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For my parents

The awe of army ants

“Even man, dyled “Lord of cregtion,” bows to this more numerous foe for let the Drivers
enter one door and he quickly escapes at the other.” (Savage, 1849)

“I log dl sense of proportion, forgot my awkward human sze, and with a new perspective
became an equa of the ants, looking on, watching every passer-by with interest, straining
with the bearers of the heavy loads, and breathing more easly when the last obgtacle was
overcome and home attained.” (Beebe, 1919)
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Summary

Summary

Origindly renowned for ther spectacular epigaeic raids with many thousands of participating
workers, amy ants have captured scientific attention for dmost two centuries. They now
belong to one of the best sudied group of ants. However, dthough representing only a
minority of specidized species, most of our knowledge about army ants was derived from the
sudy of epigeeicly active species. These epigaeic species evolved probably rather recently
from hypogaeic ancestors. The mgority of amy ant species gill leads a hypogeeic life and is
amost completely unknown in its entire sociobiology. It thus remaned speculative, whether
the assumed 'generd’ characteristics of army ants represent an adaptation to epigaeic activity
or gpply aso to the mgjority of hypogaeic species.

Based on the recent observation that the hypogaeic Adan army ant Dorylus (Dichthadia)
laevigatus recruits predictably and in high numbers to pam oil baits, | developed different
bating containers, tesing the suitability of the ail-baiting method to study hypogaeic (army)
ants. Although D. laevigatus is scientificaly known for dmogt 150 years, nothing was known
about the sociobiology of this assumed rare species. Throughout my work, | could show D.
laevigatus to be very @mmon and abundant in a wide range of habitats in West-Maaysa and
on Borneo. Invedtigating its foraging behavior, | reveded D. laevigatus to differ from
epigaaicly active species in severd ways. Never demondrated for any of the epigagic species,
D. laevigatus edablished sable trunk tral systems. Such a trall sysem contradicted the
perception of army ant foraging, which was beieved to be characterized by raids with
condantly dternating trall directions. The trunk tral sysdem further enadbled a near
omnipresence of D. laevigatus within its foraging area, which was dso believed to be atypica
for an amy ant. Rads differed in sructure and compodtion of participating workers from
those of epigaeic species. Column raids were caste specific and bulky food sources could be
exploited over long periods of time The foraging system of D. laevigatus resembled in
sverd ways that of eg. leaf-cutter and harvester ants. | could thus demondrate that the
foraging behavior of epigaeic species can not be transferred without modifications to that of
hypogaeic species. Likewise contrary to the assumptions, D. laevigatus had a wide food
goectrum and showed only little effect on loca arthropod communities, even fdling itself
prey to other ants. Strong aggressive behavior was observed only towards ant species with
damilar lifestyles. This endbled me to provide the fird detaled documentation of interspecific
fights between two sympatric Dorylus species.

Smilar to foraging habits or ecologicd impact, nothing was known about colony size and
compogtion, nesting habits, or worker polymorphism for D. laevigatus or any other
hypogaeic Dorylus species prior to my work. By observing and eventualy excavaing a
colony, | showed D. laevigatus to have a much smdler colony sze and to lack the large sized
workers of epigaeic Dorylus species. Similar to epigaeic Dorylinae, | showed D. laevigatus to
have a nonphasic brood production, to emigrate rarely, and to dter its nest form dong with
habitat conditions.

Detalled morphologicd and geogrgphicd descriptions give an impresson of the Adan
Dorylus species and ae expected to ad other researchers in the difficult species
identification. The genetic andyss of a mae collected a a light trap demondrated its relaion
to D. laevigatus. Confirming the mae and queen asociaions, D. laevigatus is now one of
five Dorylus species (out of atotd of 61), for which al castes are known.

In cooperation with D. Kistner, | provide a morphologicad and taxonomica description of nine
Coleopteran beetles associated with D. laevigatus. Behaviord observations indicated the
degree of ther integration into the colony. The taxonomic postion of the beetles further
indicated that D. laevigatus emigrated from Africa to Ada and was accompanied by the
magority of associated beetles. The diversty of D. laevigatus guests, which included a number
of unidentified mites, was rather low compared to that of epigaeic species.




Summary

Overdl, | demondrated the developed bating containers to effectively endble the study of
hypogaeic ants. Collecting hypogaeic ants, | showed severa species to be undersampled by
other methods. Furthermore, the method enabled me to documented a second hypogaeic
Dorylus species on Borneo. A detailed description of this species morphology, ecology, and
interactionswith D. laevigatus is provided.

My sudy indicated D. laevigatus to be an ecologicdly important species, able to influence
s0il gructure and organisms of tropicd regions in many ways. Relaing the observed traits of
D. laevigatus to epigaeicly active species, | conclude that our assumption of ‘generd’ army ant
behavior is erroneous in severa aspects and needs to be changed.

The ail-baiting method findly provides a tool enabling the location and study of hypogeeic

(army)ant species. This opens a broad fied for future studies on this cryptic but nonetheless
important group of ants.
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Zusammenfassung

Urspringlich durch ihre spektakuldren Massenraubziige bekannt geworden, werden Treiber-
amesen st fasg 200 Jahren wissenschaftlich untersucht und Sellen nun eine der am besten
untersuchten Ameisengruppen dar. Jedoch sitzt sich unser Wissen Uber diese Tiere fast
auschlieich auf Daten, die durch die Erforschung der kleinen Gruppe oberirdisch
fouragierender Arten gewonnen wurde. Nach dem bisherigen Kenntnisstand haben sich diese
oberirdischen Arten es vor evolutiondr reatv kurzer Zet aus unterirdischen Arten
entwickdt. Die wetaus grolere Zahl der Arten lebt auch heute noch unterirdisch und ig in
ihrer Soziobiologie praktisch unbekannt. Es blieb daher bidang eher spekulativ, ob die as
typisch’ gdtenden Trelberamesencharakteristika nur ene besondere Anpassung an  en
oberirdisches Fouragieren dargtellen, oder auch auf die unterirdische Mehrheit der Arten
zutreffen.

Erg vor kurzem wurde die Entdeckung gemacht, dass die unterirdische asatische Treiber-
ameisenat Dorylus (Dichthadia) laevigatus voraussagbar und in groRer Zahl an Pamdl-
Koder rekrutiert. Baserend auf diese Erkenntnis habe ich verschiedene Koderbehdter
entworfen und die Eignung der Kodermethode fir die Erforschung unterirdischer
(Treiber)ameisen untersucht. Obwohl D. laevigatus sat fagt 150 Jahren wissenschaftlich
bekannt i, war bis zu meiner Arbet beinahe nichts Uber die Soziobiologie dieser ds sdten
geltenden Art bekannt. Durch meine Arbet konnte ich jedoch zeigen, dass D. laevigatus sehr
haufig und verbreitet it. Se kommt in einer Vidzahl von Habitaten sowohl in West-Mdaysa
ads auch auf Borneo vor. Durch die genauere Untersuchung des Fouragierverhdtens konnte
ich zeigen, dass D. laevigatus von den bekannten, oberirdisch aktiven Arten in mehreren
grundlegenden Merkmden abweicht. So konnte ein fet etablietes und lang genutztes
Wegesystem wie das von D. laevigatus bisher nie fr epigdische Arten gezeigt werden. Solch
en Wegesystem widersoricht dem bisherigen Bild des Lebenstyps Trelberameise, fir den
dandig wechsdnde Wegrouten ds charakterisisch angenommen wurden. Durch dieses
Wegesystem wurde D. laevigatus nahezu omniprésent in ihrem Fouragiergebiet. Welterhin
wichen Raubziige in ihrer Struktur und Zusammensetzung der betaligten Arbaterinnen von
denen oberirdischer Arten a. Kolumnenraubzige wurden vor dlem von den klensen
Arbaterinnen durchgefiihrt und grofie Futtermengen konnten Uber langere Zeitréume hinweg
genutzt werden. Das beobachtete Fouragierverhdten dhndt daher zum Tel eher dem von
Blattscheider- und Ernteameisen ads dem von oberirdisch jagenden Treiberameisen. Damit
ewed dch edmdig, dass die bisher ds treberamesentypischen Fouragierdile nicht ohne
Weiteres auf die unterirdischen Arten Ubertragen werden konnen. Ebenfdls entgegen den
bisherigen Vemutungen hatte D. laevigatus ein wetes Nahrungsspektrum und zeigte nur
gaingen Einfluss af lokde Bodengemenschaften. Zum Tell wurde Se sdbst zur Beute
Sark aggressves Verhdten konnte ich vor dlem gegeniber Arten mit dhnlicher Lebensweise
beobachten. Dies erlaubte mir die erste detalliete Dokumentation interspezifischer Kampfe
zwischen zwe sympatrischen Dorylus Arten.

Ahnlich den Fouragiergewohnheiten und des okologischen Einflusses war bidang auch nichts
Uber Koloniegrole, Nistgewohnheiten und Arbeiterinnen-Polymorphismus von D. laevigatus
oder anderen unterirdischen Dorylus Arten bekannt. Nach der Beobachtung und Einsammlung
eines Volkes konnte ich zeigen, dass eine D. laevigatus Kolonie bedeutend kleiner ist und ihr
die grolen Arbeterinnen fehlen im Vergleich zu oberirdischen Dorylus Arten. Ahnlich den
oberirdischen Dorylinee zeigte D. laevigatus ene nicht-phasische Brutproduktion, eher
sdtene Kolonieumztige und eine mit dem Habitat variierende Nestform.

Detailliete morphologische und geographische Beschreibungen geben enen Uberblick  Gber
die adatischen Dorylus Arten und sollen nachfolgenden Wissenscheftiern bel der schwierigen
Artbestimmung unterstiitzen. Die genetische Andyse eines am Licht gefangenen Mannchens
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weid dies eindeutig D. laevigatus zu. Somit z&hlt D. laevigatus nun durch meine Arbet zu
ener von funf Dorylus Arten (von insgesamt 61 Arten), von denen dle Kasten bekannt sind.

In Kooperation mit D. Kigner liefere ich ene morphologische und taxonomische
Beschrelbung von neun mit D. laevigatus assoziierten Ké&ferarten. Verhdtensbeobachtungen
geben Aufschluss Uber den Grad der Assoziaion. Die taxonomische Pogtion der Kéfer lasst
ferner darauf schlief3en, dass die Amesen aus Afrika nach Asen emigrierten und der Groldell
der asoziierten K&fer diesr Wanderung folgte. Die Diverstét der Gaste, zu denen auch
nichtidentifizierbare Milben zéhlen, ist gering im Vergleich zu der epigdischer Arten.

Die entwicketen Koderbehditer erwiesen dch ds effektiv. und gut gedgnet fir die
Untersuchung unterirdischer  Amelsen. Auf diese Weise konnte ich darlegen, dass
unterirdische Arten in Studien mit anderen Sammemethoden oft unterreprésentiert sind. Auch
konnte ich mit Hilfe der Kodermethode eine zweite, auf Borneo bidang unbekannte,
unterirdische Dorylus Art ersmadig nachweisen. Diese Art beschreibe ich genauer in ihrer
Morphologie, Okologie und Interaktionen mit D. laevigatus.

Mene Studie weist D. laevigatus ds ene okologisch wichtige Art aus, da se in vidfacher
Weise Bodengruktur und Bodenorganismen tropischer Regionen beeinflussen kann. Im
Vergleich mit den bekannten oberirdisch lebenden Arten komme ich zu dem Schluss, dass
unser bisheriges Bild von ‘typischen' Treberameiseneigenschaften in verschiedener Hingcht
nicht zutrifft und geéndert werden muss.

Die Olkoder-Methode bietet endlich eine Maglichkeit unterirdisch lebende (Treiber)ameisen
aufzufinden und zu untersuchen. Dies er¢ffnet en brates Fed fir zukinftige Studien dieser
vergteckt |ebenden aber nichtsdestotrotz wichtigen Ameisengruppe.
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Chapter 1
Introduction

Representing a very driking life-form of tropica regions, army ants have captured scientific
atention for dmost two centuries Renowned especidly for the spectacular rads of some
epigeeic species, amy ants have been dudied thoroughly in many aspects of their biology
(Rettenmeyer, 1963; Schneirla, 1971; Gotwald, 1982; Gotwald, 1995). Some species were
shown to represent loca top predators of leaf litter arthropods and even of smal vertebrates
(Brosset, 1988; Roberts et a., 2000), and the recurrent disturbances their raids exert on litter
communities were suggested to enhance arthropod diversty (Gotwald, 1995). Interacting in
manifold ways with thar environment, amy aits ae of high ecologicad importance.
However, ther behavior and sgnificance was up to now anadyzed by sudying only the smdl
minority of specidized and probably not very representative epigaeicly foraging species (e.g.
Gotwald, 1995). The mgority of amy ants leads a hypogeeic life and most of these species
are virtudly unknown in their entire biology. The little that is known about these species was
based predominately on chance findings and occasiond epigaeic appearances (Rettenmeyer,
1963; Rettenmeyer et d., 1980; Gotwald, 1982). Although numerous species were never
recorded above the soil surface, hypogaeic amy ants were generdly assumed to conduct
column raids, to be rather specidized predators, and otherwise to behave smilar to epigaeic
species (Gotwad, 1995). Many scientigs are gill unaware that the mgority of army ant
species leads this unknown hypogaeic life. Contradictory to our lack of knowledge, these
species most likely represent an important factor in tropical ecosystems due to the following
trats
1) If they are amilar proficient predators as epigaeic species, ther feeding habits should have
adrong impact on the fauna of the soil and ledf litter.
2) The digging activity of their assumed large colonies should play an important role in
moving and aerating the soil and thus in the facilitation of nutrient cyding.
3) At least one species regulaly feeds on plants, demondrating the possbility to directly
interact with plants and rendering it a serious agricultural pest (Roonwal, 1972).

Our ignorance of this important group of ants was predominately due to the difficulties in
finding, following, and obsarving hypogaeic ants. Because of this the definite importance of
hypogaeic amy ants remained to be demondrated. Recently, it was observed that the
hypogaeic aamy ant Dorylus (Dichthadia) laevigatus recruits predictably and in high numbers
to pdm ol bats in Mdaysa (Weissflog et d., 2000). Finaly provided with a potentia toal, |
conducted the firs detalled study of a hypogeeic amy ant. Although known to exist since
1857 (Smith, 1857), close to nothing was known about D. laevigatus. A mgor am of my
work was thus to investigate questions about the species generd biology. Taking pattern from
the behavior of known epigaeic species, | sought to answer the following questions:
Occurrence and abundance

In which habitats and up to which dtitude does D. laevigatus occur in Maaysa?

How common and abundant is D. laevigatus in Maaysa?
Foraging behavior

DoesD. laevigatus conduct raids? If so, what are the characteristics of these raids?

Which prey objects are taken? Can a food specidization be detected?

How are foraging trails distributed and used within an area?
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Migrating behavior
Observations of entirdly hypogaeic migrations ae extremey difficult to conduct.
Neverthdess, thought to be an important amy ant characteristics, | attempted to find a
least circumgtantid evidence for the following questions:
Do colonies migrate? If so, how often does a colony migrate to a new area?
What can be made known about the implementation of migrations?
Thecolony
A nest of D. laevigatus has never been excavated and the beieved associations of
workers, queen, and maes remaned hypotheticd. To change this dtuation, | attempted
the excavation of anest and thus to answer the following questions.
How isthe nest structured and whereis it positioned within the foraging area?
How largeis a colony?
Arethe believed associations of the queen and maleswith D. laevigatus judtified?
Which developmenta stages of brood are present in the nest?

In finding answers to these quedttions, a firgt comparison can be made between known
epigaaicdly and this firg hypogaeicly foraging amy ant species. These comparisons, which |
conducted for each of the observed traits, will ultimately help to obtain a more comprehensve
view of amy antsin generd.

The obsarvations on the generd biology of D. laevigatus will provide a fird hint to its
ecological importance. To gain a more detailed insght into its role in tropicd ecosystems, the
interactions of D. laevigatus with other organisms are of interest. Therefore, | focused part of
my dudy on the investigation of the interactions between D. laevigatus and sympatric mass
rading species, its predators, and its prey species. Furthermore, since an army ant colony
itself often hosts numerous associated species and thus enriches the locd diversity, the guest
community of acolony was investigated in detail. The following questions were treated:

Army ant interactions
How do neighboring D. laevigatus colonies interact?
Which other mass raiding species occur sympatricaly with D. laevigatus?
How do different army ant speciesinteract?
I nteractions with other organisms
How does D. laevigatus interact with the soil and leef litter fauna?
Which organisms can be observed to prey on D. laevigatus?
Which arthropods are associated with the colony? How do these interact with the
colony and how closeistheir integration?

To further enhance the study of D. laevigatus and to develop the method into a standardized
tool useful to other researchers, | aspired the following ams:
The enhancement of the oail-baiting method to be able to study different behaviord
aspectsof D. laevigatus.
To test the suitability of the study method for the investigation of other hypogaeic ant
Species.

Within the scope of answering the proposed questions, | developed and employed a variety of
methods (Chapters 3 and 4). The potentid use of the main method as a supplement for studies
of other hypogaeicly foraging ant species is discussed in Chapter 8. To answer questions
about D. laevigatus general biology, | andyzed the species occurrence (Chapters 6 and 8),
abundance (Chapter 4), foraging system (Chapters 4 and 6), prey choice (Chapters 4, 5, and
6), and colony sructure (Chapter 5). Interactions with a sympatric Dorylus species are
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described in Chapter 6 and with other ant species in Chapter 7. The influence of D. laevigatus
on the soil and leaf litter fauna was investigated (Chepter 7). Arthropods preying on D.
laevigatus are described in Chapters 7 and 9, and Coleoptera associated with a colony are
discussed in Chapter 9.
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Chapter 2
Army ants—a life history strategy

As one of the firg naturdigs, Reverend T.S. Savage reported on the habits of "driver" ants of
West Africa (Savage, 1847). He noted on the appdlation "driver”, from which the German
Treiberameise was derived: "[The ant] not only travels and vidts, in common with other
species of ants, but it aso drives every thing before it cgpable of muscular motion, SO
formidable is it from its numbers and bite; in respect to the lagt fact it stands unique in its
habits, and, in digtinction from other species of this country, may wel take for its vulgar name
that of Driver." (Savage, 1847).

Driver ants were shortly afterwards recognized to belong to the genus Dorylus (Savage,
1849). Due to ther compardble lifestyles, "driver ants’, "legonary ant” (manly reding to
ants of the genus Eciton), and ants of the genera Aenictus, Cheliomyrmex, Labidus,
Neivamyrmex, and Nomamyrmex were referred to collectively as "true amy ants' (Gotwald,
1995). Beddes these "trueé' or "dlasscd" amy ants, beonging to the subfamilies Dorylinae,
Ecitoninae, and Aenictinae, severd Ponerinae species in the genera Leptogenys, Megaponera,
Onychomyrmex, Smopelta, and Termitopone (Gotwald, 1982) and probably species of the
Leptanillinee (Wilson, 1958) exhibit amy ant lifestyles as well. Characterizing amy ants is a
unique combination of mass rading and frequent migraions (Gotwad, 1995). In the
following, 1 will discuss the characteridtics of the classcd army ant species firg, followed by
an andysis of how species of other subfamilies reae to them.

Foraging habits

Army ants ae wdl-known for ther impressve raids, conducted sSmultaneoudy by many
thousands of workers. Foraging activity can generaly be divided into three phases: search,
ovewhdming, and retrievd of prey. The collective implementation of raiding activity and
prey retrievd classfies amy ant foraging as "group rads' (Wilson, 1958). Linked to varying
forms of food search and the associated recruitment to located prey, the term "group raid" has
been used incondgtently in the literature. In army ants, dl three foraging phases are conducted
collectively. Chemicd trails laid by a mass of workers without distinct leaders are the primary
source of orientation during a rad. By definition, the ants display "mass recruitment” (Chadap
and Rettenmeyer, 1975). To describe the foraging-communication of amy ants
unequivocaly, Witte (2001) proposed to use the term "mass raids', which he defined as
follows "All phases of the rad, induding the search, overwhdming, and retrievd of prey, are
conducted collectively by a mass of foragers” The collective swarming out during a raid prior
to the fird prey contact is characterigic for mass raiding ant species. In the following, 1 will
keep to this definition and term the raids of army ants mass raids.

Mass raids can assume ether the form of a column or a swarm (Fig. 2.1, Schneirla, 1933,
1934), dthough gradations between the two forms are known (Rettenmeyer, 1963). Column
raids are bdieved to be the more primitive form of mass raids (Rettenmeyer, 1963). Because
of this and the restraints of a subterranean habitat, hypogaeic species, and thus the mgority of
amy ants, were believed to raid predominately in columns. During such a raid, workers move
out from the nest in an extending column (Fig. 2.1). The termina group of this occasondly
branching column is formed by a mass of advancing workers. In the search of food, these
workers spread over the ground, yet only rarely extending the termina groups for more than a
few decimeters in diameter. Contrary, the termina group of a swarm raid can surpass 15 m in
diameter (Schnerla, 1971). Just as in column raids, the swarm’s termina group is congtantly
connected to the nest via an extending base column (Fig. 2.1). Workers of the termind group
advance a few centimeters onto new terrain before they retrest and are replaced by on
folowing net-mates. In this way, no specific worker class or subcaste forms the advancing

8
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group. Most army ant species conduct dally raids. Generdly, amy ants avoid to reuse old
foraging trals, preventing to recrop a recently raided area (Franks, 1982a). Eciton burchelli
was even shown to regularly space and rotate successve raids around its bivouac dte,
minimizing the foraging overlap (Franks and Fletcher, 1983). For a more detailled description
of swarm and column raids see (Rettenmeyer, 1963; Schneirla, 1971; Gotwald, 1982).

R

A B

Figure2.1. Army ant raiding forms: A. Svam raid, B. Column raid.

Prey

Mass raids enable army ants to include brood of other socia insects and large arthropods into
thelr diet - prey not normaly accessble to solitary foragers (Wilson, 1958). Swarm raiding
species flush and potentidly capture a wide variety of possble prey, incuding diverse
arthropods, annelids, gastropods, isopods, and even smal vertebrates (Gotwald, 1995).
Column raiding species efficiently raid colonies of other socid insects (Rettenmeyer, 1963;
Mirenda et d., 1980). Because of this, the mgority of column raiding species are assumed to
be specialized myrmecophagous or termitophagous predators, and swarm raiding species to
have raher generdized diets (Gotwad, 1982). However, to some extend swam rading
species include the brood of socid insects into their diet, and some column raiding species
prey on "dmost any invertebrate that the ants can find and overcome’ (Schneirla and Reyes,
1966). The prey spectrum of a species can dso vay between geographicad Stes and habitats
(Gotwald, 1974b; Mirenda et d., 1980; Rosciszewski and Maschwitz, 1994).

Mass rads of some epigaeicly foraging species were shown to have a strong impact on loca
athropod communities (Franks, 1982b). Influencing community compodtion and prey
densties (Franks and Bossert, 1983), army ants can represent the top predators of leaf litter
athropods and even of smal vertebrates (e.g. Brosset, 1988; Roberts et al., 2000). The
repested disturbances army ant raids exert on litter communities can possbly prevent the
edablishment of dimax communities. In this way, amy ants could enhance arthropod
diversty (Gotwald, 1995).

Migrating behavior

The second most important army ant trait is believed to be the habit of periodicaly migrating
to new negting dtes (Gotwald, 1995). Mogt ant species are able to change their nesting ste if
environmentad conditions become unfavorable (Smalwood, 1982). However, for army ants,
migrations and mass raids were believed to be closdy linked (Wilson, 1958). Mass raids
could have evolved initidly as a coadaptation to specialized feeding on large arthropods and
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socid insects To dlow more efficient exploitation of this relatively widdy dispersed food
source, nomadism was theoreticaly developed ether concurrently with mass raids, or added
shortly afterwards (Wilson, 1958).

A few amy ants (eg. epigaeic Aenictus, Eciton, and Neivamyrmex species) were shown to
emigrate regularly in functiond cycdes of dternating nomadic and daay phases (Schneirlg,
1958, 1963). In these phadc species, the onset and length of the phases were closdly linked to
brood developmentd factors (Schneirla, 1957). At the beginning of the nomadic phase, calow
workers just emerged and young larvae have hatched from eggs. During this phase, the colony
conducts extendve raids and on average one emigration each day. The gaster of the queen
remains contracted and no eggs ae lad. With the pupation of the larvae, the colony
edablishes a more permanent bivouac, entering the statary phase. Raiding activity is reduced
and the queen lays a large amount of eggs (eg. Schneirla, 1971). Contrary to these phasic
species, dl Dorylinee and probably most hypogaeic species, are believed to have emigration
patterns without regularly dternating nomadic and Statary phases (Raignier and Van Boven,
1955; Gotwald, 1995). In these nonphasic species, several weeks to months may eapse
between two successve emigrations (Raignier et a., 1974). Other species may emigrate even
less often (Gotwald, 1982).

Nesting habits

Epigaeic amy ants condruct remarkable nests by clinging to each other. Such tight masses of
clustering workers, the bivouacs, contain the queen, brood, and guests (Schneirla, 1971). A
bivouac is by definition a temporary nest fitted into its momentary environment and is rather a
"date of the colony more than a paticular place’ (Schnerla, 1971). Interna bivouac
conditions can be dtered via postiona shifts of the workers (Franks, 1989). Apart from army
atts, bivouacs ae only known from migrating herdsmen, i.e. Dolichoderus species
(Maschwitz and Hénel, 1985).

Chalenging Schnerlas (1971) bivouac definition, the mgority of amy ant Species nests
hypogaeidy (Gotwald, 1982), dlowing the dlocation of a specific dte to the nest. Within
such soil nests, the brood may be distributed onto specific chambers, which would contradict
the conception of a tight worker cluster. Nevertheless, epigaeic as wdl as hypogaeic amy ant
nests are referred to equivaently as bivouacs.

Castes within the colony

Workers

Worker morphology varies gregtly between army ant genera. Except for Aenictus, al species
are a least moderately polymorphic (Gotwald, 1995). Statidicdly, Eciton burchelli showed a
quadrimoda worker sze digribution (Franks, 1985), while workers of other species could be
aranged in a continuous series from smdlest to largest (Hollingsworth, 1960). However, even
in gpecies without distinct morphologicad subcastes, workers of certain Sze ranges were
shown to peform specific tasks within the colony (Topoff, 1971; Franks, 1985). All
Dorylinee and curioudy one Ecitoninee species, i.e. Cheliomyrmex, have a uninodd wag.
Species of the remaning genera possess bi-nodd wasts. Although dl species possess
functiona dings, only Ecitoninee and some Aenictus species (Maschwitz, pers. comm.) have
been reported to uses their sting while overwhelming prey or defending themselves (Gotwald,
1995). Eyes are ether reduced or absent.

Queens

Army ant queens are dichthadiiform, i.e. they are characterized by a permanently wingless
ditrunk, a huge gaster, and an expanded podtpetiole (eg. Fig. A9 — A.11, Wilson, 1971).
While being phyogastric, the abdomen of a queen swells to an unusuad degree due to the
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hypertrophy of fat bodies and/or ovaries. Physogastric queens are able to lay large amounts of
egos (e.g. a Dorylus (A.) wilverthi queen may lay 3 — 4 million eggs a month, Raignier and
Van Boven, 1955). In phasic species, the queen regularly aternates between physogastric and
non-physogadric dates, probably enhancing her ability to follow the frequent emigraions
during the nomadic phases (Rettenmeyer et ., 1978).

Males

Army ant maes are 0 unlike other ant maes that Linné (1764, cited in: Gotwald, 1995),
describing the firg army ant, assumed it to be a wasp. Army ant maes do indeed resemble
wasps, having large and robust bodies and well developed eyes and wings (Fig. A.12 — A.14).
Phasic species produce maes in large sexud broods (Schneirla, 1971), while the periodicity
of mae production in most nonphasic species remains unknown. Maes of Labidus coecus
and severd Neivamyrmex gspecies showed rather digtinct flight seasons in the United States
(Baldridge e d., 1980). In Uganda, Africayz mades of nine Dorylus species from five
subgenera were shown to swarm throughout the year, but a different times during a night
(Haddow et al., 1966). Emergence patterns seemed to be influenced by time, humidity,
temperature, and wind (Haddow et a., 1966; Badridge et a., 1980). In order to mate, army
ant maes have to find and enter an dien conspecific colony. Mdes of epigaeicly foraging
Dorylus species respond to chemicd tralls, which they trace back to their colony-origin
(Schneirla, 1971). The mechanisms by which males of hypogaeic species locate and enter an
dien congpecific nest are ill unknown, dthough vison might play arole (Schneirla, 1971).

Brood

Army ant larvee have been dudied thoroughly (e.g. Wheder, 1943; Wheder and Whedler,
1964; Wheder and Wheder, 1974, Wheder and Wheder, 1984; Wheder and Whedler,
1986a; Wheder and Wheeler, 1986b). Externa characters and larva development were found
to corrdate in larvee of the phasc Eciton hamatum, enabling the formulation of a key to
Separate larvae according to the nomadic day (Tafuri, 1955). Colonies of non-phasic species
smultaneoudy contain brood of al devedopmentd dages (Raignier and Van Boven, 1955).
Because of the varying brood ages and heterogenaty of worker sizes, it is not possble to
differentiate between the larva developmenta stages of nontphasic species. Larvae of Eciton
and Labidus spin cocoons, while larvae of Aenictus and Dorylus do not. As an exception, only
sexual brood of Neivamyrmex spins cocoons. Nothing is known about the cocooning behavior
of Nomamyrmex and Cheliomyrmex species (Gotwald, 1982).

Colony reproduction

To conduct successful mass raids, colony sze can not fal beow a criticd worker number.
Unlike most other ant species, amy ant queens, lacking wings, do not leave the colony for a
nuptid flight. Insemination tekes place within the colony (Rettenmeyer, 1963). Because of
these dispersal redrictions, new army ant colonies are formed by fisson. Reaching a threshold
colony size, workers of an exiging colony ether choose to stay with their mother or to follow
a queen sgter to found a new colony. The two dividing colony parts are connected for a few
hours via a trail on which workers and brood are exchanged. Later on, this connection breaks
and both colonies go their separate ways (eg. Schneirla, 1971). Colony fisson results in an
unusuad genetic rdationship between the two separating colonies (Gotwald, 1995). Workers
that stay with their parent queen continue to care for their agters, with whom they share, on
average, 3/4 of their genes. Those that go with their new queen sster will raise their nieces,
with whom they share only 3/8 of their genes. Colony fisson thus poses a chdlenge to kin
section theory, snce workers following their dster queen may dgnificantly reduce ther
indusve fitness (see Marceviz, 1979 for a detaled discusson). Further influencing the leve
of relatedness, behaviora observations in the laboratory indicated that army ant queens may
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mate more than once (Rettenmeyer, 1963). This would lead to virgin queens that are not full
sgers of the workers, additiondly reducing the genetic benefit of following the new queen. It
remans to be shown whether workers will tolerate the insemination of their queen by
additional maes under naturd conditions.

Hypogaeic vs. epigaeic species

Possbly related to increasingly arid environmenta conditions, the ancestor of today's army
ants trandfered its foraging activity into the ground (Gotwald, 1978b). Adapting to the
hypogaeic environment, the number of labia and maxillary pap segments were reduced. Eyes
were reduced or lost completely. Today's epigaeicly foraging species gill exhibit these
reduced traits, indicating a rather recent resumption of epigagic activity (Gotwald, 1978b).
Epigeeicly foraging species represent a smdl and specidized minority of evolutionary rather
young amy ant species (Gotwald, 1978b). However, our knowledge about army ants was
obtained dmogt exclusvely from the study of epigaeic species. When deding with stratum-
specifications, foraging, nedting, and emigration behavior should be differentiated (Gotwald,
1978b). Conforming with the evolutionary scenaio, the mgority of species nedts, forages,
and emigrates hypogaeicly. Occasiondly, some of these species come to the ground surface to
forage under ledf litter a night or in humid weether conditions. In the following, 1 will refer to
al species which conduct the majority of ther foraging activities below the ground surfece as
hypogaeic species (i.e. most Aenictus, Cheliomyrmex, Dorylus, and Labidus species, and
severd Eciton, Nomamyrmex, and Neivamyrmex species, Gotwald, 1995). Diverging from
these gpecies, epigaeic species frequently conduct epigeeic raids, originating dther from a
hypogaeic nest (eg. the remaning Dorylus species and severd Aenictus, Eciton, Labidus,
Neivamyrmex, and Nomamyrmex species), or from an epigaeic bivouac (e.g. afew Eciton and
Aenictus species). Emigrations of these species are often at least partidly epigaeic.

Army ants — a vague definition

Beddes the "true' amy ants, severd species of other subfamilies were shown to mass rad
and occasondly emigrate, demondrating the adaptive vaue of amy ant behaviord patterns
in tropica habitats. Having been studied thoroughly, Leptogenys distinguenda was shown to
conduct mass raids, emigrate frequently, construct bivouacs, and to have a broad food
spectrum as well as a single phyogadtric queen (Maschwitz et a., 1989; Witte and Maschwitz,
2000). Therefore, this ant species is in al respects a "true® amy ant. On the other hand,
Pheidologeton diversus and P. silenus dso mass raid and emigrate (Moffett, 1988a; Moffett,
1988b). However, ther rads ae combined with the use of sable trunk trail systems and
emigrations are not frequent enough for the species to be cdled nomadic (Moffett, 1988za;
Moffett, 1988b). Furthermore, young queens conduct nuptia flights and do not become
physogadtric. Are these species amy ants? When compared to epigaeic "true' army ant
species, the answer would clearly be no. However, andyzing for the first time the behavior of
a hypogeeic species, | will demondrate in the following that the behavior of this "true' army
ant species aso diverges from the classcal concept. Raids of Dorylus laevigatus originate
from a gdable trunk trail sysem (Chapter 4), colonies may stay over long periods of time
within a foraging area (Chapters 5 and 6), and prey resources can be used in a sustainable way
(Chapter 4). Compared to this species, the two Pheidologeton species gppear aready much
more like amy ants. The only known characteridic shared by dl "true' amy ants and some
other ant species which exhibit many army ant traits (i.e. Leptanillinae, and some Ponerinag),
is the occurrence of dichthediiform femdes (Wilson, 1971). Anticipating the results of my
sudy, the army ant conception needs to be extended to include the hypogaeic species. The
characterizing army ant traits should thus be supplemented as follows.
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4.

5.

Mass raids. All arimy ant species are able to conduct mass raids. Raids can have the
form of a column, a swarm, or assume intermediate forms. Raids can be ether large
sngle events depleting a food source, or persstent smdl-scde actions, exploiting a
food source over some time. Starting-points of raids can be the nest or atrunk trail.
Emigrations. Like most ant species army ants are able to move to new nesting Stes
when necessary. Emigration frequencies can vary between species from regular and
predictable over occasond to infrequent. The ability to emigrate is thus a trait not
suitable to characterize army ants.

Nests. Although the bivouac seems to be a preferred nest form of army ants, a colony
can aso be dispersed onto severd cavities within the soil. Nest form can vary
according to the habitat and isthus atrait not suitable to characterize army ants.

Queens. All amy ants were shown to have queens which are dichthadiiform and can
be moderately to extremely physogastric.

Colony reproduction: All army ant colonies reproduce through fisson.

In accordance with these definitions, army ants can be defined as mass raiding ant species
with dichthadiiform queens and fisson as means of colony reproduction. This definition
includes the "dasscd" amy ants as wdl some Leptogenys species and probably Leptanilla
species (for which mass raiding behavior remains to be demonstrated).
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Chapter 3

Setting the scene: Study sites, studied species, and methods employed

SUmmary

Introductory to the following chapters, 1 will shortly discuss the status quo of hypogaeic army
ant knowledge prior to my study and how | atempted to investigate the sociobiology of
Dorylus laevigatus. The reader will be made familiar with the study Stes and the scientific
higory of the dudied species. Since not adl methods providing data for this sudy are
discussed in the following chapters, | present an overview of al employed methods.

Introduction

Army ants have been gudied for more amost two centuries and numerous biologicd and
ecologicd aspects are how known. However, prior to my work our knowledge of army ants
was based dmogt exclusvely on epigeeicly foraging species. Formerly hypogaeic foragers,
some army ant species switched to foraging above the soil surface, possibly brought about by
a reduced desiccation risk in some areas (Gotwald, 1978b). Epigaeicly foraging species thus
represent a Specidized and evolutionary rather young minority of army ants The vast
magority of army ant gpecies is redricted in nesting and/or foraging to a hypogeeic lifetyle
(Gotwad, 1995). Due to the difficulties confronted with when attempting to find, observe,
and follow these cryptic species, their biology long remained unknown.

Only recently, Weissflog and co-workers (2000) observed by chance that the hypogaeic army
ant Dorylus (Dichthadia) laevigatus recruits to pam oil dripped onto the ground. Although
the feeding on pam oil was one of the firg trats reported for Dorylus amy ants (Savage,
1849), Weisstlog et d. were the first to perceive the potentids of this trait. By pouring pam
ol a regular distances onto the ground and checking these soil baits, we found D. laevigatus
to recruit to a substantid number of bats within rdatively short periods of time (Wessflog et
al., 2000). Based on the encouraging results of this study, | developed and tested different
methods to study D. laevigatus in West-Maaysia and on Borneo. Resultant, | conducted the
first behaviora and ecologicd study of a hypogaeic amy ant, which | present in the following
chapters.

Study sites

The study was conducted during three field seasons (March — August 2000, November 2000 —
Ma 2001, and March — Ma 2002) in Mdaysa Most studies were conducted in the Kinabau
National Park at Poring Hot Springs (6°5' N 116°3' E, Fig. 3.1). The park, comprised at the
sudy plots of lowland and lower montane dipterocarp rainforest, encompasses Mount
Kinabdu (4100 m), the highet mountan between Myanmar and New Guinea. The East
Ridge, garting at 500 m at Poring Hot Springs, is an dtitudina gradient leading to the top of
Mount Kinabau. Annud rainfal within the area ranges between 2000 mm and 3800 mm with
two rainy periods, i.e. between November and February and between June and July
(Kitayama, 1992). Rain was collected during te study periods on an open area in Poring Hot
Springs. The average rainfdl collected during smilar periods in dl three fidd seasons showed
2000 to be the most humid year (average ranfdl per day, March to Ma: 2000 = 7.9 mm,
2001 = 3.3 mm, 2002 = 3.2 mm). The monthly total rainfall for April amounted to 281.8 mm
in 2000, 1055 mm in 2001, and 110.1 mm in 2002. These vaues indicate the absence of
strong El Nifio effects during the study periods (compare to Kitayama, 1996).

To gan an ingght into the digribution and possble geographica variations of D. laevigatus, |
conducted part of the field season of 2000/2001 in West-Maaysia (November 2000 — March
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2001). Here, sudy stes (Fig. 3.1) were edablished a the Ulu Gombak Field Station of the
Universty Maaya (3°2 N 101°5' E, 250 m asl.) and a privately owned oil pam plantation
near Sitiawan (4°2' N 100°5' E, O masl.).
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Figure 3.1. Man sudy Stesin Mdaysa

To invedtigate different behaviora aspects and to andyze the overdl didribution of D.
laevigatus in a wide range of habitats, 15 study plots were established during the course of my
sudy (Tab. 3.1). Although not dl of these study plots will be included in the following
investigations, the data collected on the omitted plots add to and support the data collected on
the included plots. Long term sudy plots were established in March 2000 and were
reectivated during the following study periods. Invedtigations on other sudy plots were

restricted to asingle study period.
Table 3.1: Study plot data
Plot Site Habitat” Height Size Baits Bait Remarks
Nr. [m] [m?] [#]  disance[m]
1 Poring PRF 500 375 24 5 Long-term plot
2 Poring M 500 100 6 10
3 Poring Old SF 500 2200 33 10 Long-term plot
4 Poring Old SF 500 100 6 5
5 Poring M 500 200 15 5
6 Poring PRF 550 250 18 5
7 Poring PRF 500 100 12 8
8 Poring Young SF 500 600 36 5 Long-term plot
9 Poring PRF 500 Transect 4 50 800 m transect
10  Poring U 500 100 8 10
11  Gombak SF 250 150 12 5
12 Sitiawan OPP 0 10829 11 75
13  Sitiawan OPP 50 900 16 10
14 Poring Lower MRF 580—-1470  Transect 80 5 10 altitudinal transects
15 Sitiawan RP 0 900 16 10

* Habitat: M = Meadow, MRF = Montane rain forest, OPP = Qil palm plantation, PRF = Primary rain forest, RP

= Rubber plantation, SF = Secondary forest, U = Urban vegetation
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Studied species

The focus species of this study, Dorylus (Dichthadia) laevigatus (Fig. 3.2), was first collected
from Sarawak (Maaysia, Borneo) and described by Smith (1857) as Typhlopone laevigata. In
1863, Gedacker receved a "drange Hymenoptera® without worker ants from Java
(Indonesi@), which he believed to be the queen of a Dorylus army ant. No Dorylus queen was
known at this time and Gerstdcker (1863) appointed the queen to a new genus, i.e. Dichthadia
glaberrima. In 1887, a Dorylus mde, i.e. D. klugi, was described from Sumatra (Indonesia,
Emery, 1887a). In the same year, Emery (1887b) firs suggested D. laevigata, Dichthadia
glaberrima, and D. klugi to belong to the same species, i.e. D. (Dichthadia) laevigatus. This
suggestion was primarily based on the geographic occurrence of the three castes in the
absence of recorded workers of other Dorylus species. In 1895, Emery (1895a) further
supported his union of the species by pointing to the plesomorphic number of antennd
segments. Both, D. glaberrima and major workers of D. laevigatus had 12 antenna segments,
a number never documented for any other Dorylus species. Prior to my work, the connection
between D. laevigatus, Dichthadia glaberrima, and D. klugi was never actualy demonstrated.
Neverthdess Wilson, in his key for Indo-Audrdian amy ants (1964), sated without
indicating the assumptive nature of this connection, that al castes of D. laevigatus are known.
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Dorylus laevigatus, including its synonyms, was described from Borneo, Java, Myanmar,
Singapore, Sulawes, Sumatra, and West-Mdaysa (Fig. A.24, eg. Emery, 1887b, 1895z;
Rosciszewski, 1995). Prior to my study, D. laevigatus was the only Dorylus species known to
occur on any of the Great Sunda Idands. Although D. laevigatus was lised in severd faund
inventories, especidly around the turn of the 19th century (e.g. Emery, 1887a; Foredl, 1901,
Bingham, 1903; Ford, 1909), close to nothing was made known about its biology. Emery
(1895b) commented on the variability of antennad segments and Ford (1914) noted that H. v.
Buttel-Reepen had located a nest, which he would describe at a later time. However, this
observation was never published. Being not a known crop pest like the related D. orientalis
(Roonwal, 1972) and due to its generally hypogaeic Ifestyle, D. laevigatus was believed to be
rather rare and long evaded further investigations.

