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Adetomyrma, an enigmatic new ant genus
from Madagascar (Hymenoptera: Formicidae),
and its implications for ant phylogeny

PHILIP S. WARD Department of Entomology, University of California, Davis, California, U.S.A.

Abstract. Adetomyrma venatrix, representing a new genus and species of ant,
is described from a single collection of twenty-one workers from Zombitse
Forest, in western Madagascar. Remarkable features of its morphology include:
(i) absence of a petiole in dorsal view (abdominal tergum 3 lacking a dorsally
differentiated pretergite), (ii) gaster large and expanded posteriorly, all terga
and sterna unfused and without constrictions, (iii) absence of eyes, and (iv)
presence of a very large sting (larger, in relation to body size, than that of any
other known ant). Adetomyrma does not possess any of the derived features
heretofore said to characterize the existing ant subfamilies. Morphological
evidence suggests, however, that it is cladistically a member of the ponerine
tribe Amblyoponini despite the absence of apomorphic abdominal characters
(tergosternal fusion of abdominal segments 3 and 4) seen in all other Ponerinae
and in the more inclusive ‘poneroid group’ of subfamilies. Whether Adetomyrma
shows primitive absence of such characters or secondary reversal to an unfused
state has important implications for the higher phylogeny of the ants. There is
insufficient evidence to choose decisively between these two alternatives, but in
either case the monophyly of the ant subfamily Ponerinae becomes doubtful.

introduction

Madagascar supports an extraordinary fauna and flora,
notable for its diversity and endemism (Battistini & Richard-
Vindard, 1972; Jolly er al., 1984). Apparently isolated
from the African mainland throughout most or all of the
Tertiary (Rabinowitz et al., 1983; Tattersall, 1982), the
island contains many taxa that are deemed ‘primitive’ in
morphology and basal in phylogenetic position (Martin,
1990. Stiasnny, 1992). The ant fauna of Madagascar is
imperfectly known — the last comprehensive treatment
appeared over a hundred years ago — but it includes at
least four endemic (out of approximately forty indigenous)
genera, and a level of species endemism exceeding 90%
(Forel. 1891; Wheeler, 1922: Brown, 1975, 1978; Bolton,
1979, 1981; Olson & Ward, 1994; Ward, unpubl.). The
absence from Madagascar of certain dominant Afrotropical
taxa such as driver ants (Aenictus and Dorylus) and weaver
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ants (Oecophylia) has doubtless permitted the persistence,
and 1n some instances the diversfication, of ant taxa that
are less common or absent elsewhere.

During recent field work on the island I encountered
several workers of a small, pale subterranean ant that proved
to be unlike any other known formicid. This ant appears to
belong to the ‘primitive’ ponerine tribe Amblyoponini. An
analysis-of its morphology upsets recent views about the
higher phylogeny of ants and suggests that the subfamily
Ponerinae is para- or polyphyletic.

Materials and Methods

Collection abbreviations follow those of Ward (1989) and
Arnett et al. (1993). The following mctric measurements
(in mm) and indices are cited: HW (head width: maximum
width of head, measured in dorsal view), HL (head length:
length of head, measured in dorsal view, from the anterior
clypeal margin to a line drawn across the posterior margin
of the head), SL (scape length: maximum measurable
length of the scape, excluding the basal neck), PW (prono-
tal width: maximum width of the pronotum, measured in
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dorsal view), DPW (dorsal petiole width: maximum width
of abdominal segment 2, measured in dorsal view), LHT
(length of the metatibia: maximum measurable length of
the metatibia), CI (cephalic index: HW/HL) and SI (scape
index: SL/HW).

Since taxonomic placement of Adetomyrma proved
challenging, I surveyed character variation across a wide
range of potential relatives including Apomyrma, Lepta-
nilla, the principal genera of the ‘doryline section’ (Bolton,
1990b), and representative genera of the five tribes in the
Ponerinae (Amblyoponini, Ectatommini, Platythyreini,
Ponerini and Typhlomyrmecini). Character systems that
proved to be of particular significance included: develop-
ment of specialized setae on the anterior clypeal margin;
position and shape of the metapleural gland orifice and
associated structures; configuration of the metacoxal
cavities; and relative position, shape and fusion of the
petiolar (second abdominal) sclerites.

To facilitate discussion the collective term ‘doryline
section’ (Bolton, 1990b) is used to refer to the subfamilies
Cerapachyinae, Leptanilloidinae and the army ants (Ecito-
ninae, Aenictinae, Aenictogitoninae, Dorylinae), and
‘poneroid group’ to refer to the ‘doryline section’ plus
Apomyrminae, Leptanillinaec and Ponerinae. The ad-
jectival nouns ‘ponerine’ and ‘poneroid’ pertain to the
Ponerinae and the ‘poneroid group’, respectively.

Descriptive taxonomy

Adetomyrma gen.n.
Type species: Adetomyrma venatrix sp.n.

Worker diagnosis (putative autapomorphies of the genus
are marked with an asterisk; some of these designations
are better understood in the context of the phylogenetic
position of Adetomyrma, discussion of which is deferred to
a later part of the paper):

1. Twelve antennal segments.

2. Mandibles subfalcate, crossing at rest, and without
differentiated basal and masticatory margins (Figs 7, 12);
inner margin with relatively few teeth (56 teeth in the
only known species).

3.* Palpal segmentation reduced (palp formula 3,3 in
the only known species).

4.* Clypeus reduced to a narrow strip (dorsal view) and
deflected ventrally.

5. Anterior clypeal margin with a row of stout, conical
setae (Fig. 12).

6. Antennal sclerite (or torulus) raised medially, i.e. not
horizontal, and fused with the laterally expanded frontal
lobes.

7. Frontal lobes weakly developed, only partially cover-
ing the antennal insertions in dorsal view (Figs 6. 7), the
maximum distance between their outer margins about
14% of HW.

8.* Compound eye lacking.

9. Promesonotal suture unfused and flexible.

10.* Metanotum not evident and mesonotum reduced in
size, much shorter than the basal face of the propodeum
(Fig. 4).

11. Metacoxal cavities tightly encircled by cuticle but
the endpoints not fused (Fig. 18); metasternal invagination
broad and shallow, extending anteriorly between the
metacoxal cavities no more than about one third the cavity
diameter.

