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Abstract

Insects are generally described as essentially blind to red wavelengths but sensitive to ultraviolet. Therefore, ants are generally
reared in nests where “obscurity” is obtained by the use of a red filter. Yet, no study has been done in order to confirm this idea
and to verify whether ants behave differently with or without red light. We performed aggregation experiments with the ant
Lasius niger under red light and in total darkness to control the sensitivity of workers. Aggregation is a basic behavior associated
with the origin of sociality and with the spatial organization of the colony. We demonstrate that L. niger is sensitive to red wave-
lengths. Moreover, we show that workers behave differently depending on their ethological caste: foragers aggregate well in total
darkness but show low assembly under red light, whereas brood-tenders aggregate well in both conditions. For the first time, a
link between vision, social organization and spatial patterns is revealed. The results are discussed relative to their adaptive value
and relative to the physiology of the workers. Hypotheses are formulated concerning the acquisition of this change of behavior

between castes.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

In social insects, especially ants and bees, vision is
mainly used for orientation of individuals and in the
search for food. Their navigational performances
include piloting by landmarks (Wehner and Flatt,
1972; Wehner and Réiber, 1979; Wehner et al., 1996)
and compass-orientation based on celestial cues, such
as the sun and polarized skylight (for reviews, see
Wehner, 1984; Rossel and Wehner, 1984). Vision is
particularly important in honeybees for choosing food
sources, based on colors of flowers (Hill et al., 2001).
Beyond the question of orientation, the influence of
vision on social organization was never studied, in
particular the effects of vision on aggregation behavior.
Aggregation mediated by inter-attraction is an impor-
tant behavior at the base of social and spatial organiza-
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tion of the colony (Jaisson, 1987; Depickere et al.,
2004a,b) and nest moving (Jeanson et al., 2004).

Vision is well developed in honeybees and was the
subject of numerous studies (see for example von
Frisch, 1914; Srinivasan and Lehrer, 1988; Menzel and
Backhaus, 1991; Giurfa et al., 1996). In ants, vision dif-
fers drastically among species, from a total blindness in
the workers of some subterranean species to an Apis-
like acuity in certain large-eyed, epigaeic forms. In this
last category, for example, Marak and Wolken (1965)
found that Solenopsis saevissima has a spectral sensi-
tivity similar to that of the honeybee, ranging from
below 350 to 650 nm. It is generally accepted that ants,
like Apis mellifera workers, are essentially blind to reds
but sensitive to ultraviolet. In fact, visual acuity
depends on the number of ommatidia in the compound
eye of the worker caste, which is correlated with their
life habit (Wilson, 1971). The workers of most ant spe-
cies have from tens to a few hundreds of ommatidia
per compound eye; the number is roughly correlated
with the amount of time spent foraging above ground.
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For instance, the workers of species in the Formica rufa
group, which forage almost exclusively above ground,
have approximately 600 ommatidia per eye (Wilson,
1971).

Vision, used for foraging and orientation, influences
individual behavior. Do all the workers of a colony
have the same visual sensitivity? Is there a difference
between castes due to the polyethism? In the nest, for-
agers are familiar with the light parameter because of
their function in searching for food. By contrast,
brood-tenders, implicated in the care of the brood, do
not go outside. Authors, in general, assume that insects
are blind to red and that a red filter above a laboratory
ant nest is sufficient to create “‘natural conditions of
obscurity”. Surprisingly, no studies appear to verify
this. This assumption comes from studies done at the
beginning of the last century. In Wheeler (1910), we
can read: “Miss Fielde (1902) summarizes her results,
which agree with those of Lubbock (1882) and Forel
(1886-1888, 1900-1901), in the following words: “The
ants manifested no liking for any of the rays of light. If
obligated to stay in light rays of some sort, the rays of
longer wave-lengths are preferred to those of shorter
wave-lengths. Dividing the spectrum, as we know it,
into red, green and violet, we may say that to the ants’
eyes red and green are most like the darkness that they
prefer and that violet is to them most luminous [...]".
Wheeler (1910) also summarizes various artificial nests
employed to rear and study the ants. Some are covered
with glass plates and in part also with opaque covers
(Janet, 1897, in Wheeler, 1910). Another uses a “‘glass
cover which may be of a red or orange tint [...] where
ants will behave as if in the darkness where they
habitually live” (Fielde, 1904, in Wheeler, 1910). This
solution, red glass or red filter paper, seems to solve
the methodological problem of observing the ants,
respecting the need of darkness for the ants as well.
Many analyses of ant behavior inside the nest have
been conducted using these conditions, and the use of a
red filter was never questioned. In this paper, we inves-
tigated the influence of the light conditions (total dark-
ness versus red light) on the aggregative behavior of
Lasius niger. Previous studies have characterized aggre-
gation in Lasius niger and showed that aggregation is
based on individual resting time in the cluster, which
increases with the size of the cluster (Depickere et al.,
2004a). Moreover, these studies showed a difference in
aggregation between brood-tenders and foragers under
red light: brood-tenders assembled in a big and stable
cluster whereas foragers showed a low level of aggre-
gation gathering in small and unstable clusters
(Depickere et al., 2004b). This difference between the
two castes is based on individual resting times, which
are 10 times longer for brood-tenders than for foragers
(Depickere et al., 2004b).

