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Sensitivity and adaptation of Myrmica sabuleti workers
(Hymenoptera: Formicidae) to light

Marie-Claire CAMMAERTS

Abstract

Following up on previous studies on visual perception of Myrmica sabuleti, 1 intended to specify this ant species' sensiti-
vity to light intensity. I therefore assessed the lowest light intensity necessary to induce a conditioned response to a visual
cue in workers maintained during ten days under a given light intensity and then in the same workers maintained during
one day under another light intensity. The visual threshold the ants acquired after a ten day-period under one light in-
tensity appeared to be an exponential function of that light intensity's square root. After an additional one day-period
under another light intensity, the ants acquired another visual threshold yet differing from the one presented after the ten
day-period under that corresponding light intensity. Therefore, M. sabuleti workers adapt themselves to changes in
light intensity initially rather rapidly, and then more slowly over the course of time.
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Introduction

Ants communicate primarily via chemical signals yet per-
form several tasks (foraging, returning from a new food
source to the nest, etc.) using visual cues or landmarks
(WEHNER & RABER 1979, MCLEMAN & PRATT 2002). For
this reason I studied several characteristics of the visual
perception of the ant Myrmica sabuleti MEINERT, 1861,
such as the visual discrimination of different size cues,
the maximum visual distance and therefore the subtend
visual angle, as well as the visual discrimination of cues
sloping down backwards at different extents (CAMMAERTS
2004d). I also analysed the visual discrimination by M.
sabuleti workers between different numbers of an element,
different shapes, different lines, and cues differently ori-
ented (M.-C. Cammaerts, unpubl. data). All these obser-
vations were made in high light intensity. However, I
sometimes had the opportunity to observe (without quanti-
fying my observation) whether M. sabuleti workers could
see cues when in low light intensity. It was obvious that
they were indeed able to see these cues. Therefore, I in-
tended to study these ants' sensitivity to light, and more
precisely to detect the lowest light intensity under which
M. sabuleti workers can see their environment after hav-
ing been maintained during a given time period under a
certain light intensity and to determine if these ants can
adapt themselves to changes in light intensity.

The lowest light intensity allowing visual perception in
an ant has not yet been specified. My work may thus bring
new information to that subject. Systems allowing light
and dark adaptation have already been largely studied in
invertebrates, and especially in arthropods (see Discus-
sion) (AUTRUM 1981, WARRANT & al. 1996). However,
most Hymenoptera species studied for their visual per-
ception have large eyes and good vision, contrary to M.
sabuleti workers. My work might thus be of interest, to
know to which extent a small-eyed ant species, living
sometimes in darkness (inside of its nest) and sometimes

in full light (while foraging in open areas) adapts itself to
changes in light intensity.

Material and methods
Collection and maintenance of ants

Eight colonies of M. sabuleti were collected from Hohes
Martelingen (Luxembourg; 49° 49' 30" N, 5° 45' 00" E) and
in the Aise valley (Belgium; 49° 49' 39" N, 5° 15' 26" E).
They were divided into 24 experimental colonies (four
series labeled A, B, C, D of six colonies numbered 1 to 6)
each containing 250 workers, a queen and brood. Each ex-
perimental colony was maintained in one or two glass
tubes half-filled with water, with a cotton-plug separating
the ants from the water. The glass tubes were deposited in-
to a polyethylene tray (43 x 28 x 7 cm) serving as a forag-
ing area (Fig. 1). The ants were fed with sugared water
delivered into a small tube plugged with cotton. Meat (piec-
es of dead cockroaches) was delivered twice a week and
only when no experiment was planned or performed.

Experimental design

A window-less room, located adjacent to another room
without windows, was provided with a dimmer with which,
using one to four lamps (Osram, concentra spot R63, 60
watts), any light intensity could be obtained. The light
intensity was measured by assessing, with the help of a
luxmeter (H&B), the brightness obtained on an experimen-
tal area. The photoelectric cell of that luxmeter could be
placed far from the apparatus itself, and therefore on the
experimental area, where six experimental colonies were
successively placed in the course of our study of the ants'
sensitivity to light.

Experimental protocol

Learning and conditioning are possible for ants (CHAME-
RON & al. 1998, HELMY & JANDER 2003). I have studied
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these abilities in M. sabuleti (CAMMAERTS 2004a, b, ¢) and
I have also studied this ant species' vision using condi-
tioning as a method (CAMMAERTS 2004d and unpubl. data).
In the present study, I also used conditioning as a method
for assessing M. sabuleti workers' sensitivity to light in-
tensity.

Six experiments were performed, each one on six ex-
perimental colonies, as follows (Fig. 2). First, the six col-
onies were placed under a first light intensity (I 1) and a
control experiment was performed (see below). The ants
were then conditioned (operant conditioning; see below)
during six days, after which a first test was performed.
The ants' conditioning was then continued during three
more days, and a second test was performed. Next, the ants
were conditioned again during the course of one day, and
their threshold was then assessed. This assessment con-
sisted of trying to detect the lowest light intensity neces-
sary to obtain the ants' conditioned response. In order to de-
termine this light intensity, the ants' response was quan-
tified several times under successively increasing light
intensities. The six tested colonies were then placed under
a second light intensity (I 2) and the ants were condi-
tioned during the course of one day. Finally, the ants' thresh-
old was assessed again.

