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Abstract
Ants collect food either individually or jointly or in a sequential order through a trail tract. It is not clear
under what circumstances the ants decide to carry food by developing a tract between the food source
and the nest. To verify the same different types of food in different quantity were offered to the ants in
their foraging ground in Garia, Kolkata, India. It is revealed that the ants Pheidole roberti, Paratrechina
longicornis, Monomorium pharaonis did not consider it wise to develop a trail tract to collect the food
from the source where offered foods viz. sugar cubes, dry fish fragments, biscuit fragments, nut
particles and papad fragments were less than 70 in number without few exceptions. The ants though
carried the food particles in different spells in respect to their chance of contact with the supplied food,
in cases of deposition of 30-40 food particles at the offered site, occurrence of 120 food particles
belonging to four varieties in equal number induced the ants to develop the trail tract to carry the food
to the nest.
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Introduction
Foraging behaviour of ants have drawn the attention of a number of workers ( Wehner et al., 1983;
Schmid-Hempel, 1987; Goss et al.,1989a, b; Traniello, 1989; Beckers et al., 1990; Vasconcellos, 1990;
Nelson et al., 1991; Portha et al., 2002; Jackson et al., 2004; Muser et al., 2005; Vittori et al., 2006; Abril
et al., 2007; Domisch et al., 2009; Sengupta et al., 2010; Jayatilaka et al., 2011; Raquel et al., 2013;
Schultheiss and Nooten 2013; Schultheiss et al., 2013; Hashimoto and Yamane, 2014; Lixiang et al.,
2014; Naskar and Raut, 2014a, b, c, 2015a, b, c, d). It is an established fact that the foragers of an ant
colony move in different directions for food searching ( Calcott, 2006 ). The forager, in cases of small
amount of food, may pick up the said food and back to home to deposit the same. If the amount of
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food is considerably high then the scout-forager returns to the nest to invite the fellow members to
collect these foods. Certainly, the ability of forager ant to assess the food volume is the key factor that
determines the forager ant’s behavioural response either to carry a food particle alone to the nest or to
go back to the nest to invite the nestmates to procure the available food from the site concerned.
However, this aspect of foraging in ants has not been paid due attention by any workers so far. But,
Mailleux and coworkers (2000) and Naskar and Raut ( 2015b ) opined that the ants are able to assess
the volume of the food locating at a site. Mailleux et al ( 2000 ) have discussed at length regarding the
mechanism of communication to the nestmates by the scout regarding volume of the food locating at
the site.
However, in spite of availability of ample information on the foraging behaviour of ants nothing is
known on the decisive factor i.e. what should be the amount of the food that stimulates the forager ant
to inform the nestmates for procuring the said food. Accordingly, we aimed to note the cue that induces
the foraging ants occurring in their foraging ground, in and around Garia, Kolkata, West Bengal, India,
experimentally by offering different types of foods in different amount irrespective of hours of a day
(24h). Our findings as could be revealed from the following descriptions indicate that the ants are
intelligent enough to measure the volume of food in respect to cost-benefit effect. Therefore, when the
available food source exceeds and/or equalizes with the expected amount to be considered for carrying
the same through the recruitment of fellow members, the ants, irrespective of species, inform the same
to the nest-mates.

Materials and Methods
We offered sugar cubes, biscuit fragments, dry fish particles, nut particles and papad fragments
between 15-45 mg in weight ( each cube/ fragment/particle) to the ants in their foraging area at Garia,
Kolkata, West Bengal, India in different specifications and numbers ( Table 1 ). In all 38
Table 1. Specifications of the foods, the time and the amount ( in number ) of food materials offered
to the ants at a site in their foraging area in Garia, Kolkata, India in different trials.
Trial No
1
2
3
4
5
6
7
8
9
10
11
12

Food offered
Type
Sugar cube
Sugar cube
Nut particle
Biscuit fragment
Dry fish particle
Sugar cube
Nut particle
Dry fish particle
Sugar cube
Biscuit fragment
Nut particle
Sugar cube

