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effective pest management programme. This paper summarizes some of the
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revealed for protein and lipid feeding within a week.

published works on the foraging and feeding behaviour of tropical pest ant species in Malaysia such as T. melanocephalum, T. indicum, P. longicornis, M.

Nutrient distribution from worker ants to larvae is essential for the survival of a colony.

pharaonis, M. destructor, Monomorium orientale and Anoplolepis gracilipes.

Because workers are incapable of digesting solid food, larvae play an important role
in this aspect and serve to regurgitate the liquidated food to the worker ants (Wilson

Different ant species often exhibit varying behavioural responses and foraging

1971). Generally, workers sort brood (immature stages) according to their ages.

activities to food. It was found that different food bait used on index cards was

Eggs and first instar larvae are separated from older ones within the same brood

different in its attractiveness for common species of household ants. Field studies

chamber while the pupae are kept in a different and drier brood chamber (Vander

on foraging ant populations revealed that peanut butter was more attractive than

Meer & Morel 1995). Proteinaceous foods are given primarily to larvae and queens

honey to M. pharoanis, M. destructor, Pheidole sp. and Solenopsis geminata, while T.

while sugars are fed mainly to other workers. These observations prompt research-

melanocephalum and P. longicornis preferred the latter. Further studies conducted

ers to suggest that larvae communicate either directly or indirectly to make their nutri-

on a field population of M. pharaonis showed a seasonal preference to peanut

tional requirements known to the workers (Sorensen & Vinson 1981; Wheeler 1994).
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butter or honey bait. In an 18-month study (February 1999 – August 2000), the
attractiveness to peanut butter and honey was found to vary over time (Lee 2002).

Chong et al. (2002) reported that worker ants of M. pharaonis actively donate
carbohydrate and proteinaceous food to larvae at all stages, while lipids were

Loke & Lee (2004) carried out an evaluation of 19 field populations of P. megacephala

transferred only during a prolonged period of starvation, especially to larvae at

and found that they prefer to feed on proteinaceous and lipid-based foods to carbo-

stage III. Food was more actively transferred to the latter stages when compared

hydrate foods (Table 1). Their food preference, however fluctuated over the 30-

to the youngest larval stage (eg. larval stage I). In addition, the older stages were

week study period. The same authors also reported their studies on M. orientale

also found to be preferred donors, when compared to the younger ones (Fig. 1).

(Table 1). This species prefers to feed on carbohydrate foods rather than on foods
with other nutrients. All colony types (normal, broodless or queenless) preferred to

Lim & Lee (2005) explored the brood arrangement in the Pharaoh ant colonies.

feed on sucrose, saccharose, tuna and olive oil (Loke & Lee 2006a). Loke & Lee

By using dye markers, they found that there were three distinct rings in the

(2006b) found that carbohydrates were rapidly distributed (>60% colony in 24-h)

arrangement of brood piles of the M. pharaonis colonies. The outermost layer

when compared to other nutrients. Protein distribution was delayed, while lipids were

contained older broods (L2 and L3), while the centre pile consisted of the eggs

hardly distributed. Queens in all colony conditions did not feed on protein, while only

and L1. The pupae and pre-pupae were placed in the intermediate ring between

queens in broodless colonies showed signs of lipid feeding (<10% in 24-h).

the two. This study supported Franks & Sendova-Franks (1992) hypothesis that
different brood members are sorted in such a way to alleviate the particular type
of care they beseech. Since the older (or largest) larvae require the most nutri-

morium (M. pharaonis, M. floricola and M. destructor). They found that M. phara-

ents, they are placed in the boundary. This positioning will make them highly

onis preferred to feed on both proteinaceous and lipid foods, M. floricola pre-

accessible to the worker ants. Franks & Sendova-Franks (1992) suggested that

ferred lipid, and M. destructor preferred to feed on carbohydrate foods (Table 1).

the creation of such a spatial pattern helps the worker ants to organise the work

Periodic alternation and interval fluctuation in response to different nutrients were

of brood care and ease the specialised care of certain brood types.

observed in long-term preference studies. Irrespective of whether the colony was

Stage2

Stage3

Important donor as
the stage3 larvae, no
significant difference
from Stage3

Important donor
stage, large larvae

Workers

starved
Recipients

Eow & Lee (2007) compared the nutritional preference of three species of Mono-

Stage1
Less important donor, only when colony starved > 3d,
small larvae

Mediators
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foods from other nutrient groups. Eow et al. (2005) studied the effects of starva-

vital to the creation of an effective pest management program in the region. In
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Table 1. Nutritional preference of common Malaysian urban pest ants.

