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ABSTRACT
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Doctor of Philosophy
FORAGING AND DEFENSIVE BEHAVIOUR IN NEOTROPICAL TERMITES
by Alan Edgar Mill
Biological and ecological data on the termite faunas and their ant

predators at eight localities in the main vegetational zones of Amaz-
8nia, Brazil, are presented. Known and novel morphological and behav-
ioural adaptations for defence in the termite neuter castes are desc-~
ribed in detail and the relative proportions of soldiers in nest and
foraging~party samples are reported. Soldiers are present in greater
proportions in foraging-party samples than in nest samples and play a
major role in directing the behaviour of foragers. Correlations are
shown between the foraging mode (= ecological role) of the 186 spec-
ies studied with both the defensive capability of the soldier caste
and the proportion of soldiers present in samples.

The majority of the 325 species of ants recorded as termite-predat-
ors are opportunists and only eight species of ponerine and one dory-
line specialise in termite-predation. The specialists are sub-divided
according to predation style and their ecological impact on termite
populations is investigated. The mass-recruited ponerine, Pachycond-
yla commutata, is the most efficient predator and exerts a predation
level of 0.405 termites per square metre per day (ter. m“zday_1). No-
madic nest-raiders exert a predation level of 0.109 ter. mbzday'l but
are wasteful of their resources. All other opportunists together ex-
ert a mean predation level of 0.139 ter. mugday‘1.

The pheromonal role of the chemical secretions produced by termite
soldiers in defence are examined and their toxicity assessed by top-
ical bicassay on predatory ants. The defensive secretions of almost
all species serve as multi-component pheromones and fulfil a variety
of communicative roles in foraging parties, dependent on the amount
produced. The terpenoid secretions of the higher nasutitermitines are
the most toxic on topical application, while the effects of the secr-
etion of the lower nasutitermitine Syntermes calvus are enhanced by
wound application. The rupturates produced in autothysis are general-
ly tacky, entangling agents with no toxic or pheromonal activity, al-
though rupturates of the soldierless apicotermitines are repellent %o

predatory ants.
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Chapter 1. INTRODUCTION

1.1 Termites: the biology of the Isoptera

1.1.1 Introduction

The Isoptera is a small order, most of whose members are restricted
in their distribution to the tropical regions of the world. The order
containsg 2,255 described species at present (unpublished records of
the Centre for Overseas Pest Research, London), all of which show a
eusociality analogous to that of the social Hymenoptera - ants, bees
and wasps - and which earned them the name 'white ants" from early
european naturelists. Although similar by analogy, there are several
fundamental differences between the eusociality shown by the struct-
urally primitive termites and that shown by the structurally advanced
ants and other Hymenoptera.

Firstly, all known termite species are found only in discrete,
highly organised social communities, while some hymenopterans are not
gocinl insects and live as solitary individuals. Secondly, there are
no subsocial termites and the origins of termite eusociality are ob-
scure. In contrast, the Hymenoptera exhibit a full range of socislity
from completely solitary species, through subsocial forms, to fully
eusocial insects, such as the ants; and several valid theories have
been advanced to explain the origins of eusociality within the Hymen-
optera. Thirdly, both sexes are present in the worker and soldier
termite castes, while the hymenopteran colony is exclusively female.
Pinally, the development of the termite individual is hemimetabolous,
the youngest larvae having broadly the seame appearance as the adult,
while the development of the ant, bee or wasp individuasl is holomet-
abolous, involving larval and pupal metamorphoses. An account of ant
biology is given in section 1.4.

Despite their primitive physical appearance, the more advanced
species of termites have achieved a complexity of social integration
and nest structure equalling that of the most structurally advanced
Hymenoptera.

1.1.2 The femilies of termites
The order Isoptera comprises seven families, the first six of which

are collectively known as lower termites and the seventh, Termitidae,
as higher termites. The Termitidae include 69% of the described New
World species and 74% of the world fauna. The common denominetor
among lower termites is the possession of an intestinal fauna of sym-
biotic protozoa on which the termites depend for the efficient diges-



tion of cellulose; this fauna is absent from the termitid intestine

and its role is played by a symbiotic flora of bacteria.

Although the fossil record shows that all femilies were once pre-
sent in the New World, two are no longer found in the living fauna.
The most primitive of the lower termites, the Mastotermitidae, are
known today only from tropical northern Australia end New Guinea and
the Hodotermitidae, or harvester termites, are restricted to the
drier areas of Africe and south-east Asia. The dry-wood termites, or
Kalotermitidae, the damp-wood termites, or Termopsidae and the more
advanced Rhinotermitidae are all represented in the New World, while
the monospecific Serritermitidae is known only from the savannas of
Brazil. Three of the four termitid subfamilies, Apicotermitinae,
Termitinae and Nasutitermitinae, are well-represented in the New
World, but the fourth, Macrotermitinae, is found only in the Ethio-

pien zoogeographical region.

1.1.3 Food, nest and colony structure
The raw food of termites consists of dead plant tissues, mainly of a

woody nature. In the neotropics, termites show a complete range of
adaptation to food sources varying from living trees, herbs and
grasses to well-decomposed humus and organically-rich soil. Boyer
(1971), Collins (1983), Lee & Wood (1971) and Wood (1976) suggest
that they play an important role in decomposition processes in trop-
ical habitats, from the initial degradation of living vegetation to
the final organic enrichment of the soil; the sole data from the neo-
tropics (Wiegert, 1970) do not support this view and suggest that the
termites are not the principal decomposers in neotropical forest soil

macrofaunas.

The Isoptera are polymorphic and live in nests, or termitaria, of
their own construction. These can be totally subterranean, partially
subterranesn, fully epigeal, or arboreal (within the tissues of, or
superficially attached to trees or shrubs). Termitaria may be simple
or complex in their internal structure, but always form a closed
system, isolated to some degree from external envirommental condit-
ions. They serve to house and protect the termite colony, to store
food and to provide an optimum microclimate for the insects; they
also allow foraging parties and alates to reach the outside world.

The termite colony is a cooperative community consisting of three
morphologically and functionally distinct castes and the immature,

non-functional individuals from which the caste members develop. Two
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of the castes, the workers and soldiers, are generally blind, apter-
ous and sterile while the third caste consists of winged reproductive
sexual forms called slates, which have compound eyes, ocelli and two
pairs of similar wings. The alates fly from the parent colony to pro-
pagate the species and found new colonies, but shed their wings along

special sutures on completion of their flight.

