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‘Seed-Harvester Ants (Hymenoptera: Formicidae) of North

America: An Overview of Ecology and Biogeography
by
Robert A. Johnson!
ABSTRACT

Competition and resource partitioning have been studied extensively
as explanations for community structure and species coexistence in
North American seed-harvester ants, but the biogeographical and
historical context within which these communities have formed are
poorly known. This paper examines biogeography of North American
seed-harvester ants by constructing functional groups that serve to
identify ecologically equivalent ant species that share a common
evolutionary ancestry. Species were thus separated into functional
groups based on genus and foraging method (solitary and group/trunk
trail foraging species). Ecology, behavior, and micro- and macro-
distribution patterns are then discussed and synthesized for species in
each functional group. Overall, this discussion includes 42 ant species
in the myrmicine genera Aphaenogaster, Messor, Pheidole,
Ephebomyrmex, and Pogonomyrmex, about 5% of the total ant species
in the United States.

The general pattern is that each functional group consists of a highly
structured assemblage of ecologically equivalent ant species that are
similar with respect to morphology, ecology, and behavior. The primary
difference among species in each functional group is that each species
occurs in specific micro- and macro-habitats, with the species replacing
one another across contact zones that are delineated by abiotic habitat
features. On aregional scale, species in these five ant genera are broadly
sympatric, but only one species per functional group predominates at
a locale. Re-examination of previously noted longitudinal clines of ant
species richness and diversity suggest that rainfall is indeed correlated
with these community attributes. However, patterns of species loss and
species replacement across this rainfall gradient suggest that fewer ant
species in drier locales is effected through limitations on mating flights
and foundress survival rather than by seed abundance, as previously
suggdested.

Key words: allopatry, biogeography, contact zone, distribution pat-
tern, North America, parapatry, seed-harvester ants, species replace-
ment patterns. o
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INTRODUCTION

The goal of studies that examine community structure is to under-
stand patterns of species composition and mechanisms that allow
species coexistence. A critical shortfall in many such studies is that
species coexistence and interactions are studied as purely local phe-
nomena, and the larger biogeographic context, and all that it may
indicate about abiotic constraints upon the examined species, are
ignored. ‘

An especially vivid example of this problem is found in studies of
community structure of North American seed-harvester ants, which
constitute a dominant insect group in westerm North America and
temperate and subtropical Mexico. This system has been extensively
studied, beginning with a series of papers (Bernstein 1974, 1975,
Davidson 1977a, 1977b, 1978, Bernstein & Gobbel 1979) that provided
the first synthetic understanding at local and regional scales. These
studies stimulated additional research (e.g., Hansen 1978, Mehlhop &
Scott 1983, Rissing 1988a) that has largely focused on competition as
the driving force in shaping diets and the partitioning of seed resources
as explanations for species coexistence. However, the biogeographic
context in which these communities are formed has never been
examined in depth, despite its potential to provide a foundation for
understanding community composition in a historical context.

This paper attempts to readjust our understanding of harvester ant
community siructure by presenting the first comprehensive synthesis
of harvester ant ecology, behavior, and geographic distributions. This
information reveals the common occurrence of ecologically equivalent
ant species replacing one another across contact zones that are often
delimited by abiotic habitat features. The general result is to emphasize
the vital importance of abiotic habitat factors in determining what
harvester ant species occur where, and thus what species are available
to interact in the local settings that have been the focus of previous
studies. Information is presented in four sections. The first section
places species into functional groups using taxonemic and ecological
characters. The second section discusses four morphological and
ecological parameters selected for comparative overview because of
their potential to affect resource partitioning and/or infer patterns of
colony survival and distribution. The third section summarizes data on
these characters and discusses ecology, microhabitat, and biogeogra-
phy for species in each functional group. The last section examines
distribution patterns within and across functional groups and synthe-
sizes this information, especially relative to contact zones, to present a
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framework to examine levels of interactions and mechanisms that may
structure seed-harvester ant communities. Patterns of speciesrichness
and species diversity in North American deserts (see Davidson 1977a)
are also reassessed by examining moisture as an abiotic limitation for
these ants.

The seed-harvester ants of North America include the myrmicine
genera Messor, Aphaenogaster (formerly Novomessor), Pheidole,
Ephebomyrmex (sometimes treated as a subgenus of Pogonomyrmexd,
and Pogonomyrmex. This paper treats 42 species in these genera, about
5% of the total ant species in the United States; M. julianus, E.
laevinodis, and Po. wheeleri are the only species treated herein that do
not occur in the United States. The treatment of Pheidole is restricted
to four better known species to demonstrate that the geographical
patterns discussed extend to this genus, Other Pheidole were excluded
because of the size and complexity of the genus, and ongoing revision
that includes description of numerous new species (Wilson 2001).

Ecological and behavioral data are lacking for some of the species
because research has mostly focused on a few species that have large,
conspicuous, and easily studied colonies. In contrast, congeners with
small, less obvious colonies are poorly known, even though such
information is necessary for comparative studies of harvester ant
ecology and evolutionary history.

FUNCTIONAL GROUPS OF SEED-HARVESTER ANTS

Morphology, ecclogy, and evolutionary history act in concert to
determine species interactions and distribution patterns within and
among ant genera. I assess these potential affects by dividing species
into functional groups. As defined here, functional groups are an
informal classification that serve to identify ant species that share a
common evolutionary history and foraging method. Species were first
separated by genus, which facilitates examining affects of evolutionary
history that include morphology, ecology, physiology, biogeographic
origins, and phylogenetic constraints. For example, the genera Messor
and Pogonomyrmex have different evolutionary origins and apparently
invaded North America from different areas, Messor from Asia via the
Bering Strait (Snelling & Cole, dnpublished data) and Pogonomyrmex
from South America (Kusnezov 1951, Taber 1990). There are several
pairs of ecologically equivalent Messor-Pogonomyrmex species, but
their different evolutionary histories may have affected their use of
micro- and macro-habitats (see Johnson 1992).

