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ABSTRACT

This study was conducted at the Faculty of Sustainable Agriculture (FSA), Universiti
Malaysia Sabah (UMS) to determine the abundance of ants in FSA. FSA covers 244.64
acres of land and most of the area will be or had been used for planting purpose. Ants
can be differentiated into beneficial ants and pest ants to plants. In this study, the
genera and the abundance of the ants in FSA were determined and this study will
provide a primary reference to FSA about the information of the ants in FSA. Hence,
FSA may take control over the pest ants and maintain the population of beneficial ants.
The ants were sampled from four plots in FSA using pitfall traps for duration of eight
days. Pitfall trap baited with honey, tuna, meat, tofu and control were used to attract
different ant species. The diversity of ants in FSA was determined by using software
‘Species Diversity and Richness’ version 4.1.2 designed by Dr R. M. H. Seaby and Dr P.
A. Handerson, 2007, published by Disces Conservation Ltd. In total, 45879 individuals
of ants were collected by using pit fall traps baited with honey, meat, tuna, tofu and
control in this study. Meat had attracted the highest number of individuals, 20373
followed by tuna (13783 individuals), honey (9260 individuals), tofu (2080 individuals)
and control (383 individuals). In this study, ten genus of ants were identified, which
belonged to three subfamilies (Dolichoderinae, Formicinae and Myrmicinae). Three out
of the ten genus of ants found in this study were identified as beneficial to agriculture,
which are Chimaeridris, Crematogaster and Oecophylla. Others (seven genus of ants)
included Cardiocondyla, Dolichoderus, Lepisiota, Loweriella, Pseudolasius, Tapinoma,
and Tetramorium were identified as pest or non-beneficial to agriculture. There was no
significant difference among baits honey, meat, tuna, tofu and control for Shannon
Wiener’s Index (Figure 4.1; H' : F 410 = 1.82, p = 0.18), Margalef's Index (Figure 4.2;
Dm : F 410 = 0.31, p = 0.87), and Simpson’s Index (Figure 4.1; Ds : F 4,10 = 0.84, p =
0.52). This indicated that there no difference on ant genus diversity, richness and
evenness regardless of the baits used in this study.



KELIMPAHAN SEMUT (HYMENOPTERA: FORMICIDAE) DI FAKULTI
PERTANIAN LESTARI, UNIVERSITI MALAYSIA SABAH, SANDAKAN.

ABSTRAK

Kajian ini telah dijalankan di Fakulti Pertanian Lestari (FPL), Universiti Malaysia Sabah
untuk mengkaji kelimpahan semut di FPL. FPL mempunyai 244.64 ekar tanah dan
sebahagian besarnya akan ditanam ataupun telah ditanam pokok-pokok. Semut boleh
dibezakan kepada semut berfaedah dan semut perosak. Dalam kajian ini, genera dan
kelimpahan semut di FPL telah dipastikan dan kajian ini akan memberi satu rujukan
asas kepada FPL terhadap informasi semut di FPL. Dengan itu, FPL dapat mengambil
tindakan untuk mengawal semut perosak dan mengekalkan populasi semut berfaedah.
Semut-semut telah disample dari empat plot terpilih di FPL dengan mengunakan
“pitfall trap” untuk lapan hari berturut-turut. Empat jenis umpan (madu, tuna, daging
dan tofu) dengan kawalan telah digunakan dengan “pitfall trap” untuk menarik semut-
semut. Kelimpahan semut di FPL telah ditentukan dengan mengunakan software
‘Species Diversity and Richness’ versi 4.1.2 direka oleh Dr R. M. H. Seaby dan Dr P. A.
Handerson, 2007, diterbitkan oleh Disces Conservation Ltd. Secara keseluruhan, 45879
ekor semut telah dikumpulkan dengan penggunaan “pitfall trap” yang berumpan
dengan madu, daging, tuna, tofu dan kawalan dalam kajian ini. Daging menarik
bilangan semut paling banyak iaitu 20373 individu, diikuti oleh tuna (13783 individu),
madu (9260 individu), tofu (2080 individu) dan kawalan (383 individu). Dalam kajian
ini, sepuluh genus semut telah dikenal pasti dan dimiliki oleh tiga subfamili semut
(Dolichoderinae, Formicinae dan Myrmicinae). Tiga daripada sepuluh genus semut
dijumpai dalam kajian ini telah dikenal pasti bermanfaat kepada pertanian iaitu
Chimaeridris, Crematogaster dan Oecophylla. Tujuh genus semut yang lain termasuk
Cardiocondyla, Dolichoderus, Lepisiota, Loweriella, Pseudolasius, Tapinoma, and
Tetramorium telah dikenal pasti sebagai perosak atau tidak memberi manfaat kepada
pertanian. Tidak ada perbezaan yang signifikan di antara umpan madu, daging, tuna,
tauhu dan kawalan dalam Indeks Shannon Wiener (Rajah 4.1; H': F4,19 = 1.82, p =
0.18), Indeks Margalef (Rajah 4.2; DM: F 4, 19 = 0.31, p = 0.87), dan Indeks Simpson
(Rajah 4.1; DS: F 4,19 = 0.84, p = 0.52). Ini menunjukkan tidak ada perbezaan

