supportable nor fal-
sifiable. I also do not see how to sort out cause and ef-
fect; do stronger biotic feedbacks in the tropics gener-
ate more species, or are biotic interactions stronger in
the tropics because there more species? But my inabili-
ty to evaluate this hypothesis does not mean that oth-
ers cannot, so with time it may become clearer to what
extent community ecology needs to included in a
model of global diversity.
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