Number
10
10
10
10
10
20
20
20
30
30
40
40

Time ( h )
06:25
11:05
18:20
09:00
07:45
19:00
06:30
09:50
20:30
07:15
11:05
18:00
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13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

37

38

Biscuit fragment
Sugar cube
Biscuit fragment
Dry fish particle
Nut particle
Sugar cube
Dry fish particle
Nut particle
Biscuit fragment
Sugar cube
Biscuit fragment
Sugar cube
Sugar cube
Sugar cube
Sugar cube
Biscuit fragment
Sugar cube
Sugar cube
Sugar cube
Sugar cube
Sugar cube
Sugar cube
Sugar cube
Sugar cube ( 30 )
Dry fish particle ( 30 )
Papad fragment ( 30 )
Biscuit fragment (30 )
Sugar cube ( 40 )
Dry fish particle ( 30 )
Biscuit fragment (30)
Nut particle ( 40 )
Sugar cube ( 40 )
Nut particle ( 50 )
Biscuit fragment (50)
Dry fish particle ( 40 )

40
50
50
50
50
60
60
60
60
70
70
80
90
100
100
100
110
120
130
140
150
160
170
120

09:00
06: 45
19:05
07:40
09:05
09:00
08:40
11:05
06: 40
08:36
19:05
09:05
08:30
07:55
07:47
07:55
07:58
06: 40
08:05
07:30
07:15
10:20
08:23
18:55

140

22:05

180

23:08

trials have been made on different dates. In all cases due attention was paid to note the time of arrival
of forager ant at the food-offered sites and the subsequent behavioural manifestations in respect to
checking food matters, information-communication to the nestmates and the food-carrying
phenomena.
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Results
Results of experimental trials have been shown in Table 2. It is evident that in all trials
Table 2. Results of experimental trials in respect to supply of different varieties of food in different
number either singly or in combination in the foraging ground of the ants locating at Garia, Kolkata,
India.
Trial
No.
1

2

3-4
5

6

7-9

10
11

12

13

14

Results
At 06:29 h a P. roberti forager appeared at the site and took away a sugar cube. Within next
few minutes few more foragers of the said species came across the supplied sugar cubes and
the same were carried by them to the nest.
After 2 minutes of supply of the sugar cubes one P. roberti forager was seen to check the sugar
cubes. Within next few minutes many more foragers of the same species assembled at sugar
cube supplied site. All the sugar cubes were carried to the nest individually.
P. roberti appeared at the site after 6 and 11 minutes of the food supply. They checked few
particles and started procuring those one after another to the nest individually.
Just within one minute a P. longicornis forager was seen to check the fish particles. Within
next 3-4 minutes few more longicornis foragers assembled at the site. They carried all the fish
particles to the nest at different time intervals.
At 19:03 h a P. longicornis forager was seen to check the sugar cubes. Within a few minute it
took away one sugar cube. Then few more foragers of P. longicornis were seen to collect these
sugar cubes individually.
P. roberti foragers came across the supplied food materials after 2, 1 and 6 minutes of the
supplied time. All the food particles were carried by these ants individually, sometimes jointly to
the nest.
Within a minute of food supply P. longicornis foragers encircled the site and started checking
as well as procuring the biscuit fragments to their nest.
After one minute of supply of the nut particles a P. roberti appeared at the site and taken
away a nut particle. Within next 2-3 minutes many more foragers of P. roberti were seen to
procure the nut particle individually almost in a isolated manner to the nest.
At 18:05 h i.e. after 5 minutes of food supply a forager of P. roberti came across these sugar
cubes. Soon after, two more roberti and subsequently many more foragers of the said species
paid a visit to the site and took away a sugar cube from the site, individually, on the basis of
almost first come first serve.
After 5 minutes i.e. at 09:05 h one Monomorium pharaonis was seen to check the biscuit
fragments. Soon after few more pharaonis foragers assembled at the site. They were seen to
disintegrate the biscuit fragments into very small granules. Some of the granules were fed by
them while many other granules were seen to carry by the foragers almost in an order of row
to the nest.
At 06:51 h one P. roberti forager appeared at the site. It was seen to verify the sugar cubes.
Within next 3 minutes 2 more roberti foragers and one Paratrechina longicornis forager
reached at the site. P. longicornis forager checked few sugar cubes and returned to the nest. In
the mean time few more roberti foragers assembled at the site. Some of them were seen to
carry the sugar cubes to the nest. Suddenly 21 P. longicornis appeared at the site. They started
fighting with P. roberti. But, in course of fighting some individuals of both the species took the
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15