terhadap kepelbagaian, kekayaan dan keseragaman genus semut tanpa mengira
umpan yang digunakan dalam kajian ini.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Ant is classified under family Formicidae in the order Hymenoptera. Formicidae family
comprised of 22 subfamiflies, 299 genera and 14,095 described species of ants
worldwide (Bolton, 2010). Borneo's ant fauna includes 12 subfamilies, with at least 97
genera and 769 species and subspecies (Pfeiffer et al, 2011). Thus, Borneo has
representatives of about a third of the world’s genera and about 5.5 percent of its
species, though Borneo represents only about 0.5 percent of the earth’s land surface
(Pfeiffer et al., 2011). In Malaysia the largest ant subfamily is Myrmicinae (Maryati et
al.,, 2004). Aenictinae and Dorylinae are included in smaller subfamilies (Maryati et al,
2004). The subfamily Ponerinae is the most primitive ant whereas subfamily
Formicinae is the most advanced ant in Malaysia (Maryati et al, 2004). With this
information, we can expect the subfamily of ants in FPA.

Many terrestrial invertebrates had been used as bioindicators due to their
dominant biomass and diversity and their fundamental importance in ecosystem
function (Disney, 1986). According to Maryati et a/. (2004), ants have the potential to
yield more meaningful biodiversity data than many other organisms as ants are one of
the most abundant and diverse animal groups in tropical ecosystem. In tropical
ecosystem, ants represents up to 80% of animal biomass (Hélldobler and Wilson, 1990)
Besides that, ants have relatively perennial nests and limited foraging ranges make
them have a potential role as environment change indicators (Maryati et al,, 2004).
Ants are important in underground process such as soil modification. Ants can be easily
sampled with various methods such as baiting technique, pitfall traps, hand collection

and soil core samples (Folgarait, 1998). According to



Woodcock (2005), pitfall trap is the most frequently used sampling technique to collect
epigeal invertebrates such as ants. Ants have wide preference of foods and bait is used
to attract rare and aggregated species (Woodcock, 2005). Baiting ants is commonly
used to estimate the composition and richness of ground-foraging ant fauna
(Greenslade, 1972). Pitfall trap baited with tuna, tofu, honey and meat will be used to
sample ants at the Faculty of Sustainable Agriculture (FSA).

FSA comprised of 244.64 acres and most of the area will be or had been used
in planting purpose. So far, there have no study have been done about the abundance,
species and food preference of ants in FSA. Hence, this study will provide primary data
about the ants in FSA. Ants may serve as beneficial ants and pests ants to plants. By

knowing the ant species, habitat and abundance, we will be able to identify their roles
and their effects to plants in FSA.

1.2 Justification of study

This study was carried out at the Faculty of Sustainable Agriculture (FSA), Universiti
Malaysia Sabah. Previously, no study has been done in FSA and ants genera / species
and abundance of ants in FSA are not known. The roles of ants as bio-indicator and
predators to other insects are well-known; however, there are also ants that act as
pest and damaging plants in agriculture. Through this study, not only the abundance of
the ants can be determined, the ant pests and beneficial ants can also be identified.

Thus, Identification of ants may allow the Faculty to apply several methods to control
the population of pest ants and to conserve the beneficial ants.

1.3  Objectives

To determine the abundance and food preferences of ants in Faculty of
Sustainable Agricuiture (FSA).

To compare the diversity of ants among pitfall traps baited with honey, tuna,
meat, tofu and control.

