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W H A T MAKES T H E FORMICINI T H E FORMICINI? 

DONAT AGOSTI 

c/o Dept. of Entomology, British Muséum (Natural History) 
Cromwell Road, London SW7 5BD, U.K. 

Summary: 
The methods of modem systematics, especially pattern cladistics are discussed. Spécial 

emphases is placed on (1) the séparation of pattern and process, (2) homology, and (3) the 
parsimony concept. 

The tribe Formicini is given as an example. The synapomorphies of the tribe and the 
internai phylogeny are presented. The two major clades show différent and opposing patterns of 
variation. Cataglyphis genus group is variable in maie genitalia but shows rather uniform social 
organization; whereas Formica genus group shows uniform maie genitalia and diverse social 
organization. 
Key words: Systematics, Cladistics, Phylogeny, Formicini. 

Résumé: Qu'est-ce qui Tait que les Formicini sont les Formicini ? 
Les méthodes de la systématique sont discutées, spécialement celle de la 'cladistique 

transformée'. 11 est traité de façon plus approfondie (1) de la séparation des caractères et des 
processus, (2) de l'homologie, et (3) du critère de parcimonie. 

La tribu des Formicini est donnée comme exemple. Les synapomorphies et la 
phylogénie de la tribu sont présentées. Les deux branches majeures montrent des modèles de 
variation defférents et même opposés. Le groupe du genre Cataglyphis montre une grande 
variation des genitalia mâles, mais une organisation sociale uniforme; tandis que la groupe du 
genre Formica montre des genitalia mâles uniformes et une organisation sociale diversifiée. 
Mots clés: Systématique, Cladistique, Phylogénie, Formicini. 

"What makes ...?" has two différent meanings. Firstly it can refer to the 
attributes which define a thing - how it is constituted. Secondly it can refer to 
the developmental process which leads to the construction of a thing - how it is 
produced. In systematics this division is represented by the distinction between 
pattern and process. In biology it is represented by the distinction between form 
and function or comparative and général biology (Nelson, 1970). In philosophical 
terms, it is the distinction between being and becoming. Neither 'way of seeing' 
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(Rieppel, 1988) is supreme, but there can be no function without form: A fonction 
is a change of structures i.e. a relation of two or more différent structures has to 
be recognized or assumed before a change can directly be observed or inferred 
respectively. 

Thus, to understand life, the first step is a description of structures or forms, 
independently of processes such as how they became into existence. This is of 
spécial importance in the study of bio-diversity in which the underlying processes 
(e.g. évolution) cannot be observed directly. Thus phylogeny can only be inferred 
from a system based on observable facts: i.e. such a system, for example a 
cladogram, can subsequently be explained by process theories i.e. évolution. 

This thinking has led recently to an often misunderstood divorce in phylogenetic 
systematics between the old, now widely accepted 'Hennigian school' with the 
presumption of évolution and the 'pattern' or 'transformed Cladists' accepting 
évolution only as the most parsimonious explanation of the obtained cladogram, 
based on homologies and parsimony (see Beatty, 1982, Patterson, 1982a; Nelson, 
1989a). Nevertheless, the exclusive use of spécial characters (homologies or 
synapomorphies) and parsimony led to major advances in systematics (e.g. 
Kônigsmann, 1978; Kristensen, 1981; Carpenter, 1982). 

'Formicini' is the name of a tribe within the ant subfamily Formicinae ants. A 
tribe is a monophyletic group ranked below the subfamily level. There are no 
rules per se, how large a tribe has to be, some might include close to 2000 species 
as in the Camponotini, other may be monotypic, such as the Santschiellini. In the 
Code of Zoological Nomenclature, it is recommended that the suffix -ini be added 
to the name of a tribe and that a nominal taxon has to be fixed, which is also the 
name bearing type of its nominotypical taxon. 

The actual chosen level in the hierarchy is due to the historical treatment of 
the group, but ail the tribes should be monophyletic groups at an équivalent level 
within a cladogram throughout at least the respective family (in this example the 
Formicidae). Ail those requirements are arbitrary but the criterion of monophyly 
based on a rigorous procédure of discovery. 

What is cladistics and what a monophyletic group? Cladistics is one of a 
number of competing approaches within systematics, including evolutionary 
systematics, phenetics and numerical taxonomy (Tab.l). Ail aim to provide the 
necessary reference system within biology, and to reflect to some extent the 
assumed phylogeny. The advantage of cladistics, especially pattern cladistics is, 
that it is not an authoritarian system: it is a procédure of discovery (Nelson, 
1989b), which is logically consistent and independent of the case under study. It 
is based on the most parsimonious arrangements of homologies, resulting in a 
cladogram, and it is independent of process theories or explanations. Phylogeny 
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can be inferred by the so obtained cladogram or hierarchy of more or less 
inclusive monophyletic groups diagnosed by synapomorphies, and finally 
evolutionary theory can be used to explain the phylogenetic tree (see Janvier, 
1984). 

