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"The greatest enemy of ants are other ants, just as the greatest
enemy of men are other men...... A strong colony tries to enlarge
its domain at its neighbour's expense - to reach their meadows,

their trees, etec. This is the source of wars."

Auguste Forel, 1928,




The interspecific aggressive behaviour of some British ants of
the genera Myrmica and Lasius was investigated. Since ants exhibit

great variability in their behaviour the main part of the study was

-~

concerned with a comparative, numerical analysis of interactions be-

tween individuals in controlled laboratory conditions.

Interactions were investigated between individuals and between
entire colonies of M. scabrinodis and L. flavus under various exper-
imental conditions. In.this way it was possible to examine a number
of factors that were believed to influence aggression such as age,
hunger, number of combatants, place of interaction, relative colony
size, etc. The experiments have shown how the behaviour of M. scabrinodis
is adapted to living near to hostile L. flavus .colonies, and the
ecological relationship between the two species in terms of predation
and competition in their common, naturally - occurring 'compound'

nests 1s discussed.

The behaviour of individuals of M. scabrinodis was exémined towards
five different ant species that occur in the same habitat. A numericalﬁ
anéiysis of the interactions has shown that the intensity of fighting
is usually greater in intra- rather than intergeneric encounters.

Intraspecific combats are of long duration but, however, lack severity.

The individual behaviour patterns of six closely - related species'
of the genus Myrmica were investigated in intéractions with the same
opponent species, L. flavus. The behavioural rela£ionship of the species
to one another was found to be similar to the taxzornomic oné.- However,
an exception to this general pattern stressed the need to consider the

ecological position of the species in such comparisous.



Finally, the study has shown that several types of responses
shown by ants in interspecific interactions must be considered and
more than one measurement of these responses may be necessary to

gain a true assessment of the aggression present.
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CHAPTER 1

GENERAL TNTRODUCTION




GENERAL INTRODUCTION

"Competition refers to the interaction of 2 organisms striving for
the same thing" (Odum, 1953). The ant colony may be regarded as a
superorganism (Wheeler, 1911). Ants compete fiercelf when eithgr food
or nest site is limited. Competition for these resources is reviewed
by Brian (1965, page 78). Aggressive behaviour in ants is a widespread
and fundamental mechanism employed in both intra and interspecific |
coﬁpetition. Much of the competition takes the form of overt fighting.
Fighting between different colonies may be fierce, freguent and long—
lasting. Many ants will eat other species — half the prey of Formica
subnitens, for example, consists of other ants (Ayre, 1959). Fighting
and mortalities may also result from interfefence Esee Park, 1954)
between neighbouring colonies. Many aggressive interactions have begen des-
cribed in the literature (see Forel, 1928,v.2, page 59; Brian, 1965,
page'78; Wilson, 1971, page 451) yet surprisingly few observations have
involved a quéntitative analysis of the behaviour. Holldobler (1976)
has examined fhe length of individual fights bet&een ants in the field.
Pontin (1960) has recorded the survival periods of LaszZus #niger and
L. fiavus%alate queens in each others' nest. Bhatkar et al t1972) es—
tablished a simple confrontation index between L. neoniger and éolenopsis
saevigsima by counting the number of deaths produced from different
ratios of combatants. Even fewer studies have cgnsidered the actual
responses shown by interacting individuals. Wallis (1962a) analysed
the aggressive behaviour of F. fusca for 4 responses by their frequency
of océurrence. De Vroey (1979) has recently carried out a similar study

on Myrmica rubra.

\
"A

One of the main aims of this thesis is to undertake a more complete
and detailed examination of the interspecific aggressive behaviour of

some BrLLish ants that commonly occur in the same habitat. This was



attempted by analysing 16 responses shown by ants in interspecific
encounters using 3 measurements of behaviour: occurrence, duration and
latency. These 3 measurements are frequently used in behaviourai
studies (Bevan et al,1960; Hazlett and Bossert, 1965, Dingle, 1§69;
Gipps, 1977). Additional information was obtained by taking notes, by
a temporal analysis, and by counting the number of deaths resulting
from behavioural interactions. It was hoped that by such a rigorous
analysis that a critical assessment of the measurements of aggression

could be made.

Many factors such as hunger (Marikovsky, 1956, 1962b; Wallis,
1962) and temperature (Wallis, 1962) propulation size, food availability and
time of year (De Bruyn, 1968), etc., may influence aggression but because
of the lack of detailed studies in carefully controlled conditions they
are poorly understood. The studonf aggressive béhaviour is further
complicated by the great variability of individual behaviour within a
colony (see Wilson, 19717page 156). It was, therefore, necessary to carry out
comparative studies of interspecific aggressive behaviour in cqntrolled
labcratory conditions. Furthermore, berausz of the variability and
comp}exiéy of group interactions it was decided that encounters of a

comparative nature should be examined between individuals.

The thesis consists of 6 chapters. The first one is this General
Introduction. Chapter 2 describes the materials and general method for
pair eﬁcounters. The following three chapters, 3, 4 and 5, are the
experimental ones. Chapter 3 investigates the behavioural relationship
between the ants, M. scabrinodﬂé and L. flavus. These 2 species are
frequently found living'together in the same nest mound in the wild. In
view of the hostility generall& found between different ant colonies,

which leads to overdispersion when a resource is limited, their

behavioural relationship was of particular interest. Behavioural



interactions were first examined between individuals and then between
entire colonies of each species. In this way it was hoped to gain

a better understanding of how individual behaviour patterns are organised
into more complex functional roles in group behaviocur. The experiments
of this chapter were also designed to investigate some of the more
important factors that might influence aggression such as age, hunger,

place of interaction, and relative colony size of the interacting species.

Chapter 4 investigates the variability in aggressive behaviour due
to the type of opponent encountered. A comparative analysis was made
of the behaviour of individual M. scabrinodis towards individuals of
4 other species that live in the same habitat. Brian (1965) states that
intraspecific competition is more fierce than interspecific competition
at a food site and that taxonomically remote species are less likely
to meet each other here. The experiments will rEfiect any inherent,

and perhaps learned, differences in behaviour of M. scabrinodis towards

its different opponents.

The fifth chapter examines the individual behaviour patterms of 6
species of the genus Myrmica to a standard stimulus, L. flavus. Closely ‘
related species are often compared and classified by their morphological
characters. Behaviour has no fossil record. By a comparative analysis
of the individual behaviour patterns, it is hoped to gain a better
understanding of the relationship of species within a genus to one another

and perhaps also of the evolution and function of: the behaviour.

Discussions appear at the end of each of the 3 experimental chapters.
Chapter 6, the General Discussion, relates the 3 chapters to one another

and deals with any points left outstanding.



CHAPTER 2

MATERIALS AND GENERAL METHOD




1. Animals Studied.

6 Myrmica and 3 Lasius species were used in experiments. These
were: M. scabrinodis Nylander, k. sabuleti Meinert, M,schencki Emery,
M. rubra Linnaeus, M. ruginodis Nylander, M. sulcinodis Nylander, L. flavus

Fabricius, L. miger Linnaeus, and L. umbratus Nylander.

. Colonies oflM. scabrinodis, M. rubra, L. flavus and L. niger were
obtained from the grounds of the Department of Zoology, Royal Holloway
College, Egham, Surrey. The habitat and distributicn of ants in this
area has been described by Pontin (1969). An additional nest of

M. scabrinodis was taken from chalk grassland at Chalton Hill, Hampshire.

The ant M.ruginodis was taken from the 'Great Wood', Callow Hill,

Virginia Water, Surrey.

Nests of M. suleinodis came from the heath at Arne, Dorset.

Colonies of M. sabuleti were found in chalky grassland areas of

the Chilterns near Christmas Common, Oxfordshire,

Three nests of Mschenck? werc obtaired from Temmdller, Zyland,

]

Denmark. The ant was abundant in this area and inhabited a light soil,

often among colonies of L. flavus.

A colony of L.umbratus was acquired from the heath at Chobham

Common, Surrey.

A fuller account of the habitat and distribution of these ants
is given by Donisthorpe{1927), and a distribution atlas is compiled

by Barrett (1977).



2. Laboratory housing of the animals.

Colonies of the above species comprising workers, - phys ogastric
queen and brood, were excavated and transferred to artificial nests
where they could be observed and manipulated more easily. A variety
of artificial nests has been designed (Brian,1977;TC%uvin, 19723
Pontin,1962; Skaife,1961). The type chosen for use in this study is
illustrated below in Figure 1. The nest area was made of either
plaster of paris or cement, depending on the moisfure requirements of
the species. A plastic sandwich box was used as a foraging area and
this was connected to the nest by a transparent plastic tube. A band
of polytetrafluorcethylene (Fluon) was smeared around thevsides of the
foraging area to prevent the ants escaping. Food was always readi1§
available to the ants. This consisted of a 5 - 107 soln. of sugar and
honey. Concentrations higher than this could h;ve caused the anté to 'dry
up' afterwsrds (Brianm, 1977). A small amount of D. melezytose dihydrate
power was added to the carbohydrate solutions to improvg,taste and
acceptability (Pontin, 1978). Protein was supplied to the ants in the
form of adult Drosophila melanogaster and pupae of Tenebrio sp. A 'complete
synthetic diet' for ants is given by Ettershank (1967). Feeding habits

have been reviewed by Straéling (1978). - The stock nests were housed in

a basement room where experiments were later performed.
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3. General method for pair encounters.

3.1. Apparatus.A

(i) The experimental arena,

The place of intéraction between ants was considered to be a
ver& important factor influencing aggression. All experiments of
a comparative nature were, therefore, cafried out in a standard
situation. Experimental arenas were made for this purpose (plate 1 ).
Two arenas, each measuring 5 x 2 x 0.5cms, were machined, side by side,
out of a perspex block. The arenas were connected to each other at
one end but could be separated by a sliding partition. The.roof

of the arena consisted of a small sheet of glass.

(ii) The recording apparatus.

A ten channel ink-pen event recorder*was chpseﬁ to recora the
behavioural responses of animals in interspecific encounters. This
type of recorder was relatively much cheaper than ones with more re-
cording channels. It was possible by 'pairing' some channels and

varying signals to record the 17 responses that were required.

A keyboard with io.switches was made to transfer visual observations
of-behéviour manually onto the permanent record of the recorders paper
chart. 7 keys were 'lever type' microswitches**aﬁd had plastic discs
glued on the ends of.the levers. 3 keys were 'push-button illuminated latching
switches' which were useful in monitoring responses of long duration

(e.g. locomotion.). 3 relays were needed in conjunction with the latching

switches as the latter had a low current carrying capacity.

A mains driven power pack was made to supply the 12 volts direct

_current that was required by the event recorder and relays.

The keyboard, powerpack, event recorder and paper chart are shown B

in plate 2 .

% - (Aero Services Ltd, Type H30)
*% (R.,S. Components Ltd)



PLATE 1. The experimental arena.

AW fP*

PLATE 2. The recording apparatus.
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The recorder was run at a speed of 3 em per minute. A sequence
of occurrences could then be distinguished when separated by only }

a second and the chart was kept to a convenient length.

3.2. Procedure

Interactions between 2 species of ant were examined in the ex-
perimental arena. One ant of each species was selected (see33(9) )
by'presenting it with a soft artist's paint brush onto which it climbed
and transferred from the foraging area to a separate arena of the
appafatus. In this way the possible risk of injury was minimised.
The animals were introduced into the arena from above and a piece of
glass was slid over to prevent them escaping. Although great care
was taken when moving the animals, because ants are sensitive to eveh
the slightest disturbance, a settling down period was thought to be
necessary befofe each experimental encounter. The time required by the
ants to settle down in this particular apparatus was found by examining
their rate of activity in the open field (see32.1.1, ). A 15 minute
period -was considered suitable for this purpose. The partition separating

the 2 arenza

0n

was carefully removed after the adjustment period so that

’ the_gnts could meet one another, by chance, during exploratory activity.
The partition was closed when the ants met and‘the ensuing behaviour
between the unfamiliar pair wﬁs oBservea within 1 arena for a 30 minute
period. The behaviour of one species was recorded in detail using the
event recorder. Whenva response was seen to occur the relevant switch
on the keyboard was depressed and sustained for the dufation of the
response. The responses recorded on the paper chart were later examined
by hénd‘and 3 measurements of behaviour were taken. Notes on the be-
haviour of both species were taken where appropriate. Ten feplicate
trials were done for eéch experiment. Species A was introduced into 3

the arena occupied by species B in 5 trials and vica versa in the other

5 trials. Any difference due to this factor was investigated. Both
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ants were placed in a small glass tube (5 x 1ém), containing a piece
of damp tissue paper to prevent desiccaticn after the encounter and
left there for 24 hours. Their health was noted at the end of this

period.

3.3. Variables controlled.

The following conaitions were observed in addition to the place
of interaction, food state and settling down time mentioned above:
1) The temperature in tﬁe experimental room was maintained at 2000_1'100
by a fan heater*. Brian (1977) suggests this to be an ideal temperature
for Myrmica culture. The ants were soon thought to habituate to the
continual noise produced by the heater.
2) No windows were present in the experimental room. Lighting was.
kept constant. The light was governed by a time switch,**and a 60-watt
bulb shone from 6am to 9pm daily. Rhythms in ants are discussed by
Grabensberger (19335, Ayre (1958); Harker (1961) and Sudd (1967).
3). Pieces of thick sponge were placed inbetween parts of experimental
‘apparatus to reduce land—borne sounds to whiph ants are particularly
sensitive. |
4) Encountérs were between unfamiliar péirs and so each ant was only used
in one experiment.
5) Only animals that seemed to be in g;od health were selected.
6) Experiments were performed between 10am and 4pm.
7) The arena and paint brushes were thoroughly washed in hot water and
detergent, rinsed and dried after each experimenk.
8) Myrmica ‘species are relatively monomorphic while Lasius show a greafer.
'deg;ee of polyﬁorphism. >0n1y indiyiduals of each species of comparable

size and headwidth were chosen.

* : . i
Sunvic controls Ltd., Type F102-3,

*
Verner Auto Point serial No. HH9440.
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9) It is well known that workersbof é nest may differ great1y<oh their
behaviour. The ants were placed iﬁtp discrete. ethal groups.based on
3 criteria : |
a) Age - Myrmica workers were aged according to the degree‘of cuficle
pigmentation. This method was also used to give a rough idea
of the age of the LasZus species. This technique has been used
in Myrmica by Weir (1958) and Tricot (1974a). The different
melanic groups recognised in M. scabrinodis and L. flavus are
shown in plates 3 and 4.
b) Location - Ants were chosen according to where they were
found in the colony. That is: 1) in the foraging area, 2)'inside
the nest and away from the brood, 3) inside the nest and near to
the brood. Location of an ant has been shown to be related to
aggression by Dobrzanska,. (1959). Age méy also be related to
location (Otto, 1958).
c¢) Aggression - Ants were chosen depending on whether or not they

attacked the artist's brush presented to them.

The pair encounter experiments investigated the bzhaviour of the
older, most deeply pigmented ants that were found in the foraging

area and that attacked the artist's brush.

Some experiments investigéted the behaviour of younger Myrmica and
Lasius taken from inside the nest,which did not usually attack the

paint brush. A special note is made where this occurs.

.

3.4, Categories of Behaviour.

Prior observations of interactions between ants indicated that the
behaviour could be classified into several distinct respconses (acts).
A description of the acts is given below. A note was made when a s

particular species performed a given act in a slightly different manner
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PLATE 3 Pigmentary (ethal) groups of Myrmica scahrinodis,

PLATE 4. Pigmentary (ethal) groups of Lasius flavus,
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‘to that described.

1) MEET. An encounter involving recognifion*and either contact or
close proximity of the individuals to one another.

2) APPROACH, Encounters were often a result of chance meetings during
locomotory activity, APPROACH is the recognition and deliberate
movement by one species towards the cother. |

3) AVOIDANCE. This is the recognitidn and deliberate mcvement by one
species away from the other. The action is often jerky and may involye
a sharp withdrawal of the antennae or Body.

4) THREAT. The ant’s head is raised, its jaws are open and the posture
is directed towards the opponent. The antenunae are usually held forward
but their actual position and state of activity is variable. The legs
are often spread and the body has an elevated posture.

5) LUNGE. This behaviour invclves a short rapid forward movement of the
body and the ant attempts but does not succeed in biting its opponent.
The action may be feeble and the jaws only partly open before the
strike, - |

6) BITE.  An attack in which the ants mandibles hold the oppoment for

a duration no greater than one second.

7) SEIZE. An attack in which the ants mandibles hold the opponent fof
any duration greatér than one second. ’

8) DRAG. This behaviour is exhiyited when SEIZE is combined with a
locomoﬁory element. Intended dragging, where the opﬁonent resists

the active pulling of the aggressor, is also included in this category.
9) §2§§§. This behaviour occurs with either the SEIZE or DRAG resﬁonse.
The abdomen'is curled beneath the body inbetween‘the 1egéland its tip
is pressed aéainst‘the.opponent. Whether or not the sting is actually

everted or contents emitted is not recorded..

* o .
Recognition usually occurs when the ants are within S5cms of one another.
It is judged to take place when an ant stops and shows direct orientation
of the antennae towards the opponent. '
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10) CHASE. .The rapid pursuit of one individual by ancther immediately
after a meeting is termed CHASE. The antennae are active and the

jaws are held open in this response.

11) FLEE. This is the rapid locomotion by an individual after a meeting
away‘from its opponent. The antennae are active and the jaws are closed.
12) GROOM. Any self-cleaning movements performed by the animal are scored
as GROOM.

13) LOCOMOTION. Any walking movements performed by the animal other

than DRAG, CHASE and FLEE.

14) ABDOMEN-CURLING IN LOCOMOTION. The abdomen is flexed beneath the body

during fast locomotory activity. The response is shown by only 2 species
to any extent.’

15) STILL. The ant ceases its activity and remains motionless for a
period of time. The behaviour is usually shown in the presence of an
opponent. Various férms of the STILL response are shown by the ants

but in a}l cases the jaws are closed. All forms are recorded as the

STILL response and a déscription of each is given in the relevant seétions.

16) ABDOMEN-CURLING. The abdomen is curled beneath the body and the ant"

remains motionless with jaws clcsed.

Both the STILL and ABDOMEN-CURLING responses are sometimes referred to
as the 'passive responses!

17) CONFLICT. This fesﬁonse is scored when either the STILL or ABDOMEN-
- CURLING acts are showﬁ»but"with the jaws open. The word 'CONFLICT'

is a description of the ant's posture and no attempt is made at fhis

stage to interpret the motivation or intention of the animal.

Acts written in capital letters in this thesis refers to ‘the actual
definitions given above, otherwise the general -. . » meaning cf the

word is intended.

3.5. Measurements of the behavioural responses.

The following 3 measurements were used to record the responses shown
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by the test animal in experimental pair encounters 3

1) Latency. The time interval (in seconds) from the beginning of

the encounter to when the behavioural response first occurred.

2) Occurrence. The total number of times that a behaviour occurred in
the encounter.

3) Duration. The total amount of time (in seconds) spent performing

the behaviour in the encounter.

3.6. Statistical analysis.

The encounters were of finite length and sometimes responses were
not shown by animals in some replicate trials. The zero scores were
meaningful and had to be included in the analysis. Thus the results
were frequently not normally distributed. Transformations were in-
vestigated without success. Non-parametric statigtics were, therefore,
necessary.

(i) Temporal patterning.

The temporal patterning of each of the 16 responses shown by test
animals in the 30 minute experimental period was examined for both

occurrence and duration using the Friedman 2-way Analysis of yariance

*

test. The encounters were divided into 6 x 5 minute periods,and the

scores shown in each period for the 10.replicate trials were compared

with each other. A 10 x 6 matrix was therefore analysed.

.

(ii)Comparison of 'pair encounters'

The responses shown in 2 types of experimental encounter were
%
compared with each other using the Mann-Whitney U test. The scores
from the 10 replicate trials of each encounter were compared for

each response and for each of .the 3 measurements of behaviour.

% Siegel,1956.



, =16=

(1ii) The CONFLICT response.

a) The amount of time that an ant spent performing CONFLICT behaviour
in the MEET and INTER-MEET periods was examined by the Wilcoxon paired
rank test? The écores from the MEET and INTER-MEET periods wefe'first
expressed as a percentage of the total durationm of the respective
periods. The Wilcoxen test was then used to rank the values of only
the replicate trials that showed the CONFLICT behaviour. A trial

where the ant did not perform CONFLICT was excluded from the analysis.

b) The CONFLICT response was sustained after a meeting by some animals.
The termination or further sustainment of the response on the arrival
of the opponent was analysed by the Binomial test® Animals from
replicate trials that did not sustain the behaviour iﬁ the INTER—MEET

period were excluded from the analysis. ‘ ~

Other statistical tests used infrequently are given in the relevant
sections. Statistical tests employing the Friedman 2-Way Analysis of
Variance and the Mann-Whitney U test were carried out usiﬁg a computer
because of the large amount of data involved. Programs for each test
were written and all-raw data was transferred onto punched cardé for the

analysis.

xsee Siegel, 1956.



CHAPTER - 3

BEHAVIOURAL INTERACTIONS BETWEEN M, SCABRINODIS AND L, FLAVUS’.:
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1. Introduction.

A brief account follows on the ecology and habits of M. scabrinodis
and L. flavus which is thought necessary before considering the re-

lationship between them.

L. flavus, the 'yellow hill' or 'turf' ant is typically found
in dry, sunny situations (Donisthorpe, 1927; O0'Rourke, 1950; Gasper,
1971). The nests are often large and may contain 10,000 (Odum and
Pontin, 1961), 24,000 (Waloff and Blackith, 1962) or even 100,000
(Nielsen, 1976) workers. Colonies may occur in very high densities —
distribution studies have ﬁeen done by Waloff and Blackith (1962),
Gallé (1972) and Elmes (1974). The ant is a very proficient builder
and constucts large nest mounds, elaborate in structure, to gain a higher
nest temperature for brood development. The ant may also nest beneath
stones (Wilson, 1955). "The mound is the centre of a feeding ferritery
(Carey and Diver, 1937; Pickles, 1937) which is considered by Poutin
(1961) té be essentially.Z dimensional. L. flavus is a completely sub-
terranean species and feeds on a ﬁariety of root aphids in this territory
hem (Pontin, 1953), The

Do Ly T
B

by taking their honeydew and by preying ocn t

ants, therefore, rarely venture above ground.

M. scabrinodis, like L. flavus, prefers t6 nest in dry,warm,'sandy

" places (Wasmann,1891; Donisthorpe; 1927; O'Rourke, 1950; Gaspar, 1971)

although the species shows a wide range of tolerance (Elmes, 1955).

The colonies are much smaller in size than those of L. flavus. Elmes

finds nesté of 200 - 300 wbrkers to be the most common but emphasises

that great variation exists. Pickles (1936) has recorded nests of

260 - 2,000 workers. The distribution of this ant has been described by Donis-

thorpe (1927). M. scabrinodis may build small nest mounds to a height

of around 5cms. (Brian, 1958) but the ant is usually found in exposed o
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places, on heaths and banks, beneath stomes and in the nests of other
ants. Although the ant feeds to an extent on undergrbund aphids, mich~
of its foraging is done above ground where it feeds on both aphids and

insect prey (Pickles, 1936).

M. scabrinodis has for a long time been known Eo inhabit the
same nest mound as L. flavus. (Gould, 1747; Smith, 1855; Freyer, 1913;
Donisthorpe, 1927; Pontin, 1969). The 2 species are often found nesting
together beneath the same stone (Farren-White, 1883; Donisthorpe,
1902). The Myrmica can, and often does, live independently. Most
authors agree ﬁhat the red ant lives in a distinct part of the L. flavus
nest and that their quarters are quite separate. Donisthorpe (1902)
reports that if the stone is removed from their nest, thus exposing‘
the ants to each other, the 2 species will fight. Further indication of
hostility between the 2 species is present in tge literature.Forel (1928)
and Donisthorpe (1913) have recorded the build-up of large numbers of
L. flavus head capsules ﬁn the refuse pile of the red ant. 0'Rourke
(1950) states that M. scabrinodis will rob L. flavus nests and kill the
workers for food. Pontin (1969) removed M. scabrinodis nests from
L. flavus mounds and found a significant increase in glate queen production of
L. flavus there the following year. There is, therefore, strong evidence
to suggest that M. scabrinodis is preying on L. flavus, but the re- -
lationship between the species may be a more complex one. A comprehensive

review of the different relationships of ants in both 'compound' and

'mixed' nests is given by Wilson (1971).

The following experiments in this chapter were performed to in-
vestigate the relationship between M. scabrinodis and L. flavus, to study the
individual and group behaviour patterns of the ants and to examine some

of the factors which might influence aggression. .
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!

2.1.1. Introduction,

Much importance has been placed on exploration in studies of verte-

brate behaviour (Nissen, 1954; Thorpe, 1963; Harlow, 1954; Butler, 1960).

Locomotion has been much used as a measurement of exploratory
behaviour in both vertebratés (Montgomery, 1953 and 1954; Berlyme, 1955
and 1960) and‘insects (Darcheén-, 1952 and 1955). Gross locomotory
activity without reference to spatial characters is commonly used in
the 'open field' (Thompson, 1953). Three experiments were done to examine

the exploratory activity of M. scabrinodis and L. flavus.

In the first 2 experiments, the rate ofvlocomotion is employed
to investigate the exploratory behaviour of M. scabrinodis and L. flavus.
The experiments are carried out in an 'open field' situation. This is
the experimental arena in which interspecific aggressive encounters were
later performed. The experiments were performed for 3 reasons:
a) To investigate and compare the activity rates of individuals of the 2
species in the open field;
b} To cempare the acéivity rates of sclitary ants with that of ants in
pair encounters.
c) To determine the length of time that the animals would need to»adjust‘
to the new enviromment (arena),.

The ants could then be given this 'settling-down' time in pair encounter

experiments before being introduced to each other (see 'General Method',

page 7 ).

The third experiment investigates, both qualitatively and quantit-

atively, the various responses shown by solitary M. scabrinodis and L. flavus

during exploration of the arena for both old and young workers and also

A\
A

Y

analyses the groomingAbehaviour of M. scabrinodis in detail.
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2.1.2. Locomotory rate of solitary workers

(i) Method.
The locomotory rate of solitérf‘workers of M. scabrinodis and L. flavus
was investigated in the experimental arena. An ant of oldest age group
was taken from its foraging area and placed in the arena. The glass
roof of the arena had been marked into 5mm lattice squares. The number
of squares that the animal entered per minute were recorded for a 30
minute period. The ants were sometimes statiomary (e.g. still or

grooming). Only the actual locomotory rate was considered. Thus:

Activity rate = No. of squares entered x 60

Time (secs. per min.) spent
performing locomotion

The locomotory rate was examined for 10 individuals of each species;

(ii) Results.

The mean activity rates of solitary M. scabrinodis and L. flavus
in the open field (arena) are displayed in Figure 2 . Both‘species
performed locomotion persistently throﬁgﬁout the 30 minute period, The
graph shows that the.activity rate of each species was high initially
and that this decreased with time. There appears to be little change
in the rate of activity in both species after around 15 minutes. A
15 miﬁute period was, therefore, judged to be adequate for the ants to

settle down in the arena before experimental encounters (see 'General

Method', page 7 ).

The activity rates of the 2 species were found to be significantly
* - , . g :
different from one another (p<0.001, t =389..%, df = 58 ). The speed

of L. flavus was almost twice that of M. scabrinodis throughout the

.experimental period. ‘

*
Students t-test.



. - *(01 = u) JI9Yylo yoed YiIm

’

s193unodua 1Ted ul uaym pu® ‘QUOTE USYM STENPTIAIPUT Snapyf °*7 PUB SIPOULIGDOS ‘j FO @31 A1030WOD0T UBS 7 HINIII

(223unoous ated)

S1pouUrIquos *p

(A1e31108)
SIPOULIGVOS "
(£1e31708)

snavyf 7

-21-

(I33unooua ited)

snavyf 17

el

L (sulw) JNiL
o¢ 214 02 G ol
1

atheld

’>—— i

- ST

- S

- a0l

B

= 051

- G¢l

@  AD3N034d




~

2.1.3. Locomotory rate of ants in palr encounters.

(i) Method,.

The locemotory activity of M. scaﬁrinodis and L. flavus was
examined in pair encounter situations. An ant of each species 'was
placed in a separate arena and, after a 15 minute adjustment period,
the species were introduced to one-another (see 'General Method', page 7 ).
The locomotory rate of each ant was recorded simultaneously using the
open field technique described above. Ten replicate trials were per-
formed.

(ii) Results

The mean activity rates of M. scabrinodis and L. flavus, when
present together in a pair encounter situation, are shown in Figure 2
The results show that an encounter between individuals of these 2

species has a dramatic effect on their exploratory (locomotory) activity.

L. flavus becomes much more excited and runs at a much faster
rate when the opponent is present. This activity rate is very high
initially and seems to decrease with time. Furthermore, this activity
is still much higher after 30 minutes than it is in experiments where

no opponent is present.

The activity of M. scabrinodis is,'in contrast, greatly reduced
by the presence in the arena of L. flavus. The ant is often mqtionless
for long periods. When M. scabrinodis did perform locomotion it was
often done in a slow, seemingly hesitanf,manner.‘ The activity rates

Aasius groups ‘ :

of the 2 - when compared7~ are statistically very different from

each other (p<0.05., t = 2% = df = 58 ),

% . ’ :
"Students t-test ' ' B '



Table 1. The relative frequency and duration of 3 responses performed by

solitary ants of 4 experimental groups during exploration.

% Occurrence Z Duration
Type of ant
LOCOMOTION GROOM STILL LOCOMOTION GROOM STILL
M. scabrirodis {old) 50.6 46.6 2.8 89.0 4.0 7.0
M. scabrinodis (young) 45.4 43.2 11.4 60.8 7.7 31.5
L. flavus (0ld) 68.8 31.2 0.0 93.4 6.6 0.0
L. flavus (young) 45.5 47.1 7.0 37.2 47.5  15.3

2.1.4. Behavioural responses shown during exploration.

(i) Method.

The responses shown by solitary workers of M. scabrinodis and L. flavus
during exploratory behaviour in the arena were investigated. Both old
and young animals of each species were examined. A single animal was
placed in the arena and its behaviour was recorded with the above exceptions, a
in the'General Method.' Ten replicate trials were deone for each of the
4.éxperimenta1 groups. The 4 experimental groups were then comﬁared with
one another. The grooming behaviour of old and young M. scabrinodis was

also examined (see below 2.1.5.).

The responses shown by solitary ants in the arena were later con-—

sidered when analysing the responses shown by ants in pair encounters.

- (ii) Results.

The 4 experimental groups of animals performed only 3 responses to.
anyJextent Auring exploratory.activity. These reéponses were LOCOMOTION;
STILL and GROOM. .The }elative number of odcasions and amount of time tha;

each ant group spent showing each of the 3 responses are given in Tablel .
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The 3 responses are shown as a percentage of their combined totals

for each of the 2 measurements and for each experimental group of animals.

The experimental groups are statistically compared with respect to

‘these responses in Tables 2 - 7.

a) The effect of age on exploratory behaviour.

Differences in exploratory behaviour due to age were found in both
M. scabrinodis and L. flavus (Tables 2 and 3, respectively.) Older
workers of both species show locomotion - ' -~ for longer, and

spend less time grooming themselves than do younger workers.

In addition, younger L. flavus remain motionless more often and

for longer than older ones do.

b) Exploratory behaviour of the 2 species.

The‘exploratory behaviour of M. scabrinodis and L. flavus 1is compared

for old and young age groups in Tables 4 and 5, respectively.

Oldér animals of each sﬁecies seemed to explore the arena in a
similar way to one another; no significant differences can be found in the
persistent LOCOMOTION and little amount of STILL behaviour that each
performed. Although both species performed short bouts of grooming
activity at intervals, L. flavus did so for longer periods each time

(p<0.01).

Young animals of the 2 species also behaved in a similar way to each
other during exploratory activity.. No differénces can be found in their
LOCOMOTION and STILL responses but, as with older animals, young L. flavus

GROOM themselves for far longer periods than do young M. scabrinodis.

c¢) Age and species effect. ' y

Tables 6 and 7 compare the exploratory behaviour of older workers

of one species with that of younger workers of the other species. It
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Tables 2 = 7. Comparison of the responses shown during exploratory activity
b? soligary ants of 2 experimental groups. The tables show the Mann-Whitney
Statistic (U), the associated probability (P) and the group (G) haviﬂg the
higher score. (n = 10) (see page 26 for key).

“Table 2. M. scabrinodis (old) vs. M. scabrinodis (young)

OCCURRENCE : DURATION

Response T B G T P G
GROOM 25 NS - 20.5 * 2
LOCOMOTION 27 * 1 14 & 1
STILL 33 NS - 32 NS -
Table 3. L. flavus (old) vs. L. flavus (young)
Response OCCURRENCE DURATION
P U 3 G U P G
GROOM 40 NS 85 L 2
LOCOMOTION 38 NS - 0 KAX 1
STILL 20 * 2 20 "% 2
Table 4. M. scabrinodis (old) vs. L. flavus (old)
Response OCCURRENCE DURATION
P U P G U P G
GROOM 46 NS - 18.5 L . 2
LOCOMOTION 46 NS - 30:5 " NS -
STILL 40 NS - 40 NS -
Table 5. M. scabrinodis (young) vs. L. flavus (young)
Response OCCURRENCE DURATION
~esponse G ? ¢ U 7 G
GROOM 32 NS - 8 hEE 2
- LOCOMOTION 32 NS - 28 NS -
STILL 45.5 NS - 41 NS -
Table 6. M. scabrinodis (old) vs. L. flavus (young)
R OCCURRENCE DURATION
- esponse 5 5 G 5 = G
GROOM YA NS - 4 T 2
LOCOMOTION 40 NS - 9 : Ak 1
STILL 35.5 NS - 35.5 NS -
Table 7. L. flavus (old) vs. M. scabrinodis (young)
R OCCURRENCE DURATION
esponse ] P C U P G
- GROOM 22 TR z 45 NS 2
LOCOMOTION ) 22 * 1 13 k% 1,
STILL 20 * 2 20 * 2
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{ey to all tables employing the Mann-Whitney U test,

*  p<0.05
*%  p<0.02
*%%  p<0.,002
N.S. not significant

n.a. not applicable.