12. Propodeal spiracle large, circular, in an upper and
posterior position (Fig. 24), almost contiguous with the
visible upper margin of the metapleural gland bulla.

13. Metapleural gland well developed, the bulla forming
a large conspicuous patch on the lower lateral and posterior
faces of the mesosoma, below and behind the propodeal
spiracle.

14. Metapleural gland orifice (or meatus) opening
posterodorsally, near the centre of the bulla, above a
posterolateral swelling of the metapleuron (Figs 24, 30);
orifice not overhung by a conspicuous cuticular flap nor
confluent with an anteriorly directed, longitudinal groove
or impression.

15.* Tergum and sternum of abdominal segment 2 fused
anteriorly but not posteriorly; tergosternal suture com-
pletely obliterated in the region of fusion (Fig. 36).

16. Unfused portion of abdominal sternum 2 triangular,
terminating anteroventrally in a well-developed tooth (just
posterior to the point of tergosternal fusion), and flanked
on either side by a differentiated laterotergite (Fig. 36).

17.* Helcial tergite (pretergite of abdominal segment 3)
poorly developed, not set off from the rest of tergum 3
by a constriction, in consequence of which no petiole
discernable in dorsal view (Figs 3, 4).

18. Helcial sternite thin, straight (not bulging ventrally),
overlapped ventrolaterally by the lower arms of the helcial
tergite (Fig. 41).

19. Helcial sternite narrower than the poststernite of
abdominal segment 3, and positioned much higher than it
so that a ventral petiolar constriction is seen in lateral view
(Fig. 2).

20.*? Helcial sternite strongly bound by connective
tissue to the posterodorsal margin of abdominal sternite 2.
(In two of four dissections that were performed part of the
helcial sternite and adjacent poststernite broke from the
rest of abdomen 3 and remained attached to the inside of
the petiolar venter; see Fig. 36.)

21.*? Tergum and sternum proper of abdominal segment
3 unfused, but helcial tergite tightly embracing the lateral
margins of the helcial sternite and apparently fused with it.

22.%? Tergum and sternum of abdominal segment 4
unfused and without differentiated presclerites.

23.* Abdominal spiracles 5, and sometimes 6, exposed
under normal gastral expansion.

24.* Metasoma large and expanded posteriorly, meta-
somal length about 1.6 times mesosomal length.

25. Pygidium simple, with posterior extremity rounded
and hood-like, neither denticulate nor heavily sclerotized
or otherwise modified.

26. Gonostylus long and distinctly 2-segmented.

27. Sting very large and barbed, valve chamber small



and poorly differentiated from sting shaft; lancet with 7
barbs, sting shaft with 4 pairs of barbs.

28. Sting furcula present, well developed, with dorsal as
well as lateral (ventral) arms.

29. Tibial spurs 1,1,2; anterior metatibial spur small,
posterior spur large, subtriangular and sinuous, its lower
margin pectinate, upper margin barbulate; mesotibial spur
weakly barbulate, flanked by a minute remnant of the
second (anterior) spur.

30. Apical segment of metatarsus enlarged, longer and
wider than each of the three preceding segments.

31. Tarsal claws simple.

32. Metabasitarsal gland (Holldobler & Palmer, 1989)
absent.

Unique features of Adetomyrma workers include the
weakly differentiated helcial tergite and consequent ape-
tiolate appearance in dorsal view; the large and posteriorly
expanded gaster all of whose segments are unfused and
(except abdominal segment 3) without differentiated
presclerites; and the enormous sting which is larger in
relation to body size than that of any other ant. Because
the valve chamber is not well differentiated from the
sting shaft, Kugler’s (1978) ‘index of sting reduction’ (IR
= shaft length/PW X 100) cannot be calculated precisely.
Nevertheless Adetomyrma has a sting length/LHT ratio of
1.72—1.77 and an approximate IR of 190. These values are
well above those reported for other ants (Kugler, 1978,
1980, 1991, 1992), the nearest being Amblyopone pallipes
with an IR of 119 (Kugler, 1978). The dentiform clypeal
setae, absence of eyes, configuration of the metapleural
gland orifice, structure of the petiole and exposure of
abdominal spiracle 5 are also distinctive features, that
occur in this combination in no other known ant.

Adetomyrma presents a curious mix of ancestral and
derived traits. The former include a freely articulating
pronotum and mesonotum, unfused metacoxal cavities, a
well-developed furculate sting, and an apparently primitive
configuration of abdominal segments 3 and 4 (but see
discussion below). Derived features include the reduced
eyes, mouthparts, and mesonotum; the anterior fusion
of abdominal tergum and sternum 2; and the enlarged
metasoma. A discussion of the taxonomic position of
Adetomyrma is given after the species description.

Adetomyrma venatrix sp.n. (Figs 1 -7, 12, 13, 18, 24, 30,
36, 41)

Holotype worker. MADAGASCAR, Zombitse Forest,
along Route Nationale 7, 15km E Sakaraha, 760 m, 22°54'S,
44°41’E, 15 February 1993, P. S. Ward no.11932, ex rotten
log, tropical dry forest (MCZC).

Paratypes. Series of twenty workers, same data as
holotype (to be deposited in ANIC, BMNH, LACM,
MCZC, MNHN, PBZT, PSWC, UCDC).
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Worker measurements (n=13). HW 0.40-0.49, HL
0.48-0.56, SL 0.29-0.34, PW 0.28-0.33, DPW 0.20-
0.27, LHT 0.32-0.37, CI 0.83—-0.90, SI 0.66—0.73.

