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Abstract

Although many taxa show a latitudinal gradient in richness, the relationship between

latitude and species richness is often asymmetrical between the northern and southern

hemispheres. Here we examine the latitudinal pattern of species richness across 1003

local ant assemblages. We find latitudinal asymmetry, with southern hemisphere sites

being more diverse than northern hemisphere sites. Most of this asymmetry could be

explained statistically by differences in contemporary climate. Local ant species richness

was positively associated with temperature, but negatively (although weakly) associated

with temperature range and precipitation. After contemporary climate was accounted

for, a modest difference in diversity between hemispheres persisted, suggesting that

factors other than contemporary climate contributed to the hemispherical asymmetry.

The most parsimonious explanation for this remaining asymmetry is that greater climate

change since the Eocene in the northern than in the southern hemisphere has led to

more extinctions in the northern hemisphere with consequent effects on local ant

species richness.
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I N TRODUCT ION

It is well documented that species richness varies with

latitude (Willig



MATER IA L S AND METHODS

Compiling the global database

As part of a larger project (Dunn et al. 2007), we compiled

species richness data from local ant communities from as

many sites as possible. Most of our samples consist of

primary data collected in the authors� own field work.

In addition, we exhaustively searched Web of Science,

Formis (http://www.ars.usda.gov/saa/cmave/ifahi/formis)

and GoogleScholar for published data sets (web search on

31 January 2006). All studies included in this analysis met

the following criteria: (1) the ground-foraging ant commu-

nity was sampled using standardized (though not identical)

field methods; (2) the area sampled was £ 1 ha; (3) the

sampling was not trophically or taxonomically limited (e.g.

the study was not focused only on seed-harvesting ants); (4)

sampling occurred on mainland habitats, not islands; and (5)

study sites were minimally disturbed natural habitat. To

minimize bias due to differences in sampling protocols

among studies, we included only studies that employed

more than 15 samples within a site and used either pitfall

and ⁄ or litter sampling. If the same site was sampled multiple

times, we averaged the data across sample dates to obtain a

single species richness value for that site. We repeated the

analyses using the maximum estimate of species richness for

sites with multiple samples, and the results were not

qualitatively different. Therefore, we report results using



glaciated or non-glaciated (data from Ehlers & Gibbard 2004).

Globally averaged mean annual temperatures in the Eocene

were, on average, as much as 10 �C warmer than contempo-

rary temperatures (Zachos et al. 2001). We used data from

Greenwood & Wing (1995) on differences between contem-

porary and Eocene temperatures.

Analyses

We used general linear models (GLMs) with three

continuous variables (temperature and precipitation and

temperature range) and one categorical variable, hemi-

sphere (northern or southern) to compare two initial

regression models. Those two models were: (1) climate

variables only; and (2) climate variables and hemisphere.

Because the northern and southern hemisphere differed

even once climate was accounted for statistically, we then

explored three aspects of history that might explain such

differences. First, we repeated our analyses, but with

Australia considered separately (model 3) to understand

whether the southern hemisphere was more diverse

simply because Australia is more diverse, in essence

testing for a specific effect of regional history. Second, we

considered a disturbance history model (model 4) in

which whether or not a site was glaciated during the

glacial maximum was included as a categorical variable.

GLMs were fit with JMP software (SAS, 2008). Model fit

was evaluated with Akaike�s Information Criterion (AIC)



The models

Model 1: Climatic correlates

Ant species richness was positively correlated with temper-

ature, and negatively correlated with precipitation and

temperature range (Table 1). In all models, ant species

richness increased with sample number and was higher for

samples from leaf-litter than from pitfall traps, as has also

been found in local comparisons of the two methods (Fisher

1996). Together, climate and sampling differences among

sites accounted for 49% of variation in ant species richness.

Model 2: Climatic correlates + hemisphere

Hemisphere accounted for an additional 3% variation left

unexplained by mean annual temperature, precipitation and

temperature range, with the southern hemisphere being

more diverse than the northern hemisphere overall (Table 1;

Fig. 3a). AIC values were lower for the model that included

both climatic correlates and hemisphere than for the model

that did not include hemisphere as a factor.

Model 3: Climatic correlates + hemisphere + Australia

When the southern hemisphere was divided into two

regions, Australia and elsewhere (Africa + South America),

results were similar to those when southern hemisphere

regions were pooled. Both southern hemisphere regions

(Australia and non-Australia) were more diverse than the

northern hemisphere. AIC values for the model that divided

the southern hemisphere into Australian and non-Australian

sites were slightly lower than for the model in which the
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species richness in many studies (Kaspari et al. 2000, 2003;

Sanders et al. 2007).

Perhaps the most interesting possibility is that differences

between the southern and northern hemispheres are due to

differences between recent climate histories (e.g. glaciations,

differences between climates at the time of ant diversifica-

tion and contemporary climates, or regional idiosyncrasies).

Glacial cycles have had a much stronger influence in the

northern hemisphere than in the southern hemisphere. For

northern hemisphere trees (Montoya et al. 2007) and

amphibians and reptiles (Araujo et al. 2008), recent studies

have linked contemporary patterns of species richness to the

time since sites were glaciated. In contrast, contemporary

climate accounts for most of the variation in species

richness of more vagile taxa such as birds and mammals

(Hawkins & Porter 2003), as might be expected if these

more vagile taxa are in better equilibrium with the current

environment. Given that many ant lineages are likely to have

poor dispersal abilities (Peeters & Ito 2001), it seems

conceivable that glacial history or more generally, the

severity of climatic cycles could account for some of the

hemispheric asymmetry in ant species richness. However,

whether or not a site was glaciated did not help explain its

contemporary local ant diversity. Similarly, including

another regional effect, whether or not a site was in

Australia, as a variable did not explain additional variation in

species richness, despite the unique geological history of

Australia. Although other regions in the southern hemi-

sphere might have histories as unique as Australia�s, the

extremely high local ant diversity (Morton & Davidson

1988; Andersen 2007) has long been highlighted and

represented a useful a priori hypothesis to test.

Alternatively, species richness might be influenced by the

stability of climates in different regions, particularly between

the Eocene, when ant diversification was apparently most

rapid (Brady et al. 2006; Moreau et al. 2006), and the present

day. In comparing Eocene climate data (Greenwood &

Wing 1995) to the temperature data from the sites in our

database, we found that temperatures have declined in the

northern hemisphere much more than in the southern

hemisphere since the Eocene. These results are reconcilable

with the idea that the stability of the southern hemisphere

sites has contributed to their greater diversity.
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