16

17

18
19

20

21

22

23

24

opportunity to procure the sugar cubes from the site.
Just after 10 minutes of supply of the biscuit fragments a P. roberti forager had the chance to
come in contact of the same. It was seen to check the fragments. Subsequently, other foraging
members were seen to participate in checking process. Thereafter, these fragments were taken
to the nest individually or jointly at certain intervals.
After 3 minutes a P. roberti forager was seen to check the fish particles while after next 3
minutes one P. longicornis forager was seen to chase the said P. roberti forager. Subsequently,
on arrival of few more foragers of both the ant species fighting between the species was
inevitable and two P. roberti individuals were killed by P. longicornis. Thus, within next 2-3
minutes P. roberti foragers were compelled to leave the site though one of them was seen to
carry a fish fragment alone. After 6 minutes a row of P. longicornis was developed and the fish
fragments were carried to the nest.
After 6 minutes a forager of P. roberti and after 12 minutes a forager of P. longicornis were
seen to move around the nut particles. Within few minutes many more P. roberti and 3 P.
longicornis assembled at the site. Some of them irrespective of species started carrying the nut
particles to the nest, individually.
Immediately, after the supply of sugar cubes P. roberti appeared at the site and the sugar
cubes were taken to the nest within next few minutes depending upon the arrival of foragers.
Within a minute P. roberti forager came across the fish particles while P. longicornis appeared
at the site just after 9 minutes of the offered time. Only a few dry fish particles were
procured by the P. longicornis foragers while the remaining fish particles were carried by P.
roberti in due course of time in respect to arrival of foragers at frequent intervals.
At 11:08 h i.e. after 3 minutes a P. roberti forager was seen to touch the nut particles while a
P. longicornis forager reached at the site at 11:26 h. Subsequently more foragers of both the
species were seen to come in contact of the nut particles. Thus, the nut particles were carried
by both the species at frequent intervals but in all cases individually.
P. roberti forager appeared first at the site. This was followed by P. longicornis after few
minutes. Subsequently, many foragers had the chance to visit the site and to carry the biscuit
fragments to the nest, individually.
With the supply of sugar cubes at the site a P. roberti forager started checking the sugar cubes
instantly. After 13 minutes a P. longicornis forager appeared at the site. It checked 5 sugar
cubes and hurriedly left the site. In the mean time another P. roberti forager reached at the site
and took away a sugar cube. Within next 3 minutes many P. longicornis foragers were seen
marching towards the sugar cubes supplied site. They checked the sugar cubes here and there.
Within a minute they started carrying the sugar cube individually in a row. Also on the same trail
many more members of their colony were seen to marching to food source side by side.
Thus, a distinct row was developed and all the sugar cubes were procured by P. longicornis .
Within two minutes of supply of the biscuit fragments P. roberti foragers assembled at the
site. They were seen to carry the biscuit fragments at irregular intervals depending on their
arrival at the site. Moreover, some of the foragers were seen to move elsewhere perhaps, in
search of other kind of food materials. However, ultimately within a period of 4 hours these
biscuit fragments were taken to the nest.
At 09:06 h a P. longicornis appeared at the site. It started checking the sugar cubes. It left the
site. After that a P. roberti forager reached at the site, checked the sugar cubes and took away a
sugar cube. A total of 21 P. longicornis foragers were seen marching towards the site in a row.
They took the sugar cubes and moved towards the nest. Soon after many more longicornis
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25

