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Structural organization and cohesiveness of
foraging groups in Camponotus sericeus
(Fabricius) (Hymenoptera: Formicidae):
locally regulated or self-organized?
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Abstract

Background: In Camponotus sericeus (Fabricius), foraging ants are recruited mostly as individuals but occasionally
as small groups that move in a single file. We studied the structure and organization of these small foraging groups
and attempted to understand the process through which the cohesiveness of the moving file is maintained.

Results: The recruited group moves in a single file as if steered by a leader at the moving tip. Ants in the group
were found to exhibit certain fidelity to their respective positions in the file, despite the occasional breakdown of
the cohesiveness due to disturbance and or obstructions on their path. This fidelity decreases from both ends
towards the middle part of the file. Accordingly, three segments could be recognized in the moving file: (a) the
leading ant that almost always maintains its position and steers the group, (b) a short tail part with a few ants that
always trail the file and, (c) the mid part that binds the group; ants in this segment always tend to follow the leader
through a cascading chain of tactile communication. If the leader ant is removed, entire group loses its orientation
and enters into a chaotic search state. But removing any other ant does not affect the cohesiveness; rather it’s
position is occupied by the member preceding it and thus maintains the link in the group.

Conclusions: The cohesiveness of the moving group appeared to result from (a) regulation of the movement of
the group by the leading ant, and, (b) an interactive process among the rest of the ants. Based on these two
elements, a simple automated model of the group’s movement was developed that could effectively mimic the
observed pattern. We also provide evidence to suggest that recruitment of groups occurs in the direction of, and in
response to, the information received by the colony on, the resource rich patches.
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Background
Ants forage in groups of varying sizes ranging from solitary
to tandem foragers, to small groups, to trail forming mass
foragers, and to army riders [2, 11, 14, 18]. It has been ar-
gued [4, 17] and shown that the size of the foraging team is
a function of the size of the ant colony [2, 20]. Such in-
crease in size of the foraging team with colony size is attrib-
uted to the increasing complexity of acquiring, integrating
and processing the information among foragers in large
colonies [2, 4, 6, 17]. In small colonies with a few ants, in-
formation can be easily exchanged, integrated and proc-
essed among foragers to arrive at an appropriate decision.
Foragers of small colonies are therefore capable of making
independent decisions and forage solitarily. On the other
hand, in very large colonies with several hundreds to thou-
sands of ants, members are continuously flooded with vast
information from a large set of foragers. As a result, ants in
large colonies find it difficult to effectively integrate and
process the information on their own to arrive at appropri-
ate decisions [2, 4, 6, 9, 17, 19]. Therefore, large colonies
adopt more or less a self-organized process of recruitment
where behavior of the foragers is shaped by (i) a set of sim-
ple rules and (ii) the feedback they derive while interacting
with other colony members [6–8]. Such self-organized be-
havior of ants in large colonies mediated often by chemicals
([6, 7];) or steered by behavioral interactions along trails
[15] results in a collective intelligence [3, 10] and an enmass
recruitment of foragers. Thus, while small colonies recruit
solitary foragers, in large colonies, en mass foragers are re-
cruited through a self-organized process.
However, the critical size of the colony and, the specific

drivers, which trigger the shift from solitary to group and
mass recruitment, is not yet well understood. Answer per-
haps lies in understanding and dissecting the recruitment
patterns adopted by medium size ant colonies where a
mix of these strategies co-exist [2]. It has been shown that
medium-sized ant colonies adopt a mixed strategy where
a proportion of ants forage solitarily while others are re-
cruited in small groups [2, 18]. Studying the frequency, re-
cruitment patterns, and organization of these small
groups may be critical for analyzing the reasons for the
shift from solitary to group foraging.
Towards this, we studied the patterns of recruitment and

organization of group foragers in an ant species Campono-
tus sericeus (Fabricius), that exhibits a mixed strategy of re-
cruitment. We show that, unlike in other group or mass
foraging ants, small foraging groups of this species behave
as independent units with a discrete structure that is locally
regulated rather than being completely self-organized.

