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This chapter provides a background of taxo-
nomic information for those who may be sam-
pling ant diversity or dealing with other myrme-
cological matters (such as ant ecology) that
demand some understanding of the challenge of
identification of ant species. It is assumed that
ants are chosen for biodiversity study mainly
because they are ubiquitous and easily sampled,
but also because identifying them is practicable
as compared with identification of such other
teeming taxa as mites and collembolans.
Although the last few years have seen great
leaps forward in ant taxonomy—especially
publication of The Ants (Holldobler and Wilson
1990), Identification Guide to the Ant Genera of
the World (Bolton 1994), and A New General

The author died shortly after completing this chapter.

Chapter 5

Diversity of Ants J%@

A\
AN
William L. Brown Jr.

Catalogue of the Ants of the World (Bolton
1995b)—huge gaps still remain in our ability to
identify given ant species with dispatch and
confidence. The main challenges involve such
immense and unrevised genera as Camponotus,
Crematogaster, and Pheidole, plus various
smaller but nevertheless dominant ground-
dwelling taxa (Chapter 8). Some genera (e.g.,
Pachycondyla, New World Pheidole, the genera
of the dacetonines) are currently under revision,
as indicated by “forthcoming” in the list of
identification aids in Chapter 12.

Ant Genera: An Overview

Table 5.1 summarizes general information
about ant genera; some species may not con-
form to these generalizations. Numbers of

45
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species for each genus are largely derived from
Bolton (1995a, 1995b), but these numbers have
been modified in a few cases where the count is
likely to be changed in the near future by the
creation of new species, named and unnamed,
the existence of which are known to me now. Of
course, numbers of species will continue to
change in the future. Another drastic change
will be a reduction in the number of genera of
Dacetonini, which are now deemed excessive
by Bolton (1999). Functional groups of the
genera have been provided by Anderson
(Chapter 3).

Ant Taxonomy:
The State of the Art

Characters

Taxonomists (or for that matter most dictionar-
ies) fail in the definition of character as it
applies to biosystematics. For me, a character is
any trait of use in making a comparison. The
comparison may be made between different
parts of the same organism, but here we are
mainly interested in comparisons between
whole organisms and populations of them. Thus
we accept the distinction between characters
and their states, though we may simply use
character as shorthand for character state.

A major change in formicid systematics since
1950 has been the acceleration of the discovery
and employment of new characters, a function
at least as important as the description of new
taxa. In higher-level classification, Barry
Bolton’s investigations of morphological char-
acters, particularly those of the abdominal seg-
ments of the worker caste, leap immediately to
mind. He has not neglected other tagmata and
other castes, and his sample of the genera and
species has been extensive and documented, at
least as far as the numbers of species reviewed
for each character are concerned. Explicit list-
ing of the species examined for such studies has
become a welcome standard.

HEAD MESOSOMA PETIOLE GASTER

Post-
Spiracles Petiole Petiole
N

Metapleural
Gland Orifice

Sternites

Figure 5.1. Body parts of an ant.

The ancestors of ants were apparently some
kind of aculeate wasp, perhaps a vespoid, as
claimed by Brothers (1975) and Brothers and
Carpenter (1993), but it is probable that the
ancestral ant, like most living ants, differed from
wasp ancestors by possessing a metapleural
gland (Fig. 5.1) far back and down low on each
side of the alitrunk (Grimaldi et al. 1997). This
relatively obscure feature typically consists of a
group of secretory cells that duct separately into
an atrium under a more or less obvious bulla
having a variously shaped aperture to the exte-
rior on each side of the alitrunk. Its products
have disputed functions, one of which may be to
protect the insects against microorganisms and
fungal spores inhabiting the substrate (Masch-
witz 1974). In some ants-—notably the carpenter
ants and a few others—the metapleural gland
has been secondarily lost or reduced.

A much more obvious trait of the family
Formicidae, to which all ants belong, is the nod-
iform or scalelike shape of the second true
abdominal somite of the waist, called the peti-
ole (Fig. 5.1), which is separated by a more or
less apparent constriction from the following
somite (A3), also called the postpetiole, partic-
ularly whenever it itself is separated by a con-
striction from the following somite (A4). The
trouble with using the petiole as an ant-diagnos-
tic character is partly that there exist various
wasps, often wingless ones, that have developed
a nodiform petiole, and some, such as the mutil-
lid Apterogyna, that even have a postpetiole. In



such cases, the lack of a metapleural gland and
other characters must be used to distinguish
them from ants.

