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SUMMARY

A series of experiments demonstrating the ant's ability 10 count al
least up to 60 is described. We consider that the ability 1o count and to
communicate effectively, based on language behaviour, demonstrate the
existence of intellect in ants. We also consider the theory of
superorganisms in the light of data, based on studies of ant inteiligence.

INTRODUCTION

The ability of elementary reasoning in animals, i.¢. their ability 10 abstract,
to extrapolate, 1o count, to plan their behaviour, and to wse the expericnce
gained in new situations, has long been a matier of interest to ethologists.

K. von Frisch (1914, 1923) was the first to use the method of
associative training of social insecis. Tere have been many studies of the
high mental capability of social insects and the complexity of their
communication. G Mazokhin-Porchnyakov and his co-workers have
convincingly demonstrated the aptitude of social insects for logich'l
operations (Mazokhin-Porshoyakov, 1968, Mazokhin-Porshnyakov et al.,
1984).

But there are conflicting opinions among ethologists on aspects of the
intellectual behaviour in social insects. MacFarland in "Animal behaviour”
(1985) says that the modern state of knowledge does not suggest psychic
capacities in the honeybee, as that seems fantastic. The concept of the
Superorganisms, forpotten in the sixies and seventies, now has been

fi3

revived, B, Holldobler and E. Wilson sugpest in their monograph "The
Ants” (1991), that this concept be resurrected given the present state of
knowledge and that ol should be possible to exiend the analogs of the
structural pans of the colony of social insect on to organs and tissues. The
modemn version of this concept is based on the complex integration of the
insect commuonity, which s related to simple onlogenetlic processes, since
the complex system appears o consist of very simple elements

One of the ways o progress in this field is 10 investigate the most
pronounced manifestation of the ability of reasoning, namely, language
behaviour. The dances of the honeybee, described by K. von Frisch (1923,
1965, are the most complex of the known forms of insect communication.
According to Menming (1979),"the world should admit that information as
a symbolic form s available not only o man, but (o such a modest creaiure
as the honeybee".

Our paper describes expenments concerned with the ant's aptitude for
transmitting information on the number of objects, in our case up to 60,
We have not investigated individual capacities, but have performesd
experiments on the communication system of the whole colony.
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Fig. 1 The setups: a vertical trunk  a ), & horizonal irunk (b ), and a circle { ¢ )

MATERIALS AND METHODS -

The experiments were performed in 1984 - 1985 and 1988, Anis lived
in the 2x2 m laboratory arena, in a transparent nesi, The colonies consisted
of 8OO - 2000 specimens, All experimental ants were marked with
coloured labels and fed once every three days only in the experimenial
setup. The experimental sctups, consisted of a long "trunk” with equally
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spaced branches, made of matches or thin buards, Zach branch ended in an
empty trough, except for one filled with syrup. The time needed for a scout
to transmit information on the number of the Jood- containing "branches”
was determined. The foragers of the species investigated (Formica
palyctena Foerst) scparated into teams of 3-8 specimens, each with one
scoul. As soon as the scow found food, o informed the forageing team. We
placed SCOUls, 0N the branch with the trough contaimng food, and the scout
returned 1o the nest on ils own. Sometimes the scobt conlacted 103 team at
once, and the group began moving towards the setup. In this case, afier the
scout contacted the foragers, we isolated the scout and the foragers had to
search for the food by themselves. Bul more often, afier the scout returned
1o the nest, it left it and returned 1o the troegh alone. Sometimes it made
errors and only found the food-containg trough alter visiting some emply
ones. Then it returned to the nest again, contacted the team, and either
remained with the team or lelt it. In the first case, the scoul was isolated,
while in the second case, we performed the experiment repeatedly.
Sometimes the scoul had 10 make vp to four trips before it could mobilize
the foragers. In all cases of mobilizalion, we measured the duration (in
seconds) of the conlact between the scout and foragers in the nest. We
considered the beginning of contact 1o ocour when the scout touched the
first forager ant, while we ok the end of contact 1o be the momem when
the nest was abandoned by the first two foragers, Conlacts were followed
often by numerous antennal movemnenls. Scouls contacled one 1o four
foragers in turn, sometimes two simuliancously. When the scout repeatediy
returned 1o the trough alone, we measured each of its comtacls with
foragers. Only 1he duration of the last contact, followed by the foragers'
abandonment of the nest, was taken inlo account.