1.17.4 The castes and their function

The soldier caste has modified mouthparis and a strongly chitinised
head-capsule, which is usually pigmented and often larger than in the
other castes. Two broad categories of soldier can be distinguished,
the nasute or nasutoid and the mandibulate. The former has an elong-

ate nasus or projection (nasute) or prolonged labrum (nasutoid) at
the front of the head capsule which is used for ejecting defeunsive
secretions; the latter has hypertrophied mendibles for physical def-
ence. Dimorphism of soldiers is common and some species have trimor~
phic soldiers. The function of the soldier caste is to provide a def-
ence against predators, principally ants, for the colony as a whole
within the precincts of the nest structure, for parties of workers
which may be foraging at some distance from the nest and also for the

reproductives, as far as possible, when they emerge for the mating

flight, or swamm.

The worker caste is the most numerous in the colony esnd is di- or
trimorphic in some species. Workers are responsible for all foraging
activity, for tending the eggs, larvee, nymphs and reproductives and
for feeding the other castes. Soldiers, reproductives and immature
forms are incapable of feeding themselves and are completely depend-

ent on the worker caste for their existence.

Fach colony normally hes one male and one female reproductive
form permenently resident, the royal pair, which produce the fertil-
ised eggs from which all members of the colony arise. Copulation
occurs at intervals throughout the life of the pair and the queen can
lay eggs at a rate of 1,250 per day (pers. obs. for Crepititermes
verruculosus). Besides carrying out the fundamental activity of rep~
roduction, the imagos (the term used to describe the meture adult
forms in all other orders of hemimetabolous insects) play a major
role in the distribution of their species by their seasonal swarming
flights. These are the mass exoduses at roughly annuael intervals of
male and female reproductives from the parent colony. The winged
termites are responsible for the perpetuation of the species and for




the colonisation of suitable habitets. At the end of their brief
flight the alates shed their wings and pair up, mele with female.
EZach pair selects & gsite for a new colony, excavates the first gall-
eries and tends, feeds and protects the first young of their colony.

1.2 Termites in the neotrupical ecosystem

Termites are generally regarded as tropical insects, although they
have been found in the New World at latitudes &s far north as 52°30!
N (Banks & Snyder, 1920) and es far south as 42°30' S (Araujo, 1970).
Numbers of both species and individuals decrease steadily both with
increasing latitude outside the neotropics and with elevation, where
lower temperatures occur. Termites have achieved high population den-
sities throughout the neotropical region and, in favourable habitats

such as the evergreen rain forest in the Amazon basin, present a very
wide range of species. The biology, ecology and even the complete
taxonomy of termites in the New World are rather poorly known, for
collections to date have been parochiesl, isolated and not ecologic-
ally orientated. Vast areas within the region heve yet to be surveyed
for termite activity and little is understood of the full role of the

Isoptera in the ecosystem.

About 200 species have been recorded within Brazil, but this is
the result of uncoordinated, localised collections and almost 70% of
Brazil's land surface has not yet been examined. In particular, the
extensive semi-arid savarmas in the north-east of the country and the
belt of rainforest along the Atlantic sea-coast have almost been ig-

nored by Isopterists to date.

1.3 DNeotropical termite predators

Colonies of social insects are stationary, potentially rich sources
of energy for a broad spectrum of carnivorous animels, but the phys-
ical and biochemical defences they develop against predation under
stable conditions deter the majority of would-be attackers (Carroll &
Janzen, 1973). Most of the predators which have been recorded attack-

ing termitaria or exposed termites are opportunists capitalising on
fortuitous situations and termites do not form a major part of their
diet. The mass exodus of winged male and female reproductives from
the termitarium on their mating flight is the occasion when the most
dramatic opportunist predation occurs; exsmples of the vertebrates
and invertebrates capable of opportunist predation on termites in
such situations are listed by Araujo (1970) and Deligne et al. (1981).
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Armadillos and anteaters (Dasypodidae and Myrmecophagidae respec-
tively, of the eutherian order-Edentata) are the only New World vert-
ebrates known to be capable of a more specialised predation involving
the penetration of the termitarium; while among the invertebrates
only a few ants (Formicidae: Hymenoptera) have specialised in attack-~
ing termites within their termitaria and other structures. Vertebrate
predators of termites are being studied by other workers,eg. Lubin &
Montgomery (1981) and Redford (pers. comm.) and attention in this

study centred on the specialised ant predators.

1.4 Ants: the family Formicidae

Ants are structurally advanced, holometabolous, eusocial insects.

They comprise the family Formicidae (Hymenoptera: Formicoidea) and,
like termites, all ants are eusocial. In contrast to the situation
with isopterans, the origins of formicid eusociality cen be traced
(Wilson, 1971) and the ant colony is exclusively female, as the wing-
ed male is short-lived and dies soon after mating. These features,
together with the morphological differences between termite and ant
workers, constitute fundamental differences between the two taxa. Al-
though phylogenically and morphologically distinct, ants and termites

share many analogous characters in their biology and ecology.

Ants are practically ubiquitous and range from the Arctic tree
line to Tierra del Fuego in their New World distribution (Wilson,
1971). As with termites, the number of species and individuals is
greatest in the tropics (Fittkau, 1969). They live in colonies in as
wide a variety of ecological situations as termites, most commonly in
the soil or in rotting wood, or ia plant cavities. Most ants are omn-
ivorous, but several have a more specialised food requirement, e.g. the

leaf-cutting attines (Myrmicinae).

A colony of ants generally consists of two castes. There are one
or more functional reproductive females, or queens, and numerous
sterile female workers. At certain times of year a third caste of
winged reproductive males is also present in large numbers, together
with many, winged, virgin females. These winged reproductives take
part in the mating swarm and then, after mating with a male and find-
ing a suitable locale to begin a new colony, the female loses her

wings; the male loses his life.

The workers are apterous but, unlike termites, possess eyes. They

have the task of building the formicarium, caring for the young and
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feeding and defending the colony as & whole. Many ants have monomor-
phic workers, but some species have polymorphic workers, the larger
size being called soldiers or mexims and the smeller being called

minors or minins.

1.5 Termite defences

The termite colony presents an importent potential food source to
many invertebrates, especially ants, and is a resource harvested sea-
sonally by & very wide range of animals. The walls of soil or carton
which surround the temmiterium constitute a physical barrier to pred-
ators and form the single most effective defence the termite colony
possesses. In its absence, or when it is breached by accident or by
design, some alternative system of defence is needed to protect the

‘colony.

Within the caste system the temmite soldier has evolved into a
deterrent against potential predators in such situations and its mor-
phological, behavioural and biochemical modificetion is directed to-
wards the defence of the colony. The modification of the termite sol-
dier includes the strong sclerotisation of the head capsule, & spec-
ial development of the mandibles for mechanical defence and/or cer-
tain exocrine glands for chemical defence and & characteristically

aggressive behaviour.

