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Experimental study of the ants’ communication system,
with the application of the Information Theory approach

Abstract. In the laboratory experimenis devised on the basis of the Information Theory, anis (Formice
polyetena Forrst., F sanguinea Lave., Camponolus saxatilie Ruzs.) had to transmit ¢ definite amount of
information o each other in order to obtain foeod. The ants were able to memorize and pass up to 6 bits of
fnformation, and the time of communication was preportionsl 1o the amount of information. The resulty
ovidenced the existence of a developed “language behaviour” in species with s high level of social
organization and have showed them as being able to use “text” regularities for information coding. Aspecial
series of experiments demeonstrated the ants’ ability to count and to tranamit numbers.

INTRODUCTION

Due to their social mode of life, ants can occupy the key position in mostecosystems
and they really have no equal rivals within the complex of predators. The success of
ecologically dominant ant species must be due, at least in part, to their complex
spatial-temporal organization. A lot of paper have been published on the spatial
pattern and different ways of territory utilization (DLUSSKY 1965, 1967, ROSENGREN
1971, 1977, HOLLDOBLER, WILSON 1977, 1978, 1990, ZAKHAROV 1991, and others).
¢ works of PISARSKI (1972, 1873, 1982) made a valuable contribution to the
evelopment of our knowledge in the field of ants’ complex territorial behaviour. He
rmulated a classification of ant societies in the light of the Evolution Theory
: K1 1978).

' QObviously, ecologically dominant ant species are especially dependent on recruit-
pent systems o control their environment (HOLLDOBLER 1983). The ants’ communi-
pation system is one of the most controversial issues in ethology. These insects are

10wn to use different communicative ways for recruitment: chemical trails, sound
ignals, kinopsis (reaction to the excited scout behaviour), tandems ete. (WILSON
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1971, HOLLDOBLER 1971, 19786, 1982, ZAKHAROV 1972, DLUSSKY 1981, REZNIKOVA
1982, 1983). But it is not known yet, whether ants can inform their nestmates of the
distance and direction of food sources as is the case in the honeybee, whose “Dance
Language” was discovered by VON FRISCH (1923, 1965), and nowadays it is being
intensively investigated (LINDAUER 1961, LOPATINA 1971, LEVCHENKO 1976, KIRCH-
NER et al. 1988, MICHELSEN ¢t al. 1990). Honeybee dances are the most complex of |
the known communication forms in insects. According to MANNING (1979), “the world |
should admit that information as a symbolic form is available not only to man, but
to such a modest creature as the honeybee”,

WASMANN {1899) suggested the existence of a tactile, or antennal, code in ants.
Attempts were made to decipher ants’ phrases, e.g. “I need food”. Recently developed
experimental methods and filming provided fundamental works devoted to analysing
the antennal eode. The sequence of antennal movements was studied in different
aspects: when ants share food, during recruitment to food, during social relations
{HOLLDOBLER 1976, 1985, ETTERSCHANK, ETTERSCHANK 1982, BONAVITA-COUGOUR.
DaAN 1983). k¢ was revealed, thai the development and sequence of such signals
occurred during a complicated ontogenetic process, followed by contacts with adults
{BONAVITA-COUGOURDAN, MOREL 1984, MOREL 1986}, On the grounds of the studies
of trophallactic interrelations of Myrmica LATR. and Lasius FABR. it was concluded |
that antennual movements had no structural unity of signals and replies (LENOIR
1973a,b, LENOIR, JAISSON 1974, 1982}, Thus, the question of the existence of a
developed tactile “language” in ants is still open.

We suggest another approach to studying communication systems: to investigate
the very process of information transmission. Thereat, by the term “information” we |
mean the concrete quantitative value introduced by SHANNON (1948). 1t is a natural
idea to apply the Information Theory for investigations of the communication system, |
because the object of this science presents general principles and reliable communi-
cation systems. WILSON (1971) used the Information Theory approach to estimate |
the quantitative volume of the ability of the honeybees and the ant Solenopsis |
saevissima F. SMITH to memorize the location of a food source. But there have been |
no experiments on animal communication systems with the application of the }
Information Theory approach,

The main point of our approach is that a given experiment provides a situation, ]
in which ants, to obtain food, should transmit information quantitatively known to §
the experimentalist. In the first series of experiments this information concerns the
sequence of turns towards the food (REZNIKOVA, RYABKO 1984, 1986, 1990, 1991). In
the second series the ants should transmit information on the number of objecis,
within some tens (REZNIKOVA, RYABKO 1988). The theoretic-informative approach
allowed to evidence the presence of potentially unlimited number of communicatio
in the ants’ “language” and estimate the rate of the information transmission. We
also succeeded in studying some properties of the insects’ intellect: their ability te
count snd memorize the simplest regularities providing the compression of the
infermation, J
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MATERIALS AND METHODS