The study of feeding and foraging behavior of pest ants in South East Asia is

lacking of brood or queen, the authors did not find any such effects on their nutri-

Larvae are involved in regulating colony nutrient flow and distribution (Wilson

ent preference. Nevertheless, Chong & Lee (2006) reported nutritional prefer-

1976; Borgesen 1989). Colony fecundity of M. pharaonis was found to be depen-

Stage1

Stage2

Stage3

ences in field populations of the ghost ant (T. indicum) and found that this spe-

dent on nutrient transfer from larvae to queens (Borgesen 2000). Important stor-

More important
Recipient than Stage1

cies preferred carbohydrate and proteinaceous food (especially tuna fish). The

age proteins required for colony development and metamorphosis have been

Less important recipient, normally get
less proteinaceous
food

Most important recipient stage, large larvae, always receive
proteinaceous food

T. indicum populations were not responsive to lipid food.

isolated and identified from the larvae of several ant species. However, under
field conditions, the protein resources and availability may change with time (or

One major challenge in ant baiting is the bait switching behaviour (Granovsky &

seasons) and location. Lim et al. (2005) initiated a study to determine how

Howell 1983) where ants alternated their feeding among different food types.

dietary protein levels changed the larval storage protein of different larval stages.

Edward & Abraham (1990) reported that this could be due to food satiation. They

They found that larval storage protein profiles changed with dietary protein levels

found that when a colony is satiated with a particular type of food, their workers

as well as the larval stages. The findings also indirectly suggested that different

will not respond to new food from the same nutrient group, but instead forage for

larval stages have different roles and responsibilities within a colony.

Note
Stage1:1-5d after hatching, anus at posteroventral end, body covered
with hairs in parallel rows.
Stage2:6-10d after hatching, presence of hooked body hair, developed
head and mouthpart.
Stage3:11-15d after hatching, extended head with mouthpart, food
basket at anteroventral body region.

Fig. 1. Food movement from donor to recipient
larvae as mediated by workers of the Pharaoh ant.

10

R e c e n t R ep o rt s

R e c e n t R e por t s

Feeding and foraging behaviour of tropical
urban pest ants

Table 2. Bait base preference of the common
Malaysian urban pest ants.
Species

Bait formulation
Liquid

Granule (solid)

varying results. Liquid bait showed the best performance against ghost ants with
>95% reduction within a week of post-baiting. The high attraction to liquid bait could

showed behavioural plasticity in task switching within the colony (Eow et al. 2004b).

likely be due to high susceptiblity of this species to desiccation (Appel et al. 2004),
and thus showed a higher preference for baits with higher moisture content.

base is extremely important to ensure sufficient intake of toxicants by foraging

the ant bait trials, inconsistent sampling results were often recorded when sampling

individuals to achieve effective management. The speed of ants attracted to the

time varied. It was hypothetized that pest ants demonstrated a daily pattern of

bait can also vary with different bases. Experiments were conducted using labo-

foraging activity, especially those species that nest outdoors but forage indoors for

ratory colonies of pest ants. Depending on ant species and availability, all colo-

food. In this study, three ant species were chosen, namely P. longicornis, M. phara-

nies had a 2 - 10 queens, 500 - 1000 workers and 1 - 3 gm of brood. Blank bait

onis and S. geminata, which were infesting a departmental building. Samplings were

Granule

M. pharaonis
5

bases containing 30% sucrose were formulated in the laboratory, since it was

carried out along the corridors of the building which were directly exposed to the

70.0 ± 1.9 a

22.0 ± 2.9 ab

6.6 ± 2.1 b

1.4 ± 1.0 b

found earlier that a 20 - 30% sucrose solution was the most attractive concentra-

outdoor environment. Baited index cards were placed at locations where the ants

M. floricola
5

59.8 ± 8.1 a

27.4 ± 10.7 ab

12.0 ± 3.3 ab

0.8 ± 0.4 b

tion for the majority of Malaysian household ant species (Lee 2002). Choice

were seen trailing every two hours and continuously up to 48 hours. The number of

M. destructor
5

experiments were done where different bait bases were presented simultane-

foraging workers on the index cards was counted approximately 30 minutes after

62.2 ± 3.4 a

25.8 ± 3.3 ab

1.6 ± 1.0 b

7.4 ± 3.1 b

M. orientale
5

ously to the foraging ants. Results indicated that a liquid base was the most

placement. The experiment was replicated three times every other week. Results

67.6 ± 3.8 a

26.6 ± 4.6 ab

4.8 ± 2.2 b

1.0 ± 1.0 b

attractive base to all species tested (with the exception of Pheidole sp. which

indicated that all three species demonstrated a relatively similar foraging pattern.

T. indicum
5

83.4 ± 2.4 a

13.6 ± 1.9 ab

1.0 ± 1.0 b

2.0 ± 0.9 b

showed a high preference for solid bait), followed by a gel base. Granular toxi-

Foraging activity peaked at 2 - 4 hours after sunset (20:00), and the activity gradu-

cant bait provided better management against Pheidole sp. when compared to

ally ceased at about 15:00 in the afternoon. The findings suggested that foraging

other toxicant bait bases (Beh 2002; Lee 2002c). It is interesting to note that the

activity patterns of M. pharaonis, P. longicornis and S. geminata were negatively

T. melanocephalum
5
76.8 ± 1.9 a

19.8 ± 1.4 ab

2.6 ± 1.9 b

0.8 ± 0.8 b

P. longicornis
5

76.2 ± 4.5 a

19.0 ± 3.5 ab

3.0 ± 2.0 b

1.8 ± 1.1 b

paste base, which is widely used in containerized bait, received little or no

correlated with ambient temperature. In Malaysia, the outdoor temperature aver-

A. gracilipes
5

58.2 ± 3.3 a

21.4 ± 2.2 ab

2.6 ± 0.9 b

17.8 ± 2.4 ab

response from the foraging ants. This finding, however, must be interpreted with

ages about 25°C at night, while the daytime temperature (especially in early after-

caution, because unlike the 30% sucrose solution used in this study, most com-

noon) averages about 33°C, but can reach as high as 35°C (Lee 2002).

