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THE EVOLUTION OF THE DACETINE ANTS

By WILLIAM L. BROWN, JR. AND EDWARD O. WILSON
Museum of Comparative Zuo/ag], Harvard Unizersity

ABSITRACT

4 prelinunary wnthesis of evolutionary studies of certain mor pliolagical and etinlogi-
cal heracters on the ant tribe Daceting is given. A primary trend inferved from tie study
of living species is the shift from epigavic-subarborea! to cryptic-terrestrial foraging. Pos-
whly associated in the early stages of dacetine evolution with this shift was a trend toward
aligophagous predation, resulling i extreme cases among modern forms in specialized
seeding on collembolans. Secondary changes have vccurred i hunting belavior und in a
divensity of meorphological features: these are described briefly. Revened or. maore ac-
curately, “eountercrrent” evolution has occurred in varions phyletic lines in most of
the characters of this morphological-ethological coadaptive system. Such changes are
relatively short-ringe and waally involve only a few characters at a tine. In at leavt ome
instances they have produced a local reversal in the averall dacetine trend to specializa-
fion, as with secondarily increased polyphagy in some species of Strumigents. Convergence
to the higher dacetine morphological type has occ urred independently in several other ant

ribes: in at least one case (Rhopalothrix) ethological convergence is also evident.

INTRODUCTION
n recent vears, we hine witnessed - spec
trcular rise ininterest in o comparative
audies of animal behavior. Many of these
studies have attempted to relate behavior
of given spedies or higher taxa w their
particular environments, o the imorphology and
physiology of the animals, 1o their systematics,
and to their evolutionary history. Certainly, the
integration of all these approaches should be a
principal goal of the modern investigation of
A group.

One importan: group of animals that is espe-
Gialiv tavorable tor such an integrated study is
that of the ants. These inseets form a distinet
Lanily, the Formicidae. in the Order Hymenop-
terit, or wasp-like insects. I'he ants are sill -
completely known and are rather unsatisfactorily
Cassihed, but we believe that, with more than
10000 species and several hundred genera al-
ready described. thes are roughly comparable in
diversity to a taxon such as the clss Aves

As iy implied by their placement among the
Hymenoptera, the ants arose apparentdy dur.
ing the Cretaceoust trom some wroup of wasps,
probably solitary wasps atlied to the diving L'i
cNIstHIg Al social

phindac, 1he

DT Spedies e

thur s parent adudes b ther othspring ot i

developmental stages live together in groups.
called colonies. In most species the colonies in-
habit more or less definitely structured nests in
the soil, in plant cavities, et During most of
the vear they are composed entirely of females,

which are normally divided into two basic castes,
the queens and the workers, which tend to be
specialized for different functions. Males appear
in the colonies at certain seasons, and are -
portant only in sexual reproduction.

Fhe fact that nearly all human cultures have
a common word meaning “ant” is a tribute to
the abundance and ubiquity of these insects over
the temperate and tropical parts of the earth.
Their great numbers and relatively high activiwy
tes place them among the really important
transformers of energy in terrestrial environ-
ments. It iy again their exceptional abundance,
as well as the case with which they may be found
and cultured in the laboratory, that renders ants
ideal subjects tor biological study.

Fhe most prismitive ants, like their wasp an-
cestors, teed their Tarviae on many kinds of in-
seets that they capture on plants or on the

I

ground surtace. while the adult workers them
sebves gain o daree purt of their nourishment
from nectar or other sugary substances for which
then ford

on plants In higher groups of it~

teeding iy oten more spedalized. Some kinds




THE EI'OLU TTION OF

torawe - dmost entirely on the trunks or toliage of
trees. where they inay tend plaot lice Jor their
honevdew, hunt et or bothe Many types
have become harvesters o seeds. and one group,
the Attini. raises and cats tungi. thas cngaging
i the ondy wellestablished Gise ot true aop
wriculture except tor that muanaged by muan-
Lind.

Other lines among the ants have developed
predatory nuss-toraging “army-ant” habits that
have allowed them a wider cholce ot prey, while
stll others have cvolved very narrow prey pref-
erences, such s the Leptogenys which leed on
sowhugs (Oniscownrphagy, or the aveless Cen-
fomyrmex, believed 1o capure termites in their
subterranean passages. There is even one large
group, the Cerapachyini, that lives by raiding
the nests ot other ants and teeding on their
brood. T'o this category of spedialist predators
belong abo the Dacetini, a tribe of nearly 200
kitown spedies belonging to the subfamily Myr-
micinae, one ot the nine major divisions of the
Formididue. We have not vet uncovered the
Lationships of the Dacetini to the other tribes
of Myrmidinae: they form a phyletically iso-

lated group, occurring mainly in the tropics and
milder temperate regions of the earth. But
ciough is now known about them to make the
Daceting an especially instructive case history of
group cevolution.

In 1936 L. G. Wesson showed that the dacetine
ant Smuthistrima: pergandei (Emery) has some
remarkable peculiarities in ity food-getting be-
havior. Workers of this species prey chiclly or
exdlusively on springtails (collembolans), which
they capture by an celaborate mancuver indud-
ing careful stalking followed by a sudden, trap-
like closure of the mandibles. Wesson and Wes-
(1939) that similar behavior s
exhibited by a tew other species of Smithistruma

son showed
i North Americi. These early observations,
which have been fully confirmed by Jater work,
revealed Smuthotruma as one of the most highly
spedialized of ol ant gencra of which the habits
are known. Smerthastruma. however, represents
the end-produce of hut one phyletic line ol the
Dacetini. This large cosnnepolitan 1ribe con-
tains a rich diversity of genera. many of them
dearly very primitive velative o Swothodruma,
and - athers occupaing intermediate or higher
I'he Daceting there-
the

phiietic positions (Fig. )

