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Chapter 8

Broad-Scale Patterns of Diversity
in Leaf Litter Ant Communities

Ants are an important biological component of
the leaf litter stratum in temperate and especial-
ly tropical forests. A number of regional studies
have documented the predominance and diver-
sity of soil and leaf litter ants (Kempf 1961a;
Levings 1983; Andersen and Majer 1991; Olson
1991, 1994; Agosti et al. 1994; Belshaw and Bol-
ton 1994a; Longino 1994; Delabie and Fowler
1995; Fisher 1996a, 1997, 1998; Kaspari 1996a;
Majer et al. 1997; see also Chapter 15), but
there have been few attempts at interregional
comparisons. Emery (1920), Brown (1973),
Holldobler and Wilson (1990), Bolton (1995a),
and Fisher (1997) provide valuable summaries
of the global distributions of ant genera, but
without focusing on particular habitats. Wilson
(1976) presented data on the most prevalent
arboreal and ground-dwelling ant genera at a

Philip S. Ward

series of tropical sites, but he did not specifically
analyze the leaf litter fauna.

This chapter characterizes, in rather general
terms, diversity patterns among assemblages of
leaf litter ant species inhabiting forest and wood-
land habitats in different biogeographic regions.
It is based primarily on a set of leaf litter ant col-
lections made by the author over a 12-year per-
iod. The survey is somewhat uneven in its
geographic coverage, but it does reveal some
robust patterns: the number of ant species at a
given site (alpha diversity) is strongly negatively
correlated with latitude and altitude; there is a
slight secondary decline in species richness at the
lowest elevations in tropical (but not temperate)
forests; and, at higher taxonomic levels (genus,
subfamily), there is substantial faunal turnover
(beta diversity) among biogeographic regions.

99



100 p.s. wARD

The study also highlights certain glaring
knowledge gaps: without much greater effort
devoted to alpha taxonomy (i.e., the description
and discrimination of ant species), we will be
unable to obtain complete measures of beta
diversity at the species level. We are also igno-
rant of the ecological habits of most leaf litter
ants and their effects on other cohabiting organ-
isms. Thus, although we can point to biogeo-
graphic patterns-—such as the predominance of
Stenamma in Nearctic and montane Central
American forests or the profusion of Tetra-
morium species in the Old World tropics—we
have little idea about the ecological significance
of these observations.

Data Sources and Methods

The primary database for this analysis is a set of
110 Winkler litter samples collected by the
author from various tropical and temperate
localities (Table 8.1; Fig. 8.1). The sites ranged
in latitude from 47°43’N to 35°34’S and in ele-
vation from 10 to 2700 m. Defining biogeo-
graphic realms broadly, the provenance of these
samples is as follows: Nearctic (23 samples),
Neotropical (49), Malagasy (19), and Indo-
Australian (19). The last includes a collection
each from Singapore and peninsular Malaysia
that have been grouped with the Australian and
New Guinea samples for the purposes of com-
paring taxonomic diversity across broadly
defined regions. When analyzing the distribu-
tion of leaf litter ant genera I have included data
from additional sources and used a finer divi-
sion of biogeographic regions, as discussed
later in the chapter.

Most of the Winkler samples were taken from
closed canopy forest (see under “Habitat” in
Table 8.1), and all were taken under conditions
in which the leaf litter was moist from precipi-
tation. None of the collections was made during
or immediately after heavy rain, however,
because experience suggests that Winkler ex-

tractions from water-saturated litter under-
estimate the diversity of the ant fauna. At each
site handfuls of moist leaf litter and rotten wood
were gathered haphazardly over an area of
about | ha or less and sifted through a sieve
(8 cm diameter) until a total of 6 liters of sifted
litter had been acquired. An attempt was made
to sample each area broadly, avoiding undue
concentration on a few localized accumulations
of litter. The 6 liters of litter were placed in
three mesh bags, which were hung in a cloth
Winkler sack (“Gesiebeautomat™) for passive
arthropod extraction (for further description of
this method, see Besuchet et al. 1987; Ward
1987; Fisher 1998; Chapter 9). Extraction was
usually carried out near the field site, under
ambient temperatures, typically in a sheltered
field camp or in a local hotel. The total extrac-
tion time varied depending upon the circum-
stances (10-72 hours; mean 32.3 hours).
Extraction time was treated as an independent
variable in multiple regression analyses of sev-
eral measures of taxonomic diversity (species
richness, genus richness, number of subfamilies
represented), but it was found not to have a sig-
nificant effect on these measurements. This is
probably because representatives of most of the
ant species in a sample fali out of the mesh bags
within a few hours.

The ants from each sample were sorted to
subfamily, genus, and morphospecies, with
higher classification following Bolton (1995b).
The approach taken toward species identifica-
tion was as follows. All specimens in a sample
were first rough-sorted in alcohol. Several
workers of each putative morphospecies were
then point-mounted for examination (as were all
uniques in a sample). For difficult genera, such
as Pheidole and Solenopsis, this approach often
revealed additional species masquerading as a
single form when first examined in alcohol.