Study methods

Epigeeicly active amy ants continuoudy dter the direction of ther rads and regulaly move
to new foraging areas (Gotwald, 1995). Although the direction of a swarm can be influenced
over short distances by offering food (Witte and Maschwitz, 2000), it seemed improbable to
draw army ants to a certain area other than by chance. Contrary to this notion, we discovered
that D. laevigatus recruits predictably and in high numbers to pam-ail bats (Weissflog et d.,
2000). Employing this discovery, we were adle to gain the first behaviord and ecologica data
of a hypogaeic army ant species. Pam oil was teted as bat by pouring it directly onto the
s0il. These soil baits (Fig. 3.3) were checked for D. laevigatus occurrence by digging into the
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baited area (Weissflog et d., 2000). Basing on the encouraging results of this sudy, | further
developed the baiting method (Berghoff et d., 2002). Snce only the main methods employed
to study D. laevigatus in the field and laboratory are described & some length in the following
chapters, an overview of dl employed methodsis provided in the following.

Field methods

Soil baits

Soil baits represented a quick and easy method to test a dSte for the occurrence of D.
laevigatus.

Flag marking the area where the oil was applied

Soil surface

Pam oil spreading through the ground

Figure 3.3. Sall bait

The ol (50 ml) was poured directly onto the ground or, in Steep terrain, into a smal
preformed depresson to prevent the uncontrolled spread of the oil over the ground. A flag
marked the center of the poured out oil. To check a bat, the soil around the flag was
excavated and spread out onto a plate in order to uncover occurring ant species. Afterwards,
the soil wasfilled back into the excavated hole.

Seve buckets
The core of al conducted studies was the establishment of a grid containing regularly spaced
seve buckets (Fig. 3.4).

/Leaf, shdtering fromrain

Seve bucket (height 15 cm, diameter 12 cm)
/ completely perforated with holes (0,5 x 1 cm)

Figure 3.4. Seve bucket

A deve bucket contained one liter of soil onto which 50 ml household padm oil was
digributed. During a bait check, a seve bucket was pulled out from the soil via an atached
handle (not shown in Fig. 3.4). Ant species and their foraging tunnels could be observed from
the bucket's hole remaining in the soil as well as from the Sdes of the bucket. During each
bait check, the number and diversity of ant species, their abundance, location in the bucket's
hole, and main foraging direction, as well as observed interactions were noted. Compared to
soil bats (Fig. 3.3), deve buckets adlowed more precise abundance estimations and analyss
of foraging depth and direction. To conduct reasonably founded abundance estimations for D.
laevigatus, 12 deve buckets containing different numbers of ants were collected and the ants
counted.
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Seve cavities
Sieve cavities were established in some plots to collect data on ant behavior around baits.

Removable salid lid

" soil surface

—— . — Seve (height 9 cm, diameter 30 cm, holes 0.5x 1
: / cm) forming, together with the lid, an empty cavity
o m/ Sieve bucket (height 8 cm, diameter 10 cm),

containing soil and 50 ml pam ail
Figure 3.5. Seve cavity

Since oil could only disperse into the ground below the smal deve bucket contained in the
Seve cavity, 10 ml oil were dripped dong the wals of the Seve cavity to begin a bating
period. Ants loceting the Seve cavity form below or the sdes recruited to the centrd Seve
bucket, running fredy within the Seve cavity. In the cavity, ant behavior and interpecific
interactions could be observed by carefully removing the lid. The lid, codng the 'hypogeeic’
cavity, further prevented the oil to be diluted quickly and uncontrollably by sheltering the bait
fromrain.

Bucket baits
Bucket baits were tested on plots 8 and 1 (Tab. 3.1) to obtain data on foraging depths.

Removable, solid lid

Empty plasic bucket (diameter 30 cm, vaiable
— height) with solid walls and a seved floor (holes 0.5
x1cm)

Seve bucket (hegnt 10 cm, diameter 10 cm),
containing soil and 50 ml pam ail

Figure 3.6. Bucket bait

Ants were able to reach the oil in a bucket bait only if they recruited from below the seved
floor of the bucket. By testing buckets with different length of their dde-wadls foraging
depths of the ants could be investigated. Smilar to Seve cavities (Fig. 3.5), ants could be
observed running fredy in the cavity around the oil bat, enabling behaviord observations.
The solid lid shdltering from rain prevented a quick oil dilution into the ground.

Random and search-sampling

Throughout the entire study, the ground of al sudy plots was repestedly probed for the
occurrence of D. laevigatus. This was done ether by randomly digging into the ground and
searching for ants and their tralls in the excavated soil, or by intentiondly digging & dStes with
a higher probability of D. laevigatus occurrence (eg. beneath logs, pam leaf hegps, or
garbage, or around termite mounds). The success of each search trid was noted together with
a description of the searched dite, the date, the time, and the weather conditions. These data
added to data of other experiments, providing an estimation of the occurrence and abundance
of D. laevigatus within an area
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Night observations

Some hypogeeicly foraging amy ant species ae known to come to the soil surface a night
(e.g. Perfecto, 1992). To observe posshble epigaeic foraging and to investigate changes in
abundance and/or occurrence at baits, the baits of long-term study plots were checked
regularly and of other plots occasondly a night. Using a red flashlight, dl baits of a plot
were checked and the same detalls noted as during day checks. Observation times were
extended for highly occupied baits, noting epigaeic and foraging behavior. Furthermore, the
ground of a sudy plot was carefully examined a regular distances, searching for and noting
epigaaidy foraging Dorylus workers.

Food- choice experiments

To andyze the food spectrum of D. laevigatus, samples of different types of food were
offered on plots 6 and 8 (Tab. 3.1) whenever the current experiments allowed such a food
introduction. Two neighboring baits, each containing a least 1000 D. laevigatus and whose
foraging trails indicated a hypogaeic connection, were sdected. Halfway between these baits,
four different food items were placed directly on the ground in piles gpproximatdy 15 cm
gpat. The area was then shidded from rain and larger animas with a plagtic cover (40 cm
diameter). The sites were checked once a day and once at night for sSx consecutive days, after
which most offered food was moldy. During the bait checks, ants found around as well as
below the food piles were noted. The following materias were offered a different times, in
different combinations, and in different repetitions bananas, melons, pumpkin, different nuts
and berries found in the forest, a variety of fresh and boiled vegetables, boiled rice, plan and
roasted peanuts, peanut butter, marmaade, syrup, fresh and boiled beef, tuna, oil (palm, dlive,
sunflower, and corn ail), and paper soaked with urine, honey, sugar, and sat water.

Trall excavations

Seve buckets not bound into an experiment were used to conduct traill excavations to gain
data on D. laevigatus foraging trals. In order to distinguish the trails from trals of other
species, the excavations were continued only as long as D. laevigatus defended the tralls.
Trails were followed and blocked by inserting a wooden gtick five to ten centimeters. The so
marked trall section was then carefully excavated and its depth and direction measured
(Chepter 4). Trals were hard to follow and often log @ in fine-graned soil disolving the
form of the trals, b) when the tralls branched into severd smdler trals, or ¢) when the
excavation was obstructed by one of the numerous roots in forested aress.

Large-scae excavations

On Plot 12, the nest of a D. laevigatus colony was successfully excavated (Chapter 5). The
excavaion was fird begun by manpower, usng shovels, and later continued using an
excavator with a shovel width of 1 m. After the nest was excavated, the excavator opened the
ground on mog potentia foraging and nesting Stes of D. laevigatus (554 m?). Furthermore,
the excavator uprooted one oil pam tree and opened three Macrotermes mounts. The data
obtained from these additiond excavator actions added to the overdl data of foraging gStes
and habitat structure.

Made collections

During the field work for his Ph.D. study, J. Beck collected hawvkmoths a UV-Light sources
(125 W Mercury-Vapour light) from 18 different Stes in Northeast-Borneo. He kindly
collected Dorylus mdes for me, which were attracted to the light during his collections. Light
trapping was done from April to July 2001 and from November 2001 to March 2002. Study
Stes included primary lowland rainforest, mountain forest, swamp aress, secondary forests of
different degrees of disturbance, as well as highly disturbed habitats such as locad gardens and
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plantations (oil pam, cocod). Dorylus laevigatus maes were collected at five dtes (Table 3.2)
in the months of January to May and July. An additiona mde was collected by T. Winter in
October 2002 a a smilar light trap in a primary forest of the Tawau Hills Park. Generdly,
one to two and never more than five maes were collected per night (J. Beck, pers. comm.).

Table 3.2: Callection Stesof Dorylus maes at UV-light sourcesin Sabah.

Ste Vegetation Altitude [m] Coordinates
East Kdimantar/Indonesa  Secondary forest 150 3°2'N 116°4'E
Tawau Oil & cocoa plantetions 230 4°2'N 117°5'E
Long Pasa Primary mountain forest 1500 4°3'N 115°4'E
Kinabatangan floodplain Secondary vegetation 120 5°2'N 118°2' E
Kampung Poring Loca garden area 350 6°1'N 116°5'E
Laboratory methods

Keeping D. laevigatus

Ealy in my work | kept smal worker samples (< 100 ants) collected from single baits in
plastic containers of varigble szes. The damp tissue used as floor covering was quickly
shredded by the ants, which eventudly formed one to five piles out of the scraps. No food was
accepted and the workers showed no aggresson when confronted with workers of dien
colonies. The same was true when few workers were kept in containers containing preformed
tunnels and cavities in plaster of Paris, covered by a red glass plate. Here, the ants ran below
and above the atificid "soil" surface and began to tunnd through the plagter, piling up the
excavated crumbs.

More successfully, D. laevigatus could be kept when collecting larger worker samples (>
2000 ants) and housing them in containers with a least one liter of soil. The ants tunneled
quickly through the soil, condructing a network of tunnds, craters, and soil mountains.
Increasing the air moisture, eg. a night or by keeping a lid on, resulted in incressing numbers
of ants visble on the soil surface. Large worker samples kept in such soil-filled containers
accepted a variety of food and could also show aggressive behavior when workers of foreign
D. laevigatus colonies were introduced (see Chapter 6).

Formicary experiments

Formicaries were connected in a variety of experiments to containers housng D. laevigatus
workers (see previous paragraph). Formicaries enabled the direct observation of hypogaeic
behavior, digging methods, and interactions between species and colonies.

Soil-filled container housing > 2000 ants
/ Transparent plastic tube (0.5 — 0.8 cm diameter),

connecting the container and the formicary

| So_il-ﬁlled glassformicary (1 cm wide, variable
— height)

Figure 3.7. Setup of formicary experiments

Whenever a trangparent plastic tube was connected to a soil-filled container housing large
worker samples (see above), D. laevigatus readily dispersed into the tube. Tubes could be
connected to other containers housing potentia prey objects or worker samples of dien
colonies, or to a glass formicay. Formicaries were filled with soil of varigble dengties,
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enabling the obsarvation of foraging behavior in soils of different naure. Due to the smal
diameter of the formicary the route of mogt trails could be fully anticipated and single workers
could be visudly followed through the formicary. Although D. laevigatus showed no strong
averson to light, formicaries were set up in a dark corner of the laboratory and ants were
observed under red light.

Besdes these methods regularly employed to investigate the behavior and occurrence of D.
laevigatus, | studied other ant species recruiting to the oil baits or interacting with the army
ant. This was done by obsarving the behavior of ants a baits, excavating sample nedts,
edablishing epigaeic and hypogaeic pitfdl traps, and conducting experiments on interspecific
aggression (Chapter 7).

Morphological messurements

For a morphologica anadlyss of the collected Dorylus species and their comparison to data
from the literature, seven body proportions were measured for randomly and size sdected
worker samples, usng an ocular micrometer (see Chapters 5 and 6). Furthermore, dry weight
was measured on a high precision scale after drying workers at 40°C for 24 hours.

Genetic andyses

A genetic analyss of a 385 basspairs mtDNA was conducted to discriminate between the two
sympatric Dorylus species recorded on Borneo and the alocation of a @llected male to ether
species (see Chapter 6 for a description of DNA-extraction, amplification, purification, and
phylogenetic analys's).
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Chapter 4

Foraging of a hypogaeic army ant: along neglected majority

SImmary

Army ants have been studied thoroughly for more than a century. The conduction of column
and swarm mass raids, featured by epigaeicly active species, is believed to be a centra
characteritic of army ant behavior. Most amy ant species, however, lead a hypogeeic life.
Due to the difficulties to observe them, nothing is known about their hypogaeic behavior in
the fidd. Usng pdm oil bats, tral excavations, and laboratory observations, the hypogaeic
foraging of Dorylus (Dichthadia) laevigatus was observed in Malaysa D. laevigatus was
found to congtruct stable hypogaeic trunk trail systems providing quick and easy access to al
pats of its foraging aea Smdl column raids were conducted throughout the ground sratum
and above the ground surface. These raids were caste specific, with the smallest workers
predominantly following exising cracks and tunnds in the soil. In case of food location,
larger workers were recruited from nearby trunk trails. Exploratory trails leading to prey had
to be widened before larger workers could gain access and help to process the food. Bulky
food sources such as bats or termite mounds could be exploited over severd weeks to
months. Besdes raiding in columns, D. laevigatus came occasondly to the ground surface a
night to conduct swvarm raids. This combination of swarm and column rads with the use of
trunk trails has never been demondrated for a classical amy ant species. The omnipresence of
D. laevigatus within its foraging area dands in sharp contrast to epigaeicly active species,
characterized by a very locdized and temporary presence a foraging dStes. D. laevigatus
dayed in the same foraging area for several weeks to months. Having a broad diet and the
ability to exploit bulky food sources over long periods of time, D. laevigatus seems to follow
a udanable use of the soil fauna Summing up these particularities demondraies a
remarkable divergence of the hypogaeic foraging of D. laevigatus from that of epigaeicly

foraging army ant species.

Introduction

Origindly renowned for their spectacular epigaeic rads with many thousands of participating
workers, amy ants have captured scientific attention for dmost two centuries. They now
belong to one of the best sudied groups of ants and many essentiad aspects of their
sociobiology have been intensvely investigated (e.g. Mirenda et a., 1980; Franks, 19823
Gotwald, 1982; Hirosawa et a., 2000; Roberts et a., 2000). Origindly grouped into a Sngle
subfamily, the "classcd" amy ants were laer recognized to belong to three widespread
subfamilies, i.e. the Dorylinee, Ecitoninae, and Aenictinae (Bolton, 1990). Species of other
subfamilies, including the Ponerinae, Myrmicinae, and Leptanillinee were shown to possess
amy ant trats as wel (eg. Moffett, 1984; Masuko, 1987; Maschwitz et a., 1989). The
behavior of army ants is characterized by a unique combination of colony migration and mass
rading. Some army ant species migrate to new neding Stes on a highly regular bass, while
others nest for severd months a the same dte (eg. Schnerla, 1945; Rettenmeyer, 1963;
Schnerla, 1971). As many non-army ant species are able to change ther nesting Stes as well,
the ability to conduct large mass raids becomes the most outsanding feature of army ant
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behavior. The characteridtics of these raids have been studied in much detall (eg. Schneirla
and Reyes, 1966; Chadap and Rettenmeyer, 1975; Mirenda et d., 1980; Franks and Bossert,
1983). The mgority of studied army ant species conducts column raids, which are believed to
be the more primitive form of mass raiding (Rettenmeyer, 1963). While the fronts of column
rads seldom exceed a width of 20 cm, the termina group of swarm raids, the second known
form of mass rading, can reach a diameter of 20 m. For more detalls on the rading forms see
eg. Schneirla(1933; 1934; 1938).

The raiding types are gpparently closdy linked to the prey taken. Swarm raiding dlows the
species to include a wide vaiety of athropods and even smdl vertebrates into ther diet
(Savage, 1847; Gotwald, 1974b; Burton and Franks, 1985). Column raiding species, on the
other hand, often exploit bulky food sources such as nests of socid insects (e.g. Chadap and
Rettenmeyer, 1975; Mirenda et d., 1980). Independent of the raiding system used, amy ants
ae vey dficent in temporarily decimating the aundance and/or colony sze of ther prey
(Franks, 1982a; Otis et a., 1986). Relaed to this effidency is the following common
characterigic of both raiding types. All raids are conducted as didinct sngle events, esch
leading in a direction different to the preceding raid. Eventudly, the raids advance onto new
terrain stops and the ants retreat in a wel coordinated manner. This highly specidized mass
rading behavior has been obsarved in dl dudied "classcd" army ant species. However,
dudies on army ants have been redricted to a few epigaeicly foraging species. Contrary to
these evolutionarily rather young species (Gotwald, 1978b), the mgority of army ant species
has hypogeeic lifestyles (Gotwald, 1982). These species are virtudly unknown in their entire
sociobiology, incduding their rading behavior. Therefore, the following question remained
unanswered: Is the highly organized raiding behavior centrd to adl army ant species, or does it
represent an adaptation of epigaeic activity?

Recently we presented a method, findly enabling the study of hypogagic amy ant activity
(Weissflog et d., 2000). With a modification of this method, we sudied the hypogeeic
foraging of the amy ant Dorylus (Dichthadia) laevigatus F. Smith. Dorylus laevigatus,
believed to be a phylogeneticaly rather old species (Wilson, 1964), is the only known species
of the subgenus Dichthadia. Although the species exigence is long known throughout South
Eagt Aga, its biology is virtudly unknown. With a modification of our method we address the
following questions Does D. laevigatus show raiding behavior? If so, does it conduct column
rads, which is bdieved to be the rading form of hypogaeic amy ants? Are raids dmilar to
those of epigaaicly raiding species?

M aterials and methods
Sudy sites

Pats of the study were conducted in the Kinabau Nationa Park and surrounding aress at
Poring Hot Springs (Sabah, Maaysia, Borneo; 6°5' N 116°3 O, 550 m asl.), a the Gombak
Fiedd Station (Sdangor, West-Maaysia; 3°2' N 101°5 O, 250 masl.), and in Plantations
near Sitiawan (Perak, West-Madaysia; 4°2' N 100°5' O, 0 m asl.). Study plot data are given in
Table 4.1. Soil profile and vegetation cover was noted for every plot. Temperature was
messured at the ground surface and in 1, 5, 10, 20, 30 and 40 cm depth. Data were collected
between March and August 2000 and December 2000 and May 2001.

A substantid amount of the following data was obtained from Plot 12, a privady owned oil
pam plantation. Therefore, the topogrephy of this plot will be presented in some detal. The
15 year old plantation contained 146 pam trees distributed in 14 rows over an area of 1.1 ha
(Fig. 4.1 A). The plantation was surrounded by a water belt; drainage ditches on three and a
temporary river on the fourth sde. The river contained enough water to flood a land
connection to the adjacent oil pam plantation only during the rainy season. Two maintenance
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road exits provided continuous land bridges to the surrounding area independent of season.
The study was conducted during the rainy season when the ground weater level was high,
leaving a maximum of 80 cm of dry soil a the highest places. After heavy ran the trenches
between pam rows filled with water and lower parts of the plantation were flooded (Fig. 4.1
B). Trenches dried up within one or two days without further rain. Adjacent plantations were
occupied by different D. laevigatus colonies (unpubl. data).

Table 4.1: Study plots from Borneo and West Madaysia.
RF = rainforest, SF = secondary forest, P = plantation

Plot Location Study Area  Observation Vegetation Ground Number  Bait distance

Number [m?] time [days] type Temp.[°C]"  of baits [m]
1 Poring 375 109 Primary RF 228 24 5
3 Poring 2200 65 Old SF 226 33 10
5 Poring 200 10 Meadow 26.8 15 5
6 Poring 250 46 Primary RF 2.7 18 5
8 Poring 600 143 Young SF 253 36 5
9 Poring 800 m Transect 19 Primary RF 228 A 50
11 Gombak 150 8 Old SF 231 12 5
12 Sitiawan 10829 52 Oil PAmP 276 111 75
15 Sitiawan 900 8 Rubber P 20.1 16 10

* Average ground temperature measured in 10 cm depth.
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Figure 4.1: Sudied ol padm plantation (Plot 12) A: Plantation outline. B: Plantation after
heavy rain with trenches filled to a maximum and lower pats of the plantation flooded. C:
Didribution of D. laevigatus trunk trails within the plantation. D: Location of termite mounds
and aress of regular encounter of foraging D. laevigatus on exploratory trails.
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Ant baiting

The didribution and subterranean movements of D. laevigatus were monitored via padm ol
bats. The method, origindly described by Weissflog et d. (2000), was modified to alow
more precise abundance estimations and andlyss of foraging depth and direction. Insteed of
pouring the ail directly on the ground it was gpplied in "deve buckets' (Fig. 4.2 A). Each
seve bucket (height 15 cm, diameter 12 cm) held one liter of soil. Including its lid it was
covered with holes (0.5 cm x 1 cm), enabling D. laevigatus workers of all sSzes to pass
through. To dtart a bait, a hole of the size of the bucket was dug into the ground. The bucket
was filled with the excavated soil and lowered into the hole. PaAm oil (50 ml) was poured onto
the soil in the bucket. Findly, the bucket was closed with the lid and covered with a broad
lesf to prevent water accumulation through direct rainfal.

Within a study plot bats were evenly distributed with equa distances to neighboring baits
(Table 4.1). In some areas, the origind baiting area was extended or the origind bait distances
decreased by inserting new bats. This dlowed a closer focus on interesing parts of the
foraging area, eg. parts with high ant aundance or dong colony borders. Modifications were
generdly completed afew days after the first detection of D. laevigatus within aplot.

Baits were checked once a day and occasondly additiona times during day and night. To
check a bait, the bucket was pulled out from the hole via an attached handle. At each bait ant
presence was noted. The abundance was visudly estimated and assgned to one of five
clases 1) 1-10, 2) 11-100, 3) 100-1000, 4) 1000-5000, 5) >5000 ants. To verify these
numbers, baited buckets from areas not included in the study were collected and containing D.
laevigatus were counted. By removing a bucket, D. laevigatus entrance holes and their depths
could be recorded from the buckets hole remaining in the soil. All buckets were rebaited with
50 ml pam oil when the soil in most buckets of a plot showed a depletion of il (on average
every 10 to 11 days). Such a depletion became evident when the baited soil gppeared fine
grained and logt its aily touch.

The great advantage of usng sSeve buckets was that foraging trails to and within a bait were
left intact while checking a bait. All data could be collected with aminimum of disturbance.

A second type of bait, the sieve cavity (SC, Fig. 4.2 B), was added in some areas to obtain
behaviord data. The SC consged of a seve (height: 9 cm, diameter: 30 cm, holes: 0.5 x 1
cm), which was burrowed in the ground up to its rim. The excavated soil was disposed of. A
sndl seve bucket (height 8 cm, diameter 10 cm) filled with soil and 50 ml pam ail bat was
placed in the center of the SC. To start a SC, 10 ml oil were dripped aong the SC walls before
the cavity was dosed from above with a solid lid. Ants recruiting to the oil droplets dong the
cavity wdls would eventudly disperse into the cavity and locate the bat. By carefully
removing the lid, ants could be observed running fredy in the cavity between the baited Seve
bucket and the entry points along the SC walls.

To andyze the trall system, traills were excavated darting at sdected baits. In order to
diginguish the tralls from termite trals trals were followed only as long as D. laevigatus
workers defended them. Trails were followed and blocked by inserting a wooden stick five to
ten centimeters. The so marked traill section was then carefully excavated and its depth and
direction measured.

Spot checks were conducted in dl aess to detect foraging trails independent of bait
occurrence.
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andle, covered with a leaf A lid
ground ground surface /
/ surface

sieve cavity

sieve bucket
D. laevigatus .~

trails D. laevigatus trails

Figure 4.2: Baiting devices to monitor hypogaeic amy ant movements (A. Sieve bucket, B.
Seve cavity)

Laboratory observations

Workers of D. laevigatus were kept in the laboratory to further andyze ther behavior. In
order to obtain a most natural behavior, a minimum of 2000 workers had to be collected. The
ants were kept in containers filled with 10 liters of soil collected cose to the origind foraging
dte. After a maximum of two weeks the ants were returned to the Ste of collection.
Transparent tubes, which were readily used by the ants, were connected to the containers.
Running speed and worker behavior were observed in these tubes. The tubes led to soil-filled
glassformicaries of 1 cm width and variable sizes, where burrowing activities were observed.

Further methods and statistical tests are given at appropriate places in the text.

Results
Bait acceptance

Of the overdl 304 baits included in this study (Table 4.1), D. laevigatus was recorded at least
once a 77.6%. All baits of Plots 1, 3, 6, and 8 were found by workers within the study
periods. Located baits were visited by D. laevigatus on average after 8.6 days ( 6.8 SD, min.
1 day, max. 29 days). The moment of bait location was observed and monitored on 14 baits.
From this moment, ant abundance increased from class 1 to class 3 usudly within 2 to 5 hours
and to class 4 or 5 within the next 24 hours. Ant abundance was highest (class 4 to 5) two to
three days following bait location and &fter rebating (avg. 23 days + 0.9 SD). In the
following days (avg. 5.2 days = 2.6) ant abundance leveled a class 3 before declining to the
classes 2 and 1 (avg. 0.8 days + 0.8). If at this point no rebaiting occurred, D. laevigatus
would desert the bait. Average ant abundance at occupied baits varied dgnificantly between
the study plots (Kruska-Wallis, Chiz = 266.85, P = < 0.002).

A bait was occupied on average for four days @& 2.8 SD, max. 13 days). However, if rebaiting
occurred while D. laevigatus occupied a bat, the average occupation time increased
gonificantly (11 days + 6.4 SD; Mann-Whitney U = 2008.50, P = < 0.002). In this way, a
sngle bait could be continuoudy atended by varying numbers of D. laevigatus workers for a
maximum time of 27 days.

Ant abundance a occupied baits was smilar between day and night (plot and westher was
controlled for; Mann-Whitney U = 51490.0, P = 0.200). Trails three or more centimeters
below ground were used independent of rain or water puddies forming on the soil suface.
Mog trails accessng a bat were found in such a depth. Ant abundance a baits was
independent of westher (plot and time was controlled for; Mann-Whitney U = 17104.70, P =
0.714). Trails closer to the soil surface were abandoned during rain and were not reused for
sometime.
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Types of trails and raiding patterns

A D. laevigatus trall was found by chance only twice, adthough holes for more than 500 baits
(only partidly included in this study) were dug and numerous spot checks conducted.
However, by backiracking trals originating a bats and ingpecting potentid foraging dStes
close to occupied baits, foraging D. laevigatus could be found. In this way, three foraging
drategies and associated trail types were recorded: the stable hypogaeic traill system, column
raids, and swarm raids (Fig. 4.3).

The gable hypogaeic trail system

The topogrephy of Plot 12, with its redtrictions to the foraging area of the resident colony,
dlowed a thorough anadyds of D. laevigatus trals. A tral system was found, consging of
large trunk trals (TT), (diameter 0.8 to 1.3 cm). To andyze the tral structure without
dedtroying the entire system, 3945 m trals were excavated and numerous small-scae
excavations were conducted. The trals ran a a depth of 8 to 12 cm, where they were
unaffected by heavy rain and high ground water levels. The smooth and wel maintained wals
of the trals indicated that they were used frequently over a long time. Excavated TTs could
run up to 4 m in the same depth and direction. Junctions had the form of a T or Y. Trunk trails
with the same attributes were found on other study plots as well. Here, however, because of
poor access bility, only small sections of these trails could be excavated.

On Pot 12, baits within a pam row were located by the ants often in a digtinct order
following the pdm row. After rebating the ants returned to desarted bats manly in the
opposite direction as they had left the baits. This phenomenon could also be observed at baits
of other sudy plots. Trals originating at different bats within the same padm row could be
backtracked to the same TT (n = 8). It was found that TTs followed pam rows, where the
ground was higher between the trenches (Fig. 4.1 C). They joined in the front of the plantation
where there was a connecting drip of high ground and the nedt's location. Two rows with
occupied baits could be separated by one or two rows without ants at the baits. Trunk trails
crossing trenches were excavated in three places. The point of crossover was in exch case the
highest place of that trench section, providing a maximum time to cross over during flooding.
Trails crossing trenches could be reused after drying up again. Trunk trails of other plots were
probably aranged differently compared to the well defined topography-reated manner found
on Plot 12 (Fig. 4.1). However, trals originating a neighboring baits could dso be traced to
thesame TT on other plots.

Trunk trals were well defended during artificid excavation. A cluser of mgor and large
medium workers formed, defending the exposed trall end. Minor and smal medium workers
quickly closed the opening with soil. These soil blockades could become more than two
centimeters thick.

Column raids on exploratory and secondary trails

Minor and smal medium workers conducted column raids on smal exploratory trals (ET, n
= 153), (diameter 0.2 to 0.3 cm). Larger workers trying to follow an ET were observed to get
stuck in narrow trail sections or entrance holes and had to turn back. ETs were only partidly
dug by the ants themsdves, which readily followed exigent cracks or tunnels in the soil.
Column raiding workers on ETs could be found within the soil as wel as close to or even a
the soil surface. Here, leaf litter was used for cover whenever possble. However, epigeeic
ETs could dso run over open ground for as much as 28 cm. ETs above the soil surface were
mostly detected a night (on 49 nights and 8 days). ETs were dso found in SCs, excavated soil
sections, and under logs or pam leaf hegps. Further observations from formicaries added to
the data on ETs. An ET formed when one to eight workers departed from an exising ET and
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ran for a few centimeters in a new direction, before turning around. The branching ants
dragged their gaster tips on the ground, probably laying a chemicd tral. Beginning branches
could stop to exist after a few seconds and centimeters or be extended by new worker groups.
All ETs had highly variable routes and short life spans. Even wdl used ETs with up to 300
ants passing a point per minute, changed their routes congtantly. An ET generdly ceased to
exig 10 to 20 minutes after first observing it. No epigaeic ET was found agan when its dte
was checked about four hours later (n = 38).

When an ET led to a food source, it was quickly widened to a more stable secondary trail (ST,
n = 58). These tralls (diameter 0.4 to 0.6 cm) alowed the larger Szed ants to gain access to
the food. If necessary, the prey was protected and cut to pieces and then carried away on the
ST. In @se of a bulky food source such as an ail bait, a network of STs formed surrounding
the bait. This ST network channeled into one to five main STs leading away from the bat (n =
68). STs surrounding baits could be used for more than two weeks. During this time ther
route was often modified.

Contrary to the well defended TTs, ETs were quickly deserted when disturbed. The ants
immediately tried to conced themsdves and dated to dig done or in smdl groups. The
defense of STs was intermediate. If the disturbance persisted, the ants would desert a trall
section only to block the trail further up the way. This made it extremey hard to follow STs
over long distances.

Some STs found benegth wood lying on the ground had thin soil wals connecting ground and
wood cover. Such walls or a complete tunne were never observed when trails led across open
ground. Only on one occason (excavation of a colony, unpubl. data), did scattered colony
members build short epigaeic 'tunnels (1.0 to 3.8 cm long, 0.4 to 0.5 cm wide, and 0.2 to 0.6
cm high). Of these Structures, 27% had a soil roof connecting the Sdewalls.

Epigeeic svam rad

Besides the use of the described hypogaeic trall sysem and the conduction of column rads,
D. laevigatus was dso able to conduct epigaeic swarm raids. These were observed on three
occasions by the senior author. All observations were made between 7:30 p.m. and 11:30 p.m.
Workers of dl gze casses came to the ground surface through multiple holes. Emerging from
these holes, the ants spread out in an dlipticd to fan-shaped swarm 1.5, 2.0, and 3.5 meters
wide. As the swarm progressed, the mass behind the swarm front began to loosen up, forming
a tight network of smal trals one to four workers wide. The route of these tralls changed
constantly, disgppearing and reappearing beneath leaves, stones, wood, and soil. Ants at the
swam front advanced for a few centimeters in a new direction before turning around. These
pioneers were then replaced by other ants extending the new foraging direction. Sngle ants in
dl pats of the svarm were observed to dart digging. Other swarm members would often
overrun these digging ants but eventudly a smdl group formed, digging a tunnd and
disgppearing below ground. Dorylus laevigatus was never observed to dimb vegetation, even
when workers of the ant species Pheidole sp. and Pheidologeton affinis fled from the svarm
with their brood into the vegetation. Brood of these two species placed into the path of D.
laevigatus was carried away by the latter. Most ants participating in the raid had disappeared
underground two to three hours after discovering the swarms. During this time, the epigaeic
raids had proceeded for 8, 4.5, and 3 m.

All epigaeic swarm raids were observed on nights following afternoons when new baits were
inserted between dready occupied bats. The hypogaeeic discovery of these new bats was
quick during the afternoon, with approximatdy one bat found per hour. After nightfal, the
ants came to the ground surface and the swarm proceeded in the same direction of the
previoudy observed hypogaeic advance. In thisway, further baits were epigaeicly located.
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Trail establishment and use

Within SCs, the efficacy of D. laevigatus to excavate soil could be observed. The cavity
around an occupied bait was filled within 24 hours with an average of 431 ml soil & 279 SD,
min. 50 ml, max. 1100 ml). Heavily occupied seve buckets had their lids covered with soil
and the soil amount within the bucket could decrease by 50%.

In the laboratory, upon reaching a formicary connected to an ant container, D. laevigatus
dated immediatdy to tunne through the soil. Minor and smdl medium workers were the
firg to arrive. They continued to do the main part of the digging even after larger workers had
arived. Beddes the digging methods reported by Weissflog e d. (2000) two additiond
modes were observed. In loose soil D. laevigatus workers would try to squeeze into small
cracks where they moved while repeatedly raisng and lowering their body. In this way a
sndl tunnel was created by displacing the loose soil. When a new formicary with dense soil
was connected to a thoroughly tunneled formicary, ants could be observed to carry pieces of
soil from the new back to the old formicary (n = 29).

termite
mound
3 ground surface

Figure 4.3: Schemdic tral and rading sysem of Dorylus laevigatus. Originging from a
dable trunk traill sysem (1) minor and smal medium workers conduced column raids on
exploratory trails. These trails could lead to constant food sources such as a termite mound (2)
where the workers waited for the opportunity to snatch some prey. The raids could aso be
conducted underground or at/close to the ground surface (3). In case of food location, the trall
was widened to a secondary trail (4). Food was then processed and transported via a nearby
trunk trail back to the nest. Dorylus laevigatus could also conduct epigagic svarm raids (5).

Dorylus laevigatus was dso observed in the laboratory running through transparent plastic
tubes. A maximum of 299 ants per minute could pass a certain point in a tube with a diameter
of 0.6 cm (average 77.66 + 68.67 SD, n = 335). Within the tubes, an ant needed on average
4.83 seconds ¢ 1.01 SD) to cross a distance of 10 cm. In the tube experiments, three size
classes were visudly digtinguished: minor, medium and mgor workers. Of these, medium and
magor workers showed no sgnificant differences in running speed (Mann-Whitney U = 48.00,
P = 0.833). Minor workers were sgnificantly dower (minor-medium: U = 26.00, P < 0.002;
minor-mgor: U = 6.00, P = 0.002). Minor workers kept to the sdes of the ant column and
frequently stopped to rest and groom themsdves. If they happened to run in the main stream,
they were regularly overrun by larger workers, a times literdly being kicked aside.
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A new tube was fird explored by minor and smadl medium workers. These scout groups
condsted of two to five ants which proceeded on average 2.89 cm before turning around €&
210 SD). Ants crossng a tube to a new foraging area duing the firg 30 minutes were
sgnificantly dower (average speed: 6.92 sec/10 cm, + 2.70 SD) than workers using the tube
in a congtant trall after more than one hour (average speed: 4.95 sec/10 cm, = 1.64 SD),
(Mann-Whitney U-Test: U = 922.00, P < 0.002).

Prey

The mogt frequently observed prey of D. laevigatus were anndids (observed on four plots, n
= 25). Once discovered, workers of dl sizes joined in covering the earthworm with soil and
cutting it to pieces. Groups of workers were discovered on excavated STs and TTs
trangporting earthworms of 2.6 to 5.5 cm length. Earthworms fed to a laboratory colony were
either cut to pieces and transported to the bivouac, or the body fluids were imbibed at the
capture Site, leaving an empty skin.

Within Plot 12, D. laevigatus was found under pam seeds dropped during the harvest (once
every 20 days). ETs could reiably be found surrounding regularly checked mounds of
Globitermes sulphureus and two Macrotermes species (Fig. 4.1 D). ETs with varying routes
were found in the vicinity of these mounds over the course of two months, even though the
area was occasondly disturbed through traill excavation. Foragers collected on STs around
termite mounds carried juvenile termites. None of the observed mounds showed any sgns of
damage due to a large-scde amy ant attack. All mounds were adive and well defended when
they were partialy opened a the end of the study period. On other plots, D. laevigatus was
occasondly observed to prey on termites at baits, when the species were mixed during a bait
check. Termite trals could partidly be incorporated into the D. laevigatus tral sysem or they
could be used while conducting atermite raid (n = 4).

Hypogaeic raids were difficult to observe. However, two column raids could be observed.
While excavating a Diacamma intricatum nest, D. laevigatus workers entered the nest
chamber through multiple holes in a 12 cm wide wal section. From here, a column of D.
laevigatus workers moved into the lower D. intricatum brood chamber. After a few minutes,
three D. laevigatus workers regppeared carrying eggs and a smdl larva. The raid could not be
further observed since dl ants were disturbed by the excavation.

On a second occasion, D. laevigatus was observed to cross through a SC and disappear on the
opposite sde into the soil. A few minutes later, Paratrechina sp. workers carrying brood
gppeared on the ground surface and ascended into the vegetation close to the area where D.
laevigatus had entered the ground. Returning D. laevigatus carried larvae and pupae of
Paratrechina sp. through the SC.

During the three observed swarm raids D. laevigatus preyed on a variety of arthropods.
Besides the observed raids on Pheidologeton affinis and Pheidole sp. (see above) further prey
included isopods, beetles, annelids, grasshoppers, caterpillars and one Gryllotalpa sp.. Food
located on the ground surface was immediately lowered into the ground. This was done by
removing soil from beneath the food and covering it with soil. No epigaeic food transport was
observed. Keeping its pogtion, the main trall leading to a bulky epigaeic food source was
transferred below ground. This could be observed especidly well a baits located during an
epigaaic rad.

Discussion

The characterigtics of amy ants, gathered from the sudy of manly epigeeicly active species
are dated in the army ant adaptive syndrome (AAAS) (Gotwald, 1982). Whether the grouped
traits apply to the mgority of army ant species with partid to complete hypogeeic lifestyles
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remained uncertain. The little that is known about hypogeeic species is based predominantly
on chance findings and occasond epigaeic appearances. Above ground, the behavior of these
soecies proved to be gmilar to that of primarily epigaeicly raiding species (Rettenmeyer,
1963; Rettenmeyer et al., 1980; Gotwald, 1982). However, how often these species come to
the ground surface, how they behave underground, and whether they meet the postulaions of
the AAAS remaned unknown. In spite of this driking lack of information, hypogeeic amy
ants were assumed to conduct column raids, to be rather specialized predators, and otherwise
to behave smilar to epigaeic army ants (Gotwald, 1995).