Description (worker). Small (HW <0.50mm), pale
and blind. Mandibles subfalcate, without distinct basal
and masticatory margins (Fig. 12); inner margin with 3 or
(more commonly) 4 teeth, equaily spaced and lying in the
same plane as the front of the head, followed by a gap
(0.05—0.06 mm) and two longer (subapical and apical)
teeth which, as a consequence of the curvature of the
mandibles, lie in the dorsoventral plane when the man-
dibles are closed. Closed mandibles with apices over-
lapping. Clypeus very short, its principal surface deflected
ventrally, anterior margin broadly convex and furnished
with a row of about 20 small, specialized, conical setae
(Figs 7, 12). Frontal carinae short, low, expanded laterally
as small frontal lobes that over no more than about a third
of the antennal insertions (dorsal view). Medial portion of
the antennal sclerite (torulus) upturned and fusing with
the frontal carinae. Scape notably shorter than head length
(SL/HL 0.59-0.61); first funicular segment c. 2.3 times
longer than broad, and approximately equal to the com-
bined length of the next three funicular segments; funicular
segments 2—8 broader than long, segments 8—11 becom-
ing gradually enlarged but not forming a distinct club.
Terminal funicular segment c. 2.5 times longer than penul-
timate segment, and about half the scape length. Head
subquadrate (Fig. 6), longer than wide (CI 0.83-0.90),
widest near the mandibular insertions; sides slightly con-
vex, converging posteriorly and rounding into the concave
posterior margin. Mesosoma dorsum somewhat flattened
in profile, lateral margins rounded; in dorsal view pro-
notum longer than broad, with convex sides, mesonotum
very short and twice as wide as long (Fig. 4). Basal (=
dorsal) face of propodeum narrower than pronotum,
about 1.5 times longer than wide, with subparalle! sides
that converge slightly towards the mesonotum; basal face
of propodeum about 2.5 times the length of the declivitous
face, and rounding gently into the latter (Figs 1, 24).
Metapleuron fully fused with propodeum, the two not
distinguishable in lateral view. Metapleural gland bulla
conspicuous, manifested as a large circular patch on the
lower posterolateral corner of the mesosoma, its dorso-
ventral height about two-thirds the length of the declivitous
face of the propodeum. Inferior propodeal (‘metapleural’)
lobes essentially undeveloped. Abdominal .tergum 2 c.
1.4 times broader than long, in dorsal view. Abdominal
sternum 2 with a conspicuous subpetiolar process, shaped
like an irregular axe blade (Fig. 2). Abdominal sternum 3
with anteroventral surface evenly convex, lacking pro-
tuberant ridges near the helcium.

Mandibles smooth with scattered punctures. Most of
body smooth and shining; head and mesosoma dorsum
with numerous piligerous punctures (¢. 0.010-0.015 mm
diameter) separated by one to several times their diam-
eters, densest on the head (except for a smooth puncture-
free median strip). A few scattered punctures on abdominal
tergum 2, remainder of metasoma with small, less con-
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Flgs 1-7, 5EM micropraphs of Adeceyrmes vengrric worker, In these and subsequent figures the scale bars are approximalely the
indicaved lenprhs B micrans {um). 1, lefi lueral view of body {compesite al two micrsgraphs of the same specamen): 2. Dxteral view' of
petiole (abulomanal ssgment 2); 1, 4, dorsal views of body; 5, left laboral vicw of gaster: 6, dorsal view of head: 7. oblque anterodorzal

view of heal,

spleuous punctulae, preceded on the exposed poriions of
the anterior marging of each sclerite by fine tringvere
reticulate-striolate sculpture, Sides of propodecuem and
metapleuron with weak reficulations. Bady with o rather

deise cover of pale, ereet and subsrect hairs; maore than 3
standing hairg visible in profile on the mesceoma dor.
sum; anleror margin of clypeus with a row of long {up 1o
0.12mm}, slender, curved setae (dorsad of the specinlized
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Fige 8—1J Antervventral views (chose-up om righth of worker dypeis, with specialized sciae, B, 9, Onvchomyrmer doddi Wheeler: 10, L1,
Frivnopeita Jamabuis Borgmeder, 12, 13, Adetomyrma venaerit, Mote that in Oryebomyrmes most seiae adom the dypeus bat one pair
wicurs behind an the Bhnam (Fig. 9).

tooth-like serae) thar exceed the closed mandibles: ercct
setne also present on the scapes, funiculi, and extensor
surfaces of the ubwae. Colour: light yellow-brown, with

narrow darker bands at the posterior margins of abdominal
seprments X 1o 4 or 5.

Comoreres, Features of ..-Id'el‘m:rl:_l.'rma vermdric thatl ane
likely o be species-specific include the small sice, mans
dibular denfition, body sculpture, dense standing pilosity,
size and density of clypeal setze, and shape of the antero-
ventral petiolar tooth.
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Figs 14—17. Antcroventral vicws [chsc-up on right) of worker clypeus. 14, 15, Amblvapoms orepomensiz (Wheelerhi 16, 17, Aposyrms
stpgia. In Aponcyemor the peg-like setne are located on the labnum pot the clypeus.

Larva. A single ant larva, recovered from the vial cone-
raining the workers. may be that of A.venaric, [t is 2.4 mm
long and essentially ‘leptanilloid™ (Wheesler & Wheslar,
14976) in shape, i.e. long, slender, and club-shaped, wides!
near the pﬂrsl;:ril:-r end (at abdominal segments B and 9},
The thoray is skender and curved ventrally. The body hairs
ar: numicTous, short ond inconspicuous,. Mo thomce pro-
wberances or specialized dorsal tubercles were detected.,

Biplogy. The twenty-one workers were collecied from
the lower surface of o rotten beg, ot the lepfsoil interface,
& tract of tropecal dry forest in western Madogascar.
The workers appeansd to be foraging as a group, much in
the manner of several small Ceraprofivs species that are
characieristic of the dry forest of westerm Muodogosear,
alihough ir is possible that they were recruiting to o prey
iem (oot seen). Unfortenately time did not permit a
detailed search for che eolony. One of the workers stung
my fimger and this produced n noticeable stinging sensation
[amd later a slight swelling that persisted for severnl days)
despite the minets size of the worker, It ssems reasonahle
to surmise thot Adefomyrrg verainis s o specinlized

predator of ground-dwelling amhropeds. The opparent
group loraeiee behaviour is suggestive of the hobits of
lepranilline anis {Masuko, 1990} and true army ants [Cots
wihd, 1982} and leads to the prediction thot the gqueeen of
Adeforryrma will prove to be o morphologically specialtne,
wingless lemale,

The codlection weok place alter a period of exceptionally
heavy rains on this part of the island that effectively broke
a Zoyear drought. It seems likely that this ant is uswally
subterrangan and elusive. and that its discovery was aided
by the wer soil eonditons. A Winkber litter sample taken
at the same sie failed to produce additional material of
Adelamyrma.