The alcohol residue was then reexamined
more carefully and additional specimens
point-mounted and checked. This process was
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Figure 8.1. Locations of the 110 leaf litter collection sites. Grid lines are shown for every 20° of latitude
(between 60°N and 60°S) and for every 20° of longitude.

continued until no further distinctions could be
made. All point-mounted specimens were re-
tained as vouchers. I drew upon my experience
as an ant taxonomist to make judgments about
the kinds of morphological discontinuities that
would indicate the presence of two biological
species. The morphospecies so designated can
be thought of as working hypotheses about
species identities, which can be independently
assessed in the future by examination of the
voucher specimens. Specific names were as-
signed where feasible (i.e., for taxonomically
well-understood genera), but in many instances
it was necessary to develop a system of code
names for the species in a given geographical
area (e.g., Pheidole BOL-32 for one of about 40
Pheidole species from eastern Bolivia). Such
code numbers have local applicability only, and
the task of reconciling the specific identities of
code-named taxa from different geographic
regions has not yet been completed.

Indeed, although sorting species from sam-
ples taken within the same geographical area is
challenging and time consuming, such difficul-

ties pale in comparison to those that attend any
attempt to resolve species identities over large
geographical scales. As a result, this study is
primarily about patterns of alpha diversity
(i.e., geographical variation in within-site spe-
cies richness) and about regional variation in
faunal composition at higher taxonomic levels
(genera, subfamilies). Large-scale measure-
ments of species beta diversity (species turn-
over) remain constrained by insufficient
taxonomic knowledge.

All the results reported here are based on
workers only, although the presence of other
castes was noted. For each sample the number
of individual workers of each morphospecies
was recorded. Variables of interest for each
sample include the total number of workers and
the numbers of species, genera, and subfamilies
represented. Among the independent variables
recorded for each sample were biogeographic
region, habitat, latitude, longitude, and altitude
(see Table 8.1). Latitude was converted to
absolute decimal latitude for all statistical
analyses.



Voucher specimens were deposited in the
Museum of Comparative Zoology, Harvard
University (MCZC) and in the P. S. Ward col-
lection at the University of California at Davis
(PSWC). In addition, duplicate specimens from
Australia, Papua New Guinea, Madagascar,
Mauritius, Argentina, Bolivia, Brazil, Colom-
bia, Ecuador, and Venezuela were returned to
the following host institutions, respectively:
Australian National Insect Collection, Canberra
(ANIC); Entomology Collection, University of
Papua New Guinea (UPNG); Parc Botanique
et Zoologique de Tsimbazaza, Antananarivo
(PBZT); Mauritius Sugar Industry Research
Institute (MSIRY); Instituto Miguel Lillo, Tucu-
man (IMLA); Museo de Historia Natural “Noel
Kempff Mercado,” Santa Cruz (UASC); Insti-
tuto Nacional de Pesquisas da Amazdnia,
Manaus (INPA); Museo de Historia Natural,
Universidad Nacional de Colombia, Bogoti
(UNCB); Museo Ecuatoriano de Ciencias
Naturales, Quito (MECN); and Instituto de
Zoologia Agricola, Universidad Central de Ven-
ezuela, Maracay (IZAV).

The primary database was supplemented by
information on Winkler leaf litter collections
from Malaysia (data kindly provided by Annette
Malsch) and West Africa (Belshaw and Bolton
1994a). The 11 Malaysian samples are all from
Pasoh Forest Reserve, and each consists of 9 m?
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of rainforest leaf litter sifted to yield about 6
liters of concentrated litter. The West African
samples are from 34 sites (20 localities) in
Ghana; at each site ten 1-m? quadrats were ran-
domly placed in an area of approximately 1000
m?2, and all the leaf litter in these quadrats was
collected, sifted, and extracted. Because the
sampling methods used in the Malaysian and
Ghanaian studies differ from those described
here, I have not used these data for the analysis
of diversity patterns. They have been employed
mainly to broaden the geographic base for a
genus-level comparison of faunal composition
(Tables 8.11 and 8.12).

Content of the Winkler Leaf
Litter Samples

The 110 Winkler samples yielded a total of
29,942 worker ants from 6 subfamilies, 103 gen-
era, and approximately 911 species (Table 8.2).
Because of taxonomic uncertainties the cumula-
tive tally of the number of species should be
considered provisional. I estimate that it could
be higher or lower by as much as 10%. Site
richness (alpha diversity) per sample ranged
from O to 75 species (mean 20.3 £ 15.9 s.d.),
from O to 27 genera (mean 10.6 + 6.4 s.d.),
and from 0 to 5 subfamilies (mean 2.8 £ 1.0
s.d.). The number of worker ants per Winkler