Experimental apparatus — Conditioning of the ants

For each of the six colonies tested in the course of one ex-
periment, a specific shape was drawn on very strong black
paper, then cut and folded in order to obtain an kind of
hollow cube (called the experimental apparatus) (Fig. 1).
To condition the ants, one experimental apparatus was de-
posited into the tray of each of the six tested colonies and
a small piece of dead cockroach was placed under each
apparatus. The experimental apparatus were relocated sev-
eral times in the course of the conditioning in order to
avoid spatial learning as well as to avoid the establishment
of a trail between the nest and the experimental appara-
tus. The relocations were performed about every 8 to 26
hours, and never twice in a row at the same daily time to
avoid temporal learning. Spatial and temporal learning are
in fact possible in M. sabuleti (CAMMAERTS 2004a). Meat
(= the reward) was replaced whenever necessary. The
ants' response consisted of coming onto the area located
under the experimental apparatus (= the correct area).
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aratus was in fact made of very

Quantification and statistical analysis of the ants' re-
sponse

To conduct the control, as well as all of the experimental
tests (and this, several days after that sugared water had
been offered to the ants), the experimental apparatus (with-
out food) were placed elsewhere than during the training
phases. The ants located at the correct area were then count-
ed fifteen times in a row, and the mean value of the fif-
teen counts was determined, for each of the six tested col-
onies. The mean of the six mean values was then calculat-
ed. This procedure was chosen because the ants can come
onto the correct area only if they see sufficiently the ex-
perimental apparatus (to which they are conditioned), so,
only if the light intensity is higher than their visual thresh-
old.

For each experimental tests, the six experimental mean
values obtained were compared to the six control ones
with the help of a Wilcoxon non-parametric test (SIEGEL
& CASTELLAN 1988). The ants' response was considered
to be significant when P < 0.05.

The mathematical relationship between the ants' thresh-
old and the light intensity was analysed with the help of
the software Statistica 99. Among the functions proposed,
the one corresponding to the experimental data with the
highest probability was chosen.

Study of the ants' locomotion

Six experimental colonies were conditioned as previously
described during 10 days under 10,000 lux, and six other
colonies were likewise conditioned under 300 lux. After-
wards, for each of the two series of experimental colo-
nies, the ants' orientation towards the correct area and the
ants' sinuosity of movement were quantified using a method
described previously (CAMMAERTS-TRICOT 1973). The me-
dian, the mean and the standard deviation of the values
obtained were then calculated each time using the program
Excel 97 (Tab. 7). The orientation values as well as those
for sinuosity obtained for the societies maintained under
10,000 lux were compared to those obtained for the so-
cieties maintained under 300 lux with the help of a non-
parametric Chi-square test (SIEGEL & CASTELLAN 1988).
The two distributions of values were considered to be stat-
istically different when P < 0.05.



Under a first light intensity (I 1)

- a control (15 countings of the ants)

- a six day-period of conditioning

- a first test (15 countings of the ants)

- a three day-period of conditioning

- a second test (15 countings of the ants)
- a one day-period of conditioning

- the assessment of the ants’ threshold

Under another light intensity (I 2)

- a one-day period of conditioning
- the assessment of the ants’ threshold

— detection of the lowest
light intensity necessary to
obtain the ants’ conditioned
response by
making successive
experiments with

— increasing light intensities

Fig. 2: Protocol of each experiment, performed simultaneously on six societies.

Results

10 days under 10,000 lux followed by one day under
1,350 lux (Tab. 1)

After six training days under 10,000 lux, the ants (series A)
did not respond statistically but then did so after three ad-
ditional training days. After a total of 10 training days, the
lowest light intensity necessary for obtaining the ants' re-
sponse was between 135 and 180 lux. On the basis of the
results of the successive experiments made with increas-
ing light intensity, the ants' threshold could be graphically
specified as equalling 165 lux. After another training day
under 1,350 lux, the ants' threshold was reduced to 90 lux,
the ants having thus adapted themselves to a lower light
intensity.

10 days under 1,350 lux followed by one day under
300 lux (Tab. 2)

After six training days under 1,350 lux, the ants (series B)
were already conditioned, their response being even more
pronounced three more training days later. After a total of
10 training days, the ants' threshold (that is the lowest light
intensity necessary to induce the response) was equal to 35
lux. One should recall that, in the course of the previous
experiment, the ants' threshold equalled 90 lux after a one
day-period under 1,350 lux. As for the present experi-
ment, after their 10 day-period under 1,350 lux and after
having been trained during one day under 300 lux, the ants
reacted statistically when the light intensity reached 22
lux, their visual threshold having thus decreased from 35
lux to 22 lux, when the light intensity changed from 1,350
lux to 300 lux.

10 days under 300 lux followed by one day under
1,350 lux (Tab. 3)

The ants (series C) were conditioned already after six train-
ing days, as well as after nine training days. After a total of

10 training days, their threshold equalled 15 lux, a lower
value than that (22 lux) observed in the course of the pre-
vious experiment on ants maintained during one day under
300 lux. After an additional training day but this time under
1,350 lux, the series C ants gave their conditioned response
when the light intensity equalled nearly 30 lux. They had
thus adapted themselves to an increase in light intensity.