Like most hypogaeic aamy ants, D. laevigatus, dthough scientifically known since 1857, has
long duded scientific invedtigation. With a modification of our method (Weissflog e d.,
2000) we could show D. laevigatus to be common as well as abundant in a variety of habitats
in Mdaysa (Table 4.1). The following behaviors were demondrated, rendering D. laevigatus
a highly subterranean species (Rettenmeyer, 1963; Rettenmeyer et a., 1980): 1) most activity
was hypogaeicly confined, 2) epigaeic activity was manly nocturnd, 3) epigagic columns
were concedled under leef litter or vegetation whenever possble, 4) shdtering tunnels around
epigaeic columns were an exception, and 5) epigaeic prey objects were immediately covered
and lowered into the soil a the Ste of discovery. As predicted for hypogaeic army ants, D.
laevigatus was found to conduct column raids. Yet in addition, D. laevigatus could aso
conduct swarm raids a the ground surface. This pladticity in raiding behavior has dready
been demondrated for some surface raiding Ecitonine and Aenictine species with mainly
hypogaeic lifesdyles (Schneirla and Reyes, 1966; Fowler, 1979; Campione et d., 1983). In
these gpecies swam rads formed predominantly a times of high colony exctation.
Recruitment overrun was shown to be responsble for army ant swarm development and raid
extenson (e.g. Witte and Maschwitz, 2000). Dorylus laevigatus came to the ground surface
after discovering more than the average number of new baits. In sich a highly excited colony
the resulting srong recruitment and recruitment overrun could bring the foragers to the
ground surface, where a quick advance would be less laborious. The observed swarm raids of
D. laevigatus were rather smdl, dow, and short-lived when compared to raids of eg. Eciton
burchelli or Dorylus (A.) nigricans (Gotwald, 1982; Franks et ., 1991)

In addition to observing epigeeic behavior, hypogeeic army ant foraging in a naturd
environment could be recorded for the firg time. The hypogeeic foraging of D. laevigatus
differed in form, conduction, and related features to epigaaicly active species in three ways.
Firg of dl, the exisence of stable trunk trails, has never been shown for any classcd army
ant species. In generd, amy ants avoid to reuse old rading trals thus minimizing the
chances to re-raid a previoudy cropped area (Franks, 1982a). Only during long Satary phases
could pats of old rading trails be temporarily reused to launch new raids (Schnerla, 1971,
Burton and Franks, 1985). By contrast, D. laevigatus edtablished stable trunk trails (best
documented a Plot 12, Fig. 4.1). The TT diameter was larger than necessary for food
trangport, for which STs were sufficent. Tral <ability and physcd dructure corrdate
(Moffett, 1988a), which indicates the longevity of the large and well maintained D. laevigatus
TTs. Furthermore, the trails sraight routes in steady depths and their crossing of trenchesin
the highest places pointed to wel established long lasting trails. Workers of D. laevigatus
moved with average speed of 0.02 mV/sec through smooth-waled experimental plagtic tubes.
With this speed, the well maintained trunk trail sysem permitted D. laevigatus quick and easy
access to even remote regions of the foraging area. The thus atained near omnipresence was
aso demondrated by a bat acceptance of 77.6%, an average bait locdization time of nine
days, and an average abundance at baits of 100-1000 ants. This presence of D. laevigatus
dands in sharp contrast to the temporary and very locdized presence of epigaeicly raiding
Species.
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A second difference to epigeeicly raiding species is tha D. laevigatus column raids were
caste specific. In epigaaic oecies workers of dl dzes paticipate in rads. Only a very
localized recruitment is necessary to attract larger workers to prey. In D. laevigatus, the
sndles workers explore new terrain. They follow exigent soil dtructures very eedly,
minimizing time and energy consuming digging. This mode of foraging could be shown in the
fidd as well as in laboratory experiments. Yet, in case of food location, larger workers had to
be recruited from a nearby trunk trail. The exploratory trail had to be widened firs to give
larger workers access to the prey.

A third difference to epigaaicdly rading species was the abdility of D. laevigatus to exploit
bulky food sources over long periods of time. A single bait could be visted nonstop for 27
days. Contrary, epigeeicly raiding species have been reported to desert prey too large to
consume or trangport during araid event (Pullen, 1963; Rettenmeyer, 1963).

Combining these differences, the emerging foraging srategy of D. laevigatus is remarkably
different to those of the classcd amy ant species. The trunk trall sysem was not merdy a
byproduct of a short and temporary raid. At Plot 12, trails were used for at least two months
before the colony was excavated (unpubl. datd). Observations of bait attendance at other plots
indicate even longer use of a foraging area. Trunk trails from which short raids could be
launched seem to be an energeticaly reasonable Strategy for a hypogeeic lifestyle. However,
the associated long stay within a foraging area requires raiding adaptations. In order to sugtain
an amy ant colony for severd weeks to months, a foraging area has to be either very large or
the contained food resource must be rich and has to be used in a sustainable way. On Plot 12,
the sudied colony used a foraging area of one hectare (Table 4.1). In comparison, 0.033
Eciton burchelli and 0.315 Dorylus (A.) nigricans colonies could be expected per hectare (see
respectively Leroux, 1977; Franks, 1982a). On Plot 12, termite abundance was high and pam
seeds provided a rdiable food source. Despite the notion of being specidized predators
(Gotwad, 1978b) andyses of hypogaeic amy ant species showed them to be raher
generdized feeders (Pullen, 1963; Rosciszewski and Maschwitz, 1994). Likewise, D.
laevigatus accepted a wide variety of food, probably facilitating the prolonged dependence on
a limited foraging area. Termites were preyed on and their mounds could be congantly
surrounded by D. laevigatus. However, dthough army ants are known to be able to kill
edablished termite colonies (Darlington, 1985; Korb and Linsenmair, 1999), none of the
observed mounds on Plot 12 showed dgns of dedtructive raiding. Dorylus laevigatus
exploited bulky food sources such as termite mounds or baits over long periods of time. The
broad food spectrum and long and continued use of bulky food sources point to a sustainable
use of the foraging area.

The ability to conduct mass raids tightly links D. laevigatus to other army ant species. On the
other hand, the establishment of a trunk trall sysem and the long-term exploitation of bulky
food sources puts the foraging system of D. laevigatus in relation to eg. ledf-cutter and
harvester ants (Shepherd, 1982; Beckers et a., 1989; Quinet et a., 1997; Howard, 2001).
Away from the dasscd amy ants myrmicine ants of the genus Pheidologeton have been
reported to combine as wdl the foraging Srategies of trunk trall use and mass rading (e.g.
Moffett, 1984; Moffett, 1987; Moffett, 1988b).

The current study showed that observations of epigaeic foraging cannot be transferred directly
to hypogaeic foraging. The spectacular temporary raids of epigaeicly active species seem to
have a least partidly developed due to their "new" habitat. Whether the reported foraging
drategy is shared by other hypogaeic army ant species needs to be investigated. The detected
differences in raiding drategy dso hint to differences in migration habits and colony
digribution. Looking into these differences (dready found for D. laevigatus, unpubl. data)
will provide amore comprehensive view of "typicd” army ant behavior.
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Chapter 5

Nesting habits and colony composition of the hypogaeic army ant
Dorylus (Dichthadia) laevigatus Fr. Smith

Summary

Epigeeicly active species have set the standards for our understanding of army ant behavior.
However, the mgority of species leads a cryptic hypogeeic life Being the fird of the
hypogeeicly foraging and nesting army ant pecies investigated in more detall, we studied the
nesting habits and colony dructure of Dorylus (Dichthadia) laevigatus in Mdaysa By
monitoring the species hypogaeic movements via oil baits we were able to locate and — for
one colony - to excavate a nest. The location of the nest was not reveded by epigaeic
excavation dgns. Within the soil high dendties of large and intermediate Szed trals indicated
the presence of nest cavities. Nest form and number of cavities varied with local conditions.

With an edtimated colony size of 325,000 workers the excavated colony was rather small for
an amy ant. Colony fragments were kept and observed in the laboratory, where emigrations
and bivouac formation were documented. Worker morphologica traits were measured,
showing D. laevigatus to lack the large workers of some epigagic species. In comparison,
smdl workers were more common and conducted more tasks in D. laevigatus colonies than in
epigeeicly foraging species. A destription of the queen is provided. The sSmultaneous
occurrence of brood of different developmental Stages indicated a non-phasic  brood
production. Overdl, the data obtained for the hypogaeic D. laevigatus were compared to
known epigaeicly foraging Dorylus species.

Introduction

A veay dgriking life-form of tropicd regions are the so-cdled amy ants, which are
characterized by a unique combination of mass rading and colony migration (Gotwald,
1982). Rad chaacterigics and mechanisms have been andyzed rather thoroughly for
epigaeicly active species (subfamilies Aenictinae, Ecitoninae, and Dorylinag, eg. Schneirla,
1971; Gotwald, 1978a; Gotwald, 1995). On the other hand, for the mgority of species, which
forage hypogeeicly, we are just beginning to look into these traits (Berghoff et a., 2002a).
Likewise, colony dtributes such as nest form, the way of its condruction, and its interna
conditions were gudied manly for amy ant species which form epigagic bivouacs (eg.
Beebe, 1919; Schneirla et d., 1954; Jackson, 1957; Rettenmeyer, 1963; Chapman, 1964,
Schneirla and Reyes, 1969; Schneirla, 1971). Such epigaeic bivouacs, which are formed by a
vaiety of Ecitoninee and Aenictinae species, are congructed wholly of the bodies of colony
members. By dtering the space between individuds, a colony is adle to mantan an optimd
temperature for the brood within the bivouac (Franks, 1989). Of the Dorylinae, which nest
grictly hypogeeidy (Gotwald, 1995), records on nest structure and conditions within the nest
are scarce. The Dorylinae condst of sx Dorylus subgenera and 61 described species (Bolton,
1995). Of these, nests have been excavated for D. (Anomma) wilverthi, D. (A.) nigricans
subspecies burmeisteri, molestus, and soestedti (Raignier and van Boven, 1955; Leroux,
1977, Gotwald and Cunninghamvan Someren, 1990), and one unidentified Dorylus species
(Brauns-Willowmore, 1901). All species had epigaeic foraging trails which could be traced
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back to the nest dtes. To our knowledge, no nest parameters of a hypogaeicly foraging
Dorylus species or of agpecies of a different subgenus have been recorded.

The current study focused on the hypogaeicly foraging and nesing amy ant Dorylus
(Dichthadia) laevigatus which has been reported throughout most of South-East Ada
(Wilson, 1964). Although D. laevigatus is scientificdly known for amost 150 years and is
locdly very dbundant (Weissflog et a., 2000; Berghoff et a., 2002a), nothing is known about
its colony composition or nesting habits. By attracting D. laevigatus to pam oil bats we were
able to monitor a part of its hypogaeic movements and thus to locate the nest site. We report
on the nest dructure, colony compostion, and morphology of its members, and describe
morphologica differences between workers dlocated to different tasks. Being the firgt
hypogeeicly active Dorylus species studied in detail, we compare the recorded characteristics
to other Dorylus species.

Materials and methods
Sudy site

The study was conducted in a privately owned oil pam plantation near Sitiawan, Perak, West
Maaysa (4°2 N 100°5' E, 0 m asl.). The 15 year old plantation contained 146 palm trees
disributed in 14 rows over an aea of 1.1 ha (see dso Berghoff et d., 2002a). The soil
congsted of three digtinct zones: 1) an uppermost black humus zone of about 5 cm depth,
followed by 2) a yellow clay zone about 40 cm deep, containing a network of pam roots in 20
— 35 cm depth, and 3) a grayishrwhite zone with red iron sresks reaching the ground water
levd a a maximum depth of 80 cm. Data were collected a the end of the rainy period
between January and March 2001.

Nest excavation and laboratory observations

Didribution of D. laevigatus and subterranean movements were monitored via seve buckets
(height: 9 cm, diameter: 30 cm) baited with pam oil (see Berghoff e d, 2002 for a detailed
description of the method). The ants recruited in large numbers to the Seve buckets, where
they fed on the oil. Presence and abundance of D. laevigatus as well as depth and direction of
access was recorded daily for each bait. A firgt set of 30 baits with a bait distance of 14 m was
evenly digributed in the plantation. In areas of high ant aundance, new bats were inserted
between exisent baits, reducing the distance between two baits to 7.5 m. These modifications
were completed within the first two weeks, leading to a find number of 111 baits. Bats were
refilled with 50 ml palm ail four times during the study period.

For nest excavation we used an excavator with a shovel-width of 1 m. The soil surface was
closely examined a a potentid nest Ste before darting an excavation. Then the excavator
removed about 2 m long and 10 cm thick gtrips of soil. The scratched ground surface and the
removed soil spread on the ground nearby were examined for sgns of D. laevigatus before
continuing the excavation. Ants were trandferred with their surrounding soil to a container (80
cm diameter, 1 m high), which was brought into the laboratory at the end of the excavation.
The soil was manualy reduced as much as possble before the container was dowly filled
with water, forcing the ants to accumulate close to the surface. The topmost dry soil
containing ants and brood was transferred to a new container where it was spread out. From
here the ants readily emigrated through provided plastic tubes to connected soil-filled nest
boxes (40 x 30 x 30 cm). The nest boxes were connected via transparent plastic tubes to soil-
filled glass formicaries of 1 cm width and varidble sSzes. Ants crossing the tubes in either
direction were counted at regular intervals. Workers from the two excavated nest parts were
observed for 23 and sx days respectively. Aftewards, remaining ants and brood were
counted and conserved in ethanol. The approximate numbers of ants lost due to flight, desth,
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or foraging activity were visudly edimated during each dage of the excavation and
laboratory observations. Adding this estimated number to the preserved worker and brood
numbers alowed us to make a prediction of colony Sze.

Mor phological measurements

For a morphologica description of D. laevigatus and its comparison to other Dorylus species,
330 workers collected from the nest were chosen at random and 20 workers to sample for size
extremes. On these 350 workers and the queen, the following body portions were measured
using an ocular micrometer:

1) Body length (L)

2) Head width across the midline of the head (HW)

3) Head length from the anterior clypeal margin to the occipital margin of the head (HL)
4) Alitrunk length (AtL)

5) Pronotum width (PnW)

6) Hind tibialength (HTL)

7) Petiolar width dong its posterior margin (PtW)

8) Number of antenna segments (AS)

The dry weight (DW) was measured on a high precison scae after drying workers at 40°C
for 24 hours. An additional 110 workers were collected at baits and on exploratory foraging
trals. The HW, HTL and DW was recorded for these workers. All characters were
transformed to their naturad logarithms for further andyss. To edimate possble dlometric
growth for D. laevigatus, we followed the definition of Wilson (1953), who defines alometry
by the following equation: logy = log b + k « log X, where X is the Sze of the dlometric
organ and Y is the Sze of the organ againg which X is compared. A dgnificant deviation of
the dope k of the regresson line from one indicates differentiad growth, i.e. dlometry. Since
the X as wdl as the Y vadue contaned measuring errors, we used a Multiple Means
Regresson (Modd 1l regresson) to estimate the parameters of the alometric equation.
Departure of dopes from unity was tested using at-Test (Kohler et a., 1996).

Further methods are given a gppropriate placesin the following text.

Results
Nest excavations

Although D. laevigatus is wdl-known localy as wel as scientifically, a nest has never been
documented. Plantation workers, acquainted with these common ants, assured us that "these
ants have no nests'. These crcumgances hint to the difficulties confronted with when
searching for a D. laevigatus nest. Although the studied plantation was well suited for such a
task, we had to use an excavator to obtain the nest. In this rather destructive way a single nest
was collected. Nevertheless, in consideration of the lack of hformation about hypogaeic army
ants, we bdieve tha the understanding of amy ant biology will profit from the following
description of asingleton.

In the following, the firs discovery dte of the colony is numbered nest ste O, followed by
nest dtes 1 and 2 where the ants were collected consecutively.

Nest Ste0

We andyzed the pattern of bait acceptance and frequentation for 34 days. Baits close to the
plantation's front were found very early during the study period and were frequented on most
observation days. Combining bait observaions with the plantation's topography, the nest ste
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was traced down to one potential area. In this area (15 m long, 4 m wide), the ground was
probed with a shovel. Under a pile of pdm leaves, which was pushed asde in order to
examine the ground surface, a 1 m? area was found (NSO, Fig. 5.1) containing numerous well
frequented D. laevigatus trails. A hole (25 cm diameter) dug into this area reveded a dense
three-dimensond network of D. laevigatus trunk trails (0.8 — 1.3 cm diameter) and
interconnecting secondary tralls (0.4 — 0.6 cm diameter, for further trall descriptions see
Berghoff et a., 20028). Trunk trails were found up to a depth of 47 cm. The ground water
level was a 70 cm depth. On two tunk trails workers trangporting earthworm pieces were
observed. Due to heavy rain and nightfal, we interrupted the pre-excavation and sheltered the
dte from rain. The dte was probed 14 hours laer, firs by manpower and then via an
excavator. No D. laevigatus workers were found at NSO or the surrounding area (25.16 m?).

Figure 5.1. Podtion of the nest
’\ | By | gtes (NSO, 1, and 2) within the

4 ¥ plantation. As shown, the trenches
between pam rows filled with
water and lower pats of the
plantation were flooded after

heavy ranfal.

NSO NS1

Wat er — /'
N

Bl Mai nt enance road

Nest sitel

Since D. laevigatus had left NSO we extended our search for the new nest site. The excavator
continued to probe the ground within a radius of 20 m and NSL1 (0.80 x 1.00 m, Fig. 5.1) was
located 13 m away from NSO. Similar to NSO, NS1 was covered by a pile of dried pam
leaves and contained highly frequented trails with diameters between 0.3 and 1.1 cm. Digging
deeper a the gte of high trail concentration, the nest was found in a depth of 20 cm. The nest
conssted of an gpproximately round cavity with a diameter of 20 cm. It contained a dense
cluger of ants and brood. The cavity was located in the soil zone with high root dendty and
contained eght roots itsdf. In an area of gpproximatdy 25 x 3.0 m around NS1 numerous
cavities of varidble shapes were found which were filled with fine graned soil. Soil of this
consgence was often found around baits, indicating recent and heavy digging activity of D.
laevigatus (see dso Berghoff et d., 2002a).

Observations of the collected ants and bait frequentation after nest excavation showed that
only a fraction of the colony and no queen were collected. Because of this, the remaning
colony was dlowed to reunite and foraging movements were monitored via baits for another
39 days.

Nest site 2

Workers and brood could be found in the soil around NS1 for six days. One day after the
excavation at NS1, D. laevigatus occupied gill 79% of the previoudy vidted bats. A shift in
bat frequentation during the following weeks connoted a shift of the colony to N2, where it
was excavated after 39 days (Fig. 5.1). Previous exceptiondly heavy rainfdl left only 25 cm
of dry soil in the nest area on the excavation day. The colony was distributed onto a least
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three larger (6 to 10 cm long and 5 to 8 cm high) and several smdler nest cavities (4 to 6 cm
diameter). The cavities were dispersed over an area of 1.5 x 2 m and were located about 10
cm below the soil surface. They contained clustered workers as well as brood. As for NS1,
nest presence was reveded by high trall dendties above the nest cavities. Although we
crossed NS2 daily while checking the baits we never detected any epigaeic Sgns indicating
hypogaeic activity. After the completed excavation we opened the ground at dl potentid nest
steswithin the plantation (554 n?) to ensure no part of the nest was missed.

Mor phology and colony composition

Until now, details on colony sze, worker numbers, and worker polymorphism are lacking for
hypogaeic Dorylinae. In the following we provide the first detailed data.

Workers

The DW of a worker was postively corrdated to its L and HW (DW:L, Spearman's R =
0.979, P < 0.002; DW:HW, R = 0.986, P < 0.002). Because of this, DW will be used as a
measure of worker sze. Since the worker DW did not differ between NS1 and NS2 (Mann-
Whitney U Test, U = 13212.00, P = 0.513) workers from the two nest parts were pooled.

The largest worker weighted 115 times as much as the smdlest (Tab. 5.1). An dlometric
relationship wes found for only two pairs of measured body parts, i.e. HW-HL: k = 0.949, r2 =
0.96, P < 0.02, and HTL-PnW: k = 1.041, r2 = 0.92, P < 0.05. No break of the regresson line
was found when plotting the daia Dorylus laevigatus thus demonsrates monophasic
allometry without distinct morphologica subcastes.

The average DW of workers found a bats was ggnificantly higher than that of workers
collected from the nest (Fig. 5.2, Mann-Whitney U = 9182.000, P < 0.002). On the other
hand, workers collected from exploratory trals were on average sgnificantly lighter than
workers collected from the nest or from baits (Fig. 5.2; Mann-Whitney U-Tedt, nest: U =
3933.500, P < 0.002, baits: U = 323.500, P < 0.002). To classfy collected workers without
measurement and to compare ther results and those of former and following sudies we
established four arbitrary worker classes: 1) Minimum: DW < 0.25 mg, HW 0.5 — 0.8 mm; 2)
Minor: DW 0.25 — 1.00 mg, HW 0.9 — 1.2 mm; 3) Medium: DW 1.00 — 2.50 mg, HW 1.3 —
1.6 mm; 4) Mgor: DW > 25 mg, HW > 1.6 mm. The morphological ranges of workers in
these classes ae given in Table 51. When previoudy measured workers were visualy
distributed onto these classes, 68% were correctly assigned to the corresponding class.
Combined with the behaviord differences, the mgority of workers could be assgned visudly
to the classes during field observations.

Of dl workers measured for morphological traits (i.e. 460 workers), 114 workers (25%)
beonged to the minimum dass Only in this dass workers were found with less than ten
antennd ssgments  (i.e. 71 individuds, 62% of minimum workers). Mogst of these smdl
workers were found within the nest (92%) and afew on exploratory trails (8%).

Queen

The queen was found among the excavated cavities of NS2 and was transferred with her
surrounding retinue of 58 workers onto the soil of a separate container. Of the retinue, maor
and medium workers were surrounding and protecting the queen while medium and minor
workers tried to lower her into the ground. This was done by covering her with soil removed
from benesth. The queen was baredly able to wak on her own and made no noticeable
progress. While trying to move, being dightly physogadtric, she lad a smal cluser of 63
egos. Each egg had the size of 0.4 x 0.2 mm.

The measurements of the queen are given in Table 5.1. Her externd morphology conformed
with the detailed description of Gerstacker (1863). Barr and co-workers (1985) provided a list
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Table 5.1. Morphologica measurements of aqueen and 350 D. laevigatus worker assigned
to four classes. For abbreviations and definitions of worker classes refer to text.

Minimum Minor Medium Major Range Queen

Mean SD Mean SD Mean

SD Mean SD

DW [mg] 0.14 005 057 020 1.42
L [mm] 290 0.33 445 060 6.05
HW [mm] 065 008 1.00 015 1.35
HL [mm] 070 008 1.00 013 1.35
AL [mm] 084 011 1.30 0.18 1.70
PnW [mm] 040 005 0.63 0.10 0.85
HTL [mm] 045 0.07 073 010 095
PtW [mm] 029 003 043 007 058

0.37 3.09 079 0.05-575 71.70
0.73 803 061 225-9.30 28.00
013 175 011 048-198 4.60
0.17 185 019 048-235 4.05
0.17 220 0.17 050-2.80 5.15
0.09 115 008 0.25-128 250
009 118 011 030-140 205
006 075 0.06 0.18-0.90 4.10

15
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Figure 5.2. Dry weight distributions of D.
laevigatus worker samples. (A) 350 workers
collected from NS1 and NS2, (B) 75 workers
collected at five baits, and (C) 35 workers
collected from exploratory raiding trails.

I'k_d-f'. \ .IJ'I
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Figure 5.3. Morphology of the Dorylus
(Dichthadia) laevigatus queen: (A) alitrunk and
petiolus and (B) hypopygium.

Figure 5.4. Vertica soil filled, 1 cm wide glass
formicary, showing a cavity excavated and used
by D. laevigatus as bivouac site and associated
tunnels. The dashed line encompasses the position
of brood within the bivouac.
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of queen morphology traits consdered to be of taxonomic importance for Dorylus subgenera
Since no Dichthadia queen was avalable, this was the only Dorylus subgenus they had to
omit in therr study. Figure 5.3 completes their data. Our specimen missed the last one to two
tarsd segments and the claws on dl legs.

Colony gze

The nest fragment excavated at NS1 contained an estimated 80,000 workers and 60,000
brood, of which 92% were pupae and 8% larvae. No eggs were found. The second colony
fragment excavated at NS2 contained approximately 50,000 workers and 55,000 brood. Of the
brood, 84% were pupae and 16% larvee. Eggs were only found as a small egg cluster laid by
the queen. Because of the heterogeneity of worker sizes it was not possble to differentiate
between larvee of different ages. Pupae ranged in both nest fragments between young and just
beginning to differentiate, and dready pigmented, old pupae.

Adding the data of both nest parts to the estimated number of workers and brood lost during
the excavation, the total colony size approximates 325,000 workers and 120,000 brood.

Laboratory observations

The following observations are based on about 30,000 workers and 12,000 brood excavated at
NS2.

Emigration and bivouac

A transparent plastic tube (0.6 cm diameter, 1.25 m length) connected the nest box to a soil-
filled glass formicary (F1, 44 x 28 cm). Almost immediately after connection the tube was
explored by minor and smdl medium workers. After 20 minutes larger workers frequented
the tube, and after 40 minutes workers crossed the tube in a continuous stream. After 90
minutes, a cluster of workers (1 cm diameter) had accumulated in a preformed cavity between
the soil and the F1 wall. The first workers transporting brood into F1 were observed a this
time.

Ninety minutes after the onset of brood transport D. laevigatus had excavated a cavity of 1 cm
diameter in the middle of F1. All incoming brood was transported into this cavity. Around the
cavity's entrances and a widened places within the tunne system smdl groups of ants were
found ganding in a threatening podtion on extended legs with opened mandibles. During the
next eight hours minor, medium, and magor workers enlarged the cavity by removing soil
particles from its periphery and carrying them to cavities exisent within the soil or back to the
nest box. After 12 hours the new-formed cavity was 9.8 cm high and 11 cm wide (Fig. 5.4).
Workers and brood had accumulated in the cavity, forming a bivouac. The bivouac conssted
of a tight cluster of minor and smal medium workers. These were motionless and about 80%
were oriented with their heads downwards. Minor and minimum workers moved dong stable
paths between the bodies of ther nestmates. The mgority of brood was concentrated to a
defined bivouac region where it was loosdly dispersed between the ants bodies (Fig. 5.4).

While the last brood was ill caried into F1 (22 hours after immigration onset) brood began
to be carried back to the nest box. During the next eight hours the ants forming the bivouac
showed minor pogtional shifts, resulting in an undeady bivouac appearance and temporary
gaps in its dructure. After another four hours brood was carried around within the bivouac,
which had now log its cdm and orderly dructure. A permanent 3 cm wide gap had formed
and the cavity was clearing from the sSde opposte to the main entrance. Brood was now
trangported predominately out of F1, back into the nest box, and from here into a second
formicary (F2). The emigration out of F1 lasted about 33 hours. We observed a smilar order
of events for F2 and a third formicary. The formation of a cavity or a bivouac were never
observed in numerous previous experiments when we kept D. laevigatus without brood.
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Feeding

While keeping the colony fragments in the laboratory, we provided oil, arthropods, and
earthworms in a feeding container connected via a tube to the nest container. Living prey was
dways ingantly atacked, killed, and covered with soil. Prey was ether consumed in the
container or cut to pieces and trangported back to the nest container. However, we observed
actud feeding, eg. the complete imbibing of an earthworm, only during the firg four to five
days of captivity. After a week of captivity, eathworms were killed but left mostly
untouched. On the third day of laboratory observations we provided oil dyed with Sudan I
Red. Workers feeding on the red oil were discernible by a red spot vigble through ther
gasters. When the ants emigrated to a formicary about 24 hours later, we observed 16 larvae
with a digtinct red color. We never observed red larvee prior to dying the oil or larvae being
trangported into the feeding container.

Discussion

Genadly, D. laevigatus trals ae very difficult to find by chance done dnce foraging ants
are redricted to smdl, ephemeral exploratory trails and a few trunk trals (Berghoff et d.,
20024). We had opened the ground during innumerable previous occasions when burrowing
bats, looking for traills, and excavating nest. However, the large three-dimensond ftrall
network indicating the nest presence at NS1 and NS2 had only been found a NSO before.
This supports the indication of the pattern of bait acceptance that NSO was the origina nest
site of the colony. Contrary to D. (Anomma) nigricans and D. (A.) wilverthi (Raignier and van
Boven, 1955), no epigaeic excavation craters reveded the presence of the D. laevigatus nests.
While digging, D. laevigatus can ether displace loose soil with its body or carry soil particles
off to other places (Berghoff et a., 2002a). The hypogaeic shift of excavated soil could
explan the observed cavities filled with fine graned soil a& NSL where the nest was probably
il under congtruction.

Nest and emigration

Raignier and van Boven (1955) classfied two generd types of Dorylus nests one exemplified
by D. wilverthi, festuring a large centrd cavity, the other represented by D. nigricans,
congsting of severd smdler interconnected cavities. Later, Leroux (1977) showed that D.
nigricans nests found in the savanna conssted of digpersed cavities while the more common
nests found in forested areas contained acentrd cavity. Smilar to D. nigricans D. laevigatus
is able to dter the number of nest cavities with habitat conditions. With only about 25 cm of
dry soil available the establishment of a centrd cavity, as observed at NS1, was probably not
possible at NS2.

The formation of a nedting cavity and bivouac assembly was anticipated in |aboratory
formicaries. The dructure of the bivouec was gmilar to bivouacs of epigaeic Species
(Rettenmeyer, 1963; Schneirla, 1971). Cavity formation seemed to be dicited by the presence
of brood, since it was never observed in al-worker samples.

Contrary to the regular emigrations of Eciton species (eg. Schnerla, 1945; Schnerla, 1957,
Rettenmeyer et d., 1980), between one and 164 days can elgpse between two partidly
epigaeic Dorylus emigraions (Raignier and van Boven, 1955; Raignier et d., 1974; Gotwad
and Cunninghamvan Someren, 1990). Our observations of the D. laevigatus colony prior to
the excavaion and of other colonies (unpubl. datd) indicate a resdency of severd weeks to
severa months at the same ste. Probably due to the disturbance of the pre-excavation, the
colony emigrated from NSO to NS1. The colony had about 14 hours at their disposal before
the nest a NS1 was excavated. Laboratory emigrations of colony fractions lasted 22 and 33
hours. Consdering the long emigration times of D. wilverthi colonies (e.g. 56.3 hours,
Raignier and van Boven, 1955) it is likely that the emigration was not yet completed when we
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excavated the nest a NSL. This could aso explan why we did not collect the queen at this
dte. Although able to emigrate when forced to do o it remains to be shown if and how often
D. laevigatus emigrates under natural conditions.

Colony population and composition

Ever dnce Ragnier and van Boven (1955) reported estimated colony sizes of two to 20
million workers for D. wilverthi, Dorylinee were quoted as having the most numerous
colonies — even among army ats. Besdes for D. wilverthi esimations of amy ant colony
Szes have only been atempted for D. nigricans (i.e. 1,000,000, Vosseler, 1905). With an
estimated colony size of 325,000 workers, the excavated D. laevigatus colony was smdl
compared to these Dorylus colonies and medium sized for other army ants (range: 30,000 to
1,000,000 workers, Rettenmeyer, 1963; Schneirla and Reyes, 1966; Schneirla, 1971; Fowler,
1979; Franks, 1982; Franks, 1985). Large colony Szes have been linked to the development
of group predation and a broad diet (Holldobler and Wilson, 1990). Although D. laevigatus
preys on a vaiety of soil animds, it seems to use avalable food resources in a sugtainable
way over long periods of time (Berghoff et a., 2002a). Without the need of constant mass
rads extreme colony szes may never have gained adgptive vaue. Furthermore, the confined
hypogaeic space probably demarcates the operation of large masses.

Workers ranged n body length between 2.3 and 9.3 mm (Tab. 5.1) and were thus lacking the
large individuds of D. nigricans (2.5 — 12.3 mm, Hollingsworth, 1960) and D. wilverthi (2.3
— 13 mm, Raignier et d., 1974). As for D. nigricans (Hallingsworth 1960), D. laevigatus
showed monophasic dlometry. Although no morphologicd subcastes were discerngble army
ant workers of certan dze ranges peform often different tasks within colonies. In D.
wilverthi, medium workers dominated at raids, where minor workers contributed only 5 — 6%
(Raignier et d., 1974). Smilar results were found for Eciton burcheli (Franks, 1985).
Contrary, minimum and minor D. laevigatus workers dominated on exploratory raiding trails
(Fig. 5.2 B), while baits were occupied mainly by minor and medium workers (Fig. 5.2 C).
This comparative overrepresentation of small workers can be anticipated when the foraging
drategy of D. laevigatus is taken into account. Raids are caste specific, with large workers
being recruited only when prey was located (Fig. 5.2, see dso Berghoff et a., 2002a). These
foraging peculiarities, which are probably an adgptation to its hypogaeic lifestyle, are
reflected in the morphology of D. laevigatus.

Ancther notability of D. laevigatus is its large range in antenna segments (8 — 12 AS, Tab.
5.1), making it the mogt variable army ant species in this respect. Since 92% of these smdl
workers were found within the net previous reports of collected foragers never documented
individuds with less than ten AS (Smith, 1857; Emery, 1895a Bingham, 1903; Wilson,
1964).

A queen is known for 19 of the 132 Dorylus species and subspecies (Bolton, 1995).
Gerstacker (1863) was the first to describe a "strange Hymenoptera' which he supposed to be
the queen of a new Dorylus genus, i.e. Dichthadia. Although no further information about this
gueen or associated workers were available, Emery (1895) assumed it to be the queen of D.
laevigatus. Our excavated D. laevigatus queen in fact fits the origind description of
Gerstacker (1863) and its unity with D. laevigatus is thus findly confirmed. Like our D.
laevigatus queen, al described functiond Dorylus queens had mutilated tars  (e.g. Gerstécker,
1863; Emery, 1895b; Menozzi, 1927; Ragnier and van Boven, 1955). Emery (1895)
soeculaied tha the tard bresk off while pulling and crawling through hypogaeic tunnels
during migration, while Raignier (1972) found young D. wilverthi queens to loose their tars
dready prior to the first emigration. Possbly due to this mutilation, the D. laevigatus queen
was not able to notably proceed on her own. While Eciton queens run under their own power
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(Rettenmeyer et d., 1978) Dorylus queens probably have to be assisted by workers during
emigrations. This mdadjustment of Dorylus queens to wak could actudly render emigrations
more difficult and might be linked to the lower emigration rates.

The regular emigrations of epigaeicly active Ecitoninee and Aenictinee species are dosdy
linked to a cyclic brood production (eg. Schneirla, 1957; Schneirla, 1971; Rettenmeyer et d.,
1980). At any one day the brood of these species is of Smilar age and developmentd stage
(Schneirla, 1945). Due to ther irregular emigraion patterns, hypogagic amy ants, including
al Dorylinee, are generdly believed to be non-phasic (Gotwad, 1982; but see Raignier et d.,
1974). Dorylus wilverthi colonies excavated at different times of the year contained larva
percentages between seven and 29% (Raignier and van Boven, 1955). The larval percentages
recorded for D. laevigatus fal within this range (8% at NS1 and 16% at NS2). Smultaneous
presence of brood in al developmenta stages indicate a nonphasic brood production.

By attracting D. laevigatus to pam oil baits it became possble to sudy the species foraging
and neding habits. Since amy ants are bdieved to have only limited ability of trophalaxis
(Eisner, 1957; but see Rettenmeyer, 1963) D. laevigatus workers feeding on pam oil were
supposed to use it mainly for ther own nutrition (Weissflog et d., 2000). However, we found
red-colored larvee dfter feeding oil dyed red to D. laevigatus workers in the laboratory.
Although the role of pam oil baits in colony nutrition and their possble influence on the time
of colony resdency remans to be shown, they 4ill provide a unique tool to gain a first
indghtsinto hypogaeic army ant behavior.
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Chapter 6

Sociobiology of hypogaeic army ants. description of two sympatric
Dorylus species on Borneo and their colony conflicts

SUmmary

Army ants, dthough known as fierce predators, are rarely reported to prey on other army ants
and most observed interspecific contacts were resolved comparatively peacefully. Of the four
Adan Dorylinee, Dorylus (Dichthadia) laevigatus was beieved to be the only species
occurring on Borneo, sharing its habitat only with Aenictus and Leptogenys army ants and
maess rading Pheidologeton species. Usng padm oil bats we monitored the hypogaeic
movements of D. laevigatus in Sabah (Madaysia, Borneo) and found a second species, i.e. D.
cf. vishnui, aso recruiting to the baits.

To describe the new species and differentiate it from D. laevigatus, we compared them in nine
morphologica traits. Hind tibia length, petiole shape, and number of antennd segments
showed to differ ggnificantly. Both species foraged predominately hypogeeicly and were
found in gmilar habitats and altitudes. However, differences were found in bait utilization and
foraging drategy. Furthermore, D. cf. vishnui seemed to be more likely to come to the soil
surface than D. laevigatus. A phylogenetic analyss based on 385 basepairs of mtDNA
confirmed the didinctiveness of both species. Interestingly, D. laevigatus showed
consderable intraspecific differences between subpopulations from Java, West Mdaysia, and
even within Borneo, which might indicate that D. laevigatus is a species complex containing
mutiple cryptic species. A single male, collected from a light trap in Sabah, could be assgned
to D. laevigatus usng the same phylogeny, confirming this previoudy only assumed
association.

Encounters between the two species were observed at 11 baits, leading in ten cases to fierce
fights. We provide the fird detalled description of such interspecific fights in which mgor
workers were the fighters in both species. Experiments with intra and interspecific mixing of
workers in the laboratory showed D. laevigatus to have a higher aggressve leve towards D.
cf. vishnui than towards foreign conspecific colonies. No intraspecific fights between
neighboring D. laevigatus colonies were observed in the field.

Introduction

"Classcd" amy ants bedong to the subfamilies Aenictinee, Ecitoninae, and Dorylinae. Long
believed to be a monophyletic group, they were later on agreed to have evolved independently
(Gotwald, 1977; Bolton, 1995). However, this view is now again chalenged by recent genetic
andyses (Brady, 2002). Ecitoninae are redricted to the neotropics, while Aenictinae have a
predominatedy Adan and Dorylinee an African didribution (Gotwald, 1977). Like dl amy
ants, Dorylinae possess apterous queens and colonies reproduce through fisson. This form of
reproduction dgnificantly decreases the effectiveness of amy ant dispersd (Gotwald, 1977).
Probably originating in Africa (Gotwad, 1977), 57 African and four Asan Dorylus species
are known. Dorylinae are regarded to be 4ill in a sate of early dispersd (Brown, 1973), with
a rather recent immigration into Ada (Gotwald, 1979). Of the Adan species, which are dl
hypogaeic foragers, Dorylus (Alaopone) orientalis is widest distributed. It has been reported
from south China, Nepa, north to centrd India, Sri Lanka, and south-west as far as lower

14



Chapter 6 Sympatric hypogaeic Dorylus species

Myanmar (Wilson, 1964). Dorylus (Typhlopone) labiatus is known from India (Wilson,
1964), and D. (A.) vishnui was once collected in Myanmar (Whedler, 1913). As the only
member of its subgenus, D. (Dichthadia) laevigatus overlgps in its didribution only
margindly with the former species, having been reported from Myanmar to Sumaira, Java,
Borneo, and Sulawes (Emery, 1901b; Forel, 1901; Bingham, 1903; Wilson, 1964). Due to the
ancestrd number of antenna segments of large workers, and lacking other prominent
modifications, D. laevigatus is beieved to be a rdatively primitive Dorylinee species
(Wilson, 1964). Asde from Myanmar, D. laevigatus was long thought to share its habitat with
no other Dorylinae amy ant.

Here, we report on the firgt finding of a second Dorylus species on Borneo. The species are
compared in morphologicd, genetic, and life history traits. Furthermore, we provide the first
detailed description of recurrent interspecific army ant conflicts.

Materials and methods
Sudy sites

The sudy was conducted in the Kinabau Nationd Pak a Poring Hot Springs, Sabah,
Malaysia, Borneo (6°5' N 116°3' E, 500 — 1470 m asl.). Within the park, three long-term
study plots (Plots 1, 3, and 8) and three temporary plots (Plots 6, 9, and 14) were established
(Table 6.1). At Plot 8, 12 additiond baits could be activated if necessary, increasing the total
bait number to 48. The transect of Plot 9 contained bait pairs separated by 50 m. On Plot 14,
transects containing eight baits each were established every 100 m in dtitude between 580 m
and 1470 m. Long-term study plots were set up in March 2000 and were reactivated during
the next two dudy periods in the following years. Short-term study plots were treasted only
within one study period. Data were collected between March and August 2000, March and
May 2001, and March and May 2002.

Table 6.1. Study plot data

Plot Study area[m?] V egetation type Baits Bait distance[m]
1 375 Primary rainforest 24 5
3 2200 Old secondary forest 3 10
6 250 Primary rainforest 18 5
8 600 Y oung secondary forest 36 5
9 800 m longitudinal transect Primary rainforest A 50
14 900 m dtitudinal transect Primary rainforest 80 5

Field and laboratory observations

Within the sudy plots, the occurrence and digtribution of Dorylus was sudied via pdm ail
baits. The ol was gpplied in deve buckets and Seve cavities, which alowed the estimation of
ant abundance and foraging directions with minimum disurbance to the ants hypogaeic
foraging activity (see Berghoff et d., 2002a). Sieve cavities further alowed the observation of
worker behavior around baits. Bats of long-term study plots were checked dally and when
necessary additional times during day and night. Baits of other study plots were checked at
regular intervas.

Whenever possible, foraging habits and food preferences were recorded in the fidd. Large
worker samples (> 2000 workers) of both species and different colonies were kept in the
laboratory in separate containers (24.5 cm diameter, 23 cm high), each patidly filled with
s0il. To andyze colony conflicts, single ants were trandferred from one container onto the soil
of a container occupied by a different colony or species. After these initid checks, containers
were connected via transparent plastic tubes (0.8 cm diameter) ether directly to each other or
to opposng ddes of a soil-filled glass formicary (1 cm wide, 50 cm long, 30 cm high).
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Conflicts between the species or colonies could be observed within the formicary or on the
s0il of the containers.

Morphological and genetic analyses

Following Wilson's key for amy ants of the Indo-Audrdian region (1964), the newly
detected Dorylus species could not be identified unequivocaly. Appertaining to the subgenus
Alaopone, our species was most amilar to D. vishnui. However, known only from a single
collection of a dozen workers (Wheder, 1913), the number of antennd segments of smal D.
vishnui workers diverges between Wilson's key (1964) and Wheder's (1913) origind
description. Due to this discrepancy and the overdl rather impreciss morphologica
descriptions of the species key (Wilson, 1964), our species will be termed D. cf. vishnui urtil
arevison of the genus daifiesits satus.

In order to provide a good morphologica description of the conceivably new species and to
compare it to the sympatric D. laevigatus, we randomly collected 50 D. cf. vishnui and 50 D.
laevigatus workers from three colonies, respectively, a baits. These workers were measured
for the following traits using an ocular micrometer (16x megnification):

Body length (L)

Head width across the midline of the head (HW)

Head length from the anterior clyped margin to the occipital margin of the head (HL)
Alitrunk length (AtL)

Pronotum width (PnW)

Hind tibialength (HTL)

Petiole width dong its posterior margin (PtW)

Number of antennad segments (AS)

NGO~ WNE

The dry weight (DW) was measured on a high precison scde after drying workers at 40°C
for 24 hours.