Table 8.2 Summary of Winkler Leaf Litter Samples: Taxonomic Content

Number of Number of
Number of Species Workers
Subfamily Genera (% of Total) (% of Total)
Cerapachyinae 2(1.9) 4(0.4) 45 (0.2)
Dolichoderinae 6(5.8) 10 (1.1) 137 (0.5)
Ecitoninae 2(1.9) 3(0.3) 107 (0.4)
Formicinae 14 (13.6) ca. 97 (10.6) 3,873 (12.9)
Myrmicinae 57 (55.3) ca. 594 (65.2) 22,067 (73.7)
Ponerinae 22 (21.4) ca. 203 (22.2) 3,713 (12.4)
Total 103 ca. 911 29,942




Table 8.3 Forty Ant Genera Most Frequently Encountered in the Survey

Number (%) of Mean Number of Mean Proportion of

Winkler Samples  Species per Sample Species per Sample

Genus Occupied Belonging to Genus  Belonging to Genus
Hypoponera 83 (75.5) 2.27 0.099
Pheidole 83 (75.5) 3.82 0.148
Strumigenys 75 (68.2) 1.55 0.061
Solenopsis 64 (58.2) 1.63 0.069
Paratrechina 59 (53.6) 0.84 0.034
Pachycondyla 48 (43.6) 0.70 0.028
Oligomyrmex 42 (38.2) 0.57 0.020
Cyphomyrmex 33 (30.0) 0.46 0.018
Rogeria 30 (27.3) 0.45 0.019
Anochetus 28 (25.5) 0.31 0.012
Brachymyrmex 28 (25.5) 0.40 0.017
Monomorium 28 (25.5) 0.54 0.025
Tetramorium 28 (25.5) 0.71 0.034
Stenamma 27 (24.5) 0.46 0.086
Wasmannia 27 (24.5) 0.25 0.009
Gnamptogenys 25 (22.7) 0.35 0.012
Crematogaster 23 (20.9) 0.31 0.011
Prionopelta 23 (20.9) 0.28 0.008
Octostruma 22 (20.0) 0.27 0.010
Smithistruma 20 (18.2) 0.21 0.009
Acropyga 17 (15.5) 0.21 0.007
Neostruma 17 (15.5) 0.16 0.006
Odontomachus 17 (15.5) 0.16 0.005
Discothyrea 15 (13.7) 0.15 0.008
Adelomyrmex 14 (12.7) 0.22 0.009
Leptothorax 14 (12.7) 0.14 0.036
Ponera 13 (11.8) 0.16 0.009
Aphaenogaster 12 (10.9) 0.11 0.018
Cryptopone 12 (10.9) 0.15 0.007
Apterostigma 11 (10.0) 0.12 0.003
Myrmecina 11(10.0) 0.11 0.007
Lasius 10 (9.1) 0.10 0.042
Myrmicocrypta 109.1) 0.10 0.002
Hylomyrma 9 (8.2) 0.09 0.002
Rhytidoponera 9(8.2) 0.11 0.005
Eurhopalothrix 8(7.3) 0.08 0.002
Heteroponera 7 (6.4) 0.06 0.005
Proceratium 7(6.4) 0.06 0.004
Camponotus 6 (5.5) 0.05 0.002

Leptogenys 6(5.5) 0.05 0.002




sample varied from O to 1632 (mean 272.2 +
301.4 s.d.).

Over the entire collection of Winkler sam-
ples, the predominant subfamily is the Myrmi-
cinae (57 genera, about 594 species), followed
by the Ponerinae (22 genera, about 203 spe-
cies), Formicinae (14 genera, about 97 species),
Dolichoderinae (6 genera, 10 species), Cera-
pachyinae (2 genera, 4 species), and Ecitoninae
(2 genera, 3 species). The predominance of the
Myrmicinae is greater, and that of the Ponerinae
is less, when numbers of individual workers
rather than numbers of species are considered
(Table 8.2). The most frequent and species-rich
genera are listed in Table 8.3. The six most fre-
quent genera are Pheidole (represented in 83
out of 110 samples), Hypoponera (83/110),
Strumigenys (75/110), Solenopsis (64/110),
Paratrechina (59/110), and Pachycondyla
(48/110). The six most species-rich genera are
an overlapping but not identical set: Pheidole
(mean number of species per sample: 3.82),
Hypoponera (2.27), Solenopsis (1.63), Strumi-
genys (1.55), Paratrechina (0.84), and Tetra-
morium (0.71). Based on the proportion of spe-
cies in any sample that belong to a particular
genus, the most species-predominant genera are
Pheidole (mean proportion: 0.15), Hypoponera
(0.10), Stenamma (0.09), Solenopsis (0.07), and
Strumigenys (0.06). The mean proportion for
Stenamma is accompanied by a high variance
and does not indicate large numbers of species
because this genus is largely confined to species-
poor samples taken from temperate Nearctic
localities.