Results
Activity profile
Ants of Camponotus sericeus foraged from 6:00 AM to 6:
00 PM but were most active during 9:00 AM- 12:00 AM

and ants returning to the nest with food also peaked im-
mediately following midday (Fig. 1a and b). There was
another but a less active phase during late afternoon
around 3:00 PM. We focused most of our study during
the morning peak period of activity. We do not have de-
tailed data on the distances to which foraging ants ven-
ture out in search of food; but the limited observations
indicated that while some foragers return from 10m,
some travel even up 50m from the nest.

Recruitment pattern
Camponotus sericeus, colonies forage mostly by recruit-
ing solitary foragers. But occasionally, in about 0.08% of
the recruitments, groups of 5–14 ants (mean = 10.63 +
3.46 (SD); n = 8 foraging groups) were also recruited.
These groups move almost always in a single file, with
an average of about 1–2 ant distances between the for-
agers. On reaching the foraging area, the group gets dis-
integrated, and its members forage and return to the
nest on their own as solitary foragers.

Structural organization and movement of the group
Ants of the group moved one behind the other, in tan-
dem, as if they maintained a hierarchy along the file and
it appeared that a leader in the moving tip of the file al-
most always steered the entire group towards a defined
foraging target. The followers seemed to maintain the
file through a regular physical contact with those ahead
and behind akin to tandem running ants [13]. Neverthe-
less, during their swift and active movement, as if purely
by chance than by design, ants did shift their positions
though very occasionally. Further, due to disturbances or
hindrances on their path, some ants often loose contact
with the rest of the group, and stray away. But such ants
immediately exhibited distress activity and moved vigor-
ously in increasingly wider arcs around the point of last
contact, in an attempt to locate the group. They gener-
ally establish contact with the group within a few sec-
onds, mostly through tactile senses, join the file almost
at or about their original position and resume their nor-
mal speed. Strangely, when an ant gets strayed away,
other ants never seemed to take notice of, nor bothered
to wait for the missing member of the group; rather they
kept moving unperturbed trying to establish contact
with the remaining ants ahead of them. In fact, the
leader generally maintained its own bearing and moved
straight towards the foraging area as if the target area
and hence the direction of movement is pre-decided
(akin to that reported for tandem running by [13])). For
this reason, the leader never strayed away from the file
and the ants immediately behind it were less likely to
lose their path. In this sense, cohesiveness and commu-
nication among the members of the group gradually ta-
pered from the leading edge towards the trailing end;
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ants in the middle and trailing section were more likely
to be strayed away from the path than those in the an-
terior moving tip. Based on these observations we could
identify three parts of the group viz., the leader, the tail
part and the middle body of the moving group.

Positional fidelity of ants in the group
If ants in a group, do not have any fidelity to their posi-
tions, and occupy randomly any position along the file,
then each of them has an equal probability of occurring
at all the positions. Thus all the ants in a group of size
N, are expected to occur at all the positions such that
their mean position hovers around N/2. But the data
showed otherwise (Fig. 2a). Each ant occupied a discrete
position in the group with their mean positions ranging
from almost 1 to N along their rank positions (ranks de-
rived from their mean positions). Ants showed very little
variation in their positions (implied from Fig. 2b). In
other words, the average position occupied by them did
not hover around N/2, rather ranged widely and was

almost equal to the number of ants in the group (Fig.
2a). This is also clear from the combined analysis of all
the five segments (Fig. 2b). The mean position of the
ants increased along the segments from leading tip (seg-
ment 1) to the tail (segment 5). Note that each segment
has ants from all the eight sampled groups separated in
to these five segments. For example, a group with only
five ants will contribute only one ant to each segment
while a group with 14 ants contributes about 3 ants to
each segment. Clearly, such segment-based analysis also
shows that the ants tend to maintain their positions.
Further, the extent to which they shifted from their re-

spective positions (referenced to `0′) during the trip was
very less compared to the possible range (Fig. 3a). For
instance, in a group of eight ants, about 48% of the
times, all the ants were found in their respective posi-
tions (0), and in 80% of observation events, they were re-
stricted to within one step on either side of their
respective positions (− 1, 0 and + 1; Fig. 3b). Further,
though the maximum number of steps that the ants