The physical modificetions and the chemical weapons developed in
the soldier caste are exsmined in the present study and the behaviour
end role of the soldisr within the termite colony is discussed.

e s o i s e - b i o

1.6 Bioassay of defensive secretions

The chemical secretions which termite soldiers produce in the defence
of their colony are repellent and often toxic to a wide range of pre-
dators (Coles, 1980; Iubin & Montgomery, 1981). Several of these sec-
retions were bioassayed during the present study in order to examine

the function of these chemical weapons and to investigate the relat-

ionship between the chemical and physical defences of the soldier and
the mode of foraging employed in different termite species.

1.7 Potential applications for termite defensive secretions

The toxicity shown by termite defensive secretions and by individual
components of these secretions suggests that they may be directly
useful for man. The natural products which insects use as repellents
and toxins sgainst other animals have a congiderable potential for



use as control egents of pest species. Termite exocrine secretions
often show a repellent or toxic nature against a wide spectrum of or-
ganisms end, whereas species-specificity is desirable in certain pest
treatments, there are meny practical cases in which protection
ageinst & reange of pests is needed. A study of the efficacy of ter-
mite defensive secretions and the chemical analysis of their constit-

uents can lead to the discovery of novel toxins and toxicophores.



Chapter

2
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Chapter 2. INTERACTION OF NEOTROPICAL: TERMITES AND ANTS

2.1 Introduction
A total of eight localities within Brezil were visited during this

study. The general vegetation, the biology of the temnite faunas and

the ants predatory o termites at each locality are described in the
following sections. This information was collated from field notes

and observations compiled at each locality between February 1980 and

October 1981.

2.2 BStudy Areas
2.2.,1 The general study area

Data presented in this subsection are taken from Anon. (1977, 1978),
Eiten (1972), Fittkau et al. (1968, 1969), Veloso (1966), Prance
(1977), Radambrasil (1975, 1978), Retter (1980) and Richards (1973,
1976, 1983). The majority of the field work described in this chapter
wags conducted within the limits of Amazdnia, in each of the four main
vegetation zones of the region. The area designated as Amazdnia comp-
rises about 60% of Brazil's land surface, 40% of the South American
subcontinent and 5% of the world's land surface (Fig. 2.2.1). It in~
cludes the whole of the States of Acre, Amazonas, Parf and Rondfnia,
the territories of Amapd and Roraima and extensive tracts of the
States of Goias, Maranh®o and Mato Grosso; it covers an estimated
5,033,100 kmz. AmazBnia contains the Amazons river basin (the river
discharges 20% of the world's fresh water) and over 30% of the world
reserve of broadleafed forests in the largest single stand of trop-

ical rainforest remaining (Fig. 2.2.1).

The vegetation zones visited during this study are described as
zones (a) to (d) below and shown on Fig. 2.2.2. About 90% of the Am-
azon basin is covered by three types of tropical rain forest:

a) Ivergreen tropical rain forest, or Hylean forest;

b) Evergreen tropical rain forest periodically inundated by river
flood waters;

c) Semideciduous tropical rain forest, floristically very similar to
Hylean forest.

The edges of the basin (which comprise the remaining 10% are covered

by non~forest vegetation types:
d) Savamna; e.g., cerradfo, cerrado and campo formetions;

e) The Cachimbo, Roraima and Xingu vegetational complexes;
f) Littoral vegetation; e.g., mangrove swamps.

Zones (e) and (f) were not visited during this study.
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2.2.2 TBroad descriptionu of the four major vegetation zones

The forest vegetation zones (a) o (¢) are characterised by a complex
of trees whose crowns touch and give the impression of continuous cover.
In general, it is a typicelly climatic formation, dependent upon amount
of rainfell for its existence. In contrast, the savanna vegetation
types are rather independent of rainfaell and climate. The tropical rain
forest is the most complex ecosystem on the earth and its distinctive
characteristic is its great species richness: no other major ecological
community has so many kinds of plants and animals. Seasonal changes,
severe drought and cold do not occur where rainforest grows and, in its

natural condition, the tropical rain forest is a very stable system.

Ixtensive stands of tropical rain forest survive in only three
regions: the Amazon river basin, the Congo river basin in equatorial
West Africa and the Malay archipelago in south-east Asia. Isolated
blocks and patches also exist in Central America, along the coast of the
Ml of Guinea in West Africa and in the more humid reglons of India,
Ceylon and Australia, out everywhere the tropical rain forest is being
cleared for agriculture, animal husbandry and habitation. Three types
of rain forest were visited during +this study:

a) Evergreern ‘Lropical rain forest (Hylean forest) is found in a trop-
ical, humid climate and is characterised by tall, dense forest of ever-
green foliage in three distinct strata with a few tall (c. 45 m) trees
emerging above the forest ceiling. The forest is formed of a very large
nunber of species, with a resultant very low frequency of individuals,
of trees of all girths and sizes. Due to the shade cagi by the dense,
100% crown cover, there is only a sparse ground vegetafion (Plate 2.1).
b) Evergreen tropical rain forest periodically inundated by river flood
waters has a similar appearance to (a) but possesses fewer species and
individuals over 30 m tall are uncommon.

¢) Semideciduous tropical rain forest is found between a tropical,
humid climate with high rainfall and a semi-arid climate with a pro-
nounced dry season. It is a tall bubt sparse formation of thin, straight
trees (under 60 cm diameter). At least 60% are deciduous and small-
leaved. Trees are plentiful in number but fewer species are present
than in (a).

The savamna vegetation, zone (d), in Brezil differs from forest in
that trees and shrubs, where present, rarely give the impression of
continuous cover. Studies were conducted in three savanna vegetation

types:
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@)(1) Cerrado is characterised by well-spaced, low, semideciduous,
xeromorphic trees with thin, leaning, twisted trunks. The taller veget-
etion consists of small trees 3-7 m +all, presenting up to 50% crown
cover. The ground layer is seasonal, predominantly grasses with many
herbs and a variable density of low shrubs. In Brazil, about 257 of the
land surface is covered by cerrado formations (Plate 2.2).

d)(ii) Cerradfo is a more dense vegetation than cerrado, with taller
(10-12 m), less crooked but still thin, semideciduous trees, presenting
100% crown cover in patches, but generally very much less.

d)(iii) Cempo is a formation of Gramineae of rather variable height,
interspersed with & large number of ephemerals end very few trees

(Plate 2.3).

2.2.3 Specific localities visited

The vegetation map(Eﬁg.Z.Q.Q)shows the positions of localities visited
during this study. Table 2.2.1 presents geological, pedological and veg~
etational features of each locality, while climatic and meteorological

data for each are given in Table 2.2.2.