tore provide excellent apportanities  for

studv ol the phivtoseny of preducony hehavior,

THE DAICETINE INTS

During the past ten vears the presant suthions
have heen conducting such aostuds incenmoenty
while engaged in laboratory and hekd work n
the Untted States and in hoth the Odd snd Nes
World tropics. Fhe tollowing PApPCT constitues
a preliminary summing-up ot the 1cualts of this
ctfort. In it we have tried 10 ~kewh ~ome of the
evolutionary trends thus far noted o 1o show
how much of major dacetine cvolution can
be interpreted as the outcome of o prinnan
adaptive shilt toward arypric loraging that cha
acterizes upper phyletic lines of this tribe. Of
equal importnce, we have atempted o indi-
cite the Lirge gaps remaining in ow Knowledge
!
-at, both
tor the cvolutionist and for the plivsiologise i

of this interesting group of insects Possi-

bilities lor future rescarch seem 1o be

terested in the analysis of stercoty ped behavion,

In the descriptive parts o tollow, it his been
necessary toouse several technical words ordi-
narily tound only in rather speciadized ento-
mological and taxenomic literature. For the con-
venicnce of the general veader. some ol these
terms are briefly explained below.

Alitrunk. The cenwral portion of the body of
the ant (and other Hymenoptera). consisting ot

the true thorax and the first true abdominal

segment, which is fused with it.

Epigacic. Foraging in the open. whether on
the ground or arboreally: contrasted with /v po-
ygaeic,

Foveate. Referring to integumental « ulplure
consisting of foveae, relatively Large civealar de-
pressions with well defined nargins, often bear-
ing a hair on a central tubercle.

Funtculus. The series of segments of the an-
tenma heyvond the elongate first scgment, or
scape.

Caster. "The last major postion of the body;
in dacetines the gaster follows the postpetiole
and is composed of the tourth and succeeding
true abdominal segments.

Hypogaeic. Foraging in hidden plices, cither
within or beneath covering objects sudh s feaf
litter, moss, or rotting wood teryploabiaicy o
deeper within the soil itelt Gubteryanmn,

Morphociime. A Mepwise series ot changing
manilestations of a given character as followod
through « group ol reled spedies, isuadlh i
terpreted as the resule G volutionary suce e sion,
Petrofe. Phe st segment ar node by the sty
the second true ahdominad

Twaist, MEGHTR N

Postpeniole. Yhe second seument o I
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“wadst” i groups. such as the Dacetini, possess-
1 A two-jointed waist: the third true abdominal
segment,
Punctiwation. Relerring o integumental
sculpture comsisting of puncures or small pits.
Scape. The clongated first (hasaly segment of

the antenna in anes and some other insects.

ECOLOGICAL SYNOPSES OF T'HE DACETINE GENERA

tn the following section are listed all of the
known subtribes and genera of the Dacetini,
with very brief yeneral statements concerning
our present knowledge of their distribution and
natural history. Most of these groups have been
treated in more detail in the taxonomic and
ceological papers dited at the end of the indi-
vidual svnopses. The number of spedies known
in each genus is given in parenthesis (n) after
the generic name.

Subtribe Dacetiti,

Daceton (1). Neotropical. Tropical rain for-
est. Workers  polymorphic, long-mandibulate.
Nests in hollow tree trunks. Foraging epigaeic-
arboreal. Food: tabanid fly (Brown, 1954a), small
acridid grasshopper nymph (sce Fig. 1) workers
attend coccids on cacao (Bodkin in Crawley,
1916).

Acanthognathus  (3). Neotropical. Tropical
rain forest. Workers monomorphic, long-man-
dibulite. Nests in rotting logs. Foraging behavior
unknown {(Mann, 1922 M. R. Smith, 1944);
Fig. 3.

Subtribe Orectognathiti

Orectognathus (13, indluding 2 undescribed).
\ustralian-Melanesian, Warm-temperate and
tropical forests. Workers primitively monomor-
phic, in one spedies secondarily polymorphic;
long-mandibulate. Nosts in wil and rotting wood.
Foruging epigacic. probably mostly subarhoreal
and nocturnal. Food: the single spedies studied
(O. clarki Brown; accepted entomobryomorph
and symphypleonan collembolans (Brown, 1953a,
1953h, 1958); Fig. 4.

Arnoldidviy (51 Papuan. Fropical rain forest.
Workers monomorphic, long-mandibulate. Nests
in soil. Foraging «diurnal, chiefly subarboreal.
Food: unknown. (Brown. 1958a); Fig. 2.

Subtribe Epopostrumiti
Epopostruma
pueriate forest. Workers tonomorphic, long-man-
Nevts in

th=%) Australian. Warm-tem-

dibulate. sotl. Foraging  epigacic,

281

terrestrial and subarboreal. Food: entomobryo-
morph and swmphspleonan collembolans and
sugary substances. (Brown. 19534a): Fig. 6.
(). Auwstralian., Arid
Workers monomorphic ), longanandibulate.

Hexadaceion scrub.
Nesting and foraging hubits unknown. Brown,
1948, 1954a): Fig. 9.

Mesostriona (2). Australian, Arid ~ceub o trop-
ical forest. Workers feblv polvmorphic. with
mandibles of intermiediate Iength, Nesting and

foraging habits unknown (Brown. 19520 Fig.
7.

Colobostruma (inclading At and
Clarkistruiomay (13, induding  ~everal  unde-

scribed). ustridian-Papuan. Arid heath to tropi-
cal rain forest. Workers monomorphic, short-
mandibulate. Nests in soil and rotting wood;
one spedies (C.oalinodis Forely nests with specics
of Rhytudoponera. Foraging betusior diverse:
some species are hypogacic, others epigacic and
subarboreal: some of the Latter are nocturnal.
Food: in two cryptobiotic species studied, ento-
mobryvomorph  collembolans, i Brown, 19540y,
Figs. %, 10, 11.

Microdaceton (2-4). Ethiopian. Workers mon-
omorphic. long-mandibulate. Primavily lorest-
dwelling. Nesting and foraging hebavior une

known.