One taxonomic problem involves the status of Ephebomyrmex, which
some authors treat as a subgenus of Pogonomyrmex. In revising
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Pogonomyrmex, Cole (1968) treated Ephebomyrmexas a subgenus, but
Kempf (1972) revived generic status, which was maintained by several
others (Brown 1973, Snelling & George 1979, Wheeler & Wheeler 1986).
Snelling & George (1979) indicate that Ephebomyrmexis best regarded
as a separate genus because “the psammophore is not well developed
and the species are matinal/crepuscular, less strictly granivorous than
species of Pogonomyrmexs. str.”. This paper treats Ephebomyrex as
a genus, though Bolton (1995) recently reinstated subgenus status
without discussion.

Foraging method was used to further divide species into functional
groups that exploit their physical environment in a similar manner.
While all of these ant species harvest a commeon resource, differences
in foraging method appear to result in these species exploiting this
resource in different ways. Moreover, species that use different foraging
methods can coexist at a locale because they partition seeds based on
the density and distribution of seeds that are harvested. In contrast,
species that use the same foraging method compete for seed resources
and thus do not coexist (Davidson 1977b). Consequently, species of
Messor and Pogonomyrmex were divided by foraging method, i.e., into
solitary and group/trunk trail foraging species; these are the only two
genera treated herein that vary in this character. In some species,
foraging method varies intraspecifically depending on factors such as
vegetation density (Fewell 1988a); in these cases, species were catego-
rized into their most fypical foraging method. For consistency with
literature, I use “group forager” for Messor and “trunk trail forager” for
Pogonomyrmex, although they result in similar patterns. In trunk trail
foragers, the workers exit the nest in a column and break off near the
distal end to forage individually (Kusnezov 1951, Hélldobler 1974,
Davidson 1977b). Rapid and efficient nestmate recruitment by group
and trunk trail foragers facilitates rapid harvest of clumped seed
patches. In solitary foragers, the workers radiate out in all directions
from the nest to search for and collect seeds largely independent of
nestmates. Solitary foraging species have poor nestmate recruitment,
spend more time searching for seeds, and often harvest seeds from
scattered low-density patches (Davidson 1977b, Weier & Feener 1995).
Three species, M. chamberlini, Po. californicus, and Po. maricopa, use an
intermediate foraging method, and were thus placed in a third foraging
group within their respective genera. All three species are typically
solitary foragers, but each forms recruitment trails to high-density seed
patches, though at a slower rate than trunk trail foragers (Holldobler
19764, R.R. Snelling pers. comm.).
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CHARACTERS FOR COMPARING MORPHOLOGY, ECOLOGY, AND
DISTRIBUTION WITHIN GROUPS

The four morphological and ecological parameters selected for com-
parative overview of species in each functional group are: (1) head
width, (2) colony size, (3) habitat affiliation, and (4) timing of mating
flights. Other available ecological data are also discussed.

Head width is a standard morphological character (Wilson 1978) that
provides information on the size of food items harvested. In seed-
harvester ants, head width is often used as an interspecific index of seed
size harvested (Davidson 1978, Bernstein 1979, Morton & Davidson
1988). Here, I report range of head widths so as to include intra- and
inter-nidal variation, which better reflects congeneric differences in
potential mechanical limitations. Head width of M. andrei, M. julianus,
A. albisetosa, A. cockerelli, Ph. gilvescens, Ph. tucsonica, and Ph. vistana
were obtained by measuring specimens from several locales because
literature values were lacking. I also made additional measures on E.
laevinodis, E. pima, Po. anzensis, and Po. fenuispinus as literature
values used few individuals. Measures were made with an ocular
micrometer at 50X using a binocular microscope.

Colony size is an ecological trait associated with evolution of insect
societies. Larger colonies require higher levels of social integration and
communication (Michener 1964, Beckers et al. 1989) as manifested by
an increased use of chemical communication. The general pattern in
ants is that species with small colonies forage solitarily with little or no
nestmate recruitment, while species with large colonies forage in
groups and use chemicals to recruit nestmates (Beckers et al. 1989).
Large colony size may also convey ability to better survive environmen-
tal vagaries (Kaspari & Vargo 1995). Colony size estimates for each
species use nest excavation data, or estimates of forager number when
excavation data are lacking.

Comparative data on habitat affiliation facilitates predicting patterns
of colony survival relative to temperature and precipitation. For ex-
ample, species restricted to hot desert habitats are predicted to be more
heat and/or desiccation tolerant than mesic or high elevation conge-
ners (for a review see Edney 1977, Hadley 1994). Habitat affiliation was
used to classify species into four broad environmental regimes: (1)
occurring in only hot deserts (Mojave, Sonoran, and Chihuahuany}, (2)
occurring in, but not restricted to, hot deserts, (3) largely restricted to
cool deserts and absent from hot deserts, and (4) occurring exclusively
outside of deserts. Hot desert species were taken from Appendix A of
Wheeler & Wheeler (1973). Changes to their classifications involve
deleting E. huachucanus as restricted to hot desert habitats; this is an
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error as E. huachucanus is a mid- to high-elevation species. Wheeler &
Wheeler (1973) also classified Ph. vistana as a hot desert species, but
recent data indicate this species also inhabits cool desert habitats
{Snelling & George 1979, R.R. Snelling, pers. comm.).

Colony founding is the most vulnerable stage in the colony life cycle
because foundresses must survive stressful ambient conditions for the
extended claustral phase {Nagel & Rettenmeyer 1973, Tschinkel 1992,
Herbers 1993, Johnson 1998a). Cues that trigger mating flights
determine the environmental conditions experienced by foundresses
and thus, influence their probability of surviving in various micro- or
macro-habitats. Differences in soil temperature and soil texture and/
or soil moisture affect intraspecific variation in foundress survival and
hence microdistribution pattern of several desert ants (Rissing ef al.
1986, Rissing 1988b, Johnson 1992, 2000}. These affects are likely even’
more pronounced for ecologically equivalent species that have different
mating flight regimes. Flights of desert ants take two general forms,
synchronous flights that are triggered by summer rains, and asynchro-
nous flights that occur over an extended period of time and appear
triggered by photoperiod (McCluskey 1963). Mating flights for species
in which we lack data are extrapolated from close congeners.