To identify the genus of ants and relate them with its behaviour and habitat
characteristics through information obtained from scientific publications.



1.4 Hypothesis

Ho:  There was no significant difference in abundance of ants among pitfall
traps baited with honey, tuna, meat, tofu and control.

Ha:  There was a significant difference in abundance of ants among pitfall
traps baited with honey, tuna, meat, tofu and control.



CHAPTER 2

LITERATURE REVIEW

2.1 Hymenoptera

Hymenoptera is one of the four diverse orders of insects, the other three being
Coleoptera, Lepidoptera, and Diptera (David, 2012). In worldwide, there are more than
100,000 species included in order Hymenoptera. In general the species included in
order Hymenoptera have two pairs of membranous wings, chewing mouth parts,

compound eyes. The female of the species under order Hymenoptera normally have
ovipositor and may modified for sawing, piercing and stinging.

Order Hymenoptera and be further divided into two suborder, which are
suborder Symphyta and suborder Apocrita. The only characteristic that differentiates
Apocita and Symphyta is the presence of petiole in Apocrita. Symphyta have no petiole.
The ovipositor of most Symphyta species had modified to saw-look like marginal teeth
which used to pierce plant tissue (Henri and John, 1993). On the other hands, Apocrita
have long, thin and cylindrical ovipositor. According to Henri and John (1993), the
fluids in the ovipositor of Apocitra have an additional aggressive function of paralyzing
or killing the prey. Ants, bees and wasps are included in suborder Apocitra.

2.2 Formicidae

Ants are classified in Formicidae family, within the order Hymenoptera. In worldwide,
there are 22 subfamilies of ants make up one super family Formicidae (Bolton, 2010).
According to Bolton (2003), the subfamilies of ants included Nothomymeciinae,
Myrmeciinae, Ponerinae, Dorylinae, Aneuritinae, Aenicitimae, Ecitoninae, Myrmicinae,

Pseudomyrmecinae, Cerapachyinae, Leptanillinae, Leptandloidinae, Dolichoderinae and
Formicinae.



2.3 Ant taxonomy

Kingdom: Animalia
Phylum: Arthropoda
Class: Insecta
Order: Hymenoptera
Family: Formicidae

2.4 Ant diversity in Borneo Island

The ant fauna of Borneo Island is very diverse and unique (Maryati et a/., 2004).
According to Pfeiffer et a/. (2011), Borneo's ant fauna includes 12 subfamilies, with at
least 97 genera and 769 species and subspecies. In worldwide, there are 22
subfamilies, 299 genera and 14,095 described species of ants (Bolton, 2010). Twelve
subfamilies of ant fauna in Borneo included Myrmicinae, Formicinae, Ponerinae,
Dolichoderinae, Ectatommatinae, Pseudomyrmecinae, Aenictinae, Proceratiinae,
Cerapachyinae, Amblyoponinae, Leptanillinae and Dorylinae (Pfeiffer et a/., 2011).

Table 2.1 Diversity of Bornean subfamilies of ants with the respective number of
genera (Adapted from Pfeiffer et a/.,, 2011)
Subfamily Genera Species Subspecies  Species + Percentage
subspecies of taxa
Myrmicinae 42 315 17 332 43.2
Formicinae 19 213 21 234 30.4
Ponerinae 14 59 10 69 9.0
Dolichoderinae 6 49 4 53 6.9
Ectatommatinae 2 22 0 22 2.9
Pseudomyrmecinae 1 16 0 16 2.1
Aenictinae 1 14 0 14 1.8
Proceratiinae 3 12 0 12 1.6
Cerapachyinae 1 10 0 10 13
Amblyoponinae 4 3 0 3 0.4
Leptanillinae 1 2 0 2 0.3
Dorylinae 3 2 0 2 0.3
Total 97 717 52 769 100




2.4.1 Myrmicinae

According to John and Nigel (1987), subfamily Myrmicinae can live in various range of
habitat. There are 140 genera in this subfamily and some of them may still have
functional sting. For example, one of the species from genera Solenopsis is aggressive

fire ants which use their sting to protect their nest from being stepped by farmers
(John and Nigel, 1987).

The size of Subfamily Myrmicinae ant is about Smm long (Norshazreen, 2010).

The genus that normally found in Malaysia included Tetramorium, Crematogaster and
Myrmicaria (Bolton, 1994).