The Fombise Forest where Adetomyrmg was found [see
ilastration in Tamersall, 1952z 51). although falling within
the bounds of what 15 conssdered tropical dry forest, is
neverthieles more mesic than most of the dry forests of
western Madagascar, Moreover, the fotest is under ssvere
threat [rom human activitics. Larpge swaths of the Tores
along Bowle Mationale 7 east of Sakarahn have been
destroved by sbash-and-burm agriculinee, After a few cvcles
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Figs 18-23. Worker metacozal cvities. I8, Adeomyrma venatric; 19, Pricaspells Tomabediv: 2, Mystrium veelrzkowi Forel; 21,
Tuphlomyreney rogenkafeeis 21, Riidoponere chalvbore Emerv: 23, Myrmuica daromyrens Provancher.

of comm and ciher crops the land becomes o degraded
savannah woodland. It seems certain thot the collection
site for Adetosnyroen, which is located no more than 100 m
from the meaan coad, wall suller the s=me fate onless urgent
prodective measures ane laken.

Relationship to ather formicids

Aderowmyrma presents something of o puzzle. At first glance
it would appear to be unplaceable in any of Uie existing ant
subfamulics since it possesses none of the derived traits
that individiually charocderize them (Baroni Urbani er af,,
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Flgs 24 -39, Lateral sicans of worker mcsosam, postenes end; leps and memnsemn remsoved (except in Fig. 24). 24, Adramyrmms venains:
25. Prvacpelia Pemabilia; 26, Onpohomyrmes doaddiy 27, Typklomyrer mogesiofert; 28, Ripridopoaera chalybara: 219, Mymmiog

i ick,

1992: Bolton, 19941, In Bolton's (1994) subfamily key.
far example, it stalls at eouplet 11 — o terminal eouplet
for Apomyrminag and Foneninas (part) — because it dis-
plays a mixture of features from both lups of the couwplet,
The lack of fergostemal fosion of abdominal sepment 4
wiould seem to preclude placement of Adetomyrma in the

Ponerinae. Al the same time Adetomyrmes exhibits alnosy
none of the detinctive chamderstic of the ‘doryhine
section’ of subfamitics {Bolton, 19906} such a5 a hormeental
torulus, protreding heloial sieenite, specialzed pyesdiom,
reductiondloss of forewly, metatibial gland, or ceticular
flap over the metapleural gland. The expoded speracle on



abdominal segment 5 is reminiscent of the greater exposure
that occurs, presumably convergently, in the doryline
section. Finally, the unfused condition of abdominal
segment 3 in Adetomyrma indicates that it does not even
belong to the more inclusive ‘poneroid group’ (Bolton,
1990b), i.e. that group of subfamilies, comprising Poner-
inae, Leptanillinae, Apomyrminae and the ‘doryline
section’, whose workers show tergosternal fusion of ab-
dominal segment 3 and all castes of which exhibit fusion
of the presclerites of the same segment (Bolton, 1990b;
Ward, 1990; Baroni Urbani et al., 1992). Since Adetomy-
rma has an apparently fused helcium (presclerites 3) this
could imply that it is in a basal position, perhaps as a sister
of the entire poneroid group.

A survey of additional character systems, beyond those
used for subfamily characterization, became necessary for
clarifying the phylogenetic affinities of Adetomyrma.
Focussing in particular on the morphology of the clypeal
setae, metapleural gland, metacoxal cavities and petiolar
sclerites, this survey revealed striking similarities (docu-
mented below) between Adetomyrma and members of the
ponerine tribe Amblyoponini, but not between Adetomyrma
and any other ants. The results support placement of
Adetomyrma in this tribe, and hence in the subfamily
Ponerinae, despite the absence of tergosternal fusion.

Redefinition of the Amblyoponini

Long considered a rather primitive group of ants, possibly
reflective of an early stage in ant evolution (Wilson, 1971;
Holldobler & Wilson, 1990), the Amblyoponini were well
characterized by Brown (1960: see also Brown, 1974a, b;
Gotwald & Lévieux, 1972) but they have not heretofore
been defined explicitly in terms of derived characters
that would signify their monophyly. The characterization
given below refers to all currently recognized, extant
amblyoponine genera for which the worker caste is known
(i.e. Amblyopone, Concoctio, Mystrium, Myopopone,
Onychomyrmex and Prionopelta). These were compared
to a representative range of taxa in other ponerine tribes
(Ectatommini, Platythyreini, Ponerini, Typhlomyrmecini)
as well as to Apomyrma and the principal leptanilline and
doryline section genera. In the diagnosis below, apparent
apomorphic conditions are marked with an asterisk. Some
of these are unique, others have appeared convergently in
other ant groups, as discussed below. A comparison with
Adetomyrma appears after the diagnosis.

Tribe Amblyoponini Forel, 1893

1.* Worker, queen. Anterior clypeal margin with a row
of specialized, stout setae which give it a denticulate
appearance (Figs 8—11, 14, 15); this may be accentuated
by the setae arising from cuticular projections (Mystrium,
some Amblyopone). The setae are secondarily reduced in
some species, lost in Amblyopone mutica (Santschi).

2.*? Worker, queen. Mandibles overlapping at their tips
when closed and typically, but not always, without distinct
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basal and masticatory borders. Differentiated borders can
be seen in Concoctio and some Amblyopone, however, so
the groundplan for the tribe is uncertain.

3.* Worker, queen. Palp formula 5,3, with reductions
therefrom (Brown, 1960).

4. Worker, queen. Twelve antennal segments, with
uncommon secondary reduction to as few as 9 and 7.

5. Worker, queen. Antennal sclerite (torulus) raised
mediaily and fusing with the overlapping frontal lobes.

6.* Worker. Compound eyes reduced or, less commonly,
absent. R

7.* Worker, queen. Eyes, when present, situated behind
the middle of the sides of the head.

8. Worker. Promesonotal suture unfused.

9.* Worker. Mesonotum short and transverse, on a
flattened mesosoma, shorter than the basal (= dorsal) face
of the propodeum, usually much so.