To reduce confusion in the naming of succes-
sive somites in the region of the waist and
beyond, we call them by their sequence as
ancestral abdominal units, with the propodeum
being the first (actually it is T1, the tergum of
the first true abdominal somite, which in
Hymenoptera: Apocrita is fused with the thorax
to form the alitrunk). Many specialists on apoc-
ritan Hymenoptera use mesosoma instead of
alitrunk, after Michener (1944:167). However,
alitrunk has been in use at least since J. B.
Smith’s Glossary of 1906, and probably much
longer. It is used in such well-known works as
The Insects of Australia and New Zealand by
Tillyard (1926) and Torre-Bueno’s Glossary of
Entomology (1937, 1989; Tulloch 1962) as well
as several foreign glossaries. When I wrote to
Michener to ask why he had avoided use of
alitrunk, he replied simply that he had not
known about it.

The petiole is the second true abdominal seg-
ment, and the postpetiole, if present, is the third.
The remaining abdominal segments together
form the gaster. The somites are of course
ancestrally rings, each formed of a dorsal plate,
the tergum, and a ventral plate, the sternum;
these are often called tergite and sternite (e.g.,
Gauld and Bolton 1988). A handy convention
calls the somites of the true abdomen Al, A2,

A3, ... ;their terga T1, T2, T3, .. . ; and their
sterna S1 (although S1 has been lost in the
apocritan ancestors of ants), S2, 83, . . . . Each

plate is more or less distinctly divided in the
axial direction into regions, particularly an ante-
rior one (the pretergite or presternite, which is
the band fitting into the preceding somite and
normally at least partly covered by it) and a
main exposed region (which I call the tergite or
sternite, and Bolton calls the posttergite and
poststernite). (I reason by analogy with the
mesothoracic sclerites prescutum and scutum,
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and because the term posttergite or -sternite is
logically reserved for specialized posterior seg-
mental belts found in many ants.)

Bolton (1990a) has given a special name, hel-
cium, to the much-narrowed “presegment,” or
pretergite with presternite, of the third abdomi-
nal segment. The structure of the helcium, espe-
cially its sternum, has become important in ant
phylogeny and taxonomy (e.g., Agosti 1991).

Other abdominal characters of importance
are the fusion or lack of it between the tergum
and sternum of each of the second (A2) through
fourth (A4) somites, and the structure of their
presclerites when present. In Bolton (1990a)
and subsequent papers on ant phylogeny by
Bolton (1990c, 1990d) and Baroni Urbani, Bol-
ton, and Ward (1992) (hereafter referred to as
BBW), the characters are presented in a splen-
did series of illustrations that should be standard
references.

Phylogenies

In the central study of the series, BBW offer a
matrix for 68 characters of all adult castes and
larvae, with coding binary (0 or 1). (I do suggest
that, for making the often complex task of fol-
lowing binary character states easier for the
reader, absence of a state might be coded O and
its presence 1, mnemonic advantage thus out-
weighing other considerations.) The highlights
of the resulting cladogram and classification are
presented, with my comments, in the following
sections.

THE EXTENDED ARMY ANT CLADE. Aenictinae,
Cerapachyinae, Dorylinae, and Ecitoninae, plus
Aenictogitoninae and Leptanilloidinae (consid-
ered as subfamilies), are placed in a mono-
phyletic cluster, with a more-inclusive cluster
being the (Leptanillinae + Ponerinae) and then
the next, Apomyrminae. Of these, the first four
form the doryline section, while the Aenicto-
gitoninae, Apomyrminae, and Leptanilloidinae
are all monogeneric, incompletely known taxa
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that are probably best considered as tribes of
uncertain position.