2.4.2 Formicinae

According to Bolton (1994), there are 28 genera recorded for Subfamily Formicinae in
worldwide. Ants from Subfamily Formicinae do not have sting but able to store acids in
their gaster. They sprayed their acid such as formic acid or others in high

concentration to fight against the enemy or to kill preys (John and Nigel, 1987).

According to Maryati (1997), the genus normally found in Malaysia included
Camponatus, Anoplolepsis and Oecophylla.

2.4.3 Ponerinae

The ants from Subfamily Ponerinae have length about 8-12 mm long (Norshazreen,
2010). Most of them are prey to others whereas some are not. For example, genus
Leptogens will attack termite’s nest. According to John and Nigel (1987), Ponerinae

ants search for humus and preys underground by attack nests of other ants.

There are 40 genus recorded worldwide (Bolton, 1994) and the genus

commonly found in Malaysia included Diacamma, Odontomachus and Odontoponera
(Maryati, 1997).



2.4.4 Dolichoderinae

Dolichoderinae ants do have petiole but not post-petiole. They do not have sting as
protection weapon. According to Bolton (1994), there are 19 genera Dolichoderinae

recorded in worldwide. Common genus found in Malaysia included T7apinoma and
Dolichoderus (Maryati, 1997).

2.4.5 Pseudomyrmecinae

Pseudomyrmecinae ants are small in size and ramping. They do have poisonous sting.

There are only three genera made up this subfamily which are Myrcidris,
Pseudomyrmex and Tetraponera (Bolton, 2003).

2.4.6 Aenictinae

According to John and Nigel (1987), Aenictinae ants are also known as army ants

which can be found in Africa, Asia and Queensland. They do not have fixed nests and
search foods by attack others.

2.4.7 Cerapachyinae

There are about 200 species of ants under Subfamily Cerapachyinae (Norshazreen,
2010). John and Nigel (1987) reported that Cerapachyinae ants do not have dorsal

structure on head but they do have short and thick antennae. Besides that,
Cerapachyinae ants normally hunt other ant species as foods.

2.4.8 Leptanillinae

Leptanillinae have teeth that are not sharp on mandible. They do have petiole with
combined tergosternal.



2.4.9 Dorylinae

Dorylinae ants are also known as army ants. The ant colony of Dorylinae usually will
attack surrounding environment for foods when the eggs and pupae hatched (John

and Nigel, 1987). The foods obtained will be then given to the queen, larvae and
pupae.

2.5 Ant anatomy

Ants, composed of three body segments (the head, thorax and abdomen), have jointed
legs, a pair of antennae and a hard exoskeleton (Clark and Holbrook, 2009). The
function of the exoskeleton is to provide support and protection to the ant as well as a
barrier to prevent water loss. The colour of ants range from yellow to brown and red to

black. Although ants do have head, thorax and abdomen, but the thorax and abdomen
are not obvious (Clark and Holbrook, 2009).
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The ant’s mesosoma comprised of the thorax and front part of the abdomen.
Both the thorax and the front part of the abdomen fused together. The rest of the

abdomen can be further divided into the petiole, post-petiole (if present), and gaster
(Clark and Holbrook, 2009).

Mesosoma is the second body segment of the ant. Mesosoma is fully packed
with muscle and is the segment where three pairs of legs attached. The legs of ant are
designed for running purpose and at the end of each leg, there is a hooked claw that
used for climbing or hand onto things (Clark and Holbrook, 2009).

Third body segment of the ant is gaster. Gaster consists of the ant’s digestive
system and chemical weapon. According to Clark and Holbrook (2009), some ants have
sting as weapon which used to inject venom into enemy. On other hands, some ants
have a tiny opening at the tip of their gaster which the tunnel of the ants used to spray
acid to the enemy and defend themselves (Clark and Holbrook, 2009).

Petiole is the body part of the ant between mesosoma and gaster. In some ant
species, post-petiole may present. According to Clark and Holbrook (2009), petiole is
the body part that distinguished ants from other insects. The petiole and post-petiole
functions as a flexible junction that allows the ant to bend its gaster forward to sting or
spray acid to its enemy (Clark and Holbrook, 2009).

Compound eyes

N

Ocelli

Figure 2.2: Ant's head (Source: Clark and Holbrook, 2009).