Tab.l. The relationships between pattern cladistics, phyloge-
netic systematics, phenetics and evolutionary systematics. 

Parsimony Homologies independence 
criterion (Synapomorphies) of process 

theory 
Pattern Cladistics + + + 
Phylogenetic Systematics + + -
Numerical Taxonomy, Phenetics + 
Evolutionary Systematics . . . 

Fig. 1. The test of homology (after Patterson, 1982 and Rieppel, 1988, 
modified.). 
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A synapomorphy or 
homology is a rela-
tion expressed as 
one character which 
is as a homologue 
part of the respec-
tive relate d two or-
ganisms. Characters 
are defined parts of 
an organism. Their 
définition has to be 
done in the context 
of he whole orga-
nism. A character F i S - 2- Test of similarity: Two non-homologies (Convergen-
'double row of bris- c e s ) - Arrow indicating the médian lobe: A: Proformica-, B: 
tles' as the charac- CataSh>phis (for further explanation see text). 
ter, only makes se-
nse, if its position is known, e.g. on the ventral surface of the hind tibiae of the 
workers and females. 
To décidé whether characters are homologous, two tests must be passed, first the 

test of similarity and second the test of congruence (Fig.l). The test of similarity 
tests whether two structures have the same relative place and therefore whether 
they include the same basic structures. 

In two généra of Formicini the maie genitalia have médian appendices between 
the outer valve (stipes and squamula) and the médian valve (volsella) (Fig.2). 
Whereas in Cataglyphis it is an appendix of the stipes in Proformica it is an 
appendix of the area between the squamula and the volsella. Therefore, this 
character fails the test of similarity and is a non-homology. This test can be 
applied to any structure independently of any other structures in the respective 
organisms. 

Différent characters have to be included in the test of congruence. In the most 
simple case of one character, which is present in two terminal taxa, the test of 
congruence favors the solution of A+B, being the same group diagnosed by this 
spécial character. The parsimony critérium favors the solution of one spécial 
character or synapomorphy rather than that it represents two independent spécial 
characters or homoplasies, because it explains the cladogram in one and not in 
two steps (Fig.3). 

A third test, the test of conjunction, may be added. This criterion tests whether 
two supposed homologues occur in the same organism: if wings and front limbs 
are considered as homologues then they should never be present in the same 
organisms, as they are in angels (= Homonomy) (Patterson, 1982b). 
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Fig. 3. Congruence. The same Character interpreted as 
synapomorphy or homoplasy. 

Which characters can be included in this procédure? Almost any morphological 
characters are usable. Morphological characters sometimes show the tendency to 
be homoplasies, although they look overall similar, if they are not finely enough 
resolved. This case will be discovered by the test of congruence. For other 
characters, such as behavioral or molecular, it must be shown that the test of 
homology is applicable. In the case of molecular characters the test of parsimony 
is not congruence, as in morphological characters, but similarity (Patterson, 1988). 
There is no similar test for behavioral characters. 

How many groups must be included in the test? As relationship are assumed 
to be universal and relative, a third group has to be included to work out the 
degree of relatedness (i.e. 'C is more related to A then to B'). 

Monophyly Paraphyly Polyphyly 

Fig. 4. The concepts of monophyly, paraphyly and polyphyly. 
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One of the important, even crucial outcomes of cladistics is the discovery of 
paraphyletic groups (Fig.4), groups (X) which include another group (A X) and 
therefore a sister group relation between (A) and (X \ A), the later is not 
diagnosable by synapomorphies and is therefore excluded from the cladogram 
(Nelson, 1989), but it might be included as a stemgroup in a phylogenetic tree 
(Janvier, 1984). To recognize homologies demands that we recognize the things 
being compared as organisms - with the homologues as their parts. Beyond that, 
the récognition of homologies (and hence of monophyletic groups) is directly 
comparable to discovering new species (Patterson, 1982b). 

The tribe Formicini 

The tribe Formicini is a monophyletic group in the subfamily Formicinae, including 
the seven généra Formica, Polyergus, Rossomyrmex, Proformica, Alloformica, 
Cataglyphis and an undescribed genus (Fig. 5.; Agosti, 1989; Agosti, in prep.). 
Formica and Polyergus have a holarctic distribution, ail the remaining are palae-
arctic. Formica includes approximately 150 species and Cataglyphis about 60 spp., 
the remaining généra have only a few species included. Polyergus and Rossomyrmex 
are obligate slavemakers on Formica spp. and Proformica spp. respectively. 
Wherever they occur they are among the dominant ant species in the particular 
ant communities. 