The following localities were visited during the period February
1980 - October 1981 (parentheses contain the approximate dates of
visits and the abbreviated form of locality names adopted in subsequent
chapters):

1) Ilha de Maracd, territory of Roraima (May-June 1981; Maracd);

2) Arquipélago de Anavilhenas, Amazonas State (March-April 1981; Ana-
vilhanas);

3) Pazenda Morel8india, Benevides, Pard State (November 1980; Morel&n-
dia);

4) Iqué-Juruena, Mato Grosso State (August-October 1980; Iqud);

5) Vilhena, Ronddnia State (June and October 1980; Vilhena);

6) Fazenda Agua Limpa, Brasilia, Distrito Federal (March—May 1980, Dec-
ember-February 1980/1, August-September 1981; FAL);

7) Goias Velho, aka Vila Boa, Goias State (February 1980 and October
1981; Goias);

8) Parque Nacional das EFmas, Goias State (July 1980; Fmas).

Maracé, Anavilhanas and Iqué ‘are ecological stations implemented
and maintained by S.E.M.A. (the Special Envirormental Agency) of the
Brazilian Interior Ministry. Morel&@ndia is a privately-owned ferm,
cocoa plentation and reserve of virgin forest. Vilhena is a frontiers-—
town in a newly established agriculturel zone, formerly largely forest-

ed. FAT is the experimental farm and ecological reserve owned by the
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University of Brasilia on the outskirts of Brazil's capital city.
Goias is & retiring agricultural town, established by the Portuguese
colonists almost five centuries ago. Hmas is an ecological reserve
protected by I.B.D.F. (the Brazilian Institute for Forestry Develop-

ment ).

2.2.4 Research facilities at localities visited and equipment used
At the three S.E.M.A. ecological stations and at FAL there were lab-
oratory facilities available and it was possible to conduct bioassays

of termite defensive secretions (see chapter 7 for full details). At
the other four sites no laboratory facilities were available and only
field observations and experiments, as outlined in section 2.3, were

conducted.

For the fieldwork and the field experiments carried out at the
variocus localities visited the following equipment was found to be
essential:

1 2.25 kg pick-ax head for the dissection of termitaria (a helve
was cut and fitted at each site).

1 machete or jungleknife (45 cm blade) for cutting and clearing
vegetation and for opening wood occupied by termites.

2 carborundur blocks

1 Silva~type compass

1 plastic trowel, invaluable for delicate excavation of soil pits
and soft termitaria.

1 100 m roll of dayglow orange marker tape.

1 10 m flexible +tape rule marked in mm, cm and m.

1 battery-operated torch with 12 sets of batteries (for a period of
six weeks) and replacement bulbs.

several pairs of 4inox forceps for collecting insect material.
100 75 mm x 25 mm plastic, screwlop tubes for the samples collected

each day in the field for preservation and taxonomic work.

400 70 mm x 12.5 mm corked glass vials for the storage of collected
meterial. Over 3000 were used in total.
2 1 commercial alcochol (c. 97%) for dilution to 75%; used at the low-
er concentration as a preservative for insects collected.
30 75 mm x 37.5 mm screwtop plastic canisters for the transport of
living bioassay material from the field to the laboratory.
50 75 mm x 37.5 mm screwbop plastic canisters for use in bioassay
trials.
<50 25 mm x 20 mm x 15 mm plastic boxes (with tops) for use in bio-
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assay work.
100 30 cm x 20 em polythene bags for the same purpose.
100 1/1m3 capacity microcapillary tubes for bioassays and micro-
technique.
100 70/1m3 capacity microcapillary tubes, ditto.
1 x10 handlens
1 entomologist's dissection kit, with two extra pairs of Sinox
forceps.
1 35 mm single lens reflex camera, bellows, lenses and flashgun.
6 cartridges of 36 exp. Ektachrome 400 ASA colour reversal film.
1 10 m roll of Ilford FP4 black & white negative film and six car-
tridges.
1 developing tank, with developing and fixing chemicals (in powder
form) for processing black & white negatives.
% notebooks for recording observations and collection data.
Assorted writing materials, including indian ink.
12 A4 sheets of good quality rag writing paper for use as labels in-

side alcohol-filled storage vials.

2.3 General methodology

2.3.1 Introduction
Between February 1980 and October 1981 a total of eight localities,
shown in Fig.22.2 and described in sub-section 2.2.3, were visited

during this study. Broadly the same observations and experiments were

conducted a% each site. An account of the general methodology adopted
is given in the following paragraphs and detailed accounts of spec-
ific methodology for histological, behavioural and bioassay tech-

niques are given in Chapters 3, 4, 5 and 7.

2.2.2 Field observations and investigations conducted at all local-

ities visgited
a) Collection of termites and ants. On arrival at each site, an area

of 1 ha in the form of a square of side 100 m was selected at random

and its boundaries marked out with dayglow orange marker tepe. Begin-
ning at the north-facing side of the square, the 1 ha site was
searched intensively for epigeal and arboreal termitaria, for con-
structed foraging galleries or tubes over the surface of standing and
fallen vegetation, for subterranean galleries and termitaria and for
termite activity snd nests within rotting wood. Living wood was not
sampled and this is reflected in Table 2.4.1 by the very low number
of wood-dwelling Kalotermitidae collected. Intensive searching con-

sisted of four activities:
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(i) The examination of the structure and inhabitants of all termit-
aria (nests) visible to the naked eye. Where more then five termit-
aria belonging to the same species were found, the first five nests
were examined in detail and little more than & cursory check was paid
to the structures subsequently found.

(i1) The examination of constructed galleries visible and, where
feasible, ftracing them to the parent nest structure.

(iii) Randomly distributed destructive sampling of fallen timber.
Where termite activity was found, the entire wooden structure was
dissected in order to examine the extent of termite activity and to
search for the termitarium, or nest.

(iv) Randomly distributed soil pits 20 cm square by 3C cm deep were
excavated. As in (iii), where termite activity was found the soil pit
wag extended to allow an investigation of the extent of termite act-
ivity and a search for the termitarium.

N.B. The definition of "nest" used in this work is given in sub-sect-

ion 4.3.2.

Termites found during these examinations, together with ants
found preying upon them, were collected with forceps and preserved in
75% alcohol for later idemtification to species level. Each sample

was numbered sequentially, recorded and labelled.

After the 1 ha site had been examined thoroughly, & more casual
investigation of an area approximetely 10 ha was undertaken in a
search for the more widely-dispersed species. This involved the inv-
estigation of unfamilisr epigeal or arboreal structures and further
randomly distribubed sampling of fallen timber and soil pit excavat-
ions. On several occasions, such extended searches revealed the pres-

ence of three or four species not found in the original 1 ha site.

b) Observations and data collection. While collecting termites and
ants in each locale, extensive notes were recorded on the biology of

each termite sample. Por example:

(i) Nest location - whether arboreal, epigeal, subterranean, in wood
or within the termitarium of anocther species.