To andyze Sze ranges of workers engaged in interspecific colony conflicts, 84 D. laevigatus
and 49 D. cf. vishnui workers were collected at random from fights at two baits. Another 45
fighting pairs were randomly collected a one bat. Since the workers were partidly
dismembered, the HW of each individua was measured as an indication of worker Sze (see
Berghoff et a., 2002b). These measures were compared to the HW of foraging workers
collected & different baits.

The first Dorylinae species were described dmost 200 years ago. Since then, 61 species and
71 subspecies with 43 synonyms have been described; 22 species are known only from the
made caste (Bolton, 1995). Lacking a key for 57 of the species, nothing is known about
geographica  variability and even the most common gspecies can not be identified
unequivocaly. Furthermore, the status of the subgenera remains uncertain; five of which may
be eevated to genus level (Gotwald, 2002). In consideration of this taxonomic confusion, we
wanted to ascertain whether the observed interactions occurred between two different or a
sngle, morphologicaly varidble, species. For that reason, we conducted a phylogentic
andyss, sequencing 385 basepairs of the mtDNA gene cytochrom oxidase | of the two
Dorylus species. Comparisons were made between one individua each of different colonies
collected from the following locations:

1. D. cf. vishnui from Plots 1 (D.vishBO1) and 14 (680 m: D.vishBO14.6 and 960 m:
D.vishBO14.9)
2. D. laevigatus from Plots 1 (D.laevBO1), 3 (D.laevBO3), and 6 (D.laevBO6)
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3. D. laevigatus from three locations in West Mdaysa (D.laevWM)
4. D. laevigatus from Java (D.laevJA)

Additiondly, we included two samples of D. (Anomma) nigricans from the Ivory Coast
(D.nigrlC) and as outgroups three ant species from  three different  subfamilies
(Myrmecocystus mimicus. Formicinag, Pogonomyrmex rugosus. Myrmicinee; Odontomachus
rixosus: Ponerinae, unpublished data courtesy of C. Strehl and T. Bickd).

Snce only a sngle Dorylus species was known for Borneo, collected maes had until now
adways been assgned to D. laevigatus (Emery, 1895b; Bingham, 1903). However, no mde
was ever collected in association with workers. The collection of the sympatric Dorylus
species rendered the relation of maes to D. laevigatus uncertain. To shed some light onto this
matter and to supplement our species descriptions, we included one mde (D.maeBO)
collected at alight trap in Tawau (Sabah, Borneo) in our genetic andysis.

DNA.-extraction, amplification, purification, and phylogenetic andyss

The head and ditrunk of gpecimens were ground in liquid nitrogen and a cdasscd
phenol/cloroform extraction protocol was used for DNA isolation (Gadau et d., 1996). A
dngle st of primers was used for dl amplifications "Jary" is a universd insect primer
(Smon et d., 1994) and "BenR" was desgned by T.R. Schultz (Smithsonian Ingtitution). For
detailled primer and PCR information see Brady et d. (2000). PCR products were purified by
ethanol precipitation in the presence of 4 M NHAc. The precipitated DNA was washed twice
with 70% ethanol. DNA was recovered in 30m HPLC purified H,O. Purified PCR products
induding the sequencing primers were sent to a sequencing facility (Sequence Laboratories
Gottingen GmbH) and directly sequenced by cycde sequencing with Big Dye. All DNA
sequences could be unambiguoudy digned by eye Phylogenies were edtimated under
Maximum Parsmony (MP) using PAUP 4.0010 (Swofford, 2002). MP phylogeny was
obtained by branch and bound search with al dtes weighted equdly. Character optimization
was st to ACCTRAN, darting trees were obtained via stepwise addition, and TBR branch
swapping agorithm was used. Bootstrapping (1000 replicates of heuristic searching) was used
to determine the strength of support for individua nodes.

Results

Morphological and genetic characterization

The morphological measures of D. cf. vishnui and D. laevigatus are given in Table 6.2. The
sgnificant differences between the species in HTL, petiole shape, and number of AS (Table
6.2) ds0 enabled the identification of the speciesin the field.

A totd of 385 characters were used in the analyss, of which 305 were congtant, 15
parsmony-uninformative, and 65 parsmony-informative. A pardmony andyds with the
branch and bound agorithm produced sx mogt-parsmonious trees with a length of 224 steps
Cl = 071; Rl = 0.74). A bootstrap analysis (heuristic search; 1000 bootstrap replicates)
supported the existence of two distinct species, i.e. D. cf. vishnui and D. laevigatus, on
Borneo and unambiguoudy assigned the mde caught a the light trgp to D. laevigatus (Fig.
6.1). Although D. cf. vishnui was aways the sster taxon of D. laevigatus in our phylogenetic
andyses, this relationship was not supported by sSgnificant bootstrgp vaues (Fig. 6.1).
Therefore, the phylogenetic rdationship of D. laevigatus, D. nigricans, and D. cf. vishnui
remains open and in the need of further analyss.
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Table 6.2. Morphological measures of 50 D. laevigatus and 50 D. cf. vishnui workers colleted
from baits and the statistical comparison of each trait (Mann-Whitney U-Test).

D. cf. vishnui D. laevigatus
? Mean SD Min Max Mean SD Min Max U-Test, P=
DW 1001 1155 02148 5117 1058 0976 0.157 4,084 0.812
L 6000 1647 3100 9450 5575 1482 3.000 9.150 0.218
HW 1200 0357 0650 2050 1275 0338 0.675 1.900 0458
HL 1450 0453 0750 2450 1250 0367 0.750 2150 0.068
AtL 1725 0493 0800 2750 1625 0410 0.900 2450 0131
PnwW 0700 0197 0375 1150 0750 0214 0.400 1250 0417
HTL 1000 0299 0480  1.800 0950 0229 0.500 1375 0.039*
PtwW 0450 0118 0250 0.750 0550 0.137 0.300 0.825 0.001*
AS 9000 0000 9000 9000 11000 0797 10000 12000 0.000*
Color reddish-brown reddish-brown
Pet-S rectangular and flat rounded and erect
Subpet-S non-pointed tapered

? All measures in mm except for DW [mg] and AS [#]. For abbreviations refer to text. Pet-S = Petiole shape,
Subpet-S = Shape of subpetiolar process.
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Figure 6.1. One of six most parsmonious trees (tree length = 224, Cl = 0.71; Rl = 0.74) of D.
laevigatus (from Borneo, West-Mdaysa, and Java), D. df. vishnui (Borneo), D. nigricans
(Ivory Coast), and a Dorylus mae (Borneo). Numbers on the branches refer to branch length
and bootstrap values (based on 1000 replicates), respectively. If only a single number is given
on the branches it refers to branch length and no ggnificant bootstrap value supported this
branch For exact sampling locations refer to the text.
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Life history traits of D. laevigatus and D. cf. vidhnui

For an overview of some generd life history traits see Table 6.3.

Table 6.3. Trait comparison of the sympatric D. laevigatus and D. cf. vishnui.

Dorylus laevigatus* Dorylus cf. vishnui

Habitats lowland & lower montane rainforest, lowland & lower montane rainforest,
secondary & urban vegetation secondary vegetation

Recorded altitudes Om-—1280masl. 500 m—960 masl.

Digging method all sizes participate, carry soil piecesoff  all sizes participate, carry soil pieces off
to other places or pass soil beneath their to other places or pass soil beneath their
bodiesto on-following ants bodies to on-following ants

Food oil, tuna, cookies, boiled rice, bananas,  oil; further food preferences are
peanut butter, annelids, unknown

Homoptera, Blattodea, Hymenoptera,
Chilopoda, Coleoptera, Dermaptera

Visited plots (n = 6) Six Five

Avg. baitslocated per plot  76.7% 25.3%

and study period (min. 38%, max 100%) (min. 0%, max 78%)
Avg. timeto first bait 4.6 days+ 3.24 SD 13.67 days+ 6.38 SD
location in aplot* (min. 1 day, max 10 days) (min. 5, max 23 days)
Baits visited per day? 51.7% 56.3%

Maximum recorded stay 53 days 132 days

within aplot

* For additional information on altitudinal occurrence and digging methods see Berghoff et a. (2002 a, b).

! Only plotswith at least one located bait per study period were included. D. cf. vishnui did not locate any baits
in 40% of study plots during the study periods.

2 Only plots and days with at least one occupied bait were included in the calculation.

Foraging drata
At night, both species were observed to come to the soil surface. However, D. laevigatus did

0 only occadondly in the vicnity of heavily occupied bats. Surfacing during the day was
even less common and litter was used for cover wherever possible (Berghoff et a., 2002a).
Dorylus cf. vishnui, on the other hand, was regularly found on short ephemerd epigaeic trails
around occupied bats. Twice we observed a tral of the gspecies running for severd
centimeters in bright sunlight. At one of these occasons, D. df. vishnui ascended 15 cm onto a
dead log before disappearing in its interior. Dorylus laevigatus was never observed to leave
the ground (see dso Berghoff et a., 2002a). Further indicating increased epigaeic activity, D.
cf. vishnui was found in pitfal traps surrounding one of Sx Seve buckets, which were not yet
bated with padm oil (unpubl. data). After bating the sSeve buckets D. laevigatus was
abundant at al sx baits, yet was not recorded in any of the surrounding pitfal traps.

Occurrence and bait utilization

Both species readily recruited to pam oil bats. During the firs days of bait location, both
Species vidted baits in smilar numbers, exceeding 5000 ants per liter baited soil. When a new
study area was created or a deserted area rebaited, D. laevigatus was aways the firg of the
two Species to recruit to a bat. Besdes finding bats more efficiently (Table 6.3), D.
laevigatus also occupied more baits during any study period. Dorylus laevigatus was found on
al dudy plots and long-term plots were vidted in each study period. On the other hand, D. cf.
vishnui located only five of the sx sudy plots and some long-term plots were vigted only
during asingle study period (Table 6.3).

Dorylus laevigatus proved to be rather predictable in its recruiting to the baits of a study area
In dl three sudy years, D. laevigatus located aways one of two neighboring baits & its first
day of appearance in Plot 8. When baits were regularly rebaited with new oil, D. laevigatus
could recruit to baits of a plot over long periods of time (Table 6.3). If the oil was depleted, D.
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laevigatus left the baits successvely. A sudden desartion of well occupied baits was never
observed. Dorylus cf. vishnui, on the other hand, could suddenly leave well occupied baits
after occupying them for a few days or weeks. Rebating had no gpparent effect on the
species return to the baits. When D. cf. vishnui reentered a study plot a a later time, the first
occupied baits could be far away from the baitsfirst located during itsinitia stay.

Feeding habits

Laboratory worker samples of D. laevigatus fed on a wide variety of foods (Table 6.3). Live
athropods were immediately attacked, covered with soil, and dismembered, while dead
arthropods were only covered with soil but not consumed. Smilar numbers of D. cf. vishnui
workers kept in the laboratory rejected al offered food including pam oil. Live arthropods
were killed, partidly dissected, and covered with soil but not consumed.

Intra- and inter specific interactions

Field observations

Conflicts between two D. laevigatus colonies were never recorded in the fiedd. However,
fights between D. laevigatus and D. cf. vishnui colonies could be observed a baits on al
long-term study plots. Fights were observed a 11 baits, including sieve buckets as well as
Seve cavities.

When both Dorylus species occurred within a study plot, occupied baits were dlocated to the
different colonies, dlowing us to monitor the respective colony movements. The gpproximate
digribution of two neighboring colonies was best documented on Plot 8; Figure 6.2 illustrates
the progress of the two colonies for an exemplary 14 days. Both colonies could ke observed
with varying numbers and locations of occupied baits for seven weeks. Recorded fights
between the species varied in intendty. Evading a direct confrontation, a D. laevigatus colony
occupying a Seve cavity was able to prevent the access of D. cf. vishnui to the bait: Mgor D.
laevigatus workers were positioned around severa entrance holes of the D. cf. vishnui colony,
preventing it to enter the deve cavity. Minor and medium workers engaged in closing the
dien tunnds with soil. Only a few ants appeared to be killed on both sides and the resident
colony maintained the bait ownership. In the event of the species actudly fighting at a bait the
fights were generdly fierce, resulting in hundreds of dead workers. Eight of ten such fights
were decided within 24 hours, when one of the colonies dominated the bait on the following
days and no further fighting activity could be observed. However, when the conflict could not
be resolved, fighting continued for two to three days without noticeably reduced intengty. Of
the eeven obsarved fights, D. cf. vishnui gpparently won five fights, i.e. occupied the bait in
guestion on the days following the fight, while D. laevigatus won in four cases. In two cases
both species had left the bait the next day and no victorious contestant could be determined.
Neither of the two species retrieved any dead workers.

Morphologica description of interspecific fights

The average HW of workers engaged in interspecific fights was for both species significantly
larger than for workers collected a baits (D. cf. vishnui: Mann-Whitney U = 694, P < 0.002;
D. laevigatus. Mann-Whitney U = 10125, P < 0.002; Fig. 6.3). Of the collected 45 workers
engaged in gngle combat, paticipating D. laevigatus workers had overdl dgnificantly larger
HW than participating D. df. vishnui workers (Mann-Whitney U = 364, P < 0.002). However,
the HW of a fighting pair were sgnificantly corrdated (Spearman's R = 0.45, P = 0.002), with
the head of D. laevigatus on average 0.29 mm = 0.19 SD wider than its opponents. In 71% of
the fighting pairs D. laevigatus was the species which had locked its mandibles into the
opponent's body. However, of al pairs, D. laevigatus was dismembered and reduced to head
or head and ditrunk in 28 cases, i.e. 62%. In none of the pairs was D. cf. vishnui damaged.
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Furthermore, of 45 heads collected a random a the same battlefidd, 40 belonged to D.
laevigatus.
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Figure 6.2. Approximate extent of neighboring D. laevigatus (dashed line, circles) and D. df.
vishnui (solid line, rhombs) colonies on Plot 8. Black circles and rhombs represent occupied,
white circles unoccupied baits. Interspecific fights occurred at hatched baits surrounded by a
frame.
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Figure 6.3. Head width digtributions of D. kevigatus (A) and D. cf. vishnui (B) workers
collected foraging at baits (white bars) and engaged in interspecific fights (black bars).

I nteractions between [aboratory worker samples

Because of the sporadic finding of D. cf. vishnui, worker samples of only three colonies could
be collected and kept in the laboratory. After one day both species could be observed on the
s0il surface of ther containers. Single ants of D. cf. vishnui and D. laevigatus were st free in
containers occupied by D. laevigatus. The results for congpecific introductions were
equivocal. Despite numerous contacts with “"resdent” ants, introduced D. laevigatus
individuds joined one of the ant trals and disgppeared unhampered underground in 69% of
the separate introductions (n = 71). However, on two colony-pairings eight and seven from
ten introduced individuas, respectively, were immediately seized and killed. In seven other
sngle introductions resdent ants attacked the introduced ant but let go of it after a while
How many ants were attacked within the soil is not known.

Container connections of different D. laevigatus colonies resulted dways in some fighting (n
= 12 separate connections). Eventualy, one of the colonies dispersed into the other colony's
container. Marking one of the colonies prior to the experiment by feeding them ail dyed with
Sudan 11l Red, we observed that a least some ants survived the mixing of the colonies and
joined the victor.

Towards D. cf. vishnui, D. laevigatus reacted much more aggressvely. Here, sngle D. df.
vishnui workers placed on D. laevigatus soil gppeared highly agitated and did not join an ant
trail or try to get below the soil surface. As soon as the ant was encountered by D. laevigatus
it was atacked and killed (n = 26). The same results were obtained when D. laevigatus
individuds were rdeased in D. cf. vishnui containers. Connecting containers of both species
in an experiment to oppodte Sdes of a formicary, D. cf. vishnui sarted to recruit into the
formicary after two minutes. In previous formicary connections, D. laevigatus only came to
the soil suface of the formicary dfter it had thoroughly tunnded through the soil.
Contrariwise, the first tunnd dug by D. cf. vishnui in the formicary led sraight up to the soil
surface. After crossing the formicary over the surface, workers started to dig on the opposte
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Sde at the border between glass and soil where the soil was loosest. In this way, D. cf. vishnui
reached the D. laevigatus container only ten minutes after garting the experiment. Despite the
quick recruitment of D. laevigatus to the ste of entry, D. cf. vishnui was able to disperse into
the container where fights ensued between the species. Two hours later the soil was covered
with fighting, dead, and dying ants of both species. After six hours D. laevigatus had regained
the ownership of the container and was fending off D. cf. vishnui from the tube's entry point.
This gtuation was maintained until the experiment was ended after three days. A second
connection of different colonies of the two species via a formicary led to smilar results. Since
the three D. cf. vishnui colonies were collected during different study periods, we were not
able to test them for intraspecific interactions.

Discussion

Dorylus (Dichthadia) laevigatus was first described in 1857 on Borneo (Smith, 1857). Up to
now, it was believed to be the only Dorylus species occurring this far into South-East Asa
As for the mgority of army ant species, the hypogeeic lifestyle of D. laevigatus had made it
very difficult to investigate the biology of the species and for a long time no more then its
exigence was known. By employing our recently developed method of attracting D.
laevigatus to pam oil bats (Wessflog et d., 2000), we were able to detect a second
hypogaeic Dorylus species on Borneo.

Morphological and genetic species characterization

Worker samples of the two species collected at baits differed Sgnificantly in ther number of
AS, petiole shape, and HTL (Table 6.2), dlowing a differentiation of the two species dso in
the fidd.

The phylogenetic analys's, supported by high bootstrgp vaues, showed that D. laevigatus and
D. df. vishnui exis as diginct species sympatricdly on Borneo (Fig. 6.1). Due to their
permanently apterous queens and production of new colonies by fisson, amy ants in generd
have low dispersd abilities (Gotwad, 1995). Smdl rivers can dready pose impassable
barriers and thus enhance the formation of geneticaly isolated subpopulations. These
dispersd redrictions could explain the closer clustering of the geographicaly closer Java and
West-Mdaydgan D. laevigatus samples (Fig. 6.1). Furthermore, different D. laevigatus
subpopulations were discernible even within the Borneo populaion (Fig. 6.1), indicating the
posshility of D. laevigatus beng a species complex containing multiple mophologicaly
smilar species. However, this needs further analysis.

The dangle mde included in our sudy proved to be a mae of D. laevigatus. Its dlocation to
the subgenus Dichthadia is thus confirmed, which was previoudy only assumed and
subsequently  supplemented with morphological data (Barr and Gotwald, 1982). Twenty-seven
males, which showed obvious morphologica differences to the andyzed mde, were collected
a light trgps in Sabah during 10 of 28 collection nights (unpubl. data). The absence of D. df.
vishnui maes, which ill awat discovery, could indicate different flight periods or lower
colony dengties of this species.

Niche differences

The biologicd comparison of D. laevigatus and D. cf. vishnui showed both species to forage
below the soil surface, to occur in similar habitats and dtitudes, and to feed on pam all
(Table 6.3). The prey of D. cf. vishnui are not known. However, like D. laevigatus, dl amy
ant species recorded to feed on oil had broad food spectra (Rettenmeyer 1963; Savage, 1849;
Roonwal, 1972; Moffett, 1986). It is therefore posshile thet the food spectra of the two
Dorylus species overlap a least a patidly. Besdes these smilarities, our results indicate
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differences in foraging drategies. Unlike epigeeidy foraging army ant species, which only
rarely reuse old foraging trals (eg. Schnerla, 1945; Rettenmeyer, 1963; Franks, 1982a), D.
laevigatus was shown to edtablish dtable hypogeeic tral sysems (Berghoff et al., 2002a).
Formerly unknown for army ants, such a system conssted of well maintained trunk trails
providing access to mogt regions of a colony's foraging area. The same foraging area could be
used over long periods of time. The use of dable trals interlacing an area could explan the
observed smilar recruitment pattern to individua bats and the comparaively quick bait
locdlization (Table 6.3). Furthermore, the high percentage of located baits (Table 6.3, see dso
Berghoff et d., 2002a) points to high colony dengities.

Contrary to the long-term exploitation of bulky food sources seen in D. laevigatus (Berghoff
et d., 20028) mass rads of epigaeicly active species substantialy reduce the abundance of
their prey (Franks, 1982b). The amount of avalable food was shown to influence emigration
frequencies (Topoff and Mirenda, 1980; Witte and Maschwitz, 2000). By depleting their
foraging aress, epigaaicly active species dter the direction of each rad and eventudly move
to a new foraging area (e.g. Raignier and Van Boven, 1955; Rettenmeyer, 1963; Schneirla and
Reyes, 1966; Franks and Fletcher, 1983; Gotwad, 1995). In order to prevent raiding over
recently cropped aress, the dengity of such migrating species should be lower than for more
Sationary species. If baits would be digributed in an area occupied by a few colonies of
migrating species dtering ther foraging directions, bat locdization would mogt likedy be
random and unpredictable. Located kaits could suddenly be abandoned when a colony moved
its foraging dte. The observed occurrence of D. cf. vishnui a baits was very smilar to this
predicted pattern of bat occupation. This implies a foraging strategy more smilar to
epigeeicly active amy ant species than to D. laevigatus. Smilarities to epigaeicly active
species are further supported by the overdl higher probability of D. cf. vishnui to come to the
ground surface.

Intra- and interspecific interactions

Although mogt army ant species prey at least to some extent on other ants, other amy ant
species are generdly avoided (Chapman, 1964; Gotwald and CunninghamVan Someren,
1976; Franks and Fletcher, 1983). The concentration of foragers onto dable trail systems
could reduce massve aggressve confrontations between neighboring D. laevigatus colonies,
as observed eg. for Pogonomyrmex species (Holldobler, 1974; Holldobler, 1986). The lack of
observed aggressive conflicts between D. laevigatus colonies in the fidd and the varying but
moderate level of aggressveness in the laboratory further support the assumption of
intraspecific avoidance strategies.

On the other hand, interspecific fights could be observed when D. laevigatus and D. df.
vishnui met a a bat (Fig. 6.2). These fights could proceed for severad days and result in
hundreds of dead workers on both sides. Both species sdlectively recruited large workers to
the battlefidds (Fig. 6.3). Apat from ther evident role in fighting, mgor workers found at
baits were either feeding or protecting the bait (Fig. 3, see dso Berghoff et ., 2002b).

Despite their smilar HW ranges (Table 6.2), the HW of fighting D. laevigatus workers
collected from two baits were on average 0.29 mm wider than those of their direct opponents.
Nevertheless, the mgority of D. laevigatus workers was badly injured. The ownership of the
two baits from which these fighting workers were collected was attained in both cases by D.
cf. vishnui. This indicates that besde colony and worker szes factors such as fighting ability
and drategy, as eg. the observed successful tunne-plugging dtrategy, influence the outcome
of afight.

Boswell and co-workers (2001) proposed that arms-races between army ant colonies may
account for the colony gigantism reported for some African Dorylus colonies. Besdes the
ability to exploit the food source, they assumed a colony can benefit from a fight by
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incorporating the dead bodies into its biomass (Boswell et d., 2001). However, of the few
reports on amy ant fights only three mention actud retrievd of dead bodies i.e D.
(Typhlopone) spp. preying on D. (A) nigricans (Leroux, 1979, Gotwald, 1995) and
Nomamyrmex esenbeckii preying on Eciton dulcium (P. Vdette pers. comm. in Borgmeier,
1955). Neither D. laevigatus nor D. cf. vishnui retrieved any bodies from ther battlefields.
Furthermore, a D. laevigatus colony excavated in an oil pam plantation was raher smal for a
Dorylus colony (Berghoff et a., 2002b). However, this excavation was conducted in West-
Maaysa, where D. cf. vishnui did not recruit to baits during the study period. Whether other
D. laevigatus colonies, within other habitats, and in competition with D. cf. vishnui, contan
more workers remains to be investigated.

The hypogeeic lifestyle and sporadic occurrence of D. cf. vishnui has probably conceded it
from scientific notice on Borneo. Our study showed that the two sympatric Dorylus species
compete a least for pam oil but might aso reduce competition by usng different foraging
drategies. Further studies need to show how and how many colonies of the two species are
actudly able to co-exig within an area.

Acknowledgements

We wish to thank the Economic Panning Unit, Sabah Parks, Maryati Mohamed of the
Universty Madaysa Sabah, and Rodi Hashim of the Universty Maaya for their cooperation
enabling the conduction of this study. Furthermore, we thank Jan Beck for the collection of
maes and two anonymous referees for their comments on the manuscript. Financid support
was provided by the Deutsche Forschungsgemeischaft (DFG Ma373/17-7) and (DFG GA-
661/2).




Chapter 7 Army ant influence on ground communities

Chapter 7

I nfluence of the hypogaeic army ant Dorylus (Dichthadia) laevigatus
on tropical arthropod communities

Summary

The mgority of army ant species forages hypogaeicly. Due to the difficulties in observing
these ants therr potentid influence on hypogaeic and epigaeic arthropod communities has not
yet been invedigated. Being the fird hypogaeicly foraging amy ant sudied in detall we
atracted Dorylus laevigatus to areas monitored for their arthropod diversity. Here, for the
fird time, the same dStes were sampled before and after an amy ant raid. Furthermore,
interactions between D. laevigatus and the five most common ground-nesting ant species
were noted and ther life hidory trats compared, dlowing first inferences on possble
mechanisms of their coexistence.

The occurrence of D. laevigatus within a study plot had no evident effect on the number of
athropod taxa or individuds collected with epigaeic and hypogeeic pitfdl traps Likewise,
juvenile arthropods, which are less mobile and thus a potentidly essier prey for D. laevigatus,
showed no differences in their collected numbers before and after the amy ant had visted a
plot. However, dgnificantly fewer ant species were collected with hypogeeic traps after D.
laevigatus had been within the study plots, indicating a possible predation of D. laevigatus
epecidly on two Pseudolasius and one Pheidole species. The five most common ground
foraging ant species demondrated their ability to avoid, to kill, and even to prey on the army
ant. The reaction of Lophomyrmex bedoti towards D. laevigatus indicated it to be a potentia
prey species, while Pachycondyla sp. 2 showed sgns of ‘enemy specification. Odontoponera
diversus and O. transversa actively preyed on D. laevigatus, while Pheidologeton affinis
fought with D. laevigatus over resources. All ant species could co-occur with D. laevigatus at
padm oil baits Adding to the differences detected in previous studies between D. laevigatus
and epigeeicly foraging army ant species, the occurrence of this hypogaeic amy ant seems to
have not as devadtating effects on athropod community compostions as that of epigaeicly
mass raiding species.

Introduction

The ability to conduct highly organized mass raids, which can take the form of a column or
swarm (Schneirla, 1934), is one of the most characterigtic traits of army ants (Gotwald, 1982).
Within a day's rad an army ant colony can remove large amounts of booty, eg. 40 g of dry
animd matter may be harvested by an Eciton burchelli colony (Franks, 1982a) or 90,000
insects by an E. hamatum colony (Rettenmeyer et a., 1980). Removing such large amounts of
anima matter, army ants represent the top predators of leaf litter arthropods and even of small
vertebrates in some areas (Brosset, 1988; Roberts et al., 2000). A raid can temporarily reduce
the overd| arthropod abundance and the diverdty of taxa in the ledf litter (Otis et d., 1986).
Areas raided by Eciton burchelli were found to contain a substantid number of paiches in
different states of recovery (Franks and Bossert, 1983). In this way, army ants are presumed
to prevent the establishment of climax communities and thus to enhance arthropod diversity
(Gotwald, 1995).
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Due to the easer accesshility, most sudies concentrated on epigaeicly active amy ant
gpecies. However, the mgority of species forages hypogaeicly (Gotwald, 1982). These
species prey a least to some extend on soil-sructuring animals such as termites, ants, and
earthworms (e.g. Gotwald, 1974a; Gotwad, 1978b; Darlington, 1985; Berghoff et al., 20024).
Despite their potentid importance for soil communities, the influence of hypogaeic army ant
Species on soil faunas was not yet investigated. Besdes ther foraging being concedled, this
was a least patidly due to the hard to predict foraging movements of hypogaeic ants.
Epigeeicly active army ants continuoudy dter the direction of ther raids and eventualy move
to new foraging areas (Gotwad, 1995). Although the direction of a swarm can be influenced
over short distances by offering food (Witte and Maschwitz, 2000), it seemed improbable to
draw these ants to a certain area other than by chance. Being the first hypogaeic amy ant
dudied in detal, Dorylus (Dichthadia) laevigatus was shown to recruit to pam oil bats in
large numbers, locating the mgority of bats within short periods of time (Berghoff et 4.,
2002a). This difference in bat utilization to epigeeicly active species was linked to
differences in foraging and raiding drategies, which induded the long-term exploitation of
bulky food sources and the establishment of dtable trail systems (Berghoff et d., 20023). The
foraging peculiarities enabled us to draw D. laevigatus to census areas and thus to study the
impact of a hypogaeic aamy ant on the soil and ground arthropod fauna. The arthropod
divergty was monitored in census areas before and after D. laevigatus, which has a broad diet
(Weissflog et d., 2000; Berghoff et a., 2002a), was attracted to the areas. The effects of army
ant rads are often especidly visble in ground ant communities, exhibiting reduced species
and colony numbers in raided areas (Franks 1982a; Perfecto, 1992; Hirosawa et d., 2000).
Because of this, we analyzed the recorded ant communities in more detail, comparing species
and individud numbers before and after D. laevigatus had visted the areas. Furthermore, we
report on the interactions between D. laevigatus and the five most common ground foraging
ant pecies, indicating possible mechanisms of coexistence.

M aterials and methods
Sudy sites

The study was conducted in the Kinabalu Nationa Park and surrounding aress at Poring Hot
Springs (Sabah, Maaysia, Borneo; 6°5' N 116°3' E). Data were collected between March and
August 2000, March and May 2001, and March and May 2002. Study plots @ = 7) were
edablished in different habitats to evauate the occurrence and abundance of D. laevigatus
and other ground foraging ant species. Habitats included a meadow, young and old secondary
forests, primary lowland and lower montane rainforest (for detals on study plot data see
Berghoff et d., 2002a). Long-term study plots were established during the first study period
and were reactivated during the following two years. Studies on short-term study plots were
restricted to asingle study period.

Baits

On dl dudy plots, ants were baited usng seve buckets buried into the ground. Each bucket
held one liter of soil and was baited with 50 ml pam oil (for a detailed description of the
method see Berghoff et d., 2002a). Ants were able to access the baits a@ther from the soil
aurface or through the surrounding soil. In this way, epigaeidy as wel as hypogaecly
foraging ants could be recorded during the regular bait checks. During each bat check the
seve buckets were removed from the ground and the occurrence, abundance, and location of
al ant species were recorded. Abundance was visudly estimated and assigned to one of five
classes 1) 1-10, 2) 11-100, 3) 100-1000, 4) 1000-5000, and 5) >5000 ants. Samples of
occurring ant species were collected, preserved in 75% ethanol, and later identified with the
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key of Bolton (1994). Species were compared to the reference collection of the Univerdty of
Wirzburg and unidentified species were assgned morphospecies numbers. Voucher specimen

were included in the reference collections at the Universty of Wirzburg, Germany and the
Sabah Parks Headquarter, Malaysia.

Census areas

After monitoring the occurrence of D. laevigatus in two long-term study plots (one in primary
ranforest and one in old secondary forest) during two study periods, we sdected these plots
to invesigate the possble influence of D. laevigatus on ground communities during the third
study period. On each of the two plots, sx Seve buckets were sdected at random. Around
each of these 12 sieve buckets a 1 n? areas (‘squares) was established, containing the seve
bucket in its center (Fig. 7.1). The minimum distance between two squares was 8 m. To
monitor the divergty and abundance of potentia prey of D. laevigatus, four pitfal traps (6.5
cm diameter) were established in each square (Fig. 7.1). Each trap was covered with a leaf to
prevent water accumulation and to collect predominaely species which stayed close to the
s0il surface. Since D. laevigatus forages predominatdy hypogaeicly, two hypogeeic pitfal
trgps were burrowed in the soil of each square (Fig. 7.1). A hypogaeic pitfal trap conssted of
a rectangular container (16 cm high, 5 cm wide) with three opening dits (0.5 cm high, 4 cm
wide, 25 cm gpart) on each sde. Each container was tightly fitted into a dug hole, bringing
the surrounding soil close to the opening dits. Afterwards, containers were completdy
covered with soil, making them accessble only for animas which dug through a least some
soil. After epigagic traps were dlowed to settle for four days, hypogaeic traps were inserted
and dl traps within a study area were opened, filled with 2% Formalin, and left to collect for
three consecutive days. After removing the collected animas, epigeeic traps were closed and
hypogeeic traps were extracted from the soil. For data analyss, the four epigaeic as well as
the two hypogeeic traps were pooled for each square. On the day following trap collection, dl
seve buckets of a study plot were baited with pam oil. Seve buckets were checked daily and
occurrence of D. laevigatus and other ant species was noted. Since D. laevigatus can be
observed occasondly a the soil surface a night (Berghoff et a., 2002a), a plot was checked
an additiond time during the night once the army ant had entered a square. To investigate
potentid changes in the arthropod communities due to the presence of D. laevigatus, epigaeic
pitfal traps were opened and hypogeeic traps were inserted in the same holes as before on
each square whose sieve bucket was occupied for three days by D. laevigatus. All traps were
left to collect for three days. Collected arthropods were sorted to orders and ants to species.

Figure 7.1. Trap arangement in each of 12 1n? census
areas (squares) to which D. laevigatus was attracted.

* * Circle deve bucket; das epigaeic pitfdl traps
squares: hypogaeic pitfal traps.

A % ¢

Interactions

To further andyze the interactions between D. laevigatus and ground foraging ant species, we
focused on the five most common species, i.e. Pheidologeton affinis, Lophomyrmex bedoti,
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Odontoponera transversa, O. denticulata, and Pachycondyla sp. 2. Except for O. denticulata,
which was redricted to non-forested study plots, data were collected for al species on dl
seven sudy plots. All species recruited to palm oil baits, where they were observed aone as
well as co-occurring with D. laevigatus during innumerable bait checks. In case of these
gpecies co-occurring with D. laevigatus, a bait check was regularly extended to observe
interactions. Besdes noting the behavior a baits, foraging habits of each species were
observed and food samples were taken. Nest structure was analyzed by excavating five nests
for each species, except for Pachycondyla sp. 2. To test the species reaction toward the army
ant, 20 D. laevigatus were released in the fied close to entrances of ten different nests of each
species. Since no nest was found for Pachycondyla sp. 2, it was confronted with D. laevigatus
in the laboratory. In separate experiments, two Pachycondyla sp. 2 were united in a Petri dish
with two individuds of D. laevigatus, O. transversa, P. affinis, and Dolichoderus sp.,
respectively (n = 6 repetitions for each species). Respective behavior was noted during the
course of ten minutes.

To andyze the interactions between D. laevigatus and its strongest competitor a baits, i.e. P.
affinis, we kept in a separate laboratory experiment large worker samples (> 2000 ants) of
both species in separate soil-filled containers. After 24 hours, the containers were connected
via plagtic tubes to opposite Sdes of an arena (20 x 20 cm) covered with a thin layer of soil.
Respective behavior and interactions were observed continuoudy for the first three hours and
afterwards every hour for the next three days.

Results
Arthropod communities

Ovedl, epigaeic and hypogaeic pitfal traps collected 12660 individuds. Of these, 7509
individuds were ants (59.3%) and 578 individuas (4.6%) represented juvenile arthropod
dages (Table 7.1). Since ants will be treated separately, they are not included in the following
anayses.

Table 7.1. Collected individuads of the most common taxa in epigaeic and hypogaeic pitfall
traps before and after D. laevigatus recruited to the squares. Included are only the ten squares
in which D. laevigatus was recorded; 1338 individuds, including 658 Formicidee and 46
juveniles, were collected on the two excluded ‘control* squares.

Epigaeic pitfall traps Hypogaeic pitfall traps

before after before after
Acarina 203 322 85 116
Araneida 45 35 4 6
Chilopoda 4 7 31 8

Coleoptera 173 112 84+ 19**

Collembola 700 985 109** 228**
Formicidae 1050 2002 717 3082
Hemiptera 49 61 8 6
I sopoda 55 65 1 15
| soptera 30 8 139 16
Juveniles 135 248 83 66
Others* 4 78 54 37
Sum 2485 3923 1315 3599

*Contains 14 taxa, none of which contributed 50 or more specimen to any trap category.
** Sign. differences (Wilcoxon-Test) Coleoptera: Z = -2.2552, P=0.011; Collembola: Z =-2.668, P = 0.008.

Epigaeic traps of a square yielded on average 10 arthropod orders + 1.89 (SD) and 166
individuds + 81.86 (SD). Hypogaeic traps — of which there were only hadf as many per
square, collected dgnificantly fewer orders (average = 6 + 1.95 SD) and individuds (average
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=53 * 27.39 SD), (Wilcoxon Tedt, orders. Z = -3.071, P = 0.002; individuals. Z = -2.824, P =
0.005). However, looking a juvenile stages of arthropods, both trgp types yidded smilar
numbers of individuas (Wilcoxon Test Z = -1.897, P = 0.058). Ensfera and Cadlifera were
the only taxa exclusvely found in epigagic pitfal traps. Species of dl hypogeeicly collected
orders were recorded aso in epigaeic traps.

After bating the Seve buckets with oil, they were located on average 11.67 days + 2.24 SD
later by D. laevigatus. The sieve buckets of two squares in the old secondary forest were not
located by D. laevigatus within the sudy period (gpproximately three weeks). To minimize
potentia  environmental variaions due to long study periods, the traps of these two ‘control’
squares were opened following the schedule of the last occupied square (22 days after
completing the first trgpping period). Due to the low number of these controls, they will be
excluded from the following anayses.

No dgnificant differences were detected in the overdl number of collected orders or
individuas before and after D. laevigatus had recruited to the squares (WilcoxonTest, orders
- epigaeic trgps. Z = -1.723, P = 0.085, hypogaeic traps. Z = -7.680, P = 0.442; individuals -
epigeeic traps Z = -1.376, P = 0.169, hypogaeic traps. Z = -0.530, P = 0.078). Due to ther
limited mobility, juvenile arthropods are thought to be more vulnerable than adults to fal prey
to amy ants (Gotwald, 1974b). However, nether the number of juveniles nor the number of
termites, another likely prey of D. laevigatus (Berghoff et d., 2002d), differed dgnificantly
between the collections before and after D. laevigatus visted the sguares (Table 7.1).
Earthworns, dso commonly preyed on by D. laevigatus, were collected in too low numbers
(i.e. 47 within dl sqguares and collections) to evaduae any potentid changes in ther
abundance. Comparing the collections of the main taxa for an effect of D. laevigatus, only the
numbers of Coleoptera and Collembola collected in hypogeeic traps before and after D.
laevigatus had recruited to the squares differed dgnificantly differences (Table 7.1).
However, the number of Coleoptera showed a smilar decline from eght to one collected
specimen in the hypogeeic trgps of the two control squares. The number of Collembola, on
the other hand, stayed much the same in hypogaeic traps of control squares between the first
(19 specimen collected) and the second (22 specimen) trapping period.

Ant communities

Summarizing the yidd of epigaeic and hypogeeic pitfdl traps 93 ant species from 37 genera
were collected (Table 7.2). As before, the two plots to which D. laevigatus did not recruit
during the study period will not be included in the fallowing cdculaions. Of the remaining 87
soecies, 45 were recorded with a least three individuals (Table 7.2). Of these, 16 Species
(36%) were collected exclusvely with epigaeic and 22% exclusvely with hypogeeic traps,
42% of the species were collected with both traps (Table 7.2). As for the overal arthropod
diversity, epigaeic traps collected more ant species per square (average 857 + 2.82 SD) than
hypogaeic traps (average 5.57 + 2.31 SD).

Dorylus laevigatus was found in none of the trgps prior to bating the seve buckets (Table
7.2). After bating with pdm oil, D. laevigatus recruited to the sieve buckets of ten squares,
which it visted for three days, when the traps were opened. During the three-day trapping
period, D. laevigatus deserted eight of the ten occupied deve buckets. The army ant was
found in eight hypogaeic trgps on Sx of the ten occupied squares.