The maze “binary tree”

To investigate the processes of information trasmission we used a new laboratory
system, called & “binary tree”, where each “leaf” of the “tree” ended with an empty
trough, except one with syrup. The simplest design was a “tree” with two “leaves”
and two troughs, with syrup in one of them (Fig. 1a). In such a sifuation an ant scout
should transmit one bit of information to its nestmates: go to the right or to the left.
In other experiments the number of forks on one branch was increased up to 8 (Fig.
1b shows a labyrinth with 4 forks). The sequence of turns was randomly taken by
tossing a coin.

Fig. 1. The maze “binary tree” with one fork (a} and four forks (b},

The quantity of information to be transmitted by a scout to foragers equalis the
number of forks on one branch. The labyrinth was made of plastic sticks (50 mm) and
bails (10 mm) (Fig. 2). To prevent access to food in a straight line, the labyrinth was
placed in a bath (600 x 600 mm) with water. The ants reached the initial points of
the iabyrinth going over a bridge (Fig. 8).

The trunka

To investigate the ants’ ability to count and fo transmit information on the number
of ohjects we used an experimental set, consisting of a long vertical “trunk” with
evenly distributed branches of equal length, made of matches or thin planks (Fig.
4a). Each branch ended in an empty trough, except for one filled with syrup. To study
whether the duration of information transmission of the branch number depended
on length of the branches as well as on the distance between the branches we carried
out a similar series of experiments (16 altogether) on a “vertical frunk 2" with
branches five times longer and twice as far apart than in the previous version (i.e.
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Fig. 2. A F polyctens team on the “binary tree”. (Photo Zh, REzNIROVA).
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Fig. 3. The laboraiory arena wilh the maze “binary tree”,
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Fig. 4. The laboratory set-upy: “vertical trunk {a), "herizenial trunk™ (b) and “circle” {c).

i

Fig. B. 'The iaboratory set-up “circle”. (Phato Zh, REznikovay. .
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"vertical trunk 1"). To eliminate the dependence of the duration of information
transmission on a set-up form or on the spatial orientation ete., 30 experiments were
performed on the horizontal set-up (“horizontal trunk”; Fig. 4b) and 38 - on a circular
set-up (Fig. 4¢, 5). Ants came to Peint A of the “circle” and to the initial point of the
“horizontal trunk” over & bridge (the set-up was mounted in & bath with water to
prevent the ants from moving in a straight line).

During the experiment the troughs were placed on randomly numbered branches:
for example, in the first series the food was on Branch No 10, in the second — on
Branch No 40, etc., so that up to 4 teams, active on that particular day, were working
on Branch number {. Foragers of the other teams were not permitted to visit the
experimental set-up during this series,

The maintenance of the laboratory groups

Colony fragments, consisting of workers with the queen and brood were housed
in plexiglass nests (10 x 15 x 12 em), which made the observations of their contacts
possible. ¥t should be noted that not ali natural ant colonies were useful for the
experimental study of their communication system. Thus, of 10 Formica polyctena
FOERST, colonies, studied for 6 years, only 4 were useful. The natural colony from
which laboratory groups were taken, consisted of sbout 10° workers and these were
not very agressive.

The laboratory groups (6 of Formica polyctena, 2 of F. sanguinea LATR, 1 of
Camponotus saxatilis RUZS., 2 of Formica cunicularia LATR., and 1 of Myrmica rubra
I..) were kept separately on arenas {150 x 50 cm) divided into 2 sections: a smaller
one, containing a nest, and a bigger one with the experimental system (Fig. 3). Both
sections were connected by a plastic bridge, which was occasionally removed to
change the maze or to isolate the ants,

The ants were fed once in two or three days, only in the maze and that stimulated
their search for food. All the ants were labelled with an individual colour mark.