(ii) Volume and structure of +the nest -~ whether there was a definite
royal cell for the king and queen, where the brood were kept at the
time of day when the nest was examined,.whether the nest was made of
soil or carton and whether the building materials were held together
with salivary cement or faecal material.

(iii) Foraging data ~ the area covered by foraging structures (Pigs
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2.3.1 and 2.3.2 illustrate how the "areas covered" were delimited),
the mode of foraging, the time of day of greatest activity, the food
resources exploited, the composition of foraging parties and any

predatory ants encountered.

c) Proportions of soldiers present in foraging columns and in nest
samples were measured by collecting occupied portions of termitarie
or foraging galleries, or gathering up surface-foraging termites and

then counting the representatives of each caste in the samples.

a) Investigations of ant predation. Foraging parties of termites,
hunting parties of ants, single scout ants and groups of termito-
lestic ants were observed in their ant-termite and predator-prey
encounters and, on the basis of their behaviour in ettack, ant pred-
ators were divided into opportunists and specialists. Opportunists
were those which could only attack termites in a breached gallery or
otherwise exposed situation. Specialists were those able to penetrate
termite constructions unasided. Ant predation on termites was closely
observed and the behaviour shown by the ant in attack and by the ter-

mite in defence recorded. Section 6.2 contains further details.

e) The responses of termite workers and soldiers in their natural en-
viromment to the destruction of foraging structures, to damage of the
outer wall of the termitarium and to antagonism of the individual by
using forceps were examined and noted. Antagonism consisted of grip-
ping the insect by its antennae, legs, head or thorax in succession
and pushing or pulling it about. The soft abdomen was not touched.

2.3.3 Laboratory experiments
The following work was conducted at the localities visited in Brazil

where suitable laboratory facilities were available.

a) Using ants observed to be predatory on termites, either as opport-
unists or as specialists, the efficacy and toxicity of exocrine sec-
retions produced by different termite species and castes in their de-
fence were investigated by bioassay. Full details of the methodology
are given in section 7.3.

b) The insects collected at each locality were identified to species
level by comparison with published descriptions and later with iden~
tified material held in the insect collections at the Museu Emflio
Goeldi, Belém do Pard, the Museu de Zoologia da Universidade de S&o
Paulo in S8o Paulo Staie and the British Museum (Natural History),
London. Identified material was subsequently deposited at each of
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Fig. 2.3.1 Diagram to show the measurements used to delimit the range
of, and area covered by, the underground foreging gelleries of Anoplo-
termes sp. (coll. 423). This termite is a soil feeder which forages

from its termitarium in subterranean galleries or tunnels €71 mm. (See

sub-gections 2.3.2 and 2.4.4)

Fig. 2.3.2 Diagrammatic representation of the foraging range and the

area covered by the open-air foragers of Constrictotermes cyphergas-

ter. Covered galleries run vertically from the arboreal nest. Below
ground level these lead to cells and excavations where soil, humus,
etc are collected. In the lower canopy and on the upper trunk of the
tree the covered gallcries are blind-ending. The gallery-ends are re-
moved when foraging parties are active and parties of workers and
soldiers roam up to 2.5 m in the open air, collecting fungi, lichens
and other bark microepiphytes. (See sub-sections 2.3.2, 2.4.4 and
4.3.4)

Key to Figs 2.3.71 and 2.3.2

a.c. = Total arca covered by foraging structures and foragihg
perties
o.a.c. = Area covered by open-air foraging parties
v.r. = Verbtical range of foraging structures
g/l = Ground level

N = Central nest system, or termitarium
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these institutions.

On return to Southampton University, the following work was under—
taken:

c) The head capsules of representative mandibulate soldiers were
dissected under a microscope in order to examine the musculature,
articulation and form of the mandibles and the mechanics of their
operation. Fuller details of the methods followed are given in sec-
tion 3.3.

a) Histological studies of a variety of chemically-defended soldiers
were undertaken to examine the volume, extent and form of the differ-

ent glands involved. A full methodology is given in section 3.4.

2.4 Biological notes on the termite faunas studied
2.4.1 Introduction
A total of 184 species of termites, from the families Kalotermitidae,

Rhinotermitidae, Serritermitidae and Termitidae, were collected from
the eight localities visited. Data relating to the biology of these
species in their different habitats are presented in this section.

Authorities for the specific names used are listed in Appendix 1.

2.4.2 Distribution of termites in the areas studied

A summary of the data relating to the habitats occupied by the
species studied, together with their feeding habits and nest locat-
ions, is presented in Table 2.4.1. An analysis of these faunal data
and those presented by other workers is given in Table 2.4.2 and the
data are discussed briefly in sub-section 2.4.5. Appendix 1 contains
detailed data relating to each of the 184 species collected during
this study.

O
[

2.4.3 Termite foraging mode

The individual species comprising the populations vary widely between
the different study areas, reflecting climatic, habitat and vegetat-
ional differences. The faunas of termites are divided in Table 2.4.2
according to their feeding habits. In this section the data collected
during this study are used to divide the faunas into broad groupings
on the basis of their mode of foraging. These groupings were devised
and used in preference to categories based on feeding habit in order
to present the data on foraging and feeding in the most useful manner
for their discussion in relation to termite defensive behaviour in
later chapters. It is more relevant to this study on termite defences
to play down dietary preferences among termites and to establish the

foraging area and situation in which a given termite species has to
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Table 2.4.2 Number of species of termites and their feeding hebits
in different neotropical ecosystems.

Abbreviations used:

semidec. = semideciduous
herb. = herbaceous
MR = unpublished data from collections made by A. E. Mill
and K. H. Redford, June 1980,
P = unpublished personal observations

Notes:

(1) Emerson (1925) reported 78 species from & range of vegetation
types around Kartabo, British Guiena (6°N).

(2) Araujo (1958) reported 32 species from Minas Gerais (16°- 22°
S) and 49 species from S8 Paulo (20°- 24%).
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defend itself. It is then possible to investigate the hypothesis that
the limits of the foraging range and the mode of foraging bear a dir-
ect relationship to the sophistication and efficiency cf the defences

adopted by that given species.