2. Materials and methods

Two colonies of Lasius niger, collected in Brussels,
were constituted by 500-1000 workers and brood. They
were reared under laboratory conditions at 23 4+2 °C
and a daily photoperiod of 12 h of light. Ants were
installed in 5-10 tube nests (10 cm length, 1.5 cm in
diameter) covered with red filter papers (Lee Filters®,
Ref. 106, absorption spectrum: 550-850 nm, with a
maximum at 625-850 nm, Lee Filters Firm, pers.
comm.). These tubes were placed in a rearing box
(47 x 30 cm) with food; the edges of the box were
coated with Fluon®™ to prevent escape. Colonies were
fed with special food (Bhatkar and Whitcomb, 1970)
three times a week and Tenebrio molitor larvae one
time a week. Water was always available.

L. niger is characterized by a typical age polyethism:
young ants are brood-tenders while old individuals are
mainly foragers (Lenoir and Mardon, 1978; Lenoir,
1979; Lenoir and Ataya, 1983). In our experiments, we
used these two extreme castes: brood-tenders were
taken inside the nest near the brood, whereas foragers
were picked up out of the nest, inside the rearing box
near the food.

The experimental setup was an arena made up of a
PVC ring of 2 cm height and 19.8 cm in diameter,
placed on a black paper sheet. The inside edge was
coated with Fluon. A dark cylinder surrounding wall
and a dark cover (30 cm above the arena) closed the
setup in order to avoid any visual signals. A hole in the
center of the cover was used to illuminate the arena,
using a black chamber bulb (PF712E, 15W, 5 Lux,
spectrum emission: 625-700 nm, see Jensen, 2003). A
second hole, not centered, was used for the digital cam-
era. Twenty ants were placed in the center of the arena
at the beginning of the experiments. Six experiments
were conducted for each caste and for each environ-
mental condition (red light or total darkness).

2.1. Experiments under red light

Ant activity was recorded for 90 min. Snapshots,
taken from the video at 30 s, 15, 30, 45, 60, 75 and 90
min, allowed us to analyze the ant positions inside the
arena and characterize the aggregation pattern.

2.2. Experiments in total darkness

These experiments were divided into two parts:
90 min under total darkness followed by 90 min under
red light in order to see the ants’ sensitivity between
the two conditions by observing changes in behavior:
(1) The first 90 minutes, where ants were in total dark-
ness (same setup, the red light was just switched off).
To monitor changes in aggregation and record ant
activity, the red light was switched on during the first
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minute and then, 15 s at 30 and 60 min. (2) At 90 min,
the red light was switched on and remained on for an
additional 90 min. A snapshot was recorded at 90 min,
just after switching on the red light, and then every
15 min until 180 min.

2.3. Characterization of the aggregation pattern

As in previous experiments where we studied the
aggregation dynamics (see Introduction), ants were
considered aggregated when they had at least one
neighbor at a distance (thorax to thorax) of less than
1 cm (Depickere et al. 2004a,b). From the snapshots,
the Cartesian position of ants was recorded. Processing
programs allowed us to calculate:

(1) The radial distribution of ants in the arena, that
was divided into five rings of 2 cm. The density for
each ring was calculated (the “central ring” is a cir-
cle of 2 cm in radius).

(2) The fraction of aggregated ants, i.e. the number of
aggregated ants/total number of ants in the arena.

(3) The size of the clusters, i.e. the number of ants
involved in each cluster. For every time and each
experiment, the clusters were ranked in decreased
order and mean size was then calculated.