Fig. 1 a Average number of ants active per colony. Values are from four colonies observed randomly for 10 min windows at 1 h intervals over 5
days every from morning 6:00 to evening 6:00 (18:00). The solid line with filled circles: Total number of ants active; solid line with small squares:
Ants going out of the nest; dotted line with squares: Ants coming to the nest without food; solid line with triangles: ants coming to the nest
with food. b Percent ants carrying food to the nest were found to peak mostly during the mid day;there was a spurt towards the end of the day
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could have shifted is 7 (+ 7 for tail ants and − 7 for lead-
ing ant), they never drifted that far; their shift was re-
stricted + 4 or − 3 steps and that too very rarely. In other
words, most often, ants maintained their respective posi-
tions (0) and their movement is restricted mostly to one
step (80%) and rarely to two (95%) or three steps (inset
of Fig. 3b).
The leading ant shifted the least from its position (Fig.

3a for a group of eight ants). This pattern was true for
groups of varying sizes; for instance, in a group of ten ants,
the leading ant remained in its position in about 97% of
the observation events. Similarly the tail ant also showed a
high fidelity to its position; it remained in its position
(10th) 60% observations and shifted to 9th position in 38%
observations (data not given; but see a similar pattern for
the tail ant in Fig. 3a). On the other hand, ants at other
positions showed relatively less fidelity. While they also
appeared to retain their positions, they did move relatively
more frequently to the neighboring positions than the
leader and the tail ants (Fig. 3a and b). Such differential

positional fidelity was also clear from the variance of the
positions occupied by the ants (Fig. 3c). The leading ant
exhibited least variation, while the ants in the middle had
high variance for the positions they occupied; the tail ants
were relatively more stable than the ants in the middle.
This pattern remained so for groups of all sizes (data not
given). Thus, there appears to be a non-linear pattern in
the positional fidelity of ants: fidelity decreases from either
end towards the middle of the group and this pattern was
seen for all the groups analyzed.

Fig. 3 a Extent to which the ants jump from their respective
positions (0) in forward (positive steps) or backward (negative steps)
directions. For clarity, data is presented only for one group of eight
ants and that too, for the ants at only four positions viz., position 1
(leading ant, solid black bars), position 3 (Open bars), position 5
(light shaded bars), and position 8 (tail ant, dark shaded bar). Note
that the leading ant is almost always at it’s leading position except
in about 5% of observation events when it has moved back by a
single step. b Average frequencies of jumps for ants in a group of
eight ants from their respective positions (0) in forward (positive
steps) or backward (negative steps) directions. This graph has data
pooled for all the eight ants unlike in Fig. 3a where only four of the
eight ants are represented. c Standard deviation for the number of
steps jumped by the ants at different positions in the group with
eight ants