10 days under 1,350 lux followed by one day under
4,000 lux (Tab. 4)

The ants (series D) responded correctly statistically after six
as well as after nine training days. After a total of 10 train-
ing days, they responded statistically when the light inten-
sity equalled 35 lux. This value is the same as that previ-
ously obtained with series B ants maintained during 10
days under 1,350 lux, and it is somewhat higher than that
observed for series C ants having lived during one day
under that light intensity. In the present experiment, after
having lived 10 days under 1,350 lux, followed by one day
under 4,000 lux, the lowest light intensity necessary to in-
duce the ants' conditioned response equalled 60 lux. There-
fore, the ants' visual threshold increased from 35 lux to
nearly 60 lux after a one day-period under 4,000 lux fol-
lowing a 10 day-period under 1,350 lux.

10 days under 4,000 lux followed by one day under
10,000 lux (Tab. 5)

After having been trained during six days the ants (series A)
responded correctly statistically and did so even more ob-
viously after three additional training days. After a total of
10 training days, the light intensity necessary for releas-
ing their conditioned response was equal to 80 lux. One
should recall that, in the course of the previous experi-
ment, the ants maintained during one day under 4,000 lux
had acquired a threshold of 60 lux. In the course of the pre-
sent experiment, after having been trained during one more
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Tab. 1: Sensitivity to light intensity of ants (series A) maintained under 10,000 lux during 10 days and then under 1,350 lux
during one day. The ants were conditioned to come onto a given area when seeing a black apparatus. The table gives for
each test (i.e., for each line): (1) for each experimental society the mean number of ants located on the correct area, (2) the
mean value of these mean numbers and (3) the result of a Wilcoxon non-parametric test applied to the mean numbers

(N, T, P according to SIEGEL & CASTELLAN 1988).

Series A (1) experimental societies (2) mean (3) statistics
1 | 2 | 3 | 4 5 6 N T P
10,000 lux

Control 0.66 0.00 0.66 0.33 0.33 0.00 0.33
Test 1 1.40 0.00 0.00 1.33 1.33 0.00 0.68 4 8.0 0.31
Test 2 1.60 0.66 0.80 0.53 0.46 0.13 0.70 6 21.0 0.02

threshold assessment (after 10 days)
lux: 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 NS
7 0.00 0.13 0.26 0.00 0.13 0.00 0.09 5 -14.0 0.06
15 0.00 0.26 0.26 0.00 0.13 0.00 0.11 5 -13.0 0.09
30 0.00 0.33 0.26 0.00 0.13 0.00 0.12 5 -12.5 <0.16
45 0.00 0.33 0.33 0.00 0.13 0.00 0.13 5 -12.0 0.16
60 0.00 0.33 0.33 0.00 0.13 0.00 0.13 5 -12.0 0.16
75 0.00 0.20 0.33 0.00 0.26 0.00 0.15 5 -13.0 0.09
90 0.33 0.20 0.40 0.20 0.26 0.13 0.25 6 -13.5 <0.09
105 0.66 0.33 0.33 0.33 0.40 0.20 0.38 4 6.5 <0.44
120 0.33 0.46 0.46 0.40 0.40 0.20 0.32 6 12.5 <0.42
135 0.66 0.53 0.53 0.53 0.53 0.33 0.52 5 14.0 0.06
180 0.93 0.66 0.53 0.53 0.53 0.40 0.60 6 20.0 0.03
225 1.00 0.93 0.73 0.60 0.73 0.53 0.75 6 21.0 0.02
345 1.33 1.07 1.00 1.00 1.20 0.80 1.03 6 21.0 0.02
420 1.33 1.46 1.07 1.20 1.33 0.87 1.21 6 21.0 0.02
1,350 lux
threshold assessment (after one day)

lux: 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 NS
7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 NS
15 0.00 0.00 0.20 0.00 0.20 0.00 0.07 4 -10.0 0.06
22 0.27 0.00 0.20 0.00 0.26 0.00 0.12 4 -10.0 0.06
30 0.27 0.00 0.13 0.07 0.33 0.07 0.15 4 -9.0 0.13
45 0.13 0.07 0.07 0.07 0.07 0.07 0.08 6 -18.0 0.08
60 0.20 0.20 0.13 0.20 0.33 0.13 0.20 5 -10.5 <0.31
75 0.93 0.20 0.20 0.20 0.53 0.20 0.38 6 14.0 0.28
90 1.13 0.40 0.53 0.60 0.60 0.40 0.61 6 20.0 0.03
150 1.33 0.40 0.53 0.93 0.53 0.80 0.75 6 20.0 0.03

day under 10,000 lux, the series A ants presented their con-
ditioned response when the light intensity was between
90 and 120 lux, or more precisely 115 lux. They had thus
adapted themselves to an increase in light intensity.

10 days under 10,000 lux followed by one day under
4,000 lux (Tab. 6)

The series B ants trained during six as well as nine days
under 10,000 lux gave statistically the correct response.
After a total of 10 training days under 10,000 lux, they re-
sponded statistically when the light intensity was greater
than 150 lux, or more precisely when equalling 165 lux.
This value is the same as that obtained in the course of the
first experiment with ants (series A) also maintained 10
days under 10,000 lux. This value (165 lux) is higher than
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the one (115 lux) presented by ants (series A) trained dur-
ing one day under 10,000 lux in the course of the pre-
vious experiment. In the present experiment, after having
been trained during an additional day under 4,000 lux,
series B ants acquired a threshold equal to 110 lux (be-
tween 90 and 120 lux). They had thus adapted them-
selves to a decrease in light intensity. It should be noted
that after a 10 day-period of training under 4,000 lux, the
ants (series A, in the course of the previous experiment)
presented a threshold of 80 lux.