26

27

28

29

30-35

foragers assembled at the site almost in a row but the row was discontinuous. All the sugar
cubes were procured by P. longicornis.
Sugar cubes were supplied at 08:30 h but a P. longicornis visited the said food supplied site at
08:47 h. It was seen to check 6 sugar cubes occurring at different locations of the spot. It then
moved to the nest. Suddenly, two P. roberti foragers appeared at the site. They were seen to
check the sugar cubes. One of them was seen to carry a sugar cube to the nest. By this time P.
longicornis foragers reached at the site one by one. A good number of P. longicornis were
assembled at the site and within few minutes they were seen to carry the sugar cubes one by
one in a row and some other individuals were seen to march towards the site along the same
tract. Finally, a row became prominent and all the sugar cubes were taken to the nest by P.
longicornis.
The sugar cubes were supplied at the site at 07:55 h. One P. longicornis forager came in
contact of these sugar cubes by 08:22 h. It was seen to check 5 sugar cubes here and there and
promptly returned to the nest. Within next 8 minutes several P. longicornis were seen marching
towards the site in a row. After coming in contact of the sugar cubes the ants took individually
one sugar cube, and moved to the nest in a row while few more individuals were seen
approaching the sugar cube supplied site along the said tract. After the development of row,
within 48 minutes all the sugar cubes were carried by P. longicornis to the nest.
Just after one minute a P. longicornis forager appeared at the site and checked few sugar
cubes hurriedly. Then, it moved to the nest. Within a sort time many P. longicornis were seen
marching towards the site. After reaching at the spot they instantly started picking up one
sugar cube individually and took their way to the nest along the same tract through which they
crawled to the sugar-cube supplied site. Thus, coming to collect the sugar cube and going of the
foragers with the sugar cubes were become the events of the ants until the sugar cubes were
taken to the nest.
Biscuit fragments were supplied at the site at 07:55 h. A P. roberti forager appeared at the site
by 08:01 h. Following checking of few biscuit fragments here and there at the deposited site it
moved away. Within next 6 minutes a good number of P. roberti were seen marching towards
the site. After coming in contact of these food matters they were seen to verify this and that
fragment of biscuit perhaps to consider which one is more suitable to carry to home. Thus,
within 2 minutes a trail was established where coming of individuals to the site and going
towards the nest with a sugar cube by some other individuals of P. roberti became a distinctive
feature.
A P. longicornis forager came across the supplied sugar cubes after 5 minutes of supply.
Following examination of the deposited sugar cubes it moved away. Within next 2 minutes a
forager of P. roberti was seen to check the sugar cubes. It took a sugar cube and moved away.
In the next moment several P. longicornis reached at the site. They individually procured a
sugar cube and moved towards the nest in a row by the side of the fellow members of the
colony crawling towards the sugar cube supplied site. Thus within 19 minutes, after contact
with the sugar cubes, a row of P. longicornis was well established.
Irrespective of times and numbers of the sugar cubes supplied at the site foragers of P. roberti
and P. longicornis had the chance to come across these sugar cubes within 2-19 minutes. In all
cases initially P. roberti forager took a sugar cube and moved away while P. longicornis
following collection of information regarding the food source moved away without procuring a
sugar cube, to the nest. In all cases a large number of P. longicornis foragers assembled at the
site and took away the sugar cubes individually along a trail to the nest. The trail was also used
by the ants coming from the nest for procurement of these sugar cubes. Finally, a row of ants
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36