From observations made in the field, four foraging modes were
distinguished:
a) Subterranean foragers -~ species living and foraging totally within
soil below ground level or in the termitarium of another species.
Only members of the Termitidae and the monospecific Serritemmitidsae
use this mode of foraging.
b) Cryptic foragers - species living and foraging totally within
woody food material, as in the case of dry-wood termites (Kalotermit-
idae), or foraging from nest to food source through soil but never
under constructed cover upon the ground or over vegetation. Represen-—
tatives of Rhinotermitidae and Termitidae forage in this way.
c) Covered-path foragers - species living within woody food matter,
or below ground level, or in epigeal mounds, or in arboreal termit-
arie and foraging from nest to food resource through the soil or
under covered paths constructed of soil or carton. Several Termitidae
and Rhinotermitidae forage in this way.
d) Open-air foragers - species living and foraging as in (b) and (c)
above but also foraging, at least in part, in the open air with no
protective constructions around them. This mode is used extensively
by harvesting and scavenging species of Termitidae.

Examples of each foraging mode are given in subsection 2.4.4 below.

2.4.4 Termite foraging ranges and food resources

The extent of the foraging range, together with the food resource
utilised, are presented in Tables 2.4.3 - 2.4.6 and Figs 2.4.1 -
2.4.3 for examples from each of the four modes outlined above.

The habits of individuasl species often vary widely within a genus,

but a broad overview can be provided for each of the four modes.

a) Subterranean foragers have the smallest foraging ranges of the four
groups. They can be split further into (i) truely subterranean dwel-~
lers and (ii) the species which are obligate inquilines in termitaria

of other species, e.g, Serritermes serrifer which is found in the epi-

geal mounds of Cornitermes spp (and, says Araujo (1977), in mounds
belonging to other savanne species). The species living in another's
termitarium as obligate inquilines obtain all their requirements from
the immediate environment and have a very limited foraging range. For
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example, S. serrifer inhabits only the innermost layer of concreted
soil next to the core of the host Cornitermes' mound and forages into
this carton core for its food. A meture colony of S. serrifer rarely
occupies a total volume exceeding 1 m3 (Fig. 2.4.1).

True subterranean foragers occupy a greater volume but, due to
their highly cryptic habits, this is difficult +o delimit exactly. A
species in the Anoplotermes complex (coll. 423) forages from its
underground nest in tunnels less than 1 mm diameter in all directions
in & horizontal plane at a depth of 15-25 cm below ground level. The
tunnels were traced for a mean distance of 2 m (see Fig. 2.3.1); this
suggests the termite occupies a total foraging volume of ¢. 1.25 m3.

b) Cryptic foragers. The dry-wood termites are all restricted to the
tree or wood in which they nest and do not extend their foraging
range through the soil to other bodies of wood. Their meximum forag-
ing range is therefore limited to the volume of the woody material in
wWhi#h they nest; this is 1.0-1.5 m3 for Calcaritermes nigriceps.

Species of higher termites, such as Neocapritermes spp, which forage
through the soil to reach woody material occupy much larger volumes.
E.g. N. talpa foraging galleries were found to cover a meximum area
of 48 m° and varied in depth from 0-45 cm below ground-level.

c) Covered-way foragers are the easiest to study with respect to for-
aging range due to their prominent, superficial, constructed foraging
routes. These do not disappear rapidly when disused, but develop
signs of disrepair soon after being abandoned; ways showing extensive
neglect by their builders were excluded from this survey. As date
in Table 2.4.5 show, covered-way foragers can cover considerably more
then 100 m? in their foraging ranges, with covered routes running
over ground vegetation and often up and around more than one tree
trunk. For example, Nasutitermes surinamensis commonly nests arbor~
eally in forests and runs out extensive, numerous foraging ways over
the tree on which the nest is built. An established nest also runs

out many foraging ways over or through soil and up adjacent trees. A

maximun extension observed for N. surinamensis in evergreen tropical
rainforest at Anavilhanas was a total ground area covered of 250 m?,
with three to four covered ways rumning 10-18 m up each of eight

trees standing within this area (Fig. 2.4.2).

d) Open-air foragers form two groups: (i) those which run out from
the nest as in mode (b) before emerging into the open air, e.g. Rhynch~
otermes, Ruptitermes (Fig. 2.4.3) and Syntermes; end (ii) those which
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Fig. 2.4.1 Diagram to illustrate the foraging range of Serritermes
serrifer within the epigeal termitarium of Cormitermes cumulens. S.

serrifer establishes its nest system (N) in the concreted soil wall
(W) of the host's mound where the g; cunulans galleries are very
widely spaced. It forages from here into the carton core (C) where
the hostls galleries are separated by walls < 2.25 mm thick. The for-
aging galleries of S. serrifer are excavated within these walls and

average 1.25 mm in diameter.
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Fig. 2.4.3 Diagram of the subterranesn foraging gellery system and
open-air foraging ranges of Ruptitermes proratus in cerradBo at PAT:,

18 - 19 August, 1981,

Metres

Key:
Subterranean nest of_g: proratus

— Underground foraging galleries
><  Boil pile recently disused (2 5 days o0ld)
o

Soil pile in use

¥

,
I
[
~ .

»

4 Meximum foraging range of open-air foraging parties

—  Blocked, collapsed or disused galleries
Note: Ruptitermes spp construct and maintain characteristic soil
piles around the access holes currently in use (sub-section 4.3.4a).

The state of disrepair of these fragile soil piles indicates how re-

cently they were last used by foreging parties.
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Teble 2.4.3 Mean foraging ranges of subterranean foragers

Genus and species Number of Mean area covered by foraging
samples galleries (cmz) (mean vertical

range of galleries within soil

given in parentheses (cm) )

(a) Commonest location of nest and foraging area lying within enother

species' termitarium

Serritermes serrifer 5 1.0 x 104 (95)
Cavitermes (3 spp) 21 1.8 x 10° (100)
Crepititermes 3
verruculosus® 10 1.9 x 10 (75)
Genuotermes spinifer 8 1.7 x 10° (85)
Inquilinitermes (3 spp) 18 4.8 x 10° (50)
Spinitermes (5 spp) 28 1.7 x 100 (50)
Angunlaritermes (2 spp) 13 1.5 x 10° (50)
Curvitermes (5 spp)* 30 2.8 x 10° (30)
Cyranotermes timuassu 7 1.8 x 100 (20)

(b) Commonest location of nest and foreging area lying in soil

Dentispicotermes (3 spp) 17 6.0 x 10% (40)
Dihoplotermes inusinatus 8 2.0 x 10 (20)
Anoplotermes spp 35 1.4 x 107 (25)
Grigiotermes spp 25 2.2 % 10°  (35)
Speculitermes spp 10 3.8 x 10° (25)
Arsujotermes parvellus 15 1.3 x 10° (20)
Atlantitermes (2 spp) 14 2.0 x 10° (30)
Caetetermes n. sp. (18) 7 1.5 x 10° (40)
Comtitermes n. sp. (19) 2 1.3 x 10° (25)
Convexitermes (3 spp) 8 1.5 x 107 (50)
Subulitermes (3 spp) 7 2.5 x 10° (35)
Genus novus (A. sp 48) 3 1.5 x 10° (30)