Latitudinal and Altitudinal
Patterns of Leaf Litter

Ant Diversity

Results of a multiple regression analysis of

species richness (number of species in a sam-
ple) on latitude, altitude, and extraction time are
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Table 8.4 Multiple Regression Analysis of
Sample Species Richness®

Standard
Variable Coefficient Error P
Constant 40.412 2.642 0.000
Latitude -0.803 0.103 0.000
Altitude -0.008 0.002 0.000
Extraction time 0.033 0.061 0.593

“Independent variables are latitude (absolute), altitude (m), and
extraction time (hours). Multiple R? = 0.471, n = 110,

shown in Table 8.4. Latitude and altitude alone
account for about 47% of the variance in
species richness, and extraction time has no sig-
nificant effect (P = 0.593). Plots of species rich-
ness as a function of latitude and altitude are
shown in Figs. 8.2 and 8.3. The latitudinal spe-
cies gradient is steeper for low-altitude than for
high-altitude sites, and the decline in ant species
richness with altitude is less pronounced at high
latitudes. There is also an indication that species
richness shows a slight decline below 500 m in
tropical regions (Figure 8.3a). In fact, for tropi-
cal and subtropical sites (latitude < 30°) at
elevations below 500 m there is a significant
positive correlation between species richness
and altitude (r = 0.453, n = 42, P = 0.003),
whereas for sites at or above 500 m the rela-
tionship is negative (r = -0.561, n = 42, P =
0.000). No such midelevation peak in species
richness was detected among the high-latitude
(>30°) sites, although the sample size is admit-
tedly small (n = 26).

A latitudinal gradient in the species richness
of leaf litter ants is hardly surprising and
accords with the pattern seen generally in ants
(Kusnezov 1957; Jeanne 1979) and in numerous
other taxa (Stevens 1989). A sharp attenuation
of the ant fauna at higher elevations in tropical
forests has also been well documented (e.g.,
Weber 1943a; Brown 1973; Janzen et al. 1976;
Olson 1994; Fisher 1996a, 1998). Darlington
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Figure 8.2. Species richness of ant leaf litter
samples as a function of latitude. Values are plotted
separately for low-elevation and high-elevation
sites. Total number of sites: 110.

(1971) and Olson (1994) have discussed the
possible consequences of this decline in ant
diversity for other ground-dwelling arthropods.
In Olson's (1994) study of leaf litter inverte-
brates in Panama, carabid beetles and weevils
showed peaks of abundance and diversity at
the highest elevations, where ants were rela-
tively scarce, suggesting ecological release or
replacement.

A midelevation peak in species richness of
leaf litter ants was documented by Olson (1994)
for Panama and by Fisher (1998) for Mada-
gascar. Sampson et al. (1997) described a simi-
lar pattern for ground-dwelling and arboreal
ants in the Philippines. The present results
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80
[
® [ ]
.gGO "
oLt
S 40 .I-II
o n
ot
3 20 l. ‘—..ll
z r- -I. f..-
. g =
= - -
0 . ) L r —
0 1 2

Altitude (kilometers)

Ant species richness versus altitude
Temperate sites (>30° latitude)

80
[
@ 60
[3]
[
[~}
]
S 40}
®
o
= | ]
| |
gl
0" "= LI L nm . m
0 1 2

Altitude (kilometers)

Figure 8.3. Species richness of ant leaf litter
samples as a function of altitude. Values are plotted
separately for tropical (<30° latitude) and temperate
sites.

extend the generality of these findings. Mid-
elevation diversity peaks have also been report-
ed for other taxa and on larger spatial scales
(e.g., McCoy 1990; Colwell and Hurtt 1994;
Rahbek 1995, 1997; cf. Stevens 1992). Various
nonexclusive hypotheses have been put forward
to explain this phenomenon, including the coin-
cidence of midelevation sites with regions of
either intermediate (Rosenzweig 1995) or max-
imum (Janzen et al. 1976) productivity, coupled
with the respective assumptions that species
richness bears a unimodal or monotonic rela-
tionship to productivity. It has also been argued
that topographical constraints such as bounded
ranges (Colwell and Hurtt 1994) and narrower



midelevation zone widths (Rahbek 1997) pro-
duce greater overlap of faunas at midelevation
(see also Fisher 1998). The apparent absence of
a midelevation ant diversity peak in temperate
regions (Fig. 8.3b; see also Cole 1940:11; Gregg
1963:201) argues against a unifying explanation
for elevational gradients in ant diversity or sug-
gests that patterns of covariation between eleva-
tion and other environmental variables differ
between temperate and tropical areas.

Regional Differences in
Taxonomic Diversity of
Leaf Litter Ants

The mean numbers of ant species, genera, sub-
families, and individual workers, per Winkler
sample, are given in Table 8.5 for the different
biogeographic regions. All of these variables
show significant regional heterogeneity
(ANOVA, P = 0.000, for all four comparisons).
This is due largely to the relatively low ant
diversity and abundance in the Nearctic region,
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however, and an analysis of covariance of sam-
ple species richness, with region as the group-
ing variable and latitude and altitude as covari-
ates, reveals no significant effect of biogeo-
graphic region (P = 0.448; Table 8.6). Thus in
this study no intrinsic differences between
regions in species-level alpha diversity were
detected, other than those that could be attrib-
uted to differences in latitude and altitude. By
contrast, a comparable analysis of covariance of
genus richness shows significant regional varia-
tion (P = 0.007; Table 8.7), independent of lati-
tude and altitude. Relatively low genus-level
alpha diversity occurs not only in the Nearctic
region, where it is expected on the basis of high
latitudes, but also in samples from the Malagasy
region.