The null hypothesis (Ho) is that the samples A and B from 2 populations
have the same distribution. The alternative hypothesis is a directional
hypothesis (Hl) that one sample is stochastically larger than the other.
The test is considered to be two-tailed for one cannot assume beforehand
which sample will have the greater value. i.e. it is desirable to know

whether A>B or B>A.
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can be-seen that in both cases older workers of one species perform
LOCOMOTION for longer durations and GROOM for less time than younger
workers of the other species. Also, older L. flavus are motionless less

often and for less time than are young M. scabrinodis.

2.1.5. Grooming activity of M. scabrinodis.

(i) Method.

The grooming activity of M. scabrinodis was e%amined during ex-
ploratory behaviour experiments. Observations were carried out on both
old and young animals. Grooming activities were classified for analysis
in the following way:

a) Individual Antennal Cleaning (I.A.C.); Either the right or the
left antenna 1is cleaned, one or more times, through the ipsilateral

fore tarsus and spur. .
b) Dual Antennal Cleaning (D.A.C.); Both antennae are cleaned, as above,

in the same sequence. Occasionally, both antennae are graoméd sim-

ulfaneously.

¢) . Fore tarsal Cleaning (F.T.C.); The fore tarsi are drawn thrbugh the
lower mouthparts.

d) Fore tarsi and antennal cleaning (F.T.A.C.); Grooming of the antennae
and fore tarsi in the same sequence.

e) Other Cleaning Acts. (0.C.A.); Any self-grooming activity other than

the above 4 categories; these include cleaning of the body and

abdomen. _ _’.

The number of times‘thét each grooming aét was performed by thevant'
in the 30 minute period was recorded. The frequencies of the acts were then
compared with one énother using the Friedman 2-Way Analysis of variance.
" Antennal cleaning was further investigated by recording the nuﬁber of
: ‘ \

times that each antenna was drawn through the tarsal spur per grooming

sequence. The frequency distribution was again analysed by the Friedman

2-VWay Analysis of Variance.
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(ii) Efﬁglgg.

The frequencies of the different grooming responses shown by old
and young M. scabrinodis in exploratory activity are given in Table 8
It can be seen that both age groups grcom some parts of the body sig-

‘nificantly more often than others.

Table 8. Frequency of the grooming acts shown by old and young

M. scabrinodis during exploratory behaviour.

Grooming acts. M. scabrinodis (old) M. scabrinodis (young)

Individual antennal

cleaning (left) 477 9
Individual antennal

cleaning (right) 67 ¢ 837 22 5 337
Dual antennal -

cleaning 218 9J
Foretarsal cleaning 187 337
Foretarsal and antennal

cleaning 8?2 17% 12 § 677%
Other cleaning acts -] 35
Friedman Statistic (xr?) 11.5 14
Significance Level p<0.05 p<0.02
Table 9, Frequency of antennal cleaning movements per single bout of

activity shown by M. scabrinodis during exploratory activity.

_ M. scabrinodis (old) M. sccbrinodis (young).

One Stroke 22 . 21
Two Strokes 119 , 76
Three Strokes v 33 ) 22
Four Strokes - 13 2 ‘
xr2 14.4 20 '

Significance level ' " p<0.01 p<0.001
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Older animals, as stated above, performed short bouts of

grooming inbetween otherwise persistent locomotion. Table 8

shows that this grooming is mainly of the anﬁennae (837). Further—
more, usually only one antenna is cleaned in a bout.of activity.
Dual antennal cleaning and foretarsal cleaning are done to a lesser
extent. 'Other cleaning acts', such as grooming of the abdomen,

thorax or legs are rarely, if ever, seen,

The grooming activity of younger ants was quite different
from that of older ants. Younger ants groomed for relatively longer
periods of time and the grooming usually comprised a wider variety
of cleaning responses. The 'fore-tarsal cleaning' and 'other clean-
ing acts' were performed significantly more than Q;her cleaning
responses. Indeed, the abdomen and legs were often groomed by

younger animals,

Antennal cleaning is further examined for both age groups in
Table 9. It is clear that both age groups, when cleaning the
antenﬁae, have a strong preference for passing them through the

tarsal spurs twice.

ot
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2.2, Interactions between individua's.

2.2.1. TInteractions bhetween foragers.

(1) Introduction and Method.

As older workers are generally believed to be the most aggressive
members of a colony so interactions were first examined between the
oldest age groups of each species. Individuals of M. scabrinodis and
L. flavus were taken from their respective foraging areas and placed
in the experimental arenas. Encounters between them were observed
following the procedure of the 'General Method'. The responses shown
by M. scabrinodis were recorded in detail and notes on both species were

taken, where appropriate.

(ii) Results.
The behaviour of ants in this experiment was similar in all

replicate trials. A typical encounter is therefore, described:

The ants met, apparently by chance, during locomotery activity.
L. flavus always approached and made a contact examinétion of the Myrmica’
with rapid antennal activity. Attempts were made to investigate all
parts of the Myrmieca and this often involved climbing on and over its
body. The Lasius threatened, bit, seized and attempted to drag its opp-
onent a great deal. The abdomen was not curled beneath the body and
therefore acid was not directly used in attacks. Aggregsive acts were
of short duration and of low intensity and attacks were not considered
to be fierce. L. flavus showed a willingness to.fight at each meeting

throughout the 30 minute encounter.

Mean scores for the responses shown by M. seabrinodis in pair

encounters with L. flavus are given in Table 10.

R

M. scabrinodis, in contrast, showed very little aggression towards

the Lastus, with the result that fighting between the ants did not take



TABLE IO.

Mean Scores for the responses shown by individuals of

M. scabrinodis in pair encounters with L. flapus, (n
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RESPONSES OCCURRENCE DURATION (Secs)
APPROACH 4.2 n.a. |
AVOID 2.9 n.a.

MEET 27.0 743.4

THREAT 0.8 7.0
CONFLICT 4.1 114.8
LUNGE 0.0 n.a.

BITE 0.0 n.a.

SEIZE 0.0 0.0
DRAG 0.0 0.0
STING 0.0 0.0
CHASE 0.0 n.a.

FLEE 0.0 n.a.

GROOM 2.5 24.4
LOCOMOTION 4.0 £ 209.0
STTLL 4.5 176.6
ABDOMEN 12.4 1340.0

CURLING

10)
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place. .Indeed, the acts LUNGE, B1TE, SEIZE, DRAG, STING and CHASE

were never shown. M. scabrinodis became motionless on being examined,
and adopted either the STILL or ABDOMEN CURLING posture (see Plates,S and 6).
Tﬁese relatively 'passive' acts were performed and sustained at each
meeting. The duration of meetings was tharefore determined by L. flavus.
The Myrmica often éustained its 'passive' postures after the opponenﬁ had
departed for very long periods (see Figures 4 and 5, pages 63 and 64.).
When locomotion was performed after a meeting it was done in a 'normal'
unhurried manner and with slow deliberate antennal movements. The ants
showed no signs of injury after interactions, for example by sporadic

or excited actiﬁity;and all animals were alive'and seemingly uninjured

after 24 hours.

APPROACH and AVOID were both shown by M. scabrinodis, usually when
the Lasius was either unaware of its presence of not directing aggressioﬁ
towards it. The Myrmica sometimes attempted to turn slowly towards the
opponent while performing a '"passive' response. Further stimulation
from the Lasius stoppeé this attempted orientation. THREAT was sometimes
shown at the beginning of a meeting before actual contact took place.
When L. flavus approached and attacked, the threatening behaviour of the
Mgr%ica Ceased, CONFLICT was not shown in the initial minutes of the
encounter but thereafter much was performed. The CONFLICT response (see plate
7) was shown in both the presence and absence of the Lasius(see Figure 6),
page 65 ). Furthermore,4when CONFLICT was sustained in the.INTERﬁ4EET
period it was often terminated when the opponent next approached (see
Figure 7 page66 ). The Myrmiéa behaved in a passive way in meetings
throughout the encounter. No significant changes in the temporal patterning .

of any responses could be found (see Appendix, Table 2).

The 3 responses, GROOM, LOCOMOTION and STILL, performed by

M. scabrinodis in 'exploratory behaviour' were shown to a very different
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PLATE 5. STILL response shown by M. scabrinodis on being attacked by

L. flavus.

PLATE 6. ABDOMEN-CURLING response shown by M. scabrinodis on being attacked

by L. flavus.
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PLATE 7. CONFLICT response shown by M. scabrinodis on being attacked

by L. flavus.
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extent whien an opponent was present in the arena (see ‘fable 11 j. The
ant moved around much less, groomed less and was still for much longer

when L. flavus was present.

TABLE 11. Comparison of the 3 responses shown by individuals of
M. scabrinodis 1in exploratory behaviour, and in the presence

of L. flavus in pair encounters (see page 26 for key).

Behavioural Occurrence Duration
Response

U P G U P G
GROOM 0.0 REK 1 14.5 X3 1
LOCOMOTION 14.0 k& 1 1.0 ##*% 1
STILL 21.0 *k% 2 22.0 * 2

2.2.2. The influence of age on interactions between individuals.

(i) Introduction and Method.

Individuals of a colony may differ from each other in their be-
haviour (polyethism) and exhibit job preferences (Sudd, 1967; Wilson,
1971; Carrol, 1973). The variation in behaviour affecting division of
iabour is seen Ey Wilson (1971) to consist of 3 components - polymorphism,
age polyethism and all remaining variation. A mass of literature exiéts
both on polymorphism (see Kennedy, 1961, and Schmidt; 1974) particularly
with reference to agg?ession (Creighton, 1959; Dobrzanéka, 1959; Vowles,'
1955; Wilson, 1962 and 1968; Weber, 1972), and on age polyethism
(Buckingham, 1911; Erdhart, 1931; Ledoux, 1949;'0tto, 1958; Wier, 1958;
Dobrzanska, 1959; Jander, 1967; Tricot, 1974). Age'has been strongly
correlated with the degree of aggressiveness in ants. Weir_(1958) with
Myrmica ruginodis, Dobrzanska (1959) with Formica sanguiﬁ;a and Tricot
 (1975) with M. rubra have all found that older workers are the most
.aggressive members of a colony. These old workers are also the first
go leave a disturbed nest, they have-a higher locomotory rate and are

more likely to approach and examine a strange object than are younger ones.
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The following 2 experiments were performed to investigate ﬁhe
effect of age on interactions between M. scabrinodis and L. flavus. The
first experiment records, in detail, the behaviour of old M. seabrinodis
towards young L. flavus and the second that of young M. scabrinodis
towards old L. flavus. The 2 ethal/age groups of ants were selected
using the criteria described on page 11 . The pair encounter experiments

were carried out following the 'General Method'.

(ii) Results.

a) M. scabrinodis (old) vs. L. flavus (young).

Mean scores for the responses shown by M. scabrinodis in encounters
with young L. flavus are given in Table 12 . The ants behaved in a
similar Qay throughout the period and no significant difference ia-
temporal patterning of any act could be found (see Appendix, Table 4).
It can be seen that the behaviour of M. scabrinodis was very similar
towards both old and young LasZus. Exactly the same responses were
performed with each. The ant became passive in meetings and sustained
the posture after the opponent had departed (see Fiés 4 and 5, pages
63 and 64). No fighting occurred and all ants were alive and seemingly '
healthy after 24 hoﬁrs. The CONFLICT response was shown in a different
wé; to each age group. An older LasZus usually inhibited the response
in meetings while a younger one did not. Thus CONFLICT was shown most
during INTER-MEET periods with the former but often during the MEET periods
with the latter (see Figure 6 1)and 3), page 65 ). The responses
shown by M. scabrinodis in encounters with old and young L. flavus
are‘quantitatively compared in Table 13 . Significant differences are
present. ABDOMEN-CURLING is shown sooner,hore often, and for ionger when
with an élder opponent and STILL behaviour correspondingly less. More

CONFLICT was performed with a younger opponent and meetings were also

of longer duration here.

The. behaviour of a‘young L. flavus worker was observed to be quite
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TABLE 12 Mean Scores for the responses shown by individuals of

M. scabrinodis in pair encounters with young L. flavus, (n = 10).

RESPONSES OCCURRENCE DURATION (Secs)
APPROACH 4,2 n.a,
AVOID : 1.4 ' n.a.
MEET 25.9 1074,2 .
THREAT 0.8 14.8
CONFLICT 2.1 185.6
LUNGE 0.0 . “n.a,
BITE 0.0 ~ n.a,
SEIZE 0.0 0.0
DRAG 0.0 0.0 -
STING 0.0 0.0
CHASE 0.0 " n.a.
B FLEE 0.0 n.a.
GROOM 2.3 37.0
LOCOMOTION 12.4 ' 301.8
STILL 12.9 . 496.4
P 7.2 ©728,2
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TABLE 13. Comparison of the responses of test animals in 2 groups of
experimentgl encounter, using 3 measurements of behaviour. The table shows
the Mann-Whitney statistic (U) andlﬁhe associated probability level (P)

and indicates the group (G) having the higher score (see page26 for key).

GROUP 1. : GROUP 2.

M. scabrinodis vs. L. flavus COMPARED WITH M. scabrinodis vs. L. flavus

(test animal) (opponent) _ (test animal) (opponent) (young)
BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONGE U P G U P G U P G
APPROACH 33.0|N.S. | - |44.0 |N.S. - |n.a. - -
AVOID J46.0fN.s. | - [36.0 [N.5. | - |n.a. - -
MEET n.a.| - - 33.5 |{N.s.| - [17.0 | #x 2
THREAT 42,0 N.S. | - 43.0 | N.S. - |43.0 | N.S. | -
CONFLICT 28,0 N.s. | - |26.5 |N.s.| - |31.0 | W.5.]| -
LUNGE 50.0| N.S. | = |50.0 |N.S. | - [n.a. - -
BITE 50.0| N.S. | - |50.0 |N.s. - {n.a. - -
SEIZE 50.0| N.S. | - |50.0 |N.S.{ - [50.0 | N.S.| -
DRAG 50.0| N.S. | - |50.0 |N.s. | - |50.0 | N.S.| -
STING 50.0| N.s. | - |50.0 |N.S.| - |50.0 | N.S.| -
CHASE 50.0| N.S. | - [50.0 |N.S. | - {m.a. - -
FLEE 50.0| N.S. | - |50.0 |N.S.| - |n.a. - -
GROOM 47.0| N.S. | - [46.5 |N.s. | - |47.0 } N.S. | -

" LOCOMOTION 39.0| N.S. | - 37.5 {N.S. { = [38.5 | N.S.| -
STILL 15.5 | ** 2 |12.5 | *¥ 2 |25.0 | N.S.| =
ABDOMEN 240 N.s. | - [23.5 [N.s.| - [16.0 | #* 1
CURLING
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different to that of its older sister in encounters with M. scabrinodis.
On meeting, it did not immediately approach and attack the opponent,
which was typical of the older group, but instead became motionless

and threatened some 3 millimeters away. The head was raised, the jaws
were wide open and the antennae were held forward. -The Lasius usually
sustained the threatening response for very long periods. Its legs |
were sometimes raised and lowered in a 'flicking' action for no apparent
reason. When the Myrmica approached, very slowly, the Lasius either
withdrew to the same distance away as before or attacked. Attacks by

the Lasius were not considered to be fierce.

b) M. scabrinodis (young) vs. L. flavus (old).

Mean scores for the fesponses shown by the young M. scabrinodié are
given in Table 14 . The ant was considered fo behave in a similar way
throughout the encounter and no significant differences could be found
in the temporal patterning of the acts (see Appendix, Table 3).

It can be seen that the behaviour of old and young M. scabrinodis towards
L. flavus was basically the same. Both age groups performed exactly the
same responses in encounters. Passive behaviour was shown, fighting

did not take place, and the animals were always alive and well after 24
hours. The sustainment of the passive acts are shown for comparison in
Figures 4 and 5 (pages 63 and 64.). The responses of old and young
‘M. scabrinodis towards L. flavus are quantitatively compared in Table 15
The similarity in the behaviour of the 2 age groups is further reflected
in this analysis where few significant differences are found. However,
differences aré‘present in 2 important responses. fCONFLICT is shown
more often and for longer by older animals. ABDOMEN-CURLING is also

shown for longer periods and the STILL response less often and for less ,

time.

The behaviour of L. flavus was considered to be similar to both
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TABLE 14, Mean Scores for-the responses shown by young individuals of

M. scabrinodis in pair encounters.with L. flavus. (n = 10),

RESPONSES OCCURRENCE DURATION (Secs)
APPROACH 3.5 n.a.
AVOID 0.8 n.a.
MEET 23.9 698.2
THREAT 0.6 2.8
CONFLICT 1.0 8.0
LUNGE 0.0 . " n.a.
BITE 0.0 n.a.
SEIZE 0.0 0.0
DRAG 0.0 0.0
STING 0.0 0.0
CHASE 8.C Li.a.
) FLEE 0.4 n.a.
GROOM » 1.4 -13.6
LOCOMOTION 12.4 335.4
STILL 13.7 562.4
ABDOIEN 9.2 | 835.8
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TABLE 15. Comparison of the responses of test animals in 2 groups of
~experimental encounter, using 3 measurements of behaviour. The table shows

the Mann-Whitney statistic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1. | GROUP 2.

M. scabrinodis vs. L. flavus COMPARED WITH M. scabrinodis (young) vs. L. flavus

(test animal) (opponent) (test animal) (opponent)
BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE U P G U P G .U P G .
APPROACH 38.0| N.S. - 38.5 |N.S. - n.a. - -
AVOID 45.0] N.S. - 30.0 |N.S. - n.a. - ',-
MEET n.a.| - - 31.5 |N.S. - 43.0 | N.S.| -
THREAT 35.0 N.S. - 41.5 |N.S. - 40.0 | N.S. -
CONFLICT 28.5| N.S. | - 22.0 |* 1 22.0 | * 1
LUNGE 50.0] N.S. - 50.0 |N.S. - n.a. - -
BITE . 50.0f N.S. | -. }50.0 |N.S. - n.a. - | -
SEIZE 50.0} N.S8.{ - .]50.0 |N.S. - 50.0 N.S. -
DRAG 50.0} N.S. - 50.0 IN.S. - 50.0 | N.S. -
STING 50.0| N.S. | - |50.0 |N.S. - |50.0 | N.S.| =
CHASE 50.0} N.S. - 50.0 [N.S. - | n.a. - -
FLEE 50.0] N.S. - 50.0 |N.S. - n.a. - -
GROOM 39.0} N.S.’ - 39.0 |N.S. - 45.0 | N.S. -
LOCOMOTION 38.5| N.S.| - 37.5 |N.S. - 34.5 | N.S.| -
STILL 29.0f N.S. | = 9.0 |**% 2 15.0 | #* 2
ABDOMEN 28.5| N.5.| - |33.5 |N.8. | - | 16.0| #* 1
CURLING ’ : :




. .
cld and young M. seabrinodis. ¥ach type of opponent

attacked.

2.2.3. The influence of hunger on interactions between individuals.

|
|
i
1
:
was readily -~ K
\
1
\
i

Introduction and Method.

(i)

!
Hunger, a physiological need and indicator of body state, sets up *

an internal stimulus in the animal ~ the primary feeding drive.

starving animals the motivation level is increased.

in deprivation the response threshold is lowered so that weak stimuli

that do not normally initiate a response may then do so.

states that hunger lowers the threshold for killing.

fluence the behaviour of ants at both the individual and colony 1level. !
Starved workers of Formica fusca show an increase in cleaning,.movément
and other responses and also a greater readiness to forage (Wallis, 1962b).
A hungry ant on discovering food becomes intensé1§ active and on return-
ing to the nest boosts the activity of the colony. Whegler (1910) states
hunger as one of the main stimuli to increased activity.

workers increase in number near the nest exits at a time of food shortage

By

With an increase

Lorenz (1973)

Hunger can in-

F. polyctena

(Otto, 1958) and Butler and Free (1952) have recorded the same occurring in beest

The following experiment investigates the effect of hunger on the

aggression/predation shown by M. scabrinodis towards L. flavus in pair

encounters. The laboratory colony of M. scabrinodis was deprived of

food, but allowed water, for 2 weeks before experiments were undertaken.

The colony of L. flavus was well fed during this‘peridﬁ. The behaviour

of hungry workers of M. scabrinodis was recorded in pair encounters

with L. flavus.

(ii) Results.

encounters with L. flavus are given in Table 16 ,

react in a similar way towards the opponent throughout the period.

Mean scores for the responses shown by hungry M. . scabrinodis in

The ant was thought to

Y
\
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iean Scores for the responses shown by hungry individuals of
M. scabrinodis in pair encounters with L. flavus.
(n = 10). | |

RESPONSES OCCURRENCE DURATION (Secs)

APPROACH 6.2 n.a.

AVOID 0.2 n.a.

MEET 27.8 818.0

THREAT 3.2 6.4

CONFLICT 0.1 1.2

LUNGE 0.2 n.a.

BITE 0.2 n.a.

SEIZE 0.4 1.5

DRAG 0.0 0.0

STING 0.0 0.0

CHASE e.C ..

FLEE 0.0 n.a.

GROOM 1.3 24.4

LOCOMOTION 14.5 358.0

STILL 17.2 434.2

ABDOMEN 12.9 * 960.0

CURLING




—b -

TABLE 17. Comparison of the responses of test animals in 2 groups of

experimental encounter, using 3 measurements of behaviour. The table shows

the Mann-Whitney statistic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see page26 for key).

GROUP 1.

M. scabrinodis vs. L. flavus

(test animal) (opponent)

COMPARED WITH M.

GROUP 2.
secabrinodis (Hungry) vs. L. flavus

(test animal) (opponent)

BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE U P U P G U P G
APPROACH 44.0| N.S. 47.0 | N.S. | = [n.a.| - -
AVOID 34.0| N.S. 22.5 | * 1 |n.a - -
MEET n.a.| - 48.5 | N.s. | = |49.0 | m.s.| -
THREAT 35.0| N.S. 45,0 | N.s. | - |41.5 | N.s.| -
CONFLICT 29.0| N.s. 17.0 | ** 1 |16.5 | ** 1
LUNGE 40.0| N.S. 40,0 | N.S. | - |n.a. | - -
BITE 40.0| N.S 40.0 | N.S.| - |n.a. - -
SEIZE 30.0| N.S. 30.0 | N.S. | - |{30.0] N.s.| =
'DRAG 50.0{ N.S. 50.0 | N.s. | - [|s50.0 | N.s,| =
STINC' 50.0} N.S. 50.0 | N.S. | - 50.0 | N.S.| -
CHASE 50.0| N.S. 50.0 | N.S. | - |n.a. | - -
FLEE 50.0| N.S. 50.0 | N.S.| - {n.a. | - -
GROOM 34,0 N.S. 36.5 | N.S.| - |40.0 | N.s.| -
LOCOMOTION | 38.0] N.S. 29.5 | N.S.| - |28.0| N.S.| -
STILL 41.0] N.S. 6.0 | #x% | 2 |20.0]| * 2
ABDOMER 34.0| N.S. 48.5 | N.S. | - | 17.0 | #* 1
CURLING :
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No significant differences can be found in thé temporal patterning

of each response (sece Appendix , Table 5 ).

Hungry ants behaved in a similar way to satiated ones. The passive
responses were performed in meetings and sustained after the opponent
had departed (see Figures 4 and 5, pages 63 and 64). All ants were alive
and seemingly healthy after 24 hours. However, some differences in

- behaviour were apparent. Very little THREAT and CONFLICT was seen in
hungry apimals. Also, a small proportion of the ants did LUNGE, BITE
and SEIZE the Lasius although fighting was generally rare. No inter-
actions were fierce and locomotion, when present, was done in a slow

and deliberate manner.

The responses of hungry and satiated animals are quantitatively
compared in Table 17 . Hungry animals AVOID less, and the CONFLICT
response is shown less often and for less time'tﬁ;n by a satiated ant.
ABDOMEN-CURLING is performed for less time and the STILL response corr-—
espondingly more often and for longer by the hungry group. No significant
differences other than these can be found.

The behaviour of L. flavus was believed to be the same towards hungry and
satiated opponents. The Lasius approached and attacked the opponent

at each meeting.

2.2.4. The influence of numbers on individual interactions.

(i) Introduction and Method.

Ants when in groups often modify the physiology and behaviour of
each other (Chen, 1937;Grassé et al 1944; Hess 1942)The aggressiveness
of social insects has been shown to increase és the number of nest mates
grows. Solitary workers of Acanthomyops claviger are almost insensitive
to alarm suBstances but respond normally if many other workers are
present (Wilson, 1971). Small colbnies or groups of Crematogaster y

)

lineolata are timid and take refuge when disturbed but become very fierce

in larger groups (Wheeler, 1906) .
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In the previous pair encounter experiments iudividuals of
M. scabrinodis did not usﬁally attack L. flavus and, indeed, showed
very little aggression towards fhem. The following experiment examines
the behaviour of a group of 9 M. seabrinodis workers towards a 'single

L. flavus in the experimental arena.

Nine M. scabrinodis workers were selected and placed in a glass tube
(7.5 x 2.5cms). After a few minutes they were transferred to one of
the experimental arenas. A single L. flavus worker was taken and plaéed
in the second arena. After a 'settling down' period the partition was
removed so that the ensuing interactioné occurred within both areas.
The behaviour of all ants was filmed by video tape recording for 30
minutes. Afterwards, the tape was re-run 9 times and on each occasion
the behaviour of a separate M. scabrinodis worker was documented by

the event-recording apparatus.

Because of problems with the depth of field andrresolution at high
magnification imposed by the video apparatus, and because it was
sometimes necessary to observe 'postures' from different angles, it
was not possible to measure accurately THREAT and CONFLICT behaviour.
Direct observational notes were taken instead. Consequently, statistical

analysis of THREAT and CONFLICT was not made.

With the exception of the above details the General Method was

closely followed. | .

Five replicate ‘trials of the experiment were performed to gain more
details of the behaviour and 'fate' of L. flavus but with no further

analysis of the Myrmica behaviour.

The behaviour of M. scabrinodis in this experiment was compared \
with its behaviour in a pair encounter situation(i) with L. flavus

(experiment 2;2.1 and (ii) when starved with satiated L. flavus (experiment 2.2.
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ii) Results.
Mean scores for the responses shown by the nine M. scabﬁinodié
in encounters with one L. flavus are displayed in Table 18 . Analysis
of the temporal patterning of these responses is given in Appéndix, Table 6.
Responses that changed significantly with time (see Figure 3 ) are

described below.

The Myrmica usually performed either the STILL or ARDOMEN-CURLING

response on meeting the opponent, as they did in pair encounters.

Both the STILL and ABDOMEN-CURLING responses were often sustained
after the oppoﬁent had departed (see Figures 4 and 5 . , respectively).
Locomotion was performed, inbetween bouts of 'passivé"behavibur, in an
unhurried manner and with slow antennal movements. The ants spent almost
all of their time performing these 3 responses. TAll 3 responses showed
a temporal patterning. The temporal effect seen in these 3 acts may be
related to the number and durations of meetings. Meeting cccurred far
more in the initial minutes of the encounter - the length of meetings

was determined by L. flavus.

Various types of communication were seen to take place between
the Myrmica workers. Antennal contact occurred when the ants were both
moving around and stationary in groups. Stationary ants occasionally

tapped their abdomens repeatedly and quickly on the floor of the arena.

The abdomen was also seen pressed to the'ground.and the lance extruded

during some bouts of locomotion.

. The attraction of workers towards the LasZus was marked. The-
AVOID and FLEE responses were never shown. The animals approached
"significantly more in the initial minutes of the encounter; however,

meetings were also more frequent at that time. Several Myrmica often !
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TABLE 18. Mean Scores for the responsesvshown by individuals of

M. scabrinodis in encounters with L. flavus (9:1 ratio

of combattants).

RESPONSES OCCURRENCE DURATION (Secs)
APPROACH 7.2 n.a.
AVOID 0.C . n.a.
MEET 19.0 28.9
THREAT 0.0 - 0.0
CONFLICT 0.0 0.0
LUNGE 0.0 . 7" n.a.
BITE 0.2 n.a.
SEIZE 0.3 6.6
DRAG 0.0 0.0
STING 0.0 0.0
CHASE 0.0 n.a.
} FLEE 0.0 n.a.
GROOM 1.2 11.8
LOCOMOTION 1.4 36.0
STILL _ 15.7 418.6
éﬁ?ﬁ?ﬁﬁ 11.1 778.8.




S49-

APPROACH
.20 \
LT
I".a!
od 1 M
9] :[ l .
5 10 15 20 25 30
MEET
401 % , 8007 ] ok
L] A —
21 400 1
‘@
0 ] 0
w
A\
2
2 ,
& STILL §
I
) 5 %1
C / — xkk
30 NI'SQ |
— 400 4
15 4
- 0 0
ABDOMEN CURLING
16009 ]
20 1 % ! 3 NuS-
* 8004 |
15 4
0 0-
TIME (5 min intervals)—— ‘ \
FIGURE 3. Temporal patterning of responses shown by M. scabrinodis '

in 30 minute encounters with L. flavus. (9:1 ratio of combatants.

(see Key page 50).
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Key to 'all figures and tables emploving the Friedman 2-Way Analvsis

of Variance test for the analysis of temporal-patterning of behavioural

responses.

* p<0.05
*% p<0.01
Kk p<0.001
N.S. Not significant

n.a. Not applicable

The null hypothesis is that there is no observable difference in the
ants behaviour with time. That is, the scores shown in the 6 x 5
minute periods of a 30 minute experimental encbﬁﬁter are drawn from
the same population. The associated probability is determined by

reference to the chi-square distribution.
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abproached the Lasius from differeﬁt directions. The movement was
siow and often could only be detected by the increasingly stretched
position of the legs. The Myrmica stopped approaching and showing
THREAT when the Lasius attacked them. The Lasius could not 'subdue'
all ants simultaneously, with the result that it often became elosely
surrounded. (see plate 8 ). On many occasions the heads of the
Myrmica were almost touching the body of the Las?us. The jaws Qere
sometimes partly open and antennae held forward in this positiong
otherwise, the ants remained relatively passive. Although the Myrmica
approached and showed this grouping behaviour a great deal the La;ius
was rarely attacked. The responses SEIZE and CHASE were exhibited on
only 3 occasions and LUNGE, BITE, DRAG and STING were never seen.

All ants were alive and well after each experimental encounter. How-

ever, 2 of the 5 Lasius were found dead after 24 hours.

The behaviour of L. flavus was similar in all trials. Imnitially,
the ant was extremely active and showed rapid locomotion. This high
activity was considered to decrease with time. The Lasius avoided
thg opponents at first but soon after readily approached aﬁd attacked
them as it did a solitary opponent in pair encounters. The aut then
continued to be aggressive throughout the encounter. The ant bit,
seized and pulled at the Myrmica a greaf deal but rérely used its
gaster in attacks. The high level of aggression was shown even when -
several opponents were closely grouped around it. The ant displayed
'freedom of movement' in such group interactions'by climbing over and

walking away- from the opponents at will.

Comparison of the behaviour of individuals within a group with that of

solitary ones.

The behaviour of solitary M. scabrinodis towards L. flavus would

-

séem to be different in some ways from its behaviour when a number of

its sisters are preéent.~ A quantitative analysis of the individual

-
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PLATE 8. Grouping behaviour of M. scabrinodis around a solitary

L. flavus.



TABLE 19 Comparison of the responses of test animals in 2 groups of
experimental encounter, using 3 measurements of behaviour.

the Mann-Whitney statistic (U) and the associated probability level (P)
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The table shows

and indicates the group (G) having the higher score (see page26 for key).

GROUP 1.

GROUP 2.

M. scabrinodis vs. L. flavus COMPARED WITH M. scabrinodis vs. L, flavus

(test animal) (opponent)

(test animal) (opponent)

BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE U P U P G U P
APPROACH 24.0| N.S. 41.5 | N.S - |n.a -
AVOID 37.0| N.S. 22.5 | = 1 [n.a. -
MEET n.a.| - 14.0 | *% 1 5.0 | ®xx
THREAT n.a. - n.a - - n.a -
CONFLICT n.a. - n.a. - - n.a -
LUNGE 50.0{ N.S 50.0 | N.S - |n.a -
BITE 50.0] N.S 50.0 | N.S. | - |n.a -
SEIZE 35.0| N.S 35,0 { N.S.| - }35.0 | N.S.
DRAG 50.0] N.S 50.0 | N.S. | - [50.0 | N.S.
STING 50.0| N.S 50.0 | N.S.| - |50.0 | N.S.
CHASE 35.0| N.S. 35.0 N:S - |n.a. -
FLEE 50.0{ N.S. 50.0 | N.S.| - [|n.a. -

~ GROOM 48.5| N.S. 33.0 | N.S.| - |40.5 | N,S
LOCOMOTION 30.0{ N.S. 26.5 [ N.S.| - 18.0 | **
STILL " 35.0{ N.S. 7.5 | kkk 2 18.0 | **

‘ P, 49.0] N.S. 40,0 | NS | = | 8.0 | wax

(9:1 Ratio)
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TABLE 20 Comparison of the responses of test animals in 2 groups of

experimental encounter, using 3 measurements of behaviour. The table shows 3
the Mann—Wﬁitney statistic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see pageéG for key).

GROUP 1. GROUP 2.
M. scabrinodis vs. L. flavus COMPARED WITH M. Scabrfnodis vs. L. flavus i
(Hungry) (9:1 Ratioz
(test animal) (opponent) (test animal) (opponent)
BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE U P G U P G U P G
APPROACH 22.0 | * 2 | 31.5 |N.s. - |n.a. | . - -
AVOID 49,5 | N.s.| - |s40.0fN.s. | - |n.a.| - -
MEET n.a. - - © 5.0 | &%% 1 7.0 k&% 1
THREAT n.a. - - n.a. - - n.a. - - |
 CONFLICT n.a. - - |n.a. | - - | n.a. - -
LUNGE 40.0 | N.S.| - | 40.0|N.s. - | n.a. -1 -
BITE 40.0 | N.S.| - 40.0 |N.S. - n.a. f - - ;
SEIZE 45.0 | N.S.| .- | 45.0 [N.S. - | 45.0 | N.S.} -
DRAG 50.0 | N.s.| - | 50.0]N.s. - | 50.0 | N.S.| -
STING 50.0 | N.S.| - | 50.0[N.S. - {50.0]| N.S.| - |- f
CHASE 35,0 N.s.| - |35.0f{w.s. | - |n.a.| - - | |
FLEE 50.0 | N.S.| - | 50.0[N.S. - | na.| - | - |
GROOM 4.0 n.s.| - |s.olns. | - [49.0] ns.| - j
LOCOMOTION {35.0| N.S.| - | 39.0|N.s. _ 42.0 | N.S.| - 1
STILL 34.0| N.S.| - | 34.5N.s.| - |39.0] N.s.| - | i
AEDOMEN 27.0| nN.s.| - |44.0|nNs. | - | 30.0] N.s.| -
CURLING . . '
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versus group behaviour is given in Table 19 . It can be seen that
several differences are present. A 'group' animal approaches an
enemy sooner and avoids it less often than does a solitary ant.
Locomotion is also performed more frequently and fof longer periods
with respect to the former. Group members show ABDOMEN-CURLING for
less time but the STILL response more often and fornlonger than do
solitary individuals. Meetings between opponents in the 'groﬁp'
experiment occur less often and for less time than they do in pair
encounters. This is understandable as the LasZus has to distribute
its time between 9 opponents rather than just 1. In fact, overall
meetings occur 6 times more often and for 3 times longer in ‘group’

experiments than in pair encounters.