Notes: All species in this table feed on organicelly rich soil,
or on organic residues in the termitarium they inhabit. Species mar-

ked with * are very commonly found living and foraging in soil.
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Table 2.4.4 Mean foraging renges of cryptic foragers

Genus and species N° of Commonest Mean srea covered by forag-
samples location ing galleries (cmz) (mean

of nest vertical range of galleries

given in parentheses (cm) )

Calcaritermes (3 spp) 8 in wood 0.7 x 10° (225)
Cryptotermes cubioceps 2 in wood 0.8 x 103 (350)
Glyptotermes perparvus 2 in wood 0.7 x 107 (255)
Coptotermes testaceus 25 in wood 4.7 x 107 (50)
Amitermes amifer 3 in soil 9.0 x 107 (25)
Cylindrotermes (3 spp) 18 in wood 3.3 x 10° (100)
Neocapritermes (10 spp) 75 in wood 4.8 x 10* (55)
Orthognathotermes (2spp) 15 epigeal 1.2 x 0% (25)
Termes (4 spp) 28 epigeal 1.9 x 10% (155)
Armitermes (6 spp) 49 epigeal o 3.2x 104 (35)
Cornitermes (6 spp) 52 epigeal 1.8 x 10% (30)
Labiotermes brevilabius 5 in soil 8.7 x 10° (35)
Paracornitermes (3 spp) 28 in soil 1.8 x 10% (90)
Parvitermes sp. 43 8 in soil 3.7 x 10° (30)
Rotunditermes (2 spp) 17 in soil 3.5 x 10° (35)
Triangularitermes . 3

9 in soil 2.0 x 10 (35)

triangulariceps

Note: All species listed in this table forage totally within rotting
wood or below ground level and feed on woody material in various

stages of decay;e.g. sound wood (Coptotermes testaceus), fungally rot-

ting wood (Cylindrotermes spp), demp rotting roots (Cornitermes spp),

organic metter in soil (Parvitermes sp. 45). See also Table 2.4.1.
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run out from the nest as in mode (c) before they emerge, eg Constric-
totermes (Fig. 2.3.2) and Velocitermes. Table 2.4.6 contains data re-

lating to both of these groups. The former is composed mainly of
scavenging species, while the latter consists principally of harvest-
ing species. In each case the "hidden” part of the foraging renge far
exceeds the open-air foraging range and is used to enable the termile
to exploit food resources far from the nest without travelling much
overground and suffering losses from desiceation and predation en
route. None of the species studied was observed o forage within the

"hidden" part of their foraging range.

2.4.5 Discussion of termite faunal dats

The cellulose-rich food sources utilised by the termites studied in
this work range across a complete spectrum of plant matter, from liv-
ing trees, shrubs, herbs or grasses to material which is almost com~
Pletely degraded and decomposed, humus, or the plant residues found
in organically-rich soil. Termites generally have to forage well be-
yond the limits of their nest system in order to exploit these diff-
erent food sources. The modes by which the different species forage
is very relevant to the present study on termite defensive behaviour
and will be discussed in later chapters with reference +to the weapons
available to these species for the protection of foraging parties
from predators. The foods they exploit and the role played by ter-
mites in neotropical ecosystems are discussed briefly in this sub-

section.

Only a few studies had been made prior to the presenmt work on the
ecology of neotropical termites and & summary of the data available
is presented in Table 2.4.2. A total of 19 studies have now been made,
covering seven ecosystems: evergreen rain forest, semideciduous rain
forest, gallery forest and dry forest (see Brown et al., 1970; Mat-
hews, 1977; Ratter et al., 1973; and Ratter, 1980 for descriptions of

these latter two forest types), cerradfio, cerrado and campo.

Rain forest contains the greatest number of termite species (i =
42.25 species, for four samples), campo savarma the least (X = 30.75
species, for four samples) and cerrado/~80 have an intermediate level
(X = 38.40 species, for 5 samples). Gallery forest is floristically
similar to rain forests and Mathews' (1977) total of 42 species from
gallery forest suggests the insect faunas of these forest habitats
are also similar. Dry forest is distinct from any other forest type

in its structure and floristic composition and has & notably lower
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nunber of termites (29 species) than the other forest ecogystems in-
vestigated. Cerrado does not possess a significently different number
of termite species from cerrad8oc end the renge supported by these two
ecosystems (from 32 to 45 species) overlaps both the lowest 1eve1 of
rain forest populations (39 species) and the highest level of campo

savanna populations (40 species).

Termites can be categorised as herbivores (feeding on living, or
recently dead trees, shrubs, herbs, grasses and litter) or decompos-
ers (feeding on dead plant material in some stage of decomposition or
totally disintegrated and available as humus or orgenically-rich
50il). The data in Teble 2.4.2 show that, among the herbivores, there
are consistently more wood-feeders than grass and herb feeders in the
forest ecosystems while the reverse is true for the cerrado and campo
savanna ecosystems. In the cerradfio, which can be considered as sav-
anne woodland (Retter et al., 1973), there is no clear dominance bet-
weetl Wood~feeders and grass or herb feeders. The data also show that
there are significantly more decomposers, humivores and soil-feeders
than either type of herbivore in each of the seven ecosystems exam-

ined.

Other workers in the neotropics(ag.Wiegert, 1970), in the nearc-
tic region (eg. Haverty & Nutting, 1974), in West Africa (eg. Collins,
1981; Wood et al., 1982), in East Africa (eg. Buxton, 1981), in Malay-
sia (eg. Abe & Matsumoto, 1979) and in Australia (eg. Tee & Wood, 1971)
have noted that the mejority of species in any termite fauna are de-
composers rather than herbivores and frequently are prominent members
of the decomposing/detritus~feeding invertebrate fauna both in forest
and in savanne ecosystems. These authors differ, however, in their
estimates of the importance of termites in detritus food chains. On
the one hand, Buxton (1981), working in Kenyen arid savamms, Collins
(1981), working in Nigerian semi-arid savanna, and Metsumoto & Abe
(1979), working in equatorial rein forest in West Malaysia, studied a
complete fauna of termites and suggested that these insects play an
important role in the detritus food chain. On the other hand, Wiegert
(1970) studied a gingle species, Nasutitermes costalis, in Puerto

Rican rain forest and found that, although a prominent, numerically
sbundant member of the detrltus-feedlng 1nvertabrate fauna, N. cost~

alis was not quantltatlvely of any 1mportance in the total decomposer

energy budget of the rain forest.