(4) The spatial stability of the biggest cluster: the dis-
tance between the centroid of the biggest cluster at
t — 1 and the centroid of the biggest cluster at ¢ was
calculated. A mean distance was then found for
each time.

2.4. Temperature measurement

We measured the increase of the temperature asso-
ciated with the red lamp at the surface of the arena
during 180 min. We used an electronic captor (LM 135
SGS Thomson Microelectronics, 3 x 5 x 2 mm), which
gave us a precision of 1072 C.

0,3 - Brood-tenders

Density (ind/cm?)

0;2 24 46 6.8 8;10

3. Results
3.1. Radial distribution

After 90 min under red light, as in total darkness, a
peak density was observed in the external ring (Fig. 1)
for both castes. Nevertheless, the brood-tenders were a
little more distributed in the center of the arena in total
darkness than under red light. After 180 min (90 min in
total darkness followed by 90 min under red light), the
radial distribution was similar to the radial distribution
found in reference experiments under red light (Fig. 1).

3.2. Fraction of aggregated ants

For the brood-tenders in red light, the fraction of
aggregated ants increased during the experimental time
and reached a plateau where 90% of the population
was aggregated (Fig. 2). In total darkness, the same
was observed: the level of aggregation at 90 min was
similar between the two conditions (Fig. 2). When the
red light was switched on continuously after 90 min of
total darkness, the fraction of aggregated brood-ten-
ders decreased to 40%. Then, with time, the fraction of
aggregated ants increased and at 180 min was not dif-
ferent from the fraction observed at 90 min under red
light (Fig. 2; Mann—Whitney U test: U =14, N =6,
NS).

For the foragers, the fraction of aggregated ants
under red light was almost constant during the entire
experiment: 40% of the population was aggregated
(Fig. 2). In total darkness, the fraction of aggregated
foragers increased to reach a plateau where 80% of the
population was aggregated (Fig. 2). Then, when the red
light was switched on at 90 min, the fraction of aggre-
gated foragers decreased drastically: only 40% of the
population was aggregated at 105 min, and this
fraction remained constant until 180 min (Fig. 2). The

Foragers

diimal

1 i i

Rings (cm)

Fig. 1. Radial distribution of ants: density of workers (mean + S.D.) in the five rings (0 represents the center of the arena) for brood-tenders and
foragers under red light at 90 min (white); in total darkness at 90 min (black) and at 180 min (grey: 90 min of total darkness + 90 min of red light).
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Fig. 2. Evolution of the fraction of aggregated ants (mean + S.D.) for the two castes under red light (white square) and total darkness (black

circle).

fraction of aggregated foragers at 180 min was not dif-
ferent from the fraction observed at 90 min under red
light (Mann—Whitney U test: U = 14.5, N = 6, NS).

3.3. Pattern of aggregation

For brood-tenders, under red light, the size of the
biggest cluster increased quickly at the beginning of the
experiments. It then continued to rise slowly and
reached 80% of the population at 90 min (presence of a
main cluster). The change and population of the big-
gest cluster were similar in total darkness. No differ-
ence in the size of the biggest cluster at 90 min
appeared between total darkness and red light (Mann—
Whitney U test: U =7, N =6, NS). Then, when the
red light was switched on continuously at 90 min, the
size of the main cluster fell to only 40% of the popu-
lation at 105 min, suggesting a dispersal of this cluster.
Afterwards, the size of the main cluster increased
again, reaching 60% of the population at 180 min. This
value is not different from the value of the size of the
main cluster at 90 min in red light (Mann—-Whitney U
test: U =9.2, N = 6, NS).

For the foragers, the size of the biggest cluster in red
light was almost constant and incorporated only 20%
of the population (Fig. 3). The pattern consisted of sev-
eral clusters of small size. In total darkness, the size of
the biggest cluster increased during the entire experi-
ment, reaching 60% of the population at 90 min (main
cluster). When the red light was switched on continu-
ously at 90 min, the size of this main cluster decreased
drastically and remained constant, gathering 20% of
the foragers. This value is not different from what we
observed at 90 min in red light (Mann—Whitney U test:
U=12, N=6,NS).