During comtact of scout and forager in the nest, the experimental setup
was exchanged for a similar one 10 avoid the use of an odour irack by the
ants, During the experimens, woughs were placed on the branches at
random: in the first series (Table 1), the food was in branch N10; in the
second one, in the branch N44; etc., so that up o 4 teams aclive that
particular day were working on a given branch. Foragers of other teams
were nol permitted to visit the experimental setup during this series. The
design of the experiments permitted us to control differences in the
duration of information transmission on the number of the branch.
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RESULTS AND DISCUSSION

A number of scouls turncd oul 10 be unable to transmit the correct
information o the number of ihe {ood-conlaining branch: some foragers,
after being contacled by these scouls, failed to find the corrcct path at
once; their "incapable” scouis wore removed from the setup.

Groups which successfully found the way o the trough did not show
any significant differences in the duration of information transmission of
the number of branch, and thus the data for all 1eams were combined, Note
that of the 26 teams which panicipated 1n the experiments, scous of 19
teams successfully wansmitted the information on the branch number and
that 7 wams falled 1o do this. Fifleen series of experiments with five scouts
and ther lcams were performed in the seiup with vertically distribuated
branches {"vertical trunk”, Fig.la). To study whether the duration of
mformanon transmission of the branch number depends on the branch
length as well as on the distance between branches, we carried oul a
similar series of experiments {16 in total) on the vertival trank with
branches five times longer and twice as far apart. To exclude the
dependence of the duration of information transmission on the form of the
setup, ils spatial orientation, ete., 30 experiments were performed on the
horizontal setup ("horizontal wrunk”, Fig. 1b) and 38 on the circular seiop
"circle” (Fig. Lc).

Anls came to poinl A on the circle and 1o the ipitial point of horizontal
trunk via a bridge (the setup was mounted in a cuvette with waler 1o avoid
the ants moving in a straight lineg). Data were obtained as for the "veriical
trunk”, i.e. setup 1 {Table. T).

Twenty six teams (5 in 1984 and 21 in 1985) worked in four setups. In
total, the teams abandoned the nest afier they were conlacted and moved
towards the trough 130 times. Note: we specially removed the scouts. In
99 cases the team immediately found the correct path to the trough,
without making the wrong trips (o emply troughs.

In the remaining cases, anls came 10 the empty troughs, and began
looking for food by checking neighbouring branches. We did not include
these cases later in the data. In all experiments (31 in total), foragers failed
to find the food-containing trough when "incapable” scouts were working,
Such scouts were experimentally removed from the working part of the
Arend.
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spaced branches, made of matches or thin boards. Cach branch ended in an
empty trough, except for one filled with syrup. The lime needed for a scout
to transrait information on the number of the food- containing "branches”
was determined. The loragers of the species investigated  (Formica
polyctena Foerst) separated into teams of 5-8 specimens, each with one
scoul. As soon as the scoul found food, it informed the forageing eam, We
placed scouis,on the branch with the trough contaiming food, and the scoul
returned to the nest on its own. Sometimes the scoul contacted i1s team at
once, and the group began moving towards the setup. In this case, afier the
scout comacied the foragers, we isolated the scout and the foragers had 1o
search for the food by themselves, Bul more often, afer the scout returned
to the nest, it lel it and retumed 1o the trough alone, Sometimes i made
errors and only found the food-containg trough after visiling some empty
ones, Then ol returned to the nest again, contacied 1the team, and cither
remained wilh the team or lefi it In the first case, the scoul was isolated,
while in the sccond case, we performed the experiment repeatedly.
Sometimes the scoul had © make up 0 four trips before it could mobilize
the foragers. In all cases of maobilization, we measured the duration (in
seconds) of the contact between the scout and foragers in the nest. We
considercd the beginning of contact 1o vocur when the scoutl touched the
fiest forager ant, while we 100k the end of conract 10 be the moment when
the nest was abandoned by the first two foragers. Contacis were followed
often by nemerous antennal movements. Scouts contacted one to four
foragers in turn, sometimes two simullancously. When the scout repeatedly
returned to the trough alone, we measured each of its conlacts with
foragers. Only the duration of the last contacl, followed by the Toragers’
abandonment of the nest, was taken inlo account.

During contact of scout and forager in the nest. the experimental setup
was exchanged for a similar one to avoid the use of an odour track by the
ants. Doring the experiment, troughs were placed on the branches at
randoem: in the first series (Table 1), the food was in branch N10; in the
second one, in the branch N40; etc., so that up o 4 (eams active that
particular day were working on a given branch. Foragers of other teams
were not permitted 1o visit the experimental setup during this series. The
design of the experimenis permitted us to control differences in the
duration of information transmission on the number of the branch.
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RESULTS AND DISCUSSION

A number of scouts wimed oul 10 be unable 1o transmit the correct
information on the number of the (ood-containing branch: some forapers,
after being contacted by these scouts, failled o find the correct path at
once; their "incapable” scouls were removed from the setup.