Comparison of the behaviour of individuals within a group with that

of solitary hungry ones.

The behaviour of hungry, solitary animals towards an opponent
was similar to that of individuals in a group. The ants bec;me passive
in the majority of interactions, in both cases.
In both experimental groups the ants often appfoached ana rarely avoided
the Lasius. Furthermore, anfs of both groups bit and seized the opponent
to a very small extent. The responses of the 2 gxperimental gréups
are compared numerically for 3 measurements in Table 20 . Meetings
occur more often and for longer 5etween animals of the 'group' experiment,
and these animals also approach the enemy sooner than a hungry solitary

ant does. No other differences in responses other than these were found.

2.2.5. The behaviour of M. scabrinodis towards corpses of 2 Lasius species.

(1) Introduction arid Method.

Ants are extremely diverse in their feeding habits (see Stradling,

1978). While some species are indiscriminate feeders and take both live \

N A

and dead prey, others such as Tapinoma sesstile, Solenopsis molesta and
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Myrmica americana have a definite preference for dead or dying animals.
The literature reports M. scabrinodis carrying L. flavus corpses but
actual aggression towards or predation on the ant is not noted.

The previous experiments have revealed that individuals and small

groups of M. scabrinodis show very little aggression towards a single
aggressive L. flavus in a neutral area. The following 2 experiments
investigate the behaviour of individual M. scabrinodis towards corpses
of L. flavus and L. niger to determine (i) the extent to which aggression
is influenced by the activity of the opponent (ii) whether or not the

ant behaves differently to 2 very differently 'smelling' opponents

of the same genus.

The behaviour of M. scabrinodis towards dead workers of(i) L. flavus
and (1i) L. niger was investigated following the 'Qeneral Method' for
pair encounters. Preliminary observations indicated that encounters
of 15 minutes were adequate to show the behaviour occurring. The Lasius
were killed by crushing the thorax with a blunt scalpel, taking care not
lto rupture the body excessively. The bodies were left for 20 minutes
before being placed in the arena. The ant would, undoubtedly, release
pheromones when being killed. Morgan et al (1978) states that the head of
a décapitated,ant will 'continue to live' and emit pheromones for 15
minutes. Other substances released from a possible wound were not

considered. -

(1i) Results.

a) Behaviour towards corpses of L. flavus.

Mean scores of the responses shown by.M. scabr%nbdis in encounters
of 15 minutes with dead.L. flavus are given in Table 21 . ‘None of the
responses showed a temporal patterning (Appendix , Table 7).

Tﬁe Myrmica approached and examined, or avoided and ignored the dead ant \

at various timeg, Fleeing behaviour did not occur., The corpse was



TABLE 21. Mean scores for the respouses shown by M. scabrincdis to live

and dead L. flavus in 15 minute pair encounters (n = 10).

OCCURRENCE DURATION
RESPONSE LIVE DEAD LIVE DEAD
APPROACH 1.4 0.9 n.a. n.a.
AVOID 1.6 3.0 n.a. n.a.
MEET 13.8 8.5 420.4 312.0
THREAT 0.3 1.7 3.4 7.6
CONFLICT 1.7 1.6 25.2 87.2
LUNGE 0.0 1.0 n.a. n.a.
BITE 0.0 0.4 n.a. n.a.
SEIZE 0.0 4.0 0.0 | 97.8
DRAG 0.0 1.2 0.0 39.8
STING 0.0 0.8 0.0 15.2
CHASE 0.0 n.a. 0.0 n.a.
FLEE 0.0 0.0 0.0 n.a.
GROOM 0.9 4.8 16.0 80.2

- | LOCOMOTION 5.2 8.7 99.4 382.2
STILL - 3.8 3.2 105.0 102.6
‘éﬁggﬁg 6.3 0.6 665.4 29.2




-58~

sometimes inspected for a brief period after which the Myrmieca proceeded
to explore the arena. The ant spent the vast majority of its time per-
forming locomotion in a 'mormal' unhurried manner. Many of the ants
displayed aggression towards the corpses. Only a small amount‘of

THREAT was performed and this was usually seen for a brief period in
initial meetings. On subsequent meetings the corpse was examined with
closed jaws. CONFLICT was sometimes shown in interactions and sustained
for long periods. Very little CONFLICT was shown by the Myrmica away
from the corpse. A proportion of the ants
seized and carried the corpse. Stinging actions were observed but the
lance was not thought to have been extruded. Moreover, the stinging
movement was rather slow and sﬁstained,resembling the ABDOMEN-CURLING
posture rather than the quick flexing action typical of stinging. Much
grooming accompanied aggressive bouts. Many part; of the body were
cleaned and the bouts often lasted for some time. The ant éerformed

the STILL and ABDOMEN-CURLING responses very little during meetings

and rarely during the INTER-MEET periods..

b)  Behaviour to live and dead Lasius flavus,

Mean scores for the responses shown by M. scabrinodis to live and
- !""l
dead L. flavus in 15-minute encounter periods are shown in Table 21 ,

The responses are statistically compared in Table 22 ,

The ant’s behaviour was very different towards live and dead L. flavus.
The Myrmica usually performed a 'passive' respon;e on meeting a live
opponent and sustained the act for long pe?iods. ABDOMEﬁ—CURLING was
done very much less and laterron when with a dead opponent. The

live L. flavus was beliéved to restrict the activity of M. scabrinodis

and to govern the length of meetings between them. Meetings occurred

'

less often and both grooming and locomotion were shown more and sooner
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TABLE 22, Comparison of the responses of test animals in 2 groups of

experimental encounter, using 3 measurements of behaviour. The table shows

the Mann-Whitney statistic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see page26 for key).

GROUP 1.

GROUP 2.

M. scabrinodis vs. L. flavus  COMPARED WITH M. scabrinodis vs. L. flavus (Dead)

(test animal) (opponent)

(test animal) (opponent)

BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE U P U P U P G
APPROACH 47.0| N.S. 15.5 | ** n.a. - -
AVOID 10.0 | **% 26.0 | N.S. n.a. - -
MEET n.a.| - 20.0 | * 26.0 | N.S. | -
THREAT 38.0 | N.S. 28.0 | N.S. 35.0 | N.S. | =
CONFLICT 49.5| N.S. 46.5 | N.S. 50.0 | N.s.| -
LUNGE 25.01} N.S. 25.5 | N.S. n.a. - -
BITE 30.0| N.S. 25,5 | N.S. n.a. - -
SEIZE 35.0} N.S. 35.0 | N.S. 35.0 ‘N.S. -
DRAG 40.0 | N.S. 40.0 | N.S. 40.0 | N.S. | -
STING 40.0 | N.s. 40.0 | N.s. 40.0 | N.S. | -
CHASE n.a. - n.a. - n.a. - -
FLEE 50.0| N.5. 50.0 | N.S. n.a. - -
GROOM 17.0| ** 13.5 | ** 22.0 | * 2
LOCOMOTION 6.5 | kkx 26.5 | N.S. 17.5 | ** 2
STILL 39.5| N.S. 48.5 | N.S. 37.0 | N.s.| -
ABDOMEN 8.0 | #*% i.0 3 0.0 Fekk 1
CURLING . »

L.B.S.D.St 15.0| *= 15.0 | ** 15.0 | ** 2
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with a dead ant. Furthermore, a corpse was approached much more and
avoided.sooner than was a live animal. The combined éggressive re-
sponses (L, B, S, D, St, Ch ) were shown significantly more towards
dead than towards live opponents. Live Lasius were never attacked

while dead ones were both attacked and carried around.

c) Behaviour towards corpses of L. niger,

Mean scores for the responses shown by M. scabrincdis in 'encounters'
with dead L. niger are given in Table 23. None cf the responses show

a temporal patterning (Appendix, Table 8 ).

M. scabrinodis behaved in several different ways on meeting
the corpse. The L. mniger was often avoided or ignored and the ant
continued walking in a normal unhurried manner. TFleeing was not observed.
Sometimes the corpse was approached cautiously and THREAT was shown for
a brief period. All ants examined the corpses at some stage but only
a proportion seized and carried them. Interactions with corpses did
not involve excited or erratic activity. Stinging behaviour was done
by ounly 1 ant. Grooming was performed and for a short durétion each
time. The ABDOMEN-CURLING response never occurred and the STILL response
- was seen on only a few occasions. CONFLICT behaviour was also not re-
éoréed. Further analysis of the CONFLICT and 'passive' responses was
not necessary. The Myrmica spent most of its time performing locomotion.

d) Comparison of the behaviour of M. scabrinodis towards corpses of

the 2 Lasius species.

The responses shown by M. scabrinodis towards corpses of L. flavus
and L. niger are compared in Table 24 . No significant differences in
any of the responses caﬁ be foﬁnd. The ant was believed to behave in
~a similar way to each of the specieé with the possible exception of

the CONFLICT and STILL acts. The Table’shows that these 2 acts have



M. scabrinodis in pair encounters with dead L. niger (n = 10).
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Mean Scores for the responses shown by individuals of

CURLING

RESPONSES OCCURRENCE DURATION (Secs)
APPROACH 0.6 n.a.
AVOID 6.3 n.a,.
MEET 8.5 231.8
THREAT 1.7 8.0
CONFLICT 0.0 0.0
LUNGE 0.0 n.a
BITE 0.9 n.a.
SEIZE 3.9 73.4
DRAG 2.2 133.6
.STING 2.4 23.0
CHASE n.a. n.a.
FLEE 0.0 n.a.
GROOM 6.3 “17.4
LOCOMOTION 13.4 599.2
STILL 1.2 13.6
ABDOMEN 0.0 0.0
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TABLE 24. Comparison of the responses of test animals in 2 groups of
experimental encounter, using 3 measurements of behaviour. The table shows
the Mann-Whitney statistic (U) and the associated probabilityvlevel (®)

and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1. ‘ GROUP 2.

M. scabrinodis vs. L. niger (Dead) COMPARED WITH M. scabrinodis vs. L. flavus (Dead)

(test animal) (opponent) (test animal) (opponent)
BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE U P G U P G U P G
APPROACH 38.0 |N.S. - 36.0 | N.S. - n.a. - -
AVOID ~ |46.0 |N.s. | - {33.5|N.s.| - |mn.a. | - -
MEET n.a. - - 44.0 N.S. - 41.0 | N.S. -
THREAT 42.5 |N.S. - 40.0 N.S. = 37.5 N.S. -
CONFLICT 25.0 [N.5. |. - 25.0 { N.S.| - | 25.0 } N.S,| -
LUNGE 40.0 {N.S. - 30.0 | N.S. - n.a. - -
BITE 42.5 |N.S. - 46.5 N.S. - n.a. - -
SEIZE 45.5 |N.S. .- 49.5 N.S. - 47.5 N.S. | -
DRAG 42.5 |N.S. - 46.0 | N.S. - 44.0 | N.S. -
STING 42.5 |N.S. - 46.0 N.S. - 46.0 N.S. -
CHASE n.a. - - n.a. ; - n.a. - -
FLEE 45.5 |N.S. - 50.0 | N.S.| - n.a. - -
GROOM 36.5 |N.S. - 49.5 | N.S.| - ‘44.0 N.S.{| -
LOCOMOTION 49.5 |N.S. - 32.5 | N.S. - 33.5 N.S. -
STILL '32.5 |N.S. - 28.5 N'Sf - 29.0 | N.S. -
ABDOMEN 45.5 |N.S. | - |40.0 5. = |00 ns. .-
CURLING '
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1) M., scakbrinodis vs. L. flavus - 4) M. scabrinodis (hungry)
. vs. L. flavus
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[] Behaviour sustained in ascending intervals of 3 seconds.
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FIGURE 4 Sustainment of the STILL response by M. scabrincdis after a
meeting with L. flavus in 5 types of experimental encounters.
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1) M. scabrinodis vs. L. flavus 4) M. scabrinodis (hungry) vs.
L. flavus. .
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FIGURE 5. Sustainment of the ABDOMEN CURLING response by M. scabrinodis
after a meeting with L.'flavus in 5 types of experimental =

pair encounters. ' ' ' ’ \
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1) M. scabrincdis vs. 2) M. scabrinodis (young) 3) M. scabrinodis vs.
L. flavus vs. L. flavus L. flavus (young)

20007

1000-

MR

7. ' b 1

DURATION (Secs)

4) M. scabrinodis (hungry) vs. L. flavus - little CONFLICT shown.

5) M. scabrinodis vs. L. flavus (9:1) - CONFLICT not examined.

KLY
- /]  MEET PERIOD

INTERMEET PERIOD

# P<0.05

- n.e. not examined, sample size too small.

FIGURE 6. Comparison of the CONFLICT respense performed in the MEET

and INTERMEET periods by M. scabrinodis in 4 different types

of pair encounters.



a)M. scabrinodis vs. b) M. scabrinodis (young) c) M. scabrinodis vs.
L. flavus vs. L. flavus L. flavus (young)
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d) M. scabrinodis vs. L. flavus -  little CONFLICT shown.

e) M. scabrinodis vs. L. flavus (9:1) ~ CONFLICT not examined.

Eza Behaviour terminated immediately.
[:] Behaviour sustained.

N.S. Not significant

- k% p<0.01

FIGURE 7. Termination/sustainment of the CONFLICT response shown by
M. scabrinodis when confronted by the opponent, L. flavus:

in 4 types of pair encounter.
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values slightly above the 5% significance level.

2.3. Interactions between colonies.

2.3.1. The behaviour of M. scabrinodis to prey in laboratory and field

conditions.

(i) Iutroduction and Method.

The previous experiment showed that M. scabrinodis will attack
and carry dead L. flavus workers. The same behaviour has been noted
in the field. The following experiment investigates the behaviour of
M. scabrinodis to 3 types of prey: dead L. flavus, dead Drosophila
adults and L. flavus pupae. The main aims of this simple experiment
were to establish whether or not M. scabrinodis will retrieve L. quvus
corpses to its nest and eat fhem and also to examine any obvious .food
preferences of the ant. Some ants will, when given a choice, show a
preference for certain food items (Ayre, 1963), and most species will

readily take'foreign'ant larvae back into their nest.

Five of each prey item were placed(i) in the foraging area of a
laboratory colony and(ii)on top of a natural nest in the field. The
~ behaviour of the ants to the prey was observed and notes were taken where

appropriate. 3 trialé were performed.

(ii) Results.

Workers of M. scabrinodié seized all 3‘prey items and retrieved
them to the nest, in both the laboratory and in the field, with seem-
ingly no preference for a particular item, " In the 1a§oratory nest, dead
prey were quickly dismembered by a number éf individuals and.readily
eaten. Pupal cases were also quickly removed and their contents con-~
sumed. .Most but not every wofker carried backvprey and occasionally more

than one ant was involved in the retrieval.
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2.3.2. Interactions between colonies of M. scabrinodis and L. flavus

in the foraging areas of laboratory colonies.

(1) Introduction and Method.

In most of the previous experiments, interaction between the
2 species were studied with individuals and in a neutral area —
the experimental arena. The following e#periment was performed to
investigate interactions between colonies of each species in a shared,
or common, foraging area where factors such as chemical deposition,
number of individuals and motivational state of the ants were all

variable.

Laboratory housed nests of L. flavus and M. scabrinodis were taken
and their foraging areas were connected by a piece of transparent
plastic tube, so that each species had access to both foraging areas.

The colonies were maintained as described in Section 2.2.

Experiments were performed with 2 different—sized colonies of
L. flavus. The first consisted of some 500 workers, a queen and brood.
This colony was then 'boosted' by the addition of approximately 1,500
more workers for the second experiment., The colony of M. scabrincdis
' was the same in both experiments and comprised approximately 150 workgrs,

2 queens and their brood.

Interactions between workers of the 2 species were observed in

the foraging areas for a period of about 3 weeks and behavioural notes

taken where appropriate.

(ii) Results

a) Interactions with a relatively small nest of L. flavus.

Workers of each species were soon seen in both foraging areas.

The behaviour of the Myrmica towards the Lasius at the former's nest

entrance was variable. Some red ants showed aggression by immediately

—
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seizing, stinging, and dragging the enemy hack into the nest. Other
ants approached but became motionless, performing the STILL and ABDOMEN-
CURLING responses. A third type ran hurriedly to and from the nest;
workers inside became excited and soon emerged. A Lasius was invariably
released from the 'grips' of a Myrmica if it managed a counter-attack,

particularly when the gaster was used. This occurred many times.

Interactions often took place between single individuals away from
the nest entrances. The behaviour here was very similar to that seen
in 'pair encounter' experiments. L. flavus approached quickly and
rigorously inspected the red ant and showed much aggression. The Myrmica
became motionless as before by performing the STILL and ABDOMEN-CURLING
responses. The 'passive' postures were often sustained after fhe
Lasius worker had departed, again as in pair encounter experiments.

Fighting did not occur and both ants were always uninjured.

The Myrmica performed the same behaviour when surrounded and attacked
by several Lasius. The posture was sustained, as before, and the red
ant perfo;med locomotion aftérwards in a "normal' unhurried manmer.
M. ccabrinodis were attracted to the Lasiue workers and occasionally
several of them became grouped around a single Lasius. This was par-
ticularly noticeable around the Myrmicd's nest entrance.  The behaviour
here was very similar to that in the 'numbers' experiment within the‘
experimental arena. The.approach was slow and any THREAT,-CONFLICT
or other movements were inhibited by the contact‘inspection of L. flavus.
No further aggression was shown and the ABDOMEN-CURLING and STILL postures

were adopted as before. The L. flavus worker eventually departed,

uninjured.

Interactions frequently occurred at the food site. The behaviour
of both ants was essentially the same as above. If M. scabrinodis was

challenged while carrying prey back to the nest, it became motionless
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and sometimes performed ABDOMEN-CURLING, but in each case maintained

its griﬁ on the prey item.

Individual workers of M. scabrinodis were often seen to approach
and remain around the LasZus nest entrance. They did not display agg-
ression when challenged but again performed and sustained the passive
postures. At times, many Myrmica could be seen motionless in this region,
'side by side' and oriented towards the entrance. They were able to remain

here uninjured.

Throughout the experiment, fewer and fewer L. flavus ventured out
into their own foraging area. Indeed, at ome point several M. scabrinodis
entered the tube leading from the foraging area into the L. flavus nest.
An unusual piece of behaviour was seen when M. scabrinodis car?ied
corpses of their own colony and placed them in a semi-circle around
the opponents' nest entrance. These corpses weré moved aside, several
times, by the 'experimenter' and on each occasion they were replaced
by the red ants. The Myrmica was obviously restricting the freedom
of its opponent although none of the latter were seen to»be killed or
carried back to the nest (with the exception of the initiallinteractions
at the red ants'nest éntrance). The Lasius colony was in faét, pre-
vented from entering and feeding in the foraging area for a long period

of time.

b) Interactions with a relatively large nest of L. flavus,

By increasing the size of the Lasius colony, the humber of L. flavus
entering the foraging areas increaged. Cohsequently, most interactions
Between the species involveﬁ several L. fiﬁvus workers attacking each
M. scabrinodis. The behaviour was essentially the same as before+

L. fZavus displayed aggression and M. scabrinodis behaved submissively and.

L

\

no fighting took place. As L. flavus increased in numbers in the
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foraging area, the red ants progressively retreated to a small area
around their own entrance. Here scil was collected and piled wp - a’
behaviour they did not do when with the small colony of L. flavus! Around
the nest entrance and in the connecting tube leading to the nest the
ABDOMEN-CURLING postures were again adopted and no aggression was shown.
L. flavus continued to advance and attack the Myrmi?a nest and eventually

they succeeded in entering it. The Myrmica soon fled from their own nest.

2.3.3. Interactions between colonies of M. scabrinodis and L. flavus

inside an artificial 'compound' nest.

(1) 1Introduction and Method.

The 2 species are, as stated, often found living together in the
same LasZus mnest mound. Previous experiments showed that M. scabrinodis
are not only attracted to L. flavus individuals but will also ﬁry to
gain entry into their nest. The following experiment was devised to
examine the invasion behaviour of M. scabrinodis into an artificial
nest occupied by L. flavus and then to observe interaétions between

the species there.

.

The animals used in this experiment consisted of a colony OszpawD of

g ~r

. - ~ale = - - T g 3 -
approximately 4,CCC workers, 3 guesns and brood, and z colomy of

M. sgcabrinodis comprising 200 workers, 5 queens and brood.

A large artificial nest of plaster (45cm x 45cm) was constructed
to house both species aqd it was in this that interactions between
the colonies took place. The quarters for L. fiavus occupied most
of the nest while M. scabrinodis was designated a small area (15cm x 1l5cm)
at one corner. The nests were sepdrated by plaster»walls'except for
a region 10cm in length. Here, a movable ﬁire gauze partition, with
0.5mm mesh, was inserted. This was thoughtnecessary to separate the

2 nests initially until ‘the ants were established - hostility between

the 2 species has been adequately demonstrated in previous experiments.
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Foraging area
of L. flavus
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M. seabrinedis
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FIGURE 8. Plan of the experimental plaster nest designed for

interactions between colonies of M. scabrinodis and L. flavus.
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Each colony had a separate foraging area into which a small amount

of soil, c. 15gm , was placed. The apparatus is illustrated in
Figure 8 . The ants were introduced into the nests via their re-
spective foraging areas. L. flavus was allowed to enter 3 days before
its opponents. Preliminary experiments showed that although the wire
gauze prevented the passage of most individuals, a number could, and
would, get past it. After 3 more days the gauze was removed

allowing free access of both species to both nests. The behaviour of
M. scabrinodis, on entering the nest, towards the L. flavus and en-
suing interactions between the species was observed, at intervals,
over a period of 10 days. Where appropriate, notes were made, the

general location of animals was recorded on diagrams, and photographs

were taken. The experiment was repeated 3 times.

(1i) Results.

a) Interaction between the two species with the partition separating

the 2 nests.

The first workers of M. scabrinodis entering the nest were con-
fronted with workers of L. flavus. Approximately 30 L. flavus Vorkers
had gained access to the Myrmica nest area via the partition. These
L. flavus immediately approached and attacked them. The Myrmica assumed
the STILL and ABDOMEN-CURLING postures and showed little aggression;
no fighting took place (see Plate 9 ). The red ants remained relatively
inactive around the nest entrance while the majo?ity of the colony
stayed in the foraging area. M. scabrinodis crept forward very gradually,
but assumed ;he passive postures each time they came inté contact with
the enemy. Eventually, 511 the colony had entered the nest. Whilst
most of the colony remained near to the entrance, some workers advanced
further into the nest and towards the opﬁonents. The Myrmica workers \
moved f&rward very sioﬁly, in distinct rows and'side;by—side. On meetiﬁg'\:'

a L. flavus worker, the passive postures were displayed and often sus-
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PLATE 9. 'Passive' responses shown by M. soahrinodis on entering

a nest occupied by L. flavus.
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PLATE 10

PLATE 11

PLATES 10 and 11 'Passive’ responses employed by M. scabTvnodi.s to

gain ownership of nest territory of L, flavus.
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tained for long periods after the opponent had departed (see Plates 10 anmd 11).
A row of M. scabrinodis was often seen motionless, in the absence of

any opponents. L. flavus continued attacking ants in the column but

as the Myrmica advanced so they retreated (see Figure 9 ). The red

ants moved more freely behind their 'line of attack'. A Lasius worker
sometimes passed into the area near the brood and attacked M. scabrinodis
there. M. scabrinodis on being attacked behaved 'passively) but as
workers moved more freely there L. flavus was invariably surrounded by

a group of opponents (see Plate 8 ). The grouping behaviour by

M. scabrinodis around the enemy was essentially the same as that seen
‘in experiment 2.2.4 in the experimental arena. Ants surrounding L. flavus
assumed the 'passive' postures while the latter showed much aggression.

After a short while L. flavus left the interaction uninjured.

The 'columns' of Myrmica continued moving fowards the gauze par-
tition separating the 2 nests and after 2 hours all L; flavus individuals
were confined to areas near this gauze partition. M. scabrinodis were
positioned closely, side by side, directly in front of them. After four
hours, the opponents were closely confined to an area by the partition
at "D" (see Figure 10 ). The Lasius were completely enclosed by a
denée wall of Myrmica bodies; . Almost all the Myrmicd
performed the ABDOMEN~CURLING posture in this interaction and while some
stood on top of their sisters others were suspended from the roof.

The Lasius continued to show aggreséion. At other places along the
partition, where no Lastus were present, a single row of M. scabrinodis
remained. Within the nest, the Myrmica colony sbowed:an increase in-
activity and the queeﬁ and brood wére seen aﬁay from the nest entrance
for the first time. After 24 hours few L. flaﬁus were to be found

at the gauze partitionlbut the.single.row of ants along each part of \

= ' bl ' . N . 3 - \
it remained (Figure |O© illustrates the relative position of ants at this

time). Elsewhere in the nest, 4 Lasius were dead and 3 others were
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being atracked ( Plate 12 ). Both dead and live L. flavus were ob-
served in the foraging area. Many Myrmica were active in the foraging area
and much soil was carried into the nest and deposited on and near the

gauze partition.

The workers that advanced in columns and engagéd in interactions
with L. flavus at the gauze partition were thought to be chiefly of the
oldest pigmentary group. To test this the workers that were present
in columns at the gauze were observed twice a day (at 10.00h and at 16.00h)
for 5 days and placed into their respective pigmentary groups. (See ‘
Section 3.3.3.9), page11)The following Table clearly shows that the —
workers invelved in this activity belonged predominéntly to the
darkest melanic group.
TABLE 25. Number of workers of 5 pigmentary (ethal) groups of M. scabrinodis

present at places of interaction with L. flavus and performing 'passive'

responses.,

MELANIC GROUP 1 2 3 4 5

FREQUENCY TOQTAL 0 0 1 11 77

After 3 days no live Lasius were to be found inside the Myrmicua nest.

Myrmica workers formed rows along the gauze and remained there as before.

b) Interactions between the two species with the partition removed.

When the wire partition was removed at 'D' both species were
attracted to the area in numbers. M. scabrinodis quiqkly showed the
'blocking' behaviour, seen before, by performing the ABDOMEN-CURLING
postures in compacf rows. By doing this activity, fhé Myrmica succeeded
in sealing up much of the newly-cfeated gap between the two nests for
several hours. L. flavus attacked their oﬁponents fiercely and some

eventually managed to pass through the 'wall'. Many Myrmica brought \
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scil into the nest from the foraging area. Some soil was deposited

at the region of interaction at 'D' but most was placed around the

nest entrance. A wall of soil was constructed around the entrance.

Many L. flavus gained entry into the nest before the soil wall had been
completed and congregated in regions where gaps existed. The relative
position of the ants and the wall is illustrated in Figure 11 . M.
scabrinodis again assembled and performed the 'blocking' activity at

the spaces in the wall. Where the 'gap' was small a single worker was
present, exhibiting the ABDOMEN-CURLING posture. L. flavus continued

to attack the red ants throughout the nest and some gained entry via

the gaps in the wall, into the 'new' nest area of the enemy. While
Myrmica outside the soil wall behaved 'passively' in interactionms w%th
L. flavys, those meeting L. flavus inside the nest seized and killed
them. After many hours the soil wall was complete. Myrmica workers
throughout the study were often observed outside the wall - i.e. in

the nest territory now possessed by L. flavus. Here they were seen
carrying soil and 'repairing' the wall. The Myrmica ceased its duties
and behaved passively when attacked by L. flavus. L. flavus were very
aggressive towards the opponents encountered outside the wall and many

‘ were seized and dragged away from this area, through thé Lastu3 nest and
deposited in the L. flavus foraging area. Myrmica'workers, found in the
foraging area of L. flavus, were collected and placed into groups acc-
ording to the degree of cuticle pigmentation (see Section 3. 3.3.9) pagelll).
The frequency of workers in each group is given in the following table:-
TABLE 26. The number of M. scabrinodis workers of 5 pigmentary groups

found in the foraging area of L. flavus.

MELANIC GROUP 1 2 3 - 5

FREQUENCY 0 o - - 4 56 24 \

Some of the Myrmica workers found in the L. flavus foraging area were

" alive and apparently healthy, although others were dead, L. fiavus



Key to FIGURES 9 - 14

A, B, C, D. Regions between the 2 areas of the compound

nest separated by a gauze partition,

LN Relative position of M. scabrinodis individuals.
+ Relative position of L. flavus individuals.
see e Position of the queen, brood and concentration of
® o0 *

L N J

Myrmica workers.
so o Distinct rows of stationary M. scabrinodis
performing STILL and ABDOMEN CURLING responses,

@55@9’ Soil walls built by the ants during the experiment.
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FIGURES 9 AND 10. Relative position of 2 species of ant at various times

after the invasion by M. scabrinodis into the artificial nest

occupied by.L. flavus (see KEY opposite).
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M. scabrinodis and L. flavus,and the building of soil walls

in an artificial compound nest. (see KEY).
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No La3zius present
inside the Myrmica
nest area.

Myrmica worker being

_ 4 dragged by several
Lasius

DAY 10 : 1000 hrs

Many galleries

inside the soil
wall inhabited
by both species

Isolated Myrmica
being attacked by
several Lasius

FIGURES 13 and 14. Relative position of interacting colonies of

M. seabrinodis and L. flavus,and of scil walls in

an ‘artificial compound nest. (See Key).
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PLATE 12. Two M. scabv'tnodis workers attacking a solitary L. flavus.

L.flavus invading the Mvrmica nest.

work

PLATE 13. Artificial soil compound nest of M. scahvinodis and L, flccous.
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PLATE 12. Two M. scahvinodis workers attacking a solitary L. flavus.

PLATE 13. Artificial soil compound nest of M. scahvinodis and L. flavus.
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workers persisted in trying to gain access into the ﬁyrmica nest
throughout the experiment, by removing soil from the wall. When the
wall was penetrated by L. flavus, M. scabrinodis assembled in numbers
at that pbint and performed its 'blocking behaviour. The Myrmica were
successful in either reforming the wall or in building another one

at some distance behind the gap. The change in the‘position of the
soil wall can be seen in Tigures 12 and 13. Where a new wall was con-
structed, the Myrmica involved in the 'blocking' behavicur appeared

to be 'stranded' outside their nest!

Once the soil wall was firmly established, the Myrmica workers
added to its thickness. Galleries became v{;ible within the wall and
interactions between the two species occurred within them. Single
workers of L. flavus occasionally gained access to the Myrmica nest and

here they were seized and killed (see Figure 14).

2.3.4, Interactions between colonies of M. scabrinodis and L. flavus

in an artificial soil nest.

{1) Introduction and Method.

The previous experiment showed that it was necessarv for M. escahrinodis
to build soil walls as a protection against the aggressive L. flavus
in the artificial compound nest. The following experiment was performed
to investigate the building activities of the ants in more detail and
. . . co- ‘
their importance in the jexistence.

The behaviour of M. scabrinodis and L. flavus was investigated
in an artificial soil nest. The oBservatipn nest consisted of a layer
of m;ist, sandy soil, 0.5cm deep, between two sheets of Qindow glass,
38 x 23 x 0.3cm . A thin strip of cork was stuck between the glass
around the edges to'seal'in the contents. Two plastic foraging areas

were connected to opposite ends of the nest as shown in Figure 15 .
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The nest was designed so that comstruction of chambers and galleries

by the ants would effectively give two dimensions and thus aid
observations. Colonies of L. flavus, c. 1,000 workers, 1 queen and
brood, and M. scabrinodis, c. 200 workers, 2 queens and brood, were

each placed in a separate foraging area and allowed to enter the art-
ificial soil nest. (The ants were fed and maintained as in Secfion 2.2),
Behaviour of the ants in the nest and interactions between the species
was observed at intervals for a period of 10 days. Where appropriate,
notes, diagrams and photographs were taken. The experiment was repeated

3 times.

(1ii) Results.

Both species entered the ;;tificial nest and, by excavating soil,
constructed chambers and galleries there. The queens and brood were
soon found in the nest. Galleries were extendea deep intp the nest
by both species, The galleries were constructed most quickly around
the sides of the nest and it was at the perimeter where the two species
first met (see Figure 16 (1)).0On meeting, L. flavus attacked the opponents
showing much biting and seizing. Many L. flavus were recruited to the
area, engaged in the attack and tried to gain access into the enemy's
nest. Myrmica workers also convened af the places of interaction and
performed their STILL and ABDOMEN-CURLING behaviour. A 'blocking'
effect, similar to that seen in the previous experiment, was produced
A which restricted.the passage of L. flavus workers at those places.
Aggression was seen in some of the Myrmica workers, fighting occurred,
and both Myr%ica and Lasius were kil;ed. Other Myrmiéa coliected soil
and built barriers at the places of interaction. Often, bodies of
L. flavus were incorporated.by M. scabrinodis in the barrier! Although

L. flavus persisted in trying to enter the Myrmica nest area the latter

1

succeeded, on day 4, in completing the barriers so that no more L. flavus

could enter their nest. ) " Some Myrmica workers- were .
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1) DAY 3

L. flavus [ Mr~scabrinodis
nest area

nest area

2) DAY 7
L. flavus 8 ) R
! jles-R M. scabrinodis
nest area
nest area

Myrmica workers isolated from their nest

by soil barriers and attackéd by L. flavus.

KEY.
Galleries

Nest chambers.