The finding that sites in the Malagasy region
are depauperate in ant genera but have levels of
species richness comparable to other regions
of the same latitude and altitude suggests the
existence of a climatically influenced asymp-
tote to local species richness, which can be
achieved even in an island fauna with a limited

Table 8.5 Data on Winkler Samples from Different Biogeographic Regions?

Region Species Genera Subfamilies Workers
Nearctic 41%£33 35+24 1.87+1.01 36.5£53.5
(n=23) (0-14) -9 0-4) (0-245)
Neotropical 2681173 13.5%6.1 2.90 £ 0.85 385.6 £ 360.8
(n=49) (0-75) (0-27) 0-4) (0-1632)
Malagasy 19.8+£9.0 8824 3.05+£0.52 305.7 £263.1
(n=19) (6-40) (4-13) 24) (30-1162)
Indo-Australian 234+135 13.8%5.5 332+0.75 231.7+£ 1455
(n=19) (5-56) (4-25) (2-5) (65-588)
ANOVA F=15.062 F=25.050 F=13.032 F=8721
(n=110) P =0.000 P =0.000 P =0.000 P =0.000
ANOVA, excluding F=1538 F=5720 F=2.044 F=1.836
Nearctic
(n=287) P=0221 P =0.005 P=0.136 P=0.166

“Means, standard deviations, and ranges of the numbers of species, genera, subfamilies, and individual workers are given.
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Table 8.6 Analysis of Covariance of Sample Species Richness?

Sum of Degrees of Mean
Source Squares Freedom Square F-ratio P
Region 368.169 3 122.723 0.892 0.448
Latitude 1,910.767 1 1,910.767 13.890 0.000
Altitude 2,676.789 1 2,676.789 19.458 0.000
Error 14,306.663 104 137.564

“Grouping variable is biogeographic region; covariates are latitude and altitude. Multiple R? = 0.48,

n=110.

source pool, given sufficient time for autoch-
thonous speciation.

Subfamilies

There are significant differences among biogeo-
graphic realms in the prevalence of different ant
subfamilies (Tables 8.8-8.10). The relative scarci-
ty of the Cerapachyinae in the New World is
reflected in their absence from the Nearctic and
Neotropical litter samples. They are present in
10% and 16% of Malagasy and Indo-Australian
litter collections, respectively. Conversely, army
ants of the subfamily Ecitoninae, absent from the
Old World, are found in 4% of Nearctic samples
and 10% of Neotropical samples. Old World
army ants (Aenictinae and Dorylinae) were not

recovered from the leaf litter samples that were
taken during this survey, although they were ob-
served at some of the Indo-Australian localities.

Ponerinae are most frequent in the Indo-
Australian region (making up about one-third of
the species in Winkler samples and present in
100% of samples), poorly represented in the
Nearctic samples (3.9% of species, on average,
per sample; present in 22% of samples), and of
intermediate occurrence in the Neotropical and
Malagasy regions (Tables 8.8 and 8.10). The
subfamily Formicinae, although present in a
higher percentage of tropical than temperate
(Nearctic) samples (Table 8.8), shows a greater
proportional representation of species in the
Nearctic sites (Table 8.10).

Table 8.7 Analysis of Covariance of Sample Genus Richness®

Sum of Degrees of Mean
Source Squares Freedom Square F-ratio P
Region 211.199 3 70.40 4236 0.007
Latitude 295.267 1 295.267 17.766 0.000
Altitude 470.126 1 470.126 28.287 0.000
Error 1728.465 104 16.620

“Grouping variable is biogeographic region; covariates are latitude and altitude. Multiple R? = 0.61,

n=110.



Table 8.8 Percentage of Winkler Samples in
Which One or More Species of a Given
Subfamily Were Present

Neo- Mala- Indo-
Subfamily Nearctic  tropical gasy  Australian
Cerapachyinae 0.0 0.0 10.5 15.8
Dolichoderinae 8.7 12.2 53 26.3
Ecitoninae 44 10.2 0.0 0.0
Formicinae 65.2 75.5 89.5 89.5
Myrmicinae 87.0 98.0 100.0 100.0
Ponerinae 21.7 93.9 100.0 100.0

The mean proportions of species, per sample,
belonging to a given subfamily vary significantly
among regions for the Cerapachyinae, Formi-
cinae, Myrmicinae, and Ponerinae (Kruskal-
Wallis tests, P =0.017, 0.011, 0.000, and 0.000,
respectively; Table 8.10). These differences are
sustained even if one excludes the Nearctic
region. Thus even on the coarse scale of ant sub-
families there is significant regional hetero-
geneity in taxonomic composition. This finding
cautions against the use of “indicator taxa” (i.e.,
the use of a small subset of tribes or subfami-
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Table 8.9 Mean Number of Species per
Subfamily per Winkler Sample

Neo- Mala- Indo-
Subfamily Nearctic  tropical gasy  Australian
Cerapachyinae 0.00 0.00 0.11 0.16
Dolichoderinae 0.09 0.12 0.05 0.32
Ecitoninae 0.04 0.12 0.00 0.00
Formicinae 091 2.06 1.84 2.21
Myrmicinae 2.83 18.22 12.63 13.11
Ponerinae 0.26 6.27 5.16 7.63
All sub- 4.13 26.80 19.79 2347
families

lies) when making interregional comparisons of
leaf litter ant communities.