Subtribe Strumigenid

Strumigenys (including  Labidozenys  and
Pyramicay (ca. 150). Widespread i tapics and
warm teniperate areas. Primarily forest dwelling:
some species occur in grasland and arid sorub.
Workers monomorphic. in one spedies second-
arily Nests
mostly i soil and rotting wood: a tew species

polymorphic:  longanandibulate.
live in arboreal plant Guities in tropical ruin
forest. Foraging hs pogacic 1o epigacic-arhareal,
Food: most spedies are collembolan feeders: a
few are polvphagous predators isee below) or
ocaasionadly feed on sugary substances: one spe-
cies (S xenos Browm) is a workerle SSpALTndLe.
(Weber, 19391932 Wilson. 1950, 1954, Browmn,
1954, 1954h, 1955y Tige, 120 13, 17221, 95, 26,
30, 31

Quadriviruma

cortthaial genus containing
two speaies derived independentds from Seomng-
LeNYS: Waorkers
One

Emersy. iy a pantropical tanp. ne sling

to be revised <hortiv, oo

marphic, shortanandibulace speaies, .

RN e
in rorting wood. coconar husks, soil. ores Forag

ing bebaoior unknown, (Brown, 1049 195 4hs
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Neastrupia iy Neotropical. mainly forest
Workers

sl mandibles vinving from short-intermedi-

Hoor-dwelling. monomorphic,  very
Ate o fong. Nests inrotting wood insoil cover,
including snadl chips. Foraging (N nustriong
mostly crvptic, sluggish, with “ambush” o
frequent: utilices strike-holdesting™ technique
of prev capture. Food. so far as known, is ento-
mobryoid Collembola. :Brown, 1948; a revision
of this genus by Brown is being readied tor
press.) Figs. [4-16, 32

Swnithostruma b=y, Widespread in tropics
and wirm temperate areas throughout world

Fus

and posterior part of gaster omitted. Fig, 3.

deanthognathus ocellatus, head of worker.

FHE QUARTERLY REVIEW OF BIOLOGY

except for Awstrabia, New Zealund, and Chile.
Mostly forest-dwetling. Workers monomorphic,
shortoindibulate. Nests in soil and rotting
wood: atew species hive inarboreal plant cav-
e in tropical run forest. Foraging mostly
hypogaeic, with a few species presumably epi-
gacicarboreal. Food: species range from strict
collembolan feeders to polyphagous arthropod
predators. (Wesson, 1936: Wesson and Wesson,
1939: Brown, 1933u: Wilson, 1934); Fig. 23.
Glamyromyrmes, Codiomyrmex, Codioxenus,
Weberistruma, Borgmeierita, Pentastruma, Gym-
nomyrmex. Fingomyrmex, Miccostruma. This is

f>
\
N

Y

24, SOME PRIMIENE DAETINE GENERY
Dorsal views one antenna omitted in cach figure Fig. 2. drucddichis sienti

anvyi. worker, legs
Note

basal teeth of mandibies, in this genus used 1o carry the lanvae. and the folded trigger hairs,
here situated on the mandibles so as to crect and pomnt forward when the mandibles are opened.,

Fig. +. Orectognathus phivilobates, worker

fegs omitred.
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Hypopomyrmex (L)

/ (Foss:l)
4 Quadristruma ()
Strumigenys (L}
\ Neostruma (I,L)
\
Epitritus (1)
Trichoscapa (S}
/—* Gymnomyrmex (S}
‘Q Miccostruma (S)
Smithistrumag (S)
Weberistruma (S)
- — Pentastruma (S)
/ Codiomyrmex (S)
Borgmeierita {S)
/ Glamyromyrmex (S)
/ . Codioxenus (S)
) N Dorisidris L)
O S————————— Kyidris |S)
{ N S————— Serrostrumo (S)
— Tingimyrmex (S)
Colobostruma (S)
Mesostruma ()
Epopostruma {L)
Hexadaceton (r)
Microdaceton (L}

Arnoldidris {L)
Orectognathus (L)

Acanthognathus (L)

Daceton (L)

Fro. 5. PRESUMED PHYLOGENY OF THE KNOw~N GENERY OF LIVING axp Fossil Dace ring

Letters in parentheses refer to kind of mandibtes: 1.,

a group of genera related to Smithistruma and
containing in the aggregate approximately
twenty small, short-mandibulate, mostly tropi-
<l species. The natural historv of these genera
s very poorly known. (Brown, 1948, 1950, 195%a:

Borgmeier, 1954); Fig. 22,

Dorisidris (1. (A long-mandibulate form de-
from the short-mandibulate Glamyro-
myrimiexy. Cuban. Tropical deciduous  forest.
Workers monomorphic, long-mandibulate. Nests
1 suil oot soil cover. Foraging behavior un-

rived

known. (Brown, 1050;.

Irichoscapa (1 Widely spread by commerce
through warmer parts of world, probably origi
mating in Mrica. Workers monomorphic, shon

mandibulate. Highly adaptcie, often living in

fong; I, intermediate: §, short

cultured areas. Nests in soil. rotting wood, etc..
often in relativelv dry situations, Foraging hvpo-
gaeic. Food: polvphagous arthropod  predator,
(Brown, 1948, 1949; Wilvon, 1034).

(4-6). Ethiopian-Maiizasian,
Highly adaptable. nccurring from savinna to
tropical  rain forest.  Workers monomorphic,
short-mandibuliate. Nests in soil and rouing

Servastruma

wood.  Foraging behavior unknown. (Brown,
[452a: Weber, 1952;,
Epioitus (2). Mediterranean area and Japan.

Workers monomorphic; mandibles intermediate

in dength, this condition appirently derived
secondarily in esolution from shora o Uhulate
tpe. Nataral historn

19949, 19530): Fig. 24

poorly known.  Brown,
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Fres. 6-8. Evorunion oF HEAD D MANDIBLES IN THE SUBIRIBE EPopostre st

Heads of workers, dorsal view, right antenna omiued in cach figure. sculpture and pitosity
omitted in Figs. 7 and 8. Fig. 6. Epopostriona sp. Fig. 7. Mesostruma turners syntype); in this
genus, mandibles basically of the Epopostruma type are shortened, broadened, and filled in by
translucent lamella. throuzh which the basic core shape is still visible. Fig. 8. Colobostrioma
cerornata, worker, the new mner mandibular margin has now developed serial dentition jcom-
pare with evolution of short mandibles in Neostruma, Figs. 13-15 and 30-33). Note the “counter-
current” development of huge eves in this nocturnal, foilage-foraging species.