In his important study of the cerapachyines,
Bolton (1990a) made a reasonable case for their
separation from the Ponerinae and their inclu-
sion in a “doryline section” also containing sub-
families Dorylinae, Ecitoninae (Brown 1973),
and Aenictinae (Bolton 1990c), considered to
be monophyletic as based on eight shared
derived character states. This relationship is
reinforced by the circumstance that most
species sufficiently well known are predators
with a preference for formicid prey; all follow
the army ant lifestyle except Acanthostichus
and Cylindromyrmex, termitotherous special-
ists; the last may not be nomadic and badly
needs study. Of course, we must be aware that
the army ant lifestyle could be the basis for a
convergent adaptive syndrome of morphologi-
cal states in some or all four of the subfamilies
of the doryline section, a possibility demon-
strated by the partial homoplasies of syndromes
in species of such disparate ponerine genera as
Leptogenys, Onychomyrmex, and Simopelta.
However, the unity of the doryline section, with
the cerapachyines near the base of the lineage,
is a concept that has been developing at least
since Emery (1901), and myrmecologists are
probably comfortable with it. In fact, it seems
reasonable now to suggest that the “doryline
section” is equivalent to one subfamily bearing
the prior name Dorylinae.

ANEURETINAE, DOLICHODERINAE, AND FORMICINAE.
Aneuretinae, Dolichoderinae, and Formicinae
form a second cluster at a distance from the
first. These taxa had already received attention
from Shattuck (1992¢), who found them to be
monophyletic in a cladistic analysis. There is
substantial accord among ant specialists in
regarding dolichoderines and aneuretines as
related; the question has become whether they
are separate subfamilies (Clark 1951; Wilson
etal. 1956) or whether, as treated traditionally,

the Aneuretini are a tribe within the Dolicho-
derinae. BBW maintained the subfamily status
rather hesitantly “in accord with contemporary
usage,” because they could not list any strong
morphological shared derived states to bolster
Aneuretinae (BBW, pp. 313, 315-316). Though
the sting is present in Aneuretus and variously
reduced in Dolichoderinae, it seems to me that
the ensemble of differences between the two is
not strong enough to maintain Aneuretini as
more than a tribe of Dolichoderinae.

The placement of the Formicinae with the
dolichoderine lineage is a more important mat-
ter. Judging from the BBW phylogeny, most of
the characters shared by the two subfamilies are
probably in the ancestral state. Unique derived
(autapomorphic) characters of Formicinae are
the presence of the acidopore, or “venom noz-
zle,” and the disarticulation of the sting from its
lancets (a stage of sting reduction beyond the
most extreme condition in the Dolichoderinae).
Associated with this, but not coded, are the pro-
duction of formic acid uniquely by formicids
and what is patently a whole series of characters
of the venom production and storage apparatus.
On their side, the Dolichoderinae (including
Aneuretinae) uniquely have Pavan’s gland and
also share the lack of an unfused furcula in the
sting apparatus. The coding of these complex
characters on a simple binary basis is to me one
of the unreal aspects of cladistic syntheses, at
least as we have them for ants.

Another character, BBW No. 38, is the scle-
rotized versus flaccid condition of the proven-
triculus. Coding “according to Eisner (1957)
could be an oversimplification” puts it mildly,
since the proventriculus of Dolichoderus
(=Hypoclinea) was characterized by Eisner
(1957:453, and his Figs. 7, 17-20, and 97) as of
the flaccid type, “still conform[ing] to the basic
structural plan of Myrmecia, Pseudomyrmex,
and Aneuretus, except that the plicae have
become sclerotized toward the base of the bulb.”
But the subfamilies Dolichoderinae and For-



micinae were both coded by BBW as of the
sclerotized type. Considering the details of
Eisner’s review of proventricular morphology, 1
find it difficult to avoid a conclusion of com-
pletely independent evolution of the two mor-
phoclines, regardless of the apparent similarity
of some intermediate stages. From all this, I
find that close relationship of Formicinae to
Dolichoderinae is unlikely even by strict cladis-
tic standards. As is mentioned by BBW, Emery
(1925b) provides an interesting commentary on
proventricular evolution of formicines versus
dolichoderines, but it is worth noting that in his
time the function of the organ was not well
understood. I would place the Formicinae at an
early split in the ant phylogram, mainly on the
basis of the complex derived condition of the
sting apparatus and the many ancestral states of
characters, such as body articulation, antennal
and palpal segmentation, and retained worker
ocelli. Dolichoderinae seem to me to be a separate
lineage, convergently morphoclinal to Formicinae
in consonance with their commitment to the
adaptive zone of exploiters of sugary fluids.