Recognition of the “working teams” among the ants

In all series of the experiments with the *binary tree” the ants fed for 10-12 days
in a maze with one fork. In these cases the foragers left their nest and arena as a
result of collective excitement and imitation. Up to 200 workers visited the trough
with syrup. The ants’ behaviour was sharply changed with following a complication
of the task: when the trough with syrup was placed on one of four “leaves” of the
second turn of the “binary tree”. The laboratory colony included “teams” which had
1 scout and 5-8 recruits: the scout attracted to food only its team. F. polyctena and
F. sanguinea had 8-3 working teams and C. saxatilis — only one per day. The teams
were revealed in special preliminary experiments. Not all of the scouts managed to
memorize the way towards the maze; moreover, the number of such scouts was
dropped with the complication of the task, e.g. in the case of two forks all active groups
were working, while in the case of six — only 1 or 2.
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Bescription of the experiments

Puring the main experiment we placed a scout on a trough centaining food, then
the scout returned to the nest by itself. Sometimes the scout contacted its team at
once, and the group began moving towards the set-up. In this case after the scout had
contacted the foragers we removed the scout and the foragers had to search for the
focd by themselves. But more often the scout returned to the nest, then left it and
wentback to the trough alone. Sometimes it made mistakes and only found the trough
with food after visiting some empty ones. Then it returned to the nest again, contacted
the team and either remained with the team or lefl it. In the former case the scout
was isolated, while in the latter case the experiment was repeated. Sometimes the .
scout had to make up to four trips before it was able to mobilize the foragers. In ali
the cases of mobilization we measured {in sec.) the duration of the contact between
the scout and the foragers in the transparent nest. Its touching the first ant was
considered to be the beginning of the contact, while nest leaving by the first two
foragers was considered to be the end. Those contacts were followed by fairly
numerous antennal movements. The scouts touched from one to four foragers in turn,
sometimes two simultaneously. When a scout repeatedly returned to the trough
alone, we measured the length of each of its contacts with foragers. Only the duration
of the last contact, followed by the foragers' leaving the nest was taken into account.

Precautions

The experiments were so devised as to eliminate all possible ways helpful to
finding food, except distant homing, i.e. information contact with a scout. During
contact of a scout and foragers in their nest, the experimental set-up was replaced
by a similar one to avoid the use of the odour track. A statistical analysis considered
only the first trip of the group after its contact with the scout, because the maze
presumably lacked any chemical odour trail.

To avoid both the trail and the food odour a special series of experiments was
carried out. While the scout was inside the nest, we replaced the whole maze by a
new one with all troughs empty. So, following their contact with the scout, the foragers
visited troughs empty on purpose. Such experiments were called “examinations”.
Ants were fed during the intervals between those “examinations”, but they had no
food during any particular “examination”,

It is worth noting, that in all those experiments the ants had no possibility to make
usge of their earlier experience. For example, Table 1 shows the seasonal “history” of
every foraging group of F. sanguinea during the experiment with the “binary tree”.
Group I “mastered” the sequence of the turns “LE”, “LR", “LL” and “RR”, “RL” and
“LL, “LLL" and “LLR”, “LRLL”, “RRR", “LLLLL" on 14, 16, 18, 20, 22 and 25 June,
and 2 and § July 1984, respectively. Group VIII ~ “RLLLR", “LLL" and “RRR”,
“LRLL", "RRLRL” and "RRRER”, “LLLLL”, “RRRRR” on 22, 25 and 29 June, and 2,
8 and 9 July 1984, respectively.

Note, that not all groups worked throughout the whole season, and sometimes
new groups were observed to be active. To find and watch such groups 3 or 4 special
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tests with a simplified maze were carried out. Such data were obtained on 27 June,
13 and 23 July 1984 for the F. sanguinea laboratory colony,

Table 1 shows, that each group had to use different roads towards the troughs; so,
the ants could not use sarlier experience,

Table 1. Visiting the maze by ¥ sanguines (June—August 1884)

Date! Sequence of the turns Teams visiting the maze suoceaaive}yz
1 2 3
14 June 1L LILVVE
- 16 June 1R LILIELIVV VI
18 June LL LILITLV
18 June IR i
18 June RR LILHLVVI
) 20 June RL LILIVV
20 June L Ir
20 June LL FRERIEI
20 June LLR FHERA'Y
22 dJune 144 LIALIV,V,VII
22 June LRLL LILIV
22 June LLR LILILIVV
22 June RLLL HLIV,VLVIII
25 June LLL IVVVILVIILIX
26 June RRR NLVLVILVIH
28 June LRLL LILILIV
28 June RRLRL ILIV,VI
29 June LLL 1L IEE, VI
29 June LLR IV VLV
29 June L.RLL CILITEVILE
29 June ‘ RLLLR EVACEE
2 July LIL HLIVE X
2 July RRR LEIVIXX
2 July RRLRIL VILIXX
2 July RRRRRR IVVIILIX
5 .July RRRRRR XILXIE
B July LLL XILXI
5 July RRLRL VILXI
5 July LLLLLL LVILVILXI
T July LLLLLL ILVILIXX
& July RRRRR HLVVILVIILX
g July RLRLRL WViIXx1
11 July RILRRRL VVLIXXI
11 July RRLRRR XILXIs
16 July RRR HIVVLXI XTI
16 July RRRRRR LV XX
16 July RIRRRL p. 4 A1 H
18 July LRLRLR LVEIXX
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Table 1 {contd).