Ryidris (3). New Guinea and Formosa to Ja-
pan. Tropical rain forest and warm temperate
torest. Nests in rotting wood. Workers 1ono-
morphic, lhe two New
Guinea species are  permanent  parasites  of
Striemigenys loviae Fmery. Workers show de-
generate behavior: they do not participate in
nest-butlding but do help their hosts with brood
care and in foraging: in the latter task they
are notably ineflicient in comparison with the
host workers. On the other hand. the parasite
workers attend coccids within the nest, a func-
tion the host workers are not known to perform
(Wilson and Brown. 1956).

short-mandibulate.

EVOLL I'TONARY TRENDS! BEHAVIORAL
CHARACTFRS IN THE COADAPTIVE
SYSTEM

Since their origin. which presumably occurred
sometime in the ferdary, the dacetine
ants as a whole have shown an evolutionary
tendency  to shift
arboreal foraging to cryptic, chiefly terrestrial
foraging. Such a trend is not unusual in the
ants. It iy also well marked, for instance, in
the primitive tribes Ponerini and Ectatommini.
Some previous authors (e.g., Haskins, 1939) have
offered the interesting theory that this trend
in the Ponerini has resulted indirectly from
competition with more recently ascendant, domi-
nant epigacic groups in the Dolichoderinae and

carly

from above-ground, sub-

Formicinae. A similar explanation can he en-
tertained history of the
Dacetint as against other myrmicines and the for-

with respect to the

micines, but the theme we wish to develop here
is that this major adaptive shift, whatever ity
ultimate causation, has had a profound and
pervasive influence on the course of evolution
in the tribe. A number of major morphological
and ethological characters have been greatly
modified, apparently at least in part as a result
of the change in foraging behavior. Together
these form a relatively closely koit coadaptive
complex of evolving characters. The specific ¢th-
ological characters involved are the following:

1. Change in hunting behavior. 'The relatisels
primitive long-mandibulate forms rely greatls
on the violent. trap-like action (Figs. 17-21) of
their mandibles to secure prev, while their “ap-
proach period” toward prey is relatively short.
and their use of the follow-through stinging
thrust is not invariable. The shoremandibulate
forms, on the other hand, have less shocking-
power in their mandibles and rely more on
stealth in approaching prey
following the mandibular strike, and in immedi-
ate, consistent, and cthicient use of the sting. The
essential features of this evolutionary change
can be illustrated in the contrast between the be
havior of Strumigenys louisianae Roger, a rela-
tively primitive. Jong-mandibulate strumigenite
and that of the phnlogenetically more advanced.
shortmandibulate  Tric hoscapa
tEmeryy. as deseribed In

. in tenacity of grip

membranifrra

The Struwmigenys are bolder and more direct in
their manner of statking prev. ... This trait is per-
haps a vesult of their more cfficient mandibics,
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which are extremels long and supptied with promi.
nent apical teeth. They can be opened o almost
1% and operiate sery much as mingature animal
spring traps. [Note: Recenthh we have discovered
that the mandibles are locked into open position
«uch on the

When ap-
proaching a collembolan, the worker Strumigenys

when special teeth at thar bases
tateral fabral lobes: see Figs. §7-24

moves slowly and cautiously. spreading its man-
dibles to the maximum angles and exposing two

long hairs wineh arise from cthe paired labral
lobes. FPhese hairs extend far forward of the ant's

10

Fios. 9-12. INDEPENDENT EVOLUTTON OF SPONGIFORM

THE TwoO SUBIRIBES EPOPOsTRUMITI

AND STRUNIGENTTL

Fig. 9. Hexadaceton frosti. holotvpe worker. dor-
sal view of petiole, pustpetiole and gaster. Fig. 10.
Colobostruma australis, worker. same, Note the par-
tial transformation of the postpetiotar teeth mto
submembranous alae: the smaller alse on the petiole
have evidently avisen de novo, and the dorsal teeth
of Hexadaceton have been lost, Fig. 11, Colobostruma
cerornata, worker. side view of mid-section of bods.
showing the extreme developrent ot spongitorm ap-
pendages reached in the cpopostrumite line. Fig. 12,
Strumigenys lacacoca, worker, side view of mid-sec-
tion of bodsy. showing well-developed spongiform
appendages of 2 tvpe frequent in the strumigenite
line. Evolutionary steps teading ro the strunugenite
appendages are unknown, but the steps represented
I the cpopostiamite species of Figs, =11 suggest
cne wayv they may have developed in the strumigenite
line as welt

APPENDAGES AN
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e
Fics. 13-16. EvoLuTION 0F THE HF vp. MaNDistES AND
ACCESSORY STRUCTURES IN THE GENUs Neostruma
Fig. 13. Strumigenys jamaicemis, worker. a mem-
ber of the S, gundlachi group, ancestral o Neo-
struma. Fig. 14 N, zeteki, worker. Fig. N
metopia, female, funicular segmenes of antenna omit-
ted. Fig. 16. N myllorhapha, worker. Right antenna
omitted from each drawing. The paired tabral lobes
(between the bases of the mandibles) are short in
Strumigenys, and the trigger hairs. which act as
range-finders 1o set off the spring-snap action ot
the mandibles. are long. With the shortening of
the mandibles in Neostruma. the tabral lobes have
extended and the trigger hairs have been teduced
(Figs. 14. 13), presumably in order better to with-
stand damage from the violent struggling of the
cotlembolan prev. In N wnvllorhapiac i Fig, 16y, the
mandibles are sccondarily elongate. with the labral
lobes further clongated to make up for the shortness
of the trigger hairs, Note the correlated changes in
tength of the apical segments of the antennace in
Figs. 13. 14 and 16.