37-38

P. longicornis was well established in all the trials.
Within 3 minutes a P. roberti forager visited the site and took away a dry fish fragment to the
nest. At 19:18 h a Paratrechina longicornis was seen to examine the food materials occurring at
the site. In the next moment it moved to the nest. In the mean time 8 P. longicornis appeared
at the site. Some of them were seen to procure a sugar cube individually and moved away.
Within a few minutes many longicornis ants were seen crawling towards the food source.
Finally, a row of P. longicornis was developed and all the remaining food materials were
collected by these ants.
Within 10-15 minutes of food supply the foragers of both the ants Pheidole roberti and
Paratrechina longicornis had the chance to note the occurrence of the food materials at the
sites. P. roberti instantly took away few food particles in respect to their contact with these
foods while P. longicornis hurriedly moved to the nest to invite the nestmates to carry these
foods. Thus within a sort time a row of P. longicornis was developed and the food matters were
carried to the nest.

supplied foods, irrespective of types and numbers were procured either by Pheidole roberti or by
Paratrechina longicornis or by Monomorium pharaonis. However, in most cases, in a trial supplied foods
were shared by the ants Pheidole roberti and Paratrechina longicornis. Therefore, in certain cases
fighting between these two species was inevitable. Though, in cases of small number of food particles
ant individual procured the food particle at per will in respect to contact with the offered food matters
development of a trail was initiated when the number of offered food particles was high.

Discussion
From the results it appears that the ants irrespective of species are adapted to collect their food from
the foraging grounds by different means in respect to the amount of the food present at the source. In
the present study it is evident that the ants Pheidole roberti, Paratrechina longicornis and Monomorium
pharaonis occurring in Garia area of Kolkata are habituated to use the same foraging ground to meet up
their need for food. Though the area is dominated by the ants Pheidole roberti the long horn ants
Paratrechina longicornis, in course of competition for food, almost in all cases, succeeded to chase
away the competing ants Pheidole roberti.
It is evident that the food-carrying strategy in ants depends on the amount of food present at the
source. Because, the ants considered it wise to develop the trail for collection of food when the amount
of deposited food at the site was close to 70 cubes/particles/fragments and/or more. Prior to that, in all
other trials food particles were procured by the ants in different spells depending on the arrival of the
foragers in contact of the supplied food particles. Of course, in cases of competition between Pheidole
roberti and Paratrechina longicornis in respect to collection of dry fish particles P. longicornis applied
their intelligency by developing a trail hurriedly, at the end of battle with P. roberti to procure the food
particles as early as possible. However, in all other instances trail was developed either by Paratrechina
longicornis or by Pheidole roberti when the amount of deposited food was a mass of 100-170
cubes/fragments/particles. Thus it is evident that the ants are enough intelligent to estimate the
volume of food occurring at the site.
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As there exists every possibility of procuring these foods by the foragers of competing ant and and/or
other species development of a strategy to collect these foods at the earliest opportunity by applying
the best possible means, by the stronger ant species is inevitable. For this reason, keeping in view of the
cost-benefit effect regarding energy spent to communicate the information to the nestmates and to
recruit a large number of individuals to move to the site for collection of the food, the scout ants are
adapted to assess the food volume at the source. Though the selection of food by the ants varied to a
great extent with the need of the colony ( Portha et al., 2002 ) it is evident that the ants, neither
Pheidole roberti nor Paratrechina longicornis considered it wise to inform the colony members for
procurement of food when 30 or 40 sugar cubes and/or other food particles were at the site. But,
surprisingly, when the deposited foods were 120, 140 and 180 of four different varieties with a
combination of 30-50 particles of each variety, then the ants decided to collect these foods through the
development of a trail.
Thus, it is clear that food collection by the ants through the development of a trail between the source
and the nest is a function of the volume of the food locating at the source. Therefore, movement of
ants in a row is related with the food-procurement success. Hence, development of a trail is prerequisite
for collection of food if occurring in large quantity at the source. Undoubtedly, trail is regulated by the
trail-tract by the aid of pheromones ( Blum, 1966; Ritter et al.,1973; 1977; Vander Meer,1986; Pasteels
et al.,1987; Holldobler et al., 1995; Jeanson et al., 2003; Jackson et al., 2004, 2006).
From the present findings it can be said that the volume of the food is cue for construction of row by
the ants for procurement of foods from the source. However, under competitive situation stronger ant
species may develop row hurriedly with a view to procure all the foods as quickly as possible. As we
have noticed almost similar behavior in cases of different types of foods offered at the site the influence
of chemical composition of food on the trail-laying behaviour of Pheidole roberti and Paratrechina
longicornis, as have been advocated for other ant species by Verhäghe (1982), Beckers et al. ( 1993) and
de Biseau and Pasteels ( 1994 ) is questionable.