1 2 3

18 July RRR Vi

21 July RRLRRR IVVVILIX
21 July LRLLRL XXIE
21 July RLRLRL VX, X1
25 July RLRLRL v

25 July RRLRRR XLV
28 July LRLLRL X XII

27 July RRLRRR XIv

97 July LRLLRL X

27 July LLLLL FUA'AS |
30 July LLLLL XX XTI
2 August LiLLL XXV RY

¥The experiments of 24 and 27 June, and 14, 20, 24 and 29 July were failed because there
was no mobilization.
2Symbola of teams correspond to symbola of scouta.

RESULTS

Evidence of information transmission

~ As already mentioned, capable scouts not only quickly memorized the rational
way in the “binary tree”, but easily learned it again, when the sequence of the turns
- was changed during a given experiment. AH groups, contacting such scouts chose the
correct way, without investigating other “leaves”, Some ants, afler making false
turns, reached the leading foragers quite easily (see: the data in Table 3 for details).

Table 2 presents those cases, in which ants were specially introduced into the
maze, without contacts with a scout. They were permitted to search for food for 30
minutes. If the maze had more than 3 turns, they usually failed to find the food during
this period. Such ants, checking the way towards their nest, often returned to the
bridge and began searching again. Note, that during all the experiments scouts were
specially introduced into the maze because their “leaf” checking to find the food was
usually unsuceessful,

Now, we shall present a thorough analysis of the experiments made in 1985 and
1986 on F. sanguinea. Table 3 gives the resuits of the “examinations”, when ants
visited the maze, after empty troughs had been placed there. We shall first prove the
existence of information transmission in ants. We compare Zero Hypothesis Hs
(foragers occasionally find a trough} with Hypothesis Hj (they find food thanks to the
received information), The probability of a chance finding of the correct way towards
the trough in the magze with 3 forks is (1. Table 3 shows that in three cases (lines
2, 3, 4) the groups of foragers failed to find the food; in 5 cases (lines 8, 9, 10, 12, 1%
1-3 ants were left behind the group and in 12 cases all foragers correctly reached
those “leaves”, where their scout had found food. In these experiments a correct
search can be considered a “success”, while an unsuceessful search, when the team
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Table 2. Searching for the trough by ants without preliminary contacts with the scout

Number of ants finding (A) and not finding (B) the trough
Species Sequence of the turns within 30 mins’
] A B
LLRL * 5 oww
RRLLR - L
F Wﬂi‘w RRLRL - F3
RRRRR - 3
RLRRRL - D wwe
LRRL » 8
¥ polyctena RRLR 1 6
RLLIR - i
LRRRL - 2 e
"Numerals mean the number of foragers and asterisks ~ the number of scouts.
Table 3. Reaults of the ¥ sanguinea “exams”
Sequence Foragers (aymbols)
No.; Date Scout | ofthe | achieving the sim | achieving the aim unsuccessful
turns | in a compact group |after some mistakes foragers
1120Dec’8s [ I RER 3,4,5,6,7,8,9 — -
2 1 20 Dec85 )i LRR - - 2,13
3 j 20 Dec'85 I LRR - - 11,12,34
4 5 Jan '86 I RER - - 4,13,15,18,17
B! sJan’86 : I RLR 2,13,18,18,20.21 - -
6 B Jan 86 i3 RRL 2,4,13,18,18,20 - -
7 § Jan 88 I3 RLL 2.4,18,19,20,24 - -
81 10Jan'86 ) IV LRL 25,26,28 29,30,31 -
g 10.Jan’86 w RLL 11,13,25,27 31,32 -
10 § 1¢Jan’86 v RIL 13,25,26,2% 81,32 -
11 § 13 Jan’86 Vi LRL 36,37,38 - -
12 | 13 Jan 88 VI LRL 36,37,38,3940 4142 -
13 | 12 Jen 86 VI LLR 38,39,40,41.42 - -
14 i 17Jan’86 Vi 1RR 37,43,44,45,46 e E
18 § 17 Jan 86 Vil L4 37,44,45 46 o -
18 | 17Jan’88 § VII RLL 47.44,45 - -
17 | 20Jan’86 | VIH 1iL 47,48,49 - -
18 | 20Jan’86 | VI LRI 47 48,49 50 - -
19 | 28 Jan 86 X LLR 4,12,51,52 53,64 -
20 i 23 Jan 86 X RLL 452,563 54 - -