MYRMECIINAE, PRIONOMYRMECINI, AND NOTHO-
MYRMECIINAE. Myrmeciinae, Prionomyrmecini,
and Nothomyrmeciinae are placed as terminal
taxa on a monophyletic stem, shared at the next
lowest node with Pseudomyrmecinae, and at the
next lowest with Myrmicinae. Of the fossil
Prionomyrmex, there is little to argue against in
its placement in Myrmeciinae. Concerning
Nothomyrmeciinae, things are less certain.
Clark (1951:16) started by putting the mono-
typic Nothomyrmecia into a separate subfamily
in a key that was rather offhanded, for example,
giving subfamily rank to Amblyoponinae,
Discothyreinae, Eusphinctinae, and Odonto-
machinae. Brown (1954b) tended to over-
emphasize the difference between Notho-
myrmeciinae and Myrmeciinae when he split
all the living ants into two branches (“‘myrme-
cioid complex” and “poneroid compliex”) and
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placed Myrmecia in one complex and Notho-
myrmecia in the other. This was at a time when
only the two type specimens of Nothomyrmecia
were known but hardly available for study. Due
to the efforts of Taylor (1978a) and a series of
colleagues, the celebrated N. macrops was
rediscovered, and it is now one of the best
known of all ants. Although its differences from
Myrmecia are at once apparent, more and more
similarities have also been found (e.g., Billen
1990). In addition the BBW opinion that
“absence of a postpetiole in Nothomyrmecia is
undoubtedly primary” need not be accepted
unreservedly, because this segment is small and
just might represent a reversal of the condition
in Myrmecia. My original peek did give me the
impression that Nothomyrmecia was somewhat
like lower formicines in habitus, but I would
now find it easier to accept placement in a tribe
within the Myrmeciinae.

PSEUDOMYRMECINAE. Pseudomyrmecinac were
placed by BBW and by Ward (1990) in their
cladograms as arising near the Myrmecia group
of taxa, and for the time being this placement
seems reasonable to me, as it did in 1954,
Monophyly with the next lowest step, Myrmi-
cinae, is much less appealing.

MYRMICINAE. Myrmicinae, the most speciose of
the subfamilies, was placed by BBW and by
Ward (1990) next to Pseudomyrmecinae. Both
taxa have A3 postpetiolate, that is, reduced in
size and pinched off from A4 by a constriction,
which has probably long caused them to be con-
sidered as allied. Brown (1954b:28 and later
papers) has favored a myrmicine derivation
from ponerine ancestors, possibly Ectatommini,
but the finding by Gotwald (1969), Bolton
(1990a), Ward (1990), and BBW that Ponerinae
have the tergum and sternum of A4 completely
fused seems to weigh heavily against this origin
because Myrmicinae do not show complete
fusion (but sometimes have the pretergite of A4
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fused to its presternite, BBW No. 26). The A4
fusion character is now somewhat diminished by
the finding by Ward (1994) of the new Malagasy
genus Adetomyrma, which, though ostensibly a
rather typical amblyoponine ponerine, has the
terga and sterna of A3 and A4 unfused. In an hon-
est and earnest probe of the phylogenetic implica-
tions of the possibility that tergosternal fusion
may be reversed in this (and other) instances,
Ward offers Fig. 45, a cladogram assuming
reversibility. This schema is fascinating in that it
depicts the possibility that Myrmicinae is mono-
phyletic with “remaining Ponerinae,” that is,
remaining after Amblyoponini is relegated to a
neighboring terminal branch on the same stem. It
is interesting to compare this tree with one I drew
up rather negligently five years ago for a poster
exhibit, in which the Myrmicinae are derived
from within or near the Ponerinae. The position of
the Formicinae is of course entirely different;
Ward was not dealing with that issue in 1994,
Now a finding by Hashimoto (1996) based on
skeletomuscular characters also concludes that
Ectatommini, Myrmicinae, and Ponerinae are
closely related, perhaps sister groups, and inci-
dentally that the amblyoponine petiole may not be
a retention of the typhoid wasp state, but a rever-
sal of a previous formicid condition of petiolar
postconstriction,

APOMYRMINI. Apomyrmini, a problematic mono-
generic tribe, is probably best considered as an
anomalous Leptanillinae for the time being.