Fig. 2 a Mean position of the ants against the rank order of the
position in the group. For clarity, the data for only four groups is
presented that varied in their size from 5 ants to 14 ants. Solid line
triangles: 13 ants; solid line, squares: 14 ants; dotted line, circles: 5
ants; dashed line squared: 9 ants. b Average positions occupied by
ants in five different segments (from leading edge =1 to tail =5) of
the groups; bars indicate the SD for the positions occupied by ants
in a segment (n = 8 groups)
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Role of ants in different positions
When the leader ant was removed, the entire group was
found to be highly disturbed and all the ants entered in
to a hectic, vigorous search mode with widening arcs in
their movement paths. As a result, the cohesiveness of
the group was lost as indicated by the significant in-
crease in the mean distance between the nearest ants
(d); this distance increased significantly from the undis-
turbed control groups (d = 2.09 + 1.90 (SD) ant units;
n = 50) to the group without the leader (d = 11.43 + 5.89
(SD) ant units; n = 28; t-test =10.30; p < 0.001). However,
when the leader ant was re-introduced even amidst such
chaotic, disorganized group, ants immediately began to
converge towards it reducing the distance between ants.
The leader ant immediately started moving towards the
foraging direction, and rest of the ants tended to
organize themselves in a file behind it and moved as
usual. Consequently, within a couple of minutes the
inter-ant distance between any nearest pair of ants re-
duced significantly to a lower level (d = 3.81 + 2.11 ant
units; n = 22; t-test =5.76; p < 0.001)) to the level almost
to that of the control group (Fig. 4). Thus, the members
of the group appear to be steered by the leader whose
presence holds entire group cohesively. Its disappearance
creates chaos or instability in the group. The rapidity
with which the dis-organized group gets re-assembled
with the re-introduction of the leader seems to suggest
the possibility of a chemical cue involved from the leader
though we do not have evidence of it.
Unlike with the leader ant, the removal of the ants

from the middle or tail part, did not affect the cohesive-
ness of the group; the distance between the nearest ants

remained low (d = 1.7 + 0.96 ant units; n = 24; have
pooled the data for tail and mid parts as these treat-
ments had no effect) and did not differ significantly from
the control group (d = 2.09 + 1.90 (SD) ant units; n =
50); also, when these ants were re-introduced, the dis-
tance remained unchanged (1.9 + 0.51 ant units; n = 24;
Fig. 4). Thus when ants from the middle or tail part of
the group are removed, the group’s cohesiveness was not
altered suggesting that role of these ants in maintaining
the cohesiveness is more passive.

Foraging area covered by individuals and group foragers
In one particular nest for which the direction of recruit-
ment of solitary foragers was recorded over a 2 day
period, though recruitment appeared to be widely dis-
tributed around the nest, their vector was a concentrated
towards northeast (α = 35.210 from the North; SD =
78.50; r = 0.388; Watson test, (U2 = 0.576; p < 0.05 [1]).
This may be because in that direction, about 10–12 m
away from the nest, there was a patch of trees with good
canopy cover, and, litter under them harbored small in-
sects and termites (visual observation; data on insect
density not available). In fact, foraging groups also trav-
elled up to this area in a single file but dispersed there.
Later, such dispersed members of the group, foraged
and returned to the nest independently as solitary for-
agers. We tracked one group of 10 ants that reached this
patch and found that, the members spread out such that
the width of the area of their spread (perpendicular to
the line drawn from the nest) formed an angle of ~ 250

at the mouth of the nest. We compared this angle with
the mean spread of a set of equal number of randomly
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Fig. 4 Average ant unit distance (d) between the nearest ants in the undisturbed group (Control; open bar), when the ant was removed (Minus
ant), and 2 min after its re-introduction (Plus ant). Solid black bars: ant removed from mid group; Shaded bars: Leader ant removed. The vertical
bars are the SD values
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chosen solitary foragers (n = 10 ants). For this, we ran-
domly picked the angles of ten solitarily recruited ants,
from the observed pool of 65 angles, by replacing the se-
lected angle every time, and computed circular SD for
their angles. This process was repeated about 100 times
to arrive at 100 SDs. We found that only about 15% of
such computed SDs were lesser than ~ 250, i.e., the angle
that the group foragers formed after dispersing at the
foraging area. This suggests that the members recruited
in a group forage with in a highly focused or restricted
area than the equal number of randomly chosen, solitar-
ily recruited ants. In other words, group recruitment
seems to be a strategy adopted by the colony when a
rich food patch is located in a small area encouraging re-
cruitment of several ants in that direction.