10.* Worker, queen, male. Metacoxal cavities encircled
by cuticle, the endpoints meeting broadly but not fused
(Figs 19, 20). Fusion occurs as a secondary development
within the tribe, in Onychomyrmex and possibly others.

11.* Worker, queen. Metapleural gland orifice directed
predominantly dorsally and posteriorly, on a curved sur-
face mesad of a posterolateral swelling or plate; orifice
plainly visible, as a thin crescentic cavity, in posterior
view; no guard hairs arising from the posterolateral swell-
ing (Figs 25, 26, 31, 32). The metapleural gland orifice of
Myopopone is somewhat divergent, opening laterally as
well as posterodorsally.

12.* Worker, queen. Petiole (abdominal segment 2)
shape characteristic: essentially apedunculate, with a steep,
broad anterior face and a flat dorsal face that extends to
the posterodorsal margin without descending into a distinct
posterior face.

13.* Worker, queen, male. Abdominal sternum 2 with
distinctive configuration: fused anteriorly with the tergum,
but not fully fused posteriorly, i.e. with some free play
between the sternite and adjacent tergite; posterior portion
of sternum 2, i.e. section posterior to the region of de-
finitive fusion, typically triangular or pyriform in shape
(ventral view), its anterior apex occurring at a ‘pinch
point’ marked by the approximate convergence of three
structures: the laterotergite (see 14 below), the anterior
terminadon of the (usually well developed and antero-
dorsally undercut) ventral petiolar tooth, and the lower
margins of the collar-like peduncular flange that encircles
the tergum anteriorly (Fig. 37); very rarely (e.g. A.mutica)
the petiolar tooth and peduncular flange absent.

14.*? Worker, queen, male. Abdominal tergum 2 with a
distinct laterotergite which parallels the posterior portion
of the sternum, forming a hinge joint with it; laterotergite
broad posteriorly, narrowing anteriorly and terminating at
the ‘pinch point’ near the lower margins of the collar-like
peduncular flange (Fig. 37). Laterotergite reduced/lost in
Prionopelta (Fig. 38) and in most Onychomyrmex.

15.*? Worker, queen, male. Petiole broadly attached to
upper margins of abdominal segment 3 and helcial sternite
broad. A significant narrowing of the broad dorsal attach-
ment occurs only in the aberrant Amblyopone mutica.
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Figa 30-35 Posteriar views of worker mesosema. leps and melasoms removed. M. Aden v venoirig: 51, Privrapetie Fomahiie:
32, Dnvefromyrer dodde; 33, Typhlomyrmer ropeshofert: 3. Afldoposess chalybaes; 315, Myrrace momplos

6. Worker, queen, male, Abdominal segment 3 ter- 18,77 Worker, queen, male. Absewee of airdulatory file
gosternal [usion of presclerites and posisclentes., om ahddominal tergm .

17. Warker, gueen. Abdominal segment 4: differen- 19, Worker, gqueen. Pygidium sampbe.
tintion of presclerites and terposternal fusion of the entire 20, Worker, queen. Sting apparatus well developed,

sepmal. [urcula pres=nt.
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Figel 36—40, Yenrral weeas of workor petiole. 36, Adercomyrme vemainie: 37, Ambloropese oreponéndie; 35, Prioaepeda lamdbiiin

I, Apameyrmd dvgin A0, Typhlomvemer ropeafofer

21, Worker, quesn, mals. Tikdal spurs 12,2, with pe-
ductions therefrom,

22.0% Worker, queen. Posterior metatibial spur stowr,
subriangelar and curved {Hashimodo, 199000, s lower
margin peetinate and upper margin barbulate.

23.* Warker. queen. male. Tarsal claws simple.

Some of the ssarred feanires listed abose (e reduction
and pasition of the compound cyes; simple tarsal claws)
appear repentcdly in oother anr groups and hence have
lemared phylopenctic volie, Other features, such as the
abscnee of a4 siridulatery Gle and e broad areachment
of the potiole o the sucoeeding scgment, are possibly
plesiomarphic, This is almast certainly mmee of the prescace
of a laterotergite on abdomingl tergun 2 {also scen, for
example. in Mvrmecio and in some cerapachyines and other
poncrines) but the paricular *pinch point® arrangement of

this laperotengne, the veniral petiolar vooth, and the ped-
unculasfanse is more of less confined o Amblyoponing.
A oventral perielar tooth and a peduncular flange ame also
seen in many ol poncnnes., but their shape and positon
in Amblyoponini are distinetive. The pedolar tooth. m
particilar, useally procrudes anessventrally wich the resal
that, in lateral profile. a potch-like meision 5 observed at
s antereor juneton with the siermem proper. Also come-
pelling as syvnapomorphies are the specialized denuform
clypeal serae which appear to be unique to the tribe; the
particular conflzuration of the metaploural gland which is
ol duglicated elsewhere: the shape of the petiole, whicl
i5 fafely seen in other anis [ Typllomyemer ropenftofen
bawr and a few cerapachyines approach this condition s
and the bread but primitvely unfused oonncction between
the sclerites encircling the metacoxal cavities.

As far a5 konown. all amblvoponines are ervpric in their
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Figs 41—44. Anienaor views of worker beoloa. 41, Adefomprma venatries 43, Miatsus voelickowi; 45 Prionepelia Pamabilic: 4.
Tuphifamyrmeer rogenfhofend.

Foraging halvits and specialized as predators on arcthrogods,
capedially centipedes, living im soil or reiling wood (Brown,
1960 Gotwald & Lévienx, 1972 Holldobler & Wilson.
1986: Masuka, 1986 [, 1995). The shape of te man-
dibles, the powerful sting, and the deatiforan clypeal
[somutimes also labraly sclae oo doubd assisg physeally o
prey caplute (Brown, 19600, alhough the clypeal scrae
probabdy abo bave a semsory function.