Two Lessons

For me, two lessons to be learned from a con-
sideration of the recent history of phylogenetic
reconstructions of the ant family are that (1)
cladistic techniques are not as robust for ants as
had been hoped, perhaps partly owing to prob-
lems of coding and discreteness of characters;
and (2) characters involving the articulation or
fusion, and expansion or reduction, of abdomi-
nal segments may be especially subject, even if

only rarely, to reversal. About problem (1), I can
only suggest that each character be scanned for
complexity, i.e., for whether multiple characters
are involved, and for its suitability to be shoe-
horned into a rigid binary system. For (2), I urge
more careful consideration of possible adaptive
reasons for particular character states and tran-
sitions between them—in short, bolder applica-
tion of the much-derided “Just-So Stories.”
Such application might even help to bring phy-
logeny back into biology. Ward is thinking
along these lines when he briefly discusses pos-
sible reasons for reversal of tergosternal fusion,
though he does not find examples among sever-
al taxa with dichthadigyne queens that might be
expected to evolve an expandable gaster. It is
worth noting, though, that BBW (p. 317) regard
the loss of tergosternal fusion in A3 of ecitonine
males as secondary!

Be that as it may, reversal of the fusion could
conceivably have other adaptive reasons. For
example, if a lineage of ants began a behavioral
shift toward feeding prominently on sugary flu-
ids, such as nectar or honeydew, flexibility and
dissociation of some segments of the abdomen
could be at a selective premium. On the other
hand, increased commitment to predation might
favor strengthening and fusion of integumental
elements at the expense of ability to store fluids
internally, as seems true of many if not all
Ponerinae. Formicinae and Dolichoderinae may
be lineages that have taken the fluid-food path
and retained or evolved anew separated terga
and sterna, while Ponerinae, the dorylines with
Cerapachyinae, and the minor predatory sub-
families (usually) have fusion at least in A3.

At the Front with
Revisionary Taxonomy

Taxonomy in the “old days” was largely accom-
plished on a faunal basis, especially when trop-
ical colonialism was in flower. Collections
made by missionaries, official travelers, and



others were sent back to a specialist in the home
country—a Frederick Smith, a Gustav Mayr, a
Carlo Emery, an Auguste Forel—who then duly
produced a paper on “New and Little-Known
Ants Collected by Mr. Whatsisname in Southern
Whereverland,” replete with descriptions of
new species and varieties, and, fairly often, new
genera. This system, practiced by specialists
who communicated and exchanged specimens
all too rarely, produced such a confused welter
of taxa that it was a wonder that Emery could
make as much sense of it as he managed to do
with his fascicles in the Genera Insectorum
(1910, 1911, 1913, 1921, 1922, 1925a). Even
so, the synonymy and other confusion result-
ing from the compartmental colonial-faunal
approach left a mess that thwarted most efforts
at effective identification or inventory of ant
species, particularly in the larger genera. [ need
only mention the examples of Camponotus,
Crematogaster, Pheidole, and Solenopsis to
make this point about identifiability, even to this
very day.

For a half century this state of affairs has
been changing. The Era of Revision has happily
arrived with a vengeance. By keeping descrip-
tions of new species largely within the context
of world- or at least continentwide revision,
genus by genus, we have been able to avoid
most of the duplicate description and conse-
quent synonymy of the old days. The process of
revision as it is understood today means to gath-
er large collections in the field, compare them
with the type specimens in the classical collec-
tions to fix their names, and generally sort out
all the species. The output is monographs of
whole genera, tribes, or even subfamilies, with
keys to genera and species, illustrations, and
other identification aids by now familiar to all.
These monographs allow others to make accu-
rate identifications for the first time, so that one
result of the appearance of a revision is a subse-
quent flock of descriptions of new species. If
these descriptions are carefully carried out with-

Diversity of Ants. 15

in the context of the revision itself, that is all to
the good. The best result of a revision is the
encouragement of new revisions.