Distribution maps are based on locale data that were obtained from
specimens at the Los Angeles County Museum of Natural History,
Museum of Comparative Zoology (Harvard), California Academy of
Sciences, American Museum of Natural History, National Museum of
Natural History, the collections of Robert A. Johnson and William P.
MacKay, and literature (Gregg 1963, Allred 1982, Moody & Francke
1982, Wheeler & Wheeler 1986, Snelling & Ccole, unpublished data).
Throughout this paper I refer to the Baja California peninsula of Mexico
as Baja California and the two states as BC (Baja California) and BCS
(Baja California Sur).

MORPHOLOGY, ECOLOGY, AND BIOGEOGRAPHY OF FUNCTIONAL
GROUPS

Messor-Group Foragers

These three similar-sized species are strict granivores that forage in
columns which typically extend >20m from the nest {Table 1}. As might
be expected from these extensive foraging columns, colonies of all three
species contain at least several thousand workers. However, worker
number is highest for M. pergandeiwhere colonies can have over 30,000
foragers and probably more than 50,000 total workers. Mating flights
of all three species occur from early to mid-morning over a several week
period. Although photoperiod appears to trigger the mating flights for
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all three species {see McCluskey 1963), their season of flight differs.
Mating flights of the two hot desert species, M. pergandei and M.
Julianus, occur from late January to mid March, while those of M.
andrei, which is not a hot desert species, occur from late June to early
August (Table 1). Additionally, foundresses of M. andrei are semi-
claustral, and thus must forage to obtain sufficient energy to eclose
their first workers (Brown 1999).

These three species of Messor have parapatric distribution patterns
with their ranges showing little to no overlap across the narrow contact
zones that separate the species (Fig. 1, p. 83). Messor julianus is mostly
restricted to central and southern portions of Baja California, while M.
pergandeioccurs in eastern portions of the peninsula to as far south as
northern BCS. In northern and central BC, M. julianus inhabits a
narrow band along the cool Pacific Coast, while M. pergandei is
restricted to the more xeric desert and lowland areas to the east. Where
these two species come in contact, M. pergandei occupies more xeric
microhabitats, i.e., either in drier soils or at lower elevations (R.
Johnson, pers. obs.). Ranges of M. julianus and M. andrei are separated
by about 75km along the Pacific Coast in BC (Creighton 1953). Messor
pergandeiand M. andreirarely coexist as the latter species inhabits the
cool foothills of the Coastal Range and inland valleys from northern BC
to southern Oregon. In contrast, M. pergandeiinhabits hot desert areas
to the east and only occasionally penetrates to the adjacent coastal
valleys, but rarely above elevations of 915m (Snelling & Cole, unpub-
lished data).

Messor-Solitary Foragers with Recruitment

Messor chamberlini is the only species in this group as the diurnal,
solitary foragers recruit nestmates and forage in columns to high-
density food patches. Colonies consist of up to several hundred
workers, and thus colony size is similar to that of congeners with limited
recruitinent (see below). Mating flights of this cool desert species occur
during summer and appear triggered by photoperiod.

The only congener with an ecology and biogeography similar to that
of M. chamberlini is M. stoddardi (see below). These iwo species have
broadly overlapping geographic ranges in coastal areas of southern
California, though there is no evidence that the two species coexist in
the same vicinity (Snelling & Cole, unpublished data) (Fig. 2, p. 84).

Messor-Solitary Foragers with Limited Recruitment

These five poorly known species are similar in size except for the
smaller M. lariversi (Table 1). All five species are strict granivores with
colonies that consist of up to several hundred workers. The workers of
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all five species are primarily solitary twilight/nocturnal foragers.
Mating flights occur during summer and appear to be triggered by
photoperiod for all five of these cool desert species. One additional
undescribed species that is only known from onelocale in southwestern
Arizona probably falls into this group.

Various distribution patterns occur in this group of species (Fig. 2,
p. 84). Messor chicoensis is geographically separated from all other
species in the group as its range is restricted to the upper Sacramento
Valley and the nortbhern Coastal Range of California. Two other species,
M. lariversi and M. smithi, have broadly overlapping geographic distri-
butions in the Great Basin area across eastern California and western
and southern Nevada, with the latter species also extending into
pinyon-juniper habitat in central Arizona. However, these two species
rarely coexist as M. lariversi typically inhabits low elevation desert
basins while M, smithi occurs in mid-elevation to montane habitats (M.
Bennett, pers. comm., Snelling & Cole, unpublished data). The geo-
graphic distribution of the other high-elevation species, M. lobognathus,
ranges from the Dakotas to western Nevada. Messor smithi and M.
lobognathus contact one another in central and western Nevada but the
two species are rarely sympatric (Snelling & Cole, unpublished data).
The last species, M. stoddardi, is the only species in the group that
occurs along coastal southern California, with the only similar conge-
ner in this area being M. chamberlini (see above).

Aphaenogaster

The two largest desert species of Aphaenogaster (formerly Novomessor),
A. cockerelli and A. albisetosa, are similar in size, and both species are
better categorized as omnivores/scavengers because they harvest
substantial numbers of insects and other debris in addition to seeds.
The two species are solitary foragers that recruit nestmates to food, the
workers retrieve prey items cooperatively, and the nests have multiple
entrances. Colonies of both species probably consist of about 1000-
3000 workers. The two species are restricted to hot desert habitats, and
both species have crepuscular/nocturnal mating flights that are
triggered by summer rains (Table 1).

These two species of Aphaenogaster have broadly overlapping geo-
graphic distributions from Texas to Arizona and south into Mexico (Fig.
3). Sympatry is rare, however, as each species occurs in distinct
habitats: A. cockerelli inhabits open intermountain plains and level
areas near streams while A. albisetosa occurs at higher elevations and
inhabits sloping hills and foothills (Wheeler & Creighton 1934). Creighton
(1955) suggested elevation was the primary factor separating these two
species. In terms of overall distribution, A. cockerelliranges farther west
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than does A. albisetosa as only the former species reaches western
Arizona and southeastern California. In these latter more xeric areas,
A, cockerelli inhabits rocky hillsides at higher elevations (900-1500m)
(Snelling & George 1979), and thus displays a habitat shift in these
areas relative to other portions of its range.