Relationship between the ants' visual threshold and
the light intensity (Fig. 3)

A curve was observed when plotting the six values of the
ants' threshold obtained after a 10 day-period under a giv-



Tab. 2: Sensitivity to light intensity of ants (series B) maintained under 1,350 lux during 10 days and then under 300 lux

during one day. Same legend as for Tab. 1.

Series B (1) experimental societies (2) mean (3) statistics
1 | 2 | 3 | 4 5 6 N T P
1.350 lux

Control 0.20 0.07 0.13 0.00 0.00 0.20 0.13
Test 1 0.20 0.66 1.60 0.40 0.20 0.30 0.56 5 15.0 0.03
Test 2 0.27 1.07 1.87 0.53 0.40 0.40 0.76 6 21.0 0.02

threshold assessment (after 10 days)
lux: 0 0.00 0.00 0.33 0.00 0.00 0.00 0.06 4 -6.0 0.44
7 0.00 0.13 0.73 0.13 0.00 0.13 0.19 5 9.0 0.41
15 0.27 0.13 0.87 0.20 0.00 0.13 0.27 5 12.5 <0.16
22 0.13 0.13 1.20 0.26 0.07 0.13 0.32 6 15.0 0.22
30 0.20 0.26 1.20 0.26 0.13 0.20 0.38 4 10.0 0.06
45 0.27 0.40 1.27 0.20 0.13 0.27 0.42 6 21.0 0.02
60 0.33 0.33 1.53 0.26 0.20 0.27 0.49 6 21.0 0.02
75 0.33 0.33 2.07 0.40 0.26 0.33 0.62 6 21.0 0.02
90 0.33 0.40 2.73 0.67 0.47 0.80 0.90 6 21.0 0.02
150 0.33 0.27 2.00 0.33 0.26 0.26 0.58 6 21.0 0.02
300 lux
threshold assessment (after one day)

lux: 0 0.00 0.00 0.40 0.00 0.00 0.00 0.07 4 -6.0 0.44
7 0.00 0.00 0.67 0.00 0.00 0.00 0.11 4 -6.0 0.44
15 0.07 0.13 0.87 0.07 0.13 0.27 0.26 6 14.0 0.28
22 0.07 0.20 1.07 0.13 0.20 0.40 0.35 6 19.0 0.05
30 0.20 0.27 1.53 0.20 0.27 0.67 0.52 5 15.0 0.03
45 0.27 0.27 1.67 0.27 0.40 0.80 0.61 6 21.0 0.02
60 0.27 0.27 1.80 0.27 0.40 0.93 0.66 6 21.0 0.02

en light intensity, in relation to the square root of that
light intensity. The software Statistica 99 gives, with P <
0.001, an exponential function to describe that curve. Ac-
cording to this function, when the light intensity equals
zero, the threshold equals 11.62 lux, which is the small-
est threshold value the ants can acquire, and this is when
living in darkness. The experimental data can also be
fitted by a linear function with P < 0.01, the threshold
value acquired in darkness then equalling 13.86 lux.

Ants' visual adaptation to changes in light intensity
(Fig. 4)

Six adaptations to a change in light intensity could be graph-
ically represented by using, as follows, the threshold val-
ues from the six experiments described above:

For t = 0 days, the threshold value obtained in the
course of an experiment on ants of a given series main-
tained during 10 days under a given light intensity (I 1) was
used.

For t = 1 day, the threshold value obtained in the
course of the same experiment on ants of the same series
maintained during one day under another light intensity
(I2) was used.

For t = 10 days, the threshold value obtained in the
course of another experiment on ants of another series main-
tained during 10 days under that other light intensity (I 2)
was used.

Each curve obtained represents the ants' adaptation, over
the course of time, to a change in light intensity from I 1 to
I 2. Whenever the light increased or decreased, the ants'
adaptation always occurred rapidly at the beginning, then
more slowly over the course of time. The kinetic of the
ants' adaptation (and therefore the underlying physiologic-
al mechanisms) may differ according to the type of the light
intensity variation (increase or decrease; large or small).

Ants' locomotion under 300 lux and 10,000 lux (Tab. 7)

The ants of the two series of experimental colonies tested
oriented themselves towards the correct area. They thus
saw the experimental apparatus under 10,000 lux as well
as under 300 lux and moved in order to reach the area
located under the apparatus (i.e., the correct area). To do
this under 300 lux, the ants moved very sinuously; they of-
ten touched the edges of the apparatus before reaching the
correct area. On the contrary, under 10,000 lux, the ants
did not move sinuously, but reached the correct area rather
directly. The ants might thus see differently under low and
high light intensity.

Discussion

Thanks to operant conditioning as a method, I specified
the visual threshold M. sabuleti workers acquired after a
10 day-period under 10,000 lux, 4,000 lux, 1,350 lux and
300 lux. These visual thresholds equalled 165 lux, 80 lux,
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Tab. 3: Sensitivity to light intensity of ants (series C) maintained under 300 lux during 10 days and then under 1,350 lux

during one day. Same legend as for Tab. 1.