S

XX XK X
’KXX XX

Regions of interaction between the 2 species.
KRXKX X

{

Soil barriers constructed in existing galleries by
M. scabrinodis. )

FIGURE 16. Relative position of chambers and galleries constructed
by M. scabrinodis and L. flavus and regions of interaction o

between the 2 species on an artificial compound soil nest.
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seen, on completion of the barriers, to be left 'stranded' on the

inside of their nest in the L. flavus territory. Their fate was

not deterpined. Further building activity was seen in the galleries
which were sometimes completely 'filled in' for some distance and

their course redirected (see Figure 16(2). A number of L. f%avug
(approximately 50) did succeed in entering the Myrmica nest area, before
the barriers were made, where they continued to behave aggressively.
Some of these intruders were seized and killed while others moved

freely in the nest for some time. By day 7 (Figure 16,2) all the Lasius
had been removed from the nest to the foraging area and many were dead.

Bodies of Myrmica were also seen there.

The L. flavus colony continued to extend its nest area and by
\doing so its galleries again came into contact wiFh the opponents(hest.
The behaviour of each species was essentially tﬁe same as before.
However, on one occasion the Lasius entered the oppopen;s’nest in large
numbers and the Myrmica were unable to stop their entry. After a short

while'the Myrmica were forced out of the nest into the foraging area.

The Myrmica were overwhelmed and so the experiment was stopped.

- When the experiment was repeated, a similar pattern of events
took place. On one occasion the Myrmica colony remained in the nest
- ,
throughout the 10 day period; in the other two experiments the colony

evacuated the nest area and fled into the foraging area. -

2.3.5. Observations on a naturally-occurring compound nest of

M. scabrinodis and L. flavus.

(i) Introduction and Method. ,‘:'

The 2 speéies were hostile to'each other in artificial compound
soil nesté in the laboratory.‘.Chénges in the relative position and
owhershif of the nest afeas were seen. A naturéllyfoqcurring compoun&

nest was therefore observed in the field over a summer period to examine
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The compound nest examined was present in a L. flavus mound..,
A concrete slab ( 20 x 20cm) had been placed on top ofnthis nest the
previous year. Ants congregate under these slabs, presumably for the
warmth, and can, therefore, be easily collected. A'glass plate
(19 x 19cm ) was placed beneath this slab. By removing the slab,
when required, the ants under the glass could be observed - the only
disturbance was therefore that of light. After instalment of the
'glass window' the ants were allowed 1 week to readjust before ob-
servations began. The location of the 2 species and of their galleries
beneath the glass was observed at intervals over a 6 week period.

Notes and diagrams were taken where appropriate.

(ii) Results. .7

Both M. scabrinodis and L. flavus were present in large numbers
beneath the glass. Each species occupied separate quarters. The
relative position and occupation of galleries initially and after 6
weeks are illustrated in Figures 17@Jand(2l1t.§;n be seen that some
changes in number, shape, position and ownership of chambers did occur
. over the observation period. However, the two main areaé occupied by
each species remained essentially the saﬁe. Soil éeparating adjacent
chambers of the species was vefy'thin in places. The positions of these
'soil walls' were not constant. No corpses or live individuals of
one species were seen in the other species nest area, except on one
occasion.. Light, entering the nest during observations, ;aused some
excitement in the ants. This factor.was tﬁought to be responsible for
the invasion at this time. The Myrmica were seen to eunter the L. flavus

area from a tunnel emerging from below. Interactions between the 2

\
\

A

species followed and some fighting occurred.At times, both species

adopted and sustained a threatening posture a few millimetres from each other,
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1) DAYl
2) DAY 42

Areas of soil

Areas occupied by M. scabrinodis
x x A Areas occupied by L. flavus
Thin soil walls separating‘the nests of the 2 species.

FIGURE 17 Relative position of the areas occupied by M. scabrinodis and

L. flavus in a naturally occurring compound nest. SN
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The Myrmica were also seen to perform and sustain their passive postures

'side by side'. The area was eventually regained by the Laszus.
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PLATE 14 SCANING ELECTRON MICROGRAPH of the head of a M. scabvinodis

worker. Points of particular interest are the labral hairs

between the mandibles; the deep antennal pits and sharply

bent scapes, and the heavy sculpturing of the head ( %
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~

3. Discussion

The aggressiveness and behaviour of an ant are related, in part
at least, to the physical characteristics of the species. M. scabrinodis
and L. flavus differ in the colour, tougﬁness and rugosity of the
cuticle, size, eyesight and their defence systems. An examination
of exploratory behaviour here shows that the 2 species differ greatly
in their rate of locomotion - the speed of L. flavus is almost twice that
of scabrinodis. The superior speed and manoeuvrability of L. flavus may
have a significant beneficial influence in encounters with respect to
both fighting and the rate of recruitment to zones of interaction.
Both species explore an unfamiliar enviromment,i.e. the arena,in a
similar way to one another. The high initial activity and subsequent
decline is similar in pattern to that of cockroaches (“Darchen, 1952; 1955)
and rats (Berlyne, 1960). The kind of persistent exploratory activity
performed by these ants has been stated (Nissen, 1954; fhorﬁe, 1963)
to be an important 'drive' to perceive and explore. Welker (1959)
has pointed out that fear-induced tendencies may sometimes be pro-
duced by a forced trial. Ants will, by exploring, gainrinformation of
the environment and learn while doing so. L. fiavus will thus gain
information of a .given area sooner than M. scabrinodis. Exploration
ﬁas been shown to be a prominent and distinctive férm of learning in
vertebrates (Harlow.et al 1954; Buttler, 1960) and true associative learning
may take place. Howevef, the learning systems are different’between ants
and vertebrates (Schnierla, 1959) and thus care éhould be taken in
any comparison of the two.The difference in explorgtion betﬁeen old
and young animals is very pronoﬁnced. Thé young animals:spend'less time
walking and more time grooming than older ones. In fact, older animals
of the 2 species'resemblg each other more in this behaviour than they

do young workers of their own species.



-93_

This is related te their foragi
1911; Ledoux, 1949; Weivr, 1958; Otto, 1958) have shown that older ants
6f some species tend to forage and are therefore found outside the

nest while younger ones perform functions inside the nest; The de-
tailed analysisvof grooming in M. scabrinodis reflects this. The older
animals, presumably more adept at foraging and exploration, perform
only the necessary brief cleaning activities of the antennae while
younger animals perform a wider variety of cleaning actions and, con-

sequently, spend less time exploring.

Grooming bghaviour has been used as an aid to classification and
phylogenetic origin in social insects (see Farish, 1969 and Wilson,
1971). Both old and young L. flavus éroom more than the respeétive'
age groups of M. scabrinodis but, for example, the grooming activity
of young M. scabrinodis is higher and different)ig form from that of old
L. flavus. Clearly, then, any comparisons of grooming behaviour must
recognise not only quantitative and qualitative measures but also the
type of 'individual' examined.

The motionless posture shown by M. scabrinodis in pair encounters is
performed by a variety of apimals in the wild when faced with danger.
The term 'thanatosis' has been employed to describe such behaviou:.
Several ant species are knowﬁ to show the response. Goetsch,;

(1953 ) reportsthe conciliatory posture of Camponotus lateralis on
meetir‘;g a hostile Crematogaster scutellaris at a feeding ground,
Kutter (1956, 1957) states that Formica pressilabris will'play dead'
and pull its appendages into the body.when;approached b& an aggressor,
Both Leptothorax and Tetramorium caespitum may show the responsev.
Submissive postures are also used by‘parasitic queens in species such
és Fo'rmica‘exsectd, Eptmyrma stumperi and PoZyefgus to gain entry into

the hostile host nest (see Wilson, 1971, Chapter 19),

1.
\
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Each time M. scabrinodis meets with and is attacked by L. fZavuér
in pair encounters no fighting takes place. 'As the Myrmica is
uninjured, even after 24 hours, the Lasiqs is either incapable, in
a one to one situation, of injuring its opponent or is not usiﬁg all
the weapons at its disposal and to their fullest extent. The latter
is almost certainly the case - L. flavus was not seen to seize or drag
fiercely nor did it employ the gaster in attacks. The potent secretions
and spreading agents of L. flavus have been described by Bergstrom
and Lofquist (1972). M. scabrinodis is therefore not providing the
stimuli, chemical or behavioural, needed to elicit a fierce attack.
The motionless Eehaviour on meeting the aggressive Laszus, that.ié,
the STILL and ABDOMEN-CURLING postures are functioning as aggréssién—
reducing stimuli. Aggressive gestures are an effective stimulus for
increasing the probability of aétack (Marler and ﬁamilton, 1966) and

these are absent in M. scabrinodis.

The elements of the 2 motionless postures resemble in many ways
those of ; typical submissivé or appeasement display - the jaws are
closed, the head is lowered and the antennae, usually active and
essential for attack, are withdrawn close to the body and inside
the prothoracic legs. Furthermore, a threat posture is erect whereas
the body is low-slung in the STiLL posture. The ABDOMEN-CURLING
response has an elevated posture but here the tip‘of the gaster is
placed firmly behind the jaws. Dominance hierarchies are thought to exist
in F. polyctena (Lange, 1967) and in Polistes wasps (Montégner, 1966).
Huber (1802) has pointed out that tﬁe dominant wasp adépts a high
posture while the subordinate oﬁe crouches and withdraws its antennae.
Some parasitic ant queens combine slow movement and submissive be-
havioﬁrvwith antennal st&oking in order to 'appease' hostile host - ‘\

workers, Study of the epidermal secondary gland system of Termitella

has revealed the presence of an appeasement substance (Pasteel, 1969).
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Jaison (1972) believes that young 7. polyctena workers produce a
substance that is effective in inhibiting the aggression of M. rubra.

No indication of such a substance was observed in M. scabrinodis.

The apparent 'submissive' behaviour of M. scabrinodis gives
no indication of the physiological or motivational state of the animal.
The appeasement posture of birds and mammals, for example, is usually
performed by an 'inferior' animal (Manning, 1972). In ants, the posture
is often used (as stated above) as a ploy to reduce the opponent’s
aggression. What can be said is that the rémarkably regular and
stereotyped behaviour is a highly evolved mechanism which enables
individuals to femain in an area uninjured,which might otherwise not
be possible., Both of the submissive postures were often sustained
after the Lasius had departed. This behaviour is also advantageous
for reducing the aggression of the opponent as pa;ticipant flight
is known fo be very effective stimulus for attack (Marler, 1956;

Barlow, 1962).

The ﬁehaviour of M. scabrinodis individuals was similar in all
kinds of pair-encounter experiments with L. flavus. However, the
few responses that were performed when quantitatively compared reveal
differences thét are useful in understanding their function. The
3 responses STILL, ABDOMEN-CURLING and CONFLICT were performed most

and are thus of particular interest.

One may first ask why eithér'the STILL or the ABDOMEN-CURLING
posture is shown in preference to the other (CONFLICT is shown with
both postures). It is felt that the ant first performs the STILL
posture and that the ABDOMEN-CURLING act is shown in responsé to a more

fierce attack. The gaster is curled at once and sustained when several
. \
A

parts of the body, inciudiﬁg the antennae and legs, are bitten. E
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The STYLL posture was shown far more than the ABDOMEN-CURLING one

in encounters with young LasZus, which are less aggressive than

older ones. TFurther, the ABDOMEN-CURLING posture was shown much.less
in encounters with dead opponents than with live ones, while the STILL
posture was shown in a similar way with both., If the posture is
useful in some way in interactions with L. flavus one would expect
older workers, because of maturation and experience, to show the
behaviour more than young ones., This is,in fact the case. The
behaviour, however, seems to have no observable advantage over the
STILL posture in reducing Lasius aggression in pair encounters. Attacks
on young and ola Myrmica were considered fo be similar and they lasted
for similar durations (seen by comparing the MEET periods, as these -

are determined by the LasZus).

The ABDOMEN-CURLING posture is employed during colony interactions
inside the nest-— for example, by individuals and groups in blocking
behaviour. The posture, therefore, contains most of the submissive
elements 5f the STILL one bu£ is modified for another purpose. A
quantitative analysis of L. flavus aggression towards ants performing
each of the 2 postures would evaluate the relative appeasement value

of each more precisely.

CONFLICT is a term usually épplied to Qertebrates with respect to
agonistic behaviour. It may also be applied to invertebrates. Studies
~of the octopus provide a good example (' Young, i961 ). Threatening
behaviour is a form of CdNFLICT and- is beljeved to occur when attack and
escaﬁe tendencies are present but cannot find separate expression ‘
(Manning, 1967). THREAT is a common response of ants. The CONFLICT
¥espohse was used to deseribe the Myrmfca behaviour because of the

submissive and aggressive elements that were simultaneously displayed.

No attempt was made initially to interpret the intentions or motivational

A
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state of the ant. This is now considered in the light of the ex-
periments. M. scabrinodis raises its head and opens its jaws wide

when threatening, releasing alarm or attractant pheromone, and prior to
an attack (Morgan et al 1978). The jaws in the CONFLICT posture were only
partly opened and the head was held down. The postdre is clearly

not as aggressive as a threatening one. Aggression is a stimulus

for attack. The partly open jaws are closed when the Lasius approaches
and examines, presumably to reduce the probability of a more fierce
attack. Thus, it is believed that the CONFLICT response possesses an
aggressive content that the Lasius can detect. Older workers were found
to show CONFLICT more than younger ones. These workers are also more
aggressive and perform ABDOMENCURLING more. The older animals, how-
ever, perform additional functions such as recrui;ment. The poison
gland of M. rubra increases in size with age an& the pheromones emitted
from it become increasingly effective (Tricot, 1974). The same may be
true of the mandibular gland. The response may, then, not represent
opposing tendencies of attack and escape but may be part of more complex
and deliberate behaviour. TFor example, the CONFLICT response may be
a comprbmise between effective pheromone release on the one hand and
reduéing the aggression of the Lasius.to,a convenient level on the
other. Such a situation does occur inside the nest when the Myrmica
area is invaded by L. flavus. 1In addition, groups of Myrmica workers
were seen to be attracted to L. flavus in the experimental arena and

-in the shared foraging area of interactihg colonies. A pheromoné
similarly reléased would facilitate such grquping behaviour and also
reduce aggression. The sustaihmentiof the posture for long'pefiods
after the Lastus had departed froﬁ the eﬁ;ounter would favour a functipna}

role rather than the behaviour of an animal with conflicting tendencies. \

Indeed the latter type of response is usually closely followed by
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escape or attack. The animal may attack soon after the response
but only in certain circumstances, again suggesting that a strategy

is being employed.

The behaviour of M. scabrinodis is modified by the actions of
the opponent at the individual level. Although the'Myrmica became
passive in pair encounters it did, at times,.attempt to approach,
threaten and show the CONFLICT response towards the Lasius. These
activities were seen to stop and the passive postures were assumed again
when the Lasius attacked it. To substantiate this subjective opinion
the CONFLICT response was statistically analysed. The CONFLICT response
is terminated by an aggressive Lasius. Corpses were fiercely attacked
and other responses were performed more and sooner than they were
with a live opponent. It is not, therefore, the mere presence of
L. flavus, i.e. a species or colony contact odoﬁr alone, that is the
inhibiting influence but an active role played by the ant. The 'active

role' may take the form of pheromone emission or tactile aggression.

The Myrmica behaved differently to young and old Lasius. (Young
opponents were less aggressive than older ones — while older animais
readily approached and attacked, younger ones remained at a distance
performing threat). Consequently, young’Lasius didinot inhibit the
CONFLICT response in meetings as much as older ones did. The histograms of
Figure 7 illustrate this. The Myrmica did behave submissively in

encounters with young LasZus and the postures were often sustained. )

Thus, contact aggression (biting,seizing, etc) is not essential for
eliciting the submissive response but the resnonse is shown more often
and sustained for longer (see Figures 4 and 5 ") if it does occur.

The Myrmica may respond submissively to the sight of a young,threatening’
: \

‘v

Lasius or to the alarm pheromone possibly released from its gaping jaws.

The alien pheromones are felt to be the important stimulus (see later).
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Some of the quantitative differences in the behaviour of M,
scabrinodis due to age have been mentioned above. However, age has
no major effect on the outcome of pair encounters with L. flavus as

neither age group examined would attack the opponent.

Starving the Myrmica colonies was unsuccessful in initiating
the attack response in a 1:1 situation. This is interesting as by
increasing the motivation, i.e. the primary feeding drive, the need
to fulfil the consummatory act should be great and even weak stimuli
should elicit the response. The Myrmica will, in certain circumstances,
attack and eat L. flavus.
The 'drive level hypothesis' proposes that progressively higher levels
of drive are needed for the performance of successive responses in
the 'chain'. Motivation levels and hunger have been correlated ex-
perimentally by Tugendhat (1960) with sticklebaéks and Gardner (1964)
with sal;}cid spiders. Both authors found that at high levels of

hunger the sequence was always carried to completion.

It would seem that at least Z 'sets' of behaviour patterns are
occurring together in the Myrmica worker. The first one of aggression
and predation is inhibited by the second; possiblyA'fear' of the
aggressive Lasius. The evidence of CONFLICT inhibition would support

!

such a theory. The feeding response of sticklebacks is inhibited by ;
high shock levels (Tugendhat, 1960). Holst (1963) hag electrically investigatedi
2 stimulus fields in fish, concerning feeding and esc%pe and describes |
a range of effects su;h as: averaging,ialtérnating, cancelling, trans-

forming and masking. One mighﬁ reiate the behaviour of M. scabrinodis _ E
to some of these processes, such as transformation or masking,but such :

speculations would need involved experimental verification. Hungry

.ants normally show a high level of activity which increases on discovering
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food (Wallis, 1962b), The rate, duration and latency of locomotion
~of M. scabrinodis are similar iﬁ hungry and satiated animals. If
hunger does lower the threshold for killing (Lorenz, 1973), it is
still not powerful enough in solitary M. scabrinodis to override the

inhibitory influence stimulated by the aggressive LasiZue.

The discussion so far has examined the behaviour patterns 6f the
individual in carefully controlled conditions, i.e. the experimental
arena. Many of the behaviour patterns that were performed here were
also seen when whole colonies interacted. For example, when solitary
opponents met in the shared foraging area the Myrmica responded sub-
missively and the Lasius aggressively.

However, the behaviour was found to be variable when colonies inter;
acted and this is believed to be influenced by factors such as numbers

and the place of interaction.

A number of Myrmica workers are attracted to a Lasius and behave
passively on meeting it as an individual would in a pair encounter.
The aggreésivé Lasius spends a shorter duration attacking éach of
several opponents than it would a solitary opponent. The Myrmica
thus enjoy a greater freedom and this results in théh‘becoming closely
grouped 'around'the Lasius worker. If the Lasius is attacked, and
the Myrmica group oftén sustain the submissive postures for long periods
without doing so, this usually occurs from an ant very close to its
side or rear. The close proximity and temporary‘lack of opponent’s
aggression seem to be the rgquirements for an attack. Vowles (1955)
has found a similar behaviour in décetine ants. These ants approach
prey very slowly wigh open jaws and attack when 1 mm away. The labral

hairs when touched are thought to stimulate the seizing response. The

labral hairs of M. scabrinodis (seen in plate 14 page 91 ) may perform
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a‘similar function particularly inside the nest in the absence of

light. The behaviour of the pavement ant  Tetramorium caespitum is
similar to M. sccbrinodis in several ways. Small in size, the ant some-
times behaves passively and will form groups to attack a'foreign'ant
which it could not otherwise subdue. Further, the behaviour of the
opponent is thought to influence its aggression (Dobrzanski et al 1975).
Many authors (e.g. Forel, 1928; Wilson, 1971; Dlussky, 1965) have
reported that the aggressiveness of social insects increases as the
number of nest-mates grows.

The number of individuals present may increase the probability of

an attack but tﬁis factor alone is not sufficient for the response to
occur in M. scabrinodis. Attacks on the Lasius were rare in the 'numbers'
experiment in the"arena' but frequent where group behaviour was seen

in the shared foraging area.

The 'place of interaction' may influence the aggressiveness of

M. scabrinodis. The ants will readily attack solitary opponents inside
the nest.' Similarly, they Will rush out and immediately attack a
Lasius worker near the nest entrance but behave passively if many
opponents are there. The ants were seen to be less willing to attack
at distances away from the nest. Forel (1928) states that "as a‘
general rule, when an ant strays away from her nest her'courage dim-
inishes in a direct ratio to the distance separating her from this nest

", While this may be true in some species,in others

and her companions
it is certainly not the case. For example, many species possess a
protected food territory. 'Stébaev'(197l):andlReznitova (1974) have
shown that the»territory of Formica pratensis comprises several zomes.
The ants are relatively numerous in the érea around the nest and sparse .

in peripheral zones. . Nevertheless, battles between Formica colonies \

often begin at frontier incidents where densities were originally low
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and may last for days or even weeks (De Bruyn et gl 1972). Much recruitment
takes place and many deaths may result. The territory owners are highly
'motivated' in such sparsely populated areas to fight. Dobrzanski

(1975) has observed colonies of Tetramoriwn caespitum and Lasiﬁs

brunneus nesting close together and reports a continual change in

dominance relationships between them. The willingness to fight or flight
varies but precise conditions are unknown. The actual activity of the

nest is believed to have some effect.

Experiments in this study, have shown that the aggressive behaviour
of ants may differ at a given place due to the relative colony sizes
of the interacting species. When the LasZus colony was relatively

small the Myrmica workers assumed an offensive role.

When the Lasius colony was relatively 1argé_£hey assumed an off-
ensive role and the Myrmica one of defence. It is interesting that
the ABDOMEN-CURLING posture is shown in interactions when the ant is
both advancing or retreating: Such species can in some way detect
the 'balance of power' and act accordiﬁgly. Reznikova (1974) believes
_ that F. pratensis detects its territory boundary by sight rather than
smell - the ants can learn a location and retain the infeormation
overnight so that their return the following day is by visual cues
(De Bruyn, 1972). The sight of M. scabrinodis‘and L. flavus is in-
ferior to that of Formiea aﬁg communication duri?g interéctions is
probably by éhemical means. Indeed, most interactions between the 2

species will occur inside the mest and thus in the absence of light.

~

The role of pheromones in the zlarm/defence system of ants is

well documented for many species (see Wilson, 1971, page 240). The

[y

components of the mand1bular and Dufour glands of M. scabrinodis have \

been identified by Morgan et al (19783, 1979), and Cammaerts et aZ (1978) Their

i

findings are very helpful in understanding how the ants may perceive the re—
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lative strength of the oppesing colony. Both voletile;and non velatile
substances may be released from Dufour's gland — the former are short lived

and cause an increase in the speed of congeners while the latter are longer -
lasting trail scents. A volatile secretion is produced from the

mandibular glands which also may cause alarm. As with all pheromones,

the 'active space' depends on the amount of chemical released and

the stimulus thresholds of the species. The reaction to a pheromone

depends on its intensity. M. scabrinodis move slowly over new ground .

and deposit their scents as they go. The speed increases as more

workers lay down their trail pheromone. Ants while most sensitive to
pheromones of their own species can detect the odours of other species.
Cammaerts (1978) states that M. scabrinodis move cautiously in areas

marked by other species but that in time the speed increases as they
substitute their own markings. In the experiments with a small L. flavus
colony relatively few Lasius venture into the foraging area. The
Myrmica force is stronger here and this will be reflected in the
relative deposition of pheromone. When the Lasius colony is large,
more of their workers enter the foraging area. Several effects will
Linder the release and effectiveness of the Mymica pheromones. First
the Myrmica will move around less due to the higher frequency of attacks
from the Lasius, thus directly reducing traiL—layiﬁg behaviour. Secondly,
the increased amount of.Lasius secretions may 'mask' those of the

Myrmica present. The ants can, no doubt, detect a strong or weak

alien chemical deposition without reference to their own, and this may

be sufficient for a retreat. Morgan (1978 ) reports that reaction to

an alien trail pheromone seems to depend oﬁ its ihgensity.’ The relative
strength of volatile alarm odours may function in a similaf way to trail

substances in colony assessment. It seems likely that the mechanism

’/-

used by M. scabrinodis to gain information of the strength of the
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opposition may also be used by L. flavus in a similar way.

It is often said, rather loosely, that interactions between
species are influenced by colony activity and 'motivation of the
animals. Both these factors would be reflected in the number of

individuals in a given area releasing pheromones.

Tactile cues are thought to play only a minor role in ant comm-
unication. Simple associative learning has been demonstrated in ants
(Schnierla, 1943). A Myrmica worker may respond.to the frequency of
attacks from a number of Las?Zus and modify its behaviour accordingly.
The presence of-several opponents will also increase the amount of

alien pheromone, contact and volatile, in that area.

The placing by M. scabrinodis of their corpses near the Lasius
nest entrance, and the sustainment of the passive postures by live
animals there, is behaviour, which will inform the Lasius of their
presence and may function to restrict their movement. Bhatkar ¢t al 1972,
has observed that the fire ant Solencpsis saevissima will push dead
bodies in front in the form of a barrier in order to gain ground from

Lasius neoniger.

The Myrmica workers not only show a strong attractibn to L. flavus
but also persiétantly‘.try to enfer their nest. Forel (quoted in
Donisthorpe, 1927, page 138) and O'Rourke (1950) state_that a single
worker will enter a Lasius nest and return with ; corpse. Experiments
revealed a mechanism by whigh successful ipvaéion may be achieved. The
extremely slow group advancement of the Myrmica performing the passive
postures is- effective in repeiling aggressive opponentg even in their
6wﬁ nest - the same behaviour was employed in gaining control of the

3

’ \
foraging area. Moreover, the Myrmica rarely show threat or attack and thus
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the battle is won without fighting or casualties. Many‘attempts

by M. scabrinodis to directly enter the alien ﬁest were unsuccessful.

In addition, on several occasions in both plaster and s&il nests
Myrmica colonies that had managed to enter were later forcefully evicted
by the LasZus. Indeed, on such occasions the Myrmica showed mass

fleeing behaviour.

A normal Lasius colony will usually outnumber that of the Myrmica
by a factor of 10 or even 100. This factor and the persistent
and high level of aggression shown by L. flavus make it necessary for
M. scabrinodis to avoid direct confrontation. Experiments show thgt
the ants have evolved a remarkable form of behaviour for doing this.
The ants p;obably enter the alien mound initially by excavation rather
than via a L. flavus entrance. Indeed, L. flavus.rarely come above
ground and entrances are few and carefully concealed. Once inside
the mound, the Myrmica must,by some means, remain there against fierce
and perhaps continual opposition. The Myrmica expend much energy in
maintainiﬁg their nest identity and many workers are undoubtedly killed
in its process. When L. flavus succeed in breaking through thé soil
barrier separating their nests the way M. scabrinodis deal with the

situations is quite unusual.

Many ant specieg either attéck or 'line up' at a place of dangef
with gaping jaws. The M. scabrinodis quickly assemble (perhaps attracted
to the odour of L. flavus) at tﬁe breach in thei; ﬁest aﬁd by performing
and sustaining their ABDOMEN-CURLING posture fofm a tight wall,which
is very effective in physically preventing further Lasius from entering.

Where the area of interaction is small, for example in a 'tunnel', a

single Myrmica worker can block the aliens' entry for very long periods. '
\
\

In both cases the blocking behaviour resists fierce attack from the enemy.:
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Most ant species protect their nest. Nest entrances are usually few

in numbers, small in size and guarded. Many species of ant have

evolved special forms of workers, usually soldiers or majors, whose
function is to block the nest entrances against attack from their
enemies. The heads of such "phragmotic" workers are sometimes shield

or plug—shaped as in Pheidole (Brown, 1967), Campoﬁotus (Creighton, 1953:
Lee, 1938) and Faracryptocercus (Creighton, 1954). Pheidole muliicida

has no phragmotic head structures but the same function is performed by
a major worker with an enlarged head. The behaviour is usually performed
individuals, at the relatively few nest entrances. However, small groups
of workers of Paracrytocereus (Kempl, 1952) and Pheidole multieida
(Creighton, 1959) have been seen to cooperate, like M. scabrinodis, to
seal off a larger nest entrance.* Firstly, M. scabrinodis is monoﬁorphic
and has no major workers with specialized phragmotic or enlarged head
structures. Instead, the behaviour is determined Ey age with oider, more
deeply ﬁigmented workers showing a strong 'preference' for the job.
Experiments in pair encounters showed that younger workers wiil perform
the ABDOMEN—CURLING behaviour but to a significantly lesser éxtent.
Secondly, the behaviour is used in interactions inside the ﬁest, rather
than at relatively few external nest openings. There are several pieces
of évidence which indicate that interactions between the 2 species is

an on-going one (persistent Lasius aggression, the changé in position

and ownership of nest cells in naturally-occurring nest mounds and in

- laboratory colonies, and'the thin soil barriers separating the species
there) and thus the blockiné behaviour is probably commonly employed

and by a large number of individuélé. Indeed, when L. flavus arrives

at a location 'unannounced' the nearest Myrmica worker at hand will have

by

* The blocking behaviour of M. scabrinodis is different from that of
previously known examples in several respects, ‘
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to extend the 'head of inhospitality' until its nest-mates arrive.
Ethal piasticity in worker ants has been discussed by Weir (1958).

When a L. flavus meets a Myrmica worker in a narrow tunnel,plate §
(page 33 ) shows what thg Lasius will see, or rather, come up ggainst,
a hardened rugose shield of chitin. The antennae are safely

retracted and there is little for the LasZus to seiée. The same is
true but to a slightly lesser extent where a group of Myrmica céoperate
to form a wall. The blocking behaviour combined with rapid building
activity enables M. scabrinodis to retain its nest identity. Indeed
the strongly mudded cells of the ant have been commented on by Brian
(1952). The Myrmica will not only construct soil barriers but when
necessary will fill in nest chambers and tunnels and move away from
the sites of interaction. Numbers of Myrmica workers were often
seemingly stranded in the Lasius part of the mound during and after

the construction of soil barriers. These‘ﬁorke£s were attacked fiercely
by many Lasius. The Myrmicds toughness and resistance to a Lasius
attack was highlighted here. Although some were killed, many survived

and it is possible that these may manage to return to their nest,

Communication by stranded ants for example, when buried, is
achieved by both stridulation (Markl,1967) and alarm pheromcnes (Wilson,
1958). Stridulation and abdomen-tapping on the substratum were ob-
served in M. scabrinodis in pair-encounter experiments. There may,
in fact, be small'access points'guarded by a single worker to permit

the return of workers.

It was generally felt by myrmecologists in the past that the re-
lationship between M. seabrinodis and L. flavus was a predator/prey
one. The investigations of this study show that the relationship is -

rather more complex than this and may involve competition. M. scabrinodi

A
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will readily and iﬁdiscriminately take Lasius corpses, alates and
pupae back to the nest and eat them. An individual Myrmica would
often not attack a LasZus, although a group of individuals, in some
circumstances, would. The experiments show how a single worker can
and will enter a LasZus nest and remain their for periods against
aggressive opposition. The skill and elaborate behaviour permit the
predation seen and not the overwhelming aggression that is usually
associated with a predatory ant. In fact, the LasZus defends its

nest and attacks the Myrmica in many situations. This is contrary to the
statement of Donisthorpe (1927) that the ant is a timid one, even in
its own nest, and that it retires deep into the earth when invaded.

It is obviously disadvantageous for such a subterranean ant to flee .
from its nest and feeding territory when attacked. The colonies of

L. flavus are often large and the workers are concentrated in a re-
latively small area. Such conditions will favour recruitment and

nest defence. Reigner and Wilson (1969) have concluded that the alarm/
defence behaviour of the ant Aecanthomyops claviger is related to its
subterranean habits. The ant is strongly attracted to undécane, a
chemical released from Dufour's giand at time of alarm. The same chemical
and .in lower concentrations causes greater excitement without such
attraction in the above-ground forager L. alZenus. A similar chemical
investigation of L. flavus related to the behaviour in its nest would

be interesting.

Although M. scabrinodis kill and eat L. flavus the extent of the
predation is questionable. Long periods were often observed where few,
if any, Laéius were taken.-lihe Myrmica ﬁere hungry, yet their aggress-
iveness at the nest ent;ance was inhibited by the opponents as in pair
encountér experiments., The large build up of yellow head capsules on

the Myrmica refuse pile has been regarded as evidence of predation in
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the past. However, Llicse may be the result of nest interactions.

Nest interactions may be due to competition.

Interspecific competition has been examined by several authérs. (Park,
1954; Brian, 1956a; Birch, 1957; Hardin, 1960; Milne, 1961). Pontin
(1961) states that "interspecific competition is occurring if lower
densities of the competitors are found than would be the case if each
were present alone'. When Pontin (1969) removed colonies of M. scabrinodis
from the nest mounds of L. flavus the latter showed an increase in
alate production. The author has seen progressive decline in LasZus
worker numbers over several years where M. scabrinodis occupy the same
round. Competition in ants is usually for 2 basic resources - neét

site and food. Both these resources are considered by Brian (1965, pages 66-77).

The number and availability of nest sites isra common and primary
control of colony density throughout the socialhinsects. Many ant
species are restricted to dead wood in tropical forests (Wilson,1959b)
and fierce intraspecific competition takes place in termites where trees
are in demand (Greaves, 1962). Colony density with respect to nest
site availability has been reported in Myrmica by Gosswald (1951 and
Brian (1956b). The destruction of small colonies and occupation of
their nests by larger ones is common (see Forel, 1928). Both Myrmica
(Brian, 1952a)and Formica (Scherba, 1964) have béen reported to take
nests of other species of their genus. |
The habitat requirements.of M. scabrinodis and L. flavus are very
similar (see Introduction). Both species prefer dry,warm sitﬁétions
where the nest temperature favours development of their brood. The
vegetation of an area increases when graziﬁg by mammals is reduced or
gbsent. The L. flavus are able to construct large and elaborate mounds
to hélp compensate for this.‘ Many‘species, such as M. scabrinodis and

Formica lemant, etc,, are poor builders and are thus normally restricted
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to bare surfaces. Tt is believed that the favourable nest site of

the Lasius mound is a major reason for the invasion and ce-occupancy
frequently encountered and for the many aggressive interactions and
deaths to both species that result. When a small stone is présent

near Lasius colonies it is often occupied by a M. scabrinodis nest.