Acknowledgement
The authors are thankful to the Head of the Department of Zoology, University of Calcutta for the
facilities provided. The ants specimens were identified by the Zoological Survey of India, Kolkata, India.

References
Abril, S., Oliveras, J. and Gómez, C. ( 2007 ). Foraging activity and dietary spectrum of the Argentine ant
( Hymenoptera : Formicidae ) in invaded natural areas of the northeast Iberian Peninsula. Environ.
Entomol. 36 ( 5 ): pp. 1166-1173
Blum, M.S. ( 1966 ). The source and specificity of trail pheromones in Termitopone, Monomorium and
Huberia, and their relation to those of some other ants. Proc. R. Soc. Lond. 41: pp. 155-160
Beckers, R., Deneubourg, J.L., Goss, S. and Pasteels, J. M. ( 1990 ). Collective decision making through
food recruitment. Insectes Soc. 37 : pp. 258-267.

International Journal Research in Engineering and Applied Sciences
Email id: editorijrim@gmail.com, http://www.euroasiapub.org

189

IJREAS
VOLUME 5, ISSUE 5(May, 2015)
(ISSN 2249-3905)
International Journal of Research in Engineering and Applied Sciences (IMPACT FACTOR – 5.981)
Beckers, R., Deneubourg, J.L., Goss, S. ( 1992 ). Trail laying behaviour during food recruitment in the ant
Lasius niger L. Insectes Soc. 39 : pp. 59-72.
Beckers, R., Deneubourg, J.L. and Gross, S. ( 1993 ). Modulation of trail laying in the ant Lasius niger L. (
Hymenoptera : Formicidae ) and its role in the collective selection of a food source. J. Insect Behav., 6 (
6 ) : pp 751-759.
Calcott, B. ( 2006 ). A spatial model of foraging competition amongst ant species. Revision 41 : pp. 1-11.
Domisch, T., Finér, L. Neuvonen, S., Niemelä, P., Risch, A.C., Kilpeläinen, J., Ohashi, M. and Jurgensen,
M.F.( 2009 ). Foraging activity and dietary spectrum of wood ants ( Formica rufa group ) and their role in
nutrient fluxes in boreal forest. Ecol. Entomol. 34 ( 3 ) : pp. 369-377.
de Biseau, G.C. and Pasteels, J. M. ( 1990 ). Regulated food recruitment through individual
behavior of scouts in the ant, Myrmica sabuleti ( Hymenoptera : Formicidae ). J. Insect Behav. 7 :
pp. 767-777.
Goss, S., Deneubourg, J. L., Pasteels, J.M., Josens, G. ( 1989a ). A model of non-cooperative foraging in
social insects. Am. Nat. 134 : pp. 273-287.
Goss, S., Fresneau, D., Deneubourg, J.L., Lachand, G, -P. and Valenzuela-Gonzalez, G. (1989b). Individual
foraging in the ant Pachycondyla apicalis. Oecologia 80 : pp. 65-69.
Hashimoto, Y. and Yamane, S. ( 2014 ). Comparison of foraging habits between four sympatric army ant
species of the genus Aenictus in Sarawak, Borneo. Asian Myrmecology 6 : pp. 95 -104.
Hölldobler, B., Oldham, N.J., Morgan, E. D. and Konig, W.A. ( 1995 ). Recruitment pheromones in the
ants Aphaenogaster albisetosus and A. cockerelli ( Hymenoptera : Formicidae ). J. Insect Physiol. 41 : pp.
739 -744.
Jackson, D. E., Holcombe, M. and Ratnieks, F. L. W. ( 2004 ). Trail geometry gives polarity
to ant foraging networks. Nature 432 : pp. 907- 909.
Jackson, D. E., Martin, S.J., Holcombe, M. and Ratnieks, F. L. W. ( 2006 ). Longevity and detection of
persistent foraging trails in Pharaoh’s ants, Monomorium pharaonis ( L. ). Anim. Behav. 71 : pp. 351359.
Jayatilaka, P., Narendra, A., Reid, S.F., Cooper, P. and Zeil., J. ( 2011 ). Different effects of
temperature on foraging activity schedules in sympatric Myrmecia ants. J. Exp. Biol. 214 : pp.
2730-2738.
Jeanson, R., Ratnieks, F.L.W. and Deneubourg , J.L. (2003). Pheromone trail decay rates on different
substrates in the Pharaoh’s ant, Monomorium pharaonis. Physiol. Entomol. 28 : pp. 192-198.
Lixiang, L., Haipeng, P., Jurgen, K., Yixian, Y. and Schellnhuber, H.J. ( 2014 ). Chaos-order
transition
in
foraging
behavior
of
ants.
PNAS
Early
www.pnas.org/cgi/doi/10.1073/pnas.1407083111.