Head is the first body segment of the ant. The head of the ants is used to

sense the surrounding information. Clark and Holbrook (2009) reported that ants
mainly communicate through the detection and releases
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themselves. Ants have a pair of antennae that sense these chemical and the nest
mates from the same colony recognized their partners by the chemicals on their bodies

(Clark and Holbrook, 2009). Ants can also use touch and vibration to communicate.

Besides that, ants have a pair of compound eyes that made up of hundreds of
lenses that combine to form a single image in the ant’s brain. However, for some ants
that lives in dark places may have reduced vision or even blind (Clark and Holbrook,
2009). Some ants may also have ocelli (three simple eyes) that detect light.

Mandible is one of the most important body parts for ants. As ants do not have
grasping forelegs, mandible is used by the ants to hold and carry stuffs. Mandibles can

also be used to bitting, cutting, crushing, digging, hunting and fighting (Clark and
Holbrook, 2009). Mouth is located behind the mandible which used by the ants to eat
and clean themselves and nest mates.

2.6 Life cycle of ants

Queen (female)

Worker (female)
Figure 2.3: Life cycle of ants (Source: Clark and Holbrook, 2009).

Ants undergo complete metamorphosis throughout their life cycle, starting with egg,
larvae, pupae and then adult.
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An ant’s life starts with an egg. Ant eggs are soft, oval and tiny. Not all eggs
are able to emerge to an adult, as some of the eggs may be consumed by nest mates
for extra nourishment (Clark and Holbrook, 2009).

An egg hatches into a worm-shaped larva with no eyes or legs. Larvae need to

consume large amount of foods and rely on constant supply of foods from the adults.
Larvae grow rapidly and moulting.

Larvae metamorphoses into a pupa when it is large enough. According to Clark
and Holbrook (2009), physical appearance of pupae look similar to the adult but their
legs and antennae are folded against their bodies. Pupae are whitish in colour at the
initial stage and gradually become darker as they develop (Clark and Holbrook, 2009).

The pupae of some species spin a cocoon for protection, while others remain
uncovered, or naked.

Finally, the pupa emerges as adult. Young adults are often lighter in colour, and
darken as they grow older. According to Clark and Holbrook (2009), the process of
development from an egg to an adult takes a period of time from several weeks to
several months, depending on the species and environment condition. A fully grown

ant will have exoskeleton that prevents it from getting larger (Clark and Holbrook,
2009).

2.7 Caste system of ants

Generally, there are three classes in the caste system of ants which are workers, males
and queens.

Large number of the ants in the caste system belongs to workers. According to
Clark and Holbrook (2009), worker ants are the female ants that obtain less food
during larvae stage (Clark and Holbrook, 2009). Workers do not reproduce but share
other duties such as constructing, maintaining and defending the nest, collecting food,

and taking care of the brood (Chittka et a/., 2012). Workers have no wing and only live
for few months.

In most species, all the workers are almost the same size. However, some ant
species harbour special castes of particularly large workers, ‘soldiers’ or ‘majors’.

Soldiers are larger in size than minor workers and hax€ targe. heatls (Crark andl
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Holbrook, 2009). They preferentially play roles in colony defence or for cutting up or
carrying large objects, including prey (Chittka et a/., 2012). According to Clark and
Holbrook (2009), a soldier can have 100 times the body mass of a minor worker.

Similar to queen, males have wings and muscular mesosomas to fly and mate
with the queen (Clark and Holbrook, 2009). Male ants often have only one role which
is mating with the queen (National Geographic, 2015). The male ants may die after
their mating with the queen. Males never help with the chores of the colony (Clark and

Holbrook, 2009). The size of males usually smaller than queens and have smaller
heads with bigger eyes and straighter antennae.

Queens are female that had consumed more food compared to workers during
larvae stage (Clark and Holbrook, 2009). They are large than worker and the only duty
is to lay eggs in a colony. A queen may lay up to million eggs in some species.
According to Clark and Holbrook (2009), queen initially has wings to fly and find male

for mating process. They tear off the wings before they start a new colony. A queen
can live for decades under suitable conditions.

2.8 Colony life cycle of ants

Figure 2.4: Colony life cycle of ants (Source: Clark and Holbrook, 2009).

Colony life cycle refers to the sequences of changes of an ant colony. There are three

stages of colony life cycle which are founding stage, growth stage and reproduction

stage. =N\ (
‘ ’ UM (-
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