Pheidole

‘The four species of Pheidole treated here consist of two groups that
differ in foraging pattern and diet. All four species are among the most
commeon and well known Pheidolein deserts of the southwestern United
States, and all but Ph. vistana were discussed by Davidson (1977a,
1977b). I include Ph. deserforumbecause it was mistakenly considered
tobe a seed-harvester by Davidson (1977a, 1977b) (see below), while Ph.
vistana is included because it is an ecological equivalent of Ph.
desertorum. Seed-harvester species of Pheidolein the United States arc
listed in Table 2.

Pheidole desertorum and Ph. vistana

The majors and minors of these two species are similar in size, and
diets of both species primarily consist of arthropods and termites. The
two species are nocturnal, solitary foragers, but actively recruit nestimates
and form diffuse foraging columns to larger food sources. Colonies of Ph.
desertorum average about 10,000 workers; although excavations are
lacking, colonies of Ph. vistana appear similar in size. The two species
occur in both hot and cool desert habitats. Summer rains trigger the
pre-dawn mating flights of Ph. desertorum in eastern portions of its
geographic range, while in more western locales (California desert
areas), the mating flights appear to be triggered by winter rains as
dealate females have been observed on the ground in May. The mating
flights of Ph. vistana, though unknown, are probably also triggered by
winter rains. Both species are sometimes polygynous.

These two closely related species have a parapatric distribution
pattern with their ranges overlapping across a broad contact zonein the
Colorado Desert. Pheidole desertorum is an easterm species that ranges
from Texas and Oklahoma to southern Nevada and southeastern
California and into Mexico. In contrast, Ph. vistana is restricted to the
Mojave Desert and western portions of the Sonoran Desert. The two
species co-occur in western Arizona and southeastern California, but
each species predominates in different habitats throughout this area;
Ph. desertorumgenerally occurs at lower elevations in more xeric locales
and is replaced by Ph. vistana at higher elevations in desert transition
and chaparral habitats (Snelling & George 1979).
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Pheidole gilvescens and Ph. tucsonica

The majors and minors of these two seed-harvesters are similar in
size, and both species forage in columns that may extend several meters
from the nest. The two species have polydomous nests that consist of
several hundred workers, and colonies of the two species have been
noted to interact aggressively, The two species occur in both hot and
cool desert habitats. In central Arizona, the mating flights of both
species are triggered by summer rains.

Geographic distribution of these two closely related species broadly
overlaps from southern Nevada to southeastern California, Arizona,
and south into Mexico. However the range of Ph. tucsonica is more
expansive as it also extends into New Mexico and much of Baja
California. The two species sometimes occur sympatrically and in such
cases both species can be common. However, the two species often
occur allopatrically in different microhabitats, with Ph. tucsonica
typically predominating in soils that consist of coarser sands, i.e., drier
soils (Cole 1956, R.R. Snelling, pers. comm.). Consequently, Ph.
gilvescens is the somewhat less xeric of the two species, and as might
be expected it is replaced by Ph. tucsonica in many parts of the Colorado
Desert (Snelling & George 1979).

Ephebomyrmex

These four species are similar in size with the exception of the larger
E. huachucanus (Table 1). All four species are granivorous, though dead
insects are harvested to the extent that their diets are more generalized
than are those for species of Messor and Pogonomyrmex. Ants comprise
the bulk of harvested insects. All four species forage solitarily and
colonies consist of 50-200 workers, and sometimes up to 400-500
workers for E. huachucanus. Ephebomyrmexpimaand E. laevinodis are
the only speciesrestricted to hot desert habitats (Table 1}. Mating flights
of E. imberbiculus and E. pima occur from early to mid-morning
following summer rains. Both species form numerous, small mating
aggregations in and near bushes and shrubs. Other observations of
reproductive ecology include polymorphic gynes (winged and wingless
ergatoids) in E. imberbiculus (Heinze et al. 1992) and the presence of
brachypterous and dealate queens in nests of E. huachucanus (Creighton
1952). Recent data indicate that E. huachucanus queens are brac-
hypterous at eclosion and shed their wings within several days, thus
explaining Creighton’s observation of both winged and wingless queen
forms in the same nest. The dealate queens are uninseminated and can
remain in the natal nest for several months (R. Johnson, unpublished
data).
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Three of these species (E. imberbiculus, E. pima, and E. laevinodis)
have parapatric distribution patterns with little or no overlap across the
narrow contact zones that separate the species {Fig. 4, p. 85).
Ephebomyrmex pima is restricted to low desert habitats (< 915m) in
Arizona and Sonora, Mexico. Ephebomyrmex imberbiculus typically
occurs above 915m and its broad geographic range completely encircles
that of E. pima (Creighton 1952, 1956, MacKay et al. 1985).
Ephebomyrmex laevinodis is restricted to central and southern areas of
Baja California, where it replaces E. imberbiculus (Snelling 1982) (Fig.
4, p. 85). Ephebomyrmex huachucanus is a mid- to high-elevation
species (1200-2000m) that ranges from northern Arizona and New
Mexico to northern Mexico. Throughout much of its range, E.
huachucanus occurs in discrete populations within the numerous
desert mountain ranges but is absent from intevening desert habitats.
Ephebomyrmex huachucanus and E. imberbiculus are distributed allo-
patrically across a narrow clevation zone with the former species
replacing E. imberbiculus at higher elevations (Creighton 1956, MacKay
et al 1985).

Pogonomyrmex-Trunk Trail Foragers

Head width varies considerably among these species and is lowest for
Po. occidentalis, Po. salinus, and Po. subnitidus, which are the only high
elevation and/or cocl habitat species in the group (also the only Po.
occidentalis complex species) (Table 1). In contrast, head width of Po.
wheeleri eclipses that of all species, while all other species have head
widths that are intermediate to these two groups. Note, however, that
majors of the polymorphic Po. badius are larger than other congeners,
but only the smaller individuals leave the nest to forage.

All of the species in this group are strict granivores, with the
exception that insects may comprise up to 50% of the diet for Po. badius.
Colonies of all nine species average >5,000-10,000 workers. Recruit-
ment pheromones probably occur in all of these species but are only
known in Po. badius, Po. barbatus, Po. occidentalis and Po. rugosus.
Three species, Po. bicolor, Po. tenuispinus, and Po. wheeleri, are
resiricted to hot desert habitats, while all others also occur in, or are
restricted to, cooler, less arid areas. Pogonomyrmex badius is the only
species that occurs outside of desert habitats. Summerrains trigger the
mating flights for seven of these species, and those of Po. bicolorand Po.
tenuispinus, while unknown, are probably similar (Table 1).