Synthesizing the group movement
Our results indicate that in Camponotus sericeus, the
foraging groups recruited have a definite structural
organization characterized by the following elements:

Differential fidelity of ants to their positions in the
group Ants in the centre of the group have more oppor-
tunities to move both forward and backward, while those
at the tip can move only backwards and those in the
tail can move only forward. This inevitably creates
differential `opportunity range’ for the ants at differ-
ent positions along the file which per se may result
in differential fidelity among them: ants in the middle
are more likely to shift their position than those at
the leading edge or the tail.

Differential preference for their positions Beyond the
differential opportunities for ants to shift their positions
(as indicated above) they also seem to have a certain
memory of their respective positions such that the `op-
portunity range’ available for their movement is not
completely realized or exhibited by them. For instance,
though ants in the middle have opportunity to move to
extreme ends, data showed that they do not. Similarly,
the leading ant restricts itself only to the first two posi-
tions and the tail ants also exhibit highly constrained
movement in to just a few positions in front of them. In
other words, ants exhibit a preference to remain in their
positions though the extent to which they shift their po-
sitions is a function of their placement in the file: middle
ants shift more steps (in either direction) than those in
the tip or tail.
We simulated the movement of a group of 10 ants,

considering these two elements in each iteration. The
probability (P) that an ant shifts its position at any given
step (equated to one step movement of the file or group)
was assumed to decrease inversely with its position from
either of the ends of the group and is given by

P ¼ K=S; :………………………………………………………1:00;

where `K′ is the constant that defines the positional fi-
delity of ants at the two ends of the group and, `S′ is the
position of the ant from the moving end or tail end to-
wards the center. Assuming K = 1 (and this did not mat-
ter for the pattern), probabilities were assigned to each
ant at each step and the ant that changes position was
chosen stochastically.
Once an ant that is likely to shift the position was

chosen, the chance that it shifts a given number of
steps was decided conditionally. For any ant chosen,
except the leader, it could have three alternatives: (i)
it remains in its original position (with a probability
of P0 = 0.50), (ii) it moves one step ahead or back-
wards (with P1 = 0.20 in each direction) or (iii) it
shifts two steps ahead or back (with a P2 = 0.05 each).
For the leader, P0 was considered 0.9, and P1 = 0.10
for only back word movement. Though these values
appear to be arbitrary, they are based on the observed
pattern of shifts. Movement of the group was thus
simulated one step in each iteration until a total of
50 shifts were recorded in any direction among all
the ants. Once 50 shifts occurred the simulation was
terminated. In ten such simulations, we found that
ants generally do not change their position in every
iteration owing to the fidelity values assigned. Rather,
shift occurred in about 5–10 iterations or movement
steps. However, positions of ants were captured at
each iteration for further analysis.
Results of the movement emerging from one such

simulation were compared with that from the observed
group movement, based on the extent and variance of
shifts in the ant positions (Fig. 5a, b and c). It was found
that the simulation reflected the natural process almost
perfectly (compare with Fig. 3a, b and c) except for the
highly stable positions imposed in the simulations on
the leading and tail ants. Owing to such imposed stabil-
ity for the two extreme ants, they did not show any vari-
ation (Fig. 5a and c). But the overall pattern of shifts of
all ants was similar (Fig. 5b) with that of the observed
groups (Fig. 3b).