3.4. Spatial stability of the biggest cluster

Under red light, the distance separating the centroid
of the main cluster of brood-tenders between two con-

secutive times decreased with time until reaching just a
few millimeters (Fig. 4). This shows the acquisition of
spatial stability of the main cluster. The same qualitat-
ive and quantitative change was observed in total dark-
ness. The main cluster was located in the external ring
for all the experiments under red light, and in 4/6 of
the experiments in total darkness. This result explains
the radial distribution of ants in total darkness (Fig. 1)
and suggests a less important wall following behavior
(thigmotaxy) under total darkness. At 90 min, when
the red light was switched on continuously, the dis-
tance increased until 120 min, and then decreased until
reaching 20 mm on average (Fig. 4). This distance is
not different from that observed at 90 min in red light
(Mann-Whitney U test: U =15, N = 6, NS). For each
experiment in total darkness, the distance between the
centroid of the main cluster at 90 and the centroid of
the main cluster at 180 min was measured. We
observed for the four experiments where the main clus-
ter at 90 min was in the external ring that the ants
aggregated in the same place as in total darkness. This
suggests a role of ground marking on the location of
the main cluster without a change on the aggregation
level, as described in Depickere et al. (2004c). In the
two experiments where the cluster was located in the
central part of the arena at 90 min (end of the total
darkness) we observed that the main cluster was loca-
ted at 180 min in the external ring.

For foragers under red light, no spatial stability was
observed for the biggest cluster: the distance remained
high (90-120 mm) during the entire experiment (Fig. 4).
In total darkness, the distance decreased with time and
was 30 mm at 90 min. For all the experiments, the
main cluster was located at the external ring. When
the red light was switched on continuously at 90 min,
the distance increased and remained high until 180
min. The distance at 180 min is not different from the
distance observed at 90 min under red light (Mann-
Whitney U test: U =15, N = 6, NS). This result sug-
gests a link between spatial stability and size of the
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Fig. 3. Size of clusters (mean + S.D.). (A) Changes in size of the biggest cluster relative to the total population for both castes, under red light
(white square) and in total darkness (black circle). (B) Size of clusters ranked in decreased order for both castes, under red light at 90 min (white)
and total darkness at 90 min (black) and 180 min (grey: 90 min of total darkness + 90 min of red light).

cluster: the greater the cluster, the higher its spatial
stability.

3.5. Comparison between the aggregation of foragers
in total darkness and the aggregation of brood-tenders
under red light at 90 min

There was no difference in either in the fraction of
aggregated ants (Mann—-Whitney U test: U = 14, N = 6,
NS) or in the size of the main cluster (Mann—Whitney U
test: U =7, N =6, NS). Only the spatial stability was
lower for the foragers than for brood-tenders (Mann—
Whitney U test: U = 14, N = 6, p = 0.03).

Brood-tenders
210 - i

180 -
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30

red light
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3.6. Temperature measurement

Are the ants responding to the wavelengths of the
lamp, or to the increase of temperature associated with
the lamp? We measured the temperature at the surface
of the arena during 180 min, and found an increase
which follows an exponential law (T = Ty, — (Thm—
To)e "% with T, = 26.8 °C and T, = 23.3 °C, test of
Pearson coefficient: » = 0.99, N = 13, p< 0.05). A pla-
teau was reached at 60 min (4+3.5 “C). Nevertheless,
ants began to disperse in the minute that followed the
lighting of the red lamp. In the first minute, the
increase of the temperature was less than 0.1 °C,

Foragers
1

'I red ight

0

0 30 60 90 120 150 180

0 30 60 90 120 150 180

Time (min)

Fig. 4. Changes in the distance (mean & S.D.) between the centroid of the biggest cluster at 7—1 and the centroid of the biggest cluster at z under

red light (white square) and total darkness (black circle) for both castes.
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suggesting that ants are more sensitive to the wave-
length than to an increase of temperature.

4. Discussion

Two main results appear in this study: (1) Ants
behave differently in total darkness and red light con-
ditions: in total darkness, the two castes aggregate well
and one main and stable cluster forms. Under red light,
brood-tenders also have a high aggregation level, but
foragers only aggregate in small and unstable clusters.
These results under red light are similar to those
obtained under the same conditions (Depickére et al.,
2004b). (2) A switch of the light regime from total
darkness to red light during the experiment changed
the aggregation tendency. Both castes dispersed when
the red light was switched on. Then, brood-tenders
reaggregated in a similar level as observed in total
darkness, whereas foragers only gathered in small and
unstable clusters. This result demonstrates the sensi-
tivity of both castes to red light. It is interesting to note
that the same behavior under red light was observed
for both castes.