Most of these trunk trail foraging species have parapatric distribu-
tion patterns across broad contact zones relative to those exhibited in
Messor and Ephebomyrmex (Figs. 5-6). These broad contact zones are
caused by extensive topography and the resulting cool habitats afforded
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by numerous mountains, which permit isolated populations of species
such as Po. occidentalis to occur considerably south of their primary
range. Several species also follow watercourses outside their primary
range (Cole 1968).

Pogonomyrmex badius is only species in the genus that occurs east
of the Mississippi River. The species occurs in the Coastal Plains states
from North Carolina to Florida and west to Louisiana, where its range
is contiguous with that of Po. barbatus (Cole 1968} (Fig. 6, p. 87).

Pogonomyrmex rugosus is a geographically widespread species that
contacis several group members. The geographic range of Po. rugosus
and its sister species, Po. barbatus, overlap broadly from southeastern
Arizona to western Texas and into Mexico. However, the two species
have an allopatric distribution pattern as they segregate among micro-
habitats based on soil texture, with Po. barbatus occurring alone in soils
that have a higher clay content and/or higher moisture retention. The
two species are only sympatric in localized contact zones, where
percentage clay content is intermediate to that of adjacent areas in
which the two species occur allopatrically (Johnson 2000). The ranges
of Po. rugosus and Po. barbatus are contiguous with the geographic
range of Po. wheeleri, which occurs in southwestern Mexico at eleva-
tions below 150m (Cole 1968, MacKay et al. 1985). Pogonomyrmex
rugosus contacts Po. bicolor from southern Arizona to central Sonora,
Mexico. These two species have an allopatric distribution pattern with
- Po. bicolor occurring on bajadas and rocky foothill habitats while Po.
rugosus predominates in alluvial valleys (R. Johnson, pers. obs.).

Scattered populations of Po. rugosus reach central portions of Baja
California, but the species is most common in and largely confined to
the Pacific Coast and central montane areas in northwestern portions
of the peninsula. Pogonomyrmex rugosus contacts Po. tenuispinus in
southern portions of the San Felipe Desert of BC. Pogonomyrmex
terwiispinus becomes increasingly common to the south and replaces
Po. rugosus in ceniral and southern BC. Further north, Po. rugosus
contacts Po. subnitidus, which is a coastal to upland species that is
distributed along a north-south band from northwestern BC to western
Nevada. These two species segregate along an elevation gradient with
P. subnitidus occurring at higher elevations (Snelling & George 1979,
MacKay 1981, Wheeler & Wheeler 1986).

Pogonomyrmex rugosus contacts Po. occidentalis in southern Utah
and Nevada, and in several mountain ranges from southern Arizona to
Chihuahua, Mexico. In these southern mountain ranges the two
species have an allopatric distribution pattern as they segregate across
an elevation gradient, with Po. occidentalis occurring at mid- to high-
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elevations, while Po. rugosus predominates at lower elevations (MacKay
etal. 1985, Wheeler & Wheeler 1986). Pogorniomyrmex rugosus contacts
Po. salinus in southern Nevada, where each species occupies distinct
microhabitats (S.W. Rissing, pers. comm.).

Pogonomyrmex occidentalis and Po. salinus also have contiguous
ranges with the latter species replacing Po. occidentalis north of abroad
contact zone that occurs across central Nevada (Fig. 5, p. 86). Within
this contact zone, each species occupies the microhabitat that corre-
lates with their different geographic distributions: Po. salinus inhabits
higher elevation pinyon-juniper forest habitats while Po. occidentalis
predominates at lower elevations (Cole 1968, R. Jochnson, pers. obs.).
Pogonomyrmex subnitidus contacts Po. salinus and Po. occidentalis in
western Nevada, but data to assess micrchabitat segregation between
Po. subnitidus and the latter two species are lacking. However, the more
southern geographic range of Po. subnitidus would suggest that this
species occurs at lower elevations along contact zones with Po. salinus.

Pogonomyrmex-Solitary Foragers with Recruitment

This group includes the two similar-sized species Po. californicus and
Po. maricopa. The two species are solitary foragers that recruit nestmates
to localized seed patches, though at a slow rate compared to trunk trail
foragers. For Po. californicus, colonies contain 2000-4500 workers in
some western locales, but this number appears to be lower in central
and eastern portions of their geographic range. Variation in colony size
appears related to gueen number as the larger colonies at western sites
are polygynous while those in other areas are monogynous (Rissing et
al. 2000, R. Johnson, unpublished data). Data are lacking on size of Po.
maricopa colonies, though Cole (1968) comments that “nest type,
habitat, colony strength, and foraging behavior are often nearly iden-
tical” for these two species. The two species occur in both hot and cool
desert habitats. Overall, ecology of these two species appears to only
differ with respect to mating flights. Whereas flights of Po. maricopa
typify the genus in being synchronous and triggered by summer rains,
those of Po. californicus are asynchronous and appear triggered by
photoperiod. Additionally, foundresses of Po. californicus are semi-
claustral (R. Johnson, unpublished data).

These two closely related species often occur sympatrically through-
out their ranges from Texas to southern Nevada and southeastern
California and into Mexico, although Po. californicus occurs farther to
the west (Fig. 7). Relative colony abundance, however, changes across
a geographic cline as Po. maricopa becomes increasingly common and
replaces Po. californicus in eastern portions of its geographic range (see
also MacKay et al. 1985) (Fig. 7). The increased relative abundance of
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Po. maricopa colonies in eastern areas correlates with the oceurrence
of predictable summer rains which trigger the mating flights of this
species. In contrast, summer rains are rare and unpredictable in the
Mojave Desert (see MacMahon & Wagner 1985), where Po. californicus
is most common. As might be expected, Po. maricopalargely replaces Po.
californicus in irrigated areas of the Coachella-Imperial Valieys, Califor-
nia (Snelling & George 1979).