Brian (1952a)reports that M. scabrinodis will compete fiercely with

M. ruginodis for a favourable site beneath a stone and may capture

nest territory in 3 ways: firstly, by direct seiee which cauées fleeing
in the opponents; éecondly, by its ability to re-enter the nest quickly
following a period of poor climatic conditionsjand thirdly, by gradual
encroachment. M. ruginodis were killed during interactions and the
corpses eaten. Many species will consume the victims of battles. Nest
capture by M. scabrinodis from L. flavus is also by a gradual encroach-
ment. The experiments show precisely how this e;n be achieved against
aggressive onposition. The author has often found M. scabrinodis nesting
in the S.- S.W part of the mound, which is presumably the most favourable
position of the 'incubator'. Where a stone is placed on top of the mound,
M. secabrinodis often occupies a large proportion of it. Such a reduction‘
in part of the most favourable area of the nest may be a contributory
f;ctor for the reduced alate population recorded by Pontin (1969).
Competition may thus be occurring. The term'competition'is eﬁployed

for, in the absence of one species the other would occup§ more of the
favourable nest area. However, the Myrmica population may decrease in

the absence of the Lasius colony (due to an overriding food factor or

an inabili;y to maintéin the elaborate nest structufe ofvthe Lasius).
Odum (1953, page 165) states that there are 8 Ways that 2 species may
interact. If, as proposed, M; scabrinodis benefits from the Lasius

" nest sité, and the LasZus suffers from its presence then the ;/- re-

.

"lationship, as classified by Odum, is either parasitism or predation,
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' is employed a new term is

i

Unless the term 'mest-site predation

necessary.

It is believed that the 2 species may also be competing for food.
M. scabrinodis forages both above and below ground. Independeﬁt colonies
tend aphids (Pickles, 1936) and the ants will construct earthen cells
on plants to cover them. The feeding territory of L. flavus is effect-
ively 2 dimensional (Pontin,1961 ). Sudd (1970) has investigated the
tunnel shape of M. scabrinodis and finds that these spread and branch.
beneath the surface relatively more than other species examined.
M. scabrinodis are found at distances away from their concentrated nest
area within the Lasius feeding territory. A Myrmica will almost certainly
'milk' or eat‘aphids that it encounters there. 1In fact root aphids
may be a far more attractive food item than Lasiug workers. The rate
of feeding in animals is a function of the inteﬁsitf of the eliciting
stimulus. The size, palatability, abundance and ease of access of tpe
food can all influence the feeding response. The nutritive value of
aphids is probably greater than that of Lasius workers, they are often
very abundant (Pontin, 1978) and they are certainly less aggressive

and less dangerous than a potential LasZus prey.

The 'inﬁasion' behaviour and building activitf of M. scabrinodis
was seeﬁ to be effectivé in capturing nest areas belonging to the Lastus.
It would seem feasible that the behaviour maj also be employed to capture
underground chambers where aphids occur. Experimental investigation of
aphid and nest site competition, where the effect on tﬁe populatiﬁns of

each species is examined, would seem a worthwhile study.

It is proposed that the relationship between M. scabrinodis and
L. flavus is a complex one, possibly involving the predation of Lasius

workers and brood, and competition for nest site and root aphids.
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M. scabrinodis and L. flavus form a "compound nest' as their workers

are hostile to one another and their broods are kept separate. Many
examples of species living in compound nests have been recorded (Wheeler,
1901, 1903, 1904, 1921; Forel, 1928; Stumper, 1949; Wilson, 1971).

Terms such as plesiobiosis, lestobiosis and cleptobiosis have been
applied to various relationships that occur in compound nests but none
of these fit the example found here. The coining of a new term would
seem pointless as, no doubt, many more associations will be discovered

each different from the last and requiring a new term,



CHAPTER 4

INDIVIDUAL INTERACTIONS BETWEEN

M. SCABRINODIS AND 5 DIFFERENT ANT SPECIES.
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1. Introduction and Method.

It has been stated earlier than an ant can detect the pheromones
of an alien and that its behaviour may vary according to the intensity
of the stimulus. Many pheromone studies have been done in bath Myrmica
(Maschwitz, 1966; Crew and Blum, 1970; Cammaerts = Tricot, 1972, 1974a,
b, e, d; 1977, 1978; Morgan et al 1977, 1978, 1979) and Lasius (Bernardi
et al., 1967; Blum, 1968; Reignier and Wilson, 1968, 1969; Bergstrom
and Lofquist, 1970). However, surprisingly 1ittie is known of the ants'
ability to distinguish different chemicals and of their reaction to them,
Competition requires intra and interspecific communication, which in

ants is almost certainly transmitted by chemical means.

The following experiments investigate the behavioural responses of
M. scabrinodis to 4 different ant species, in gddition to L. flavus,
that commonly occur in the same habitat., The behaviour of individual
M. scabrinodis workers was recorded in pair-encounter experiments with
M. scabrinodis (from an alien colony), M. rubra, L. niger and L. umbratus.
The 'General Method' was closely followed for each of the 4 experiments.
The behaviour of M. scabrinodis towards L. flavus is given in

(page 30).

2. Results.

2.1, Interactions.

2.1.1. M. scabrinodis vs. M. scabrinodis (from an alien colony).

Mean scores for the acts shown by M. secabrinodis.in encounters

with an opponent of the same species, but from a different colony, are
given in Table 27. None of the acts showed a significant temporal
patterning effect (see Appendix, Table 12). One, and sometimes béth,

ants of the pair seized the opponent at the first meeting. This occurred\

\

in every replicate trial. The ants then remained in contact throughout



Mean Scores for the responses shown by individuals of

M. scabrinodis in pair encounters with alien M. scabrinodis

-114-

(n = 10).

RESPONSES OCCURRENCE DURATION (Secs)
APPROACH 0.9 n.a.
AVOID 0.0 n.a.
MEET 7.3 1748.4
THREAT 4.8 138.2
CONFLICT 1.2 38.2
LUNGE 1.2 n.a.
BITE 0.9 n.a.
SEIZE 10.5 939.8
DRAG 6.2 274.0
STING 3.3 95.4
CHASE 0.0 n.a.
FLEE 0.0 n.a.
GROOM 1.3 8.8
LOCOMOTION. 3.7 39.2
STILL 2.3 2448
ABDOMEN 0.3 17.6

CURLING
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the experiment. Scores for seizing duration were, consequently, very
high. The striking feature of combats was that they did not appear

to be fierce - little struggling was seen, locomotion was not rapid

and scores for grooming were low. Indeed, both ants remained motion-
less for long periods when seizing or when being seized. The ants

were often 'face-to-face', each holding the other’s antenna or jaw.
Antenna/antenna contact was frequent and rapid in otherwise motionless
opponents. Other parts of the body grasped for long periods include
the neck and petiole. Much dragging occurred but this was also not
considered to be severe as fierce pulling movements and active strug-
gling were rarely seen. The animal being 'dragged' often walked in
unison with its captor. The stinging behaviour often resembled the -
ABDOMEN-CURLING posture. The abdomen was often curled slowly and
sustained for a while. This is in contrast to thewshort rapid stinging
movements seen in fierce combats between M. seabrinodis and M. rubra.
The abdomen was also employed in a rapid tapping motion of its tip

on the substratum. This was a regular occurrence and was performed

by most ants. All ants were alive after 24 hours. TFive péirs were
still involved in seizing behaviour while ghe other 5 pairs were not

in céntact with each other. The acts AVOID, CHASE‘and FLEE were never
shown. This may be explained by the ants fighting at the first meeting
and remaining in contéct for the rest of the.encounter. Low scores for
APPROACH, GROOM, and LOCOMOTION may also be related to this factor.

Few "INTER-MEET" periods occurred and therefore f;rther analysis

of CONFLICT behaviour and bf the sustainmeqt of STILL and ABDOMEN-

CURLING postures was not possible.

2.1.2. M. seabrinodis vs. M. rubra.

On meeting its opponent M. rubra exhibited a range of differing

responses but in most interactions both species behaved aggressively
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M. seabrinodis in pair encounters with M. rubra.

(n = 10).

RESPONSES OCCURRENCE DURATION (Secs)
APPROACH 3.6 n.a.
AVOID 1.2 n.a.
MEET 18.8 1468.2
THREAT 13.3 95.0
CONFLICT 1.2 115.6
LUNGE 3.8 n.a.
BITE 6.0 n.a.
SEIZE 20.7 631.8
DRAG 17.9 434.0
STING 4.1 39.6
CHASE 5.3 n.a.
FLEE 0.2 n.a.
GROOM 6.1 56.8
LOCOMOTION 11.6 130.4
STILL 0.8 21.6
ABDOMEN 0.4 1.4

CURLING
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FIGURE 18(a) Temporal patterning of responses shown by M. scabrinodis -

in 30 minute pair encounters with M. rubra (see KEY, page 50 ).
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and fighting occurred. Mean scores for the acts shown by M. scabrinodis
in encounters with M. rubra are given in Table 28. An analysis of the
temporal patterning of all responses is given in the appendix (Table 11),
Behaviours that changed significantly with time are illustrated'in

Figure 13. M. scabrinodis often approached and chased the opponent. These
two acts were shown significantly more in the initial minutes of the
encounter (see Figure 18aand f ). . Fleeing was rarely seen. In meetings
THREAT and some CONFLICT were performed. Occasionally, both opponents
performed THREAT at each other simultaneously and remained in this posture
for a time. No CONFLICT was performed in the INTER-MEET period (see
Figure 22 Page 130). When fighting occurred it was often fierce and
lasted for long periods. Consequently, meetings were relatively few

but of long duration. More meetings occurred in the initial periodé

of the encounter (see Figure 18E). Some lunging éné biting was observed.
The opponent was seized and dragged a great deal. Seizing and dragging were
shown more often in the eaflier periods of the encounter (see Figures 18d
and e). The duration of these two acts did not follow a similar pattern..
Indeed, the opposite effect may be the case. Abdomens were employed in
stinging motions by both species during combat. After 24 hours, 8 M.
scabrinodis and 2 M. rubra were found dead. When M. seabrinodis groomed
itself it did so for relatively long periods. An amount of locomotion

was performed and this occurred more and for longer in the initial periods
of the encounter (see Figure 180 . The STILL and ABDOMEN-CURLING acts

were done very little and therefore the sustainment ofvthese péstures

was not analysed.

2.1.3. M. scabrinodis vs. L. niger.

L. niger showed several different responses on meeting its opponent.
o Y . . '\
Avoidance and fleeing were shown- by a proportion of ants, particularly v

in initial meetings. Sometimes the enemy was approached and attacked.
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Mean Scores for the responses shown by individuals of

M. scabrinodis in pair encounters with L. niger.

RESPONSES OCCURRENCE DURATION (Secs)
APPROACH 7.6 n.a.
AVOID 1.1 n.a.
MEET 31.5 628.8
THREAT 14.5 291.8
CONFLICT 10.3 270.2
LUNGE 1.7 n.a.
BITE 0.6 n.a.
SEIZE 2.5 56.2
DRAG 2.0 50.6
STING 1.9 17.6
CHASE 2.3 n.a.
FLEE 0.1 n.a.
GROOM 1.5 20.2
LOCOMOTION 20.4 311.4
STILL 7.8 160.4
ABDOMEN 9.8 263.0

CURLING

(n = 10)
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TABLE 30. Comparison of the responées of test animals in 2 groups of
experimental encounter, using 3 measurements of behaviour. The table shows
the Mann-Whitney statistic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1. GROUP 2.

scabrinodis vs. L. niger COMPARED WITH M. scabrinodis vs. L. niger (Dead)
(test animal) (opponent) (test animal) (opponent)
BEHAVIOURAL LATENCY OCCURRENCE. DURATION
RESPONSE U P G U P G U P G
APPROACH 27.0] N.S. - 6.5 TR 1' n.a. - -
AVOID 19.5} * 2 22.0 | * 2 n.a. - T -
MEET n.a. - - 7.5 Kk 1 29.0 | N.S. -
THREAT 30.5} N.S. - 9.0 Kkk 1. 110.0 *E% 1
CONFLICT 10.0| *** 1 10.0 | **= 1 10.0 | ##x 1
LUNGE 38.5] N.S. - 40.0 | N.S. |\ - n.a. - | -
BITE ) 45.0| N.S. - ]30.0 | N.S. - n.a. - -
SEIZE 47.0] N.S. - 48.0 N.S. - 50.0 N.S. -
DRAG 49.5| N.S. - 46.5 | N.S. - 48.5 | N.S. -
STING 45.0] N.S. - 46.0 | N.S. - 46.0 | N.S. -
CHASE n.a. - - n.a. - - n.a. - - }
FLEE 45.0] N.S. - 45.0 | N.S. = n.a. - -
GROOM 27.0| N.S. } - 32.5 | N.S. - 37.5_ N.S.| -
LOCOMOTION 24.5| N.S. | - 45.5 | N.S. 1 - A 23.0 | * 2
STILL 31.5) N.s. | - |4l.5 | N.s.| - |35.5| N.s.| -
ABDOMEN 15.5) ** 1 20.0 | * 1. 1200 #* |.1
CURLING .
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Some Lasius which avoided initially attacked in subsequent meetings.
A high level of activity was displayed in interactions. The speed of

the Lasius was judged to be much faster than that of the Myrmica.

The behaviour of the Myrmica was variable on meeting its opponent.
Mean scores for the acts shown by M. scabrinodis in éncounters with
L.niger are given in Table 29. Acts that changed significantly Qith
time are illustrated in Figure 19. An analysis of the temporal patterning
of all responses is given in the Appenqix (Table 10 ). The Lasius was
usually approached rather than avoided. Chasing often occurred and
fleeing was rarely seen. Much CONFLICT was shown in both the presence
and absence of the opponent. (see Figure 22 , page 130). A great
deal of THREAT was shown in confrontations. Both APPROACH and THREAf
were performed more often in the first minutes of the encounter (Figure 18a
and d). The same effect is not true of CONFLICT (Figure 18e). Some .
Myrmica attacked the opponents and, here, figPting occurred. Such fights
were occasionally fierce. Gasters were employed in combat, by both
species, in the quick flexing movement typical of stinging behaviour.
3 Myrmica and 4 Lasius were dead after 24 hours. The STILL and ABDOMEN-
CURLING postures were performed in some interactions. The sustainment

of these postures in the INTER-MEET periods is shown in Figure 21.

The behaviour of M. scabrinodis towards live and dead workers of
L. niger is compared in Table 30. The ant behaves differeqtly towards
live and dead animals in several respects. Score; for APPROACH, THREAT,
CONFLICT and ABDOMEN-CURLING are higher with the live opponents. Scores
for AVOID and LOCOMOTION are higher in encounters with dead aﬁimals.

The aggressive acts were displayed to both experimental groups and no

significant differences are found between them,

-

2.114. M. scabrinodis vs. L. umbratus,

The behaviour of L. wmbratus was very similar in most interactions.
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Typically, the Lasius approached, examined and attacked its opponent.
The aggression consisted of biting, seizing and pulling actions.
Antennal activity was vigorous. The abdomen was not usually employed

in attacks.

M. scabrinodis behaved in several ways on meeting its opponent.
The mean scores for the act shown by M. scabrivnodis in encounters with
L. umbratus are displayed in Table 31. Behaviours that changed sig-
nificantly with time are shown in Figure 20. An analysis of the tempéral
patterning of all responses is given in the Appendix (Table 9 ). The
STILL and ABDOMEN-CURLING postures were often performed and fighting did
not occur in the vast majority of interactions. More time was spent
by the Myrmicd displaying the 'passive' acts than any others. The
STiLL act was shown for relatively longer early in the encounters
(see Figure 20c ). Both 'passive' acts were sbmetimes sustained after
the Las?us had departed - at other times, locomotion began immediately.
Figure 21 (page 128 ) shows the fréquency and duration of
these sustained behaviours at the end of a meeting. M. scabrinodis
often approached and rarely avoided its opponent.' THREAT was shown
in interactions. CONFLICT was shown in both the presence and absence
of the enemy (see Figure 22, page 129). The CONFLICT posture sus-—
tained in the INTER-MEET period was sometimes relinquished when the
opponent approached and attacked it at the next meeting - at other
times, CONFLICT behaviour was not terminated (see Figure 23 ). The
Myrmica attacked the Lasius on only a few occasions but here combats
were rigorous and fierce. L. umbratus used its abdomen in fierce
combats and fleeing behaviour by the Myrmica was seen to result. The
Myrmica éhowed signs of injury after s;me fights, for example by the
sporadic and feeble movement of limbs. Long bouts of self-grooming also \
accomﬁaniedvfighting. Two Myrmfca and 6.Lasius’were fodnd dead after

24 hours.
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Mean Scores for the responses shown by individuals of

M. scabrinodis in pair encounters with L. umbratus.

(n = 10).

RESPONSES OCCURRENCE DURATION (Secs)
APPROACH 9.7 n.a.

AVOID 0.2 n.a.

MEET 35.5 591.4 .
THREAT 3.4 26.6

CONFLICT 9.0 146.2

LUNGE 0.5 n.a.

BITE 0.5 n.a.

:

SEIZE 1.0 12.8

DRAG 0.2 1.4

STING 0.3 2.0

CHASE 0.2 n.a.

FLEE 2.1 n.a.

GROOM ' 3.4 43.0
LOCOMOTION 19.1 381.0

STILL 20.0 395.0

‘éﬁ‘;ﬁﬁg 17.7 568.8
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2.2. Comparison of the Tnteractions,

2.2.1. Aggressive behaviour of M. scabrinodis to 3 Lasius species.

The behaviour of M. scabrinodis is compared in encounters with
L. flavus, L. umbratus and L. niger in Tables 32-34, The behaviour
of the ant was similar to all 3 Lastus in many respects. Often fighting
did not occur in interactions with each of the species. No significant
differences are present in the aggressive acts LUNCE, BITE, SEIZE, DRAG
and STING for all 3 measures., Also no differences appear in the acts

LOCOMOTION and GROOM.

M. scabrinodis did behave differently to the 3 opponents in some
respects, Intefactions were judged to be the most fierce with L. niger.
This ant is threatened sooner, more often and for longer than are the
other two species. L. niger is chased sooner and more often than is
L. flavus. CONFLICT is performed for longer pefiods with respect to
the formef. ABDOMEN-CURLING is shown for much less time witﬁ L. niger
than with both other LasZus. STILL is shown less often, for less time

and later on than with L. flavus.

Typically, at each meeting a passive posture was adopted: no fighting
ensued. While some deaths followed from interactions with both L. umbratus
and L. niger, none occurred with L.‘}iavus. In the comparisons in

Tables 32 and33, ABDOMEN-CURLING is done for'longer and LOCOMOTION‘for

less time with L. flavus than with both other Lastzus. it should be

noted that the Myrmica fled from L. umbratus sooner and more often

than from the other 2 species.-

2.2.2. Intraspecific and Intrageneric Aggression.

\

The behaviour of M. scabrinodis in encounters with alien M. scabrinodis
AY

“

and with M. rubra is compared in Table 35. Con-generic fighting was

more intense than con-specific fighting. M. rubra was chased, seized



-132-

TABLE 32. Comparison of the responses of test animals in 2 groups of
experimental encounter, using 3 measurements of behaviour. The table shows
the Mann-Whitney statistic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1. GROU?P 2.

scabrinodis vs. L. flavus COMPARED WITH M. scabrinodis vs. L. umbratus:

(test animal) (opponent) (test animal) (opponent)
BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE U P G U P G U P G
APPROACH 30.5 |N.S. | - 27.5 {N.S. | - |n.a. | - | -
AVOID 33.0 |[N.s. | - 22.5 |* 1 |nea. | - |-
MEET n.a. | - - 22.0 | * 2 | 37.5 |N.S. | -
THREAT 37.0 {N.s. |- |31.5{m.s. | - |31.0|w.s. | -
CONFLICT 38.5 [N.S. | - 46.5 {N.S. | - | 48.0 |N.5. | -
LUNGE 40.0 [N.S. | - 0.0 |%.s. | - |na | - |-
BITE Cl3s.ofwes. |- [3s.0fms. | - [na| - |-
SEIZE ~ I35.0 |N.S. | - 35.0 |N.S. | - |35.0|N.5. | -
DRAG 40,0 [N.S. | - 40.0 |N.S. | - | 40.0 |N.S. | -
STING 40.0 [N.S. | - 40.0 {N.S. | - | 40.0 |N.5. | -
CHASE 40.0 {N.S. - 40.0 |N.S. - n.a. - -
FLEE 15.0 |** 2 [ 15.0 |** 2 |nuaa. | - |-
GROOM 41.0 |N.S. | - 42.0 |N.S. | - | 38.0 |N.S. | -
LOCOMOTION 21.0 | * 2 21.5 | % 2 20.0 | * 2
STILL 34.5 |N.SL | = 7.5 [#xx° | 2 .| 24,0 |N.5. | -
ABDOMEN 33.0 |N.S. | - 31:5 [N.S. | - | 7.0[%xx |1
CURLING )
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TABLE 33. Comparison of the responses of test animals in Z‘groups of
experimental encounter, using 3 measurements ofrbehaviour. The table shows
the Mann—Wﬁitney statistic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1. GROUP 2.

M. seabrinodis vs. L. niger COMPARED WITH M. scabrinodis vs. L. flavus

(test animal) (opponent) (test animal) (opponent)
BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE U P G U P G U P G
APPROACH 29.0 |N.S. | - 30.5 | N.S. - n.a. - ] -
AVOID 46.0 I N.S. - 35.0 | N.S. - n.a. — -
MEET n.a., | - - 42.0 | N.S. | - 38.0 |[N.S. { -
THREAT 9.0 | *%%* 1 4,0 | *%% 1 .| 4.5 | %%% 1
CONFLICT 39.0 | N.5. | = 23.5 | N.S. | - 22.0 | * 1
LUNGE 30.0 | N.S. - 30.0 | N.S. - n.a. - -
BITE 35.0 | N.S. - 35.0 | N.S. | - n.a. - -
SEIZE ) 25.0 | N.S. .- 25.0 | N.S. - 25.0 N.S. | -
DRAG 35.0 | N.S. - 35.0| N.S. - 35.0 | N.S. -
STING 35.0 | N.S. - 35.0 | N.S. - 35.0 | N.S. -
CHASE 20.0 | * 1 20.0} * ’ 1 n.a. - -
FLEE 45.0 | N.S. - 45.0| N.S. - n.a. - -
GROOM 46.0 ﬁ.S. - 45.5}1 N.S. - 41.5 | N.S. -
LOCOMOTION 41.0 | N.S. - 23.0| * 1 24.0 N.S. -
STILL [27.5|N.s. | - | 34.5|N.s.| - |42.0 | N.S.| -
ABDOMEN 18.0 | ** 2 | 37.5| w.s. | - | 1.0 [ wex |2
CURLING
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TABLE 34, Comparison of the responses of test animals in 2 groups of
experimental encounter, using 3 measurements of behaviour. The table shows
the Mann-Whitney statistic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1. GROUP 2,

M. scabrinodis vs. L. niger  COMPARED WITH M. scabrinodis vs., L. umbratus

(test animal) (oppomnent) (test animal) (opponent)
BEHAVIOURAL LATENCY _ OCCURRENCE DURATION
RESPONSE U P G U P G U P G
APPROACH 45.0 [N.S. | = |s50.0 |N.S. | = [|n.a. - | -
AVOID '34.0|N.s. | - [31.0 |N.5. | - [n.a. - -
MEET n.a. - - 34.0 N.S. - 49.0 N.S. -
THREAT 17.0 | ** 1 11.5 | ** 1 [16.0 | *x 1
CONFLICT 46.0 | N.S. |.- |28.5 |N.S. | - |25.5 |N.S. | -
LUNGE 39.0|N.S. | - |[35.5 |N.S. | - [|n.a. - -
BITE 49.0 | N.S. - 49.0 | N.S. - n.a. - -
SEIZE 42,0 N.S. | - |39.5 |{N.S. | - {38.0 |[N.S. | -
DRAG t4,0|{N.s. | - |42.0 |N.S. | - |38.5 |N.S. | -
STING 46.0 | N.S. | - |43.5 | N.S. | - |44.0 |N.S. | -
CHASE 34.0|N.S. | - 24,0 | N.s. | - n.a. - -
FLEE 15.0 | *x 2 15.0 | ** 2 |n.a. - -
GROOM 47.0 | N.S. | - [48.5 |N.S. | - |46.5 |N.S. | -
LOCOMOTION 35.5] N.S. - 46.5 | N.S. - 41.5 | N.s. -
STILL C7.s|eex |20 J15.0 [ A% | 2 |19.0 | % 2
Pt 3.0|Ws. | - [28.0 [Ns. - f2Ls | 22
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TABLE 35. Comparison of the responses of test animals in 2 groups of
experimental encountef, using 3 measurements of behaviour. The table shcows
the Mann;Whitney statistic (U) and the associated probability level (P)

_and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1. : . GROUP 2.

M. scabrinodis vs. M.scabrinodisl COMPARED WITH M.scabrinodis vs. M. rubra.
(test animal) (opponent) (test animal) (opponent)
BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE U P G U P G U P G
APPROACH 46.0 |N.S. - 20.0 | * 2 n.a. | - | -
AVOID 40.0 |N.S. - 30.0 |N.S. - n.a. - -
MEET n.a. - - 4.5 | *%*% 2 7.0 | ®%% 1
THREAT 48.0 |N.S. - 34.5 [N.S. 44 48.0 | N.S. -
CONFLICT 44,0 |N.S. - 46.0 |N.S. - 48.0 | N.S. -
LUNGE 31.0 |N.S. - 21.5 | * | 2 n.a. - -
BITE 41.0 [N.S. - 28.5 |N.S. - n.a. - -
SEIZE ' 18.5 | #=* 2 15.5 | #%* 2 32.0 | N.S. -
DRAG 12.0 | *=* 2 10.5 | ** 2 31.0 | N.S. -
STING 19.5 { % 2 31.0 |N.S. - 44,0 | N.S. -
CHASE 0.0 | **% 2 0.0 | *%% 2 n.a. - =
FLEE 45.0 [N.S, - 45.0 |N.S. - n.a. - -
GROOM 14.0 | #* 2 10.5 | *% 2 ‘ 9.0 | k%% 2
LOCOMOTION 15.0 | **% 2 18.0 | ** 2 18.0 | #* 2
STILL 19.5 | * 1 22.5 | % . 1 20.5 | * 1
ABDOMEN 46.0 | N.S. - 46.0 I N.S. - 46.0 | N.S. | =
CURLING . .




and dragged sooner and more often than was an ant of its own species.

No differences are present in the durations of the acts SEIZE and

DRAG between the species - in fact, they are very similar. More

grooming and locomotion are shown, sooner and for longer with M. rubra.

STILL behaviour was shown more when with its own speéies, for each of

the three measures. Intraspecific fighting was thought, from observations,
to lack severity. Indeed, all ants were alive after 24 hours in intra-
specific encounters while some were dead as a result of intrageneric cémbats.
The greater activity in intrageneric fighting is also reflected in

the pattern of meetings. Meetings occur far more often but for less

time with M. rubra.

2.2.3. Intraspecific and Intergeneric Aggression.

The behaviour of M. scabrinodis in intraspecific encounters is
compared‘with its behaviour in encounters with L. flavus, L. umbratus
and L. niger in Tables 36, 37 and 38 respectively. The 3 comparisons show
similar trends to each other. More fighting (SEIZE and DRAG) occurs
and sooner in intrgspecific interactions than in ones between different
geuera in each case. The differeiices in dragging are not significant
for occurrence and latency with respect to the L. niger group. Meetings
were fewer but for longer periods with its own species than with each
Lasius due to long bouts-of fighting that occurred with the former.

Each Lasius was approached more often thén‘wés its own species. In additionm,
L. flavus was also avoided more. The Myrmica showed more THREAT for
each measurement towards an enemy of its own species than towards

L. flavus. THREAT and fighting aré positivély correlated here.- THREAT_
was shown less often towards its own species than towards L: niger and
is therefore negatively correlated with fighting in this case. More
CONFLICT is.shown where L. umbratus and L. niger are opponents tﬁan

in con-specific encounters. In each instance, CONFLICT is negatively

correlated with fighting. Furthermore, CONFLICT was only shown dufing
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TABLE 36, Comparison of the responses of test animals in 2 groups of

experimental encounter, using 3 measurements of behaviour. The table shows

the Mann-Whitney statistic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1.

M. seabrinodis vs. M.scabrirnodis

(test animal) (opponent)

COMPARED WITH

t

GROUP 2.

M. scabrinodis vs: L. flavus

(test animal) {opponent)

BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE U P U P G U P G
APPROACH 142.0] N.S. 1.5 Ak 2 n.a - -
AVOID 30.0 N.S 15.0 *% 2 n.a - -
MEET n.a - 10.0 *kk 2 0.0 kK% 1
THREAT 17.5| ** 18.5 *% 1 19.5 * 1
CONFLICT 33.0{ N.S 27.5 N.S - 29.0 | N.S. -
LUNGE 35.0| N.S. 35.0 | N.S - n.a - -
BITE 35.0] N.S 35.0 N.S - n.a - -
SEIZE 5.0 *%* 5.0 | *xx | 1 5.0 | #xx | 1
DRAG 10.0| #%* 10.0 HhE 1 10.0 *% 1
STING 25.0| N.S 25.0 | N.S. - 25.0 | N.S. -
CHASE 50.0f N.S. 50.0 N.S. - n.a. - -
FLEE 50.0] N.S 50.0 N.S. - n.a, - -
GROOM 31.0} N.S. 30.0 | N.S. - 29.0 | N.S. -
LOCOMOTION 20.0| * 4,0 | *%%* 2 ‘ 12,0 | ** 2
STILL 32.5{ N.S 30.5 | N.S - 1 43.0 | N.S. -
ABDOMEN 1.0] %% 0.0 | #*x | 2 0.0 | #*xx | 2
CURLING . .
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TABLE 37. Comparison of the responses of test animals in 2 groups of

experimental encounter, using 3 measurements of behaviour. The table shows
the Mann-Whitney statistic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1. GROUP 2.

M. secabrinodis vs. M.scabrinodis COMPARED WITH M.scabrfnodis v8. L.umbratus’
(test animal) (opponent) (test animal) (opﬁonent)
BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE U P G U P G U P G
"APPROACH 49.5 |N.S. - 11.0 |** 2 n.a. - -
AVOID 45.0 |N.S. - |45.0 |N.s. | - |mn.a. | - -
MEET n.a. - - 11.0 | *=* 2 0.0 Ll 1
THREAT 21.0 | * 1 42.5 |N.S. - 35.0 | N.S. -
CONFLICT 25.0 |N.S. - |22.0|% 2 | 24,5 N.s.| -
LUNGE 47.0 |N.S. - 42.0 |N.S. - n.a. - -
BITE 49.5 |N.S. - 48.5 (N.S. - n.a. - -
SEIZE 17.5 | ** 1 9.0 |**% 1 6.5 | *x% 1
DRAG 17.0 | #=* 1 12,0 |*=* 1 12.0 | #** 1
STING 37.0 |N.S. - 35.0 |N.S. - 34.5 | N.S.| =
CHASE 40.0 N.S.‘ - 40.0 |N.S. - n.a. - -
FLEE 15,0 | *% 2 15.0 | *% 2 n.a. - -
GROOM 16.0 | ** 2 16.0 | ** 2 17.5 *% 2
LOCOMOTION 10.0 | **%* 2 7.5 | ®%*% 2 ‘ 5.0 |  *** 2
STILL 15.0 | #** ~ 2 1.0 ***b 2 26.5 _N.S. L=
ABDOMEN 1 4.0 | #x% 2 0.0 | **%* 2 1.0 #&%x . 2
CURLING .
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TABLE 38. Comparison of the responses of test animals in 2 groups of

experimental encounter, using 3 measurements of behaviour.

The table shows

the Mann-Whitney statistic (U) and the associated probability level (F)

and indicates the group (G) having the higher score (see page 26 for key).

M. scabrinodis vs.

GROUP 1.

M. scabrinodis

(test animal) (opponent)

COMPARED WITH

M.

GROUP 2.
scabrinodis vs. L. niger

(test animal) (opponent)

BEHAVIOURAL LATENCY OCCURRENCE DURATION

RESPONSE U P 1) P . G U P G
APPROACH 47.5 [N.S. 6.5 | *** 2 n.a - -
AVOID 30.0 |N.S 25.0 | N.S - | n.a - -
MEET n.a - 10.0 | **%* 2 0.0 | **% 1
THREAT 42.5 |N.S. 17.5 | ** 2 30.0 | N.S. -
CONFLICT . 24,5 |N.S. 3.5 | #%% 2 7.0 | *%% 2
LUNGE 35.5 |N.S. 45.0 | N.S. - n.a. - -
BITE 49.5 |N.S. 45.0 | N.S. - n.a - -
SEIZE 18.0 | *%* 14,5 | *% 1 7.5 | *k% 1
DRAG 27.0 |N.S 25.0 |N.S - 22.0 | * 1
STING 38.0 |N.S 39.0 |N.S. - '36.0 N.S. -
CHASE 20.0 | * 20.0 | * 2 n.a. - -
FLEE 45.0 |N.S. 45.0 | N.S. - n.a. - -
GROOM 31.0 |N.S 42.0 | N.S. - 38.5 | N.S. -
LOCOMOTION 19.5 | * 12.0 | ** 2 18.0 | ** 2
STILL 44,5 | N.S 30.0 | N.S. - 39.5 | N.S. -
éﬁ;ﬁﬁg 3.0 | #xx 16.0 | ** 2 |21.0)% . |2
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meetings with alien M. scabrinodis whereas with the Lasius species much
was shown in the INTER-MEET periods (see Figure 22 page 129). M. scabrinodis
chases L. niger and flees from L. umbratus more than it does from its

own species.

The passive postures, STILL and ABDOMEN-CURLING; were sustained
after a meeting with the 3 Lasius species far more than with an alien

of its own species (see Figure 21 , page 128).

2.2.4, Intrageneric and Intergeneric Aggression.