11.4 ± 4.9 ab

4.6 ± 2.7 b

16.4 ± 5.6 ab

67.6 ± 5.7 b

S. geminata
5

3.2 ± 2.1 a

3.6 ± 2.2 a

11.0 ± 3.6 ab

82.2 ± 6.6 a

Table 4. Field performance of 0.001% fipronil bait
against field populations of T. melanocephalum (Lee,
unpublished).
Mean % reduction at nth week after treatment

Bait base

1-w
95.7
83.2
43.2
-10.3

liquid
gel
paste
granule

2-w
99.0
96.1
59.0
-25.8

4-w
100
100
67.3
11.3

8-w
100
100
23.6
17.2

Dr Chow-Yang Lee is inter-

foraging at all the bait bases in comparison to other species. On average, they

reported the daily foraging rhythm of M. orientale. The normal colony showed peak

nationally recognized for his

took between 5.4 and 20.3 min, compared to other species, which required a

activity between 00:00 and 04:00. Norasmah et al. (2006) also recorded similar

research in biology and the

minimum of 29 min. Most foraging ants (with the exception of M. orientale, A.

observations in their studies on tropical fire ant (S. geminata), where peak foraging

management of urban pest

gracilipes, Pheidole sp. and S. geminata) showed significantly quicker response

activity was recorded between 23:00 and 00:00. Earlier, Hooper and Rust (1997)

cockroaches, ants and

times to the liquid and gel baits than the other two bait bases.

reported that foraging activity of Solenopsis xyloni began approximately four hours

termites in South East Asia. He received his

ing activity of worker ants are determined by several factors such as colony devel-

30
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regulating the storage and distribution of nutrients, especially protein. The forag-
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Fig. 3. Hypothetical pathway of foraging and
feeding behaviour of pest ants.
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factors as shown in Fig. 3. In an ant colony, larger larvae play an important role in
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ture, but positively correlated with relative humidity (Fig. 2). Loke & Lee (2005)

In summary, ant foraging and feeding behaviour are influenced by a variety of
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A relatively similar finding was observed by Chong & Lee (2006) on field popula-
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Fig. 2. Foraging activity of the ghost ant (T. indicum) over a period of 72 hours in relation to temperature and humidity (Chong & Lee 2006).
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1. Colony development
2. Environmental conditioins
3. Starvation

1. Food preference
2. Colony development
3. Starvation / satiation
4. Inter- and intra-species competition

Further studies were done to determine the speed of response of different ant

before sunset and maximal activity occurred between 2 and 7 hours after sunset.

Time

Solid food
Semi solid /
Liquid foods

mercial bait formulations contained one to several food attractants.

*Means followed by different letters within the same row are significantly
different (P < 0.05, Kruskal-Wallis multiple range test).

Time

Large
Larvae

ck

When screening residential premises to determine suitable houses for conducting

Paste

Pheidole sp.
5

Storage
for protein

ba

bases have varying attractiveness to foraging ants (Table 2). An acceptable bait

Gel

Mean % foraging ants ± SEM* at 60 min post-treatment

Other
immature
stages

In the process of baiting pest ants, it was regularly observed that different bait

Liquid

No.
replicates

Nursing
Workers

1. Carbohydrate
2. Protain
3. Lipid

ed

Species

floricola foragers were retained in the nest as nurses, but this was not found in M.
pharaonis. In a situation without foragers or nurses, M. floricola and M. pharaonis

Food

Queens

fe

Table 3. The speed of response of different ant
species to 4 sucrose bait bases (Lee 2008).

populations of the ghost ants (T. melanocephalum) on the university campus revealed

Food distribution mediated by workers

e

Moderate
Poor
Moderate
Poor
Poor
Poor
Moderate
Poor
High
High

M. pharaonis, however, when brood number increased, it was found that more M.

Ant colony

tiv

High
Moderate
High
Poor
Moderate Moderate
High
Poor
High
Poor
High
Poor
High
Poor
High
Poor
Poor
Poor
Poor
Poor

programme. Studies using different bait bases containing 0.001% fipronil against field

ga

High
High
High
High
High
High
High
High
Poor
Poor

Paste

The correct choice of ant bait base will ensure the success of an ant management

castes perform different tasks within a colony. In experiments with M. floricola and

ne

M. pharaonis
M. floricola
M. destructor
M. orientale
T. indicum
T. melanocephalum
A. gracilipes
P. longicornis
P. megacephala
S. geminata

Gel

Being social insects, ants practise polyethism (division of labour) where different

factors namely food preference, colony development, starvation/satiation effects,
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