head and apparently serve as tactite range tinders
for the mandibles. When thev first touch the pres,
its hodv is well within reach of the apical teeth,
A sudeen and convulsive snap of the mandibles
literallv impales it on the teeth, and drops of
hemolvimph often well out of the puncoures. 1f
the collembolan is small or average in size, the
ant Nifts it into the air fand then may sting it
AL bt
nobh:lized by this action, and srruggling is teebte

the largest Collembola are quickly im-

and short-lived,

As seon s the [ Trickoscapa memdyanifcra] worker

hecomes aware of the presence of o collembolan,
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Strumigenys ludia WORKER

Donsal view of head, showing the mandibies in the open ilefty and closed (right) positions

Fro. 18, Strumigenys fudia WoRKER

Diagrammatic dorsal transparent view ot head to
show the approximate relationships of the mandibles
to the muscles moving them. T he large dorsal muscs
15 the left retractor. this has been removed on the
vight side to show the much smalier abdiecor nuuscle
oviginating on the ventral midiine of the head,

it “freeses” in a lowered. crondhing position and
holds this stance briely. If the collembolan is to
its back or side. the worker now turns very slowly
to face it. Once it is aligned with the collembolan,
it begins
stow that it can be detected anly by persisient and
careful observation. Several minates may pass be-
fore the amt
millimeter’s distance to come into a striking pusi-
tion. andd it may vemain in this position for as
much as a minute or more. ... Unlike the Strumi-
genys, the Trichoscapa open their mandibles oniv
to about a 60° angle. Tactile labral hairs are pres-
ent and cventually come to touch the prev. The
mandibular strike that of the
Strumigenys, hut since it is usually directed at an
appendage. it does not have the same stunning
I'hese insects often

a forward movement so estraovdinarily

finally mancuvers over less than a

is as sudden as

ctfect on the collembolan.
struggle vigorously to escape. but the ants arve
very tenacious andd rerain a fast grip untit they

are able to sting their prev into immobilin.

In summarv. Strumigenys louivianae relics on
a comparatively swilt approach to its prey fol
lowed by a fixedaction pattern that can be
charactericed as strike-litisting, with the last
element occasionally being omitted it the prey
is small, while Tvichoscapa wmembranifera em-
ploys a more «utious approach followed by
strike-hold-sting. with the last element inevitable,
It should be noted further that in Trichascapa
the stinging thrust follows the mandibular strike
much more quickly and is apparentdy generally
more cftective than in Strwomigenys. Both pat-
rerns, howeser, are individually effective in ol
tembolan predation. The Strumigenye puttern
is apparently tpical for long-mandibulate dace-
tines generallv. while that of  Trichowapa is
typical for the shortmandibulate groups. ‘Fhe
I'richavcapa pattern, requiring less space for the
operation ot the mandibles. v generallv associ
ated in the Daceting with s ptic foraging.
Col-

slow-mation,

Ihose dacetines that feed mainly on

fembola all show a0 relativels
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19 20
Froa, 19-210 THE TrRap-paw APPARAIUS OF
Fig. 19 Dorsal view of head, right antenna omitted.

15
4

TINE ANTS

mare

21

v WORKER OF N miagenyy fuvant:
Ihe fateral cornuae of the labmn extend

slightly bevond the fateral borders of the dosed mandibles near their bases. Fig. 200 Ventral view
ot anterior part of head want. huly showing basal habves of dosed mandibles imand o barerad

cornuae of dropped labrum dat. corn. lab)

Camd rvigger hairs arig. broo Figo 210 Same.

open po

sition of mandibles. When the trigger hairs are stimulated, the labrum diops down and wlows
the tension of the retractor muscles 1o pull the mandibles shut with a snap.

Fus.

23

22-24. REPRESENTATIVE HF ADS OF SPFCIES IN

THE SHORT-MANDIBUL A iE SEOCK OF

SEUBTRIBE STRUMIGENTTI

Workers. dorsal views of head and mamdibles. One antenna omitted in cach hguse Fig
Smithistruma weberi, pilosity omitted, except for fringing

Codiomyrinex semicomptus. Fig.

o

hairs: the mandibles are open. and the tips of labral trigger apparatus are seen projecting trom
bencath the civpeus. Fig. 24, Epitritus hexamerns, pilosity omitted from vight mandible in order

to show dentition. Mandibular apex in end-on view shown in inset.

{ he mandibles and labral

lobes in this genus are secondarily clongate icompare with Neostruma snvllovlhapha. Fig. 16, ap

parently derived from the Smithustruma pattern.

stealthy stalk approach to cheir prev. as ¢an-
pared  to non-dacetine tFIylomyrma,
Stenammay that we have found o feed o some
extent on Collembola also. For protection against

ants

predators, entomobrvomorph  springtails  rely
first on the fleetness of their runaning and their
extremely sensitive and nervous escape response
to movements nearby. Hylomyrma and Ste-
nammia wually charge a springtail in a dumsy
rush. with mandibles open, and this approach
I'he collembolan simply dashes

Dacctines, on the other Tand.

rarely succeeds
1o 4 new position.
make sosteatthy an approach thae the collembo-
until suddeniy

lans ofwen undisturbed

struck by the mandibles.

rennin

Ondce the ant hus seized the prev. the second
escape mechanism of the springrail comes into
play—the furcula or Kickspring organ. Used
under circumstances of more violent disturbance.
the furcula can projece the collembolan o a
comsiderable distance, and this movement can
be made several times in rapid succession. The
spring may carry the springtail awav from the
the animal

aarry a dinging dacetine with itin its leaps and

enough, it

ang, or. is large may

thus make i ant's yeturn 1o the nest .
and more dithoult tip. 1t is to the ant's ady antage
to neatratize the action of the furcula s guickly

longer

as possibile. The Stnondgens accomplisi - has

by littng their pres dear of the ground «uh
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Fic. 23,

A Strumigen
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s Tudia WORKER STINGING A SMALL IsotoMip CorrvBoLaN

The ant has caught the springtail with a convulsive snap of the mandibles, aned having lifted
it clear of the ground, it draws its gaster under and stings its prev to render it immobile.

their long mandibles, so that the furcula cannot
contact the substrate and launch the animal.
It the collembolan is not killed outright by the
mandibular strike, it struggles, and the ant em-
plovs the sting by reaching all the way up to the
springtail with its gaster (Fig. 23). The short-
mandibulate forms must depend on immobiliz-
ing their prev with a quick sting. Often the
cotlembolan is uble 1o make several jumps be-
fore it succumbs, but the bulldog-like tenacity
of the ants wsually serves to carry them along
until the poison acrs.