Comparing the number of species collected by epigaeic traps before and after D. laevigatus
had recruited to the squares, no sgnificant differences were found (WilcoxonTest, Z = -
0535, P = 0.593). However, hypogeeic traps collected sgnificantly fewer species after D.
laevigatus had recruited to the squares than before (Wilcoxon-Test, Z = -2.673, P = 0.008).
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Table 7.2. Ant individuas collected with epigaeic (n = 40) and hypogaeic (n = 20) pitfall
traps before (BD) and after (AD) D. laevigatus was attracted to the study plots (squares, n =
10). The two excluded control squares collected sx additiond species and overdl 658 ant

individuas.
Epigaeic pitfall traps Hypogaeic pitfall traps # occupied
BD AD BD AD sguares
Aenictinae
Aenictus sp. 8 3 1
Aenictus sp. 9 37 1
Cerapachyinae
Cerapachyssp. 4 1 1
Dolichoderinae
Dolichoderus sp. 2 1 1
Dolichoderus sp. 3 2 1
Tapinomasp. 1 1 1
Technomyrmex sp. 1 1 1
Technomyrmex sp. 2 1 1
Dorylinae
Dorylus laevigatus 970 6
Dorylus cf. vishnui 17 1
Formicinae
Acropygasp. 1 20 1 2
Camponotus sp. 2 2 1
Camponotus sp. 3 1 1
Camponotus sp. 4 1 1
Camponotus sp. 5 1 1
Paratrechinasp. 7 2 3 1
Paratrechinasp. 8 3 4 1 5
Pseudolasius sp. 2 1 1
Pseudolasius sp. 5 31 1
Pseudolasius sp. 6 1 7 5 3
Pseudolasius sp. 7 10 54 2
L eptanillinae
Leptanillasp. 1 3 1
Myrmicinae
Crematogaster sp. 5 1 1
Lophomyrmex bedoti 493 849 117 338 10
Monomoriumsp. 3 1 1
Myrmecinasp. 1 2 1 3
Myrmecinasp. 2 1 1
Myrmicariasp. 3 3 6 3
Oligomyrmex sp. 1 4 15 3
Oligomyrmex sp. 2 2 14 5 2
Oligomyrmex sp. 6 1 1
Oligomyrmex sp. 7 2 1 1 1
Oligomyrmex sp. 8 36 1 17 6 3
Oligomyrmex sp. 9 93 4 6
Pheidole cariniceps 1 2 2
Pheidole clypeocornis 2 1
Pheidole plagiaria 1 1 1
Pheidole sabahna 2 1
Pheidole spinicornis 1 1
Pheidole sp. 1 4 1 1
Pheidole sp. 17 2 1
Pheidole sp. 18 13 4
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Table 7.2 continued

Epigaeic pitfall traps Hypogaeic pitfall traps # occupied
BD AD BD AD sguares

Pheidole sp. 19 3 3 19 52 5
Pheidole sp. 20 1 1
Pheidole sp. 21 3 1 3
Pheidologeton affinis 168 458 145 1609 10
Pheidologeton pygmaeus 1 2 5 4
Pheidologeton sp. 1 217 505 55 3
Proatta butelli 1 2 3
Recurvidrissp. 1 3 1
Smithistrumasp. 1 3 1
Smithistrumasp. 2 1 1
Solenopsis sp. 1 4 1 16 6 3
Strumigenys sp. 2 2 2
Strumigenys sp. 3 2 2
Srumigenys sp. 4 1 1
Tetramoriumsp. 5 1 1
Tetramoriumsp. 7 1 1
Tetramoriumsp. 8 3 1
Tetramoriumsp. 9 2 1 2
Tetramoriumsp. 10 1 1
Trichoscapasp. 1 1 1

Ponerinae
Anochetus sp. 2 2 2
Diacamma intricatum 1 1 2
Gnamptogenys sp. 2 1 1
Gnamptogenys sp. 3 1 1
Hypoponerasp. 1 1 1 2
Hypoponerasp. 2 3 2 8 1 3
Hypoponerasp. 8 2 1
Hypoponerasp. 9 1 1
Leptogenys mutabilis 19 11 4 4
Leptogenys sp. 2 45 1
Leptogenys sp. 4 5 5 6
Leptogenyssp. 5 2 4 1 4
Leptogenys sp. 6 2 1
Odontomachus rixosus 1 1 1
Odontomachus sp. 1 14 3 1
Odontoponera transversa 20 13 2 9
Pachycondyla sharpi 1 2 7 4
Pachycondyla tridentata 2 4 4
Pachycondylasp. 1 11 12 1 2
Pachycondyla sp. 2 95 4 7
Pachycondyla sp. 4 3 1
Pachycondyla sp. 12 1 1
Pachycondyla sp. 13 1 1
Ponerasp. 1 1 1
unidentified genus 1 1

Individuals 1050 2002 717 3082

Species 50 46 29 2

Night checks around baits occupied by D. laevigatus reveded no incressed epigaeic ant
activity or nest evacuations.
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During the after-Dorylus trgpping period, five squares were raided by mass-rading ants.
These raids were indicated by trgps of a sgquare with more than 100 individuas of such
species, i.e. Pheidologeton sp. 1 (one occasion, 505 ants), P. affinis (two occasions, 1181 and
184 ants), and D. laevigatus (three occasions, 102, 121, and 612 ants). Since the high numbers
of rading individuds may concea d&bundance changes of other ant species, the above
individua numbers were not included in the comparison of collected individuds. Epigaeic as
wel a hypogaeic trgps collected Smilar numbers of individuds before and after D.
laevigatus had visted the sgquares (WilcoxonTedt, epigaeic trgps. Z = -0.969, P = 0.333;
hypogeeic traps. Z =-1.274, P = 0.203).

Interactions between D. laevigatus and selected ground ant species

Some life higory traits of the five focus species are summarized in Table 7.3. All species
were active independent of time of day.

Table 7.3. Life higory traits of five common ground foraging ant species.

Lophomyrmex Odontoponera Odontoponera Pachycondyla Pheidol ogeton
bedoti denticulata transversa sp. 2 affinis
Habitat" U, SF, PF U PF U, SF, PF U, SF, PF
Height [m]? 1060 500 880 680 1470
Colony size >100 >100 >100 >100? >10,000
Nest type Polydomous soil  Polydomous soil ~ Polydomoussoil  Unknown Multicham-bered
nests nests nests soil nest
Nest/square®  092+0.79 Unknown 058+0.67 Unknown 092+ 067
Foraging Hypogaeic and Predominately Predominately Hypogaeic Hypogaeic and
stratum epigaeic epigaeic epigaeic epigaeic
Foraging Singleforagers,  Singleforagers Single foragers Singleforagers Singleforagers,
strategy” TT TT
Observedfood Qil, tuna, honey,  Oil, tuna, honey,  Qil, tuna, honey,  Oil, arthropods, Qil, tuna, honey,
cookies, cookies, cookies, annelids cookies,
Homoptera, arthropods arthropods arthropods,
arthropods annelids, seeds
Class/baits’ 2:11-100 ants 1:1-10 ants 1:1-10 ants 1:1-10 ants 4: 1000-5000

1: U = Urban vegetation, SF = Secondary forest, PF = Primary rain forest

2: Height up to which the species was recorded at oil baits along an altitudinal transect reaching 1470 m
3: Average number of nests (+ SD) found by baiting twelve 1 m?2 study areas (squares)

4: TT = Trunk trails

5: Mean abundance class on the second day of bait occupation

Lophomyrmex bedoti nests belonged to two types. satellite nests with up to five entrances
housng workers, brood, and Hemiptera, and main nests condsting of severd soil nests
interconnected via hypogaeic tunnels. Dorylus laevigatus workers released around entrances
of saellite nests were generdly avoided. Twice the rdease of D. laevigatus resulted in the
temporary evacudion of a satellite nest. Contrary, when D. laevigatus was released a main
nest entrances, L. bedoti workers accumulated at the entrances and occasiondly attacked the
amy ant.

The abundance of L. bedoti a baits did not differ sgnificantly between bats with and without
D. laevigatus (Mann-Whitney U = 306.00, P = 0.537). Co-occurring with D. laevigatus, it
redtricted its bait access mainly to the top of the bait and retrested upon contact. Regularly, L.
bedoti collected dead D. laevigatus workers from bats (eg. left after fights with
Pheidologeton affinis, see below).

Odontoponera denticulata and O. transversa exhibited very amilar life higory trats (Table
7.3). The nests of both species were connected to neighboring nests via hypogaeic tunnels.
Probably due to these tunnds, al nests were evacuated when the experimenta excavetions
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reached the nesting chambers. Without other species present at a bait, both Odontoponera
gpecies removed pieces of soil soaked with oil. However, when D. laevigatus joined a a bait,
both Odontoponera species switched to hunting the amy ant. While the abundance of O.
transversa did not differ sgnificantly between bats with and without D. laevigatus (Mann-
Whitney U = 3282.00, P = 0.665), it increased in the presence of D. laevigatus for O.
denticulata (Mann-Whitney U = 231.00, P = 0.002). When releasing D. laevigatus close to
nest entrances of both Odontoponera species, workers of the latter species effectively guarded
their nest entrances, preventing the army ants descend into the nest-tunnd. Incoming foragers
started to hunt dispersed D. laevigatus and carried them into the nest.

Pachycondyla sp. 2 nests could not be detected, as the species quickly retreated into the soil
when encountered during a bait check. On 14 occasions, Pachycondyla sp. 2 shared a bait
with D. laevigatus, where its abundance did not differ dgnificantly from its mean abundance
(Mann-Whitney U = 412.00, P = 0.899). Twice, five to sx Pachycondyla sp. 2 were observed
to successfully maintain a samdl bait area dthough co-occurring with more than a thousand D.
laevigatus. When the species were mixed during the bait check, a few intergpecific fights
could be observed, after which Pachycondyla sp. 2 retrested into the ground. On the
following days, no Pachycondyla sp. 2 were found at these baits. Mixing Pachycondyla sp. 2
with O. transversa, P. affinis, and Dolichoderus sp., respectively in the laboratory, the species
quickly retrested whenever they met. However, when mixed with D. laevigatus,
Pachycondyla sp. 2 immediately attacked the army ant. Each D. laevigatus worker was
repeatedly stung by one or both Pachycondyla sp. 2. All D. laevigatus were pardyzed within
the firg minute of the experiments.

Pheidologeton affinis immediately recruited large numbers of nestmates and attacked and
killed D. laevigatus, when it was released close to P. affinis nest entrances. At baits, the
abundance of P. affinis did not differ ggnificantly between bats with and without D.
laevigatus (Mann-Whitney U = 8799.00, P = 0.622). However, a least some fighting activity
could aways be observed when both species co-occurred at a bait (Fig. 7.2). A fight (n = 33)
was judged as won when one species maintained the lone bait ownership for three consecutive
days. The outcome of a fight seemed to be related to the order in which the species arrived at
a bat (Table 7.4). When worker samples were connected to an arena in the laboratory, both
species dispersed onto the arena within one hour. Upon contact, D. laevigatus assumed an
aggressve posture but caught P. affinis only rarly. On the other hand, single D. laevigatus
workers were overwhelmed by groups of P. affinis workers, pinning D. laevigatus to the
ground. After three hours of the experiment, D. laevigatus used two trails across the arena
These trails were lined with medium and mgor workers, shidding the trails from surrounding
P. affinis. After 24 hours, D. laevigatus had moved across the arena and into the container of
P. affinis, which accumulated a the soil surface. This Stuation was maintained until the end
of the experiment.

Table 7.4. Interspecific fights between Pheidologeton affinis and Dorylus laevigatus at baits.
The percentage in which D. laevigatus won and lost the bat ownership depending on the
order of arrivd is given. The outcome was cdled a draw when both species Ieft the bait on the
same day.

Bait ownership by D. |aevigatus

1% species at the bait Won [%] Lost [%] Draw [%] N=
P. affinis 14 21 64 1
D. laevigatus 58 25 17 12
Both species 71 14 14 7
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Figure 7.2. Abundance of
5 1 Pheidologeton affinis (black
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Discussion

A variety of methods has been developed to sample ground and litter arthropod communities.
Litter techniques (eg. Winkler dfting or Berlese funnd) represent methods enabling the
effective collection of litter fauna, while direct and intensve sampling methods are well
suited to gain an inventory of ant gpecies richness (Bestedmeyer et d., 2000). However, dl
these methods cause mgor disturbances to the soil and litter fauna, preventing the posshility
to re-sample the same area after a short while. Although pitfdl traps will not catch dl species
(Greendade, 1973; Bestdlmeyer et d., 2000), the combination of epigaeic and hypogaeic traps
should provide a reasonable collection of potentid D. laevigatus prey species. The high
numbers of juveniles in hypogaeic trgps indicated the soil dratum to be rich of this potentid
prey. Ants comprised 59% of al collected specimen and they dominated in al traps (Table
7.1). Mogt ant species with more than two collected specimen were redricted either to
epigaeic (36%) or hypogeeic (22%) traps. Similar species redrictions to epigaeic and
hypogaeic traps were dso found by QuirozRobledo and Vadenzuea-Gonzd ez (1995).

The possihility to attract D. laevigatus predictably and within short periods of time to a bait
endbled the firdg dudy of the potentid influence of a hypogaeic amy at on soil fauna
However, the presence of the bat could dso influence the species foraging behavior.
Although oil is probably fed to some extent to the larvae (Berghoff et a., 2002b), other food,
in particular proteins, should be needed to rear the larvae (Weissflog et d., 2000). Because of
this D. laevigatus would need to extend its foraging aso beyond baits. When army ants
locate a food source during a mass raid, foragers are recruited from the swarm to that Ste
(Witte and Maschwitz, 2000). Not al ariving foragers stop a the prey but proceed a little
further into the surrounding area (Witte and Maschwitz, 2000). This 'recruitment overrun,
which is closdy linked to the spatid development and extenson of raids, was described for
mass rading species such as Neivamyrmex, Pheidologeton, and Leptogenys (Topoff et a.,
1980; Moffett 1988a; Witte and Maschwitz, 2000). With initid abundances of more than
5000 ants per sSeve bucket (Berghoff et a., 2002d), a bait literdly flows over with D.
laevigatus workers, some of which disperse due to the recruitment overrun into the
aurrounding area. If prey is discovered, nestmates will be recruited further into the area, as
was observed for D. laevigatus, extending its foraging into the soil surrounding a recently
located bait, where they preyed on Paratrechina sp. (Berghoff et d., 200248). As indicated by
the presence of D. laevigatus in hypogeeic pitfal trapsthe squares should thus have been
subject to a leest some raiding activity. Most Seve buckets were deserted by D. laevigatus
after three to five days, indicating that the oil was not sufficient to keep the ants within the
area. This should further increase the likelihood of raidsinto the surrounding area.

When comparing areas recently raided by epigeaicly foraging Eciton burchelli or Aenictus
species to control areas, a strong influence of the army ants on litter arthropods was shown
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(Franks, 1982a, b; Ctis et al., 1986; Hirosawa et d., 2000). While prey ants took about 100
days to recover to hdf ther origind abundance, populations of crickets and roaches quickly
recovered due to individuad migration to the ste (Franks 1982a). Migration of successon
pecies to empty patches increased also the ant diversty after a raid (Franks and Bossert,
1983). Because of this, effects of an army ant raid are mogt likely to be seen a few days after a
rad. Arthropods were trapped three days after D. laevigatus, which preys on earthworms and
a wide variety of arthropods including termites and brood of ground-nesting ants (Weissflog
et a., 2000; Berghoff et d., 2002a, b), had entered a square. No significant differences were
found in the number of arthropod orders, individuds, or juveniles collected with epigagic or
hypogaeic traps. A decrease in Coleoptera numbers in hypogaeic traps was dso seen in
control squares and was thus probably linked to some externd factor. The significant increase
in Collembola collected in hypogeeic traps after D. laevigatus was recorded in the squares,
may be linked to the epigaeic and hypogaeic mass raids, which probably flushed Collembola
from the ledf litter during this trapping period. Smilar to overdl athropod numbers ants
showed no effect in ther number of collected individuds. However, hypogagic traps,
collecting in the preferred foraging stratum of D. laevigatus, collected sgnificantly fewer ant
species after D. laevigatus had vidted the sguares. In particular the disgppearance of two
Pseudolasius and one Pheidole species, which were numerous in the firgt collection (Table
7.2), could indicate predation by D. laevigatus. The effect of the only reported hypogaeic rad
of an army ant pecies, i.e. Labidus coecus, on an ant community resulted in one dead colony
out of 23 colonies attacked (Perfecto, 1992). A smilar impact of D. laevigatus would hardly
be detectable by the here applied methods. However, the lower species numbers in traps after
D. laevigatus had vidted the squares could aso be related to the mass-raids of three other ant
species in the same time frame. Most prey ant species seem to flee into the vegetation
(Hirosawa et d., 2000; Berghoff et d., 2002a) or to related nests (LaMon and Topoff, 1981;
Droud, 1984) during a raid, which can temporarily reduce ant aundance in a raded area
The use of sadlite nests, dso recorded for three of the five most common ant species in this
sudy (Table 7.3), can thus provide refuges during army ant attacks (Droual, 1984; Perfecto,
1992). The five focus species were able to coexist with D. laevigatus despite conformitiesin
habitat, foraging strata, and food preferences (Table 7.2, Berghoff et d., 2002a), showing
different drategies to cope with the amy ant. All species were able to maintain exclusve bait
sections when co-occurring with D. laevigatus. The induced nest evacuations and defensve
behavior observed for L. bedoti in the presence of D. laevigatus were recorded in smilar
experiments also for prey species of Neivamyrmex (LaMon and Topoff, 1981; Droud, 1984).
The reaction of L. bedoti thus identifies it as a possble prey species of D. laevigatus.
However, due to ther high dendty of associated nests (Table 7.3) mature colonies will
probably be able to survive an atack (Hirosawa et d., 2000). The high aggressveness of
Pachycondyla sp. 2 towards D. laevigatus in arena teds indicates a possble ‘enemy
specification’” of D. laevigatus, dgnifying it to be a sarious enemy of Pachycondyla sp. 2
(Wilson, 1975; Holldobler, 1979). Since hypogeeic D. laevigatus raids are conducted by
minor workers (Berghoff et d. 2002 &), a strong defensve reaction by Pachycondyla sp. 2
could probably ward off an attack. Contrary to Pachycondyla sp. 2, the two Odontoponera
species not only killed but actively preyed on D. laevigatus. Such a behavior was up to now
reported only for Oecophylla species (Gotwald, 1995). The predatory efficiency and the use
of interconnected nests probably enable these fast-moving Odontoponera species to restrain
rading D. laevigatus digging through to ther nest cavity and to evacuate their nests before
too many army ants arrive on the scene. A low predation pressure is further supported by the
mild reection towards D. laevigatus workers released at Odontoponera nests (compare to
LaMon and Topoff, 1981). On the other hand, when rdessing D. laevigatus close to
Pheidologeton affinis nests, or when the species met at a bait, interspecific fights would
dways develop. Fights at baits could continue for severa days (Fig. 7.2). However, D.
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laevigatus was more likely to gain the bat ownership when it arrived prior to or a the same
timewith P. affinis (Table 7.4). In a laboratory experiment, D. laevigatus was shown to shield
its columns from aitacking P. affinis, and thus to maintain its postion or to dowly advance. A
amilar draegy could aso be demondrated for fights between the sympatric D. laevigatus
and D. df. vishnui (Chapter 6). Combining the observations at baits and in the laboratory, D.
laevigatus showed to gan and mantan new terran by dowly advancing in tight formation
and defending the gained aress a drategic points. Compensating its lower ability to defend
and retain a bat, P. affinis had high nes (Table 7.3) and forager dengties, enabling it to
locdize mogt baits within 24 hours (Berghoff, unpubl. data). Dorylus laevigatus, on the other
hand, needed on average 8.6 daysto locate a bait (Berghoff et al., 2002a).

Although known to conduct hypogaeic column and occasondly epigaeic swarm raids and to
prey on a wide variety of arthropods (Berghoff et d., 2002a), D. laevigatus showed only little
effect on hypogaeic and none on epigaeic athropod communities. Even when D. laevigatus
recruited to a seve bucket it could occur in none or only one of the squares hypogaeic pitfall
trgps. Concentrating its foraging onto a few gable tralls, from which sngle rads originate, D.
laevigatus can exploit larger resources over long periods of time (Berghoff et d., 2002a). In
this way, only occasondly sngle ant colonies should fal prey to a D. laevigatus rad. The
possble effect of D. laevigatus on eathworms and termites, a seemingly preferred prey
(Berghoff et d., 2002a), might have been underestimated due to ther low individua numbers
in trgps (Table 7.1). The five most common ground-nesting ant species were able co-occur
even with more than 1000 D. laevigatus a a bat by employing different Srategies. Adding to
the differences separating D. laevigatus from epigaaicly raiding army ant species (Berghoff et
d., 2002a, b) this hypogaeic ant thus seems by far not as fierce a predator as eg. the
epigaeidly svarm raiding army ant D. nigricans.
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Chapter 8

Baited sieve buckets: an easy method to include hypogaeic ant species
into ground ant diversity studies

SUmmary

Numerous dudies have been conducted to invedigate the diversty of ground ant
communities. However, despite ther potentid importance for tropical ecosystems,
hypogeeicly foraging ant species were often neglected or only margindly touched by these
dudies. This was manly due to the difficult sampling of these cryptic species. We
successfully used pam oil baited seve buckets to study ground and especidly hypogaeicly
foraging ant gpecies on Borneo. We suggest the incluson of Seve buckets into future studies
of ground ant communities to obtain a more comprehensive record of the hypogaeic ant fauna
than could be sampled with the methods hitherto applied. As expected, the species yield was
with 85 collected species out of 32 genera lower than in studies employing severd and more
generdized sampling methods. However, a large proportion of our collected species (48%)
had not been collected during a previous study extensvely sampling the same area. Of the
collected species, 55% foraged at least partidly below the soil surface, 47% of which had not
been collected by Winkler litter gfting in a previous sudy in the same area. Furthermore, by
employing sieve buckets, we could show different hypogaeic species to be undersampled by
other gtudies usng different methods in the same area. Although the oil was accessble to
epigaaicdly as well as hypogeeicly foraging species, only 45 species demongrably fed on the
oil. The atractiveness of oil for ant species of different genera is discussed. Since oil was not
a generdly dtractive bating substance, we successfully tested sieve buckets baited with tuna
and cookies in a preliminary way. We conclude that sieve buckets represent a quick and easy
method wdl suited to supplement other methods, findly enabling the incluson of hypogeeic
ant speciesinto ground ant diversity studies.

Introduction

Tropicd rain forests ae known for ther exceptiondly high athropod diversty, a large
contribution to which is made by ants. With ther diverse lifestyles, including gardening and
farming habits, and ther often predatory feeding preferences, ants interact in manifold ways
with ther surrounding fauna and flora (eg. Holldobler and Wilson, 1990). Ther high
abundance, combined with the ability to influence the compogtion of arthropod communities
(Petd, 1978; Grant and Moran, 1986; Holldobler and Wilson, 1990), render them an
important factor in tropical ecosystems. Linked to this role, numerous studies were conducted
invedtigating ant divergty and community compostion (e.g. Andersen, 1986; Basu, 1997, Xu
et d., 1999). Ants were found to be abundant in the canopy, the vegetation, as wel as in the
ground leef litter (eg. Verhaagh, 1990; Tobin, 1995; Floren and Linsenmair, 1997; Brihl et
a., 1998; Ito et al., 2001). A vaiety of methods was developed to evauate ant diversty
within a paticular dratum (eg. Winkler litter dfting, canopy fogging, pitfdl trgps, hand
sampling). While most studies concentrated on one method and a single stratum, a few studies
combined different methods to record the overdl ant diversty of an aea (eg. Verhaagh,
1990; Brihl et d., 1998, Masch, 2002). Snce most sampling methods are biased
(Bestlmeyer et d., 2000) different methods should aways be combined to gan a
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representative synopss of a sratum's ant fauna (Delabie et a., 2000). However, due to the
poor accesshility, hypogaeic at diversty was only margindly touched by ground sampling
sudies and was often completely neglected (but see Delabie and Fowler 1990, 1995). The
soil-gructuring  activities and the potentid predation on ground-dwdling ants, termites, and
juvenile arthropods, indicate an important role of hypogaeic ants in tropicd ecosystems. With
these points in view, studies on ground ant diverdty should atempt to include hypogaeic ant
Species.

We gudied the ground ant community recruiting to pam oil bats on Borneo. The oil was
goplied in gpecid bating containers, which dlowed us to observe epigaaicdly as wel as
hypogeeicly foraging speciess We point to differences between the oil-recruiting ant
community and ant communities recorded by other authors within the same area
Furthermore, the suitability of the employed bating containers to supplement ground ant
diversty studiesis discussed.

Materials and methods
Sudy sites

The sudy was conducted in the Kinabau Nationa Park a Poring Hot Springs (Sabah,
Maaysa, Borneo; 6°5' N 116°3 E). Data were collected between March and August 2000
and February and May 2001.

Ants were studied a pam oil bats (see below). Included in this study are 182 baits distributed
onto five plots:

Pot 1 containing 24 batsin primary lowland rainforest (500 m asl.).

Plot 3 containing 30 baitsin old secondary forest (500 m asl.).

Plot 6 containing 12 baitsin primary lowland rainforest (550 m asl.).

Plot 8 containing 36 baits on an old meadow partidly covered with young secondary forest
(500 m asl.).

Pot 14 (Eas Ridge, Mount Kinabau) containing 80 baits digributed onto ten dtitudina
transects between 580 m and 1470 m asll.

For further details on study plot data see Berghoff et d. (2002a).

Baits

To dudy epigaeicdly and hypogaeeicly foraging ant species recruiting to pam oil bats we
gpplied the oil in seve buckets (see dso Berghoff et a., 20029). A Seve bucket (height 15
cm, diameter 12 cm) held one liter of soil and was completdy perforated (holes 05 cm x 1
cm). It was buried into the ground up to its rim and filled with the excavated soil. In this way,
hypogaeicly foraging ants could move fredy from the surrounding soil through the bucket's
holes into the bucket. Epigaeicly foraging species could access the soil indde the bucket
through the bucket's lid, which was dso perforated. As bait we used kitchen pam ail (50 ml),
which was poured onto the soil in the bucket. To prevent quick washing out of the oil and
water accumulation, buckets were sheltered from rain by covering each with a broad |esf.

Ant occurrence a baits was recorded a regular intervals. To check a bait, the bucket was
pulled out from the hole via an atached handle. Ants were collected for later identification
from the bucket's hole remaining in the ground and from the sides of the bucket. Judging from
the point of entry into the bucket's hole, a species foraging was classfied as predominately
hypogaeic or epigaeic or, when both Strata were used, as not stratum specific.

To test whether Seve buckets were suitable to sample hypogaeic ant species which did not
recruit to padm oil, canned tuna and household cookies were used as dternative baiting
subgtances. For these trids, the soil of sx Seve buckets was mixed with cookie crumbs or
canned tuna, respectively. The soil mixtures were then covered with an extra layer of plain
il to render bat access more difficult for epigeeicly foraging species. The bats were
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digributed randomly a the edges of Plots 3 and 8. Bats were checked daly for six
consecutive days.

Ant identifications

Collected species were presarved in 75% ethanol and later identified to the genus leve with
the key of Bolton (1994). The species were compared to the reference collection of the
Universty of Wuirzburg, which contains leaf litter ants collected in Sabah (Poring Hot
Springs: 560 —1530 m, Danum Valey Consarvation Area, Sepilok Forest Reserve, Kebun
Cina Forest Resarve, and Deramakot Forest Reserve) using pitfal tragps and Winkler litter
gfing (Bruhl, 1996; Bruhl et &a. 1998, 1999). Unidentified species were assgned
morphospecies numbers. Voucher specimens were deposited within the reference collections
of the University of Wirzburg, Germany and the Sabah Parks Headquarter, Maaysa

Results

Oveadl, 85 species from 32 genera and seven subfamilies were recorded a seve buckets
baited with padm oil (Tab. 81). Of these, 22 gpecies, i.e. 26 percent, represented
predominately hypogeeicly foraging species (Tab. 8.2). Another 25 species (29%) foraged
hypogeeicly as wel as epigagicly. The comparison to the reference collection showed that 48
percent of the species found at Sieve buckets were new to the collection. Of these new species,
14 (34%) foraged predominately hypogaeicly and eight species (20%) above as well as below
the ground (Tab. 8.2).

Table 8.1. Taxonomic composition of ants recorded at palm oil baits

Subfamily Genera ecies
Species Percentage  Species Percentage
Aenictinae 1 32 2 24
Cerapachyinae 1 32 2 24
Dolichoderinae 2 6.3 4 47
Dorylinae 1 32 2 24
Formicinae 3 94 7 82
Myrmicinae 15 46.9 41 482
Ponerinae 9 28.1 21 318
Sum 32 100.0 85 100.0

Of the species recorded at baits, 53% were demongtrably feeding on the oil (Tab. 8.2). Qil
feeding was not unequivocd for 22 species (26%) due to their rare occurrence and/or low
abundance at bats. The remaining species (21%, Tab. 8.2) used the Seve buckets as nesting
dte (e.g. Camponotus sp. 1, Cerapachys sp. 1, Leptogenys spp., and Srumigenys sp. 1), as
hunting site €.g. Anochetus sp. 1 and Odontomachus spp.), or represented chance encounters
(e.g. Aenictus spp. and Tetramorium spp.). Some species showed mixed drategies of bait
utilization. For example, Odontoponera transversa, O. denticulata, and Odontomachus sp. 1
regularly visted baits and carried away soil pieces soaked with oil. However, when other ant
species recruited in large numbers to the bats, the three ponerine species patidly to
completely switched to preying on co-occurring ants.

Species such as Dorylus (Dichthadia) laevigatus, Pheidole sp. 1, and Pheidologeton affinis
vigted baits over a wide range of plots and atitudes (Tab. 8.2). Other species, i.e. 21 of the 44
species recorded on Plot 14, were found only on one or two neighboring dtitudinal tansects
(Tab. 8.2).
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Table 8.2. Ant diversty recorded at Sieve buckets baited with pam ail.

Stratumt  Oilfeeding Plots Height? [m] Status®
Aenictinae
Aenictussp. 3 E no 14 7 new
Aenictussp. 4 E no 3,14 5911 new
Cerapachyinae
Cerapachyssp. 1 HE no 8 5 12
Cerapachys sp. 2 H yes 8,14 5,6,8 11 2

Dolichoderinae
Loweriellasp. 1 HE yes 3,814 56 new

Technomyrmex sp. 1 E yes 6 5 1,2
Technomyrmex sp. 2 E no 8 5 1
Technomyrmex sp. 4 E yes 8 5 new
Dorylinae

Dorylus laevigatus H yes 1,368 14 5,6,7,8, 10,12 1
Doryluscf vishnui H yes 1,3814 56,9 new
Formicinae

Camponotussp. 1 HE no 8 5 2
Paratrechina sp. 1 HE ? 8 5 new
Paratrechina sp. 2 E ? 8 5 new
Paratrechina sp. 3 E ? 8 5 new
Pseudolasiussp. 1 H ? 14 6 new
Pseudolasius sp. 2 HE ? 8,14 58 new
Pseudolasius sp. 4 H ? 6 5 new
Myrmicinae

Crematogaster sp. 1 E yes 1,814 56,7 new
Lophomyrmex bedoti HE yes 1,36,8 14 5,6,8,10 12
Monomoriumsp. 1 E yes 14 6,7 12
Monomoriumsp. 3 H yes 6 5 new
Myrmecina sp. 1 E yes 13 5 1
Myrmicaria carinata E yes 8 5 1,2
Myrmicaria sp. 2 E ? 14 11 new
Oligomyrmex sp. 1 E ? 14 6 1,2
Oligomyrmex sp. 2 E ? 8,14 56 new
Oligomyrmex sp. 4 E ? 6 5 new
Oligomyrmex sp. 5 HE ? 14 10 new
Oligomyrmex sp. 6 HE ? 14 5 new
Pheidole annexus E yes 1,38 5 1,2
Pheidole aristotelis E ? 6 5 1,2
Pheidole cariniceps HE yes 1,314 56 1,2
Pheidole clypeocornis E yes 6,8 14 56,9 1,2
Pheidole lucioccipitalis E ? 6,14 5,12 12
Pheidole plagiaria HE yes 3,14 5,14 2
Pheidole sabahna E yes 18 5 2
Pheidole spinicornis E yes 13814 57 2
Pheidole sp. 1 HE yes 1,36,814 57,910 1,2
Pheidole sp. 2 E yes 8 5 new
Pheidole sp. 3 E yes 8 5 new
Pheidole sp. 12 E ? 14 11 new
Pheidole sp. 17 HE yes 6 5 1
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Table 8.2 continued

Stratum'  Oilfeeding Plots Height? [m] Status®

Pheidol ogeton affinis HE yes 1,368 14 5-14 12
Pheidol ogeton pygmaeus E yes 1,314 56,8 new
Pheidologeton sp. 1 HE yes 1,38 14 56,7,8, 10 new
Pheidologeton sp. 4 HE yes 8 5 new
Recurvidrissp. 1 E yes 6 5 new
Rhoptromyr mex wroughtonii E yes 6,8 5 2
Solenopsis sp. 1 HE yes 13 5 12
Srumigenys sp. 1 HE no 8 5 new
Tetramorium neshena HE no 1,8 5 1,2
Tetramoriumsp. 1 E ? 3 5 1,2
Tetramoriumsp. 2 H no 8 5 1,2
Tetramoriumsp. 5 E ? 14 6 new
Tetramoriumsp. 6 H ? 6 5 new
Vollenhovia sp. 1 H yes 13814 5911 2
Vollenhovia sp. 2 H ? 14 11 new
Vollenhovia sp. 3 H yes 14 7,9 new
Ponerinae

Anochetus sp. 1 E no 8 5 new
Diacamma intricatum E no 1 5 1,2
Gnamptogenys sp. 1 H ? 8 5 new
Hypoponera sp. 1 H yes 1,8 5 new
Hypoponera sp. 3 HE ? 14 11 1,2
Hypoponera sp. 4 H yes 14 14 new
Hypoponera sp. 7 H yes 14 10 1
Leptogenys mutabilis HE no 1,38 14 56,8 2
Leptogenys sp. 2 H yes 1,36,8 14 59 1,2
Leptogenys sp. 3 E no 3 5 new
Leptogenys sp. 4 E no 6 5 new
Myopone sp. 1 H no 8 5 new
Odontomachus rixosus E no 1 5 1,2
Odontomachus sp. 1 E yes 3 5 1
Odontomachus sp. 3 E no 14 10 new
Odontoponera denticul ata HE yes 8 5 2
Odontoponera transversa HE yes 1,36,8 14 56 1,2
Pachycondyla sharpi H yes 13814 5,8 2
Pachycondyla tridentata E no 3 5 12
Pachycondyla sp. 2 H yes 1,368 14 56,7 12
Pachycondyla sp. 3 HE yes 3,6 5 1
Pachycondyla sp. 4 H yes 1,314 56 new
Pachycondyla sp. 5 E no 6 5 12
Pachycondyla sp. 6 H yes 3,6,814 5,13 new
Pachycondyla sp. 8 H ? 14 11 new
Pachycondyla sp. 9 HE yes 3,14 510,11, 14 1,2
Pachycondyla sp. 11 HE yes 14 9,10,13 14 1

'Stratum of bait access: H = hypogaeic, E = epigaeic, HE = hypogaeic and epigaeic

2Height of research plot: 5 = 500-580m, 6 = 680m, 7 = 790m, 8 = 880m, 9 = 960m, 10 = 1060m, 11 = 1160m, 12
=1280m, 13 = 1400m, 14 = 1470m

3Status: 1 = recorded by Briihl (1996), 2 = recorded by Briihl (2001)

Seve buckets baited with tuna were visted by 12 ant species from nine genera and three
subfamilies (Tab. 8.3). Hypogeeicly foraging species were represented by Dorylus laevigatus,
Pachycondyla spp. 4 and 5, and Probolomyrmex sp. 1. Except for D. laevigatus and Pheidole
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. 1, which were found on the third day of bait control, al species could be collected during
the first two days of the experiment. Beginning on the second day, species diversty decreased
as Pheidologeton affinis dominated an increasing number of baits. Contrary to its long stays at
oil-baited seve buckets, D. laevigatus vidted tuna bats for less than 24 hours. Tuna baits
began to mould aready on the second day of the experiment.

Sieve buckets baited with cookies were vidted by 12 species from eight genera (Tab. 8.3).
Hypogaeicly foraging species were represented by Dorylus laevigatus and Pachycondyla sp.
4. Most baits, i.e. five from sx, were dominated by Pheidologeton affinis aready on the first
day, limiting the bait access of other species through its high numbers and aggressveness. On
the third day of bait control most cookie crumbs were consumed and gpart from a few sngle
individuals the baits were deserted. Of the species recorded at Seve buckets baited with tuna
or cookies, five species were never recorded a pam oil baits and four species were new to the
reference collection (Tab. 8.3).

Table 8.3. Ant species found at Seve buckets baited with tuna or cookie crumbs

Stratunt Bait At oil baits Status®
Dorylinae
Dorylus laevigatus H Tuna, Cookie yes 1
Myrmicinae
Lophomyrmex bedoti HE Tuna, Cookie yes 12
Mayriellasp. 1 E Cookie no 12
Myrmecina sp. 2 E Tuna no new
Oligomyrmex sp. 1 E Cookie yes 1,2
Oligomyrmex sp. 7 HE Cookie no 1,2
Pheidole clypeocornis E Tuna, Cookie yes 1,2
Pheidole poringensis E Cookie no 2
Pheidole sp. 1 HE Tuna, Cookie yes 12
Pheidol ogeton affinis HE Tuna, Cookie yes 12
Pheidol ogeton pygmaeus E Tuna yes new
Ponerinae
Hypoponera sp. 1 H Tuna yes new
Odontoponera denticulata HE Tuna, Cookie yes 2
Odontoponera transversa HE Tuna, Cookie yes 12
Pachycondyla sp. 2 H Tuna, Cookie yes 12
Probolomyrmex sp. 1 H Tuna no new

For abbreviations refer to the legend of Table 8.2.
Discussion

The ground ant abundance was recorded in Poring Hot Springs by Bruhl (283 species, 1996),
Malsch (250 species, 2002), and Mohamed et a. (95 species, 1996) (only ground-foraging
species ae included in the following cdculations). These authors used different sampling
methods. Mohamed et d. collected ant species using pitfal traps and hand collection a 500 m
asl.; Brihl and Mdsch collected ants dong the East Ridge dtitudind transect, Masch by
employing Winkler litter gfting, bating, and nest collections, Brihl by usng Winkler litter
gfting and pitfdl traps. Winkler gfting efficently samples litter ant species and dso collects
cryptic species (Olson, 1991). Ritfdl trgps, dthough having a lower species yied, collect
larger epigedicly active species often undersampled in Winkler dfting (Olson, 1991). The
above authors combined different sampling methods, generating a generd overview of
occurring ground ant species a Poring Hot Springs. Representing a rather sdective sampling
method, the number of species recorded at seve buckets was with 85 species lower than the
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diversity recorded by the above authors. Although the oil baits were accessble aso for most
epigaeicly foraging species found in other studies, only few species (i.e. 53% of recorded
species, Tab. 8.2) seemed to be able to feed on pdm oil. Of common ground foraging ant
genera (Brihl, 1996; Mohamed et a., 1996; Masch, 2002), Polyrhachis and Smithistruma
were never found a an oil bat, while other genera (eg. Camponotus, Crematogaster,
Myrmecina, and Strumigenys) were gpparently undersampled (Tab. 8.2). Although some ant
species recruiting with single foragers to the oil could have been missed by the employed
method, other authors found (peanut) oil to be of low datractiveness as wel (Brinkman e d.,
2001). For a few gpecies, on the other hand, pdm oil was highly attractive; eg. Dorylus
laevigatus recruited over several weeks and in large numbers to the baits (Berghoff et d.,
20024). These ants could be found dso below oil pam seeds fdlen to the ground (Berghoff et
a., 200239). Fruits, seeds, and daiosomes of a variety of plant species (Strasburger et d.,
1991; Jordano, 2000) as well as many artthropod larvee (e.g. Inaoka et a., 1999; Finke, 2002)
are rich in lipids, representing naturd sources of ail for ants. Oil-feeding has been reported
dso for other Dorylus species (Savage, 1849; Weissflog et al., 2000), and D. orientalis
represents a serious crop pest of peanuts (e.g. Roonwal, 1972).

Genera represented by mainly hypogeeicly foraging species, i.e. Cerapachys, Dorylus,
Hypoponera, Pachycondyla, Pseudolasius, and Vollenhovia, represented 28 percent of al
collected species in this study (Tab. 8.2), but only 17 percent in Brihl (1996), 15 percent in
Malsch (2002), and 5 percent in Mohamed (1996). In addition to these differences in species
richness, the abundance of some hypogaeic species seemed to be underestimated by other
sampling methods as wdl. For example, Dorylus laevigatus was recorded only once in the
studies of Bruhl (at 800 m, 1996) and Malsch (at 580 — 620 m, 2002), and never by Mohamed
(1996). The use of oil-baited seve buckets, however, showed D. laevigatus to be very
common and abundant in al study plots and to occur up to an dtitude of 1280 m (Tab. 8.2).
Likewise, two common hypogeeic species in this sudy, Pachycondyla sp. 2 and Hypoponera
. 1, were only once or twice recorded by Brihl (1996) and Malsch (2002), respectively.

Since our results indicated oil to be a substance attractive not to al ant species, we tested
deve buckets baited with other generally accepted baiting substances in a prdiminary study.
Despite the low bait number and short time of exposure, four predominady hypogeecly
foraging species could be collected (Tab. 8.3). Of these, Probolomyrmex was never recorded
a all bats In Poring, Probolomyrmex was collected only once by Masch (2002) and never
by Brihl (1996) or Mohamed (1996). Species of this genus are believed to be rare and to
occur in smdl numbers (Taylor, 1965). However, Probolomyrmex sp. 1 recruited after 24
hours with more than 100 ants to a tuna bait, indicating that a least this species might be
underestimated in its frequency of occurrence and abundance due to its hypogeeic lifestyle.
The other three hypogaeic species, i.e. D. laevigatus, Hypoponera sp. 1, and Pachycondyla sp.
2, were dso rare or absent in Winkler litter sfting and pitfall traps (see above).