Discussion
Our study suggests that, foraging group in Camponotus
sericeus is highly structured and organized and, moves
as a single unit guided by the leading ant that steers the
members towards a predetermined target area just as
the leader in the tandem foraging ants of Temnothorax
albipennis [13]. The cohesiveness of the group is main-
tained through a continuous, tactile process that seems
to flow in a cascading pattern from the leading ant such
that all the ants in the group generally occupy a pre-
decided positions. However, behavior of ants when the
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leader was removed, and reintroduced, suggests that
chemical signal by the leading ant cannot be ruled out
especially when the tactile communication is disrupted.
But in general, all members of the group seem to main-
tain their order in the file through tactile communica-
tion. When any ant in the foraging unit is missing (other
than the leader), others preceding it continue to catch
up with that ahead of the missing ant in the file. The ant

that strays away resorts to more active, wide-angled
searches till it finds the group, and joins mostly in its
original position.
Mass foraging, in general, is shown to be consequence

of a self-organized feedback process where ants behave
and interact based on certain simple rules [5, 7, 16]. For
instance, blind ants of Linepithema humile (Earlier
called as Iridiomyrmex humilis) forage in trails that fol-
low the most optimal paths (shortest) by merely follow-
ing two simple rules: each ant lays a unit of pheromone
as it moves and prefers the path most travelled (as indi-
cated by high levels of pheromone) among the alternate
paths available [5, 7]. Such a process does not depend
on any central regulator to guide the activity of hun-
dreds and thousands of ants. However, the foraging
group in Camponotus sericeus appears to follow a mixed
mode: There is a local regulator, the leader, that steers
the group, but the remaining ants seem do adopt a sim-
ple rule that maintains the cohesiveness of the group:
each ant `blindly’ follows the ant ahead through a tactile
communication. Such combined strategy where a regula-
tor and the interaction among the ants shape the group
activity appears to be an intermediate step towards the
emergence of an auto-regulated feedback process of
mass foraging ants. In fact, as shown by Beckers et al.
[2], an auto-regulated or self organized strategy is more
frequent in large colonies while the individual foragers
that behave on their own are common in small colonies.
Camponotus sericeus colonies are moderate in size with
about few hundreds of ants and adopt the mixed
strategy.
Our study did not establish clearly the conditions that

facilitate the recruitment of groups over the solitary for-
agers; but the angle of the spread covered by the dis-
persed members of the group at the foraging area, shows
that they focus their search in a relatively narrow space
than the spread shown by equal number of ants re-
cruited solitarily. Thus it is not unlikely that group re-
cruitment is in response to the information received at
the colony on the availability of resource-rich patches.
Recruitment of foragers in proportion to the quality of
the resource patch is shown in other ants as well [12,
14]. It is also likely that the frequency of recruitment
and the size of the group recruited, depend on the infor-
mation received at the nest. Nevertheless, as the colony
size increases, the frequency of finding resource-rich
patches also increases, and an integration of such infor-
mation may drive en mass recruitment in large colonies-
a pattern shown by Beckers et al. [2]. Thus dissecting
the patterns of, and conditions that facilitate, the group
recruitment in colonies such as Camponotus sericeus
may help in understanding the emergence of mass re-
cruitment in large colonies from solitary recruitment in
small colonies.

Fig. 5 a Extent to which the simulated ants shifted to different
positions from their respective positions (0) in forward (positive
steps) or backward (negative steps) directions. Graph shows the
jumps for the leading ant (dark solid bar), for the ant at position 5
(shaded bar), at position 7 (Open bar) and the tail ant (open bar
with thick border), b Average frequencies of jumps for simulated
ants from their respective positions (0) in forward (positive steps) or
backward (negative steps) directions. This graph has data pooled for
all the ten ants unlike in Fig. 5a where only four of the ten ants are
represented. c Standard deviation for the number of steps jumped
by the ants at different positions in the group in the simulated
group movement
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Conclusions
In Camponotussericeus, ants are recruited both as soli-
tary foragers and as small groups of 5–14 ants. These
groups have a defined elements: a leading ant and the
followers. While the leader directs the group to a prede-
termined foraging patch, the followers maintain the co-
hesiveness through tactile process as found in tandem
foragers. The positions of the ants in the group is main-
tained till they reach the foraging area. At the foraging
area, they disperse and behave just as solitary foragers.
The study also showed that groups are recruited instead
of solitary foragers probably in response to the informa-
tion received on rich resource patches. Thus the shift in
the foraging strategy from solitary to group appears to
be, besides others, a function of the resource availability;
rich patches that demand a cooperative foraging drive
the recruitment of groups. Since the probability of large
colonies encountering rich patches is higher, recruitment
may inevitably be en masse - a pattern established by a
large set of data by Beckers et al. [2].