The behaviour of M._scabrinodis towards M. rubra is compared with
its behaviour to L. flavus, L. umbratus and L. niger in Tables 39, 40 and 41
respectively. It can be seen, in all 3 comparisons, that there are
striking differences between Intrageneric and Intergeneric encounters.
Far more aggression is shown to M. rubra than to.each of the Lasius
species. Significant differences can be seen in the acts SEIZE, DRAG,
and STING for each of the 3 behavioural measures. The 2 passive acts,
STILL and ABDOMEN-CURLING, are shown correspondingly far less often,
for less time and later on in intrageneric encounters. The differences
in the sustainment periods of these 2 postures aiter a meeting are shown
in Figure 21 page 128. Threatening behaviour is shown sooner, more often
and for longer with M. rubra than with L. flavus. ‘THREAT and fighting
are thus positively corrélated. More lunging and biting are also done
with the former. No significant differencesrare present in THREAT, LUNGE
and BITE in comparisons involving L. umbratus and L. niger. Scores for
CONFLICT are higher with L. umbratus and L. niger than with M. rubra.
CONFLICT is negatively correlated with figh?ing, Further, whilg CONFLICT
is often shown in the INTER-MEET periods with Lasius opponegts it is
usually only shown during meetings with M. rubra (see page 129),. Because
long durations of combat occur with M. rubra, meetings are longer but
fet'ver in number than with the Lasius species. M. rubra is chased sooner-

~and more often than are both L. fZavus and L. umbratus but not tﬁore than‘ L. T’L'l:ger‘
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TABLE 39, Comparison of the responses of test animals in 2 groups of

experimental encounter, using 3 measurements of behaviour. The table showé
the Mann-Whitney statistic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1. GROUP 2.

'M.scabrinodis vs. M. rubra. COMPARED WITH M. scabri;*zodis vs. 'L. flavus
(test animal) (opponent) - (test animal) (opponent)
BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE u P G U P G U P G
APPROACH 47.0| N.S. - 43.5 |N.S. - n.a. - -
AVOID 41.0} N.S. | - 34.5 |N.S. - n.a. - -
MEET n.a. - - 22,5 |* 2 3.0 | #%% 1
THREAT 16.0| *=* 1 10.5 (%% 1 12.0 *% 1
CONFLICT 25.0| N.s. - 23.5 |N.S. - 32.0 N.S. -
LUKRGE 15.0] ** 1 15.0 [** 1 n.a. - -
BITE 15.0| *=* 1 15.0 |#% 1 n.a,. - -
SEIZE 0.0} *#%% 1 0.0 [**=* 1 0.0 *hk 1
DRAG 0.0 **%* 1 0.0 |**=* 1 0.0 | *%% 1
STING 5.0 #*% 1 0.0 |*%%* 1 0.0 *Hk 1
CHASE 0.0] *¥%* 1 0.0 |**%* 1 n.a. - -
FLEE 50.0{ N.S. - 45,0 |IN.S. - n.a. - -
CROOM 14.0] ** 1 21.0 |* 1 20.0 | * 1
LOCOMOTION 41.0§ N.S. - 49.5 |N.S. - 37.0 | N.S. -
STILL T 65| kx| 2 [17.0 [#x | 2 [15.0| #* | 2

ABDOTER 2.0 **x | 2 0.0 |#** 2 0.0 | *xx | 2
CURLING .
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TABLE 40. Comparison of the responses of test animals in 2 groups of

experimental encounter, using 3 measurements of behaviour. The table shows

the Mann-Whitney statistic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1.

M. secabrinodis vs. M. rubra

(test animal) (opponent) .

GROUP 2.

COMPARED WITH M. seabrinodis vs. L.umbratus

(test animal) (opponent)

BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE U P U P G U P G
APPROACH 40.0 | N.S. 24,0 | N.S. | - n.a, - -
AVOID 44.0 N.S. 35.0 [ N.S. | - n.a. - -
MEET n.a - 13.0 | ** 2 0.0 | #*=* 1
THREAT 24,0} N.S. 23.5 | N.S. | - 129.0 | N.S. | -
CONFLICT 13.0| ** 19.5 | * 2 27.0 { N.S. | =
LUNGE 34.0] N.S 25.0 | N.S. | - n.a. - -
BITE 39.0{ N.S. 25,5 { N.S. | - n.a - -
SEIZE 0.0 *** 1.0 | **%* 1 1.0 | #%%* 1
DRAG 0.5 **% 0.0 | *** 1 0.0 ***’ 1
STING 14,5} ** 9.5 **f 1 6.0 | *%* 1
CHASE 10.0| #** 3.0 ®*=% 1 n.a - -
FLEE 15.0| ** 24.5| N.S. | - n.a - -
GROOM 23.0| * 24,0| N.S. | - 35.0 | N.S. -
LOCOMOTION 26.0| N.S. 25.0| N.S. | - 12.0 | ** 2
STILL 0.0 *** 1.0] **=* 2 4.0 | **x% 2

’ ABDOMEN 0.0 **% 1.0] %% 2 2.0 | #**x%x | 2
CURLING
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TABLE 41. Comparison of the responses of test animals in 2 groups of
experimental encounter, using 3 measurements of behaviour. The table shows
the Mann-Whitney statistic (U) and the associated probability level (P)

andAindicates the group (G) having the higher score (see page 26 for key).’

GROUP 1. GROUP 2.

M. scabrinodis vs. M. rubra COMPARED WITH M.scabrénodis vs. L.niger
(test animal) (opponent) (test animal) (opponent)
BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE U P G U P G U P G
APPROACH 39.5| N.s. | - |24.0 | N.8.| - |n.a. | - ] -
AVOID 43.0 | N.s. | - l47.0 | nos.| - |n.a. | - -
MEET n.a. - - 19.5 * 2 3.0 | **% 1
THREAT 45,5 | N.S. | - 48.0 | N.S. | - |32.5 | N.S.| -
CONFLICT 7.0 | #%% 2 3.5 | #*=% 2 16.0 | #* 2
LUNGE 50.0 | N.S. - 36.0 { N.S. - n.a. - -
BITE 38.5 N.S. - 27.5 N.S. - n.a. - -
SEIZE 9.0 *kk 1 2.5 FrE 1 4.0 | **=% 1
DRAG 5.0 *kk 1 5.0 *kx 1 8.0 **f 1
STING 14.0 *x 1 22,5 * 1 17.0 | ** 1
CHASE 38.0 | N.S. - 29,5 | N.S. - n.a. - -
FLEE 49.5 | N.S. | - 49.5 | N.S. | - n.a. - -
GROOM 24,0 | N.S.} - 29.5 | N.S. | - 34.0 | N.S.| -
LOCOMOTION  |44-5 | N.s.| - |28.0 | N.S.| - [15.0 | #x 2
STILL '10.5 *% 2 38.5 N.S. - 13.5 *% 2

~ABDOYEN 5.5 [ #xx | 2 [15.0 | *x 2 |1s.0| # | 2
CURLING
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2.3. Discussion

The literature often reports I, scabrino&ﬁs living in close
association with L. flavus but less so with other species. >Chapter 3
investigated the former relationship and showed that although tﬁe
Myrmica will threaten it will not attack L. flavus in pair encounters.
Results from this chapter show that, in the same controlled conditionms,
M. scabrinodis behaves in different ways to other species. The
behaviour was most similar to the 3 Lasius opponents. Of the 3 agg-
ression was believed to be fiercest to L. niger where a high level
of THREAT and some fierce and fatal fights occurred. This is in contrast
to the low level of attraction and aggression shown by M. rubra towards
L. niger in the experiments of De Vroey (1979). L. niger frequently’
avoided M. scabrinodis by its agility and speed, particularly in
initial meetings. This avoidance behaviour would seem to be'a common tactic
employed by L. niger as it has been recorded in individuals upon meeting
T. caespitum (Brian, 1966) and M. rubra (De Vroey, 1979). M. scabrinodis,
unlike M. rubra, exhibits a marked attraction and a high level of chasing
behaviour towards L. niger. The.responses of the 2 Myfmica towards an
alien are therefore quite different. M. scabrinodis and L. niger occur
in the same habitat, they forage above ground, and ﬁeetings are probably
frequent. L. niger may dominate a food site by its aggressive behaviour
(De Vroey, 1978). Myrmica are eaten by L. niger (Pontin, 1961; Brian,
1965). The differences in aggression seen in encounters with L. flavus

[y

and L. niger would explain why Myrmica nests do not occur as near to
L. niger as they do towards L. flavus (Pontin, 1969). The behaviour of
M. scabrinodis towards L. wumbratus is of particular interest as this
species, like L. flavus,is subterranean. Both Lasius are sometimes
found in the same habitat (Carey and Diver, 1937) and they may even

occur beneath the same stome (Pontin, 1963). L. umbratus showed the

same willingness to approach and attack the Myrmica at each meeting as
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L. flevus did and in this respect is different from L. niger whose:
behaviour was more variable. The continual attraction of L. wmbratus

to an opponent would support the alarm/defénce strategy proposed for

a subterranean species earlier (see page 108).‘ The response of ‘the
Myrmica to L. umbratus was more like that to a L. flavus than a L. niger
opponent. For example, the rather stereotyped passive postures were

shown more and sustained for longer periods than with L. niger. L. umbratus
is usually larger than L. flavus (Donisthorpe, 1927). It was seen to

move and 'unbalance' the Myrmica by its pulling actions in a way that

L. flavus did not. The apparent difference in strength between L. wmbratus
and L. flavus may be responsible for the differences in behaviour of

the Myrmica towards the 2 species. Furthermore, L. umbratus sometimes
exployed its gaster in attacks while L. flavus did not - an action,

which induced fleeing behaviour. Potent secretions of the ant’s Dufours
gland have been demonstrated by Bergstrom and Lofqvist (1972). The
Myrmica is less willing to remain passive as it did in pair encounters
with L. flavus and such differences at the individual level may influence

colony interactions and the formation of compound nests.

The fierce fighting seen between individuals of M. scabrinodis and
M. rubra may reflect the intolerance of their colonies to each other in
the field. Both species are often found in the same habitat and probably
compete for resources. M. rubra is considered to be one of the most
aggressive Myrmica and M. scabrinodis one of the least war-like (Farren-
White,1883; Donisthorpe, 1913). However in these experiments M. scabrinodis
often approached, chased and attacked its oppoment. - The fighting super-
iority of M. rubra wasvseen in the 4:1 ratio of deaths that resulted.
The large number of deatﬁs was expected as both ants used their gasters

liberally in combat. . \

The M. scabrinodis always approached and seized an alien of their
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own species for long durations. The marked lack of severity of such
attacks and the uninjured condition of all coﬁbatants, even after 24
hours, is interesting. Donisthorpe (1927) notes that intraspecific
fighting occurs in this species but that mortalities are much léss

than in M. rubra or M. ruginodis.

The 'jaw-to-jaw' seizing, large extent of antennal communication and
readiness of one ant to move in unison with the pulling motions of the
opponent suggest a system for avoiding fierce combat and possibly for
assessing the opponent’s strength or motivation. The dragging behaviour
will function to remove an intruder from an area with minimal damage

to both individuals. Ritualized combats have been described in the
honey-pot ants (Holldobler, 1976b). Indeed, it is disadvantageoﬂs for
colonies of the same or different species to have continual battles

and a degree of stabilization probably occurs in'mést cases 1in the wild.
Many mechanisms are employed by ants to avoid aggressive encounters
such as foraging rhythms and strategies, trunk trails, etc. Dominance
hierarchies and mosaic distributions are well known. (Brian, 1958;
Majer, 1972). The submissive response of M. scabrinodis, described
earlier, is yet another strategy wused at the individual level for

2

avoiding a fight.

The STILL and ABDOMEN-CURLING postures of | M. scabrinodis -wer often
performed and sustained, with Lasius opponents but rarely with opponents of
its own genus, with the exception of the STILL reSponse-in intraspecific
encounters. Interactions with the latter were more intense. The sub-
missive posture may be ineffective in such situations or the animal
may be more highly motivated to compete. It is certainly disadvantageous
for the ant to remain in a 'neutral' area where danger exists. The

CONFLICT response was performed more in intra-rather than inter-generic i
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encounters. If CONFLICT serves to attract congeners, as is believed
in nest interactions with L. flavus, then it will be done so less

in dangerous areas.

It is believed from Gauzes law that "2 species with similar ecology
cannot live together in the same place" (Gauze, 19345. Interpretations
of the hypothesis have been discussed by Gilbert et al (1952) and
Hardin (1960). The more taxonomically and ecologically similar the
species the greater the competition between them should be. Intra-
specific competition has been found to be greater than interspecific
competition in ants by Pontin (1961). Aggression is often related to
competition although ants may compete in many ways other than by combat.
Holldobler (1976a)and Brian (1965) have shown intraspecific aggression to be
greater than interspecific aggression; The hostility between closely-
related species is often great (Wilsom, 1951; Wa&, 1953). Observations
on the interactions between M. scabrinodis and 5 different ant species
have enabled a detailed comparison of intra—and interspecific aggression
between individuals to be made. The experiments clearly show that
intraspecific aggression is less fierce than intrageneric aggression.
Further, while some deaths resulted in intergeneric combéfs which
wereisporadic but fierce,none occurred when M. scabrinodis fought with
aliens of its own species. De Vroey (1979) has, concurrently, obtained
similar results for M. rubra. This author considers the aggressiveness
in terms of the monogyny/polygyny status of the species - pd&gynous
colonies, such as M. rubra and M. scabrinédis, are believed to be less
aggressive than monogynous ones. Similar findings have been reported
by Talbot (1948), Brian ef al (1949), Marikowski (1963) and Pisarski (1972),
Gilbert et al (1952) sta;e that competition can be ascertained only by
a consideration of changes in the relative sizes of populations. It \

is clear from the experiments of this study in carefully controlled
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conditions that one cannot necessarily relate the level of aggressicn
seen in ants to the degree of competition or taxonomic relationship

between species. There are, no doubt, many ecological examples which

would show this.

The experiments of Chapter 4 are taken to evaluate the use of the
3 measurements of behaviour, occurrence, duration and latency, and
to assess the value of the 16 responses observed. When the 3 measurements
are examined it is found that the relative importance of each one may differ
depending on the t&pe of encounter analysed. One example will be con-
sidered. M. scabrinodis seizes both alien M. scabrinodis and M. rubra
opponents during combat. Figure 24 shows that,with respect to the former,
scores for occurrence are low and duration high,but with the latter both
are relatively high. This is a reflection of the”higher intensity of
the interactions with the latter. Clearly then, both measurements are
needed to describe the behaviour and one alone would give misleading

results.
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Figure 24. Mean scores for 3 aggressive responses shown by individuals of

\

M. scabrinodis in pair encounter experiments with alien M. scabrinodis. and

M. rubra (n = 10).
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The total number of significant dififerences from all comparisons of

pair-encounter experiments from the 3 experimental chapters are shown

below 1in Table 42 for each of the 3 measurements.

TABLE 42. Total number of significant differences from all pair encounter

experiments, .
Occurrence Duration Latency

Frequency 177 137 138

There were many cases where each measurement showed a.significant effect
when the other 2 did not and, therefore, at such times they are of
particular value. Latency is, perhaps,, less valuable than occurrence
and duration but it provides additional information and it is quick and
easy to record. 16 responses were recorded in encounters in order to
obtain a full, quantitative analysis of behavioural interactions.
Aggressive acts actually connected with fighting';re much fewer in
number. The most important of these are probably THREAT, SEIZE, DRAG
and STING. These 4 acts are considered first. It was seen in Chapter &
that the behaviour of M. scabrinodis depends very much on the type of
opponent. This is particularly true with respect to these 4 aggressive
acts. TFigures 25(1) and (2)compare the 4 aggressive responses of M.
scabrinodis as a percentage of each other in encounters with 5 different
species. The most obvious difference is that the ant tends to seize
Myrmica opponents but to threaten Lasius ones. Percentage differences
in other acts are also apparent. This type of analysis has serious
limitations as it does not compare actual amounts of aggression between
species. For example, the ant threatens z. niger much more than L. flavus
yet the former's percentage score is lower. Clearly, any gnalysis of
aggression must consider more than one aggressive response. All of the
above 4 are felt necessary to quantify aggression in ants. Stinging is

performed relatively less than the other 3 acts, particularly when o

duration is used as a measurement, yet it is important to an analysis
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expressed as a percentage of their combined totals, shown by

M. scabrinodis in pair encounters with 5 different species.
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because of its serious consequences. Dragging is of value as it
probably involves a higher level of motivation than seizing (Wallis,
1962) and thus indicates the intensity of interactions. Dragging (active
pulling during combat) must be distinguished from carrying where the
level of activity is much less. Threat has been positively correlated
with aggressive acts such as seizing, dragging and stinging (Wallis, 1962;
De Vroey, 1978). Threat is also statistically correlated with seizing
(rs = 0.83, p<0.0l)* in encounters between M. scabrinodis and M. rubra
in these experiménts. The association of threat and fighting is quite
obvious and has been discussed by both Wallis and De Vroey. However,
threat is not necessarily just a sequel to attack,for the posture

.
may be a reflection of opposing tendencies or it may convey a warning. to
its opponent. Thus, a high level of threat does not necessarily mean
a similarly high amount of fighting. One example is taken to illustrate
this - M. scabrinodis shows a great deal more threat towards L. niger
but seizes and drags the ant much less than it does both alien M. secabrirodis

and M. rubra. 1Indeed, in such cases threat and fighting appear to be

negatively correlated. Nevertheless, threat is a very useful response

Hh

or measuring aggression, particularly in encounters between species

‘

where combat is infrequent.

Scores for LUNGE and BITE were low in most types of encounter
investigated and the acts are thus of little value in measuring aggression.
CONFLICT has been shown to be distinct from THREAT. It is performed by
the animal in different amounts and at different times. The response is
a very important one in the behaviour of M. scabrinodis, particularly
in encounters with Lasius opponents where less fighting occurs than
with Myrmieca ones. The.frequency and duration that an ant approaches
or avoids, chéses or flees, shows locomotion,or grooms in a given time \
period depends on the number and duration of combats. As fighting is veryx

variable among different species so are the scores of other responses.

* Spearman rank correlation coefficient,
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‘When an-ant is fighting it cannot perform other bchavioﬁr , although
it may wish to. For example, a badly injured ant may wish to groom
but cannot do so while being attacked. Ants engaged in combats for
long periods (e.g. intraspecific encounters) will meet less fréquently
and thus have less opportunity to approach or avoid, than if little
fighting occurred. Indeed, measuring the occurrence aﬁd durations of
meetings, and to a lesser extent locomotion, provides very useful
information on the’type of interactions in encounters. Measuring

respcnses such as approach, avoid, chase and flee is verv uszful for
‘ . ,v" ’_" . o Lo .

fi

Pe

m

i further quant es subjective observations. Acts mﬁst bevclearly-defiﬂéd.
For example the gaster of /M. scabrinodis was curled beneath the body

in at least 3 different ways. The first was termed ABDOMEN-CURLING'

and the second stinging (although eversion of the sting was not examined).
The third was also termed stinging although it differed from the second

in the quickness cof the action and the conditions in which it was

seen. THREAT and CONFLICT have not been given a 'separate' identity by

other workers yet the experiments clearly show that they are different

responses. In recent years there has been a pronounced trend in behavioural

PR [ERAT I S I ’ .-

studies towards statistical analysis. The investigations of this study

,

show that there is a place, indeed a need, to qualify such figures

with accurate descriptive accounts.



CHAPTER 5

INDIVIDUAL INTERACTIONS BETWEEN

6 MYRMICA SPECIES AND L. FLAVUS.
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1. Introduction and Method.

British épecies of Fhe genus Myrmica are thought to be closely
related. Many of them may occur in the same habitat (Brian ¢t al 1949; Brian,
1952, 1955, 1956a, b. 1958). The écology and distribution ofigénus are given —
by Donisthorpe (1927) and Gaspar (1971). Llmes (1975) has done a
population study on the genus and proposes a spatial relationship of
the species in terms of warmth and humidity requirements. Species
of the genus are often compared in terms of their morphological characters.
A revision of the North American Myrmiea is given by Weber (1947). To
date, no quantitative and comparative analysis of their behaviour has
been made. The small size of the British genus lends itself to such

a comparison,

The following chapter investigates the interspecific behaviour
of 6 species cf the genus Myrmica towards the same type of opponent,
L. flavus. The behavioural status of the species is then comparéd
with the taxonomic one. The species studied were: M. sabuleti, M.schencki,
#. rubra, M. ruginodis and M. suleinodis. The responses shown by each
species in pair encounter experiments with L. flarus were examined
following the 'General Method' (page 7 ). The behaviour of M. secabrincdis

towards L. flavus is given in 2.2.1. (page30 ).

2. Results,

2.1. Interactions.

2.1.1. M, sabuleti vs. L. flavus.

Mean scores for the acts shown by M. sabuleti in encounters with

L. flavus are given in Table43. The behaviour of M. sabulet? was fairly

>

constant throughout the encounter and in each replicate trial. Only

2 acts, MEET and LOCOMOTION, changed significantly with time (see Figure2§

\
\

a. and b respectively). The temporal patterning of all responses

is analysed in the Appendix , (Table 13),
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(n = 10).

43, Mean Scores for the responses shown by individuals of
M. sabuleti in pair encounters with L. flavus.
RESPONSES OCCURKENCE DURATIO% (Secs)

APPROACH 0.9 n.a
AVOID 0.6 n.a.
MEET 27.7 589.2
THREAT 0.1 0.4
CONFLICT 1.5 83.6
LUNGE 0.0 n.a.
BITE 0.0 n.a.
SEIZE 0.0 0.0
DRAG 0.0 0.0
STING 0.0 0.0
CHASE 0.0 n.a.

FLEE 0.0 n.a. ,
GROOM 1.0 4.4
LOCOMOTION 14.9 371.8

STILL 18.9 1279.0
ABDOMEN 2.0 57.4
CURLING )
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FIGURE 26. Temporal patterning of the responses shown by M. sabuleti

in 30 mindte pair encounters with L. flavus. (see KEY, page 50).
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Eaclr time that the ant met the oﬁponent the STILL response was
shown. The response was often sustained throughout the meeting and
after the opponent had departed (see Figure 30 page 167 Duration
scores for the STILL response are almost twice that of the MEET cate-
gory (Table 43). The ABDOMEN-CURLING response was adopted infrequently
and by only a proportion of the ants. The gaster was often only
partially curled under the body. The aggressive acts LUNGE, BITE,
SEIZE, DRAG, STING and CHASE were never shown. Fighting did not take
place in any encounter and all ants were alive after 24 hours. APPROACH,
AVOID, THREAT and GROOM rarely occurred. A small amount of CONFLICT

was shown by only a proportion of the animals.

2.1.2. M. schencki vs. L. flavus,

Mean scores for the acts shown by M.schencki in encounters with
L. flavus are given in Table 44. Two of these acts, LOCOMOTION and
STILL, change significantly with time (see Figure 27a, and b ). The

temporal patterning of all acts is analysed in the Appendix,. (Tatle 14),

The behaviour of M.schencki towards the LasZus seemed extremely
similar to that of M. sabuleti in almost every respect. The STILL
posture was performed at each meeting and sustained into the‘INTER—MEET
period (see Figure 30 page 167). ABDOME&-CURLING was rarely seen.
LOCOMOTION occurred in a slow deliberate manner. The aggressive acts
LUNGE, BITE, SEIZE, DRAG, STING and CHASE were not shown. Fighting
did not take place and all animals were alive aft;r 24 hours. The

responses AVdID, THREAT, CONFLICT, FLEE and GROOM were performed very

little.

2.1.3. M. ruginodis vs. L. flavus, -

Mean scores for the acts shown by M. ruginodis in encounters with \
L. flavus are given in Table 45. Nome of the acts changed in pattern

throughout the experimental period (see Appendix, Tablel6 ).
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Mean Scores for the responses shown by individuals of

M. schencki in pair encounters with L. flavus. (n = 10)

RESPONSES OCCURRENCE DURATION (Secs)
APPROACH 2.8 n.a.
AVOID 0.5 n.a.

MEET 22.8 868.6
THREAT 0.1 0.2
CONFLICT 0.9 16.0
LUNGE 0.0 n.a.
BITE 0.0 n.a.
SEIZE 0.0 0.0
DRAG 0.0 0.0
STING 0.0 0.0
CHASE 0.0 n.a.
FLEE 0.8 n.a .
GROOM 0.4 5.6
LOCOMOTION 10.1 305.4
STILL 12.5 1444.6
ABDOMEN 0.2 . 3.4

CURLING
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FIGURE 27. Temporal patterning of the responses shown by M. schencki
in 30 minute pair encounters with L. flavus.

(see KEY, page 50 ),
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Yean Scores for the responses shown by individuals of

M. ruginodis in pair encounters with L. flavus.

(n =10).

RESPONSES OCCURRENCE DURATION (Secs)
APPROACH 0.8 n.a,
AVOID 2.4 n.a.
MEET 31.1 1043.4
THREAT 1.1 9.8
CONFLICT 0.2 2.4
LUNGE 0.8 n.a.
BITE 0.4 n.a.
SEIZE 1.4 32.0
DRAG 1.1 36.2
STING 1.1 60.4
CHASE 0.3 n.a
FLEE 0.4 n.a
GROOM 6.3 46.4
LOCOMOTION 30.9 643.2
STILL 33.3 468.0
ABDOMEN 23.9 436.6

CURLING
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The STILL act was performed in most meetings in the encounter.
The ABDOMEN-CURLING response was also shown a great deal. The gaster
was curled and sustained only when actually examined by the opponent,
Consequently it was often only briefly sustained. The ant continually
ensured that the tip of the gaster was directed away‘from the opponent.
Both the STILL and ABDOMEN-CURLINC acts were rarely sustained after a
meeting (see Figures 30 and 31 ) and LOCOMOTION usually began immediately.
LOCOMOTION was performed at a relatively fast rate and for long periods.
Long bouts of grooming were done between periods of LOCOMOTION. The
Kyrmica avoided and fled from the opponent particularly in initial
interactions. Little THREAT and CONFLICT were performed. Only 2 in-
dividuals fought with the LasZus. All ants when selected initially were
considered to be of the most aggressive category! Fighting was fierce
when it did occur and gasters were employed. Two Lasius were killed
and their opponents showed signs of injury. All ants in the 8 remaining

trials were alive after 24 hours.

2.1.4. M. rubra vs. L. flavus,

Mean scores for the acts shown by M. rubra in encounters with
L. flavus are given in Table 46. Acts that changed significantly with
time are illustrated in Figure 28. Temporal patterning of all acts

is analysed in the Appendix, Table 15).

The ants showed a number of different responses on meeting the
opponent. Activity ceased and the STILL response was shown in many
interactions. ABDOMEN-CURLING was éometimés performed but sustained
for only short durations. Often, the gaster was only partly curled
beneath the body. Both 'passive' postures show a temporal patterning.
Neither posture was sustéined after the opponent had departed (see

Figures 30 and 31 ). LOCOMOTION was usually performed at a relatively
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Mean Scores for the responses shown by individuals of

M. rubra in pair encounters with L. flavus. (n = 10).

RESPOXSES OCCURRENCE DURATION (Secs)
APPROACH 0.9 | n.a.
AVOID 5.9 n.a.
MEET 17.7 801.4
THREAT 6.2 T 227.0
CONFLICT 2.1 19.2
LUNGE 0.5 _n.a.
BITE 0.0 | n.a.
SEIZE 1.0 18.0
DRAG 2.9 34.0
STING , ' 3.8 31.0
CHASE 0.0 n.a.
FLEE 2.3 n.a.
GROOM 0.3 0.6
LOCOMOTION 13.0 311.4
STILL 14.1 391.6
__ .
o B
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fast rate and it began immediately after the meeting. LOCOMOTION was
greatest initially and decreased with time. The ant often avoided
and fled from the opponent, Little APPROACH occurred and CHASE was

not seen.

Although the Myrmica were passive in many interactions, at times
much aggression was shown. All ants threatened the Lasius a great deal.
Some CONFLICT was also performed. Both THREAT and CONFLICT were ex-
hibited significantly more in the initial minutes of the encounter.

Most of the ants attacked thg'Lasius at some stage during the encounter.
The fighting was fierce. Seizing, dragging and stinging actions were
frequent and for long durations. Some deaths éccurred in the experimental

period. 7 Myrmica and 8 Lasius were dead after 24 hours.

2.1.5. M. suleinodis vs. L. flavus,

Mean scores for the acts shown by M. suleinodis in encounters with
L. flavus are given in Table 47 The temporal patterning of these acts
is analysed in the Appendix - (Table 1 ). Two of these acts, MEET
and LOCOMOTION, show a significant change. The duraticns of both res-

ponses decrease with time (see Figure 29a, and b respectively).

The Myrmica exhibited a variety of responses in interactions. The
STILL and ABDOMEN-CURLING acts were adopted in some meetings. Both.
postures were rarely sustained after a meeting (see Figures 30 and 31 )
and LOCOMOTION soon began. The ants performed LOCOMOTION,at times, with
the abdomen held beneath the body and with the jaws opened wide.

The behaviour occurred directly afger a méeting and lasted for some
6 seconds (see Table 47 ). The response was not observed in other Myrmica
-with possibly the exception of M. ruginodis where it was seen occasicnally

\

and briefly.

Although the ants were passive in some meetings, a high level of
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TABLE 47. Mean Scores for the responses shown by individuals of

M. suleinodis in pair encounters with L. flavus. (n = 10).

RESPONSES OCCURRENCE DURATION (Secs)
APPROACH 2.9 n.a.
AVOID 2.6 n.a.
MEET 15.8 932.0
THREAT 9.8 124.0
CONFLICT 4.1 43.2
LUNGE 5.0 n.a.
BITE 7.5 n.a
SEIZE 10.2 166.0
DRAG 9.4 275.6
STIXN 7.2 95.4
CHASE 1.4 n.a.
FLEE 1.4 n.a

- GROOM 3.3 35.4
LOCOMOTION 11.8 410.8

STILL 6.9 183.6
ABDOMEN 2.1 . 24.8°
CURLINQ
L OCONOTION 4.4 25.2
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.

aggression was sometimes displayed. The Laciusc wac frequently threat-
ened. CONFLICT was also shown but to a lesser extent. Fierce fighting
frequently took place, at the first meeting. All the aggressive acts
were performed a great deal. Dragging and stinging were particularly
noticeable. The Lasius were killed and dismembered in several encounters.
The Myrmica showed signs of injury and fled,particularly after having
been 'drenched' by the enemy's abdominal secretions. Grooming bouts,

by both opponents, were for long periods and took place after fierce

interactions. 8 Lasius but no Myrmica were dead after 24 hours.

2.1.6.The behaviour of L. flavus towards 6 lurmica species.

Some of the behavioural responses of the Lasius were similar to
all 6 species of Myrmica. The aét approached each one showing threat-
ening behaviour and a willingness to fight. It examined its opponents
showing fast antennal activity and THREAT was often maintained for long
periods. Further behaviour was also similar towards M. scabrinodis,

M. sabuleti and M. shencki. The Lasius attacked the ants by biting,
seizing and pulling actions. These attacks were not considered to be
fierce - seizing and dragging were not prolonged and the gaster was

rarely used.

The behaviour of the Lasius towards M. ruginodis was similar to
that shown towards the previous 3 species. However, on occasions attacks

were fiercer and gasters were employed.

The Lasius approached and attacked M. rubra and M. culcinodis fiercely
in many interactions. Fighting often began at the first meeting. Both
of these species were bitten, seized and dragged strongly and often.
The gaster was frequenély used. Liquid from the Lasius gaster was

clearly visible on the floor of the arena at times.
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2.2, Comparison of Interactions.

Tables 49-63 compare the behavioural response of 6 Myrmica species
in encounters with the same species of opponent, L. flavus, using 3 measure-
ments of behaviour. The species are analysed in pairs and the following

Key (Table 48 ) indicates the number of the Table in which each com-

parison is made.

Table 48. Key to Tables 49-63. The Key indicates the number of the Table

in which each pair of Myrmica species are compared.

M. sabuleti M. shencki M. ruginodis M. rubra M. suleinodis

M. scabrinodis 49 50 55 58 61
M. sabulett 51 56 59 ’ 62
M. shencki 57 - 60 63
M. ruginodis ' 53 54

M. rubra ‘ 52

It was convenient to arrange the species into 2 greoups when analysing them*
Group ‘1 T M scabrinodis; M. sabuleti and M. shencki.
Group 2 : M. ruginodis, M. rubra and M. suleinodis.
The species were then considered in the following order:-
1) Comparison of the 3 species in group 1 with each other (Tables 49-51).
2) Comparison of the 3 species of group 2 with each other (Tables 52-54).
3) Comparison.of M. rugirodis with each of the species of group 1 (Tables 55-57)
4) Comparison of M. rubra with each of the species of ‘group 1 (Tables 58-60).

5) Comparison of M. suleinodis with each of the species of group 1 (Tables 61-63

2.2.1Comparison of M. scabrinodis, M. sabuleti and M. shencki with each other.

It was thought from observations that the 3 species behaved in a

*The arrangement of species into these 2 groups does not affect their
treatment but merely organises the order in which they are considered.
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TABLE 49. Comparison of the responses of test animals in 2 groups of
experimental encounter, using 3 measurements of behaviour. The table shows
the Mann-Wﬁitney statistic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1. . GROUP 2.

M. scabrinodis vs. L. flavus COMPARED WITH M. sabuleti vs. L. flavus

(test animal) (opponent) . (test animal) (opponent)
BEHAVIOURAL LATENCY OCCUPRRENCE DURATION
RESPONSE U P G U P G U P G
APPROACH 16.5 | ** 1 18.5 | *#* 1 |[n.a. - -
AVOID 45.0 |N,S. - 32.5 | N.S. - In.a. - T~
MEET n.a. - - 36.5 | N.S. - 33.0 |N.S. -
THREAT 36.0 |N.S. - 45.5 | N.S. - |46.0 |N.S. -
CONFLICT 38.0 |N.S. - 28.5 {N.S. - [|35.0 {N.S. -
LUNGE 50.0 |N.S. - 50.0 |N.S. - In.a. - -
BITE ) 50.0 [N.S. - 50.0 | N.S. - |n.a. - 1 -
SEIZE 50.0 |N.S. - 50.0 | N.S. - 150.0 |N.S. | -
DRAG 50.0 | N.S. - 50.0 | N.S. - 50.0 N.S., -
STING 50.0 | N.S. - 50.0 | N.S. - 50.0 N.S. -
CHASE 50.0 | N.S. - 50.0 | N.S. - {n.a. - -
FLEE 50.0 [N.S. - 50.0 | N.S. ~ |n.a. - -
GROOM 30.0 | N.S. - 33.5 | N.S. - 133.0 | N.S. -
LOCOMOTION 38.0 | N.S. - 36.5 | N.S. - (25.0 | N.S. | -
STILL 49.0 { N.S. - 6.0 | *x% 2 0.0 | *** 2
ABDOMEN 12,0 | ** 1 6.5 | **% 1 0.0 | *** 1
CURLING .
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TABLE 50 Comparison of the responses of test animals in 2 groups of
experimental encounter, using 3 measurements of behaviour. The table shows
the Mann-Whitney statistic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see page 26for key).