Series C (1) experimental societies (2) mean (3) statistics
1 | 2 | 3 | 4 5 6 N T P
300 lux

Control 0.00 0.07 0.07 0.00 0.00 0.00 0.02
Test 1 0.27 0.33 0.53 0.07 0.13 0.07 0.23 6 21.0 0.02
Test 2 0.47 0.67 0.60 0.13 0.20 0.13 0.37 6 21.0 0.02

threshold assessment (after 10 days)
lux: 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2 NS
7 0.00 0.13 0.13 0.00 0.00 0.00 0.04 2 NS
15 0.20 0.20 0.33 0.13 0.07 0.00 0.16 5 15.0 0.03
22 0.60 0.66 1.00 0.13 0.20 0.13 0.45 6 21.0 0.02
30 0.73 0.73 0.86 0.20 0.20 0.20 0.49 6 21.0 0.02
45 1.06 0.86 0.80 0.20 0.13 0.13 0.53 6 21.0 0.02
60 0.93 0.80 0.67 0.07 0.07 0.00 0.42 5 15.0 0.03
1.350 lux
threshold assessment (after one day)

lux: 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2 NS
7 0.00 0.13 0.00 0.00 0.00 0.00 0.02 2 NS
15 0.13 0.20 0.13 0.00 0.00 0.00 0.08 3 6.0 0.13
22 0.13 0.13 0.13 0.00 0.00 0.00 0.07 3 6.0 0.13
30 0.80 0.40 0.26 0.13 0.13 0.00 0.29 5 15.0 0.03
45 1.06 1.06 0.80 0.20 0.13 0.07 0.55 6 21.0 0.02
60 1.00 0.67 0.53 0.12 0.07 0.13 0.42 6 21.0 0.02
75 0.80 0.53 0.40 0.20 0.07 0.07 0.34 6 21.0 0.02
90 0.86 0.53 0.33 0.07 0.07 0.07 0.32 6 21.0 0.02

threshold (lux)
165 A

0.027 i

thr=11.62xe

T T I .1 1
0 173 367 633 /2 100.0
300 1350 4000 ; 10,000

Fig. 3: Relationship between the light intensity and the
visual threshold the ants then acquire.

35 lux, and 15 lux, respectively, being thus an exponential
function (P < 0.001) (or a linear function with P < 0.01)
of the square root of the light intensity. After a one day-
period under a second light intensity, the ants acquired
another visual threshold higher or lower than the previous
one according to the change in light intensity, but this new
threshold was not equal to the one demonstrated after a
10 day-period under the second light intensity. Therefore,
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the ants adapt themselves to any changes in light intensity
initially rather quickly, then slowly and progressively in
the course of time.

Many studies have been done on the vision of insects
(WEHNER 1981) of which a few concern ants (e.g., VOSS
1967). However, assessments of any ant species' visual
threshold and the relationship between such a threshold
and the light intensity have not yet been reported. The pre-
sent evaluation of an ant’s threshold and its relationship
to the light intensity may thus be of interest. On the basis
of these results, the threshold the ants acquire in darkness
was found to be equal to 11.62 lux. This value concords
with the behaviour exhibited by ants maintained in dark-
ness and then placed under either a low or a high light in-
tensity. In low light intensity, the ants move slowly, come
onto their food source, and return correctly to their nest,
demonstrating that they see their environment sufficiently.
In high light intensity, they move quickly and erratically,
and young workers go out of their glass-nest, obviously be-
ing perturbed by light of too high an intensity. Conse-
quently, finding a low visual threshold value for ants liv-
ing in darkness is logical.

Concerning the ants' larger sinuousity of movement in
low light intensity, it is interesting to note that, in domes-
tic bees, the level of light has an impact on these insects'
search times (CHITTKA & SPAETHE in press).

As for the ants' adaptation to light intensity, some very
quick adaptations may occur. Indeed, ants came onto the



Tab. 4: Sensitivity to light intensity of ants (series D) maintained under 1,350 lux during 10 days and then under 4,000 lux

during one day. Same legend as for Tab. 1.

Series D (1) experimental societies (2) mean (3) statistics
1| 2 | 3 | 4 5 6 N T P
1.350 Iux

Control 0.20 0.13 0.13 0.07 0.00 0.00 0.09
Test 1 0.60 1.06 0.53 0.13 0.07 0.20 0.40 6 21.0 0.02
Test 2 0.87 1.40 0.80 0.47 0.27 0.53 0.72 6 21.0 0.02

threshold assessment (after 10 days)
lux: 0 0.07 0.00 0.00 0.00 0.00 0.00 0.01 4 -10.0 0.06
7 0.07 0.20 0.13 0.07 0.07 0.00 0.09 3 3.0 0.63
15 0.07 0.20 0.13 0.07 0.07 0.00 0.09 3 3.0 0.63
22 0.33 0.26 0.26 0.07 0.00 0.00 0.15 3 6.0 0.13
30 0.47 0.53 0.47 0.20 0.00 0.00 0.28 4 10.0 0.06
45 0.60 0.67 0.53 0.20 0.13 0.07 0.38 6 21.0 0.02
60 0.40 0.40 0.33 0.27 0.13 0.07 0.27 6 21.0 0.02
75 0.26 0.26 0.20 0.20 0.07 0.00 0.17 5 15.0 0.03
4.000 lux
threshold assessment (after one day)

lux: 0 0.07 0.20 0.07 0.00 0.00 0.00 0.06 4 -6.5 <0.44
7 0.00 0.20 0.07 0.00 0.00 0.00 0.05 4 -1.5 <0.31
15 0.07 0.27 0.13 0.00 0.00 0.00 0.08 3 3.0 0.63
22 0.13 0.40 0.27 0.00 0.00 0.00 0.13 4 7.0 0.31
30 0.20 0.33 0.27 0.00 0.00 0.00 0.13 3 5.0 0.25
45 0.20 0.60 0.27 0.07 0.00 0.00 0.19 2 3.0 NS
60 0.40 0.80 0.80 0.07 0.07 0.07 0.37 5 15.0 0.03
75 0.60 1.20 0.47 0.13 0.07 0.07 0.62 6 21.0 0.02
90 0.53 0.67 0.40 0.07 0.07 0.07 0.30 6 21.0 0.02
120 0.20 0.67 0.27 0.07 0.07 0.07 0.23 4 10.0 0.06
150 0.20 0.67 0.27 0.07 0.00 0.00 0.20 2 3.0 NS

threshold (lux)