We hive noted on a number ol occasions in
ditterent Strumigenys and Smithistruma species
that the act of stinging, once the body flexion
is begun by the ants. is carried through 10"com-
pletion.” fe. o extrusion of the sting at full
Hexion. cven though the collembolun may have
escaped partwiy througl the act. This suggests
the “consummators behavior™ of the cthologists
( Finbergen, 1951y,

Tt i u urions fact thar poduromorph Collembola
Hdespite their seenting helplessness and « loco-

moetien. are not tken by any Daceting so far studied.

In fact, even polyphagons dacetines will show deti-
nite avoidance of such poduromorphs as thev mav
meet, including those upon which they have made
more or less accidental mandibular strikes. Indica-
tions are that poduromorphs are protected against
many predators, including  dacetines, by cffective
repugnatorial substances.

2. Change in amount of locomotory activity
during foraging. \s a rule. the short-mandibu
late, cryptobiotic dacetines hunt over more lim-
ited foraging territories and are less active dar
ing foraging.

A PONSEBLE ADDITIONAL FITHOLOGICAL TREND

On the basis of limited evidence, the primitive
species Daceton armigerom (Roger)
he a general predator on mediumasized insects
Many of the higher dacetine spedies, however,
are narrowly restricred in their predation, ac

appears to

cepting only entomobriomorph and syphy
leanan collembolans and avoiding p«)dumnmrl}h
collembobins ind other arthropaods, These preda-
tors include members of £ Popostriona. Colo.

Bestriena, Ntrmazenyy, and Svirthestyioma, Alsa
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FiG. 26. Strumigenys loriae

HOWING EXTREMES OF POLYMORPIISNL IN 1HE

WORKER CASTE FROM A SINGLE NEST SERIES

Note the allometric development of the mandibles and lateral genal tubercles.

the relatively primitive orectognathite genus
Orectognathus appears, on the basis of lab-
oratory tests made on one species (O, clark
Brown). to be spedialized to feed on collembo-
lans. A few species of higher dacetines, eg.,
Smithistruma clypeata (Roger), accept a small
varicty of soft-hodied wrthropods in addition to
the preferred collemboluns, but can still be safely
dassified as oligophagous predators. The species
of higher dacetines that are known to be clear-
cut exceptions to the rule ot oligophagy are ex-
ceptional in other wavs, to the extent that they
may be distinguished as members of one of the
three following spedial classes:

() Possessing a polymorphic worker
Strumigenys loriar Emery. a notably polyphagous
form. is the ouly known higher ducetine with a
distinctly polvmorphic worker caste (Fig. 26).
() Widely distributed, either naturaflv or as
tramp species carried by man. Strumigenys lowi-
stanae Roger ranges as a native spedies from the
southeastern United States to temperate South
America. while S, ind Tricho-
scapa menibranifera Eery occur widely through
the warmer parts of the world as trump species

caste.

rogert Emerv

(v Occurring as a member of a depauperate in
sular fauna. Strurmrgenys nidifox Nann, perhaps
the most poly plurgous of all the higher diucetines,

is i exceptionadhy Large spedies endemic to Frji

A cognate species found widely from Asnstralia to
the Philippines, S. australis Forell is known to be
a collembolan specialist (Brown. ms.y.

It would seem that the ubove three peculiar
ities are linked in some way to the condition of
polvphagy. We would like to suggest, hypothet
ically, that polymorphism has allowed in Strumi-
genys lortae the development of a lurge headed
major subcaste that tn capture larger arthro-
pods; that polyphagy has llowed the wide dis-
tribution of some species by opening up to them
exceptional nest sites: and finally, that Strumi-
genys nidifex has heen able to expand its prey
range in the absence of cfective ponerine and
myrmicine competitors on Fij

But the consideration whether dhese independ-
ent and secondary modifications are cuasally con-
nected with polyphagy should not diseract from
the central question, which is whether the Dace
tini were primitivelv polyphagous or oligophag-
ous. Much depends on the status ot Daceton ar-
migerum. It can be argued that the polyphagy
shawn by this spedies. a member of ane of the two
most primitive living dacetine genera, is truly
the primitive condition tor the Duacetini, and
that specialization toward collembolan preda-
tion is the derived condition. However, the op
posite: possibility must continue 1o be borne in

mind. Strict collembolan feedin: tppears 1o be
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characteristic ol some other relatively primni-
tive, cpigacic ducetines (Orectognathus, Epopos-
frouney hat are widely separated phivletically,
Moreover, like so wany other primitive taxa,
Daceton possesses. inaddition to its truly primi-
thve teatures. dharacters that appear 1o 1 present
signihcant spedializations away from the main
in sculpturing,
worker pobymorphism, cephalic articulation, and
Larval Brown, 19534 and

Wheeler and Wheeler, 1954). Perhaps new light

ltne ot dacetine evolution, viz

morphology (see
will be shed on this problem when the belavior
ol Daceton and the other living dacetite genus,
Leanthognathus, becomes better known.,

EVOLUTIONARY IRFND»!

THE COADAPTIVE SYSIEM

MORPHOLOGICAL CHAR-
ACTERS 0N

I'he evolution of the Dacetini has been marked
by aseries of major morphological changes. Some
of these are dearly coadaptive with the tendency
toward cryptic foraging. Others have no known
adaptive signihcance but are so dosely  asso-
ciated with the major adaptive shife that they
must continue to be examined in this connection.