International Journal Research in Engineering and Applied Sciences
Email id: editorijrim@gmail.com, http://www.euroasiapub.org

Edition.

190

IJREAS
VOLUME 5, ISSUE 5(May, 2015)
(ISSN 2249-3905)
International Journal of Research in Engineering and Applied Sciences (IMPACT FACTOR – 5.981)
Mailleux, A.C., Deneubourg, J.L., Detrain, C. ( 2000 ). How do ants assess food volume? Anim. Behav., 59
: pp. 1061-1069.
Muser, B., Sommer, S., Wolf, H., and Wehner, R. ( 2005 ). Foraging ecology of the thermophilic
Australian desert ant, Melophorus bagoti. Aust. J. Zool. 53 : pp. 301-311.
Naskar, K. and Raut, S. K. ( 2014a ). Food searching and collection by the ants Pheidole roberti Forel.
Discovery 32 : pp. 6-11.
Naskar, K. and Raut, S. K. ( 2014b ). Judicious foraging by the ants Pheidole roberti Forel. Proc. Zool. Soc.
DOI 10.1007/s12595-014-0108-5.
Naskar, K. and Raut, S. K. ( 2014c ). Ants forage haphazardly : a case study with Pheidole roberti Forel.
Intrn. J. Sci. Nat. 5 : pp. 719-722.
Naskar, K. and Raut, S. K. ( 2015a ). Ants’ foraging, a mystery. Intrn. J. Innovation Science and Res. 4 ( 2
) : pp. 064-067.
Naskar, K. and Raut, S.K. ( 2015b ). Foraging interactions between the reddish brown ants Pheidole
roberti and the black ants Paratrechina longicornis. Intrn. J. Res. Stud. Biosc. 3 ( 3 ) : pp. 183-189.
Naskar, K. and Raut, S.K. ( 2015c ). Available food and ant’s response Intrn. J. Engineering Sciences and
Research Technology 4 ( 4 ) : pp. 368-372.
Naskar, K. and Raut, S.K. ( 2015d ). Food-carrying strategy of the ants Pheidole roberti Intrn. J.
Technical Research and Applications 3 ( 3 ) : pp. 55-58.