Genera

For the analysis of genus-level differences in
faunal composition among leaf litter ant assem-
blages I have used a finer subdivision of bio-
geographic regions. The 2 “standard” Winkler
samples from Singapore and Malaysia have
been combined with the 11 additional leaf litter
samples from Pasoh Forest, Malaysia (collected
by A. Malsch), to provide an assessment of the

Table 8.10 Mean Proportion of Species per Subfamily per Winkler

Sample?
Indo-

Subfamily Nearctic Neotropical Malagasy  Australian Pt
Cerapachyinae 0.000 0.000 0.003 0.007 0.017
Dolichoderinae 0.012 0.006 0.003 0.018 ns
Ecitoninae 0.003 0.005 0.000 0.000 ns
Formicinae 0.278 0.066 0.102 0.112 0.011
Myrmicinae 0.667 0.695 0.624 0.520 0.000
Ponerinae 0.039 0.228 0.268 0.343 0.000

“Two samples (one Nearctic and one Neotropical) that yielded no ants are excluded.

5K ruskal-Wallis test. ns, Not significant.
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Table 8.11 Most Frequent Genera in Each Biogeographic Region“

Neotropical Nearctic Australian Oriental Malagasy
(n=49) (n=23) (n=17) (n=13) (n=19)
Solenopsis 91.8 Stenamma 69.6 Hypoponera 100.0 Strumigenys  100.0 Hypoponera 100.0
Pheidole 89.8 Leptothorax  56.5 Pheidole 94.1 Tetramorium  100.0 Pheidole 100.0
Hypoponera  83.7 . Lasius 435 Strumigenys  94.1 Monomorium  92.3 Strumigenys  89.5
Strumigenys  79.6 Aphaenogaster 30.4 Solenopsis 76.5 Oligomyrmex 923 Tetramorium  89.5
Cyphomyrmex 67.3 Oligomyrmex 70.6 Odontoponera  84.6 Monomorium 84.2
Paratrechina  61.2 Paratrechina  70.6 Pheidole 84.6 Paratrechina  78.9
Pachycondyla 57.1 Ponera 58.8 Myrmecina 76.9 Oligomyrmex 579
Wasmannia 55.1 Monomorium 529 Odontomachus 69.2 Pachycondyla 579
Rogeria 53.1 Rhytidoponera 52.9 Hypoponera 61.5 Anochetus 36.8
Gnamptogenys 51.0 Tetramorium  47.1 Lophomyrmex  53.8 Prionopelta 31.6
Brachymyrmex 49.0 Heteroponera 41.2 Vollenhovia 46.2
Octostruma 44.9 Pachycondyla 41.2 Cerapachys 385
Anochetus 40.8 Myrmecina 353 Crematogaster 38.5
Oligomyrmex  36.7 Acropyga 29.4 Pachycondyla 38.5
Neostruma 347 Cryptopone  29.4 Pristomyrmex  38.5
Crematogaster 32.7 Lordomyrma  29.4 Pseudolasius ~ 38.5
QOdontomachus 30.6 Prionopelta 294 Anochetus 30.8
Smithistruma  30.6 Pristomyrmex 29.4 Cryptopone 30.8
Adelomyrmex  26.5 Prolasius 29.4 Myrmoteras 30.8

Pheidologeton  30.8

Rostromyrmex  30.8

Smithistruma  30.8

Solenopsis 30.8

“Genera are those present in 25% or more of Winkler samples in each biogeographic region. Figures refer to the percentage of Winkler samples in
which a given genus was represented. n, Number of samples.

Oriental region. The 17 remaining Indo-Austra-
lian samples, from Australia and Papua New
Guinea, can be considered representative of the
Australian biogeographic region.

Table 8.11 summarizes the distribution and
prevalence of the most common leaf litter ant
genera in the five biogeographic regions consid-
ered here; the full data set is given in Table 8.12.
A few genera, including Hypoponera, Pachy-
condyla, Pheidole, and Strumigenys, are pre-
dominant in all four tropical realms. For most
other genera, however, there are striking regional
differences in the frequency of occurrence. Here
I focus on the most frequently encountered ant
genera. Rare ant taxa, including those endemic
to a region or otherwise of biogeographic inter-

est (e.g., Kyidris, Mystrium, Perissomyrmex),
are largely ignored since they appear to con-
tribute in only a minor way to the composition
of the leaf litter community.