Some Cases in Point. Subfamily Ponerinae
has been revised in a series of steps, primarily
by Brown since 1952, all listed in Bolton’s
Catalogue. A major part of this study dealing
with the subtribe Poneriti, which has been long
delayed, deals with the expanded version of
Pachycondyla, consisting of nearly 150 valid
species after extensive synonym pruning. This
and allied genera contain many ground-
dwelling species. Other parts deal with the large
genera Leptogenys and Hypoponera—the latter
a genus of great interest to this rnanual because
of its abundance in leaf litter samples. The
African Leptogenys have already been complet-
ed for the known species by Bolton (1975a).
Hypoponera, separated from the smaller genus
Ponera by Taylor (1960), is a real challenge
because of the great uniformity of the many
species, and because ergatoid queens common-
ly resemble the workers of different species. In
addition some adventives are common and
widespread in both hemispheres.

MacKay revised Acanthostichus (1996) and
added several species to this New World genus
of termitotheres.

Following Bolton’s (1990b, 1990d) works on
the Cerapachyinae and Leptanillinae, nothing
has been done on the latter, though Taylor has
had excellent descriptions of Arnomalomyrma
and Protanilla, with fine illustrations, in manu-
script for two decades. Their descriptions are
ascribed to Taylor in Bolton’s paper, but the real
authorship is confused. Scyphodon, known only
from the tiny male, has been found again in
Borneo, and its peculiar mandibles suggest that
it is the male corresponding to the worker of
Protanilla.

Revisionary work on the Pseudomyrmecinae
by Ward (1985, 1989, 1990) following useful
partial revisions by Kempf (1958-1967) has
been completed for the Neotropical species.
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Probably the largest bloc of unrevised species
is genus Pheidole, of which the Nearctic species
have been partly revised by Gregg (1959).
Wilson has revised the New World species of
this genus, which is principally tropical in the
New World, and after synonymic debridement
has found 335 new species, or approximately
one-tenth of the known New World ant fauna!
This revision is essentially complete, with illus-
trations, and will be published in 2000 by
Harvard University Press. Pheidole is of course
another of the prevalent ground-dwelling taxa;
in most tropical forests, it is the dominant one in
terms of individuals (Chapter 8). In Africa,
Pheidole has many species, but fewer than it
does in the Americas; in Asia, Melanesia, and
Australia there are more species, but it is not yet
known how the number compares with that in
tropical America.

Charles Kugler’s (1994) revision of Rogeria
is another first full examination of a long-
neglected myrmicine genus, and his study of the
sting apparatus of Myrmicinae (1978) plus later
papers on the sting promise to be of importance
as more taxa are examined.

The tribe Dacetonini, exceedingly common
in tropical litter samples, has also been under
stepwise revision by Brown (preliminary revi-
sion in 1948, plus many later papers) and by
Bolton for the Afrotropical species. Bolton is
now engaged in a major revision of the classifi-
cation of the tribe, and it is clear that many of
the smaller genera, particularly among the
short-mandibulate forms that once seemed so
distinct, are now compromised by the more
recent discovery of intermediate species. This
tribe is astonishingly diverse in tropical forests,
especially the largest genus Strumigenys, with
hundreds of species worldwide, mostly in leaf
litter and rotten wood. There are probably fifty
endemic species of this genus on Madagascar,
only one of which has been described and
named (B. Fisher, pers. comm.). I have revised
the New World species and have a large, incom-

plete manuscript covering the known Indo-
Australian species.

The genera of the Basicerotini were included
in the Dacetonini in the Emery-Wheeler classi-
fications, and the tribe was set up by Brown
(1949d) and revised by Brown and Kempf
(1960) for the world. A supplement to the revi-
sion of Basiceros was produced by Brown
(1974g), who also described the genus and
species Protalaridris armata from the northern
Andes (Brown 1980a, 1980b). Scattered Neo-
tropical species were published from time to
time by various authors, and major groups of
basicerotine species were studied for the Indo-
Australian area by Taylor (1968a, 1968b, 1970b,
1980, 1990b), bringing the total of Paleotropical
species to 26.