Decrease in size. 'Uhis has been a general tend-
ency in most major groups within the tribe. As
a result, the smallest dacetine workers are found
in the more spedialized species of the most highly
cevolved subtribe, the Dacetit. A tendency to-
ward smatll size is a general characteristic of cryp-
tobiotic ant groups.

Shift from long to short mandibles. The primi-
tive dacetine mandible is the long type, consist-
ing of a lincar shaft with more or less paraliel
margins. bearing at its apex two or three large
incurved teeth, This kind of mandible is found
in all four extant subtribes and is the only one
in the Dacetiti and Orectognathit (Figs. I-4), in
which workers and females have the primitive
palpi with 5 nsillary and 3 labial segments:
Dacetiti have 11 antennal segments, the primitive
(largest) number for the tribe, In Epopostrumiti,
the long mandibular type is the only one found
in the otherwise generalized genera Hexadace-
ton, Epopostruma, and Microdaceton, which all
have the palpi segmented 3 and 8, and the an-
tennae Ssedimented, In the Epopostrumiti (Figs.
6=8) and Strumigeniti (Figs. 13-15, 30-33), the
mandibles have evolved via different pathwavs
to ~shorter types with serial dentition along their
inner margins. Shortening of the mandibles in
several lines in both subtribes is accompanticed hy

reduction of antennal segmentation from 6 1o 3

THE QUARTERLY REVIEW OF BIOLOGY

or 4. Preswnably, the short mandibles are mon
advantageous in the cramped spaces hunted by
the more cryptic foragers,

Reduction o palpi. This is the rule in the

Strumigeniti, all ol which have one short segment
in cach ot the munillary and Labial Pulpic s com
pared to the other subtribes. which have the sey-
Reduction ot

palpal segmentation in other ant aroups is often

mentation 5 oiasillary, 3 Libiad,

correlated with ashift from apen to cryptic lor-
aging.

Development of antennad sovobes. The devel-
opnient of 4 longitudinal groove (scrobej inw
which the antennae can be tolded is well marked
in some of the higher phyletic lines of the Dace-
tind, Scrobes are i common characteristic ot other
slow-moving, cryvptobiotic mymicine ants,

Reduction of the compound eyes and their
ventral displacement by the antennal scrobes.
These two trends are evidence of the declining
role of vision in the behavior of the aprobiotic
forms.

Depigmnentation. This tendency is dearly as
sociated with ¢ryptobiotic life in some cases, but
is also occasionally associated with the sec ondary
development of nocturnal epigacic foraging, as
in some open-country species of Colobostruma.

Changes in antennal form and pstion: reduc-
tion of segmentation, thickening of funiculus.
and increasing relative prominence of tevminal
funicular segment. These char closely cor-
related in the higher Dacetini, are commonly
seen in other cryptobiotic ants. Their adaptive
significance is not well understood.

Development of bizarre pelosity. The appear-
ance of unusual setae on the body and append-
resemble  dhreads,
spoons. oars. clubs, scales, spheres, etc., is a com-
mon feature in the higher Dacetini. In earlier
papers (Browa, 1950; Wilson, 1951) we have sug-
gested that these aberrant structures might serve

ages. shaped  variously 1o

as tactile lures for the prevoor tactle Ccamou-
flage™ in (reptobiotic dacetines, but the hypothe-
~is has not vet been adequately tested.
Moaodification of sculpturing, There has heen a
clear-cut trend in the Dacetin as a whole from
coarse, foveate sculpturing 1o refatively  fine,
dense. punctate scalpturing. In o few cases (e q.
Arnoldvdres spp. Gymnomyrmex splendens Borg-
meicr) another change has ocourred: ulpturing
has been lost altogether over farge parts of the
bodv. Lhese modifications are dearly related 1o

chimnges inthe pilosity swstem ot the body, which
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mturn may be retated to changes in the organiza-
ton ot medhunoreception: but the natter has not
been subjecred o aritical examination.
Deceloprient of spongiform appendages. In
the Strumigeniti most of the spedies have desed-
oped curious symmetric sponge-like mases on
the petiole and postpetiole. Sometimes these
masses are extended 1o the alittunk and gaster.
Ihey
growths. much tolded and arcolated, and are

are composed  of  Integumentary - out-
sometimes associated with glandular areas. Their
tunction is unknown. I'he struniigenite species
that Lck well-developed structures ot this sort
appear to have lost them secondarily, Their evo-
lutionary origin iy suggested by the morphocline
produced in an independent phyletic line within
the Epopostrumitd. Here are seen lateral spines
traisformed  through a series of evolutionary
steps into structures approaching in form the
strumigenite spongitorn appendages. (See Figs.
9-12).

Reduction of spimation. This trend is shown
within all phyletic lines, except the derivative
Strumigeniti, the modern species of which nearly
all already have the minimum fixed armament.
Reduced spination is a conmmmon trait of other
Ay ptobinti
somie groups that are high-arboreal and stem-
dwelling (Wilson, 1959).

ant groups as well as, curiously,

DIFFERENTIAL RATES IN "MAINSTREAM AND
TCOUNTRRCURRENT EVOLL [TON

‘The ethological and morphological characters
described in the preceding sections show closely
associated trends in their respective evolutionary
histories in the principal phyletic lines of the
Dacetint, Only a few examples can be cited of
conspicuously differenuial rates in the evolution
of independent characters. In the Epopostrumniti,
to take a case in point. ashift from long to short
mandibles is not accompanied by a significant
reduction in worker eve size.