Fig. 4: Changes in the ants' visual threshold in the course
of their adaptation to six changes in light intensity.

reward early, since they were conditioned again after a 24
hour-period, and therefore saw the apparatus well with
nearly no delay.

Studies of cytological mechanisms allowing light and
dark adaptations have been made by BRUNNERT & WEHNER
(1973) on Cataglyphis bicolor and by MENZEL & LANGE
(1971) on Formica polyctena. Cataglyphis bicolor foragers
adapt themselves to light intensity with the help of radial
(and probably also distal) movements of pigment gran-
ules within the retinula-cells as well as via changes of the
cisternae volume along the rhabdomes. These mechanisms
were revealed by comparing the fine structure of the eyes
of foragers maintained during one day in darkness in one
instance, and during 18 hours under high light intensity in
another. Similar systems were shown to exist in Formica
polyctena. In fact, many kinds of systems allowing light
and dark adaptation have been described in many insects
species (AUTRUM 1981). Some systems control the inten-
sity of the light reaching the sensory cells, e.g., screen-
ing-pigments movements, intracellular cisternae, changes
in the rhabdomes (BERNHARD & al. 1963, WHITE & LORD
1975). Other systems control the sensitivity of the sensory
cells, e.g., changes affecting membranes, photo-pigments,
ions (WALCOTT 1971, LAUGHLIN 1975). The numerous spe-
cies studied have large eyes and the adaptation systems
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Tab. 5: Sensitivity to light intensity of ants (series A) maintained under 4,000 lux during 10 days and then under 10,000

lux during one day. Same legend as for Tab. 1.

Series A (1) experimental societies (2) mean (3) statistics
1 | 2 | 3 | 4 5 6 N T P
4.000 lux

Control 0.27 0.13 0.33 0.47 0.33 0.00 0.26
Test 1 0.46 0.60 0.60 0.33 0.53 0.60 0.54 6 20.0 0.03
Test 2 1.40 0.60 0.60 0.73 0.80 0.60 0.79 6 21.0 0.02

threshold assessment (after 10 days)
lux: 0 0.00 0.07 0.00 0.00 0.07 0.00 0.02 5 -15.0 0.03
7 0.00 0.27 0.00 0.00 0.13 0.00 0.07 5 -15.0 0.03
15 0.07 0.27 0.00 0.00 0.27 0.13 0.12 6 -17.5 <0.11
22 0.00 0.40 0.00 0.07 0.27 0.27 0.17 6 -15.0 0.22
30 0.07 0.27 0.13 0.20 0.13 0.13 0.16 6 -18.0 0.08
45 0.20 0.33 0.13 0.33 0.13 0.13 0.21 6 -14.0 0.28
60 0.13 0.40 0.27 0.20 0.27 0.13 0.23 6 -12.5 <0.42
75 0.13 0.33 0.40 0.47 0.60 0.27 0.37 5 13.0 0.09
90 0.33 0.47 0.40 0.53 0.67 0.66 0.51 6 21.0 0.02
120 0.33 0.67 0.40 0.53 0.67 0.66 0.54 6 21.0 0.02
150 0.33 0.40 0.33 0.47 0.33 0.27 0.36 3 6.0 0.13
10.000 lux
threshold assessment (after one day)

lux: 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5 -15.0 0.03
7 0.07 0.07 0.00 0.00 0.07 0.00 0.04 5 -15.0 0.03
15 0.07 0.07 0.07 0.07 0.07 0.00 0.06 5 -15.0 0.03
22 0.13 0.00 0.00 0.07 0.00 0.07 0.05 6 -20.0 0.03
30 0.07 0.07 0.07 0.07 0.07 0.07 0.07 6 -20.0 0.03
45 0.20 0.13 0.13 0.07 0.07 0.13 0.12 5 -13.0 0.09
60 0.33 0.13 0.13 0.07 0.07 0.13 0.14 5 -12.0 0.16
75 0.13 0.13 0.13 0.13 0.07 0.20 0.13 5 -12.5 <0.16
90 0.33 0.20 0.13 0.13 0.27 0.33 0.23 6 10.5 0.50
120 0.60 0.40 0.40 0.53 0.40 0.27 0.43 6 21.0 0.02
150 0.33 0.20 0.33 0.33 0.27 0.27 0.29 5 9.5 <0.40
180 0.20 0.20 0.13 0.27 0.27 0.27 0.22 6 -11.5 <0.50

described generally function very rapidly. Compared to
species generally studied for their vision, M. sabuleti wor-
kers have small eyes and present not only a quick but also
a slow light and dark adaptation. It would be interesting
to study cytologically the eyes of workers maintained dur-
ing different time spans (one minute, one hour, one day,
10 days) under different light intensities (0 lux, 300 lux,
4,000 lux, 10,000 lux, for instance) in order to find the
cytological mechanisms allowing these ants' adaptation to
light intensity.