GROUP 1. GROUP 2.

M. seabrinodis vs. L. flavus COMPARED WITH M. shencki vs. L. flavus

(test animal) (opponent) (test animal) (opponent)
BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE U P G U P G U P G
APPROACH 30.0| N.S. | - 33.0 | N.S. | - n.a. - -
AVOID 43.0| N.S. | - 27.0 | N.S. | - |n.a. | - | -
MEET n.a.| - - |28.5 | N.s.| - |42.0 | N.S.| -
THREAT 30.0| N.S. | - [39.0 | N.s.| - |39.0 | N.S.| -
CONFLICT 33.0/ N.S. | - |26.0 | N.S.| - |32.5 | N.S.}| -
LUNGE 50.0|{ N.S. | - |50.0 | N.5.| - |n.a. - -
BITE . | 50.0|N.S. | - |50.0 | N.S.| = [|n.a. - -
SEIZE 50.0| N.s. | - |50.0 [ N.s.| - |50.0 | N.S.| -
DRAG 50.0| N.S. | - - {50.0 | N.S. | - |350.0 { N.S.| -
STING 50.0| N.s. | - |50.0 | N.5.| - |50.0 | N.S.| -
CHASE 50.0f N.S. | - |50.0 | N.S.| - |n.a. | - -
FLEE 30.0f N.S. | - [30.0 [ N.S.| - [nm.a. | - -
GROOM 30.0| ¥.s. | - |26.5| 8.s.| - |30.5|N.5.| -
LOCOMOTION 22.0{ * 2 44,0 | N.S.| - |26.0| N.S.| -
STILL 47.5| N.S. | - 7.5 *x%% | 2 0.0 | *xx 2
ABDOMEN 1.0] *%x | 1 0.0 | **x [ 1 0.0 | **x | 1
CURLING .
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TABLE 51. Comparison of the respcnses of test animals in 2 groups of
experimental encounter, using 3 measurements. of behaviour. The table shows
the Mann—-w.hitney statistic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1. | - CROUP 2.
M. sabuleti vs. L. flavus COMPARED WITH M. shéncki vs. L. flavus
(test animal) (opponent) (test animal) (opponent)
BEHAVIOURAL LATENCY ~ OCCURRENCE DURATION
RESPONSE U P G U P G U P G
APPROACH 41.0 |N.S. - 7.0 | ®x*% 2 n.a. | - -
AVOID 47.0 |N.S. - 39.0 |N.S. - n.a. | - -
MEET n.a. - - 36.0 | N.S. - 26.0 | N.S. -
THREAT 45.0 |N.S. - 49.5 |N.S. - 49.0 | N.S. | -
CONFLICT 45.0 |N.S. - | 46.0 |N.s. - | 47.0N.s. | -
LUNCE 50.0 |x.s. - 50.0 |N.S. - n.a. | - -
BITE 50.0 |N.S. - 50.0 {N.S. - n.a. - | -
SEIZE 50.0 |N.S. | - 50.0 |N.S. - 50.0 | N.S. | -
DRAG. 50.0 |N.S. - 50.0 |N.S. - 50.0 | K.S. | -
STING 50.0 | N.S. - 50.0 | N.S. - 50.0 | N.S. | -
CHASE 50.0 {N.S. - 50.0 \’s - n.a.| - -
FLEE 30.0 | N.S. - 30.0 | N.S. - n.a.| - -
GROOM 43.5 | N.S. - 37.5 | N.S. - 41.0fN.s. | -
LOCOMOTION 18.0 | ** 2 39.5 | K.S. - 43.0 ] N.S. -
STILL 45.0 | N.S. - 37.5 | N.S. - 34.01) N.S. -
ABDOMEN 28,0 |N.S. | - |31.5|N.s. | - [ 34.0|lN.S.| -
CURLIKG ,
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very similar way to each other when in encounters with L. flavus. The
ants usually performed and sustained one of the 2 passive postures and
never fought with the opponent. Statistical analysis (Tables 49-51)

shows that few significant differences between the species are ﬁresent.
M. scabrinodis can be distinguished from the other 2 species by the

greater amount of ABDOMEN-CURLING and correspondingly lesser amount of
STILL behaviour it performed. M. sabuleti approaches the opponent more
than the other 2 species. M. shencki shows LOCOMOTION sooner than the
other 2 species. No other differences in the behaviour are detectable.
The 2 species M. sabuleti and M. shencki (Table51) are the most similars

3

indeed their behaviour towards the Lasius is almost identical.

2.2.2Comparison of M. ruginodié, M. rubra and M. suleinodis with each other.

-

The behaviour of these three lyrmica species towards L. flavus

is compared in Tables 52-54, It can be seen from Table 52that few
differences occur between M. rubra and M. suleinodis. Both species
were the only ones to fight fiercely and often with the Lasius. The
latter did show biting, seizing and chasing more often than the former
but no differenzes in duraticn can be found. M. rubra performed LOCO-

MOTION and THREAT sooner than M. suleinodis. ’

M. suleinodis was the only species to perform the'ABDOMEN-CURLING-

IN-LOCOMOTION' response (except for M. ruginodis which did it to a very

slight extent) and this act is therefore a diagnostic feature of the ant.

s

The behaviour of M. ruginodis is compared with thé behaviour of
M. rubra and M. sulecinodis in Tables53 and 54. Although M. ruginodis
attacked and killed the Lasius in some cases, its behavicur was, generally,
very different from that of the other 2 species. THREAT, CONFLICT, and

SEIZE were shown far less by M..ruginodis than by the other 2 species .
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TABLE 52, Comparison of the responses of test animals in 2 groups of
experimental encounter, using 3 measurements of behaviour. The table shows
the Mann-ﬁhitney statistic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1. ' GROUP 2.

M. rubra vs. L. flavus. COMPARED WITH M. suleinodis vs, L, flavus
(test animal) (opponent) (test animal) (opponent)
BEEAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE U P G U P G U P G
APPROACH 49.5 | N.S. - |33.0 | N.S. - |n,a. - -
AVOID 23.5 |N.S. | - 33,5 |N.s. | - |na. | = | -
MEET n.a. - - 49.5 N.S. - 50.0 N.S, -
THREAT 11.5 | *% 1 34,5 |N.S, - |45.0 |N.S. -
CONFLICT 30.0 |N.S. - 32.5 N.S. - 25,0 |N.s. -
LUNGE 42.0 [N.S. - 30.5 N.S. - |n.a. - -
BITE 42.0 [N.S. - 15.0 ** 2 n.a. - -
SEIZE 44,0 |N.S. - 22,0 |=* 2 25,0 [N,S. -
DRAG 47.5 |N.S. - 28,5 N.S. - 125,5 [N,S. -
STING 44,0 |N.S. - $2,0 |N,S. - 32.0 |N,S, -
CHASE 44,5 |IN.S. - 20.0 * | 2 n.a. - -
FLEE 45.5 |IN.S, - k7.5 |N.S. - In.a, - -
GROOM 39.5 {N.S. - 32.5 N.S, - 32.5 N.S, -
LOCOMOTION 22.5 |* 1 6.5 |N.S. - |33.5 |N.S, -
STILL 38.5 |N.S. - 33.5 N.S. - 49.5 N.S, -
ABDOMEN 33.5 |N.s. | - B5.0 |N.s. | - [40.5 IN.S. |-
CURLING .

ABC. LOCOM 15.0 |[** 2 5.0 |** 2 15,0 [*= 2
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* TABLE 53. Coﬁparison of the responses of test animals in 2 groups of
experimental encounter, using 3 measurements of behaviour. The table shows
the Mann;ﬁhitney statisfic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see page 26 for key). -

GROUP 1. GROUP 2.

M. ruginodis vs. L. flavus  COMPARED WITH M. rubra ve. L. flavus

(test animal) (opponent) (test animal) (opponent)
BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE U P G U P G U P G
APPROACH 41.0| N.S. - 50.0 | N.S. - n.a, - -
AVOID 42.0| N.S. - 34,0 | N.S. - n.a, - -
MEET na.| - | - 22,5 | % 1 [39.0 | N.s.| -
THREAT 11.5| ** 2 7.5 | **% 2 6.0 | *%* 2
CONFLICT 5.5 *** 2 19.0 *% 2 21.5 * 2
LUNGE 33.0| N.S. - 37.0 N.S. - n.a. - -
BITE 42.0] N.S. - 40.0 | N.S. *' n.a, - -
SEIZE 16.5] ** 2 22.5 x 12 23,5 | N.S. -
DRAG 27.5} N.S. - 31,5 | N,S. - 32,5 j K.S. -
STING 22,0} * 2 35,0 | N.S. - 34,0 N,é. -
CHASE 41.0| N.S. - 40,0 | N,S. - n.a, - -
FLEE 48.0| N,S. - 39.0 | N,S. - n.a. - -
GROOM 12,0} *=* 1 0.0 *kk 1 0.0 K&k 1
LOCOMOTION | 46.0| N.S. | - [12,5 | #x 1 | 12,5 | *x 1
STILL 0.0 #*** 1 20.0 * 1 §6.0 N.S. -
ABDOMER 29.5| N.S. | - 4,5 | x| 1 1.0 | *%x | 1
CURLING . ‘
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TABLE 54, Comparison of the responses of test animals in 2 groups of
experimental encounter, using 3 measurements cof behaviour. The table shows /
the Mann—ﬁhitney statistic (U) and the associated prob;bility level (P)

and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1. GROUP 2.

M. ruginodis vs. L. flavus COMPARED WITH M. suleinodis vs. L. flavus

(test animal) (opponent) (test animal) (opponent)
BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE U P G U P G U P G
APPROACH 40.0 N.S. - 34.0 | N.S. - n.a. - -
AVOID 5.0 | 8.5, | = Jas0 | ms. | - loa | = | -
MEET n.a. - - 8.0 | **=% 1 42.0 | N.S. -
THREAT 27.0 N.S. - 4.0 Lk 2 7.0 *dok 2
CONFLICT 13.0 *% 2 11.5 ** 2 11.0 *% 2
LUNGE 38.5 | N.S. - 25.0 | N.S. - n.a. - -
BITE . s9.0 | Nus. | - J19.5 | % 2 |n.a. | - -
SEIZE 7.5 | *%% 2 15.0 | #%* 2 17.0 | ** 2
DRAG 18.5 | #** 2 20.5 | * 2 20.5 | = Z
STING 23.0 | * 2 29.5 | N.S. - 22.0 | * l 2
CHASE 31.5 N.S. - 29.5 N.S. - n.a. - -
FLEE 46.0 N.S. - 39.5 N.S. - n.a. - -
GROCM 21.0 * 1 29.5 N.S. - 41.0 N.S. -
LOCOMOTION 20.0 | * 1 2.0 | #**% 1 31.0 | N.S. -
STILL 40.0 | N.S. | - 0.0 [ #%x | 1 [11.0 | = 1
ABDOMEN 24.0 | N.S.| - 0.0 | #xx [ 1 2.0 | #*xx [ 1
CURLING .

ABC. LOCOM. (15.0 | ** 2 15.0 | #* 2 15.0 | *=* 2
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for almost every measuremen£ employed. The ant also bit, dragged and
stung the opponent less than did M. suleinodis. M. ruginodis performed
the passive responses, instead of fighting, in most meetings. SfILL,
ABDOMEN-CURLING, GROOM, LOCOMOTION and MEET are all done significantly

more by M. ruginodis than by the other 2 Myrmica.

2.2.3Comparison of M. ruainodis with IM. scabrinodis, M. sahiuleti and

M. ghenck?,
The behaviour of M. ruginodis is compared with that of M. scabrinodis,

M. sabuleti and M. shencki in Tables 55, 56 and 57 respectively. M. ruginodis
differs in a similar way in its behaviour from each of the 3 species.
Many differences between the species are present. M. ruginodis is
more agtive in GROOM, LOCOMOTION and ABDOMEN-CURLING than afe both
M. sabuleti and M. shencki. The ant also performé'the STILL response
more often but for less time than these 2 species. M. ruginodis shows
STILL and LOCOMOTION more than M. scabrinodzs but ABDOMEN-CURLING is

done to a-lesser extent.

. Some other differences are present. M. ruginodis shows AVOID
sooner than does M. sabuleti, and sooner and more often than‘does
M. shencki, 1t shows APPROACH less often than M. ccabrirnodis. Meetings
are of longer duration than are omes with M. scabrinodis or M. sabuleti

and less often than with M. shenckz.

2.2.4. Comparison of M. rubra with M. seabrinodis, M. sabuleti and M. shenecki,.

The behaviour of M. rudra with. that of M. scabrinodis, M. sabulett
and M. shencki is compared in Tables 58, 59 and 60 respectively. The
.behaviour of M. rubra is very different from that of the other 3 species.
M. rubra threatens and seizes the opponent more for each of the measure-

A

ments employed. CONFLICT is shown socmer, and AVOID both sooner and



-179-

" TABLE 55. Comparison of the responses of test animals in 2 groups of '
experimental cncounter, using 3 mcasurements of behavicur., The table chows
the Mann-Whitney sfatistic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1. | ~ GROUP 2.

M. scabrinodis vs. L. flavus COMPARED WITH M. ruginodis vs. L. flavus

(test animal) (opponent) ' (test animal) (opponent)
BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE U P G U P G U P G
APPROACH 33.5 In.s. | - | 17,0 %% 1 |n,a, | - -
AVOID 26,0 [ws. | - |asolws. | - |na. | - | -
MEET n.a. | - - |36.0|{N.s. | - |23.0 | =% 2
THREAT 48.5 |N.S. | - [|49.0|N.s. | - |49.5 [nN.s.| -
CONFLICT 24.0 [N.S. | - | 18.0 | %= 1 |17.5 | *=x 1
LUNGE 45.0 [N.s. | - |as5.0|N.S, | - |n.a. - -
BITE " |40.0 {N.s., | - |40.0|N.S. | - |n.a. - -
SEIZE 45.0 |[N.S. | - |45.0|N.S. | - [45.0 |N.s. | -
DRAG 45.0 |N.S, | - |45.0|N.s. | - [45.0 |N.S. | -
STING 45.0 |N.S, | - {45.0|N.s, | - [45.0 |N.S, | -
CHASE 40.0 [N.S. | - |[40.0 {N.S. | - ln,a, - -
FLEE 30.0 {N.S. | - }30.0 |N.S. | - |n.a. - -
GROOM 13.5 |*=* 2 [25.0 {N.S. | - .|26.5 |N.s. | ~
LOCOMOTION 5.0 [*** 2 1.5 [#xx 2 | 8.0 [#xx | 2
STILL 40.0 |N.S. - 0.0 [*xx | 2 [16.0 |#*x 2
ABDOMEN 35.0 |N.s. | - |14.5 |*x 1 | 3.0 [*x |1
CURLING
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TABLE 56, Comparison of the responses of test animals in 2 groups of
experimengal encounter, using.3 measurements of behaviour. The table shows
the Mann-Whitﬁey statistic (U) and the associated prcbability level (P)

and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1, GROUP 2.

M. sabuleti vs. L. flavus COMPARED WITH M. ruginodis vs. L. flavus

(test animal) (opponent) (test animal) (opponent)
BEHAVIOURAL LATENCY OCCURRENCE DURATION
ESPONSE U P G U P G U P G
APPROACH 45.5 | N.S. | - 46.0| N.S. | - n.a.| - -
“AVOID 17.0 *% 2 28.0} N.S. - n.a. - -
MEET n.a. - - 29.0[ N.S. - 16.0| ** 2
THREAT 40.5 | N.S. - 38.5] N.S. - 38.5} N.S. -
CONFLICT 35.0 ] N.S. - 34.5] N.S. - 32.5| N.S. -
LUNGE 45.0 | N.S. - 45.01 N.S. - n.a. - -
BITE 40.0| N.S. - 40.01 N.S. - n.a. - -
SEIZE 45.0| N.S. - 45.0] N.S. - 45.0] N.S. -
DRAG 45.0 | N.S. - 45,0 N.S. - 45.0| N.S. -
STING 45.0 | N.S. | - 45.0| N.S. | - 45.0f N.S. | -
CHASE 40.0 | N.S, - 40.0( N.S. - n.a. - -
FLEE 30.0| N.S. - 30.0| N.S. - n.a. - -
GROOM 6.0 ***% 2 5.5 **=* 2 4.0 k% 2
LOCOMOTION 12.0 *=* 2 10.5] ** 2 21.0 * 2
STILL 31.5]| N.S. - 10.0] *** 2 . 3.0] &*=% 1
ABDOMEN 19.0] #* 2 0.0] **x | 2 8.0] **x | 2
CURLING




-181~
TABLE 57. Comparison of the responses of test animals in 2 groups of
experimental enccunter, using 3 mcasurements of tehaviour. The Lable shows
the Mann-Whitney statistic (U) and the associated probability level (P)

and indicates the group.(G) having the higher score (see page 26 for key).

GROUP 1. ’ . GROUP 2.

M. shencki vs. L. flavus COMPARED WITH M, ruginodis vs, L. flavus
(test animal) (opponent) (test animal) (opponent)
EEHAVIOURAL LATENCY . OCCURRENCE DURATION
RESPONSE U P G U P G U P G
APPROACH 50.0 | N.S. - |41.5 |N.sS. - |n.a. - -
AVOID 17.0 | ** 2 23.0 * 2 n.a. - -
MEET n.a. - - 19.5 * 2 ‘ 37.0 | N.S. -
THREAT 38.5 | N.S. - 138.5 |N.S. - |38.5 |N.S. -
CONFLICT 39.5 | N.S. - 39.5 N.S. - 38.5 N.S. -
LUNGE 45,0 | N.S. - 45.0 [ N.S. = In,a. - -
BITE 40.0 N.S. | - 40.0 |¥.s. | - [n.a. - -
SEIZE 45,0 | N.S. - 45,0 | N.S. - 45,0 | N.S. -
DRAG 45.0 | N.S. - |45.0 |[N.s. - |45.0 |N,5. | -
STING 45.0 I N.S. - ]45.0 [|N.S. - |45,0 |N.S, -
CHASE 40.0 | N.S. - 40.0 N.S. - |n.a. - -
FLEE 44,0 | N.S. - l44.0 |N.S. - |n.a. - -
GROOM 9.0 |*%% | 2 | 1,0 [*** | 2 ,19.0 |xxx |2
LOCOMGTION 47,0 | N.S. - 0.0 | *%** 2 {13.0 | ** 2
STILL 33.5 | N.S. - 0.0 | *%* 2 1.0 | *®# 1
gggg¥§§ 0.0 | *%x 2 0.0 |#**x 2 0.0 | **%* 2
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TABLE 538, Comparison of the responses of testAanimals in 2 groups of
experimentgl Pncounéer, using 3 measurements of behaviour. The table shows
the Mann-Whitney statistic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1. GROUP 2.

M. scabrinodis vs. L. flavuc COMPARED WITH M,rubra vs. L. flavus.

(test animal) (opponent) (test animal) (opponent)
BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE U P G U P G U P G
APPROACH 44,0 N.S. | - 18.5 | ** 1 n.a.| - -
AVOID 25.0fn.s. | - [3¢.5 | Nn.s.| - | ma| = | -
MEET n.a.| - - |28.0 | N.S. | - 36.5| N.S. | -
THREAT 8.0 | **x | 2 5.0 | xxx | 2 6.0 x*xx | 2
CONFLICT 30.5|N.S. [ - {35.0 | N.S. | - 30.5| N.s. | -
LUNGE 30.0 | N.S. | - [30.0 |N.S. | - n.a.| - -
BITE 50.0 | N.S. | - |50.0 | N.S. | - n.a.| - -
SEIZE 15.0 | ** 2 15.0 | ** 2 15.0 | =x 2
DRAG ;5.0 N.S. | - |25.0 |N.S. | - 25.0 | N.S. | -
STING 25.0 |N.Ss. | - |25.0 |N.S. | - 25,0 | N.S. | -
CHASE 50.0 |N.S.. | = |50.0 |N.S. | - n.a, | - -
FLEE 25.0 | N.S. - 25.0 | N.S. - n.a. - -
GROOM 28.0 [N.S. [ - 26,0 |N.S. | - | 34.5(N.s. | -
LOCOMOTION |12.5 | ** 2 |47.0 |N.s. | - 47.0 | N.S. | -
STILL 41.5 |N.S. | = |[31.0 |N.S. | - 42.0 | N.S, | -
égggiig 27.0 |N.S. | =  |16.0 | ** 1 0.0 *xx | 1
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TABLE 59. Coﬁparison of the responses of test animals in 2 groups of
experiment?l encounter, using 3 measurements of behaviour. The table shows
the Mann-Whitney statistic (U) and the associated probability level (P)

(4
and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1. GROUP 2.

M. sabuleti vs. L. flavus COMPARED WITH M. rubra vs. L. flavus
(test animal) (opponent) (test animal) (opponent)
BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE U P G U P G U P G
APPROACH 30.0 |N.S. - 46.5 | N.S. - n.a. - -
AVOID 1400 | 2 |20.5 |=* 2 |naa. | - |-
MEET - n.a. - - 31.5 N.S. - 29.5 N.S.| -
THREAT 3.0 | *%*% 2 0.0 *kk ‘2' 0.5 *kk 2
CONFLICT 18.0 | ** 2 36.0 | N.S. - 37.0 N.S.| -
LUNGE’ 30.0 | N.S. - 30.0 | N.S. - n.a. - -
BITE 50.0 | N.S. - 50.0 { N.S. - n.a. - 1 -
SEIZE 15.0 | ** ‘2 15.0 k% 2 15.0 | #*% 2
DRAG 25.0 N.s. | - [25.0 [m.s. | - | 25.0] w.s.| -
STING 25.0 |N.s. | - |25.0 |N.S. | - | 25.0| N.S.| -
CHASE 35.0 | N.S. | - 35.0 | N.S. - n.a. - -
FLEE 25,0 | N.S. - 25.0 N.S. - n.a. - -
GROOM 43.5 | N.S. - 35.0 | N.S. - 35.5 N.S.| -
LOCOMOTION 18.0 | ** 2 44,0 | N.S. - 31.0| N.S.| -
STILL 45.0 ] N.S. - 42.0 N.S. - . 7.0 faats 1
ABDOMEN 22.5 | * 2 |28.5 | n.s. | - | 43.0] w.s.| -
CURLING C
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TABLE 69‘ Compariéon of the responses of test animals in 2 groups of
experimental encounter, using 3 measurements of behaviour. The table shows
the Mann-Whitney statistic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1. ' GROUP 2.
M. shencki vs. L. flavus COMPARED WITH M. rubra vs. L. flavus
(test animal) (opponent) (test animal) (opponent)
PERAVIOURAL LATENCY OCCURRENCE DURATION
RESPORSE U P G U P G U P C
APPROACH 39.5 |N.S. - 41.5 | N.S. -=. In.a. - -
AVOID 17.0 | ** | 2 16.5 | ** 2 |n.a. - |-
MEET n.a. - - 36.0 | N.S. - 49.0 N.S. -
THREAT 0.5 | *%% 2 0.0 | **% 2 0.0 *kk 2
CONFLICT 10.5 | #=* 2 33.5 | N.S. - 38.5 N.S. -
LUNGE 30.0 | N.S. - 30.0 | N.S. - n.a. - -
BITE : 40.0 | N.S. | - - 40.0 | N.S. | - n.a, |. - -
SEIZE 15.0 | ** 2 15.0 | ** 2 15.0 *% 2
DRAG 25.0 [ N.S. | - 25.0 | N.S. | - 25.0 | N.S. | -
STING 25.0 | N.S. | - 25.0 | N.S. | - 25.0 | N.S. | -
CHASE 40.0 | N.S. - 40.0 | N.S. - n.a. - -
FLEE 44.0 | N.S. - 44,0 | N.S. - n.a. - -
GROOM 49.5 | N.S. - 48.5 | N.S. - 47.0. | N.S. -
LOCOMOTION 49,5 | N.S. - 49.5 | N.S. - 37.0 | N.S. -
STILL 46,0 | N.S. -. 49.0 | N.S. - 2.0 *h% 1
ABDOMEN 0.0 | %% | 2 13.0 | #x 2 |16.5 | #x 2
CURLING
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more often by M. rubra than by M. shencki. . rubra performed the
STILL posture in some interactions;however,this posture was performed
for far longer by M. sabuleti and M. shencki. Similarly M. rubra

performed some ABDOMEN-CURLING but this was done far more by M. scabrinodis.

2.2.5.Comparison of M. suleinodis with M. scabrinodis, M. sabulet? and

M. shencki,

The behaviour of M. suleinodis is compared with M. scabrinodis, M. sabuleti
and M. shencki in Tables 61,62 and 63 respectively. M. suleinodis
was believed to be the most aggressive ant of the 6 Myrmica species tested.
The ant shows more THREAT, LUNGE, BITE, SEIZE, DRAG and CHASE than the
other 3 species for most of the measurements tested. M. suleinodis
fled more than did M. scabrinodis and M. sabuleti but not more than did
M. shencki. M. suleinodis was engaged in combat for long periods.
Meetings occurred more often with M. scabéinodis, and more often and
for longer with ¥. sabuleti. M. sulcinodis performed the passive acts
less than the other 3 species. Both M. sabuleti and M. shencki are

STILL more and for longer. ABDOMEN-CURLING is done more, for longer

and sconer by M. ceabrincdiz and M

’

2.2.6.Comparison of the total number of significant differences in the

responses of the 6 Murmica species.

It was thought convenient to summarise the differences found

between the Myrmica species in Tables 49-63.. The significant differ-

ences 1) for all responses and 2) for the 4 aggressive-acts (T.S.D. St.)
for all 3 measurements that resulted from each comparison were summed

(i.e. the total number of significant differences that occurred in each

of Tables %49-63 ), These totals are shown in Table 64 .,
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TABLE 61, Comparison of the responses of test animals in 2 groups of
experimental encounter, using 3 measurements of behaviour. The table shows
the Mann-Whitney statistic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1. GROUP 2.

M. scabrinodis vs. L. flavus COMPARED WITH M. suleinodis vs. L. flavus

(test animal) (opponent) (test animal) (opponent)
BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE U P G U P G U P G
APPROACH 48.0 |N.S. - 35.0 |N.S. - n.a. - -
AVOID 41.0 |N.S. - 48.0 |N.S. - n.a. - -
MEET n.a. - - 12.0 {** 1 40.0 [ N.S. -
THREAT 17.0 | ** 2 2.5 | *** 2 3.0 | %% 2
CONFLICT 41.0 IN.S. - 49.0 IN.S. - 46.0 | N.S. -
LUNGE 15.0 | ** 2 15.0 | ** 2 n.a. - -
BITE 15.0 | **% 2 15.0 | ** 2 n.a. - | -
SEIZE 10.0 | **% 2 10.0 *** 2 10.0 | **% 2
DRAG 15.0 | ** 2 15.0 | ** 2 15.0 | ** 2
STING 25.0 |N.S. - 25.0 |N.S. - 25.0 N.é. -
CHASE 20.0 | * 2 20.0 | * 2 n.a. - -
FLEE 20.0 | * 2 20.0 | * 2 n.a. - -
GRCCM 46.0 | N.S. - 49.0 |N.S. - 45.0 | N.S. -
LOCOMOTION 28.0 | N.S. - 41.0 |N.S. - | 34,0 | N,S, | -
STILL 46.0 | N.S. - 35.0 { N.S. - 46.0 | N.S. -
ABDOMEN 17.5 | *x 1 2.0 | *#x 1 0.0 | **x | 1
CURLING .

ABC LOCOM. |15.0 | ** 2 15.0 | ** 2 [ 15.0 [ #* 2
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TABLE 62, Comparison of the responses of test animals in 2 groups of
experimental encounter, using 3 measufements of behaviour. The table shows
the Mann-Whitney statistic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1. GROUP 2.

M. sabulet? vs. L. flavus COMPARED WITH M. suleinodis vs. L. flavus

(test animal) (opponent) (test animal) (opponent)
PEHAVIOURAL LATENCY OCCURRENCE DURATTON
RESPONSE U P G U P G U P G
APPROACH 29.0 | N.S. - 36.0 | N.S. - n.a. - -
AVOID 34,0 N.S. - 35.0 | N.S. - n.a,. - -
MEET n.a. - - 22.0 * 1 16.0 *% 2
THREAT 9.0 | **% -2 0.0 | **x% 2 0.0 | **=* 2
COXNFLICT 30.0| N.S. - 25.0 N.S. - 35.0 N.S. -
LUNGE 20.0 | * 2 |20.0 | =% 5 lna | - | -
BITE 15.0 | ** 2 15.0 | *x 2 n.a. - 1 -
SEIZE 10.0 | #*%* 2 10.0 | #**% 2 10.0 | #*=* 2
DRAG 15.0] ** 2 15.0 | ** | 2 15.0 | *=* 2
STING 25.0] N.S. - 25.0 | N.S. - 25.0 N:S. -
CHASE 20.0) * 2 20.0 | * 2 n.a. - -
FLEE 30.0 | N.S. - 20.0 * 2 n.a. - -
GROOM t0.5| N.S. | - 38.5 | N.S. | - 4,0 | *5x 2
LOCOMOTION 26.5| N.S. - 49.5 | N.S, - ‘ 21.0 | * 2
STILL 46.5]| N.S. - 14.5 #% 1 .3.0 | *x% 1
P 39.5{ n.s. | = 4005 [ nes.| - | g0 f wex | 1
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TABLE 63. Comparison of the responses of test animals in 2 groups of
experimental encounter, using 3 measurements of behavicur, The table shows
the Mann-Whitney statistic (U) and the associated probability level (P)

and indicates the group (G) having the higher score (see page 26 for key).

GROUP 1. : | ~ GROUP 2.

M. shencki vs. L. flavus COMPARED WITH M. suleinodis ve. L. flavus

(test animal) (opponent) (test animal) (opponent)
BEHAVIOURAL LATENCY OCCURRENCE DURATION
RESPONSE U P G U P ¢ U P G
APPROACH 31.0 | N.S. | - |44.0 |N.s. - |n,a. - | -
AVOID 35.0 | N.S. - 28.5 [N.S. - n.a. - -
MEET n.a, - - 28.0 |N.S. - 47.0 N.S. -
THREAT 0.0 | #*% 2 0.0 (**% 2 0.0 *kk 2
CONFLICT 22,0 * 2 26.0 |N.S. - 28,0 N.S. -
LUNGE 15.0 | ** 2 15.0 |*=* 2 n.a. - -
BITE 15.0 | ** 2 15.0 |** 2 n.a. - -
SEIZE 10.0 | **=* 2 1.0.0 L 2 10.0 *RE 2
DRAG 15.0 | ** 2 15.0 |** 2 15,0 **, 2
STING 25.0 | N.S. | - 25.0 |N.S, - 25.0 | N.S. | -
CHASE 20.01 * 2 20.0 (|* 2 n.a. - -
FLEE 46.0| N.S. - 46.0 |N.S. - n.a. - -
GROOM 39.5} N.S. - 32.5 |N.S. - 34,0 N.S. -
LOCOMOTION 33.5| N.S. | - 38.0 [N.S. - 42,5 | N.S. -
STILL 44.0| N.S. - 15.0 |** 1 0.0 ®kk 1
ABDOMEN 14.0] #* 2 |24.0 |ns. | - |30.0 | ®mes.| -
CURLING _

ABC. LOCO:M. 15.0| ** 2 15.0 |[** 2 15.0 *% 2
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Total numbers of differences in responses, for 3 measurements

of behaviour, between pairs of Myrmica species in experimental

encounters with L. flavus.

lyrmica species compared.

Total number of Total

significant signif
differences for differ
all responses. the 4

acts

number of
icant

ences for
aggressive
THREAT, SEIZE,

DRAG, STING.
M, sabuleti with M. shencki 2 0
M. scabrinodis with M. shencki 6 0
M. seabrinodis with M. sabuleti 7 0
M. suleinodis with M. rubra 8 2
M. ruginodis with M. rubra 19 6
M. ruginodis with M. suleinodis 25 9
M. ruginodis with M. scabrinodis 12 0
M. ruginodis with M. sabuleti 13 0
M. ruginodis with M. shencki 13 0
M. rubra with M. scabrinodis 10 6
M, rubra with M. sabuleti 12 6
M, rubra with M. shencki 13 6
M. suleinodis with M. scabrinodis 20 9
M. suleinodis with M. sabuleti 27 9
M. suleinodis with M. shencki 21 9

It can be seen from Table 64 that the fewest number of differences for

all responses occur between M. scabrinodis, M. cabuleti and M. sheneki.

M. rubra and M. suleinodis are also very similar.

Both of them are

very different from M. ruginodis. Both M. rubra and M. ruginodis show
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a simila; number of differences from the 3 species of group 1 (M.
scabrinodis, M. sabuleti and M. shencki). However it can be seen from
Tables 55-60 that these differences occuf with respect to different
responses in each case. Total number of differences in behaviour
cannot therefore be used as an absolute guide to thelcloseness of
species. By far the largest number of differences occur between M.

suleinodis and other ants (with the exception of M. rubra).

When only the aggressive acts are examined it can be seen that
M. ruginodis shows no significant differences from M. scabrinodis,
M. sabuleti and M. shencki. M. rubra differs from these 3 species in

6 measurements and M. suleinodis shows the greatest number of differences

(9.

2.3. Comparison of the STILL and ABDOMEN-CURLING responses.

1) Occurrence and Duration,

The two responses were shown to some extent by all the species.
The scores for these acts for occurrence and duration have already
been compared in Tables 49-63 above.

2) Sustainment behaviour. ‘

Sustainment of the STILL and ABDOMEN-CURLING postures after a
meeting by the 6 Myrmica species is shown in Figures30 and31, respect-
ively. The behaviour has been described for each of the species sep-
arately in 2.1. above. The species are briefly.compared with respect
to this behaviour here.

a) The STILL response.

It can be seen from Figure 30 that ¥. scabrinodis, M. sabuleti and
M. shencki are similar in that they all sustain the posture for long
periods after a meeting. The remaining 3 species, M. ruginodis, M. rubra *

and M. suleinodis,in contrast do not. These species terminate the posture

within a second or so after a meeting and begin LOCOMOTION.
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b) The ABDOMEN-CURLING response.