The Nearctic region stands out as distinctly
different from the others and low in genus-level
diversity. The most frequent genera in the leaf
litter samples are, in decreasing order of impor-
tance, Stenamma, Leptothorax, Lasius, Aphaen-
ogaster, Hypoponera, Solenopsis, Prenolepis,
Formica, and Myrmecina. Stenamma has a pri-
marily Holarctic distribution, being absent
from the Old World tropics and of sharply
diminished importance at Neotropical sites
with increasing distance from the Nearctic
region. The same is true of most other Nearctic



leaf litter ants; Hypoponera and Solenopsis are
obvious exceptions.

The Neotropical samples reveal a generic
diversity comparable to that of the Oriental and
Australian regions. Common leaf litter genera
that are largely or entirely confined to the Neo-
tropics include Adelomyrmex, Brachymyrmex,
Neostruma, Octostruma, Rogeria, Wasmannia,
and all the attine genera (of which Cypho-
myrmex appears most frequently in Winkler sam-
ples). Solenopsis, represented mostly by small to
minute species, reaches its zenith in the New
World tropics. Despite its morphological homo-
geneity, Neotropical Solenopsis is species rich
(mean number of species per Winkler sample:
3.14; range: 0-9; mean proportion of species per
sample: 0.12) and undoubtedly of considerable
ecological importance. In mean species richness
per sample it is exceeded in the Neotropics only
by Pheidole (mean: 5.45 species; range: 0-16;
mean proportion of species per sample: 0.19).
Another distinctive hallmark of the New World
leaf litter fauna is the virtual absence of species
of Monomorium and Tetramorium.

The wet forests of the Australian region are
characterized by high frequencies of Cryptopone,
Discothyrea, Heteroponera, Ponera, and Rhytido-
ponera, ponerine genera that tend to be uncom-
mon or absent elsewhere. Other distinctive and
common elements include the myrmicine genera
Lordomyrma, Myrmecina, Pristomyrmex, and
Tetramorium, and the endemic formicine genus
Prolasius. The solenopsidine genera Mono-
morium, Oligomyrmex, and Solenopsis are also
prevalent leaf litter ants in this region.

The Oriental samples are from a geographi-
cally restricted area in peninsular Malaysia and
Singapore. Insofar as they are representative of
the Oriental region as a whole, they indicate a
leaf litter ant fauna with a distinctive complex-
ion. Some genera are prominent both here and
in the Australian region (Cryptopone, Mono-
morium, Myrmecina, Oligomyrmex, Pristomyr-
mex, Tetramorium), but others are more com-
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mon in, and in some instances unique to, the
Oriental region: Acanthomyrmex, Lophomyrmex,
Myrmoteras, Odontoponera, Pheidologeton,
Pseudolasius, Rostromyrmex, and Vollenhovia.
The genus Cerapachys also appears in a high
percentage of the Oriental leaf litter samples;
more extensive geographic sampling is needed
to confirm the generality of this result.

Barry Bolton (pers. comm.) has recently ana-
lyzed a larger set of leaf litter ant samples from
Pasoh Forest, Malaysia, with results that are
consistent with the foregoing generalizations,
although Cerapachys shows lesser prominence.

The Malagasy region is depauperate in gen-
era, as befits an island fauna, but species-rich in
certain groups, such as Hypoponera, Mono-
morium, Pheidole, and Tetramorium. The genus
Solenopsis, a very significant component of lit-
ter and soil faunas in the Australian and
Neotropical regions, is completely lacking in
Madagascar, its presence in the Malagasy sam-
ples being due to a single Mauritian species. In
Madagascar the ecological counterparts of the
small species of Solenopsis appear to be drawn
from the genus Monomorium. Another signifi-
cant absence from Madagascar and adjacent
islands is that of Old World army ants (Aen-
ictinae, Dorylinae), with the possible conse-
quence that there is a relatively rich cerapachy-
ine ant fauna (Fisher 1997).

Winkler leaf litter samples, collected using
the same methods as previously described, are
unavailable from the Ethiopian region (main-
land Africa), but Belshaw and Bolton’s (1994a)
detailed census of the leaf litter ant fauna in
Ghana provides useful and approximately com-
parable information. In that study the most
widespread and species-rich genera included
Tetramorium (27 species), Monomorium (16 spe-
cies), Oligomyrmex (12 species), Smithistruma
(12 species), Pheidole (11 species), Pachy-
condyla (8 species), Strumigenys (7 species),
Anochetus (6 species), Hypoponera (6 species),
and Technomyrmex (5 species).
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Leaf Litter Ant Diversity and
Composition: Ecological Trends

Thus far we have considered differences in ant
diversity and faunal composition without refer-
ence to the ecological roles of the constituent
taxa. In fact, for leaf litter ants, which are most-
ly small in size and cryptic in habits, this is
largely terra incognita. There does appear to be
substantial variation in functional roles, from
host-specific predators (e.g., Cerapachyinae,
some Ponerinae, and myrmicine tribes such as
Basicerotini, Dacetonini, and Myrmecinini) to
generalist predators (many Ponerinae), seed
harvesters (some Pheidole and Acantho-
myrmex), and omnivores or scavengers (many
myrmicines and formicines). For many region-
ally prominent leaf litter ants (e.g., species of
Brachymyrmex, Rogeria, Stenamma, Tetra-
morium, Vollenhovia) and even members of
such cosmopolitan genera as Oligomyrmex and
Pheidole, we know little about their feeding
habits and ecological effects. It may be possible
to assign a functional group label of “cryptic
species” or “tropical climate specialist” to such
leaf litter ants (cf. Andersen 1995), but this
reveals little about their biology.