Excluded from Amblycponini

1. Apomyrma, known from the Simgbe species A o primd
srvgio Brown, Gotwald & Lévieux (1971), was originally
placed in tee Amblyoponini bur later ransferred 1o the
Leptanillinae by Bolton {19900 ), and then given subfamily
status, as Apomyrmuinae, in Basond Urband er af. (15952).
The clypead margin of the Aperiyveme worker i wed adomed
with specialized setze but there is a double row of similar,
presumably analogous (see alse Gotwald & Lévicux, 1972)
peg-ltke setac on the labrum, Mote that these are different
in shape than tese of the Amblyoponini (compare Figs

B=11. 14=17} Nevertheless dentiform setae are found on
baarfi the Inbrom and the clypeal morgin in Sapofremyomer
(Fiz. 9} and some Amblvogaie, sugpesting a possible link
berween the characiers, Proomiils, a leptanilline genus,
abso piorssesses o pair of stowd setae on the Librum {Bolien,
[¥H1a ) but none an the clypews, Aporyreie workers have

- b0 eyes and those of the queen are placed in o pestenor

position on the head, in agresment with Amblyoponio.
With respeet to the remaining putative synapomorphies of
Amblvopason, however, Apostveria exhibits differenees;
it leas @ fully clossd metacoxal cavity surmouanted by a dis
tinct onnulues; metapleural gland ofifice opening posienes
laterally, unider a dorsal cuticular flap: non-amblyopomine
petiole shape: sharp constriction berween the petiobe and
abdominal segment 33 and an iselaied postenor petiolar
stermite that is much reduced in size. although Manked by
apparent laenoterpites (Fig. 390 It must b admitted,
leowever, that most of these conditions coeld e dernved
from those secn in Amblyoponini, {Amblvopore moeica
provides an uncanny cxample of a petiole femling towarnds
the Apanyraea condition.] The same coald be said for the
horizontal toruli, foreard-placed spiracle on abdominal



tergum 3, palp formula of 2,2, and transverse sulcus behind
the helcial sternite (see Bolton, 1990a: 280). Hence a close
relationship between these two cannot be ruled out. The
Amblyoponini might even be paraphyletic relative to
Apomyrma (and Leptanillinae), although the morphology
of the metapleural gland and gaster suggests otherwise.

2. The ponerine genus Typhlomyrmex, placed in its own
tribe but sometimes considered a possible relative of
Amblyoponini (Brown, 1974b), has no specialized clypeal
setae, a metapleural gland whose orifice opens dorso-
laterally and is not visible in a strict posterior view (Figs 27,
33), open metacoxal cavities whose encircling cuticle does
not overlap broadly (Fig. 21), and a differently shaped
petiolar sternite (Fig. 40). Typhlomyrmex also lacks a
petiolar laterotergite and the broad attachment of the
petiole to the postpetiole. Brown (1965) cites additional
differences between Typhlomyrmex and Amblyoponini in
wing venation and larval mandibles.

Comparison of Adetomyrma with Amblyoponlni

Unlike Apomyrma or Typhlomyrmex, Adetomyrma
exhibits almost all of the diagnostic features (derived and
primitive) of the Amblyoponini. The more important
commonalities are considered first.

1. The worker of Aderomyrma has specialized stout,
clypeal setae which are similar in shape, external mark-
ings and location to those of the Amblyoponini (compare
Figs 8—15). Such clypeal setae are not known in other
poneroids.

2. The mesonotum of the Adetomyrma worker is short
and transverse, much shorter than the propodeum and
only weakly distinguishable from the latter, as in many
amblyoponines.

3. In Adetomyrma the metacoxal cavities are open, i.e.
not surrounded by fused sclerites, but the endpoints of
the sclerites overlap broadly, as in most amblyoponines
(Figs 18—20). This stands in contrast to the condition in
the doryline section in which the metacoxal cavities are
fully closed. Conversely, the tight embrace of the cavities
places Adetomyrma closer to the Amblyoponini than to
Typhlomyrmex and the more generalized ectatommines,
which have more open cavities (Figs 21, 22).

4. The arrangement of the metapleural gland orifice in
Adetomyrma — opening posterodorsally above a swelling
on the posterolateral extremity of the metapleuron, visible
in posterior view as a crescent-shaped slit, and lacking
guard hairs — is very similar to that seen in Prionopelta
and Onychomyrmex (compare Figs 24—26, 30—32), and
different from the condition in non-amblyoponine poner-
oids (Figs 27, 28, 33, 34).

5. Adetomyrma has a petiole whose lateral profile (Fig. 2)
is typical of the tribe. There is also a very broad attachment
of the second abdominal segment to the third, although
this may be a primitive trait.

6. The petiolar sternite of Adetomyrma conforms to
the above description for the Amblyoponini. Anterior
tergosternal fusion has proceeded to the point where the
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original suture has been lost. This is also seen in some
Amblyoponini, e.g. Mystrium, whereas in most members
of the tribe the tergosternal suture is still visible. The
posterior section of sternum 2 in Adetomyrma is triangular
in shape, adorned with an anteroventral tooth (with a
notched anterior margin in lateral view), and flanked by
a laterotergite. There is, however, no peduncular collar on
the petiolar tergum.

7. The Adetomyrma worker is eyeless, in conformity
with the reduction/loss of eyes seen in Amblyoponini. Of
course this condition has evolved repeatedly in other ants.
A determination of whether the eyes’are/were placed in
a posterior position on the head will probably have to
await the discovery of the queen caste.

8. Less importantly, Adetomyrma has simple tarsal
claws and lacks a stridulatory file on abdominal tergum 4.
Because of homoplasy and polarity uncertainty, these two
characters cannot be given much weight. Other features
of uncertain significance (but possibly apomorphic) that
Adetomyrma shares with Amblyoponini include the head
shape (subquadrate, slightly converging posteriorly,
lacking posterolateral lobes), subfalcate mandibles, dor-
sally flattened and laterally rounded mesosoma, conspicuous
metapleural gland bulla, somewhat enlarged apical seg-
ment of the metatarsus, large curved metatibial spur, and
close association between the helcial and petiolar sternites.
Whereas any one of these features does not provide strong
evidence of a relationship to the Amblyoponini, together
they contribute to a close overall resemblance.