In the course of their adaptation to one light intensity,
together with cytological mechanisms affecting their eyes,
certain events might occur in M. sabuleti workers' brains.
In other words, in addition to light receptor adaptation,
simultaneously or after, some learning may occur as a re-
sponse to a change in the light intensity. Concerning the lat-
ter hypothesis, it should be noted that behavioural chang-
es due to light impact and resulting from learning have been
shown to occur in bumblebees (LOTTO & CHITTKA 2005).

The light source used in the present paper does not in-
clude UV. Following this work, I studied M. sabuleti wor-
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kers' colour vision and perception of UV (M.-C. Cam-
maerts, unpubl. data). On the basis of the latter data, I infer
that experimenting with light including UV would lead to
similar adaptation events though with somewhat different
numerical results.
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Zusammenfassung

An bisherige Studien zur visuellen Wahrnehmung von
Myrmica sabuleti ankniipfend habe ich hier die Empfind-
lichkeit der Art auf unterschiedliche Lichtintensitdten un-
tersucht. Auf einen visuellen Reiz konditionierte Arbeite-
rinnen wurden 10 Tage lang unter einer bestimmten Licht-
intensitét gehalten. Danach wurde in einem Test die nied-



Tab. 6: Sensitivity to light intensity of ants (series B) maintained under 10,000 lux during 10 days and then under 4,400
lux during one day. Same legend as for Tab. 1.

Series B (1) experimental societies (2) mean (3) statistics
1 2 3 4 5 6 T P
10.000 lux

Control 0.13 0.13 0.13 0.07 0.00 0.00 0.08
Test 1 0.26 0.53 0.67 0.60 0.07 0.13 0.38 6 21.0 0.02
Test 2 0.40 1.00 1.06 0.67 0.13 0.26 0.59 6 21.0 0.02

threshold assessment (after 10 days)
lux: 0 0.00 0.00 0.07 0.00 0.00 0.00 0.01 4 -10.0 0.06
7 0.00 0.13 0.07 0.00 0.00 0.00 0.03 3 -6.0 0.13
15 0.00 0.26 0.13 0.07 0.00 0.00 0.08 2 NS
22 0.00 0.13 0.26 0.00 0.00 0.00 0.07 3 3.0 0.63
30 0.07 0.20 0.20 0.07 0.00 0.00 0.09 3 5.0 0.15
45 0.00 0.20 0.20 0.13 0.00 0.13 0.11 5 10.5 <0.31
60 0.07 0.26 0.26 0.13 0.00 0.07 0.13 5 13.5 <0.09
75 0.07 0.33 0.40 0.07 0.00 0.07 0.16 4 9.0 0.13
90 0.13 0.40 0.40 0.07 0.00 0.00 0.17 2 NS
120 0.07 0.40 0.53 0.07 0.00 0.00 0.18 3 NS
150 0.13 0.53 0.60 0.53 0.00 0.13 0.32 4 10.0 0.06
180 0.40 0.80 1.46 0.53 0.13 0.53 0.64 6 21.0 0.02
210 0.60 1.00 1.53 1.06 0.20 0.53 0.82 6 21.0 0.02
4.000 lux
threshold assessment (after one day)

lux: 0 0.00 0.00 0.07 0.00 0.00 0.00 0.01 4 -10.0 0.06
7 0.00 0.07 0.20 0.00 0.00 0.00 0.05 4 -1.5 <0.31
15 0.07 0.07 0.26 0.00 0.00 0.00 0.06 4 -6.0 0.44
22 0.13 0.07 0.40 0.00 0.00 0.00 0.10 3 3.0 0.63
30 0.26 0.26 0.40 0.07 0.00 0.00 0.17 3 6.0 0.13
45 0.20 0.20 0.40 0.00 0.00 0.00 0.13 4 8.0 0.19
60 0.20 0.20 0.46 0.00 0.00 0.00 0.14 4 8.0 0.19
75 0.20 0.20 0.53 0.07 0.00 0.00 0.17 3 6.0 0.13
90 0.20 0.26 0.53 0.07 0.00 0.00 0.18 3 6.0 0.13
120 0.53 0.53 1.13 0.26 0.07 0.13 0.44 6 21.0 0.02
150 0.60 0.66 1.46 0.40 0.13 0.26 0.59 6 21.0 0.02
180 0.66 0.66 1.53 0.40 0.13 0.33 0.62 6 21.0 0.02

Tab. 7: Ants' locomotion under two different light intensities. The ants were conditioned under two different light intensi-
ties to go onto a given area. Then, their orientation (O) towards that area and their sinuousity of movement (S) were quanti-
fied. The table gives the numbers (n), the median, the mean and the standard deviation of the values obtained for each vari-
able and each light intensity, as well as the results of non- parametric * tests applied to two distributions of values.