Sensitivity to the wavelengths of the red lamp is
interesting because its spectrum emission starts at
625 nm and peaks above 700 nm (see Jensen, 2003;
Philips Group, pers. comm.). This spectrum is close to
the absorption spectrum of the red filter paper used for
simulating the total darkness under a laboratory nest
which absorbs wavelengths between 550 and 850 nm,
with a maximum at 625-850 nm (Lee Filters Ref. 106,
Lee Filters Firm, pers. comm.). The few studies which
deal with spectral sensitivity of insect compound eyes
suggest that the majority of insects do not see red
wavelengths (Diptera: 349-560 nm, Wu and Lin, 1990;
Neuroptera: 350 nm, Yang et al., 1998; Hymenoptera
(honeybees): 300-650 nm, Wilson, 1971). In ants,
Cataglyphis bicolor is known to see wavelengths
between 350 and 510 nm (Meyer and Domanico, 1999)
and Solenopsis saevissima between 350 and 650 nm
(Marak and Wolken, 1965). Though L. niger is cer-
tainly sensitive to the red light by its compound eyes,
we cannot neglect other sources of detection. L. niger
workers are known to have ocelli (A. Lenoir, pers.
comm.). Ocelli are unable to form an image (Mizu-
nami, 1995; Lazzari et al., 1998), yet they discriminate
the presence of light and play a role during flight and
orientation (Goodman, 1970, 1981; Wehrahn, 1984;
Mizunami, 1994, 1995). The ocelli can also mediate
phototactic responses in Triatoma infestans (Lazzari
et al., 1998). Few studies have examined the spectral
sensitivity of ocelli, but Pappas and Eaton (1977)
showed that it can be broad for the tobacco hornworm
moths Manduca sexta (360-520 nm), with a higher sen-
sitivity to 520 nm than to 360 nm. In ants, ocelli of

Cataglyphis bicolor are known to possess only one
spectral type (UV) of receptor (Mote and Wehner,
1980; Fent and Wehner, 1985).

Our results stress the fact that some experimental
conditions that have been accepted and applied regu-
larly for a long time are not necessarily the best con-
ditions and can lead to wrong interpretations. When
the ant literature is investigated, many articles do not
specify the light conditions of rearing and/or of experi-
ments. Such information is important, especially for
studies of behavioral processes relative to the aggre-
gation inside the nest (the attractiveness of the queen,
study of ant distribution inside the nest, etc.) and also
for studies on the exploration or food recruitment
where light could increase the activity of foragers.

The modulation of the aggregation behavior as a
function of light is adaptive: in total darkness inside a
nest, individuals aggregate while the presence of light
leads to dispersal of individuals specialized in food
search. An ant nest can be seen as an aggregation of
cooperating individuals. Brood is clustered by workers
in specific places depending on the parameters of the
environment (humidity, temperature, etc.) and require-
ments of the brood. Ants specialized in the care of the
brood are therefore more prevalent near larvae and
thus have high aggregation behavior. On the contrary,
foragers disperse under light to find food sources. In
total darkness, as inside the nest, foragers have no task
to perform: the aggregation allows them to decrease
their consummation of energy and facilitates their
recruitment for some tasks when needed. Our results
suggest that a weak light source is sufficient to disperse
and to lead to foraging in ants. This amount of light
may be available from the moon (Santschi, 1923;
Jander, 1957). Why does red light lead to a change of
the behavior in one caste but not in the other? In L.
niger, the polyethism is mainly based on the age of the
workers: the youngest ants are brood-tenders and the
oldest are foragers. We assume that a physiological
change occurs with age, decreasing the level of aggre-
gation. An increase of phototaxis with the age may
also be involved, as was shown in honeybees (Ben-Sha-
lar et al., 2003). Therefore, a scenario can be proposed:
at the beginning of their life, ants stay inside the nest,
have a high level of aggregation and care for the
brood. The oldest individuals could be found nearest to
the entrance of the nest due to their higher phototaxis.
When needed, the individuals with the lowest level of
aggregation, i.e. the oldest, begin to leave the nest to
forage. The outside light would strongly decrease their
tendency to aggregate. This behavior may be reinforced
by learning, since ants could associate the presence of
the light with the need to disperse and search for food.
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