Sieve buckets proved to be effective in sampling hypogaeic ant species, many of which hed
previoudy not been collected, despite extensve sampling (Tab. 8.2). Our results indicate that
tuna in ol should be an atractive and suitable bating substance (see dso Brinkman et 4.,
2001). Snce tuna and cookies were a) quickly depleted or partialy began to mold aready on
the second day of exposure and b) most species were collected during the first two days of
bat control, we suggest an application time of 24 hours. In this way, Seve buckets represent a
quick and easy method to sample hypogeeic ant species. We suggest the combination of
Winkler litter gfting, pitfal trgps, and Seve buckets for future studies to dtain an inclusve
view of ground ant diverdties How much 4ill remans to be discovered in the soil is
indicated by the recent unearthing of a new hypogaeic ant subfamily (Brandao et a., 2002).
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Chapter 9

Myrmecophilous Staphylinidae (Coleopter a)
associated with Dorylus (Dichthadia) laevigatus (Hymenoptera:Formicidae) in Malaysa
with studies of their behavior

Summary

Three new genera are described here Berghoffia (type species, B. spectabilis new p.);
Pseudolydorus (type species, Pseudolydorus linsenmaieri new s.); and Pygoplanus (type species
P. subterraneus new sp.) Berghoffia represents the firs record of the tribe Doryloggtrini outside
of Africa The three new species above are dl associaed with Dorylus (Dichthadia) laevigatus in
Perak, Mdaysa as are other new species here lided. These are Doryloxenus coecus new ..
Zyras (Rhychodonia) praedabunda new sp. and Trachydonia dichthadiaphila new sp.
Micropolemon subahensis new sp. was collected from padm ail bats in Poring Hot Springs
Sbah aswodaed with the same antgpecies. Additiondly both Doryloxenus groveri and
Micropolemon malayensis were collected associated with the same host. These species had been
previoudy described from specimens associated with termites mogt likely left behind after raids
of the ants had subsded. A revised phylogeny of the Pygogtenini is presented which incorporates
the 2 new pygostenine genera The behavior of most of the gpecies is described. The range of
behavior is from predation [Zyras (Rhynchodonia),and Trachydonia) to cose associaion (dl of
the Pygogenini). Within the Pygogtenini, the limuloid genera (Doryoxenus, Pseudolydorus, &
Pygosplanus) seem to be more cdosdy integrated into the ant colony then the more dongae
species (Micropolemon). The progenitors of al the Pygodenini is in Africa where the more
primitive genera ae found with the more epigeen Species of doryline ants The subgenus
Zyras(Rhynchodonia) is presently known only from the Indomaayan zoogeogrgphic region, but
gnce the mgority of the known species of Zyras (s. lat.) are from Africa it is likdy thet the
ancedrd link will ultimetdy be with some of the larger bodied African Zyras. Trachydonia hes
far more gpedies in Africa than in the Orient s0 the few species in Mdaysa and Indonesa may be
the result of invasion &fter the move of the Indian subcontinent onto the ret of Asa

Introduction

The purpose of this paper is to report on the myrmecophiles captured by Stefanie Berghoff in
Maaysa Beetles were collected around pdm oil baits (see Weisslog et d., 2000) to which were
attracted Dorylus (Dichthadia) laevigatus (Smith). Beetles were dso collected from an excavated
nes of this amy ant usng a technique devised by Berghoff (2002b). The taxonomy was done by
Kigner. The capture of the specimens and the description of their behavior and interactions of the
ants was done by Berghoff.

Materials and methods

The hypogeeic movements of D. laevigatus were monitored within an ol pdm plantation via
buckets baited with padm oil (Berghoff et d., 2002a). Obsarvations were made between February
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and April 2001 near Stiawan, Perak, West Mdayda (peninsula Mdaysa). Combining bait
obsarvations with traill excavetions, the nest could be located (Berghoff et d., 20028). The nest
was excavaed with an excavaior and the colony kept in a soil-filled container. The collected nest
fraction contained approximatdy 120,000 workers and 80,000 brood. Beetles were observed
during colony emigrations through transparent plagtic tubes to new contaners. After severd days
of observetion, the remainder of the colony was killed and beetles were sparated from the ants
and brood. The beetles found are closdy associated to D. (D.) laevigatus, living in or very dose
to the net and following emigrations. Other obsarvations were made of beetles atracted to ail
bats with D. (D.) laevigatus a Poring Hot Springs, Sabah, East Mdaysa (on the idand of
Borneo).

Specimens were sudied in ethyl dcohal, dried and mounted on glue boards, or deared in KOH,
dissected, and mounted on dides in Hoye's medium. Specimens (both whole mounts and
disscted parts) were photographed either with a digita camera permanently built into a binocular
or trangmitted light microscope or photographed on film using a Nikon F camera and a light box.
Measurements were made on the dectronic microscopes. Morphologicd terminology follows thet
of Blackwelder (1936) except for the mae genitdiawhich follows Sharp (1912).

Tribe Lomechusni
Subtribe Myrmedoniina

Zyras (Rhynchodonia) praedabunda Kistner New Species

Figs 9.1-9.3

Most closly rdaed to Z. (R) soror Cameron and Z. (R) persimilis Cameron through the generd
body shape and color but different from both of these in that the projections from the sdes of
abdomind 11l tergites are as long as segment IV wheress the projections come from tergite 1V
and are dightly shorter that segment V in Z. soror and much shorter in Z. persimilis. Still other
species have projections from both segments 11l & V. Both soror and persmilis have impressed
midines on thar pronotums while praedabunda does not. The sculpture of abdomind ssgment
VIl isdso different.

Oveadl gppearance of the mae and the femde as in Figs. 9.1A & B. Color dark reddish brown
throughout with the head dightly darker than the res of the body. Dorsd surface of the entire
body smooth and shiny with very few setee scatered irregularly over the surface: There are dso
vay few fine puncures. Antennee dightly flattened. Pronotum without an impressed midline
Pronotum with 1 macrochaeta from eech anterolateral corner. Abdomen with only the smdles
and thinnest of setee scatered over the tergites and dernites - virtudly invisble Abdomind
tergite 11l of maes with long podteriorly directed projections from eech laterd border which are
as long as ssgment 1V. Thexe projections are lacking in femdes. Tergite 1V without laterd
projections in both mdes and femdes Abdomind tergite VII of mde (Fg. 9.2B) with a
podteriorly directed point near the posterior border and scaloped teeth on the posterior border.
Abdomind tergite VII of femde (Fg. 9.2A)without such a point and without the scaloped
poderior border. All abdomind tergites with 4 macrochagtae; sernites with 6 meacrochaetae,
Note the wel developed defense gland candicules on each ssgment VII which terminate near the
anterior border around the defense glandport. While both the mde and the femde have
pogeriorly directed teeth on tergite VIII (Figs. 9.2E & C), these are more numerous and better
developed in the femde than in the mde Each has 6 macrochaetae, The femde has more definite
coruscations on the poderior haf of tergite VIII (Fg. 9.2C). Sernite VIII (Figs. 9.2D & F) are
nearly identical in maes and femdes and are without teeth but with 6 macrochaetee. Tergites 1I-
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VI without macrochaetae. Abdomina ssgment IX of mae and femde sheped as in Fgs 9.3A-B;
mae with longer gpodemes. Median lobe of the mae genitdia shgped as in Fg. 9.3C. Laterd
lobe shaped as in Fig. 9.3D.Spermatheca shaped asin Fig. 9.3E.

Figure 91 Zyras (Rhynchodonia)
praedabunda. A: Dorsolaterd view of
mae, B: Dorsdl view of femde

Measurements (in mm): (range only) Head length, 0.98-1.03; head width, 1.22-1.34; pronotum
length, 1.43-1.66; pronotum width, 1.41-157; dytra length, 1.16-1.54. Number measured, 2. The
femde has the shortest measurementsin the above lig.

Holotype: Mde, No. 20857, East Mdaysa, Sabah, Poring Hot Springs, June 2000, Call. Stefanie
Berghoff, from an ol bat with D. (Dichthadia) laevigatus No. 1. In the collection of D.H.
Kigtner to be eventudly deposited in the Fiedd Museum of Naturd History, Chicago.

Paratype: Femae, No. 20672, same data as the holotype, (D.K.)

Notes Both of the above specimens are partly on dides. The species name refers to the habits of
the gpecies as a predator.

Biology: This beetle was observed manly a night on the soil surrounding baits heavily occupied
by D. laevigatus. Here, severd Z.praedabunda were digributed evenly around bats. The beetles
dated back and forth, gpproaching D. laevigatus trals and trying to gragp ants from behind.
Succeeding in caching an ant, Z. praedabunda dragged the ant between its legs to a hiding place
inthe litter. If not disturbed, the beetle regppeared after 5- 15 minutes to continue hunting.
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Figure 9.2. Zyras (Rhyncho
donia) praedabunda.

A: Femde abdomind segment
VII,

B: Mde adomind sggment VII,
C. Femde abdomind tergite VIII,
D: Femde abdomind dernite
VIII,

E: Mde &domind tegite VIII,
F: Mde abdomind gernite VIII

To further andyze the hunting behavior, 6 Z. praedabunda were kept in the laboratory. Beetles
were confronted with D. laevigatus workers of different Szes in a Peri dish. Behaviors were
observed with a stereo binocular microscope. Immediately after the first contact, Z. praedabunda
darted to atack an ant. This was done by darting back and forth and quickly noving its antennae
over the ant's body. When Z. praedabunda had assumed a pogtion behind the ant, it sood over
the ant and grabbed it behind its head. The beetle moved its own head in a cutting movement and
opened the ant's ditrunk between the pronotum and propleuron. The ants offered no vishble
resgance. Smal D. laevigatus were quickly killed and left after a few minutes in 1 piece (n = 9),
while medium ants were patidly dismembered in 9 of 11 cases It took Z. praedabunda
consderably longer to kill large D. laevigatus which maiched it in d9ze (n = 7). Such ants were
atacked severd times which often left them injured but not motionless Between aitacks Z.
praedabunda repetedly touched the injured ant with the tip of ig dbddomen. Findly. Z
praedabunda opened the ants body at the ditrunk or gagter, imbibing the liquids.

When additiond D. laevigatus were in the Petri dish and came in contact with Z. praedabunda
while it fed on an ant, the beele immediatdy erected its abdomen. This effectively repdled the
gpproaching ants.

In a smilar experiment, Z. praedabunda was confronted with Pheidologeton affinis workers.
Both the ants and beetles avoided each other and al were dive when the experiment ended after
2 hours.
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Figure 9.3. Zyras (Rhynchodonia) praedabunda. A: Mde adomind ssgment 1X, B: Femde
abdominad ssgment IX, C: Median lobe of mae genitdia D: Laterd lobe of the mde genitdia, E:
Spermatheca

Genus Trachydonia Bernhauer

Most species of Trachydonia have been captued a light or by various other sampling techniques
which concentrate insects indiscriminately. The virtue of dl these techniques is that the presence
of a gpedies in a given aea can be recorded. The downsde is that nothing is known of the
biology or ecology of the resulting recorded insects. Among the unknown biologies is that of the
generitype of Trachydonia, T. oxyteloides Bernhauer. So far as we can tdl, the first species of the
genus recorded with ants was T. anommatis Last (1977) (Fig. 9.4A) who described the species
from specimens collected by PH. Kohl in the Congo with Dorylus (Anomma) wilverthi Emery
(ds0 known from Eda). We have collected smilar species of the same genus in Angola, Ivory
Coad, and Zambia with doryline ants but this will k& explicated in a future paper. The second
species recorded with ants (Fig. 9.4D) was T. aenictophila Kigner (Kisner et d., 1997) from
Maaysa, Negeri Sembilan, with Aenictus . There are no further records with ants even though
by our count 100 species have been described and there are probably more. Our purpose here is
to record another species with ants. There are far fewer species described from the Orient so that
determinations are much easer to do than Imilar determinations for African soedies.
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Figure9.4.

A: Trachydonia anommatis,

B,C: T. rufoflavus Cameron, the
pronotum (B) is that of a femde (the
type) while the whole specimen is a
male from Java,

D: T. aenictophila

Figure 9.5. Trachydonia dichthadiaphila.

A: Mde

B: Femde Pat of the different appearances of
the pronotum is caused by dightly different
angles under the microscope.
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Trachydonia dichthadiaphila Kistner New Species
Figs. 9.59.8

Mog cosdy rdated to T. aenictophila and to T. rufoflavus Cameron (Fig. 9.4B,C) through the
shapes of the head, pronotum, and dytra but didinguished there from by the somewhat different
proportions of the antennd segments, a somewhat longer mesosternum and the shepe of the
spermatheca. Abdominal segment 1X has a vediture of setae which is less dense then in T.
aenictophila. Mdes of T. aenictophila are unknown but when they are described, it is expected
that the male genitdiawill show differences.

Figure 9.6. Trachydonia dichthadiaphila
A. Head cgpaule, ventrd,

B: Maxilla,

C: Labrum;

D: Antenna,

EF Let ad rigt  mandibles
respectively,

G: Mentum and labium

Ovedl gopearance dender (Figs. 9.5A, B) amilar to T. aenictophila (Fig. 94D and T. rufoflavus
Cameron (Figs 94B,C). Color reddish brown throughout with the head and the gpex of the
abdomen somewhat darker. Sculpture of the dorsd surface of the head and abdomen smooth and
shiny; of the pronotum and dytra roughly punctate The ventrd surface of the body and to a
lesser extent the dorsal surface of the abdomen with a even vedtiture of fine sparse yelow setae.
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Figure 9.7. Trachydonia dichthadia-
phila.

A: Pronotum and prosternum,

B: Elytron,

C. Meanotum and abdomind segment |,
D: Meso- and metasternum,

EF & G: Pro-, meo-, and metathoracic
legs respectively,

H: Scutdlum (mesonotum)

Figure 9.8 Trachydonia dichthadia-
hila.

R: Abdomind ssgments [I-VIII, femde,
B: Enlagement of abdomind ssgment
VIl to show the 2 dasses of candiculaes
present to accommodate the defense
glands,

C. Abdomind segment IX of femde,
DE Laed and median lobes of the
male genitdia,

F. Spermatheca
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Macrocheetotaxy of abdomind tergites 11-VIII: 04,4,4,664/8. All genites with many vey
gndl, thin sstae but no macrocheetae. Abdomind segment VIII of both mdes and femdes
notched in the middle of the dorsa-poderior border (Fig. 9.8E). The notch is wider in maes than
in femades. Abdomind ssgment IX of femdes shgped as in Fig. 9.8C; mdes with long gpodemes
a the anterior edges, cheetotaxy as shown in the Fig. 9.8C. Spermatheca shaped as in Fig. 9.8F,
without an eaborate coil. Median and laterd lobes of the mde genitdia shaped as in Figs 9.8E,
& D respectively.

Measurements (in mm, given as range, mean, and dandard deviation); Head length, 0.48-0.99,
0.68, 0.20; head width, 0.57-1.01, 0.75,0.19; pronotum length, 0.57-0.91, 0.70, 0.14; pronctum
width, 0.71-1.02, 0.86, 0.12; dytralength, 0.59-0.86, 0.76, 0.11. Number measured, 5.

Holotype: mde, No. 20861, East Mdaysa, Sabah, Poring Hot Springs, June 2000, Coll. Stefanie
Berghoff, from an ol bat with D. (Dichthadia) laevigatus No. 1. In the codllection of D.H.
Kistner to be eventudly deposited in the Field Museum of Naturd History, Chicago.

Paratypes: 6, including 4 on dides, same data asthe holotype, (D.K.)

Notes. The specific name is derived from the subgeneric name of the ant host and the phila comes
from the Gresk word meening likes thus likes Dichthadia. One other specimen of a different
ubgenus of Zyras was contained in the sample with the Trachydonia but it is represented by a
angle pecimen and it will be sudied laer.

Bidogy: Trachydonia dichthadiaphila were observed & oil bats occupied by large numbers of
D. laevigatus. Here, the beetle preyed on D. laevigatus by taking an ant behind the head and
carying it into the leaf litter. Bedtles were observed in primary and secondary vegetation by day
or night. At night, the T. dichthadiaphila were obsarved to fly to baits with large numbers of D.
laevigatus.

Relationships among the Myrmedoniina

A phylogeny of the Myrmedoniina has never been atempted primaily because of the vast
number of genera and the genus Zyras with its enormous number of subgenera some of which
were ds0 described as genera by vaious authors. What is needed is a revison of the genera and
ubgenera of the subtribe and then a phylogenetic sudy could be attempted. Of the 2 species
congdered here, the following commentsare probably appropriate.

Zyras (Rhychodonia) is only represented in the Orientd zoogeographic region. While our
cadogs are probably incomplete, we show 19 species in the Indian subcontinent, 2 (now 3) in
Mdaysa, 1 in Formosa, 4 in Indonesa and 1 in China From the earliest descriptions, they have
been associated with predation, modly of termites, while our record is most likdy the firg
showing predaion on ants There are many subgenera in Africa with large bodies and with
protrusons from various ssgments of the body which might serve as ancestrd species. These
abdomind protrusons are the source of probably many synonyms as Tottenham (1955) showed
tha within a given gpedes there is conddarable vaidion in the mae seconday sexud
characters. Because the mgority of the species of Zyras are found in Africa, it is likdy that
Rhychodonia will ultimetely be shown to have an African progenitor.

Trachydonia is a genus of over 100 species, mog of them found in Africa 0 it is likdy that the
few Trachydonia in the Oriental faund region have their origin in Africa

In generd, dthough the origins are not as dear as in the following tribes there is a drong
possihility thet the Myrmedonnina dedt within this pgper hed their origins in the Ethiopian faund
region.
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Tribe Dorylogastrini Wasmann

Tribe Dorylogedrinik Wasmann 1916: 103, Type genus, Dorylogaster Wasmann; Seevers 1965:
187, conddered the tribe pat of the Dorylomimus group of the tribe Dorylomimini; Newton &
Thayer 1992. 53, coradered the tribe a synonym of Mimanommatini; Kistner 1993 296, revisd
the satus of the tribe and provided a new description.

The tribe as condituted by Kisner (loc. cit) consgted of the sngle African genus Dorylogaster
with its 12 species The defining characterisics were 2 codoconic sendlla on the termind
sgment of the antennae; tard condlituted of 1 ssgment; absence of tarsal daws didinctive
Saulate stae on the tard; asymmericd mandibles near lyovd ldorums petiolate abdomen
mede up of abdomind segment [l and the anterior part of abdominad segment 11l; and haves of
abdomind segment | are separated by an extengon of the metanotum.

The mdes of dl the species of the genus Dorylogaster have a median send gland reservoir
uder abdomind gernite VII which is lacking in femdes The genus described bdow agrees in
dl the characters aove except for the mae sernd gland reservoir which it lacks. The termind
segment does contain coeloconic sendlla but they are smdler and more difficult to see. The new
genus represents the firg Dorylogadtrini known from the Orient and one of the most unique
myrmecophiles we have ever seen and certainly the most highly modified of the Dorylogastrini.

KEY TO GENERA

Eyes present; fully furctional wings present; abdomen not physogastric, sclerotized .....................
...................................................................................................................................... Dorylogaster
Eyes absent; wings not present; abdomen physogastric, weakly sclerotized .............. Berghoffia

For akey to the species of Dorylogaster, see Kistner 1993, p. 301.

Genus Berghoffia Kistner New Genus

Overdl agppearance as in Fg. 9.9A (see ds0 front cover, upper right). Head shaped as in Fig.
99D; gula extremdy chort, atached to a large submentum, remainder of the so-cdled gular
sutures formed by the joined edges of the posigenae. Eyes absent. Antennae shaped as in FHg.
99B, with 2 codoconic sendlla on the termind ssgment, which are amdl and difficult to see
Labrum with the anterior border rounded, shgped as in Fg. 9.9C. Mandibles asymmetricd,
shaped as in Figs. 9.9E & F, both with many smdl median teeth. Maxillae shaped as in FHg. 9.9G,
papi 4-ssgmented. Segment 1 very short, segments 2 and 3 about equd in length. Segment 4
about 3X as long as ssgment 1, tgpering goicdly. Gadea much shorter than the ladinia neither
with foleose termind setae. Labium shgped as in Fig. 9.9H, pdpi 3segmented. Segment 2 shorter
than segment 1; ssgment 3 about equd in length to 1.Submentumdidtinct from the mentum.

Pronotum shaped as in Figs. 9.9A & 9.11F. Prosternum shaped as ad jud visble in Fg. 9.9F,
mesothoracic peritremes loose, not fused to the prosernum. Large coxd cavities not closed
behind, except loosdy by the mesothoracic peritremes. Mesonotum (scutelum) narrow, shaped
asin Dorylogaster. Metanotum shaped as in Dorylogaster with an extenson that separates the 2
halves of abdomind tergite I. Meo- and metasernum extrendy shortened, shaped as in
Dorylogaster, mesocoxd cavities widedly separated by an acarinate mesothoracic  process,
metathoracic coxd cavities also widely separated. Elytra shaped as in Fig. 9.11B. Pro-, meso-,
and metathoracic legs shgped as in Figs. 9.10B-D,dl with a bulbous and toothed pat on the
proxima end of the tibias Tarsd formula :1-1, whether this condition results from a fuson of
the evolutionarily preexising ssgments or to ther loss cannot be determined. Pretarsus absent.
Tad with many foleose setee different from the form of amilar stae found in other tribes of the
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Aleocharinae (see Kistner and Jacobson, 1977 for a complete SEM study of these kinds of setae).
Wings absent.

Figure 9.9. Berghoffia spectabilis.

A: Dorsd agopearance of the entire
bestle,

B: Antenna,

C: Labrum,

D: Head capsule,

E: Right mandible,

F. Left mandible,

G: Maxilla,

H: Labium

Abdomen with the tergites and gernites srongly convex, sheped as in FHg. 9.11A. Abdomen
drongly condricted a the base with the condriction involving abdomind segment [l and the
goicd hdf of adomind ssgment 1l (Fg. 9.10A). All segments with no paratergites, the lines of
fuson are not visble on deared specimens s0 no interpretation is made here as to whether the
pats are fused to the tergites and/lor the dernites. Segment VII with the median opening of the
defense gland on its anterior border; the actua reservoir was not found on dissected specimens.
This reservoir is patidly sderatized and it has a somewhat different shgpe in mdes (Fig. 9.11E)
that in femdes (Fg. 910F) and srongly resembles Smilar reservoirs in Dorylogaster. Sternite
VIl without an additiond gland reservoir in maes. Segment IX shgped as in Fg. 9.11C; with
longer gpodemes in maes then in femades Maegenitdia bulbous, presumed variable by pecies.
Spermatheca scleratized, shape presumed variable by species.

Type soecies. Berghoffia spectabilis Kistner, described below.
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Berghoffia spectabilisKistner New Species

Figs. 9.9-9.11, front cover, upper right

The genus is presently monobasic s0 characters isolaed as species specific are based on
experience with other species found in other genera, particularly Dorylogaster.

Figure 9.10.Berghoffia spectabilis

A: Abdomind tergitelll,

B: Prothoracic leg,

C: Mesothoracic leg,

D: Meahoracic leg,

E: Spermatheca,

F. Defene gland on tegite VII (femde),
G: Structure of typicd tarsus

Color yelowish brown throughout; anterior borders of the abdomind tergites and dernites dark
brown. Ground sculpture of the entire body shagreened. Dorsd surface of the head, pronotum,
and dytra addition-dly punctate with fine ydlow s#tae emerging from the punctures. Pronotum
with a midline longitudind impresson extending aout 0.75 mm dong the median podteior haf
of the pronotum. Antennae long, reeching somewhat past the poderior border of the dytra
Sggments 811 of the antennae (Fg. 9.9B) forming a large goindle shaped dub, the maximum
width of which is 3X the width of ssgment 5. All femora enlarged a the apex and bearing hooks,
a little more than 35X as wide as & the narowest pat of ssggment 6. Tibia not noticegbly
enlarged a the gpex. Spermatheca sheped as in Fg. 9.10E. Median and laterd Iobes of the mde
genitdiashaped asin Figs 9.11G & D.

Measurements (in mm): Head length, 0.28-0.31; head width, 0.34-0.39; pronotum length, 0.34-
0.36; pronotum width, 0.35-0.40; eytralength, 0.22-0.25. Number measured, 4.

Holotype: mae, No. 20853, Mdaysa, Parak, near Stiawan, March2001, Coll. Stefanie Berghoff
from a nesx of Dorylus (Dichthadia) laevigatus Smith. In the collection of D.H. Kisiner to be
deposited eventudly in the Fiedld Museum of Naturd History, Chicago.

Paratypes: 3 (2 on dides), same data as the holotype, (D.K.)
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Figure 9.11. Berghoffia spectabilis.

A: Abdomind ssgmentslil-VIII,

B: Elytron,

C: Abdomind segment IX,

o D: Laerd lobe of the mae genitdia,

E: Defene gland on tergite VII (mde),
F. Pronotum and prosternum,

G: Median lobe of the mae genitdia

Notes: The genus is named for its collector while the species name is for its spectacular
appearance.

Bidogy: After D. laevigatus had completed 2 emigrations in the laboratory, eight B. spectabilis
were collected with the remaining colony fraction.

Reationships among the Dorylogastrini

The Dorylogadrini is an extremdy specidized tribe which was formerly known only by its type
genus, Dorylogaster Wasmann. There can be little doubt thet Berghoffia is the most spedidized
of the 2 genera now included. All of the known Dorylogaster are found in Africa 0 it is highly
likdy that Berghoffia, the deived genus had African origins The rdaionship of the
Dorylogadtrini to other Staphylinidae is obscure.

Tribe Pygostenini Fauvel

A complete bibliography of the Pygodenini is given by Kisner and Jacobson (1975, p. 337).
Some subsequent references are given by Kigner e d. (1997). The Pygodenini are primarily an
African group associated with Dorylus (Anomma) sp. and other subgenera of Dorylus as well as
Aenictus $. and fungus growing termites. The following species are known from the Orient.
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Aenictoxenus chapmani Seevers, 1953. 127, Philippines, with Aenictus gracilis, Kisner and
Jacobson, 1975: 23; Jacobson and Kistner, 1975: 200.

Aenictoxenus giganteus Kisner (Kistner et d., 1997: 199, Figs. 57, 58e, & 61€) Mdaysa with

Aenictus hottae.

Aenictoxenus malaysianus Kistner (Kigtner et d., 1997: 202, Figs 59af,g, & 60a) Mdaysa with

Aenictus &f. gracilis, probably new.

Aenictoxenus rosciszewskii Kistner (Kistner et d., 1997 202, Figs58f, 60b, 61b,dh,i, & j)
Mdaysawith Aenictus laeviceps.

Aenictoxenus weissflogi Kistner (Kisther et d., 1997: 205, Figs. 58b,d,g, 59b-¢, 61af,g) Mdaysa
with Aenictus n.sp.

Cephaplakoxena rougemonti Pace, 1998: 961, Figs. 197-208, Hong Kong, no hod. This is most
likdy not a pygodtenine but the dngle specimen known has not been examined. It is mog
probably a myrmecophile however.

Delibius longicornis Fauve, 1899, Singgpore, no host

Deliodes duplex Fauve, 1899, Sumatra, no host

Deliodes hongkongenis (Pace) transfer from Odontoxenus hongkongensis Pace, 1998: 956, Figs.
195-196, Hong Kong, no hog, new transfer

Deliodes reds (Pace) trander from Odontoxenus reds Pace, 1999:682, Figs. 65-66, Hong
Kong, no hog, new transfer

Deliodes rougemonti (Pace) trandfer from Odontoxenus rougemonti Pace, 1998: 956, Figs. 191-

194, Hong Kong, no hogt, new transfer

Doryloxenus groveri Kistner and Jacobson, 1975, Mdaysawith termites

Doryloxenus hongkongensis Pace, 1998: 956, Figs. 185-188, Hong Kong, no host.

Doryloxenus rougemonti Pace, 1998: 956, Figs. 189-190, Hong Kong, no host

Mesomegaskela ades Pace, 1998: 953, Figs. 176-184, Hong Kong, no host. This species
probably belongs to the genus Mimocete but the unique specimen that is the holotype has not

been examined.

Micropolemon malayensisKistner and Jacobson, 1975, Madaysawith termites.

Odontoxenus sp. many species are known from termites, mosly Odontotermes. All are from the
Orienta Region.

Typhloponemys khandal ae Kistner, 1958: 84 from Indiawith Odontoter mes obesus.

Xenidus retractus Rey, 1886: 254 from Sumatra, no host.

No pygosenines associated with Dorylus (Dichthadia) sp. were previoudy known from
anywhere except for 2 species which were collected adventitioudy from other niches.

Genus Doryloxenus Wasmann

Doryloxenusgroveri Kisther and Jacobson

Figs 9.12-9.15

Doryloxenus groveri Kistner and Jacobson, 1975: 192, Mdaysa

Sdangor, Sungal Buloh Forest Resarve, 11 July 1973; Ulu Gombak, 7 July 1973; Pahang, Taman
Negara, 1 km NE of Kampsong Tehan, 21 June 1973.

The following augmented description is given because the number of specimens has been greetly
increased and to provide a comparison to the blind species to be described later. In the origind
description, the closest relative was given as D. hirsutus Wasmann, an African species found with
a vaiety of species of Dorylus (Anomma). On further sudy, it is even closer to Doryloxenus
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punicus Normand which is found with a more subterranean ant, D. (Typhlopone) fulvus
Westwood.

Figure 9.12 Doryloxenus groveri.

A: Dorsal gppearance of the entire beetle,
B: Spermatheca,

C: Median |obe of the mae genitdia,

D: Laed lobe of the mde genitdia

Ovedl gopearance as in Fig. 9.12A. Head shgped as in Fig. 9.13A; gula about hdf the length of
the head, atached to a large and eongate mentum. Eyes present. Antennae shaped as in Fg.
9.13C, without codoconic sensila on the termind segment. Labrum with the anterior border
bisnuate, shgped as in Fg. 9.13G. Mandibles symmetricd, shagped as in Fg. 913B , both with
vay few smdl median teeth. Maxillae sheped as in Fg. 9.13l, pdp 4-ssgmented. Segment 1
veay short, segment 2 about2X the length of the fird and 3 dmog 3X the length of segment 2.
Segment 4 about equd in length to segments 1 and 2 together, tapering gpicdly. Gaea much
shorter than the lacinia; both with foleose termind setae. Labium shgped as in Fg. 9.13D, pdpi
3-segmented. Segment 2 shorter than segment 1; segment 3 about equd in length to 2
Submentum (Fig. 9.13A) diginct from the mentum. Mentum large and anteriorly, shaped as in
Fig. 9.13D.

Pronotum vaulted sheped as in Figs. 912A & 9.13F. Progernum shaped as in Fig. 9.13E,
mesothoracic peritremes loose and weskly sderotized, not fused to the prosternum. Large coxd
cavities dosad behind, except loosdy by the mesothoracic peritremes. Mesonotum (scutellum)
subtriangular, sheped as in Fg. 9.13H. Meanotum sheped as in Fg. 9.14F without much
noteworthy dructure except that it is dightly shorter than sSmilar dructure in nonlimuloid
genera. Meso- and metasternum not shortened, shagped Fg. 9.14D, mesocoxd cavities narrowly
sepaated by a cainate mesothoracic process metathoracic coxd cavities close together and
marginate (Fg. 9.14D). Elytra shaped as in Fg. 912A. Pro-, meso, and metahoracic legs
shaped as in Figs 9.14B, 9.14A, & 9.14E, respectively, with the coxa of the prothoracic leg
greetly enlarged as is characterigic of the limuloid genera Tarsd formula 4-4-4, each segment
with a gngle parr of membranous lobes. Pretarsus present but lacking in most specimens. Wings
present and with the usud stgphylinid venation and functiond as fidd cagptures have indicated.
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Figure 9.13 Doryloxenus groveri.
A: Head, ventrd,

B: Left mandible,

C: Antenna,

D: Labium and mentum,

E: Progernum,

F Pronotum, somewha flatened in the
dide preparation,

G: Labrum,

H: Scutdlum,

I: Maxilla

Abdomen with the tergites and sernites strongly convex, shaped as in Figs. 9.15A, E. Abdomen
widest a the base and becoming narrower poderiorly. Segment 1l with a tergite only; segments
[1-VI eech with a tergite, a genite and 2 pars of paaergites. Segment VIl with a tergite, a
dernite and 2 pairs of paratergites but the inner paratergites are much dorter that the outer ones.
Tergite VII (Fig. 9.15B) with a very smdl opening to the tergd defense gland reservoir. Segment
VIl (FHg. 9.15C) with a tergite and a dernite only. Segment 1X as is typicd for nearly dl
pygostenines, shaped as in Fg. 9.15E; with longer gpodemes in mdes than in femdes. Median
lobe of the mde genitdia bulbous, shaped as in Fg. 912C. Laterd lobe of the mde genitdia
shaped asin Fg. 9.12D. Spermatheca sclerotized, sheped asin Fig. 9.12B.

Measurements (in mm): (Given by range and mean), Head length,0.25-0.31, 0.27; head width,
0.36-048, 0.41; pronotum length, 0.47-0.57, 0.52; pronotum width, 0.64-0.76, 0.69; dytra length,
0.27-0.34,0.31. Number measured, 6.

New material examined: 13, Mdaysia, Perak, near Stiawan, March 2001, Coll. Stefanie Berghoff
from a nest of Dorylus (Dichthadia) laevigatus Smith, (D.K.); 1 mae, East Mdaysa, Sabah,
Poring Hot Springs, 2 April 2002, Call. S. Berghoff, (D.K.).

Notes: The origind 6 specimens of this species were captured ether flying near or actudly in the
nets of the folowing temites Macrotermes carbonarius (Hagen), Dicuspiditermes kistneri
Krishng, and D. fissifex Krishna In the notes to the origind description, the authors speculated
that the termites were not the actua hodts but that a subterranean ant such as Dorylus (Dorylus)
. might actudly be found to be the hog. It was a great catch for MS Berghoff to capture the
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goecies with Dorylus (Dichthadia) laevigatus. These ants probably rad termite nesds as such
raids can be mounted in a completely subterranean environment. Some pygostenines probably get
left behind as the rad ends Since the specimen from Sabah was a mde, it is not as certan an
identification asif it were afemde.

A
D . .
Figure 9.14. Doryloxenus groveri.
A: Mesothorecic leg,
B: Prothorecic leg,
C. Tip of prothoracic leg showing the
Structure of the tarsus,
F - D: Meo- and metagenum with attached

E: Meathoracic leg,
F: Metanotum and abdomina segment |

Biology; Doryloxenus groveri was obsarved to run short digances in the ants emigration
columns before they jumped on the gadters of large workers. The abdomen of the beetles were
rased while running or riding. While running, D. groveri dayed in the midde of the emigration
columns with no indication of avoidance towards or from the ants However, every opportunity
was used to jJump back onto an ant's gadter, independent of whether the ant was carrying brood or
not. Dorylus laevigatus showed no visble reaction when they came in contact with the erect
abdomen of the beetle.

Vigble through the trangparent wall of a nest box, one D. groveri was seen moving within a
brood cluster centered in aD. laevigatus bivouac.

Ancther D. groveri (from Sabah) was collected from a D. laevigatus foraging column 30m away
from the nest. The bedtle was running fredy in the collected worker sample but kept in condant
contact with the ants, following them as they moved. Overdl 34 D. groveri were collected from
the nest and 1 from aforaging colum
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A

Figure 9.15. Doryloxenus groveri.

E A: Abdomind segments II-V, the more
numerous stae are found on the gernites,
B: Abdomind segment VII,
C: Abdomind gernite VIII,
D: Abdomind tergite VIII,
E: Abdomind segment 1X

Doryloxenus coecus Kistner New Species

Figs 9.16-9.18

Didinguished from Doryloxenus groveri by its somewha smdler dze, it dightly lighter color,
and by the shapes of the mde genitdia and spermatheca. It is mogt eadily didinguished from D.
groveri and dl other Doryloxenus spp. by the unique characters that incude eyelessness and
winglessness.

Oveadl appearance as in Doryloxenus groveri (Fig. 912A) except that no eyes show on the
laterd surface. Head shaped as in Fg. 9.16A; gula about hdf the length of the head, atached to a
large and dongate mentum. Eyes absent. Antennae shaped as in Fig. 9.16C, without coeloconic
sndlla on the termind segment. Labrum with the anterior border bisnuate, shaped as in Fg.
9.16B. Mandibles symmetricd, shaped as in Fgs. 9.16E, & F , both with very few smdl median
teeth. Maxillae shgped as in Fg. 9.16G, papi 4-ssgmented. Segment 1 very short, ssgment 2
about 2X the length of the firg and 3 dmog 3X the length of segment 2. Segment 4 about equd
in length to segments 1 and 2together, tapering apicaly. Gadea much shorter than the lacinig both
with foleose termind setae. Labium shaped as in Fig. 9.16D, pdpi 3ssgmented. Segment 2 much
shorter than segment 1; segment 3 about equd in length to 2. Submertum (Fg. 9.16D) didtinct
from the mentum. Mentum large and narrowed anteriorly, shgped asin Fg. 9.16D.
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Figure 9.16. Doryloxenus coecus.

A: Head, ventrd, note paticulaly the
absence of eyes on the laterd anterior
border,

B: Labrum,

C: Antenna,

D: Labium and mentum,

E & F Right and left mandibles, note ther
symmetry and lack of ggnificat medid
teeth,

G. Maxilla, a pat of the pap was log in the
dissection

Pronotum vaulted shgped as in Fig. 9.17D. Progernum shaped as in Fg. 9.17F, mesothoracic
peritremes loose and weskly sclerotized, not fused to the prosernum. Large coxd cavities loosdy
closed behind, by the mesothoracic peritremes. Mesonotum (scutellum) subtriangular, shaped as
in D. groveri (Ag. 9.13H); it may aso be vagudy seen in Fg. 9.17C. Meanotum shaped as in
Fg. 9.17C, without much noteworthy sructure except that it is much shorter then in D. groveri
and dmilar dructures in non-limuloid genera Meso- and metasternum shortened, shgped Fgs
9.17A & |, mesocoxd cavities marginae and narowly separated by a carinate mesothoracic
process, metathoracic coxa cavities close together (Fig. 9.17A). Elytra short, shaped as in Fg.
9.17B. Pro-, meso-, and metathoracic legs shaped as in Figs. 9.17G, E, & H, with the coxa of the
prothoracic leg greatly enlarged as is characterigic of the limuloid genera The coxee of the
metathoracic legs are dso enlarged compared to non-limuloid genera Tarsd formula 44-4, each
sgment with a dngle par of membranous lobes Pretarsus present but lacking in mogt
gpecimens. Wings absent.

Abdomen with the tergites and Sernites srongly convex, sheped as in FHg. 9.18A. Abdomen
wides a the base and becoming narrower poderiorly. Segment 1l with a tergite only; ssgments
[1-V1 each with a tergite, a Sernite and 2 pars of paratergites. Segment VIl (Fig. 9.18E) with a
tergite, a dernite and 2 pairs of paratergites but the inner paratergites are much shorter that the
outer ones. Tergite VII with a very smdl opening to the tergd defense gland reservoir. Segment
VIl (Figs. 9.18B, C) with a tergite and a gemnite only. Segment IX as typicd for nearly dl
pygodenines, shaped as in Fg. 9.18D; with longer apodemes in mdes than in femdes Median
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lobe of the mde genitdia bulbous, shgped as in Fg. 9.18G. Laterd lobe of the mde genitdia
shaped asin Fig. 9.18H. Spermatheca sclerotized, shaped asin Fig. 9.18F.

Measurements (in mm): Given as range only, Head length, 0.20-0.26; head width, 0.30-0.31;
pronotum length, 0.40-0.46; pronotum width, 0.39-048; dytra length, 0.13-0.16. Number
messured, 4.

Figure 9.17. Doryloxenus coecus.

A: Men- and metasternum with the legs
in pogtion,

B: Eytra with the meastenum and
abdomind ssgment  bardy  showing
through,

C. Men- and metanotum and abdomind
ssgment |,

D: Pronotum,

E: Mesothoracic leg,

F. Progernum,

G: Prothoracic leg,

H: Metathoracic leg,

I: Meso- and metasternum

Holotype: femae, No. 20859, Mdaysa Perak, near Stiawan, March 2001, Coll. Stefanie
Berghoff from a nesx of Dorylus (Dichthadia) laevigatus Smith. In the collection of D.H. Kistner
to be deposited eventudly in Fidd Museum of Naturd History, Chicago.

Paratypes: 2 (induding 2 on dides), same data as the holotype,(D.K.).

Notes: This gpedes is retaned in the genus Doryloxenus rather than placed in a new genus
because the characters ae very dmilar except for the lack of eyes and wings and the much
shorter mesothorax which is rdaed to the winglessness. It is interesting that this ant species has
both an eyed and an eydess gpecies of Doryloxenus If this occurs in other subterranean species
of Dorylus, the shorter mesothorax might be an argument for a new genus which would unite dl
the eydess and wingless species. At present this is the only such spedies of Doryloxenus known
from any of the ant hogts. The species name, coecus, means blind.

Bidlogy: After D. laevigatus had completed 2 emigrations in the laboratory, 4 Doryloxenus
coecus were collected with the remaining colony fraction.
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Figure 9.18. Doryloxenus coecus.

A: Abdomind segmentslI-VI,

B: Tergite VIII,

C: Sernite VIII,

D: Abdomind segment IX, the left laerd
lobe was twigted in the dissection,

E: Abdomind ssgment VI,

F: Spermatheca,

G: Laterd lobe of the mde genitdia,

H: Median lobe of the mae genitdia

Genus Pseudolydorus Kistner New Genus

The rddionships of this genus ae to Anommatoxenus Wasmann and Lydorus Normand.
Superficdly, it looks like Lydorus from Tunisa However abdomind segment 1X is trilobed and
poseses the chagtee characteridic of nealy dl  Pygostenini whereas Lydorus has
uniquecheetotaxy (largely absent) on abdomind ssgment IX. However, if we assume the unique
chegtotaxy of abdomind ssgment 1X is gpomorphic, then Lydorus is the dosest rdative. Lydorus
IS represented by 2 species, L. myrmidon associated with Dorylus (Typhlopone) fulvus Westwood
and L. grossi Pdrizi associated with Aenictus sp. from Kenya While L. myrmidon has been
gudied from numerous specimers (Kistner, 1958, p. 102-104) repesatedly captured from D. fulvus
by Normand, L. grossi has not been recgptured snce the origind specimen and the ant
determination was labeled on the holotype as provisond by Parizi. D. fulvus is a predominantly
Subterranean ant that emerges to the surface on occasond nocturna raids. The eesest way to
identify Pseudolydorus is by the arching of the body dorsoventraly (Fig. 9.19B). Additiondly it
dffers from Lydorus by the following: the prosternum lacks macrocheetee from the anterior
border, the procoxae lack macrosetae on the dorsolateral border, the pronota epimerons are
shorter, and as mentioned above, the median lobe of abdomina segment 1X has 2 macrocheetae
on the gpicd edge. Anommatoxenus differs from both of the above by the possesson of eyes, a
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much longer pronctum, a much longer meso- and metasternum, presence of wings, a much wider
mentum and submentum, and much longer gula

Ovedl appearance as in Figs. 9.19A, B, see ds0 the front cover, upper left. Head shagped as in
Fg. 9.20A; gula extremdy short, atached to a large submentum, remainder of the so-cdled gular
sutures formed by the joined edges of the postgenee. Eyes absent. Antennae sheped as in FHg.
9.20C, without codloconic sendlla on the tamind segment. Labrum with the anterior border
arcuate, shgped as in Fg. 9.20B. Mandibles dmost symmetricd, shaped as in Figs 9.20D & E,
both without median teeth. Maxillae shaped as in Fig. 9.20F, papi 4 segmented. Segment 1 very
short, segments 2 and 3 about equd in length. Segment 4 about equd in length to segment 3,
tapering apicdly. Gaea much shorter than the lacinia but termingting & the same levd; both with
foleose termind setae. Labium shaped as in Fg. 9.20G, padpi 3-ssgmented. All segments about
equd inlength. Mentum (Fig. 9.20G) digtinct from the submentum.