Some ecological variation in leaf litter ant
communities appears to have a strong geo-
graphical component. For example, the relative
prevalence of species of Ponerinae, a group of
mostly predacious ants, is strongly negatively
correlated with latitude (r = —0.698, P = 0.000;
proportions arcsine-transformed) (Fig. 8.4).
Ponerine species are also overrepresented in
leaf litter samples from the Indo-Australian
region compared to other tropical continents, as
noted previously. Other ecologically well-
defined ant taxa (e.g., leaf litter species of the
fungus-growing tribe Attini; army ants of the
subfamily Ecitoninae; mite-catching Myrme-
cina; some of the collembolan-hunting dacetine
genera) also have geographically restricted dis-
tributions. All of this hints at complex geo-
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Figure 8.4. Proportion of ant species in a sample
belonging to the subfamily Ponerinae as a function
of latitude.

graphical variation in leaf litter community struc-
ture that we have hardly begun to investigate.
Latitudinal gradients have been reported in
ant worker body size (Cushman et al. 1993) and
in ant colony size (Kaspari and Vargo 1995).
These studies were not specifically concerned
with the leaf litter habitat, but many of the ant
species from which data were taken, especially
in the colony size study, are leaf litter inhabi-
tants. In both studies the authors favored the
hypothesis that abiotic factors select for larger
body or colony sizes at higher latitudes, as a
buffer against starvation. It would be interesting
to have comparable data for elevation gradients.

Caveats and Concluding Remarks

This study is an attempt to characterize large-
scale geographical variation in ant leaf litter
communities. The analysis is based primarily
on a series of Winkler litter samples, and the
results should be considered provisional. The
samples cover a broad but by no means com-
prehensive set of geographical locations. All
samples in this study come from moist leaf litter
in woodland and forest habitats. Xeric environ-
ments, to which the Winkler method is poorly
suited, have been largely ignored (only 6 of the



110 Winkler samples are from sites that could
be characterized as tropical dry forest).
Questions can also be raised about the appropri-
ateness of the Winkler method for exhaustive
sampling of the leaf litter ant fauna, although
this procedure appears to work better than any
other single method (Olson 1991; Fisher 1996a,
1998). Some taxa are nevertheless under-
sampled, especially the “army ant” groups
(Aenictinae, Dorylinae, Ecitoninae). These ants
are nomadic and hence episodic in their occur-
rence at any given site. Yet there is evidence that
they have a potent impact on the leaf litter ant
fauna (Franks and Bossert 1983; Gotwald
1995).

Habitat-based differences in ant abundance
and diversity (independent of biogeographic
region) certainly exist but have not been
explored in detail here. Future studies focusing
on the effects of habitat on the diversity and
composition of leaf litter ant communities
would benefit from the adoption of a standard
classification of forest communities.

A comprehensive assessment of species
turnover (beta diversity) has not been attempt-
ed. Knowledge of beta diversity patterns is
essential for a better understanding of biologi-
cal diversity and for intelligent conservation
planning, but measurement of species-level beta
diversity in groups such as leaf litter ants is frus-
trated by the “taxonomic impediment” (Taylor
1983) imposed by the lack of high-quality
descriptive taxonomy. Many of the most preva-
lent and species-rich leaf litter ant genera
(Tables 8.4 and 8.11) have never had the benefit
of a modern taxonomic revision. Three genera
alone—Hypoponera, Pheidole, and Solenopsis—
constitute, on average, 32% of the species in a
given leaf litter sample (this figure increases to
40% for the Neotropics), and all of them are in
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a state of taxonomic anarchy. These three gen-
era, and others such as Pachycondyla and
Paratrechina, should be high on the list of pri-
orities for revisionary studies.

Some results of the present study appear to be
robust and unaffected by taxonomic constraints.
One is the finding of significant heterogeneity
in faunal composition at the level of ant genera
and subfamilies across major biogeographic
regions. This observation argues against the use
of subsets of “indicator taxa” to assess overall
diversity patterns over large geographical
scales. A second finding is that the taxonomic
diversity of leaf litter ant communities is strong-
ly affected by latitude and altitude (Figures 8.2
and 8.3), with a general trend toward increasing
diversity at lower latitudes and altitudes. In
tropical regions, however, species richness
appears to reach a maximum at about 500 m and
then decline slightly at lower elevations.
Finally, whereas species alpha diversity shows
no differences among biogeographic regions
other than those predicted by variation in lati-
tude and elevation, local genus richness is lower
in the insular Malagasy region than in compara-
ble continental areas. This finding implicates
historical constraints on genus richness, which
nevertheless do not prevent the achievement of
climatically characteristic levels of local species
richness.
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