The tribe Formicini is dia-
gnosed by the following syna-
pomorphies (Fig.4): A double 
row of bristles on the ventral 
side of the hind tibiae: a slit 
shaped propodeal spiraculum; 
the placement of the spiracu-
lum close to the metanotum; 
and a double folded sagitta. 
Although the synapomorphies 
have been established using 
différent outgroups (Campono-
tini, Melophorini p.p. and La-
siini) they must remain provisi-
onal until the higher classifica-
tion of the Formicinae and 
with it the polarity and the 

Fig. 5. The phylogeny of Formicinae (Agosti, 
1989) 

Formica 

Polyergus 

Rossomyrmex 

Gen.nov. 

Proformica 

Alloformica 

Cataglyphis 
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distribution of the characters are resolved. 
Within the tribe, two main groups can be diagnosed: Formica genus group with 

Formica and Polyergus diagnosed by a cranial appendix of the subgenital plate, 
and the Cataglyphis genus group with Cataglyphis, Proformica and Alloformica with 
a caudally three lobed subgenital plate and a séparation between the ergot and 
the dorsal end of the serrated face of the sagitta. No homologies of Rossomyrmex 
and the new genus with any other group have yet been established. 

Fig. 6. The synapomorphies of Formicini: 1: double row of bristles 
on hind tibia; 2: slit shaped propodeal spiraculum; 3: position of 
the propodeal spiraculum; 4: double folded sagitta, A—A position 
of cross section; 5: cross section of sagitta. 

An interesting phenomenon within the two large généra, Formica and Cataglyphis, 
can be observed: Whereas in Formica with over 150 spp. only very limited 
variation in the size of maie genitalia occurs, those of Cataglyphis vary tremen-
dously (Emery, 1906; Agosti, in prep.). Therefore it is easy to find homologies 
which allow to infer the phylogeny of this genus and consequently to define 
species groups. The question arises, why such variation occurs in one genus, 
whereas in the other large genus, Formica, there is hardly any morphological 
variation, but variation in social behavior, such as slave making or living in 
supercolonies. 

Not ail characters vary regularly, providing therefore are homologies at every 
level. Analysis of the variation of the subgenital plate provides for some groups 
(such as Formica + Polyergus, Proformica or the C.bicolor-group s.str.) synapomor-
phies or diagnostic characters, whereas for other groups (Cataglyphis and the 
bicolor-group s.lat.) they represent the plesiomorphic condition and therefore do 
not diagnose relationship. 

A 
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The new genus includes two North African species, formerly placed in 
Proformica (Espadaler & Cagniant, 1987), and does not belong to any of the 
known genus-groups within Formicini and even Formicinae. Nevertheless it can be 
diagnosed by three of the four synapomorphies for the tribe. Any supposed 
relationship with Proformica is negated by the fact that of the four species 
analyzed so far do not have significant variation in their genitalia, although ail 
those species have an allopatric distribution. 

The social parasitic généra Polyergus is the sister group of their respective host 
genus Formica or for Rossomyrmex no synapomorphy could have been established 
to demonstrate the sister group relation; but none of those généra is a sister 
group of a species group within the host genus as it is the case for Strongylogna-
thus, Anergates and Teleutomyrmex with their sister group, the Tetramorium 
caespitum-group, making Tetramorium paraphyletic. 

The discovery of the gaster reflexion system and the construction of the first 
gastral segment in workers and females (Agosti & Bolton, 1990) suggests that a 
sister group relationship between Formicini and Lasiini is unlikely. 

The claim of systematics to provide a reference system for biology is in this 
case still far from being fulfilled. Further studies will concentrate on the phylogeny 
of the whole subfamily Formicinae, which almost certainly represents a monophyle-
tic group. Already preliminary results show that the général trend from an 
asepalous to a long sepalous proventriculus might have occurred several times 
(Eisner, 1956; Agosti, research in progress): for example, the anatomy of the 
proventriculi of Camponotus and Formica is différent (Eisner, 1956). 

Another, more urgent problem, is the question of species-groups and species 
within the particular généra. Whereas species-groups are a problem of systematics 
the description of species is the task of taxonomy. Unfortunately, the problem is 
not so clear-cut and their is a lot of confusion at this level, which has led to 
différent solutions (compare the species concepts in e.g. Francoeur, 1973 and 
Agosti, 1989). This needs revisionary studies of the généra. To get closer to a 
solution of this question in groups with very few morphological characters as in 
Formica, one might include other techniques and characters, such as hydrocarbons 
of the cuticula, mandibular or other gland compounds or DNA-fingerprinting. 

This might need new tests of homology, as Patterson (1988) has shown for 
molecular data, and raises the question whether there is a procédure for 
discovering species based on characters, analogous to cladistics. 
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