Societies Light n O (angular degrees) S (angular degrees / cm)

series intensity median mean c median mean c

C 300 lux 24 46.8 49.8 14.2 155 157 34
NS P <0.01

D 10.000 lux 33 32.1 36.8 15.3 85 87 44
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rigste Lichtintensitét ermittelt, bei der sie noch die kon-
ditionierte Reaktion ausfiihrten. AnschlieBend wurden die
selben Tiere fiir einen Tag unter einer anderen Lichtinten-
sitdt gehalten und der Test wiederholt. Der visuelle Schwel-
lenwert der Ameisen nach der zehntégigen Periode war
eine exponentielle Funktion der Quadratwurzel der Licht-
intensitét, unter der sie gehalten worden waren. Nach der
anschlieBenden eintigigen Periode unter einer anderen
Lichtintensitit war der visuelle Schwellenwert der Amei-
sen nur geringfligig anders als jener nach der zehntdgigen
Periode bei der entsprechenden Lichtintensitét. Myrmica
sabuleti-Arbeiterinnen passen sich also an Anderungen der
Lichtintensitdt anfangs recht rasch an, danach deutlich
langsamer.

References

AUTRUM, H. 1981: Light and dark adaptation in invertebrates.
In: AutrRuM, H. (Ed.): Comparative Physiology and Evolu-
tion of Vision in Invertebrates. C: Invertebrate visual centres
and behavior II. Handbook of sensory physiology, Vol. VII/6B.
— Springer-Verlag, Berlin, pp. 2-91.

BERNHARD, C.G., HOGLUND, G. & OTTOSON, G. 1963: On the re-
lation between pigment position and light sensitivity of the

compound eye in different nocturnal insects. — Journal of
Insect Physiology 9: 573-586.

BRUNNERT, A. & WEHNER, R. 1973: Fine structure of light and
dark adapted eyes of desert ants, Cataglyphis bicolor (For-
micidae, Hymenoptera). — Journal of Morphology 140: 15-30.

CAMMAERTS, M.-C. 2004a: Classical conditioning, temporal and

spatial learning in the ant Myrmica sabuleti. — Biologia 59:
241-254.

CAMMAERTS, M.-C. 2004b: Spatial conditioning in the ant Myr-
mica sabuleti. — Biologia 59: 255-269.

CAMMAERTS, M.-C. 2004c¢: Operant conditioning in the ant Myr-
mica sabuleti. — Behavioural Processes 67: 417- 425.

CAMMAERTS, M.-C. 2004d: Some characteristics of the visual
perception of the ant Myrmica sabuleti. — Physiological Ento-
mology 29: 472-482.

CAMMAERTS-TRICOT, M.-C. 1973: Phéromones agrégeant les

ouvricres de Myrmica rubra. — Journal of Insect Physiology
19: 1299-1315.

CHAMERON, S., SCHATZ, B., PASTERGUE-RUIZ, 1., BEUGNON, G.
& COLLETT, T.S. 1998: The learning of a sequence of visual

86

patterns by the ant Cataglyphis cursor. — Proceedings of the
Royal Society of London, Series B 265: 2309-2313.

CHITTKA, L. & SPAETHE, J. in press: Visual search and the im-
portance of time in complex decision making by bees. — Inter-
national Journal of Comparative Psychology.

HELMY, O. & JANDER, R. 2003: Topochemical learning in black

carpenter ants (Camponotus pennsylvanicus). — Insectes Soci-
aux 50: 32-37.

LAUGHLIN, S.B. 1975: Receptor and interneuron light-adapta-
tion in the dragonfly visual system. — Zeitschrift fiir Natur-
forschung 30: 306-308.

LotTo, R.B. & CHITTKA, L. 2005: Seeing the light: [llumination
as a contextual cue to color choice behavior in bumblebees. —
Proceedings of the National Academy of Sciences of the Unit-
ed States of America 102: 3852-3856.

MCLEMAN, M.A., PRATT, S.C. & FRANKS, N.R. 2002: Naviga-
tion using visual landmarks by the ant Leptothorax albipennis.
— Insectes Sociaux 49: 203-208.

MENZEL, R. & LANGE, R. 1971: Anderung der Feinstruktur im
Komplexauge von Formica polyctena bei der Helladaptation.
— Zeitschrift fiir Naturforschung 26b: 357-359.

SIEGEL, S. & CASTELLAN, N.J. 1988: Nonparametric statistics for
the behavioural sciences. — McGraw-Hill Book Company,
Singapore, 396 pp.

Voss, C. 1967: Uber das Formensehen der roten Waldameise

(Formica rufa - Gruppe). — Zeitschrift fiir Vergleichende
Physiologie 55: 225-254.

WALCOTT, B. 1971: Cell movement on light adaptation in the
retina of Lethocerus (Belostomatidae, Hemiptera). — Zeit-
schrift fiir Vergleichende Physiologie 74: 1-16.

WARRANT, E., POROMBKA, T. & KIRCHNER, W.H. 1996: Neural im-
age enhancement allows honeybees to see at night. — Proceed-
ings of the Royal Society of London, Series B 263: 1521-1526.

WEHNER, R. 1981: Spatial vision in arthropods. In: AUTRUM, H.
(Ed.): Comparative physiology and evolution of vision in in-
vertebrates. C: Invertebrate visual centres and behavior II. Hand-
book of sensory physiology, Vol VII/6B. — Springer-Verlag,
Berlin, pp. 288-616.

WEHNER, R. & RABER, F. 1979: Visual spatial memory in desert
ants, Cataglyphis bicolor (Hymenoptera: Formicidae). — Ex-
perientia 35: 1569-1571.

WHITE, R.H. & LORD, E. 1975: Diminution and enlargement of
the mosquito rhabdom in light and darkness. — Journal of
General Physiology 65: 583-598.