Pogonomyrmex-Solitary Foragers with Limited Recruitment

Few data are available on ecology and microhabitat of these 12
species because colonies are small, difficult tolocate, and rarely studied
(Table 1}. Four species (Po. bigbendensis, Po. snellingi, Po. texanus and
Po. sp. B) were placed in this group using anecdotal data because
information on ecology and foraging behavior are lacking. I classified Po.
snellingi as a solitary forager because individuals were collected under
the assumption that they were solitary foragers of Po. californicus (R.R.
Snelling, pers. comm.). Solitary foraging is also probable for Po. texanus
because colonies only consist of about 100 workers.

Head width is similar for most species in this group with the
exception of the smaller Po. magnacanthus and the larger Po. apache
and Po. texanus (Table 1). All species are granivorous, though harvested
items may also include vertebrate fecal material and dead insects. Only
Po. montanus includes a large proportion of non-seed items in its diet.
Recruitment pheromones occur in Po. desertorum (B. Holldobler, pers.
comm.) and probably other species, but their efficiency is low relative
to that of congeners. Colonies in this functional group typically consist
of up to several hundred workers except in Po. montanus and Po.
comanche, where colonies may reach 1500 workers. Rain (summer or
winter, depending on the species) triggers the mating flights for several
species, while photoperiod triggers the asynchronous late spring flights
of the hot desert species Po. magnacanthus. Asynchronous photope-
riod-triggered flights are also probable for the three other hot desert
species (Po. anzensis, Po. snellingi, Po. sp. B) that are related to Po.
magnacanthus (Table 1).

__The geographic distribution is restricted to western North America
for seven of the 12 species in this group (Fig. 8, p. 88). The geographic
ranges of two species, Po. brevispinosus and Po. subdentatus, include
central to northern California and western Nevada. Their distributions
are mostly non-overlapping, however, as Po. brevispinosus occurs in
western Nevada, southern Oregon, and northern California, while Po.
subdenitatus is largely restricted to the ceniral valley of California (Fig.
8, p. 88). The five other species in this group occur to the south. Two

“species, Po. magnacanthus and Po. sp. B, nest in loose, sandy soils {Cole
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1968, R.R. Snelling, pers. comm.} and appear to have parapatric
distribution patterns; Po. magnacanthus is restricted to the Colorado
Desert, while Po. sp. B occurs to the northwest in Inyo County,
California, and southwestern Nevada. Pogonomyrmex anzensis, which
is only known from the Anza Borrego Desert, is the only other low
elevation species in this region. Microhabitats occupied by Po. anzensis
are restricted to rocky hillsides underlain by relatively coarse-textured
soils (S.P. Cover, pers. comm., R. Johnson pers. obs.), and thus are
distinctly different from areas occupied by Po. magnacanthus.
Pogonomyrmex montanus is the only mid- to high-elevation species in
this group and is restricted to isolated mountain ranges in southern
California and northern BC, usually at elevations above 1500m (MacKay
1980). Lastly, Po. snellingi is only known from central Baja California,
well disjunct from other species in this group (Fig. 8, p. 88).

The geographic ranges of the other five species in this group occur to
the east and largely consist of allopatric distribution patterns. Among
these species, Po. comancheis mostly restricted to sandy soils near open
post-oak woods of the southceniral United States (Fig. 8, p. 88).
Pogonomyrmexcomanchehas a parapatric distribution pattern with Po.
texanus and Po. apache along narrow contact zones; Po. comanche
contacts Po. texanus in northern Texas and Po. apache along a north-
south band through central Texas. Pogonomyrmex bigbendensis has a
limited distribution in southwestern Texas and Chihuahua, Mexico
(Francke & Merickel 1981, MacKay et al. 1985). Pogonomyrmex
desertorum is the most widely distributed species in this group,
occurring from western Texas to western Arizona and south into
Mexico. The western range of Po. desertorum extends into the Colorado
Desert, where it is replaced by Po. magnacanthus. Pogonomyrmex
desertorumand Po. apache exhibit an allopatric distribution pattern as
the two species segregate across a narrow elevation zone where they
contact one another in southeastern Arizona and southern New Mexico:
Po. apache occurs at higher elevations (R. Johnson, pers. obs.).

Distribution Patterns Between Complexes of Pogonomyrmex

The most significant phylogenetic pattern within Pogonomyrmex
involves the distinct geographic distribution of species in the Po.
barbatus and Po. occidentalis complexes (Figs. 5-6, in part). All six
species in the Po. occidentalis complex inhabit higher latitudes and are
restricted to cool habitats and/or mid- to high-elevations. Pogonomyrmex
occidentalis is the only species in the complex that occurs south of its
primary range as it extends into montane habitats in southern Arizona
and northern Mexico. In contrast, all ten species in the Po. barbatus
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complex are restricted to lower latitudes in hot desert to mid-elevation
habitats.

Patterns Between Group Foraging Species of Messor and
Pogonomyrmex

Messor pergandei and Po. rugosus are two of the largest, most
conspicuous, and best studied seed-harvester anis in the southwestern
United States. Where both species are commeon and sympatric and in
different parts of their ranges, there is high overlap in relative abun-
dance of seed species collected (Mehlhop & Scott 1983, Rissing 1988a).
Moreover, these two species have high potential to compete for food
resources throughout their overlapping ranges (Davidson 1977a, Rissing
1988a, Johnson 1992). Most frequently, however, these two species
segregate microhabitat along steep physical gradients. Pogonomyrmex
rugosus typically occupies microhabitats that receive more runoif, have
a higher clay content, or are at slightly higher elevations than adjacent
areas predominated by M. pergandei (Bermstein 1974, Johnson 19932).
Other group-foraging congeners have a similar distribution. For ex-
ample, M. julianus and M. pergandeipredominate in alluvial valleys and
other sandy areas in Baja California while Po. tenuispinus inhabits
bajadas and other sites in which the soils have a higher percentage clay
content (R. Johnson, pers. obs.).