Groups which successfully found the way 1o the trough did not show
any significant differences in the duration of mformation iransmission of
the number of branch, and thus the daia for all teams were combined. Noe
that af the 26 teams which participated in the experiments, scouls of 19
teams successtully transmitted the information on the branch number and
that 7 weams failed o do this. Fifieen series of experiments with live scouts
and their tcams were performed in the seiup with vertically distributed
branches ("vertical trunk”, Fig.la). To study whether the duration of
nformanon transmission of the branch number depends on the branch
length as well as on the distance belween branches, we cartied oul a
similar series of experiments (16 in 1otal} on the wvertical trunk with
branches five times longer and twice as far apart. To exclude the
dependence of the duration of information transmission on the form of the
setup, its spatial orientation, elc., 3 experiments were performed on the
horizontal setup ("horizontal trunk”, Fig. 1b) and 38 on the cireular setup
“circle” (Fig. 1c),

Anis came to point A on the circle and to the initial point of horizontal
trunk via a bridge (the setup was mounied in a cuvetle with waler 10 avoid
the ants moving in a straight line). Data were obtained as for the “vertical
irunk”, 1.e setup 1 (Table. 1).

Twenty six teams (5 in 1984 and 21 in 1983 worked in four setops. In
total, the cams abandoned the nest after they were contacted and moved
towards the trough 130 times. Note: we specially removed the scouts. In
99 cases the team immediately found the correct path w the trowgh,
withoul making the wrong trips to emply troughs,

In the remaining cases, ants came to the empty troughs, and began
locking for food by checking neighbouring branches, We did not include
these cases later in the data. In all experiments (31 in total), foragers failed
1o find the food-containing trough when “incapable” scouts were working,
Such scous were experimentally removed from the working part of the
arena.
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!k 1. The resulis of expenments i the “vertical ank 17

Exp. Drare Mumber of Dration Working
nurmber food-cont. of scout- team
hranch foraper contacis numiber

] 1L KIL I 41 |
2 10.%11. 14 40 1l
3 10 XI1. Ly 45 it
4 14.X11. 40 300 I
5 14.XI11. 40 280 X
4] 17 X110 13 o) I
7 17.XI1L 13 08 |
bl 17.XIT. 28 110 in
9 17.X11L 28 120 X
10 19. %15, 20 120 X
11 19, %11 20 11 L]
12 19.XIL 35 260 1]
13 19.X11, 35 250 X
14 23 XIL 0 1600 !
13 23. X1 A0 170 11

" Since all setups had no less than 25 branches the probability o find
the correct trough randomly is less than 1/25. Thus, the ratio we oblained
experimentally can only be accounled [or by informanon transmission
fram scouts, We noie thal ihe probability of finding the food-containing
treugh randomly in 90 cases out of 130 s less than 10417,

In addition, anis, including scours, placed in the setup, withoul having
information on which trough contained food, usuzlly failed to find the
food, even though they actively searched for i

Data oblained on the setup "vertical trunk 1" are shown in Table. 2.
The relation between the number 1 of the branch and the duration t of the
contact belween scout and foragers is linear and described by the equation
i = ai +b. The coefficient of correlation between t and i is high (Tabl. 2).
These parameters were also measured for ather setups (Table 2).

On the “circle”, the food-containing branch was numbered from the
point A counting clockwise, because i all cases the foragers moved only
in this direction, even when the counter-clockwise path was much sharter;
we do not know the reasons for this.
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Table 2. Values of correlation () and regresson {&, ) coefficients.
Typoof  Sample Maxigum
s::ﬂfp SR P number of r a=oa b+ ob

branches
Vertical 15 40 093 73+41  -288%0,51
trunk
Wertical 12 & GO0 S5EE+044 -17,11=065
trunk
Horizonial 30 25 0.91 554411 2222206
trunk
Circle a8 25 o8 H,62+052  -244+0061
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It is interesiing thal on the "vertical irunk” after contact with the scou
foragers climbed quickly to the upper end of the runk, and ihen slowly
returned to the food-containing branch; thus we numbered the branches
starting from the upper end of the trunk.

We can conclude that, ants are capable of at least limited counting and
that their "lanpuage” allows them 1o ransmil numbers. The fact, that the
dependence of the length of time t (o transmil information on the number i
of the branch is well-described by the cquation © = ai + b, The similarity
between the values of a and b for the various numbers | is suggestive of the
ant's ability 1 transmit information about the nomber of the branch.
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