Adetomyrma also agrees with most of the remaining,
putatively plesiomorphic traits of the Amblyoponini
(except that abdominal segments 3 and 4 are unfused:
see below). Finally, in contrast to its evident similarities
to Amblyoponini, Adetomyrma does not share a suite
of derived characters with any other poneroid tribe or
subfamily. That the similarities between Adetomyrma and
Amblyoponini are due to convergence or to symple-
siomorphy must be admitted as logical possibilities, but
the totality of evidence weighs heavily against them. The
convergence hypothesis requires an excessive amount of
special pleading; and the hypothesis of symplesiomorphous
similarity would imply that generalized ponerines, with
large eyes, open metacoxal cavities and unfused petioles
(e.g. Rhytidoponera) arose from a clade of small-eyed,
hypogeic ants with reduced mouthparts, encircled meta-
coxal cavities and anterior tergosternal fusion of the petiole.
The conclusion seems inescapable that Adetomyrma is
a specialized amblyoponine, perhaps the sole survivor of
an early basal lineage in the tribe.

This further boosts the known representation of the
tribe Amblyoponini in the Malagasy region. In addition
to Adetomyrma Madagascar hosts six of the eight nom-
inal species of Mystrium (Brown, 1960), at least three
Amblyopone species (all undescribed) and at least five
species (mostly undescribed) of Prionopelta.
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Phylogenetic implications

If we accept that Adetomyrma is a cladistic member of the
tribe Amblyoponini—and the evidence points overwhelm-
ingly in this direction—then a paradox arises: Adetomyrma
lacks the derived traits that characterize the higher taxa in
which Amblyoponini is nested. The case is similar to that
of Mononykus, a primitive but wingless fossil bird (Norell
et al., 1993). If this creature was primitively flightless, then
this implies at least two origins of flight in birds, because
Mononykus postdates Archaeopteryx and has certain
bird-like features not possessed by the latter. Similarly, if
Adetomyrma has primitively unfused abdominal seg-
ments 3 and 4 this implies homoplasy (multiple origins)
of the apparent synapomorphies of the Ponerinae and the
‘poneroid group'. Alternatively, one could postulate that
Adetomyrma has undergone secondary loss of the fusion
characters, i.e. reversal back to an unfused state, although
one might not expect these kinds of fusions to be revers-
ible. Which of these two alternatives is chosen has important
implications for the evolution of abdominal morphology in
ants and for the historical validity of both the Ponerinae
and the poneroid group. Below I consider these two poss-
ibilities, the evidence for each, and their impiications.

1. Adetomyrma primitively lacks the abdominal fusion
characteristic of the Ponerinae and the poneroid group.
This would be consistent with the expectation, from com-
parative insect morphology, that fusion of major sclerites
is (typically) an irreversible evolutionary step. Moreover,
up to now there has been no evidence that the worker
caste of any ant has undergone a reversal of tergosternal
fusion of abdominal segment 3 (within the poneroid group)
or abdominal segment 4 (within the Ponerinae). Even the
enormously physogastric queens of army ants (within the
doryline section of the poneroid group) have retained
fusion of abdominal segment 3; and the dichthadiiform
queens of Onychomyrmex have also not been able to
break free from the constraints of fused abdominal seg-
ments 3 and 4. In addition, fusion would seem to be an
uncommon event: abdominal segment 3 is unfused, except
for the helcium, in all ants outside the poneroid group:
segment 4 is unfused in all ants except the Ponerinae.
Hence. until the discovery of Adetomyrma. these two
characters appeared to have the admirable qualities of
being unique and unreversed.

But if Aderomyrma, an amblyoponine, has primitively
loose abdominal segments, one must presume that fusion
of segments 3 and 4 (and the differentiation of presclerites
on the latter) in the Amblyoponini occurred independently
of that seen in other poneroids. That these are homo-
plasious characters is also suggested by a consideration of
male morphology. The males of some Amblyopone lack
complete fusion of abdominal segment 4 (Ward, unpubl.)
and, within the poneroid group, male Ecitoninae have the
postsclerites of abdominal segment 3 unfused (Boiton,
1990b). Thus male morphology already points to multiple
fusions: Adetomyrma simply extends the argument to the
worker caste. Unfortunately this means that the two taxa,
poneroid group and Ponerinae, are robbed of their key

synapomorphies. No derived character links Ambiyoponini
to the other ponerine tribes, and the possibility of a closer
relationship to Apomyrminae, Leptanillinae or the dory-
line section cannot be discounted. The poneroid group
would remain tenuously defined by the (not unique) fusion
of the presclerites of abdominal segment 3, i.e. the helcial
sclerites. Fusion of the postsclerites of this segment must
be presumed to have occurred more than once in the
group.

2. Adetomyrma has undergone reversal with respect
to abdominal segment fusion. Leaving aside arguments
about the plausibility of reversal, this is certainly the most
parsimonious explanation when considering only a simple
count of the number of character state changes involved.
A plausibility argument might go something like the follow-
ing. The loosening of the abdominal segments, perhaps as
a result of combined selection pressures on the workers
and on the queen (as yet unknown but predicted to be
dichthadiiform), was possible because Adetomyrma be-
longs to an early ponerine line in which tergosternal fusion
of segments 3 and 4 had not proceeded to the point of
irreversibility. That fusion has not been stabilized in the
tribe Amblyoponini is indicated by the fact that in some
workers one can still discern the overlapping ends of the
plates of segment 4, i.e. posteriorly the tergum can be
seen to form a small, free overhang (especially marked in
Myopopone). One could also interpret the afore-mentioned
Amblyopone males, with their incomplete posterior fu-
sion, as exhibiting the same phenomenon. In the ‘higher’
Ponerinae the fused plates tend not to have free overlap
posteriorly; and in the more derived members of the
doryline section (e.g. Dorylus) fusion of abdominal seg-
ment 3 has proceeded to the point where only a faint
suture line remains to mark the boundary between the
plates.

Adherence to this reversal scenario salvages the fusion
apomorphies of the poneroid group and the Ponerinae,
but they require somewhat awkward qualifications.