Figure 9.19. Pseudolydorus linsenmairi. A,B: Dorsal and laterd views of the entire beetle

Pronotum shaped as in Figs 9.19A & 9.20H. Progternum shaped as in Fig. 9.21A, mesothoracic
peritremes loose, not fused to the progernum. Large coxa cavities not closed behind, except
loosdly by the mesothoracic peritremes Mesonotum  (scutelum) narow, shaped as in
Anommatoxenus Metanotum reduced in length, shaped as in Fig. 9.21C. Meso- and metasternum
extremdy shortened, shaped as in Fig. 9.21B, mesogernum particularly reduced; mesocoxd
cavities narrowly separated by a narrow acarinate mesothoracic process, metathoracic coxa
cavities dso narrowly separated (Fig. 9.21B) by a median process. Elytra extremely short, shaped
as in Fg. 9.21C, wings dso absent. Pro-, meso-,and metathoracic legs shaped as in Figs. 9.21D-
F. Procoxae without large macrochaetae. Tarsd formula 44-4, segments 1-3 with a single pair of
foleose setae on each segment; 4th ssgment fragile and missng on most specimens. Pretarsus
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present. Tars with the pars of foleose setae smilar to the form of amilar setae found in other
limuloid genera of the Pygostenini (see Kiginer and Jacobson, 1977) for a complete SEM study of
these kinds of setae. Wings aosent.

Figure 9.20. Pseudolydorus linsenmairi.
A: Head, ventrd,

B: Labrum,

C. Antenna, ssgments 1 & 2 became
sepaated from the ret of the antenna
during the dissection,

D,E: Left and right mandibles,

F: Maxilla,

G: Labium and mentum,

H: Pronotum

Abdomen with the tergites and gernites somewhat convex, shaped as in Figs. 9.19A, B, & 9.22C;
dl tergites and dernites with scaloped pogterior edges, abdomen with segment 11l widest and
tapering to very narow poderiorly. Segments 11I-VI (Fg. 922C) esch with 2 pars of
paraergites ssgment VIl with 2 pairs but the inners are gredtly reduced; ssgment VIl without
paaergites Segment VII with the median opening of the defense gland reservoir on its anterior
border; the actud reservoir was not found on dissected specimens. These openings are reduced in
the Pygodenini (see Shower and Kigner, 1976). Segment IX shaped as in Fg. 9.22E, with 2
mecrochegtae on the gpical pat of the median lobe; with longer gpodemes in maes than in
femdes. Mdegenitdia bulbous, presumed varidble by species Spermatheca sclerotized, shepe
presumed variable by species.

Typespecies. Pseudolydorus linsenmairi Kistner, described below.

Pseudolydorus linsenmairi Kistner New Species

Figs. 9.19-9.22, front cover, upper left

The genus is monobasic S0 that characters isolated as specific here are based on experience with
other closdy rdlated genera such as Anommatoxenus and Lydorus
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A

Figure 9.21. Pseudolydorus linsenmairi.
A: Progernum,

B: Meso- and metasternum,

C: Elytrawith the metanotum &
abdomina ssgment | bardly visble
benesth them,

D: Prothorecicleg,

E: Mesothoracic leg,

F: Metathoracic leg,

G & H: viewsof different tars showing
the placement of the modified sstae

Color reddish brown throughout. Ground sculpture of the entire body smooth and shiny. Dorsd
aurface of the head, pronotum, and dytra additiondly shdlowly punctate with sparse fine ydlow
stee emerging from the punctures. Pronotum shaped as in Figs. 9.19A, B, & 9.20H, drongly
curved dorsoventrdly and covering dmogt the entire anterior part of the body. Laerd edges
srongly recurved to broadly atach to the prosternum. Antennae short and spindle shaped (Fig.
9.20C). Macrocheetotaxy of abdomind tergites I1-VIII as follows 6,6,4,4,4,4/4,6. Spermatheca
shaped as in Fg. 9.22A. Median and laterd lobes of the mde genitdia shaped as in Figs. 9.22B
& D.

Measurements (in mm): Head length, 0.23-0.25; head width, 0.22-0.24; pronotum length, 0.62-
0.65; eytralength, 0.13-0.14. Number measured. 4.

Holotype: made, No. 20853, Mdayda, Perak, near Stiawan, March 2001, Coll. Stefanie Berghoff
from a nes of Dorylus (Dichthadia) laevigatus Smith. In the collection of D.H. Ketner to be
deposited eventudly in Feld Museum of Natura Higtory, Chicago.

Paratypes: 13 (3 on dides), same data as the holotype.

Notes: The genus is named for its dmilaity to Lydorus the species name honors Professor
Linsenmair & Universté Wiirzburg who has provided vauable guidance to Stefanie Berghoff.

The messurements of the body parts are extremdy difficult because of overlgoping and vaulting
of the segments The mog accurate measurements were made from dide mounted materid and
the mog accurate of these were made of the dytra and the heads. The pronotum is extremdy
vaulted and even dide mounted materid cannot be measured very accuradly.

Bidlogy: Twice P. linsenmairi was obsarved in a tube with heavy ant emigration traffic. When P.
linsenmairi was touched by an an, it temporarily rased its abdomen. However, when a beetle
was overun by ants it remained motionless on the floor of the tube In eech case, the ants
showed no reaction to the bedtles. After awhile P. linsenmairi moved to the dde of the ant
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column and eventudly jumped onto an ant's gaster. When riding on the geder, P. linsenmairi
raised its abdomen dightly. Overdl, 37 P. linsenmairi were collected from the nest.

Figure 9.22 Pseudolydorus linsenmairi.
A: Spermatheca,

B: Median lobe of the mde genitdia,

C. Abdomind ssgments 1I-VIII, ssgments
I & 1l became disaticulaed in the
dissection,

D: Laterd lobe of the mde genitdiag,

E: Abdomind ssgment IX of femde

Genus Pygoplanus Kistner New Genus

This genus is most dosdy rdaed to Doryloxenus through the overdl limuloid shape, the shapes
of the progernum, the submentum, antenna, and legs. It is diginguished from Doryloxenus by the
flattened condition of the limuloid shgpe, the shapes of the mandibles, the maxillae where the
foleose ladinia and gdea are nearly longer then the res of maxilla, and the labrum. The flatening
of the beetle, in paticular the flatening of the pronctum without much change in the progernum,
has resulted in the hypomera being greatly expanded (Fig. 9.25A). The pronotum of Doryloxenus
which is grestly vaulted, has hypomerawhich are greetly reduced.

While we now have a blind and wingless species of Doryloxenus this is an unusud condition in
the genus and Pygoplanus shares with that species . coecus) the lack of eyes and wings with
the corrdaed changes in the length of the meso- and metanotum and the metasternum with is
attached abdomind segment I.
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Figure 9.23. Pygoplanus subterraneus. A: Dorsal gppearance and B: Ventrd gppearance of the
entire beetle. (Thefirg author gppologizes of the quality of these photos but the beetles are less
than 1.5 mm in totd length.)

Figure 9.24. Pygoplanus subterraneus
A: Heed, ventrd,

B: Antenna,

C: Maxillg,

D & F Let and rignt mandibles
respectively,

F: Labrum,

G: Labium and submentum

Oveadl appearance flattened as in Figs. 9.23A, & B, see dso the front cover, lower left and right.
Head shgped as in Fg. 9.24A; gula extremdy short, atached to a large submentum, remainder of
the so-cdled gular sutures formed by the joined edges of the postgenee. Eyes absent. Antennae
shaped as in Hg. 9.24B, without codoconic senglla on the termind ssgment. Labrum with the
anterior border arcuste and somewhat flattened medialy, sheped as in Fg. 9.24F. Mandibles not
quite symmetricd, sheped as in Fgs. 924 & E, both without median teeth and highly acicular.
Maxillae shaped as in Fig. 9.24C, papi 4segmented.Segment 1 very short, ssgments 2 somewhat
longer but shorter than segment 3. Segment 4 about equd in length to segment 3, about hdf the
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width and tgpering gpicdly. Lacinia much shorter then the gdea but temingting a the same
level; both with foleose termind setae; the whole Iobe nearly as long as the rest of the maxilla
Labium shaped as in Fig. 924G, pdpi 3-segmented; segment 1 dmod twice the length to
segment 2, segment 3 about 2/3 the length of segment 2. Mentum (Fig. 9.24G) large and didinct
from the submentum.

Figure 9.25. Pygoplanus subterraneus.

A Pronotum,

B: Prosternum,

C: Meso- and metasternum, the shortened
metanotum and abdomind segment | can
be partidly seen through the gernites,

D: Prothorecicleg,

E: Mesothoracic leg,

F. Metathoracic leg,

G. Hliytra

Pronotum shaped as in Fgs. 9.23A & 9.25A. Progernum shaped as in Fig. 9.25B, mesothoracic
peritremes loose, not fused to the prosternum, shaped as in Fg. 9.25C. Large procoxd cavities
not closed behind, except loosdy by the mesothoracic peritremes. Mesonotum  (scutelum)
narrow, shaped as in Anommatoxenus. Metanotum reduced in length, sheped as in Fg. 9.25G.
Meso- and metasternum extremely shortened, shaped as in Fg. 9.25C, mesogernum particularly
reduced; mesocoxa cavities widdy separated by a broad a carinate mesothoracic process,
metathoracic coxa cavities dso narrowly separated (Fig. 9.25C) by a median process. Mesocoxa
cavities marginate. Elytra short, shgped as in Fig. 9.25G. Pro-, meso-, and metahoracic legs
dhaped as in Fgs 9.25D-F. Procoxae without large macrochaetae. Tarsal formula 44-4,segments
1-3 with a Sngle par of foleose stae on each segment; 4thsegment fragile and missng on most
goecimens. Pretarsus present. Tars with the pairs of foleose satae smilar to the trm of dmilar
setae found in other limuloid genera of the Pygogtenini (see Kigner and Jacobson, 1977) for a
complete SEM study of these kinds of setae. Wings absent.

Abdomen with the tergites and dernites somewhat flattened, shgped as in Figs 9.26A, C; Al
tergites and Sernites without scaloped posterior edges, abdomen with segment 11l widest and
tapering to very narrow poderiorly. Segments 111-VI with 2 pairs of paratergites, segment VII
with 2 pars but the inners are greatly reduced; ssgment VIII (Fig. 9.26F) without paratergites.
Sgment VIl with the median opening of the defense gland resarvoir reduced but on the anterior
border; the actud reservoir was not found on dissected specimens. These openings are reduced in
the Pygodenini (see Shower and Kigner, 1976). Segment 1X shaped as in Fig. 9.26E, with 2
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macrochaetae on the deeply incisad apicd pat of the median lobe with longer gpodemes in
maes than in femdes All outer edges of outer paraergites have densdy packed smdl setae
shown paticulaly wdl in Hg. 926C. Mde genitdia bulbous too smdl for meaningful
dissections. Spermatheca sclerotized, shape presumed variable by species.

Typepecies Pygoplanus subterraneus Kistner described below.

Figure 9.26. Pygoplanus subterraneus.
A: Abdomina segmentsli-1V,

B: Abdomind germnitelV,

C: Abdomind segmentsV- VI,

D: Abdomind gernite VI,

E: Abdomind ssgment IX of femde,

F. Abdomind ssgment VIII with the
spermathecain place

Pyqgoplanus subterraneus Kigner new species

Figs 9.25-9.26

The genus is monobasic S0 that characters isolated as Specific here are based on experience with
other closdly related genera such as Typhloponemys and Doryloxenus

Color reddish brown throughout. Ground sculpture of the ertire body smooth and shiny. Dorsd
aurface of the head, pronotum, and dytra additiondly shdlowly punctete with virtudly no fine
ydlow sgtee emeging from the punctures Pronotum shagped as in FHg. 9.25A, flatened
dorsoventrdly but not covering dmog the entire anterior pat of the body. Antennee short and
sindle shgped (Fig. 9.24B) with numerous setae which are long. Macrochaetotaxy of abdomind
tergites 11-VIII as follows 0,6,6,4,4,4/4,4. Sernites with an apica row of short thin ydlow setae
only. Spermatheca shaped as in Fig. 9.26F. Median and laerd lobes of the mae genitdia too
amdl for meaningful dissections

Messurements (in mm): given as range and mean, Head length, 0.23-0.26, 0.24; head width,
0.26-0.28, 0.28; pronotum length, 0.50-0.70;0.52; pronotum width, 0.50-0.72, 0.62; eytra length,
0.10-0.12, 0.11. Number measured. 4.
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Holotype: mae, No. 20860, Mdaysa, Perak, near Stiawan, March2001, Coll. Stefanie Berghoff
from a nes of Dorylus (Dichthadia) laevigatus Smith. In the collection of D.H. Kigtner to be
deposited eventudly in Fidd Museum of Naturd Higtory, Chicago.

Paratypes: 3 on dides, same data as the holotype. (D.K.).

Notes: The generic name is deived from planus meaning flat and Pygo from Pygogenini or flat
pygosterine. Ancther interpretation is that thename means flat rump and that fits the beetle dso.
The ovedl shgpe of this beetle resembles that of a mite and the acicular mandibles srongly
suggest that the beetles feed on externd secretions of the ants or that they are ectoparasites on the
ants bodies.

Biology: All bedtles obsarved within emigration columns were riding on the gagter or the head of
an ant. When riding on a worker's head P. subterraneus fitted to it like hdmet, continuing the
form and color & the head. Therefore, their detection was easiest on the heads of calow workers
Overdl, 3 P. subterraneus were collected from the nest.

Micropolemon Wasmann

Micropolemon malayensisKistner and Jacobson
Micropolemon malayensis Kistner and Jacobson, 1975: 195, Mdaysa, Sdangor, Sunga Buloh
Forest Reserve, 9 July 1973, in alog with Coptotermes sp.

Figure 9.27. Micropolemon malayenss A:
Dorsd gppearance of the whole beetle B:
Antenna which exhibits the typicd pygodenine
corfiguretion with dl the petioes covered by
extensons of the Sdes of each segment.

Notes: In the origina description notes it was dated that Coptotermes was not likely to be the true
hogt of the pecies and that lucky collecting would probably secure the species from Dorylus sp.
in the future. MS Berghoff brought the future to the present. The origind description was based
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on a dngle gpecimen 0 the destription is expanded here. Thee ae the firg genitdia of this
species described.

Oveadl gppearance dongate as in Fg. 9.27A. Head shaped as in Fig. 9.28A; gula of normd
length, attached to a subquadrate submentum, gula sheped as in Fg. 9.28A. Eyes present with
forward and laterdly directed facets. Antennae 11 ssgmented, shaped as in Fg. 9.27B, without
codoconic sendlla on the termind ssgment and with the segmentad petioles completdly  covered
by extendons of the sdes of the subssgments. Labrum with the anterior border arcuae and
notched in the center, shaped as in Fg. 9.28B. Mandibles symmetrica, shaped as in Fig.9.28C,
both with a very smdl median tooth. Maxillae shaped as in FHg. 9.28D, pdpi 4-ssgmented.
Sggment 1 very short, segments 2 about 3 times the length of segment 1; segment 3 about 3X the
length of segment 2. Segment 4 somenha shorter in length than segment 2, tgpering agpicaly.
Gdea dhorter than the lacinia and terminating before thet levd; both with foleose termind sdtae,
but more on the gdea Labium shaped as in Fg. 9.28E, pdp 3-segmented. ssgments 3 and 1
about equd in length; ssgment 2 shorter than both. Mentum (Fg. 9.28E) diginct from the
submentum and trgpezoidd in shegpe.

Figure 9.28. Micropolemon malaxensis
A: Head capsule,

B: Labrum,

C: Right mendible,

D: Maxilla,

E: Labium and mentum,

F. Pronotum,

G: Progternum,

H: Meso- and metasternum,

|: Metanotum and abdomina segment |

105



Chapter 9 Myrmecophiles with D.(Dichthadia) |aevigatus

Pronotum with the laterd borders rounded to join the posterior border seamlesdy, sheped as in
Figs 9.27A and 9.28F; ds0 with a shdlow median groove. Prosernum shaped as in Fig. 9.28G
and carinate, mesothoracic peritremes loose, not fused to the progternum.

Figure 9.29. Micropolemon malayensis
A: Prothoracicleg,

B: Mesothoracic leg,

C: Metathorecic leg,

D: Median lobe of the male genitdia,

E: Abdomind segment VIII,

F. Abdomind segments|I- VI,

G, H: Abdomind ssgment I1X of mde ad
femde respectively,

I: Spermatheca,

J Laterd lobe of the mde genitdia

Coxd cavities not closed behind, except loosdy by the mesothoracic peritremes. Mesonotum
(scutdlum) narrow, shgped as in Anommatoxenus. Metanotum not reduced in length, shaped as in
Fig. 9.28]. Meso- and metasternum dongate, shagped as in Fg. 9.28H, mesosternum amogt as
long as the metagernum; mesocoxd cavities marginate, narrowly separated by a narrow dightly
cainate mesothoracic process, metathoracic coxd cavities dso narrowly separated (Fig. 9.28H)
by an acarinate median process. Elytra long, shaped as in Fig. 9.27A; wings present and with the
usud daphylinid vendion. Pro-, meso-, and metahoracic legs shgped as in Figs 9.29A-C,
respectively. Procoxae with one large macrocheeta Tarsd formula 4-4-4, ssgments 1-3 with
many foleose setae [fora complete study of pygodenine tarsal setee (see Kidner and  Jacobson,
1977)]; 4th ssgmet fragile and missng on most spedmens (dl of those examined here).
Pretarsus present.

Abdomen with the tergites and dernites somewha eongate and somewhat flattened, shgped as in
Fgs 9.29F; dl tergites and dernites without scalloped pogterior edges, abdomen with segment
11 widest and tapering to very narrow pogeriorly. Segments 111-VI with 2 pars of paraergites,
segment VIl with 2 pairs but the inners are greatly reduced; segment VIII (Fig. 9.29E) without
paratergites. Segment VIl with the reduced median opening of the defense gland reservoir on its
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anterior border; the actud reservoir was not found on dissected specimens. These openings are
reduced in dl of the Pygodenini (see Shower and Kigner, 1976). Abdomind tergites 11-VI
without macrochaetae but with numerous light yelow sgtae particularly on the gpicd border.
Tergites VII and VIII with 4 black macrochegtae. Sternites lacking macrochaetae but with many
fine yelow setee especidly at the gpica edges. Segment IX shgped as in Figs 9.29GH, with 2
meacrochaetae on the gpical pat of the median lobe which is not deeply incised; with longer
gpodemes in mdes than in femdes. Mde genitdia bulbous variable by species Spermatheca
sclerotized, shape varidble by species.

New messurements (in mm): Heed length, 0.28-0.39; head width,0.41-045; pronotum length,
0.25-0.29; pronotum width, 0.43-049; dytra length, 0.29-0.32. Number measured, 6 (including
the holotype.

New material examined: 12 (induding 6 on dides), Mdaysa, Perak, near Stiawan, March 2001,
Coall. Sefanie Berghoff from anest of Dorylus (Dichthadia) laevigatus Smith, (D.K.).

Bidogy: Micropolemon malayensis was observed in ant columns towards the end of an
emigration. Here, they kept to the sdes of the column and avoided contact with the ants The
beetles were never seen to lower ther abdomens nor to ride on workers. When treffic became
heavier, M. malayensis would wait a the ddes of the column for more gpace to continue moving.
Overdl, 23 M. malayensis were collected from the nest.

Micropolemon sabahensis Kistner New species

Fig. 9.30

Most dosy rdaed to M. malayensis through the pronotum shape with its median groove but
esdly diginguished from it by the dhape of the spermaheca In gross aspect, it can be
diginguished from it by the wider pronotum in proportion to the heed (Fig. 9.30A).

Figure 9.30. Micorpolemon sabahensis
A: Dorsd view of the head, pronotum,
eytra, and abdomind segmentsli-V,

B: Abdomind ssgment VI,

C: Spermatheca,

D: Abdomind ssgment VI,

E: Abdomind segment X

Color dark reddish brown throughout, abdomen somewhat lighter. Dorsd surface of the head,
pronotum, and dytra smooth and shiny with stae emerging a sparse intervas from shdlow,

107



Chapter 9 Myrmecophiles with D.(Dichthadia) |aevigatus

bardly perceptible punctures Pronotum with only 1 furrow in the midine, latera borders with
only 2 laterd driae, shgped as in Fg. 9.30A. Abdomind tergites 11-VI without macrochaetae.
Tergites VII & VIII with 4 macrocheetee each as wdl as numerous light ydlow setee
Spermatheca shaped asin Fig. 9.30C. Made unknown.

Measurements (in mm): Head length, 0.31; head width, 0.43; pronotum length, 0.27; pronctum
width, 0.48; eytralength, 0.30. Number measured, 1.

Holotype: femade, No. 20856, East Mdaysa, Sabah, Poring Hot Springs, 24.1V.2000, Coll.
Sefanie Berghoff, a ol bat with D. (Dichthadia)laevigatus. In the collection of D.H. Kistner to
be eventudly deposted in the Feld Museum of Naturd Higtory, Chicago.

Notes: The gpecies name means Smply from Sabah.

Thereationships of the Pygostenine genera

The phylogeny of the Pygodenini is better known then practicdly any other tribe of the
Aleocharinee and it has been gpproached by a variety of methods. The firg method (Kistner,
1958) was a traditiond taxonomic gpproach characteridic of the time. Mog recently the genera
were examined by a vaiety of numericd methods (Jacobson and Kigner, 1980) and these
produced cladograms or phylogenetic trees which varied somewhat but were remarkably amilar
regardless of the method. We have run the same data (Table 9.1 for the characters and Table 9.2
for the coding) through the PAUP program (Swofford, 2002) and the best tree produced for the
previoudy known genera is given here (Fg. 9.31). No outgroup was sdected and we rooted the
tree ingead to the genus Typhloponemys, the member of the in group which has the most
plesomorphic characters and is found with the most subgenera of Dorylus Of the previoudy
derived trees the presently derived one matches best the one derived by traditiond taxonomic
methods. Those interested in comparing the various trees can read Jacobson and Kisner's (1980)
paper.

Wha interests us most here is how the 2 new genera fit into the phylogeny. The 2 genera are the
firg known from Dorylus (Dichthadia)while dl the rex are known from species of Dorylus
(Dorylus), D. (Anomma), D. (Typhlopone), or Aenictus and 1 genus with Odontotermes.

The characters of the new genera were accordingly scored for the same 31 characters previoudy
used and these are presented in Table 9.1 and the coding in Table 9.2. Putting the data through
the PAUP program produced the tree in Fig. 9.32. The mogt interesting part of the tree is tha the
blind new genera branched out as ancesrd to severd genera with eyes It is unreasonable to
concdude that genera with eyes evolved from eydess genera a this phylogenetic levd. We
therefore ran the daa through the program again, diminaing eydessness from the lig of
characters and the best tree came out the same.
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Table 9.1. Lig of characters usad to invedtigate the phylogeny of the Pygostenini by Jacobson
and Kigner (1980). Characters were coded O for plesomorphic and 1 for gpomorphic. Codings
aegvenin Table 9.2,

Plesiomorphic Apomorphic
01 Antennae long Antennae compressed
02 Antennae 11-segmented Antennae with lessthan 11 segments
03 Eyes present Eyes absent
04 Eyesof norma size Eyeslarge or reduces
05 Eyeswith anterior and laterally facing facets Eyeswith only laterally facing facets
06 Head without a shield Head with ashield
07 Labia palpi 4-segmented Labia palpi 3-segmented
08 Maxillary pal pi with 8-10 fingerlike projections Maxillary papi with more than 12 finger-like
projections
09 Head transverse Head quadrate or elongate
10 Pronotum with equal to or less than twice the Pronotum with greater than twicethelength
length
11 Lateral margin of the pronotum straight Lateral margin of the pronotum curved
12 Pronotum length less than twice the elytralength  Pronotum length equal to or greater than twicethe
elytralength
13 Lateral margin of the pronotum does not extend Lateral margin of the pronotum extends below
below the head capsule the head capsule
14 Dorsal surface of the pronotum convex Dorsal surface of the pronotum flat (not
necessarily smooth)
15 Anterior margin of the pronotum not overlapping Anterior margin of the pronotum overlapping the
the head head
16 Laterad margins of the pronotum forming a A gap is present between the lateral margins of
continuousal margins of the pronotum and line the pronotum and elytra
with the lateral margins of the dytra
17 Lateral margins of the elytra curved Lateral margins of the elytra straight
18 Dorsal surface ofthe elytra convex Dorsal surface of the elytra flat (not necessarily
smooth
19 Mesosternal intercoxal process acute Mesosternal intercoxal process blunt
20 Mesosternal intercoxal process carinate Mesosternal intercoxal process
blunt
21 Mesocoxal acetabulae circu lar or eliptical Mes ocoxal acetabulae rectangular
22 Length of the mesosternum less than 1.5 X the Length of the mesosternum equal to or greater
length of the of metasternum than 1.5 X the length the metasternum
23 Wings normal Wings reduced or absent
24 Dorsal surface of elytrasmooth Dorsal surface of elytrawith grooves
25 Tarsal formula4-55 Tarsal formulanot 4-5-5
26 Procoxa does not cover the prothoracic leg in Procoxaexpanded so asto cover the
repose prothoracic legin repose
27 Tars elongate Tarsi short, compressed
28 Tarsi with few spatul ate setae Tarsi with many spatul ate setae
29 Procoxawithout macro chaetae Procoxa with macrochaetae
30 Posterior margins of abdominal tergites smooth Posterior margins of abdominal tergites notched
31 Abdomen not fusiform Abdomen fusiform
32 Pronotum without amedial groove Pronotum with amedial groove
33 Abdomina tergitelll isthe widest tergite Abdominal tergite |1l not the widest tergite
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Table 9.2. Coding of the characters given in Table 9.1, characters 133 place from left to right.
Aenictoxenuswas |eft out because it is such an aberrant genus.

Genus Characters

Typhloponemys (000000000000000000000000000000000
Dorylotyphlus 001720000001000000000010000000000
Pogostenus (000000000100000100000000000000000
Pegestenus (000000000101000100000000000000010
Eupygostenus 000000000101000100000010000000010
Pygostenus (000000000000000000000000010000000
Mandera 001720000000100000001110010000000
Anommatoxenus 110011010001101000001100011010100
Lydorus 111111010001101000001100011010100
Odontoxenus 000001010000101000000100111000100
Doryloxenus 100011010000101000001100111010100
Mimocete 100011110000101000001100111010100
Neopygostenus 000100000000000100100000000000000
Delibius 000100000100000100110000000000000
Xenidus 000100000100000100110000100100000
Anommatophilus 000000000010010100110000000000001
Prodeliodes 000000000110010100110000000100001
Deliodes 000000000000010110010000100101001
Micropolemon 000000010010010110110000100101011
Typhlopolemon 001720010000010110110010100101011
Sympolemon 000000011010010111110101100101001
Pseudolydorus 101770000001100000000010111000100
Pygoplanus 101?71000001111001110110111001101

It therefore seems reasonable to conclude that the 2 new genera (Pseudolydorus and Pygoplanus)
have retained enough plesomorphic characters to represent the ancestors to the generic cluster
containing Odontoxenus, Anommatoxenus, Lydorus, Doryloxenus, and Mimocete while losng
their eyes due to nonsdection in an underground environment. Species of previoudy known
genera (Doryloxenus and Micropolemon) with eyes are known from the nest and associated
foraging columns of D. (Dichthadia) laevigatus and these are the only species captured a the
foraging columns dtracted to the oil bats. Of interes dso is the recording of the firg and only
blind soecies of Doryloxenus. While the eyed species (D. groveri) have been collected in many
niches, the eydess species (D. coecus) has only been captured in the nest sample. Other blind
genera have evolved with other hypogean subgenera of Dorylus while eyeless species have never
shown up in epigean species of ants. Table 9.3 presents a summary of the host data at the generic
or subgeneric leve for each of the genera of Bygogtenini.
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Typhloponermys

Dorylotyphius

— Pogostanus
Pegestenus

-E Eupygostanus

e flEopygostenus

Dealibius

Xenidus
Anommatophilus
= Frodialicdos
Paligties
Sympolamon
Micropalamon
Typhlopolemon
Ffnstan i

Mandera
Qoontoxenus
Anommalosnus
Lydorus
Doryloxenus
Mimocela

Figure 9.31 Cladogram of the Pygogtenini derived from the data published by Jacobson and
Kistner (1980)

Typhloponarnmys
Pygostaniis
Dorylotyphlug
Mandara
Faaudolydans
Fygoplanus
Odontoxanus
Anommatoxenus
Lydarms
Dorvioxanis
Mimosats

Pogosianus
Pagasianus
Eupygostenus
Meopy gostan s
Dialitsius

Kenidus
Anommatophilus

Prodalicdes
Dafiodas
Sympolamon

MicTopolemon
Typhiapahemian

Figure 9.32 Cladogram of the Pygodtenini using the same characters but incorporating the two
new genera
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Myrmecophiles with D.(Dichthadia) laevigatus

Table 9.3. Pygodenini gereratogether with their hodts at the subgeneric levd. ( é-eydess)

Pygostenine genus

Doryline genus and or subgenus

Typhloponemys
Dorylotyphlus— €l
Pogostenus
Pegestenus
Eupygostenus
Pygostenus
Mandera— el
Lydorus— el
Odontoxenus
Doryloxenus 1 €l
Mimocete
Neopygostenus
Delibius
Xenidus
Anommatophilus
Prodeliodes
Deliodes
Micropolemon
Typhlpolemon— el
Sympolemon
Pseudolydorus
Pygoplanus —el
Aenictoxenus— €l

D. (Anomma), D. (Dorylus), D. (Typhlopone), Aenictus, Odontoter mes, Cubiter mes.
D. (Dorylus)

D. (Anomma)

Unknown

D. (Dorylus)

Unknown

D. (Anomma), D. (Dorylus) anommatoxenus D. (Anomma)
D. (Typhlopone)

Odontoter mes, Hypotermes, Trinervitermes (doubtful)
D. (Anomma), D. (Typhlopone), D. (Dichthadia)

D. (Anomma)

Aenictus

Unknown

Unknown

D. (Anomma)

Unknown

Unknown

D. (Anomma), D. (Dichthadia)

D. (Anomma), D. (Dorylus)

D. (Anomma)

D. (Dichthadia)

D. (Dichthadia)

Aenictus
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Chapter 10
General discussion

Despite their probable importance in tropica ecosystems and our profound knowledge about
epigaeic species, hypogaeic amy ants were scientificdly trested only margindly. At a time,
when close to nothing was known about army ants, Savage (1849) noted for Dorylus
nigricans "Newly expressed oils are dso favorite articles of food, especidly the vegetable,
that obtained from the fruit of the Elais guiniensis — the PAm oil of commerce”" Despite this
early knowledge about oil-feeding, the habit was brought back to mind only recently, when it
was suggested as a potentid method to study hypogaeic amy ants (Weissflog et d., 2000).
Contrary to the genera assumptions of army ant behavior, Dorylus laevigatus recruited
predictably and in high numbers to oil bats in Maaysa Percaving the potentids of the
method, | further developed the oil-baiting method, testing its suitability for the first detailed
sudy of a hypogaeic amy ant, i.e. D. laevigatus, and other hypogaeic ant species.

In the following, | discuss the results of my study, combining respective pats of different
chapters and supplementing them with data, which had to be omitted in the manuscripts.
Since dl results base at least to some extend on the ail-baiting method, 1 will discuss the pros
and cons of this method first. Subsequently, the reader will find a discusson of D. laevigatus
generd sociobiology and interactions with its environment. In concluson, | remark on the
observed differences to known epigagic species and the potentia ecologica importance of D.
laevigatus.

M ethodology

Centrd to dl my invedtigations was a grid contaning evenly spaced oil baits. Bats were
regularly supplied with 50 ml pam ail, preventing a depletion of the oil (Chapter 4). Such
compaaively lage amounts of ol do not occur naurdly and may thus influence the
observed behaviors. Due to its high energy content, oil should be an dtractive food source.
However, only few species actudly fed on oil (Chapter 7, Brinkman et a., 2001). To a few
gpecies, on the other hand, oil bats were highly attractive. Especidly Dorylinee and some
Ecitoninee army ants showed to have an afinity to oil. | recorded Dorylus species of the
subgenera Dichthadia, Alaopone, and Typhlopone a baits (Chapter 6, Appendix A).
Likewise, species of the remaning four Dorylus subgenera (i.e. Anomma, Rhogmus, and
Dorylus) recruited to ail bats in Africa (C. Schoning, pers. comm.), while in the Neotropics,
Labidus and Neivamyrmex species recruited to pam oil bats (Rabeling and Verhaag, 2002).
Oil baits thus represent a good method to record the occurrence of these army ants, which
were previoudy collected predominatdy by chance. The ready use of oil points to naturd
lipid sources in these species diets. A posshle source could be the commonly preyed-on
arthropod larvae, many of which ae rich in lipids (Inaoka et a., 1999). Another source may
be plant maerid such as oil-rich seeds and fruits (Jordano, 2000), which D. laevigatus
(Chapter 6), D. orientalis (Roonwal, 1972), Labidus coecus (Rettenmeyer, 1963), and
possbly other amy ant species include in their diet. Similar to these amy ants, two mass
rading Pheidologeton species dso recruited in large numbers to oil bats (Chapter 7).
Curioudy, species of the other two army ant genera occurring in the study area, i.e. Aenictus
and Leptogenys, were occasondly found at oil baits duing a check, but were never observed
to feed on the oil (Chapter 8).

Assumed to have only limited cepacity of trophdlaxis (Eisner, 1957), and due to the larvae's
need of protein, Weissflog and co-workers (2000) assumed D. laevigatus to forage and
emigrate naturdly despite the presence of ol bats However, my sudy indicated D.
laevigatus to feed il to their larvae (Chapter 5). On the other hand, D. cf. vishnui left wel
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occupied baits before depleting the oil (Chapter 6). This indicates that, smilar to epigeeic
species (Pullen, 1963; Rettenmeyer, 1963), D. cf. vishnui can not be restrained to a certain
area smply by providing a large enough food source. Likewise, the recorded fights a baits
(Chepters 6 and 7) could have been facilitated by the presence of the unusud large food
source. However, laboratory and fied observations point to aggressive interactions aso under
natura conditions (Chapters 6 and 7). Ovedl, the possble influence of oil bats on the
behavior of D. laevigatus needs to be further investiigated. Nevertheless, keeping these
uncertainties in mind, oil baits represent an effective, and up to now the only tool findly
enabling an indght into the occurrence and some behaviors of hypogaeic (army) ants.

To sudy different aspects of the species hypogeeic foraging, | tested a variety of bating
containers (Chapter 3). A researcher will profit from the easy edtablishment of soil baits by
quickly gaining a generd overview of occurring abundant hypogeeic ants. However, a bait
check always represented a mgor disturbance, destroying the foraging trails of occurring
species. This probably caused some ants to prematurely desert a bait. To minimize these
disurbances, | employed oil-baited "seve buckets' (Fig. 3.4), enabling quick bait checks
without the destruction of foraging tunnds (Chapter 4). Most data could be collected within a
quick glance, enabling the detection dso of species with few individuads, which would
otherwise retreat into the soil before being detected. The advantage of Seve buckets over soil
bats is illusrated by the following example. Weissflog and co-workers (2000) recorded at
271 soil baits checked over three months in West-Maaysa seven ant species. Sampling at 12
seve buckets for 8 days in the same area, | could collect aready 12 species. The effectiveness
of seve buckets was dso demondrated by their employment in Poring Hot Springs, where |
recorded & ant species a palm oil baits (Chapter 8). Of these species, 48% were not collected
despite previous extensgve sampling within the same area (Brihl, 1996). Representing mostly
chance encounters using conventiona study methods, my study showed hypogaeicly foraging
ant species to be often undersampled and the abundance of some species to be underestimated
by other methods (see Mohamed, 1994; Malsch, 2002).

Two further bating containers were tested in the fidd (Chapter 3). Sieve cavities (Fig. 3.5)
enabled direct observations of usudly conceded hypogeeic foragers. However, D. laevigatus
as wdl as D. cf. vishnui quickly filled the cavities with excavated soil (Chapter 4), often
limiting the observations to a maximum of 48 hours if the soil was not manudly removed.
Furthermore, the small Seve buckets contained in the open spaces of the Seve cavities usudly
began to mold within a week and were generdly less frequented by ants compared to Seve
buckets. Bucket baits (Fig. 3.6) dlowed to restrict the bait access to workers foraging at or
below a given depth. In this way, D. laevigatus was shown to forage il in depths of more
than 1 m. However, a such depths a container needed to be ether reaively wide or
obsarvations and ant collections would be limited. Smilar to Seve cavities, the establishment
of bucket baits was rather laborious and not practicable in some soils.

Ovedl, with some limitations, the combination of the different methods to goply pam all
bats provided a good indgght into the behavior of saverd hypogaeicly foraging species,
induding two sympatric Dorylus species. Sieve buckets showed to be especidly suited for the
goplication of oil bats. Therefore, | suggest the supplementary use of a Seve bucket grid to
findly record the occurrence and approximate abundance of these cryptic species in sudies of
ground ant diversiy.

Sociobiology of D. laevigatus

In Chapter 2, | presented the main biologica characterigics of army ants — derived from the
sudy of epigaeic species Roughly following the outline of this chepter and the man
questions asked in Chapter 1, | will discuss the hypogeeic behavior of D. laevigatus and
indicate how it differed from expectation.
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Occurrence and abundance

Dorylus laevigatus has been reported from most South-East Adan countries (Fig. A.27).
Besdes its wide digribution, 1 could show D. laevigatus to be very common and highly
abundant in West-Maaysa and on Borneo. Recruiting to baits of al 15 sudy plots, the
species occurred in habitats ranging from plantations over secondary forests to primary and
montane rainforests (Table 3.1). The detected sgnificant differences in abundances between
the study plots (Chapter 4) could be related to differences n habitat, but adso to taxonomic
differences — if D. laevigatus in fact proves to be a species complex containing multiple
cryptic species (Chapter 6). On average, D. laevigatus located 77% of the baits of a study plot
(Chapters 4 and 6). The time period until the first bait was located was very short (eg. avg.
4.6 days + 3.24 SD, Chapter 6), and ant abundances at baits could exceed 5000 ants per liter
baited soil (Chapters 4 and 6). These data point to very high colony and forager dengties
within the Sudy areas.

Along the dtitudind transect of the East Ridge of Mount Kinabdu, 74 % of litter ant species
were redricted to a narrow dtitudind range (Brihl et d., 1999). Contrary, | demonstrated D.
laevigatus to recruit to baits between 500 and 1280 m at the East Ridge and in West-Mdaysa
a 0 mand 250 m asl. (Chepters 4 and 8). The dgnificant change in soil composition
(Masch, 2002) and in soil moisture and temperature (unpubl. data) probably prevented an
occurrence of D. laevigatus above the recorded dtitude at the East Ridge. However, a
collection of a male a 1500 m (Chapter 3) implies a possble eevated occurrence at other
stes. Correspondingly, D. nigricans var. molestus was recorded at dtitudes of 1828 m
(Gotwad and Cunninghamvan Someren, 1990) and 3000 m (C. Schoning, pers. comm.) at
Mount Kenyain Africa

The occurrence of D. laevigatus in diverse habitats can possbly be linked to its hypogaeic
lifestyle. Within the soil, ants should be better protected from sudden changes in temperature
and moidure, possbly enabling an occurrence in habitats too harsh for epigaeicly active
species. Whether hypogaeic Dorylus species are generdly able to use a wider variety of
habitats than epigaeic species remains to be shown once a revison will alow the assortment
of didribution data to specific species. Overdl, the occurrence and abundance of D.
laevigatus in habitats of a wide geographicd and dtitudind range, varying in soil texture,
moisture, and temperature (Tab. 4.1), point to the good adaptability and ecological success of
the species.