Excellent recent revisions of Dolichoderinae
are those by Shattuck: genera Turneria (1990),
Axinidris (1991), and Iridomyrmex (1992a); a
generic revision of Dolichoderinae (1992b);
and two Australian species groups of Irido-
myrmex. References are contained in his
catalogue (Shattuck 1994). This work is exem-
plary in its treatment of a long-confused sub-
family; the author recognizes 912 currently
valid species, including Aneuretinae and a few
fossils.

In Formicini, the tribe Myrmoteratini, with
the single genus Myrmoteras, has attracted suc-
cessive revisers, perhaps because of its easily
recognizable and distinctive species, originally
few in number. After limited pre-1980 efforts,
reviews were published by Moffett (1985) and
then Agosti (1992), primarily consisting of
diagnoses of new species. The species count has
reached the astounding number of 31. Agosti
(1994a) has extended research to the classifica-
tion of the tribe Formicini and to the species-
level taxonomy of Cataglyphis (1990) and
Cladomyrma (1991).

Paratrechina remains to be revised; the only
large regional revision is by Trager for North
America (1984), but this is a frequently encoun-



tered ground-dwelling genus in most tropical
forests.

Other large genera known to be rich in
ground-dwelling species are Tetramorium,
Monomorium, and Solenopsis (Chapter 8). The
first two of these are predominantly Old World
in distribution; they have been revised by
Bolton (1986-1988) in a very useful series of
contributions. Solenopsis (including Diplorhop-
trum sensu Baroni Urbani 1968), is a very com-
mon and speciose genus in the New World trop-
ics, but much less so in the Old World.
Creighton’s review of the tropical species really
dealt only with the larger fire ants of the saevis-
sima group. Trager (1991) revised the same
group, and his revision has largely been super-
seded since, but the many species of the small-
sized groups, composing the thief ants (subgenus
Diplorhoptrum), are without modern revision.
Treatment of these requires massive collections
of nest series containing queens, and if possible
males, because the workers are often devoid of
striking differences.

Then there are the Attini, fungus cultivators
of the Americas, predominantly the tropics.
Their diversity is being studied by Schultz and
colleagues (Chapela et al. 1994; Hinkle et al.
1994; Schultz and Meier 1995; Mueller et al.
1998; Schultz 1998; Wetterer et al. 1998), who
are also determining the mode of co-evolution
of the ants with their fungi, venturing into
comparative studies of the ant larvae and also
of DNA.

Other taxa, such as Camponotus, Cremato-
gaster, and Pseudomyrmecinae, are certainly
common and ubiquitous in the tropics, but they
are less closely tied to the leaf litter and tend to
be arboreal.

Army ants, although often common and con-
spicuous in tropical forest, usually occur
unevenly in samples, but they and other less
densely distributed genera often are indicators
of particular conditions or habitats, so they
clearly should and will receive attention in sur-
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veys. The New World Ecitoninae were revised
by Borgmeier (1955), with additional taxonom-
ic studies by Watkins (1976, 1982, 1985).

Much more could be said about the systemat-
ics of particular groups and particular taxono-
mists, but many of these studies are based on
work performed in study areas outside the for-
est litter zone and are often published in lan-
guages and journals not readily accessible to
most workers. China now has a number of spe-
cialists on ant systematics, but as far as I have
seen they have not focused on revisions, but
rather on random detection and description of
new species from the Chinese fauna. In Japan
the local fauna is also emphasized, but some
workers are now commencing revisionary work
in the Asian tropics and elsewhere, and experts
such as Imai and Kubota are the leaders in the
field of ant karyology. The world revisionary
initiative has been strong in South America and
Australia, with revisers of the caliber of
Brandio, Lattke, Shattuck, and Taylor, but there
are still not very many of them.