Prospects

At this point there is insufficent information to choose
< between the two scenarios outlined above. Some com-
bination of the two might apply. for example. a fused third
abdominal segment and differentiated presclerites on
segment 4 might have been secondarily lost in Adetomyrma
even if the fourth abdominal segment is primitively un-
fused. A thorough character analysis of the poneroid taxa,
using tribes and genera as terminal units. will be necessary
for resolution of this problem. Discovery of the male and
queen castes of Adetomvrma could be expected to reveal
information of phylogenetic importance. If. for example,
the Adetomyrma male proves to have abdominal segments
3 and 4 fused this would strongly suggest reversal of fusion
in the worker.
There are broader implications to emerge from this
analysis of Aderomyrma. Regardless of whether this ant
exhibits primary or secondary lack of tergosternal fusion,
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Formicinae Myrmeciinae Amblyoponini
Dolichoderinae  Nothomyrmecinae doryline ?Apomyrminae remaining Ponerinae
Aneuretinae Pseudomyrmecinae section ?Leptanillinae ?Myrmicinae
20
21
33 22 19C3
10 233
11 24 ]

12 224

1 13
2 50 1 14 18 vz
3 6 15 224
4 16 C
9 ezZ2
sC—1
7

Fig. 45. A conservative hypothesis of formicid relationships (extant subfamilies only). based on the assumption that tergosternal fusion of
abdominal segments is reversible. Closed bars: unique and unreversed characters; hatched bars: unique and reversed characters: open
bars: homoplasious characters with multiple origins {most of these are unique at the groundplan levels considered here but have also
originated within other lower taxa). The characters. worker- and queen-based unless otherwise noted. are as follows: (1) dorsal cuticular
flap of metapleural gland reduced anteriorly and extended posteromesally, so that metapleural gland orifice is directed more posteriorly
than laterally (guard hairs usually common): (2) all castes: metacoxal cavities closed by a thin strip of cuticle (condition in Aneuretus
uncertain); {3) reduction/loss of furcula of sting apparatus: (4) proventriculus sclerotized: (5) metabasitarsal sulcus (Ward, 1990) present
(this presumes a convergent origin in Paraponera): (6) sensilla basiconica of antenna with socket raised above the cuticular surface: this
condition, reported in Pseudomyrmecinae and Mvrmecia (Hashimoto. 1991a), also occurs in Nothomyrmecia (present study): (7) labial
palpi with sparse covering of setiform sensilla (Hashimoto, 1991a); (8) all castes: fusion of helcial sclerites (convergently developed within
the formicoid group): (9) fusion of postsclerites of abdomen 3 (reversed in Adetoinyrmay): (10) metapleural gland orifice directed laterally,
close to the ventral margin of metapleuron: flanked dorsally by a well-developed cuticular flap and ventrally by a small plate or
prominence. these two being recessed medially at their posterior juncture. so that in posterior view the orifice is visible as a semicircular or
slit-shaped invagination; (11) metacoxal cavities broadly closed (convergently developed within other groups); (12) worker metatibial
gland (Bolton. 1990b) present: (13) helical sternite protruding mesoventrally below the level of the lateral arms of the helcial tergite:
(14) abdominal spiracles 5—7 exposed under normal gastral expansion: (15) worker pygidium spinose (some reduction occurs): {16) male:
hypopygium bifurcate: (17) metapleural gland orifice well separated from ventral metapleural margin. opening laterodorsally (posterior
exposure variable), in a depression above a protuberance or swelling of the posterolateral extremity of the metapleuron (this swelling
appears to be part of the bulla so that the orifice originates not below the bulla but in its lower quarter); guard hairs originating from the
lower margin of the protuberance or swelling: (18) tergosternal fusion of abdomen 4 (reversed in Adetomvrmay): (19) dorsal stridulitrum on
abdominal pretergite 4 (convergently developed in Pseudomyrmecinae): (20) anterior clypeal margin with specialized, dentiform setae:
(21) metapleural gland orifice directed posterodorsally, visible as a crescentic slit-shaped cavity in posterior view: no guard hairs arising
from the posterolateral swelling; (22) anterior tergosternal fusion of petiole; free posterior portion of sternite with characteristic
configuration (see text); (23) anterior face of petiolar node steep and broad. dorsal face flat and extending to the posterodorsal margin
without descending into a distinct posterior face: (24) worker: compound eyes reduced/lost. Characters 17, 18, 20—23 must be presumed
reversed or otherwise modified if the Apomyrminae. Leptanillinae and Myrmicinae are positioned where indicated.
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it becomes increasingly difficult to justify the monophyly of
the Ponerinae (see also Hashimoto, 1991a). This is obvi-
ously the case if lack of fusion is primitive: the Ponerinae
lose their only synapomorphy. But even if Adetomyrma
has undergone reversal to an unfused state, this opens the
possibility that other taxa currently placed outside the
Ponerinae, such as Apomyrma, have undergone the same
kind of change. Recent studies (Ward, 1990: Bolton,
1990b; Baroni Urbani et al., 1992) have rejected the notion
(expressed in Brown (1954), Wilson (1971) and Taylor
(1978), among others) of a close relationship between
Myrmicinae and Ponerinae, on the grounds that the
Myrmicinae lack tergosternal fusion of abdominal seg-
ments 3 and 4. But if fusion reversal can occur—or if there
have been multiple fusions—this argument loses much of
its force. There are intriguing, potentially apomorphic,
similarities between the Ectatommini (excluding Para-
ponera) and the Myrmicinae, in the configuration of the
metapleural gland orifice and the morphology of the
propodeal foramen (Figs 28, 29, 34, 35), and in antennal
sensillum characters (Hashimoto, 1991a). The Pseudo-
myrmecinae, said to be a sister group of the Myrmicinae
(Ward, 1990; Baroni Urbani er al., 1992), do not share
these features, casting doubt on their affinities with the
Myrmicinae. Fig. 45 summarizes the relationships among
the major ant groups that are suggested by the present
study, under the assumption that tergosternal fusion
is reversible. The support for some of these groupings
remains weak, and if Adetomyrma has a primitively loose
gaster then further uncertainty is introduced.

Finally, Adetomyrma rekindles the debate about whether
the broad attachment between abdominal segments 2 and
3, as seen in Amblyoponini, is primitive or derived (for
a succinct explanation of the problem and its ramifications
for ant evolution see Wilson, 1971: 31). This puzzling
poneroid from Madagascar certainly undermines any
complacency about established views on ant phylogeny.
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