Methods
Six colonies of the ant species Camponotus sericeus (Fab-
ricius), were located during 2017, in the dry areas of
GKVK Campus, University of Agricultural Sciences, Ben-
galuru. The number of ants leaving and entering the nest
was recorded in 10min random time windows every 1 h
from 6:00 AM to 6:00 PM. This helped us build an activity
pattern of the colonies and thereon, to identify the major
foraging time window to take up further studies.
Over a period of 3 months, from May to July, all the

colonies were randomly visited during the peak foraging
period (Fig. 1; 9:00 AM to 12: AM) and observed for
varying periods of time ranging from 30 to 90 min at
each nest and, the number of ants recruited were re-
corded along with angle of their departure. For this,
about one meter long lines, separated at ~ 200, were
marked radiating away from the opening of the nest.
Using these 18 lines as the reference directions, the
angle at which the recruited ants departed at one meter
away from the nest was recorded. Whenever a foraging
group was found leaving the nest, the number of ants in
it was recorded; the group was followed and videotaped
using smart phone cameras till it reached the foraging
area where its members generally dispersed breaking the
group cohesion. Through out the 3 month study period,
we encountered only 12 occasions when the groups were
recruited. Among them, we could gather data only for
eight groups owing to several logistic difficulties such as
rains, vegetation complexity along the trail paths etc.

Positional fidelity
The videos were uploaded on to the computer and ana-
lyzed for the positional fidelity of ants. Each ant in the

group was tracked and its position from the moving end
towards the tail of the group was noted in at least about
500 random snapshots from the beginning to the end of
the foraging trip. Each ant was visually tracked by adopt-
ing slow motion re run of the video and position was
noted in different frames. The mean position for each
ant, standard deviation, and the number of positions
shifted from its previous position was computed for each
ant and plotted on a rank order of the mean positions
for each group. Since the groups studied had varied
number of ants (and hence positions), we could not
combine the data to arrive at the average positions for
all groups. Therefore, in the results section, we provide
the data for only one group with eight ants as an ex-
ample. However, for combined analysis, we divided each
group into five sections (ants at the leading tip as section
1 and tail ants as section 5), with an almost equal num-
ber of ants in each section. We then estimated the mean
and SD of the positions occupied by all the ants in each
segment.
The fidelity of ants to their positions in the foraging

file is reflected by the deviations from their mean pos-
ition and the number of forward and backward shifts
they exhibited. Note that while ants in the middle can
shift their positions both forward and backward almost
equally, those in the extreme ends have restricted oppor-
tunities; while ants in the front have more opportunities
to move back in the file, those towards the tail have
more opportunities to move towards front of the file.

Role of ants at different positions
To test the cohesiveness of the group and the role of
ants at different positions in maintaining it, we resorted
to the removal and re-introduction treatments. When a
group left the nest, it was videotaped using smart phone
camera as usual for about 2–3min, and then, an ant at a
specified position was removed and its impact on the
group videotaped; after about 60–90 s, the ants were re-
leased back into the group at about the same but not ne-
cessarily exactly, in its original position and videotaped
again. The structural cohesiveness of the group was
tested by measuring the inter-ant distance following the
removal and re-introduction of the ants. For this, the
distance between any two nearest ants was measured in
each frame by taking the ant length as the unit (to avoid
the problem of differential zooming during videotaping).
Such inter-ant distance was measured for all ants and
the average computed.

Abbreviations
d: Inter-ant distance; SD: Standard Deviation; α: Mean Circular Angle
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