On the other hand, differential rutes appear
to be the rule during the shortrange veversals
i evolution (“countercurrent” cuolution) that
occur commonly o the Dacetini Countercurrent
evolution in this group has some features that de-
serve spedial attention. First, it s perhaps not
too commonplice o note it the changes that
accur do not represent precise reversals, ina
strictly genetic sense. o the primary trends,
It is notewordhy dhat the primary trends can be
toward

Jracrerized generadly as o movenent
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spedialization. The forsaking ol the epigacic for-

aging arcas and an mcreased rendency oward

crvprobiotic ite is w detived condition tor ants

ul ally. Cryptic loraging andoubtedly opens
up 1ood and shelter niches o the higher dace
tines that are but litle exploited by the epigaeic
forms. But it abo constitutes a rertreat from mijor
niches that remain in full use ior are tiken over?)
by other dominant ant groups, Croptobiotic lite
s been attended by some unosual evolutionan
additive innovations, such as bizare pilosity and
the spongiform appendages, but in other wavs
1t iy regressive (reductives, especially where such
fundamental structures s the antennae, [mll)\,
and eyes are involved. Finudly. the Sligophagous
collembolan predation shown 1 sy liigher
dacetines must be considered o specadiziation in
the strict sense, whether it wis fnse dcquired by
post-dacetite lines or by the line ancestral o ali
Dacetini.

Countercurrent evolution, in the cases in-
ferred, represents for the mose part a breaking-
out from the narrowing adaptive zone into which
higher dacetines appear to have moved. The see-
ondary changes involved indude the following:
increase in o osize, increase in relative eve size,
lengthening of the mandibles and reduction of
tooth nutnber, increase in latitude of food habits,
loss of spongilorm appendages. increased  pig-
mentation (melanizadion) and reduction of pilos.
ity. ‘To cite an example, Stnanigenys nidifex. a
Fijian member of the S. austrairs group. has un-
dergone an increase in size and pigmentation and
a broadening of food habiis. Not all divergent
trends can be considered as reversals of the pri-
mary dacetine trends, The loss of sculpturing in
several groups, for instance, can be considered
neither an extension of primary evolution nor a
reversal of it, but rather a special trend in itself.
The acquisition of worker polvmorphivin nuy
fall in the same categor.

Wherever has oc-
curred, usually only a sl number of charac-
ters has been involved, while others belonging to

countercurrent  evolution

the postulated “coaduptive sstem” have re
mained relatively unchanged. For instance, in
the case of Strumigenyy nidifex pust cited. size
and pigmentation have heen increased and tood
habits broadened without marked changes in
other characters. The workers of certain Neo-
tropical members of the shoremandibulate. « np-
tobiotic genus Sudhivhruma have taken 1o ar

boreal life i cpiplie masses, and theit oves
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have been enlarged and spongiform appendages
reduced: buc in other haracters they have re-
mained typical for the genus. Parallel changes
have owcurred in some sprcies of Strumigenys
and Colubostruma (Fig, 8). A striking secondary
lengthening of the mandibles and labrum has oc-
curred in one species of Neostruma (Fig. 16). in
Lpitritus (Fig. 24y and in Dorisidris nitens (Sants-
chi) without significant reversals in other mor-
phological characters. In the parasitic species
Kyudris yaleogyna Wilson and Brown, the females
have lost most of their sculpturing, and the

Fios. 27-29. SoME SPECIES OF ToE ANT
CONVFRGENT 10 HicHER DACETINES

o7

Fig. 27
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workers have undergone various degenerative
changes in behavior without radical modification
of most of their typical “dacetine” morphological
characters.

CONVERGENCE fO THE DACETINE

BY OIHER ANT GROUPS

TYPE

Several other phyvletic lines within the sub-
family Mvrmicinac show notable convergence
to certain of the higher Dacetini. ‘This resem-
blance is so astonishingly detailed that frequently
they and their relatives have been placed by ex-

27

URIBE BASICEROTING THAT ARE

Rhapalothrix hiroi, worker. side view. A short-mandibulate form, Fig. 2R Rhopalo-

thrix ciliata. worker. dorsal view of head and mandibles, antennae omitred eneept for right s ape
rcompare with Epitritus, Fig. 24). Fig. 24, Rhopalothrix bruchi. same. In the Rasicerotini. rela-

tively short triangular mandibles are the hasic primitive wpe. and clongare

nes like those of

R_ciliata are derivedt, which is the reverse of the situation in the Daceting.
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23

33

30 31 32

F16s. 30-33. PrOBABLE MODE OF EVOLUTION OF THE SHORT TYPE OF MANDIRLE IN (HE
SUBTRIBE STRUMIGENITI
Starting with the basic Strumigenys tvpe of mandible. Fig. 30, successine modifications may
have led through the S. gundlachi group type. Fig. 31 and the Neostruma tyvpe. Fig. 32 to the
Smithistruma type. Fig. 33. However, Smithistruma almost certainly arose ivom another stock of
Strumigenys. and not via the Neostruma line. Note the changes in position and form ot the hasal

tooth or lamella (arrows).

perienced svstematists within the tribe Dacetini.
Convergent groups include the genera Calypto-
myrmex. Dacetinops, and Rhopalothrix (Figs.
~29). The dacetine-like morphological charac-
ters, some or all of which are found in each of
these genera. include reduction and apicalization
of the antennal funiculus, reduction of palps,
narrowing of the anterior portion of the head,
prognathisni, development of antennal scrobes,
modification of sculpturing to dense punctura
tion, development of bizarre pilosity (especially
davate and squamate hairs), reduction of com-

pound eves, depigmentation, development of
pedicelar spongiform appendages, and develop-
ment of prominent ribbing at the base of the
gaster. These characters appear to have been de-
rived entirely independently in cach group. Fur-
ther. in the Gise of the wribe Basicerotini the

known primitive members (Basicervos. A sprdidrisy
are much less like higher dacetines than is the
derivative genus  Rhopalothrix  (Brown and
Kempf, 1960).

The behavior of only one of the convergent
forms has been studied. Workers of the Papua-
sian Rhopalothrix biroi Emery have proven to be
remarkably similar to some of the short-mandibu-
late dacetines in their stalking behavior, and
they appear to prev in large part on entomobryo-
morph collembolans (Wilson, 1937
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