BIOGEOGRAPHY AND COMMUNITY STRUCTURE

Distribution Patterns

Each functional group of seed-harvester ants consists of a highly
structured assemblage. Morphology, diet, colony size, recruitment
ability, and mating flights are typically similar for species within each
group with the primary difference being that each species occurs in
specific micro- and macro-habitats. Within each functional group,
these ecologically equivalent species replace one another across contact
zones that are delineated by abiotic habitat factors such as soil texture,
moisture, temperature, and elevation (Johnson 1992, 2000). This
general pattern of species replacement provides a system to examine
both the patterns and processes organizing cach assemblage at local
and regional scales and to assess possible mechanisms related to
species divergence.

Abiogeographic approach that integrates distribution patterns and
microhabitat variables such as soil texture provides potential for a
general framework to examine processes structuring North American
seed-harvester ant communities, and possibly those elsewhere. This
approach partly resolves the inability of Davidson (1977a, 1977b) to
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explain sympatry of small group-foraging Pheidole such as Ph. tucsonica
(= Ph. xerophilain Davidson) and Ph. gilvescens. While these two species
sometimes occur sympatrically, as noted by Davidson, analysis at a
larger scale indicates that these two species often occur in different
micro- and macro-habitats (see above). This approach may also explain
lack of support for the food limitation/interspecific competition hypoth-
esis in Australia, where rainfall, i.e., seed production, was not corre-
lated with species diversity or species richness even within habitats
(Morton & Davidson 1988). The authors invoked edaphic variability as
a potential explanation for the lack of correlation, and suggested that
extreme local and regional diversity of Australian soils may have
confounded productivity estimates. Given that small changes in soil
texture affect species shifts across visually imperceptible gradients in
North America (Jehnson 1992, 2000), it scems likely that similar shifis
also occur in the heterogenous soils of Australia. Indeed, related species
of Australian harvester ants display parapatric distribution patterns
across soil ecotones (Greenslade 1976, 1987), suggesting that soils also
commornly affect microdistribution and species composition shifts in
Australia. Species segregation based on abiotic habitat factors also
supports the hypothesis that the phenomenal ant species richness in
Australia is at least partly related to the extreme edaphic variability (see
also Morton & Davidson 1988, Andersen 1997). Similar patterns of
species replacement also occur across localized microhabitats in
European ants. For example, Lasius alienus occupies higher and drier
areas of English heath than L. niger (Brian 1964), and Myrmica
scabrinodis occupies drier, more exposed areas than M. rubra (Brian
1956). Furthermore, two subspecies of M. rubra segregate microhabi-
tats (Brian & Brian 1955).

Examination of regional geographic distribution patterns indicates
that these five genera of seed-harvester ants are broadly sympatric
across the southwestern and southcentral United States and Mexico.
However, because of the common occurrence of contact zones and
patterns of species replacement only one species per functional group
predominates at a locale. These patterns suggest that at least three
levels of mechanisms modulate species interactions and structure this
community loecally and regionally: (1) mechanisms that structure and
maintain local contact zones between ecologically equivalent species,
(2) mechanisms that permit coexistence of several species at one locale
(both congeners in different species groups and noncongeners), and (3)
mechanisms that maintain widespread sympatry of species that appar-
ently inhabit similar microhabitats, e.g., Po. californicus and Po.
maricopa.
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Abjotic Limits to Distribution

Moisture is probably the major factor constraining micro- and
macro-distribution of many southwestern desert ants as most species
require sunumer rains to trigger mating flights, In terms of micro-
distribution, local gradients in physical factors such as soil texture can
impose an abiotic limit through their affect on soil moisture availability.
In the case of Po. barbatus and Po. rugosus, the restriction of the former
species to wetter soils is correlated with its lower resistance to desicca-
tion. Of several physiological parameters that were measured, alate
females of these two species only differed in body size, which resulted
in the smaller Po. barbatus dying significantly faster under desiccating
conditions (Johnson 2000). Patterns of worker production also sug-
gested that moisture restricts Po. barbatus to wetter soils. As predicted
by differences in metabolic rate, Po. barbatus foundresses produced
significantly more workers than did those of Po. rugosus at moderate to
high moisture levels. In contrast, Po. rugosus foundresses produced
significantly more workers in the driest treatrnent because they lived
longer and could provide more energy to developing brood under drier
conditions (Johnson 1998a).

The common occurrence of contact zonesin several desertant genera
(see above) provides an opportunity to test for widespread correlation,
both taxonomic and geographic, bétween desiccation resistance and
local distribution patterns. If desiccation is a primary source of
foundress mortality, then species with the highest tolerances to
desiccation would be predicted to inhabit the driest portions of a
moisture gradient (see also Talbot 1934). Thus, for ecologically equiva-
lent pairs of ants, the species with the higher resistance to desiccation
is predicted to occur in the lower, hotter, and/or drier portion of a
contact zone (Table 3). Patterns of body size support this prediction as
dry mass of alate females in the genera Aphaenogaster, Messor, and
other Pogonomyrinex was greater for the species inhabiting the more
xeric portion of several contact zones (Jochnson 1998b). Trunk trail
foraging species of Pogonomyrmex also displayed a latitudinal pattern
in body size as dry mass of alate females increased 3-4-fold along a
north to south gradient of increasing desiccation siress, from central
Nevada to central Sonora, Mexico (Johnson 1998b).

Macroscale effects are also manifested as a decrease in ant species
richness and species diversity that coincides with the longitudinal cline
of decreasing annual rainfall from the Chihuahuan Desert in the east
to the Colorado and Mojave Deserts in the west (Davidson 1977a, this
study). Given the sirong correlation between productivity (i.e., seeds
produced by annual plants) and precipitation in arid regions (Rosenzweig
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Table 3. Predicted patierns of survival under desiceating conditions for foundresses of ecologically
equivalent species. Species inhabiting lower, hotter, and/or dnar habitats are precllcted to have
a higher tolerance to desiceating conditions.