Nelson, C. R. , Gorgensen, C. D. , Black, H. L. and Whiting, G. ( 1991 ). Maintenance of
foraging trails by the giant tropical ant Paraponera clavata ( Hymenoptera : Formicidae : Ponerinae ).
Insetes Soc. 38 : pp. 221-228.
Pasteels, J. M. , Deneubourg, J. L. and Goss, S. ( 1987 ). Self organization mechanisms in ant societies. I.
Trail recruitment to newly discovered food sources. In : From individual to collective behaviour in social
insects (Ed. by J. M. Pasteels and J. L. Deneubourg,) Birkhäuser Verlag, pp.155-175.
Portha, S., Deneubourg, J. L. and Detrain, C. ( 2002 ). Self-organized asymmetries in ant foraging : a
functional response to food type and colony needs. Behav. Ecol. 13 ( 6 ) : pp. 776-781.
Raquel, G. L., Adam, G. H., Thairine, M. P. , Mayara, L. R. F. , David, P.H. and Simon, L. E.
( 2013 ). Foraging ants trade off further for faster : use of natural bridges and trunk trail
permanency in carpenter ants. Naturwissenchaften 100 : pp. 957-963.
Ritter, F.J., Rotgans, I.E.M., Talman, E., Verwiel, P.E.J. and Stein, F. ( 1973 ). 5-Methyl-3-butyl-octahydroindolizidine, a novel type of pheromone attractive to Pharaoh’s ant,
( Monomorium
pharaonis ( L) ). Experientia 29 : pp. 530-531.

International Journal Research in Engineering and Applied Sciences
Email id: editorijrim@gmail.com, http://www.euroasiapub.org

191

IJREAS
VOLUME 5, ISSUE 5(May, 2015)
(ISSN 2249-3905)
International Journal of Research in Engineering and Applied Sciences (IMPACT FACTOR – 5.981)
Ritter, F.J., Bruggemann, I.E.M., Verwiel, P.E.J., Persoons, C.J. and Talman, E. ( 1977 ). Trail pheromone
of the Pharaoh’s ant, Monomorium pharaonis : isolation and identification of faranal, a terpenoid
related to juvenile hormone II. Tetrahedron Letters 30 : pp. 2617-2618.
Schmid-Hempel, P. ( 1987 ). Foraging characteristics of the desert ant Cataglyphis. Experientia Suppl. 54
: pp. 43-61.
Schultheiss, P. and Nooten, S.S. ( 2013 ). Foraging patterns and strategies in an Australian desert ant.
Austral Ecology 38 : pp. 942-951.
Schultheiss, P., Schwarz, S., Cheng, K. and Wehner, R. ( 2013 ). Foraging ecology of an Australian saltpan desert ant. ( Genus- Melophorus ). Aust. J. Zool. Doi:10.1071/Z012096.
Sengupta, P., Ghorai, N. and Mukhopadhyay, S. ( 2010 ). Food preference and foraging of fire ant
Solenopsis nitens . Proc. Zool. Soc. 63 : pp. 73-77.
Traniello, G. F. A. ( 1989 ). Foraging strategies of ants. Ann. Rev. Entomol. 34 : pp. 191-210.
Vander Meer, R.K. ( 1986 ). The trail pheromone complex of Solenopsis invicta and Solenopsis richteri. In
: Fire Ants and Leaf –Cutting Ants: Biology and Management ( Ed. by C.S. Lobgren and R.K. Vander Meer
), Boulder, Colorodo : Westview Press, pp. 223-232.
Vasconcellos, H.L. ( 1990 ). Foraging activity of two species of leaf-cutting ants ( Atta ) in a primary
forest of central Amazon. Insectes Soc. 37: pp. 131-145.
Verhäghe, J.C. ( 1982 ). Food recruitment in Tetramorium impurium ( Hymenoptera : Formicidae )
Insectes Soc. 29 : pp. 65-85.
Vittori, K., Talbot, G., Gautrais, G., Fourcassie, V., Araujo, A. F. and Theraulaz, G. ( 2006 ). Path efficiency
of ant foraging trails in an artificial network. J. Theor. Biol. 239 : pp. 507- 515.
Wehner, R., Harkness, R. and Schmid-Hempel, P. ( 1983 ). Foraging strategies in individually searching
ants Cataglyphis bicolor ( Hymenoptera : Formicidae ) Gustav Fisher Verlag, Stuttgart New York

International Journal Research in Engineering and Applied Sciences
Email id: editorijrim@gmail.com, http://www.euroasiapub.org

192