Systematic Infrastructure

The year 1950 was a turning point for world ant
taxonomy; in that year Creighton published The
Ants of North America, the first major work to
apply the Modern Synthesis (Mayr 1942) to the
family. This meant that the “quadrinomial” sys-
tem of the last century, congealed in Emery’s
great Genera Insectorum fascicles of 1910-
1929 and kept relatively unchanged in the
works of W. M. Wheeler and his contempo-
raries, was abandoned—we hope forever! The
quadrinomial (four-name) system in the
Formicidae—almost unique in the persistence
of its application to species-group taxa of names
for genus, species, subspecies, and variety—
was really a pentanomial (five-name) system,
because in practice it routinely used a fifth
infrageneric category, the subgenus. Thus we
suffered such monstrosities as Lasius (Chthono-
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lasius) umbratus mixtus aphidicola; today this
species is represented (in North America) by
Lasius umbratus. Although many pentanomials
and quadrinominals are still listed in catalogues
and regional lists, almost everyone agrees that
they should be eliminated. Under the Inter-
national Code of Zoological Nomenclature,
changes in the status of the variety have helped
mightily in this direction, and in my opinion
they could help still further by removing the
subspecies category from Linnaean nomencla-
ture (Wilson and Brown 1953).

The elimination of the subgenus as a formal-
ly named category is a worthy goal in systemat-
ic biology, and one that is well on the way to
realization in ant systematics (Brown 1973). For
nomenclatorial purposes the International Rules
recognize the subgenus as equivalent to a genus.
The confusion that results when generic names
are synonymized or found to be homonyms
reveals subgenera to be dangerous as well as
merely inconvenient and burdensome: witness
the recurrent case of Cryptocerus and its sub-
genera. Most myrmecologists seem to be mov-
ing in the direction of using informal species
groups instead of subgenera, and groups serve
every purpose except to satisfy the cravings of
authorship. In practice, formicid taxonomy is
fast becoming binomial again, after two
centuries.

Another nomenclatorial issue is the ending
for subtribal names, which in the beetles and
other groups has unfortunately settled on -ing,
this neither unambiguously plural nor uncom-
mon as an ending of generic names, and identi-
cal in the vernacular of most European lan-
guages with the already overburdened -ine (e.g.,
Ponerinae, ponerine; Ponerini, ponerine; Poner-
ina, ponerine). I have discussed the problem
(Brown 1958) and suggested instead the sub-
tribal ending -iti, which does not have the
disadvantages of -ina and enjoys much better
classical credentials. Bolton feels that the
subtribal category may be unnecessary in ant

systematics. I think he is wrong in this, and I
believe that, in a taxonomy increasingly based
on phylogeny, fine subdivisions such as the sub-
tribe will be needed more and more.

One more practice needs attention: the super-
fluous citation of authors with the ant name,
either with the species binomial or just the
genus. I used to teach this practice in taxonomy
courses until at last I asked myself: What is its
purpose? The author’s name has almost become
part of the true scientific name of the organism
for many who publish research papers, in or
outside systematics (true even for many journal
editors!), but the Rules state that the author is
not part of the scientific name. Author citation
has scant reference value in practice, though it
is often put forward as a rationale. Abandon-
ment or radical deemphasis of author citation
would save much time, effort, and page space;
would cut down on the clutter of titles, lists,
and captions that slavish citations now engen-
der; and would facilitate computer searching
through bibliographies. The rule I follow in
this case is to give the author’s name only
when the instance normally calls for a full bib-
liographic citation of author, date, volume, and
page.

Looking Ahead

We can discern some of the taxonomic needs
expected to arise in the future, and the likely
responses to them; indeed this manual defines
some of them. Requirements of litter ecology
overlap, but there is much more to ant system-
atics than the litter inhabitants. Genera such as
Camponotus, Crematogaster, Paratrechina, and
Solenopsis are all there waiting, but it cannot be
said that they make very attractive subjects for
Ph.D. theses. The hope is that a Bolton or a
Shattuck will soon have the courage (and time
and money) to take them on. There is also the
matter of phylogeny and major taxon relation-
ships. More characters will have to be found



and studied. Some of these will be molecular
genetic, but their study will not be all that sim-
ple, as Crozier (1990) hints in his review of the
prospects for mitochondrial DNA research on
phylogeny and populations. If these dual tasks
of defining species and developing new charac-
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ter systems continue apace, we may look for-
ward to dramatic advances in ant systematics
and phylogenetics that will favorably impact
diverse biological disciplines, including the
field of biodiversity assessment that is the focus
of this book.
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