Foraging behavior

Mass rads are one of the key characteristics of amy ant behavior (Gotwald, 1982).
Epigeeicly active species rad ather in form of a column or a swarm (Schneirla, 1933, 1934,
1938), patterns, believed to be species specific (Gotwald, 1982). Generdly, the reuse of old
rading trals is avoided (Franks, 1982a) and prey too large to consume or transport during a
day's rad event is deserted (Pullen, 1963; Rettenmeyer, 1963). Because of this, raids of
epigaeic amy ants are characterized by a very localized and temporary but strong impact in a
foraging area. Although some hypogaeic species occasondly come to the ground surface,
where they behaved dmilar to predominady epigaeicly raiding species (Pullen, 1963,
Rettenmeyer, 1963; Rettenmeyer et a., 1980), the hypogeeic foraging drategies of these
species remained unknown. In Chapter 4, | presented the first detailed andyss of the foraging
behavior of a hypogaeic amy ant. Never demondrated for epigaeic species, D. laevigatus
established stable hypogeeic trunk trall sysems providing the ant with quick access to Al
regions of its foraging area. The near omnipresence D. laevigatus attained through this system
within its foraging area was demondrated by the high percentage of locaized bats and its
often predicable recruitment order to baits (Chapter 6). These observations would be unlikely
if baits would have been placed in an area cropped by a few migrating colonies dternaing
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ther raiding directions, as seen in epigaeic Dorylus species. Demondrating a flexible raiding
dructure, D. laevigatus could conduct hypogeeic as wel as patidly epigaeic column and
swarm raids (Chapter 4). Contrary to epigaeic species (Gotwald, 1982), the column raids of
D. laevigatus were cagte specific, with minor workers following exigent cracks within the
s0il. Larger workers were recruited only when prey was located. Further differentiating it
from epigaeic species, D. laevigatus could exploit bulky food sources, eg. a termite mound,
in a sudainable way over long periods of time. These foraging traits srongly diverge from the
common view of a large mass of ants killing "dmogt any invertebrate that the ants can find
and overcome' (Schneirla and Reyes, 1966). The use of trunk tral and long-term cropping of
large food sources relae the foraging system of D. laevigatus to that of eg. leaf-cutter and
harvester ants (Shepherd, 1982; Howard, 2001). Only because of these "specid™ foraging
trats could the oail-bating method be employed this successfully. If D. laevigatus would
forage more like epigaeic species, data additiona to the species occurrence would have been
much harder to obtain; as was partiadly seen for the sympatric D. cf. vishnui (Chapter 6). The
recruitment patterns and length of day a bats within a grid can thus already tdl something
about the foraging drategies of other Dorylus species. Overdl, the foraging of D. laevigatus
implies that the spectacular raids of epigaeic species have a least patidly evolved as an
adaptation to their "new" habitat.

Migrating behavior

Army ants are d4ill defined as exhibiting a unique combination of mass rading and
emigraions (Gotwald, 1995). Regular migrations were fird described for epigaeicly nedting,
foraging, and emigrating neotropicd amy ant Species (Schneirla, 1934, 1938). African
Dorylinee, which patidly rad and emigrate epigaeicly but have hypogaeic nedts, emigrate
irregularly and much less frequently. Their dationary phases can last from a few days to
severd months (Raignier and Van Boven, 1955; Leroux, 1982; Gotwad and Cunningham:-van
Someren, 1990). Emigraion frequencies of the predominately hypogeeic Dorylus species
remain unknown. Because of the necessty to observe conceded behavior at a specific dte
during a very narow time frame, emigrations of hypogeeic species have to be predicted
predominately from circumstantial evidence.

By disurbing and later excavating a monitored colony, | was able to anticipate emigrations of
D. laevigatus in the fiddd and laboratory (Chapter 5). Soil was shifted within the soil stratum,
providing no externd dgns of emigrations. Although D. laevigatus thus demondrated its
ability to move to new nesting sites when forced to do so, other colonies could stay for at least
132 days within a foraging area (Chapter 6). The high colony dendties and rather dationary
foraging drategy of D. laevigatus as wel as its non-phasic brood production (Chapter 5),
infer an absent or irregular emigration rhythm with long dationary periods. Consdering the
rather low emigration frequencies of hypogaeic and patidly epigeeic amy ants and the
ability of numerous other ant species to emigrate recurrently (Smallwood, 1982; Maschwitz
and Hanel, 1985; Byrne, 1994), the ability to emigrate does not seem to be a key characteristic
of army ant behavior.

Nesting habits

As discussed in Chapter 2, nests of epigaeic as well as hypogaeic army ants are referred to as
bivouacs, despite the fact that hypogaeic nests do not fit the origind definition. In Chapter 5, |
showed that the hypogaeic nests of D. laevigatus were formed by workers clinging together in
a typica bivouac formation, which was suspended from a soil cavity. Since epigaeic bivouacs
ae aso suspended and supported by objects in ther environment (Gotwald, 1982) and
'bivouac' describes more a date of the colony than a particular place (Schnerla, 1971),
bivouac seems to be the appropriate term aso for some hypogaeic D. laevigatus nests.
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However, being able to dter the nest form and number of cavities with loca conditions, a D.
laevigatus colony could aso be dispersed onto several cavities (Chapter 5). Whether each of
these cavities, containing a number of clustering workers and brood, or the compilaion of
cavities of a colony should be termed bivouac, remains open for discussion.

The colony and its castes

Although D. laevigatus is scientificadly known for amost 150 years and is locdly very
abundant, nothing was known about colony sSize and compostion, or worker polymorphism
for this or any other hypogaeic Dorylus species prior to my work. With an estimated colony
Sze of 325,000 workers, the excavated colony was much smaler than those reported for
epigaeicly foraging species (Vossder, 1905; Raignier and Van Boven, 1955). Although the
dngle excavaed colony might have been young or exceptiondly smdl due to some
environmental factors, much larger colonies do not seem reasonable. With its confined
hypogeeic habitat, smdl-scde raids, long-teerm use of a foraging area, and dense colony
digtributions, extreme colony Szes may never have gained adaptive value for D. laevigatus.

The morphological measurements | conducted (Chapters 5 and 6) showed small workers to be
more common and to conduct more tasks in D. laevigatus colonies than in epigagic pecies
(Raignier et a., 1974; Franks, 1985). This again could be linked to D. laevigatus hypogaeic
habitat and foraging Strategy, where smal workers were able to use existent cracks and
tunnels in the soil, saving the energy larger workers would need to spend on digging (Chapter
4).

Gerstécker (1863) was the firgt to describe a "strange Hymenoptera', which he supposed to be
a Dorylus queen. Although no further information about this queen or associated workers
were available, Emery (1895) assumed it to be the queen of D. laevigatus. The queen |
excavated with the D. laevigatus colony (Chepter 5) in fact fitted the origina description of
Gerstacker (1863) and its unity with D. laevigatus was thus findly confirmed. Smilar to the
queen, the relationship between Dorylus males collected at light traps and D. laevigatus was
never actudly proven, but treated as if verified (Bolton, 1995). By conducting a genetic
andyss, a mde collected a a light trap in Sabah was shown to belong to D. laevigatus
(Chapter 6). Findly confirmed, D. laevigatus is now one of five Dorylus species (out of a
total of 61), for which dl castes are known (Bolton, 1995).

Interactions of D. laevigatus

Closgy linked to ther extreordinary lifestyle, amy ants interact with organisms in ther
environment in numerous ways. Since mass rads were believed to have a strong impact on
arthropod communities (eg. Otis et a., 1986), it is of interet which mass rading species
share a habitat, and how these species interact. Only if the prey spectrum of an army ant and
its potentid effect on prey communities is known can assumptions be made about its
influence on locd divergties. However, an amy ant colony itsdf ressmbles a highly diverse
organism, providing food and suitable habitats for a wide array of guests and predators
(Kistner, 1979). These different levels of amy ant interactions will be discussed in the
fallowing.

Interspecific army ant interactions

Dorylus laevigatus was bdieved to overlgp in its didribution only margindly with the other
three known Asan Dorylus species (Wilson, 1964), sharing its habitat on Borneo with
Aenictus and Leptogenys amy ants and mass raiding Pheidologeton species. Although
Aenictus and Leptogenys were occasiondly recorded at baits, raiding trails of Aenictus merdy
crosed a bat, while Leptogenys used the baiting containers as nesting Stes (Chapter 8).
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Fights between these species and D. laevigatus were never recorded. However, whenever D.
laevigatus met with one of the two sympatric mass rading Pheidologeton species at a bait or
in experimenta worker introductions close to a nes, interspecific fights ensued (Chapter 7).
This drong reaction indicates 'enemy specification’ (Holldobler, 1977), pointing to
competitive relations between the species dso asde the experimental conditions. Likewise, D.
laevigatus reacted highly aggressve toward the sympatric Dorylus (Alaopone) cf. vishnui,
which | newly detected on Borneo (Chapter 6). Although army ants were reported to generaly
avoid conflicts with other amy ants (e.g. Chapman, 1964), interspecific fights between the
two Dorylus species were anticipated at baits as wel as in the laboratory. By andyzing
biological aspects of D. cf. vishnui, | showed it to be comparable to D. laevigatus in foraging
dratum, habitat, and possbly some prey. For epigaeic species, which will emigrate to new
nesting dtes in the foreseegble future, it is probably energeticaly more efficient to avoid an
aggressve conflict when occasondly meeting ancther army ant colony. For D. laevigatus, on
the other hand, with its long-term use of a foraging area and high colony dendties the
aggressive expulson of a competing species from the foraging area probably has more vaue.
Possibly reducing the competition between the two species to some extend, D. cf. vishnui was
more likely to come to the soil surface than D. laevigatus (Chapter 7). These differencesin
dratification aso fit the evolutionary implications. The ancestor of today's amy ants was
most likey a hypogaeidy foraging species (Gotwald, 1978). Dorylus laevigatus, a probably
relative old Dorylus species (Wilson, 1964), has probably retained this hypogaeic affinity. On
the other hand, D. cf. vishnui belongs to the more derived subgenus Alaopone, which might
have dready adapted alittle more to epigaeic life.

Prey

Hypogaeic amy ants were generdly assumed to raid in columns and reated to this to be
rather specidized predators, preying on other socid insects (Gotwald, 1982). However, D.
laevigatus had a broad food spectrum, accepting besides a wide range of invertebrates also
oil, tuna, cookies, bailed rice, peanut butter, and bananas (Chapters 4, 5, and 6). Although not
known to cause any crop damage, D. laevigatus seems likdy to feed on sugar and oil-
containing plant products, further increasing its interaction potentials with its environment.

The mass rads of some epigaeicly active species were shown to influence the community
composition and dendties of their prey species (Franks, 1982b; Franks and Bossert, 1983).
Contrary, dthough D. laevigatus was shown to conduct raids in the vicinity of occupied baits
(Chapter 4), its presence had only little effect on bait-surrounding arthropod communities
(Chapter 7). Dorylus laevigatus could co-occupy a bait for severd days in close vicinity to
most other recorded ant species without displacing any of these species. Furthermore, the five
most common ground foraging ant species demondrated the ability to effectively avoid, kill,
or even to prey on D. laevigatus (Chapter 7). The presence of D. laevigatus dicited only
moderate aggressve behavior when confronted with these ants (Chapter 7), which further
indicates D. laevigatus to be not as ferocious a predator as epigeeic species and further
emphasi ze a decreased occurrence of smilar sudden and devastating raid events.

Predators

Despite being fierce predators, epigaeic amy ants are known to fal prey to a wide range of
animads. These indude many ant species, opportunigicaly overwhdming ants injured during
araid, Oecophylla species sdlectively preying on workers of a by-passng raid, and numerous
amphibians, birds, and mammas (see Gotwad, 1995 for more details). Possbly to ward off
this aray of atackers, epigaeic amy ants have some very large workers with powerful
mandibles, which are predominately engaged in defensve activities (Schneirla, 1971). The
absence of these large mgors in D. laevigatus (Chapter 5) could point to the decreased
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necessity to defend their hypogaeic tralls from large predators. However, smilar to epigaeic
species, injured D. laevigatus workers were killed and retreated by opportunistic ant species
such as Lophomyrmex bedoti, Anoplolepis longipes, and two Pheidole species. Since D.
laevigatus did not leave the ground surface (Chapter 4), interactions with the mainly arbored
Oecophylla smaragdina are probably rare. However, smilar to Oecophylla species (Gotwald,
1995), Odontoponera denticulata and O. transversa actively preyed on D. laevigatus at baits
(Chapter 7). Likewise, | recorded two beetle species (Zyras (Rhynchodonia) praedabunda and
Trachydonia dichthadiaphila) effectively preying on D. laevigatus (Chapter 9). All predations
were observed a highly occupied baits or a night on epigaeic foraging trails. Since the nest
locations and most foraging trails were not epigaeicly apparent (Chapter 5), visudly oriented
predators were probably restricted to chance encounters of D. laevigatus, leading rather to
facultative predation. Which hypogeeicly foraging species commonly prey on D. laevigatus
remains to be investigated.

Intranidal guests

Army ant nests and lifestyles provide favorable habitats for many species, resulting in a high
diversty of guests and associates. The raids and middens of epigaeicly active species have
numerous extranidal associates (see Gotwald, 1995). Due to the difficult observations of the
predominately hypogaeic traills and middens of D. laevigatus, | will focus the following
discusson on intranidd associates. The most diverse intranida associates of amy ants are
catanly mites (Acarina, Rettenmeyer, 1962) and beetles (Coleopteras Staphylinidae, Akre
and Rettenmeyer, 1968). Besides these groups, a large and diverse array of species was found,
including snekes (Watkins et a., 1967) and a snall (Witte et a., 2002), just to name the most
unusud. Mites were commonly associated with D. laevigatus in West-Mdaysa and on
Borneo, riding on the worker bodies or attached to brood in the nest. Unfortunatdy, no
taxonomist works any more on myrmecophilous mites, rendering the identification of the
collected mites impossible. Besdes mites, seven beetle species were found to be associated
with D. laevigatus. Six of these species, including five new species and three new genera,
were associated with the excavated D. laevigatus nest (Chapter 9). Laboratory observations of
five species demondrated them to differ in their level of integration. The limuloid species, i.e.
Pseudolydorus linsenmairi and Pygoplanus subterraneus, were most closdy integrated into
the colony, riding on workers during emigration pesks, causng no apparent reactions of the
ants. The more eongated Doryloxenus groveri, and probably D. coecus, rode as wel as
waked during emigrations, patialy gopeasing D. laevigatus with their raised abdomens. The
former species was adso found to follow rading columns. Laboratory observations of
Micropolemon malayensis showed this species to be even less integrated, following an
emigration column only towards its end, when traffic was light, and daying out of the ant's
reach as much as posshble. Micropolemon sabahna was not found in the excavated nest in
West-Mdaysa, but was detected together with D. laevigatus & an oil bat in Poring Hot
Springs. No predatory behavior of the beetle was observed. The detection of the related M.
malayensis in the nes implies the posshility of M. sabahna to be associated with a D.
laevigatus colony aswdll, fallowing its foraging columns to the bait.

Of the associated beetles, only D. groveri was found in West-Malaysia as well as on Borneo.
However, a nest excavation on Borneo would probably revea other species conformities.
Ovedl, the diverdty of intranidd guests found associated with D. laevigatus was rather low
when compared to epigaeicly foraging species (see Gotwad, 1995 for references). The
observed higher guest diversty in epigaeic species could be redaed to the following
circumstances.
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1) Epigeeic tralls and migrating movements increase the exposure of epigaeic colonies to
potential guests, and thus their probability to enter a colony in due time (Gotwald, 1995).

2) Larger Dorylus colonies should be able to host more guests.

3) The extinction probability of a guest population should be smdler in larger colonies
(Wilson, 1971).

4) The esser guest sampling from epigaeic foraging trals resulted in a larger sample sze of
guests, collected from different colonies and different regions.

5 A more careful excavation of a D. laevigatus nest will probably reved additiond guest
gpecies, snce the conducted excavation method probably collected mainly species which
stayed spatiadly close to the bivouac center.

Conclusions

Overdl, | demondrated that the designed baiting containers represented an effective method,
findly enabling the invedtigation of hypogeeic ant species A new Dorylus species was
detected and described and severd other hypogaeic species were shown to be more common
than anticipated. Their role in tropica ecosystemsis now open for investigetion.

Throughout my study, | showed D. laevigatus to be a very common and abundant ant species
in Maaysa Invedtigating its sociobiology, | reveded that D. laevigatus differs in severd
agpects from epigaeicly foraging species and thus from the behaviora pattern predicted for
amy ants in generd. Adde from variaions expectable when comparing different species, D.
laevigatus showed severd dggnificant differences to epigaeic species and the assumed
behavior of hypogaeic ants. All of these differences could be related to some extend to the
hypogaeic environment of the gpecies Summaizing the observed peculiarities of D.
laevigatus, the edtablished definition of "typicd" amy ant behavior and trats needs to be
changed in order to be suitable aso for the hypogaeic species maority.

The fird indghts my study permitted into the behavior of D. laevigatus clearly indicated its

gpparent importance in tropica habitats due to the following traits:

1. Its ability to quickly locate prey objects even on the soil surface, and to transfer, relocate,
and eventudly consume them in the ground, should essentidly ad the nutrient cycling in
tropicd soils.

2. With its broad digt, including species with high ecologica importance such as termites
and eathworms (Fragoso and Lavele, 1995; Reddy, 1995), D. laevigatus should
influence a wide vaiety of soil fauna, possbly controlling population leves of tropicd
soils.

3. Due to its large (dthough for amy ants rather smdl) colonies and high dendties the
digging activities and tunnd edtablishment conducted by numerous foragers should
subgtantialy aerate the soil and thus further enhance nutrient cycling.

Future invedtigetions on this and other hypogaeic (army) ant species will thus enhance our
overdl perception of tropica ecosystems.
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Chapter 11
Possible future methods to study hypogaeic (army) ants

Oil bats applied in seve buckets proved to be a vauable tool to study occurrence and
abundance of hypogaeic ants Supplementing this method with a variety of other methods
(Chepter 3), | was &ble to gan fird indghts into numerous detalls of D. laevigatus
sociobiology. Neverthedess, especidly questions concerning colony migration had to rely to a
certan extent on circumdantia evidence. A method enabling to mark a number of ants large
enough to recapture and, even better, to follow them, would be highly ussful for future sudies
of hypogaeic ants. In atempting this, 1 conducted numerous experiments trying to mark ants
a bats with different, fag-drying paints. However, even when goplied as a fine mig with an
ar-brush pigtol, the ddicate joints of too many ants would have been pasted over, rendering
this method neither useful nor judifiable. Furthermore, even if agpplied manudly, which is not
practicable for the large number of ants needed, every externa marking of an ant quickly
disgppeared due to the emery paper effect of the soil. Interna marking by feeding the arts ail
dyed with food colorings (red and black), were smilarly futile for the use in the fied.
Medium and mgor workers were often smply too dark in color to see the dye in their gagters.
Also, the presence of other food in an ant's crop could influence the color of the dye and thus
impeded its identification. Only for laboratory dudies, where dngle ants of managegble
number could be observed close by, under good light conditions, and without other food in
their crop, provided these internd markings agood method to assgn ants to a certain sample
(Chapter 6).

In trying to overcome these difficulties in marking and following hypogeeic army ants, |
found radioactive labeling of the ants to be a promisng method. Alreedy successfully
employed to study ants hidden from view in tree trunks (Kloft and Holldobler, 1964; Kloft et
al., 1965), | conducted some priminary experiments to invesigate the method's suitability to
sudy hypogeeic ants. First of al, an appropriate marker for D. laevigatus would need to meet
the following requirements.

1. Bemixable with ail and beingegtible by the ants.

2. Have an emisson strong enough to detect a highly frequented ant trall through at least 10
cm of soil.

3. To be sdectively detectable with a hand-held detector.

4. Not to be lethal to the ants.

5. To have ashort hdf-life, removing it from the environment as quickly as possible.

13Yodine met dl these requirements. In cooperation with the Clinic for Nudear Medicine of
the University of Wirzburg, | fed sunflower oil marked with !l to 50 Lasius flavus workers,
which readily ingested the oil. Within an hour, a group of workers which had fed on the ol
was dealy discernible in the atificd nest from another group which was not yet
radioactively labded. After 24 hours, dl ants emitted &radiation, detectable with a Mini-
Monitor (Wdlhofer). Except for 13 ants, dl ants were 4ill dive after four weeks, when the
radiation had falen below the criticd leve. Insarting different materias between the marked
ants and the detector indicated that the radiation emitted by even a few ants should be strong
enough to penetrate 10 cm of soil. These encouraging results combined with the high numbers
of D. laevigatus available for markings at baits, enable me to propose a possible experimenta
design (based on the experience gained through my study):

A grid containing seve buckets with 10 m distances should be established within a sudy area
of & leest 1 ha Bating each Seve bucket with 20 ml pam oil and checking the bats daily
should dlow an approximation of D. laevigatus occurrence and foraging movements within
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the sudy area. Eventudly, when the oil begins to be depleted, one of the best occupied baits
a a drategic point should be sdlected and exchanged with a Seve bucket containing 30 ml ol
mixed with 20 mCi fresh *!lodine. This bucket should then be completely covered with a
lead plate. Smilar to a norma bait check, occurring D. laevigatus should quickly resume to
feed a this bucket, starting the experiment without delay. The experimenter should now be
able to follow ant trals leading away from the bat in the average depth of 10 — 15 cm by
usng a portable Mini-Monitor. The detector should have been coated with an extra layer of
lead, except for the tip of the detection rod, to focus the absorption of &radiation. Even if
trails will be lost a some point, the accumulation of 3! in the nest should render it detectable
after two to three days with some searching activity.

Due to the difficulties in keeping amy ant colonies in the laboratory (Chadap and
Rettenmeyer, 1975), fidd dtudies are the ultimate choice when invedigating these species.
Taking the necessary precautions and following the legd terms, | esteem radioactive labeling
with 1! an elegant and effective method to come as close to direct observations of hypogaeic
army ants as possible.
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Appendix A

Asian Dorylinae—a guide to morphology and distribution

The Dorylinee subfamily being in the strong need of a taxonomic revison, even the most
common Dorylus species can not be identified unequivocaly (see Chepter 6). Of the 61
described Dorylus species (Bolton, 1995), a species key exist only for the four Asan species
(Wilson, 1964). These species, i.e. D. (Alaopone) vishnui, D. (A.) orientalis, D. (Typhlopone)
labiatus, and D. (Dichthadia) laevigatus, represent three of the six Dorylus subgenera A
species dlocation to a certain subgenus, five of which will probably be devated to genus
level (Gotwad, 2002), is reatively easy (eg. with the key of Gotwad, 1982). However, for
speciesidentifications Wilson's key (1964) showed to be futile due to the following reasons.

1. A man key characteridic is the number of antennd segments (AS). Dorylus laevigatus
workers are dtated to have 10 to 12 AS. However, | could show that D. laevigatus rangein
AS between 8 and 12 (Chapter 5). Furthermore, the number of AS varies for D. vishnui
between the origind description (Wheder, 1913) and Wilson's key (i.e eght to nine
segments) — athough both base on the andlysis of the same individuds.

2. The decription of morphologica characters are partidly incomplete in the key and, for D.
vishnui, based on only a single collection of a dozen workers. Since the characteristic
morphological traits can vary gregilly with worker Sze, species identifications should
focus on mgor workers, guaranteeing a comparable anayses. Large worker samples are
thus needed to estimate worker size variability and to collect mgor workers.

3. Didribution ianges are given for each species. However, the detection of D. cf. vishnui on
Borneo and the expected discovery of other hypogaeic species by employing the oil-
baiting method, obscure the believed digtribution patterns. Likewise, the difficult species
identifications most probably resulted in numerous wrong species denominations.

To omit the difficulties caused by the variaion in AS and the Sze-rdaied change of
prominent morphological characters, | propose to collect large worker samples to obtain an
edimation of sSze vaiability and to cdl upon only the larges workers for species
identifications. The number of collected workers and the main body measurements (Chapters
5 and 6) of the andyzed specimen used to characterize the species should be givento dlow
comparisons of other authors.

Following this propostion, | provide the requested data for the two study species, i.e. D. (D.)
laevigatus and D. (A.) cf. vishnui in the following. Supplementary to Chapter 5, | present
some additional data for he castes of the D. laevigatus colony. To relate the study species to
the third Asan subgenus (or probably third genus, according to Gotwald, 2002), | included
the corresponding description of D. (T.) labiatus, collected with the same method in
Jordanian. Furthermore, for comparative reasons, some biologica data and approximate
digribution maps are provided for dl four Asan Dorylus species. Didribution maps were
derived by noting a species detection from the literature and extrgpolating the vegetation
information of these locations to a possible overal occurrence map.

Abbreviations of body measurements are as defined in Chapter 5, the morphologica
terminology follows Bolton (1995).
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Dorylus (Dichthadia) laevigatus

Dorylus laevigatus Smith (1857). J. Linn. Soc. Lond. 2: 70, worker. Type locality: Sarawak,
Borneo.

Ovedl, | andyzed morphologicd traits of 520 D. laevigatus workers collected from West-
Maaysa and Sabah. Workers were collected from a nest, sx different baits (= different
colonies), and five rading trails. An overview of morphologica ranges is given in Chapters 5
and 6. Generd morphology of the castes are represented by Figures A.1 — A.5 (mgor worker),
A.6 — A.8 (minor worker), A.9 — A.11 (queen), A.12 — A.14 (male), and A.15 — A.17 (brood
sample).

Workers were highly polymorphic (see Chapter 5). Mandibular dentition and number of
antennal  ssgments varied between heavie and lightet worker. However, by sorting
according to these traits, workers could be arranged in a continuous series.

DIAGNOSIS OF HEAVIEST (DW) WORKER (Code: 9)

DW: 5754 mg, L: 9.30 mm, HW: 1.95 mm, HL: 1.80 mm, HTL: 1.35 mm, PnW: 1.20 mm,
AtL: 2.30 mm, PPW: 0.85 mm, AS: 12.

Few dout hars ae found on the anterior cyped margin, mandibles, petiole, subpetiolar
process, sternites, and last two tergites (Fig. A1 — A.5). Pubescence fine, short, and not very
abundant. Petiole trgpezoid in dorsa view (Fig. A.1) and gpproximately round in profile (Fig.
A.2 and A.3). Subpetiolar process pointed poseriorly, and with acute angle a anterior margin
(Fig. A3). Mandibles linear, without subagpicd teeth (Fig. A.4). Frontd lobes closdy
gpproximate but do not reach the anterior clyped margin, which is concave (Fig. A.4). Head
agoproximately square, with a dightly concave occipitd margin  (Fig. A5). Pygidid
impresson without well defined margins with a dngle spine on each gde. Color reddigh
brown.

— 1 mm — 1 mm p—————1 mm
Fig. A.1D. laevigatusmajor worker  Fig. A.2. Major worker side view Fig. A.3. Petiole of major worker

—— 1 mm —— 1mm
Fig. A.4. Frontal lobes Fig. A. 5. Head of major worker

DIAGNOSIS OF LIGHTEST (DW) WORKER (Code: 88)

Due to the variation of morphologica characters with worker sze, Dorylus minor workers
can not be assgned unequivocdly to different species according to their morphology. Only
generd features of a D. laevigatus minor worker are thus given in Figures A.6 — A.8to
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illugtrate the worker varigbility within the species. For this reason, data corresponding to the
magor worker are provided for the smalest worker in the following.

DW: 0.048 mg, L: 225 mm, HW: 048 mm, HL: 0.58 mm, HTL: 0.35 mm, PnW: 0.33 mm,
AtL: 0.65 mm, PtW: 0.23 mm, AS: 8.

The whole body covered with short hairs (Fig. A.6 — A.8). Pubescence fine and short. Petiole
ovd in dorsd view (Fig. A.6) and round in profile (Fig. A.7). Subpetiolar process dender,
without protruding angles. Mandibles dongated with two subapica teeth. Intercdary found
between firs and second subagpica tooth and the basd margin of mandible. Frontal lobes do
not reach the anterior clyped margin, which is strongly convex. Head approximatdy square,
with a dightly concave occipitd margin (Fg. A.8). Pygidid impresson without well defined
margins, with asingle spine on each sde. Color yelowish.

—— 1mm ——— 1mm [ { 1 mm
Fig. A.6. D. laevigatusminor worker Fig. A.7. Minor worker side view Fig. A.8. Head of minor worker

DIAGNOSIS OF QUEEN

DW: 71.7 mg, L: 28.00 mm, HW: 460 mm, HL: 405 mm, HTL: 205 mm, PnW: 250 mm,
AtL: 515 mm, PIW: 4.10 mm, AS: 12.

Few hars are found only on the anterior clyped margin and the mandibles. Pubescence
absent. Petiole as in Fig. 5.3 and A.9. Mandibles linear, without subapical teeth. Frontal lobes
far gpart, lining the pogterior clyped margin, which is gpproximately draight. Head near
sguare, with a strong median impression, connecting the concave occipitd margin of the head
and the pogterior clypeus margin (Fig. A.11). Color reddish-brown.

f——— 10 mm p————— 10 mm p———— 10 mm
Fig. A.9.D. laevigatus queen Fig. A.10. Queen sideview Fig. A.11. Head of queen
DIAGNOSISOF MALES

Although mdes are dated as known for D. laevigatus (Bolton, 1995), a mde was never
collected together with workers. The association of Dorylus males collected at light traps
within the Sunda Shelf and D. laevigatus was based merely on the fact that no other Dorylus
species was known from the region. The discovery of D. cf. vishnui on Borneo made this
assumption uncertain.  Conducting a genetic andyss we findly veified the assumed
association (Chapter 6).

L: 24.65 mm, HW: 4.30 mm, HL: 1.90 mm, HTL: 240 mm, PnW: 3.30 mm, AtL: 6.35 mm,
PtW: 245 mm, AS: 13.
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Compared to the workers, the queen and mae are amilar in Sze. Although a little smaler
than the queen, the ditrunk of the mde is larger, probably due to the contained muscles of the
wings. Its whole body is densdly covered with hair (Fig. A.12 and A.13). Compared to the
body, the legs look rather feeble (Fig. A.13) and seem not well suited to walk long distances.
In comparison to the queen, the head of the made is rather smal. The large compound eyes
make up about hdf of its head (Fig. A.14). Three ocdli are found on the top of the head. The
mandibles have asingle subapica tooth and curved inward (Fig. A.14).

— 10 mm b— 10 mm } | 10 mm
Fig. A.12.D. laevigatusmde Fig. A. 13. Malesideview Fig. A.14. Head of male

Mades resemble the night-active wasp Provespa nocturna, which is very common in Mdaysa
and feared for its powerful ging. Further incressing this resemblance, D. laevigatus maes
move ther abdomen when caught as if trying to sing (JBeck, pers. comm.). Only an
experienced biologis will not let go of a mde a this time This possble mimicry could
provide some protection for males from nocturna predators.

DIAGNOSIS OF BROOD

Excavated together with the nest (Chapter 5), brood was reported for the first time for D.
laevigatus. Brood of dl developmental stages occurred smultaneously (Fig. A.16 and A.17),
pointing to a nonphasic brood production. Larvae were discernible by ther distinct
segmentation and protruding setae (Fig. A.15). Due to the lack of a cocoon in Dorylus amy
ants, old larvee were often difficult to discriminate from young pupae — Figure A.16 shows
from top right to lower left dternating a larva and a pupa The strong variation in worker and
thus in brood szes rendered the dlocation of larval Szes to a certain developmenta dage

impossible.

¥

f—— 1mm FH 1mm —— 1 mm
Fig. A.15. Young larva Fig. A.16. Larvaeand young pupae  Fig. A.17. Pupae

of different subcastes and ages

RELATIONSHIPS AND BIOGEOGRAPHY

Dorylus laevigatus is the only known member of the subgenus Dichthadia, which probably
will be devaed to genus daus (Gotwad, 2002). Due to the primitive number of antennd
segments in large workers (i.e. 12), and lacking other prominent gpomorph traits, Wilson
(1964) assumed it to be a rdaively primitively Dorylus species. Combined with its
digribution (Fig. A.18), this might hint to an ealy immigration into Ada (20 Ma), a
colonizetion of the idands of the Sunda Shelf during the glacid periods of the Quaernary,
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and a displacement from the rest of Asa possbly by on-following Dorylus species or climatic
changes during the Quaternary.

| Figure A.18. Proposed distribu-
tion of D. laevigatus. Black
circles represent  literature  and
own collection dtes. The shaded
area encompasses a proposed
digributional area, derived from
the extrgpolation of vegetation
daa The questionrmak on
Sulawes indicates the uncertain
gte dlocation (refer to text for
more informetion).

Dorylus laevigatus has been reported from Myanmar, Thaland, Maaysa (Peninsular
Madaysa and Borneo), Indonesa (Java, Sumara, and Sulawes) (Fig. A.18). The single
worker collection from Sulaves (Emery, 1901), is marked with a questionrmak in Fgure
A.18, dnce even the most recent studies of Quaternary sea levels did not indicate the
exigence of a past land-connection between Sulawes and Borneo or Java (Voris, 2000). Due
to the digributiona limitations of Dorylinae, i.e. the need of a wingless (hypogaeic) queen to
move aong with a large number of associated workers, render aready smal rivers impassable
barriers (Brown, 1973). A verification of the Sulawes collection would therefore strongly
point to a past land-connection between Sulawes and the Sunda Shelf.

Dorylus (Alaopone) cf. vishnui

Dorylus vishnui Wheder (1913). Rec. Ind. Mus. 9: 233, worker. Type locdity: Mulmein,
lower Myanmar.

Dorylus vishnui was only once collected (Whedler, 1913). Due to the imprecison of the
species key discussed above, the species | detected on Borneo was termed D. cf. vishnui until
arevison ducidatesits satus.

Overdl, | measured morphologica traits of 54 D. cf. vishnui workers collected in Poring Hot
Springs, Sabah. Workers were collected from five different bats (= different colonies). An
overview of morphologicd ranges is given in Chepter 6. Figures A.19 — A.23 illudrate the
morphology of a mgor worker.

Workers varied continuoudy in Sze. Mandibular dentition varied only dightly and number of
antennal segments not a al between the heaviest and lightest worker.

DIAGNOSIS OF HEAVIEST (DW) WORKER (Code: 565)

DW: 5117 mg, L: 945 mm, HW: 205 mm, HL: 245 mm, HTL: 1.80 mm, PnW: 1.15 mm,
AtL: 2.70 mm, P(W: 0.75 mm, AS. 9.

Few gout hars are found on the anterior clyped margin, mandibles, petiole, subpetiolar
process, sernites, and last tergite (Fig. A.19 — A.23). Pubescence fine, short, and not very
abundant. Petiole rectangular in dorsd view and profile (Fig. A.19 — A.21). Subpetiolar
process bulged antero-ventraly, with a pointed anterior and tranducent ventra margin (Fig.
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A.21). Mandibles dongated with two subapica teeth (Fig. A.22). A diastema found between
goicd and first subapicla tooth, four denticles between the first and second subapica teeth.
Frontal lobes do not reach the anterior clyped margin, which is dightly concave (Fig. A.22).
Head rectangular, with a drongly concave occipital margin (Fig. A.23). Pygidid impression
with well defined margins, with apair of spines on each sde. Color reddish-brown.

F 1mm — 1mm
Fig. A.19. D. cf. vishnui Fig. A.20. Mgjor worker sideview  Fig. A.21. Petiole of major worker

f—— 1 mm F—— 1mm
Fig. A.22. Frontal lobes Fig. A.23. Head of major worker

DIAGNOSIS OF LIGHTEST (DW) WORKER (Code: 492)

For the same reasons given for the description of the smal D. laevigatus worker, the lightest
D. cf. vishnui worker will be characterized in the following.

DW: 0.148 mg, L: 3.10 mm, HW: 0.65 mm, HL: 0.75 mm, HTL: 0.50 mm, PnwW: 0.38 mm,
AtL: 0.80 mm, PtW: 0.25 mm, AS: 9.

The whole body covered with short hairs. Pubescence fine and short. Petiole rectangular in
dorsd view and approximately round in profile. Subpetiolar process dender, eongated, and
rectangular, with a dightly crenulated ventrd margin. Mandibles dongaed with one
subgpical tooth and a find denticle. Intercdlary found between the subapicad tooth and the
denticle. Fronta lobes do not reach the anterior clyped margin, which is agpproximately
draight. Head dightly rectangular, with a dightly concave occpitd magin. Pygidid
impression with well defined margins, with asmple spine on each sde. Color reddighbrown.

OTHER CASTES
The queen, males, and brood of D. vishnui remain undetected.

RELATIONSHIPS AND BIOGEOGRAPHY

Dorylus vishnui has retaned some ancestrd morphologica traits and might represent a relict
of an ealy Alaopone invason into Ada (Wilson, 1964). Smilar to D. laevigatus, D. df.
vishnui probably colonized Borneo during the glacid periods of the Quaternary.

Due to the uncertain reationship between D. vishnui and D. cf. vishnui, the collection ste of
the former species is marked with a question-mark in Figure A.24. Dorylus cf. vishnui was
collected on Borneo; from Poring Hot Springs, Sabah (own collection) and from the Bako
Nationa Park, Sarawak by W. Dorow (Fig. A.24). If it isidentical with D. vishnui, it should
have adigribution smilar to D. laevigatus (Fig. A.18).
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Figure A.24. Proposed distribu-
tion of D. cf. wvishnui. Black
circles represent  the collection
dgtes of W. Dorow and mysdf.
The questionrmak in Myanmar
indicates the collection ste of the
origind species, i.e. D. vishnui.
1 The shaded area encompasses a
proposed digtributional area, of
D. cf. vishnui, derived from the
extrgpolation of vegetation data.

Dorylus (Typhlopone) labiatus

Dorylus labiatus Schuckhard (1840). Ann. Mag. Nat. Hist. 5: 319, mde. Type locdity: India
Fordl, (1901). J. Bombay Nat. Hist. Soc. 13: 464, worker.

Employing the pam oail baiting method described in this thess, my student helper N. Karbek
digributed 10 soil baits (Fig. 3.3) in a date pam plantation near Amman, Jordanian. Already
within the first 24 hours, D. labiatus recruited to two of these baits. Out of a collection of 78
workers, | selected and measured te heaviest (DW 4.110 mg) and the lightest worker (DW
0.220 mg). For the reasons discussed above, only the measures of the heaviest worker are
provided in the following (Fig. A.25— A.29).

No digunction in worker dzes was perceivable in the collected sample. Mandibular dentition
varied only dightly and number of antenna segments not a dl between the heavies and the
lightest worker.

DIAGNOSIS OF HEAVIEST (DW) WORKER (Code: 576)

DW: 4110 mg, L: 855 mm, HW: 1.65 mm, HL: 2.10 mm, HTL: 1.35 mm, PnW: 1.10 mm,
AtL: 2.15 mm, PtW: 0.63 mm, AS: 11.

Few dout hairs are found on the anterior clyped margin, mandibles, subpetiolar process,
dernites, and last tergite (Fig. A.25 — A.29). Pubescence fine, short, and more dense than in
the previous species. Petiole trapezoid in dorsad view (Fig. A.25) and approximately square in
profile (Fig. A.26 and A.27). Subpetiolar process wedge-shgped, with a tranducent ventrd
margin (Fig. A.27). Mandibles elongated with a subapical tooth and one denticle (Fig. A.28).
Frontd lobes overhang the anterior clyped margin, which is gpproximately draight (Fig.
A.28). Head rectangular, with a nearly draght occipitd margin (Fig. A.29). Pygidid
impresson without well defined margins, with a sngle spine on esch sde. Color reddish
brown.
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L]

/ A _
- 1 mm F— 1mm f——— 1 mm
Fig. A.26. Major worker sideview  Fig. A.27. Petiole of major worker

F—— 1 mm F—— 1 mm
Fig. A.28. Frontal lobes Fig. A.29. Head of magjor worker
OTHER CASTES

The queen and brood of D. labiatus reman unknown. Since no D. labiatus nest has ever been
excavated, nor have males been collected together with workers, the association of collected
males remain uncertain.

RELATIONSHIPS AND BIOGEOGRAPHY

Dorylus labiatus is very amilar and probably identicd to D. fulvus (Wilson, 1964), which
has been collected from Africa, the middle East, and some Mediterranean countries (Bolton,
1995). If this identity is confirmed, D. labiatus would represent a connecting link between the
Adan and African Dorylus populaions. Asde from our Jordanian collection, D. labiatus has
been collected throughout most of India (Fig. A.30). Possbly occurring in Asa only as far
weswad as India it might have emigrated rather recently from Africa to Ada possbly
partidly displacing the earlier immigrated D. laevigatus and D. vishnui.

Figure A.30. Proposed distribu-
tion of D. labiatus. Black circles
represent collection dites from the
literature.  The shaded area
encompasses a proposed distribu-
tiond aea deived from the
extrgpolation of vegetation deta.
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Dorylus (Alaopone) orientalis

Dorylus orientalis Westwood (1835). Proc. Zool. Soc. Lond. 3: 72, mde. Type locdity: India
Forel, (1901). J. Bombay Nat. Hist. Soc. 13: 463, worker.

Of the four known Adian Dorylus species, D. orientalis is the only species noted recurrently
in the literature, due to its habit of regularly including plants into its diet, rendering it a serious
crop pest in some areas (eg. Roonwa, 1972). Nevertheless, despite the high attention D.
orientalis has obtained in comparison to other hypogaeic Asan Dorylus species, the biology
of this pecies is as little know as of D. laevigatus and D. cf. vishnui prior to my work. No
nest excavation has been reported and queen and brood reman unknown. Likewise, maes
were never collected together with workers, rendering their association with D. orientalis
uncertan.

RELATIONSHIPS AND BIOGEOGRAPHY

Showing more derived morphologicd characters than the other known Asan Alaopone
species, i.e. D. vishnui, D. orientalis might have immigrated later into Ada then D. vishnui
(Wilson, 1964). A later immigration could dso explain the absence of D. orientalis from the
sundaic region (Fig. A.31), the idands of which could have been reached only during the
glacid periods of the Quaternary. Being the most widespread Asan Dorylus species, D.
orientalis was reported from China, Nepd, north to centrd India, Sri Lanka, and south-west
asfar aslower Myanmar (Fig. A.31).

Figure A. 31. Proposed distribu-
tion of D. orientalis. Black circles
represent collection stes from the
literature.  The dhaded area
encompasses a proposed distribu-
tiond aea deived from the
extrapolation of vegetation data
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