Genus Species
Messor pergandei > julianus
Aphaenogaster cockerelli > albisetosa
Pheidole desertorum > vistana

tucsonica > gilvescens

Ephebomyrmex pima > imbarbiculus
- laevinodis > imberbiculus

Pogonomymmex barbatus > badius
barbatus > occidentalis
rugosus > barbatus
rugosus > bicolor
rugosus > salinus
rugosus > subnitidus
occidentalis > salinus
subnitidus > salfinus
californicus > maricopa
magnacanthus > deserlorum
desertorum > apache

1968), Davidson (1977a) attributed both patterns to food limitation in
drier locales, and suggested that interspecific competition for seeds
structured seed-harvester ant communities. One potential weakness of
this argument is that Davidson (1977a) examined patterns of species
richness relative to mean annual precipitation, even though annual
variation and seasonality may be equally important (Axelrod 1979,
Ezcurra & Rodrigues 1986). Like annual rainfall, the seasonality of
rainfall follows a gradient across these deserts as the percentage of
. annual rainfall occurring during summer months decreases from >65%
in the Chihuahuan Desert to becoming a minor portion of the annual
total in the Colorado and Mojave Deserts (MacMahon & Wagner 1985).

Examining pattems of species loss across this gradient provides
insight into the potential causal mechanisms. Across this regional
gradient, Aphaenogaster coclkerelli, Ephebomyrmex pima, Pogonomyrmex
desertorum, Po. maricopa, and other common Sonoran Desert ants (e.g.,
Tetramorium hispidum) progressively drop out of the fauna as one moves
from central Arizona to western Arizona and southeastern California
(see also Snelling & George 1979). Replacement species are lacking for
Ephebomyrmex, and the two replacement species of Pogonomyrmex, Po.
californicus and Po. magnacanthus, are the only Pogonomyrmexknown
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to have mating flights that are not triggered by rain. In Aphaenogaster,
A. megommatus replaces A. cockerelli in the Colorado and Mojave
Deserts. These two species are probably not ecologically equivalent as
A. megommmatus is a smaller nocturnal species. Nevertheless, the
replacement pattern of A. cockerelli by A. megommatus in drier locales
coincides with late spring/early summer mating flights that are
triggered by photoperiod in the Iatter species (Snelling & George 1979,
R.R. Snelling pers. comm.). Moreover, species that drop out of the fauna
across this gradient are those that have mating flights triggered by
summer rains, while the species that are added are those that have
mating flights triggered by photopericd.

In summary, rainfall seems to be the causal mechanism for the
observed longitudinal cline in ant species richness and diversity.
However, patterns of species loss and species replacement suggest that
fewer ant species in western locales is effected through mating flights
rather than by seed production. Moreover, lack of summer rainfall
precludes flights and/or successful foundress establishment for spe-
cies with rain-triggered flights in western locales and thus limits their
western distribution. Fewer species in the Colorado and Mojave Deserts
then result because photoperiod triggered mating flights have evolved
in relatively few species. Two other lines of evidence also suggest that
the lack of summer rainfall imposes an abiotic limit to the western
distribution of these ants. First, Aphaenogaster cockerelli displays a
habitat shift, from valley floors over most of its geographic range, to
upland and foothill habitats in western Arizona and southeastern
California (Snelling & George 1979). Second, the pattern of species loss
in ants coincides with the pattern found in several species of succulent
plants; in western locales, summer precipitation is too low to effect
germination and/or establishment and the species drop out of the flora
(Brum 1973, Jordan & Nobel 1981, 1982, Turner et al. 1995).

CONCLUSIONS

Comparing morphology, ecology, and distribution patterns within
and among functional species groups of seed-harvester ants facilitates
understanding patterns of community structure and potential mecha-
nisms that segregate some species but allow others to coexist. The
prevalence of allopatric and parapatric distributions within each
functional group suggests studies should address species interactions
and coexistence/segregation patterns within functional groups by
focusing on mechanisms that maintain or structure contact zones
between congeners. Additional studies should also further address the
coexistence of species that differ in recruitment ability. Overall, this
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group of ants seems {o be a rich system for examining several aspects
of evolutionary ecology including the evolution of body size, species
divergence, and the role of biotic and abiotic factors in structuring
contact zones.
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Fig. 1. Distribution of Messor-group foragers; M. andrei (open circle); M. julianus (solid red circle);
M. pergandei (solid black circle). Text reference p. 95.
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Fig. 2. Distribution of Messor-solitary foragers with recruitment; M. chamberlini (open square), and
solitary foragers with limited recruitment; M. chicoensis (yellow square); M. lariversi (solid black
circle); M. lobognathus (solid green circle); M. smithi(solid red circle); M. stoddardi(green circle with
green dot). Text reference p. 95.
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597
Seed Harvesting Species of Pheidole

(Hymenoptera: Formicidae)
by
Robert A. Johnson!

The following table was inadvertently omitted by the editor from my
recent paper (Johnson 2000). It is presented here.

Table 2. Seed-harvesting species of Pheidofe in the United States. The list was compiled from
literature {Creighton and Gregg 1955; Snelling and George 1979) and the observations of S.P.
Coverand R.A. Johnson. The listincludes only taxa for which good data exist to substantiate their
classification. Consequently, the number of seed-harvesters will undoubtedly expand as natural
history data become available for additional species. Taxonomy follows Bolton (1995). However,
the names of some taxa may change in a forthcoming revision of the genus (Wilson 2001).

Genus Phefdole

absurda Forel pacifica Wheeler
adrianoi Naves paiute Gregg
artemisia Cole pilifera {Roger)
barbata Wheeler pinealis Wheeler
bicarinata Mayr psammophila Creighton & Gregg
campestris Creighton rhaa Wheeler
carroli Naves fUQ'UJ'OSGa Gregg

igeni senex Gregg
cavigenis Wheeler ;
cerebrosior Wheeler Sffz;;h‘e;h \;\g:ee:aler
clementensis Gregg S0 A
coloradensis Emery spaclonia Wheeler
davisi Wheelet fucsg??o\glheeler
gilvescens Creighton & Gregg fysoni F ol
littoralis Cole xerogh:la ! heeler
micula Wheeler yaqui Creighton & Gregg
mifiticida Wheeler n. sp. 1 nr. micula

n. sp. 9 nr. cavigenis

REFERENCES

Johnson, Robert A. 2000. Seed-harvestor ants (Hymenoptera: Formicidae) of
North America: an overview of ecology and biogeography. Sociobiology
36(1): 89-122 plus color supplement.

'Dept. of Biology, Arizona State University, Tempe, AZ -85287-1501.