It is clear from the deata in Table 2.4.2 that the species invol-
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ved in detritus food chains are the most numerically abundant in the
termite faunas in almost all of the ecosystems studied. Bandeira
(1979) may present anomalous data, for he simply listed numbers of
species in the 18 genera he collected and gave feeding habits at the
generic level only. This led to a very low proportion of decomposers
in the termite fauna (26.2% of the species present). A more detailed
analysis of his basic data may eradicate this apparent anomaly. The
proportion of decomposers in dry forest and =t one cerradBo site
(that of Mathews, 1977) is also rather low and these habitats would
reward further, more detailed studies. No quantitative data on the
feeding activities or numerical density of any termite species were
collected during the present study and no further evidence can be
offered for the Buxton (1981) et al. versus Wiegert (1970) debate.

It can readily be accepted that the Isoptera play some role in
the break-down of cellulose-bearing material in the neotropics at
some stage in its degradation from the living plant to organic res~
idues in the soil. The importance of this role has not yet been
fully assessed. The food resources available to termites are so wide-
ranging and the ecosystems in which termites occur are so diverse
that it is likely to be several years before a quantitative descrip-
tion of the role of termites in decomposition processes throughout

the different neotropical ecosystems can be proposed.

2.5 Classification of ants predatory on termites

2.5.1 Introduction

The Formicidae is composed of six subfamilies: Ponerinae, Dorylinae,
Pseudomyrmecinae, Myrmicinae, Dolichoderinae and Formicinae; and each
of these contains neotropical representatives predatory on termites.
The majority of the predatory ants are opportunists, but in the Pon-
erinae and Dorylinae specialisations have evolved for the successful

exploitation of termites as a major food resource.

2.5.2 Bubfemily Ponerinsae

This subfamily is regarded as a very primitive group of ants. In its
genernl structure and appearance the ponerine has undergone very
little evolutionary advance and throughout most of the subfamily the
worker caste is monomorphic (a primitive state). The group is unifor-
mly carnivorous and the workers collect other insects or small arih-
ropods which are cut into pieces and fed directly to the larvae. Many
ponerines attack termites and several have been discovered in this

study to be specialised termite predators. Acenthostichus possesses
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morphological characters and behavioural traits of both the Ponerinae
and the Dorylinae and may represent a link between the two subfam-
ilies.

2.5.3 Subfamily Dorylinae

Dorylines are unique in so many aspects of their biology and ecology
that they have attracted much attention. In lieu of permanent nests
they construct temporary bivouacs. At certain seasons they becomé no-
madic, the entire colony setting out on an expedition or series of
reids against any animal in their path, generally other invertebrates.
This activity has carned them the neme of army ants. In the present
study only Nomamyrmex hartigi was discovered attacking termites.

2.5.4 Subfamily Pseudomyrmecinae

This subfamily is a comparatively small group consisting of four gen-
era, thrze of which are confined to the 0ld World tropics. The fourth
genus, Pseudomyrmex, is found only in the New World and, with the ex-

ception of Ps. termitarius, the habits of all species appear to be
remarkably uniform. They prefer to nest in preformed plant cavities
above ground level and are omnivorsus, feeding upon honeydew, the
softer tissues of plants and the remains of other insects. Ps. term-
itariug excavates its own nest in soil and is a scavenging species,
feeding almost exclusively on dead invertebrates. Several species of

Pseudomyrmex attack termites.

2.5.5 Subfamily Myrmicinae

No other group of ants shows so much variation in morphology and eco-~
logy. The entire tribe Attini are fungus growers, many other genera
are exclusively graminicolous and a few myrmicines are workerless
parasites. A number of genera nest as inquilines in formicarie and
termitaria and have a carnivorous diet, feeding on other insects, in-

cluding termites.

2.5.6 Subfamily Dolichoderinae

The neotropical representatives of the dolichoderines are a rather
uniform group in both their structure and their ecology. They nest
most often in soil and have no specialised diet, feeding on honeydew
or other insects or scavenging for almost any available food. Several

dolichoderines were observed preying on termites in this study.

2.5.7 Subfamily Formicinae

Although the morphology of the formicines is not strongly variable,

their habits are highly diverse and this diversity cuts across gen-
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eric or subgeneric boundaries. Some are slavemekers, some are adapted
to a subterranean existence and tend root aphids, while others are
adapted to an arboreal life. A wide variety of carnivorous or onmi-

vorous species wag recorded attacking termites during this study.

2.6 The ant/termite encounter

The behaviour shown by ants observed in this work while seeking their
prey varied widely. However, the manner in which the ant overpowered
& termite once discovered was broadly the same in every case. The ant
uaually appeared agitated in the presence of termites and, when
within reach of an individual, made a sudden lunge forward at the
termite to grip it firmly between her mandibles. Workers were attack-
ed more frequently than soldiers, with the ant meking her approach
from any engle. Ants tended to avoid a fromtel assault on termite
soldiers, whatever the defences available to the isopteran. An excep~

tion to this rule, Pseudomyrmex sp. nr unicolor (coll. 212), was ob-

gerved preying on Constrictotermes cyphergaster in cerradfo at FAI.

When the termite's arboreal nest was demaged the ant attacked
both exposed workers and exposed soldiers with equal frequency, al-
though not with equal success. Invariasbly she could attack and over-
power a worker from any angle or a soldier from the rear. A frontal
agssault on a soldier had +two possible results. If the anf's lunge was
sensed by the blind termite before contact was mede, it discharged a
stream of exocrine secretion from its nasus at the ant with regular
accuracy. sShe then ran off a little way to groom vigorously for 30 -~
180 secs. If the ant was successful in lunging before the termite
sensed her presence, the soldier was grabbed by the nasus (never by
any other part of the head capsule), lifted bodily off the substrate
and carried away. A second ant frequently assisted a successful sis-

ter at this stage and stung the termite, paralysing it.

Ponerines, dorylines and pseudomyrmecines gripping & termite be~
tween their mandibles whipped the abdomen forward ventrally and for-
ced the sting into the soft termite body at any accessible point.
Paralysis followed in 1 - 8 secs, depending on the ant species and
the size of the termite tackled. Formicines have no sting and, when
gripping a termite, whipped the abdomen forward ventrally to spray
acid over the termite body. Paralysis did not always follow and cften
the ant ran away with her prey held high, or dregging and still
struggling vigorously. Several myrmecines and dolichoderines show a

behaviour similar to that of the formicines. Others are unable to
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tackle a termite alone and adopt the strategy described (subsection
5.2.1) for Pheidole megacephala. It is possible that salivary secret-

iong are also used by ants in subduing their temmite capbures.
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