ABDOMEN-CURLING is performed often by only 2 spécies, M. scabrinodis
and M. ruginodis. Figure 3lshows how the behaviour is frequently
sustained for very long periods after a meeting by M. scabrinodis but
terminated immediately by M. ruginodis. M. ruginodis usually began
LOCOMOTION immediately. It should be noted that M. ruginodis only
curled its abdomen when touched there by the opponent whereas M. scab-

rinodis did so even when other parts of its body were stimulated.

3) The 'Form' of the STILL posture.

Various forms of the STILL posture were exhibited by the 6 Myrmica
species. The differences were most apparent in the position of the

antennae and height of the body. Figure 32summarises these differences

and indicates the species that usually performed each type.

M. scabrinodis typically withdrew both its antennae simultaneously
and tucked them in closely beside the head when examined or attacked by
the opponent (Figure 32a). The response was made even wheq parts of
the body other than the head region were touched. TFor example, if the
opponent approached from the rear and touched the abdomen of the Myrmica -
the antennae were retracted. M. sabuleti also performed the behaviour
in a similar way to M. scabrinodizs. Both species adopted a low crouched
posture (Figure 32e),compared with the higher postures of the other

Myrmica (Figure 32f).

.

M. shencki sometimes withdrew both antennae simultaneously. Usually,
however, the antennae remained e*tended. If one of them was then touched
by the opponent it was withdrawn and tucked in beside the head. The
other antenna, not stimulated, remained extended (Figure 32b). This

behaviour was also shown to a lesser extent by M. scbuleti and M. ruginodis.

\
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/ OR \ / /

- M. scabrinodis M. shencki’ M. suleinodis
M. sabuletz M. ruginodis M. rubra

M. sabuleti
D E F

M. ruginodis M. scabrinodis M. shencki
M. rubra M. sabuleti M. ruginodis
M. rubra
KEY M. suleinodis

A

Position of L. flavus

FIGURE 32. Form of the STILL response shown by 6 Myrmica species when

attacked by L. flavus.
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M. ruginodis maintained a high body position in its STILL posture
and the head was not lowered. The antennae reﬁained extended and they
were often not moved when touched by the opponent (Figure32d). If the
opponent bit or vigorously examined the antennae they were then retracted

but not maintained in that position for any length of time.

M. suleinodis and M. rubra usually withdrew only 1 antenna away from
the opponent when the antenna was touched. However, the antenna was

held back away from the stimulus rather than tucked in (Figure3Z).
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3. Discussion
It has been stated that the 6 Myrmica species studied ig these

experiments are very closely related. The species are sometimes
separated into groups based on similarities in morphological chéracters.
Bernard (1968), for example, recognises 2 basic groups by the antennal
shape of males:-

GROUP 1 : M. ruginodic, M. rubra, M. suleinodis, M. lobicornis.

GROUP 2 : M. scab}inodis, M. sabuleti, M. shencki.
Elmes (1975) discusses 3 groups determined by morphometric analysis of
female characteristiecs:- .

GROUP 1 : M. scabrinodis, M. sabuleti.

GROUP 2 : M. rubra, M. ruginodis.

GROUP 3 : M. suleinodis, M. lobicornis.
Identification to the species level is usually determined by characters
such as petiole, séape, epinotal spine, frons ratio, head width, body
striations and colour.
The experiments of this study showed that the 6 species can also be
distinguished from one another by a quantitative analysis of their
behaviour. Furthermore, the species can be placed into 2 or 3 groups

by their behavioural traits, as follows:-

GROUP 1 : M. scabrinodis, M. sabuleti, M. shencki,

CROUP 2 : M. ruginodis.

GROUP 3 : M. rubra, M. suleinodis.

From this it would appear that behavioural differences are correlated

.

to some extent with morphological ones. The ants M. seabrinodis, M. sabuleti
M. shencki of GROUP 1 behaved in a very similar way to one another and
differently from the rest. In fact, the tactics employed by these 3

species towards an L. flavus opponent were similar in and throughout

all encounters. They were characterised by slow and deliberate movement
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and by a.tﬁﬂdgncy to approach rathcr than avoid. Also, on meeting the
opponent the ants became passive and sustained the motionless ﬁostures
after the enemy had departed (the other 3 species rarely did this).
Fighting was not seen and mortalities did not occur.
All 3 species are morphologically similar and intermediate forms
are found (Donisthorpe, 1927). M. sabuleti was once considered to be
a variety of M. scabrinodis. The former is also found in the same nest
as L. flavus but to a lesser degree'and probably prefers a warmer
habitat than the latter. It is not surprising then that the 2 species
behave in a very similar way. M. scabrinodis could be distinguished
from both M. sabuleti and M. shencki, however, by the much greater amount
of ABDOMEN-CURLING that it performed. The importance of this behaviour
to the ants relationship with L. flavus has been discussed in Chapter 3.
It would be interesting to know the behaviour of M. sabuleti and M. shencki
in compound nests with L. flavus.
Few quantitative differences in behaviour could be detected between

M. sabuleti and M. shencki.

The 3 species are different from the others in that the base of
their scape is sharply bent. Brian (1956a)suggests that this méy be
adapted for movement by M. scabrinodis in dense vegetation,as the ant
tends to forage close to the ground. It seems probable however that
the structure permits the antennae to be closely folded into the body
for protective reasons. The tactics of the 3 spgcies rely on their
ability to remain motionless when under attack. A more vunerable

antennal position would jeopardise this and may also be a stimulus

increasing aggression in the opponent.

M. ruginodis, M. rubra and M. sulecinodis do not perform and sustain
the passive behaviour in the same way as the species of GROUP 1 and g

their antennal scapes are more evenly curved. Their activity is
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generally high and locomotion is at a much faster rate. M. ruginodis and
M. rubra are believed to be closely related (Pickles, 1940). The dis-
tribution of M. rubra and M. ruginodis is given by Stradling (1968). -
Experiments from this study show that the behaviour of M. rubfa aﬂd

M. suleinodis is similar and distinctly different from }M. ruginodis.

All 3 species show differing responses on meeting L. flavus (in contrast

to GROUP 1 species) but only M. rubra and M. suleinodis fight te any extent.
Both species are predaceous and M. suleinodis preys on other ﬁnts a great
deal., It is interesting that while some }. rubra died as a result of
combats, no deaths occured in M. suletnodis. M. rubra is sometimes

found in the same nest mound as L. flavus but here it would seem to

be competing for resources, as Elmes (1974) has shown that the 2 species

are not associated.

M. ruginodis like M. rubra is segregated from L. flavus in the
field (Pickles, 1940). Both these species are believed to be the most
'war-like' of the lMyrmica and sting freely (Donisthorpe, 1913).
M. ruginodis rarely attacks L. flavus in these experiments and indeed
its passive behaviour is more 1ike the speciecs of GROUP 1 than tlcse
of CROUP 3 - although the actual STILL posture is quite different.
When a lyrmica remains motionless in an encounter it is the L. flavus
that determines the length of the meeting. Meetings were of longer
durations with M. ruginodis than with either M. scabrinodis or M. sabulett.
This may reflect the effectiveness of a 'submissive' individual over
merely a 'still' one (M. shencki also adopted a relatively 'high'
posture). By morphometric analysis (Elmes, 1975) . sulecinodis is
suggested to be intermediate bétween‘the M. rubra/rugirodis group and
the M. scabrirodis/sabuleti group. By a quantitative behavioural analysis

3

the order of relationship (based on the number of significant differences ®
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between the species) is as follows:
M. esuleinodis - M. rubra - M. ruginodis - M. scabrinodis/sabuleti
/shencki.
Although the 6 Myrmica species are closely related they do have diff-
erent optimal habitat and food preferences. Interspecific competition
has produced the changes in physiology and behaviour to enable the
species to utilize the different habitats and to sufvive in the presence
of specific competitors. The experiments have shown that closely related
species may employ different tactics even to one type of opponent in
pair encounters. The behaviour of groups of animals to different
opponents and in different conditions would undoubtedly reveal a
variety of additional behaviour patterns.
Marikowski (1962 ) states that F. rufa will cause M. rubra and L. niger
to lead a more subterranean existence. F. Zemanf; M. scabrinodis and
M. ruginodis compete for a nest site in this descending order of success
(Brian, 1958). The less successful colonies will have to take a less
suitable nest site. Both examples further illustrate the ability of
ants to modify their behaviour to suit a given situation. The findings
- here that taxonomically closely related species, such as M. rubra and
M. ruginodis, ma; behave quite differently emphasises the ;eed to
consider the ecological positions of the species when investigating
aggression and possible competition. Reference has -already been made
to pheromone analysis in Myrmica (see page 114),
Myrmica have been compared with respect to their pheromones by Crew
and Blum (1970) and Cammaerts ¢t al, (1978). By combining behavioural studies

with taxonomic and pheromonal ones a more complete understanding of the

relationship between species can be gained.

Most ants exhibit a degree of patterning in their activities. The
different temporal foraging patterns of Tapinoma antarcticum and

Dorymyrmex antarcticus, for example, enables a partitioning of resources
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amongst the céexistiug species (llunt, 1974). Studies have been done on the
patterning of a wider §ariety of acts in a given situatien, for example; with
the agonistic behaviour of great tits, Parus major (Blurton Jones, 1968)

and the aggressive behaviour of the mantis shrimp Gonodactylus bred?ni (Dingle,
1969a, b). The temporal patterning of an act may be influenced by tﬂe occurrence
of another. Sequential analysis has been much investigated (see

Hinde and Stevenson, 19693 Slater, 1972). It has been discussed

previously how animals when fighting cannot perform other responses.

Acts may occur close together because of common causation, as ir fighting.

Analysis of temporal patterning of responses has proved to be
very useful for describing behaviour in these experiments. The analysis
reflects‘the type of interaction taking place between 2 specie;. The
behaviour of the 6 Myrmica species towards L. flavus is taken to
illustrate this. Figure 33 shows the temporai patterning of the
occurrence of all responses summed for each 5 minute period of the
30 minute encounter. It was seen that very little fighting occurred
with M. scabrincdis, M. sabuleti and M. shencki. The uniform be-
haviour of these ants towards the opponent throughout the encounter
is reflected here. In contrast, M. ruginodis, M. rubra and M. sulcinodfs
ali fought with the Lasius to an extent. The graphs show the relatively
greater activity of their overall behavicur. Furthermore, it can
be seen that in encounters where fighting occurs, the interactions
are most intense initially and that these decreqse with time. This
high initial activity in aggressive interactions was also seen in
some individual acts such as THREAT, SEIZE, CHASE,etc. However, in
some encounters some acts showed an increase with time. There seems
_to be no hard and fast rule as to which kind of response will show

a change with time but rather that this depends on the type of encounter,
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CHAPTER 6

GENERAL DISCUSSION
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CENERAL DISCUSSTON

Ey examining a large number of responses shown by individual ants
in pair-encounter experiments and by measuring them in 3 different ways
it has been possible to obtain a full and quantitative analysis of the
complex process of interspecific aggressive behaviour. Such a study
has also permitted a critical assessment of the various responses exhibited
by the ants and of the measurements employed in their study. It has
been stated that the 4 responses THREAT, SEIZE, DRAG and STING are
felt necessary to record aggressive interactions in ants. Further, an
examination of the 3 measurements occurrence, duration and latency has
shown that the importance of each one Qaries depending on the type of
interaction investigated. Both occurrence and duration of the responses
are required, and the examples chosen to demonstrate this clearly show

that there is a danger in basing a hypothesis of aggression on just one

measurement.

The variability of behaviour was stated earlier (from Wilson 1971) to
consist of 3 components, polymorphism, age polyethism and 'all remaining
variaticn.' As the Myrmica species studied were relatively monomorphic
so the influence of form on behaviour was neglected. Weir-(1958) has
recorded some aspects of age polyethism in M. secabrinodis. Several
experiments here have also shown that the behaviour of both individuals

and groups of . scabrinodis is variable with age. Individuals show
differences in exploratory activity, grooming behaviour and also in
postural responses such as ABDOMEN-CURLING. It was the older animals
in colony interactions that confronted L. flavus opponents and by their
blocking and building activity succeeded in gaining nest territory and

retaining nest identity.

The last of Wilson's categories, 'all remaining variation' would \

seem to be large even when only the aggressive aspects of ant behaviour
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are considered. Experiments have shown the degree to which a number

of factors will influence the aggressive behaviour of a given indi-
vidual and of entire colonies. The relative colony sizes of the inter-
acting species and the place of interaction were seen to be the ﬁost
important factors affecting the motivation and willingness of the

animals to fight. M. seabrinodis was more aggressive near its nest
entrance and inside the nest than at distances away from it. The
presence of both the queen and brood increase the aggressive responses

of M. scabrinodis workers (Moxon, unpublished). However, such influencing
factors are secondary to the relative number of interacting ants. When
M. scabrivodis afe attacked by a relatively large L. flovus force the
former behave passively (after a brief period of initial encounters) -

at places where they were formerly aggressive, including inside their

own nest. It is obviously disadvantageous for aniﬁals to remain and
fight in an area when hopelessly outnumbered. Ants are known to

be displaced from nest sites (Brian, 1952a; Scherba, 1964) and feeding
areas (Talbot, 1943; De Vroey, 1978) by stronger competitors. The
strength of the colony and also the motivation of its members to fight

at a given place are reflected in the number of individuals recruited

to and interacting at that place. Chapter 3 discussed a chemical
mechanism by which the relative strength of.2 interacting colonies may be
perceived by each side. Abnormaliy, small colonies of some species of
ant,e.g. Formica rufa, cannot be cultured successfully ip the laboratory,
probably because of the inability of the ants to ;erform the tasks of

the missing types of worker. It may well be that when differential
mortality occurs in a battle the dead fighters are not replaced as their
sisters are unwilling to assume a fighting role. The information of a
gempofal ckhange in the relative number of individuals interacting, due to 
differential mortality or an increase in recruitment by one species may

also be perceived by the same kind of chemical mechanism described in

Chapter 3.
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The experimental arena was found to be a suitable way to standafd—
ise the 'place of interaction' factor in comparative studies of aggre-
ssive bchaviour. The main critisism of its use is that it does not
permit escape or avoidance by the animals that might occur under
natural circumstances. The aims of the experiments, however, were
to compare the inherent behavioural responses of different species
with each other and of the same species under different experimental
conditions rather than to investigate the usual behaviour of individuals
in the wild. 1Indeed, investigations have shown that the behaviour of
a given type of ant is varizble in different circumstances, and that
there 1s no one‘or 'usual' way than an ant will behave. It may be
felt by some authors that flight rather than fight is the rule when
ants meet in the wild. However, many examples have been quoted in
the text where combat does occur in the natural’cénditions. Animals
will fight when there is a need to do so and when the probability
of winning is high. Thus a solitary worker away from her nest and
nest mates would be expected. to avoid agsressive encounters. It was seen how
the strategy of L. niger is rapid avoidance while M. scabrinodis,

M. sabulett and M. shencki become motionless. Both types of behaviour
avoid combat. At the other extreme, a subterranean ant like L. flavus
or L. umbratus is highly motivated to approach and attack aliens in

its nest, for reasons discussed in Chapter 3.

The effectiveness of a species in combat is.dependent on a number
of factors such as aggressiveness, strength, offensive secretions,
rate of recruitment of congeners, éolony sizesetc. The behaviour of
an ant should therefore differ according to tﬁe type of opponent it
-encounters. It was demonstrated in Chapter 4 that individuals of
M. scabrinedis do, in“fa;t, show mcasurable differences in behaviour i
towards 5 different species of opponent that commonly occur in the

same habitat, and further, that an ant is far more aggressive towards
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specics of its own genus than towardes 2 cpecies of the genue Lgetus
It has been discussed how competition should be greater between
taxonomically similar species, which generally have more similar
requirements, than between more remote species. Convergence in
behaviour will of course occur between unrelated spgcies occupying
similar niches. The habits and requirements of M. scabrinodis are
more similar to M. rubra than to the LasZius species. This is an
example where interspecific competition is correlated with aggression.
Intraspecific fighting in M. scabrinodis was less fierce than intra-
generic fighting with M. rubra. 1In this example the degree of competition
and aggression are not correlated. Thus no»sweeping generalisation

of the taxonomic relationship and the level of aggression can be

made and each type of interaction must be taken on its own merits.

The competition among ants for food and nest site is fierce and
much of the interference between colcnies takes the form of open
aggression. M. scabrinodis and L. flavus frequently inhabit the same
nest mound yet their association has been shown to be far from friendly.
The Myrmica do not remain in the nest of the hostile Lasius, as one
might first imagine, by superior agzression. Indeed, their colonies
are'relatively much smaller, their speed and rate of recruitment is
slower and they are intruding in a place of great importanée to the
Lastus. Such factors, as described above, should favour L. flavus in
colony interactions and quickly lead to the expulsion of the Myrmica.
The Lasius were in fact seen to be far more aggressive than the Myrmica
in pair encounters. Nevertheless, /. scabrinodic can remain in the
L. flavus nest against hostile opposition from the teritory owners.

The experiments have shown the highly complex behaviour evolved by
M. séabrinodis that reduces confrontation and enables their coexistence ‘With L.

flavus. M. scabrinodis is believed to invade the Las<us nest for its fabourablel

conditions, to feed on the aphids within the LasZus territory and to
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prey on the Lasius workers and possibly brood. The nests of both

M. rubra (Elmes, 1974) and L. niger (Pontin, 1961) are usually not
associated with L. flavus and the species have territories which

are strongly defended. There are occasicns, however, when the.species

can be found beneath the same stone as L. flavus and separated by only

a thin wall of soil. Removal of the stone causes fighting. This is
another example where the usual territories and intercolonial distances

are drastically reduced and where the species have adapted their

behaviour to suit a particular ecological situation. The nest site

is, presumably, required by both species, neither of which is prepared

to relinquish it, thus resulting in a coexistence. Threatening be-
haviour is believed to be very important in such situations for the species
to maintain their nest identity without 'all out' war. The function

of the threat posture in communicating the intentions of the animal

by chemical means has been proposed and discussed in Chapter 3. The
importance of such a function seems to have been neglected in ants.
Wroughton (quoted in Wilson, 1971,page 351) describes a Crematcgaster
species robbing a Folcomyrma worker of grain by threats. Pontin (1961)
could find no evidence of intraspecific fighting in L. flavus. Odours
released by threatening behaviour would seem to be a possible way for

the Lasius to maintain their underground feeding territories against
intraspecific invaders with least damage to the species. Ritualised
intraspecific fighting is a common occurrence in many vertebrates. It

has also been shown to occur in a honey-pot ant,:Myrmecocystus (Bolldobler,
1976t). Lorenz (1966) believes that mechanisms inhibiting fighting are
eszential to survival in lower animals and man alike. The lack of
scverity of intraspecific combats is recorded in Tetramorium cdespitum
(Wilson, 1971,page 451), M. rubra (De Vroey, 1978) and in M. scabrinodis.
here. Behavioural mechanisms that reduce intraspecific fighting would :

scem then to be widespread in ants.
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All behavioural characters, like morphological emes,are evolved
as adaptation to environmental factors. Behaviour has no fossil rece.d.
A comparative analysis of the living taxonomic units of the genus
Myrmica here has provided a better understanding of the behavioural
and possibly phylogenetic relationship of the 6 species. It has been
1llustrated how the behavioural relationship of the species to one
another was, in many ways, similar to the taxonomic relationship.

For example, }. scabrinodis, M. sabuleti and M. shencki are similar
to one another in both form and behaviour. M. rubra is more similar
to M. suleinodis than to the above 3 species again by using both
measurements. M. rubra and M. ruginodis, however, are morphologically
very similar but behaviourally quite different. These 2 species have
very different habitat requirements (Elmes, 1975, page 180) which

is presumably responsible for their divergence in behaviour. This
illustrates that while both morphological and behavioural charackers
have evolved to suit particular ecological needs the 2 processes do

nct necessarily evolve hand-in-hand.

The comparative and quantitative approach employed throughout
this Stud? has permitted a detailed examination of the individual
behéviour patterns of some British ants., It has also proved to be
a good way of examining the variability of behaviour due to the type
of individual and to other influencing factors. By studying in-
dividual behaviour patterms it is possible to gain a better understanding
of group behaviour. Such studies have been instrumental in gaining
a better und;rstanding of the ecological relationship between M. scabrincdis
and L. flavus. The importance of pheromones to intra.and interspecific
interactions has been discussed earlier. Our knowledge of the identity
of ant pheromones is increasing rapidly. It would, in the light of

these recent identifications, be interesting to investigate their effect

on actual behavioural responses. For example, in the case of M. scabrinodis
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and L. flavus how particular pheromones may influence individugl re-
sponses.such as THREAT, CONFLICT or ABDOMEN-CURLING and group acgivity
such as 'blocking' behaviour and offensive and defensive strategies.
The investigations of this study have been concerned with behayiour
within the individual. A sequential analysis of the behavioural -
responses of M. scabrinodis towards both L. flavus and M. rubra has
been made (Moxon, unpublished). However, no detailed studies in ants
to date have examined inter-individual behaviour — t hat is, a step-
by-step analysis of how a response shown by one animal influences

the following response of its opponent. Such a study would be complex
but worthwhile. However institutionalised the societies of both

ants and men become, it should not be forgotten that they are composed

of and influenced by individuals within them.
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APPENDIX.

Tables 1 - 15. Temporal patterning of the responses shown by
groups of test animals in experimental encounters. The 30 minute
encounters are analysed in 6 x 5 minute periods by the Friedman
two-way analysis of variance (xr2). The associated probability

level (P) is given where appropriate (see page 50 for Key).
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TABLE 1. TARLE 2.

M. suleinedic ve L. flavus M. secabrinodis vs L. flavus
BEHAVIOURALLCCCURRENCE DURATION L EHAVTOURALLCCCURRENCE | DURATION
RESPONSE xr2| P xr2| P RESPONSE xr2 | P xr2| P
APPROACH 0.97 | N.S. | n.a. - PPROACH 2.61 | N.S.|n.a. -
AVOTD 1.53 | N.S. n.a. - AVOID 4,19 N.S. | n.a. -
MEET 11.43 * 1.93 | N.S. | MEET 4.51 | ¥.s.]|o0.71 | N.S.
THREAT 8.79 | N.s. | 8.00 | N.S. | ITHREAT 6.06 | N.S.|0.90 | N.S.
CONFLICT 2.63 | N.S. 0.63 | N.S. CONFLICT 6.49 } N.S. | 9.61 | N,S.
L.UNGE 1.87 N.S. n.a. = E_UNGE 0.00 | N.S. | n.a. -
BITE 2.26 N.S. n.a. - BITE 0.00{ N.S. | n.a. T -
SEIZE 0.54 | N.S. | 1.74 | N.s. | [SEIZE 0.00 | X.S.j0.00 | N.S.
DRAG 0.53 | N.s. | 0.57 | N.S. | DRAG 0.00 | %.s.|o0.00 | N.S.
STING 3.09 | N.s. | 4.09 | N.S. | [|sTING 0.00 | N.s. ] 0.00 | N.sS.
CHASE 4.51 | n.s. | n.a. - CHASE 0.00 | N.S.| n.a. -
FLEE 2.61 N.S. n.a. - &-‘LEE 0.00 N.S. | n.a. -
CROOM 1.86 | N.s. | 1.56 | N.s.| lcroom 7.21{ N.s.|1.28 | N.s.
.OCOMOTION 6.99 N.S. |18.51 *% " OCOMOTION | 5.53 N.S. | 5.40 | N.S.
STILL 7.30 | N.S. 9.76 N.S. STILL 1.60 N.S. | 7.56 N.S.
REaTRA 1.59 | N.s. | 2.07 | n.s. | BRRViee 4.06 | %.s.]8.67 | N.s.
s 5.07 | N.S. | 5.36 [ N.S.

. TABLE 3. TABLE 4.

M. scabrinodis (young) vs L. flavus M. scabrinodis vs L. flavus (young)
BEHAVTOURALl—OCCURRENCE DURATION BEHA&IOU OCCURRENCE | DURATION
RESPGNSE xt2 ! P xr2!l p NESPONSE yr2 | » vre2 | P
APPROACH 2.11 | x.s. | n.a. - APPROACH 3.61 | N.S.|n.a -
AVOID 1.24 | N.S. | n.a. - AVCTD 1.77 | x.s.| n.a. ]| -
MEET 4.53 | N.S. | 4.61 | N.S. | PEET 3.93 | N.s.]1.86 | N.sS
THREAT 0.43 | N.S. | 0.49 | N.S. | |THREAT 0.86 | N.S.] 0.96 | N.S
CONFLICT 0.14 | X.S 0.27 | N.S. CONFLICT 0.57 | N.S.}1.79 | N.sS.
LUNGE 0.00 | X.S. n.a. - [LUNGE 0.00 { N.S. | n.a. =
BITE 0.00 | N.S. | n.a. | - | |BITE 0.00 | N.5.|n.a. | -
SEIZE 0.00 | N.S. 0.00 | N.S. SEIZE 0.00 | N.S.] 0.00 N.S
DRAG 0.00 | N.S 0.00 | N.S. | |DRAG 0.00 | N.S.| 0.00
STING 0.00 | NX.S. | 0.00 | N.S. | |sTING 0.00 | N.S. | 0.00 |N.S
CHASE 0.00 | N.S. | n.a. - CHASE 0.00 | N.S.{ n.a -
FLEE 0.00 | N\.S n.a. - FLEE 0.00 | N,S. | n.a. -
GROOM 3.26 | N.S 2.43 | N.S. | |GROOM 1.51 | N.S. | 1.73 [ N.S:
LocoMOTION | 2.97 | N.S. | 6.40 | N.S. | [LocoMoTioN | 6.70 | N.5. | 7.93 | N.S.
STILL 5.47 | N.S 7.49 | N.S. | [STILL 2.37 | N.S.]2.01 |N.S,
CERPR 4.57 | n.s. | 6.03 |wn.s.| RERPYKR 5.19 | n.s. | 2.34 |w.s.
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TABLE 5. TABLE 6.

M. seabrinodis (Hungry) vs L. ﬂavus M. scabrinodic vs L. flavus-(9:1 Ratio)
BEHAVIOURA OCCURRENCE DURATION S EHAVIOURAL OCCURRENCE DURATION
RESPONSE xr?| p xr2| P RESPONSE xr2| P xr2| P

[ \PPROACH 6.14 | N.S. n.a. - APPROACH 46,21 | **% n.a. -
AVOID 0.34 N.S. n.a. - AVOID 0.00| N.S. n.a. -
PMEET 2.64 N.S. 0.21 | N.S. MEET 18.03 *k 24.99 *kk
THREAT 0.44 N.S. 0.8b | N.S. THREAT n.a. - n.a. =
CONFLICT 0.35 N.S. 0.35 | N.S. CONFLICT n.a. - n.a. -
LUNGE 0.00 | N.S. | n.a.| - LUNGE 0.00| x.S. | n.a. | -
[BITE 0.00 N.S. n.a. - BITE 0.35] N.S. n.a. -
SEIZE 0.00 | N.S. 0.00 | N.S. SEIZE 0.35] N.S. 0.40 | N.S.
DRAG 0.00 N.S. 0.00 § N.S. DRAG 0.00!} N.S. 0.00 N.S
STING 0.00 | N.S. 0.00 | N.S. STING 0.00} N.S. 0.00}| N.S
ICHASE 0.00 | N.s. n.a. | -~ CHASE 0.60| N.S. | n.a. | -
FLEE 0.00 | N.S. n.a. | - TLEE 0.00| N.S. | n.a. | -
GROOM 5.31 N.S. 2.16 | N.S. GROOM 0.81 ] N.S. 5.91 N.S
.ocoMOTION | 5.21 | N.S. 10.51 | N.S. OCOMOTION 4,80 N.S. |16.00 | =*%*
STILL 2.73 | N.S. 4,51 | N.S. STILL 6.38] N.S 32.96 k&%
b Ut 6.70 | N.s. | 1.19 |n.s. | PEROER 11.21] * 4.00 | N.s.

TABLE 7. TABLE 8.

M. seatrinodis vs L. flavus (Dead) M. secabrinodis vs L. niger (Dead)
BERAVIOURALL_OCCURRERCE | DURATION BEHAQIOU OCCURRENCE | DURATION
RESPONSE xr= | P yr2| P RESPONSE yr2 !t p x=2 ! P
APPROACH 0.05 N.S. n.a. - [APPROACH 0.45| N.S.. | n.a. -
AVOID 6.35 | N.S. n.a. - IAVOID 2.15} N.S. | n.a. -
NEET 3.75 | N.S. 0.45 [ N.S. MEET 4,20} N.S. | 2.15 | N.S.
THREAT 0.05 | N.S. | 0.20|N.S. | |THREAT 2.15| N.s. | 2.45 | N.s.
CONFLICT 0.20 | N.s. 0.60 | N.S. | |coNFLICT 0.00| ¥.S. | 0.00 | N.S.
LUNGE 1.05 | N.S. n.a. - T.UNGE 0.00 | N.S. n.a. -
BITE 0.70 | N.S. n.a. = BITE 0.15} N.S. n.a. =
SEIZE 1.40 | N.S. | 0.60 |N.S. | |sg1zE 0.20| N.S. | 0.65 | N.s.
DRAG 0.50 | N.s. | 0.60 |N.S. | |DRAG 0.65| N.S. | 1.40
STING 0.15 | N.Ss. | 0.05 |N.S. | |sTING . 0.20| N.S. | 0.20 | N.S
CHASE n.a. N.S. n.a. - CHASE n.a. - n.a. -
FLEE 0.00 | N.S. | n.a. | - FLEE 0.00| N.S. | n.a. | -
GROOM 1.55 | N.S. 0.06 |N.S. GROOM 1.05| N.S. | 3.75 | N.S.
LocoMoTION 10.05 N.S. 2.15 | N.S. LOCOMOTION 4.65 | N.S. 0.45 N.S.
STILL 0.65 | N.S. 2.85 | N.S. STITLL 0.05 | N.S. 0.15 | N.S.
ATRDYER .0.15 | N.s. | o0.05 |n.s. | RERCYRR 0.00 | N.5. | 0.00 | n.s.
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TARLE 10,

M. secabrinodis vs L. umbratus

M. scabrincdis vs L. niger

TABLE 11.

BENAVTOURAL—CCCURRENCE DURATION FHAVTOURATL_OCCURRENCE | DURATION
RESPONSE xr2 | P xr2| P RESPONSE xr2 | p xr2 | P
IAPPROACH 2.73 | N.S. n.a. - APPROACH 11.33 * n.a. -
AVOID 0.34 |N.S. n.a. | - AVOID 0.66 | N.S. ! n.a. | -
MEET 12.40 * 1.69 [ N.S. | MEET 10.86 | N.S. | 6.97 |N.S.
THREAT 3.30 |N.s. | 3.57 |N.S. | [THREAT 14.47 | * 5.83 |N.S.
|CONFLICT 6.31 |N.S. 4.71 | N.S. | |CONFLICT 10.04 IN.S. ! 8.90 |N.S.
LUNGE 1.00 |N.S. n.a, | - LUNGE 2.20 |N.S. {n.a. | -~
BITE 0.39 N.S. n.a. - BITE 0.86 |N.S n.a. =
SEIZE 1.37 N.S. 1.37 | N.S. SEIZE 1.46 | N.S. 0.77 |N.S.
DRAG 0.34 |N.s. 0.34 | N.S. | DDRAG 0.74 |N.S. | 0.74 IN.S
STING 0.39 .S. 0.40 | N.S. STING 0.86 IN.S. | 0.36 |N.S
CHASE 0.86 [N.S. | n.a.| - CHASE 4.91 {N.S. | n.a. | -
FLEE 5.27 N.S. n.a - FLEE 0.21 |N.S. n.a. -
GROOM 0.29 |IN.S. 0.90 {N.S. GROOM 1.26 |N.S. 1.83 |N.S
.OCOMOTION | 3.20 |N.S. 7.19 |N.S. LOCOMOTION | 8.93 |X.S. 5.56 |N.S.
STILL 0.39 |[N.S 7.97 |N.S. STILL 4.60 |N.S. | 1.27 |N.S
AERTTRE [4.89 .. 0.11 |x.s. | BrRLTNG 3.03 In.s. | 4.53 |N.s.
TABLFE. 12.

M. scabrinodis vs M. rubra M. scabrincdis vs M. scabrinodis
BEHAVIOURALCCCURRENCE DURATION EHAVIOURAT]_CCCURRENCE | DURATION
RESPONSE yr¢ | p xr¢| P RE SPONSE xr¢| P Xt | P
APPROACH 11.30 | * n.a. | - IAPPROACH 7.7 | ¥.S8. | n.a. | -
AVOID 2.01 |N.S. n.a. - AVOID 0.00 I N.S. | n.a. | -
MEET 17.53 *% 10.53 |N.S. MEET 0.47 N.S. 9.76 | N.S.
THREAT 10.60 |N.S. 10.04 |N.S. THREAT 7.41 | N.S. 6.24 | N.S.
CONFLICT 0.90 (N.S. 0.64 |N.S. CONFLICT 0.86 | N.S. 0.86 | N.S.
LUNGE 4.79 |N.S. n.a. - LUNGE .0.77 N.S. n.a. -
BITE 2.79 |N¥.s. | n.a. | - BITE 0.71 |N.S. | n.a. | -
SEIZE 11.17 | * 10.04 |N.S. SEIZE 6.32 | N.S, |17.29 | =*%
DRAG 14.04 * 4.77 |N.S. DRAG 3.14 |} N.S. 3.04 |N.S.
STING 2.99 |N.S. 2.86 |N.S. STING 2.69 |N.S. | 3.47 {N.S.
CHASE 17.97 | ** n.a. - CHASE 0.00 |N.S. | n.a. | -
FLEE 0.40 |N.S. n.a. - FLEE 0.00 |N.S. | n.a. | -
GROOM 6.65 [N.s. | 6.77 |n.s. | |croox 0.34 |N.s. | 1.36 |N.s.%
LOCOMOTION |14.04 | * 13.54 | * LOCOMOTION |{ 0.99 |N.S. | 1.00 |N.S.
STILL 0.43 |N.S. | 0.50 [N.S. | [STILL 1.40 |¥.S. | 5.09 |N.s.
AERDTER 0.43 |n.s. | o.44 In.s. | RURPYEE  Jo.34 [n.s. | 0.34 |n.s.
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TABLE 13. TABLF. 14. ’

M. sabuleti vs L. flavus M. shencki vs L. flavus
BEHAVIOURAL—CCCURKRERCE DURATION SEHAVIOURALQCCURRENCE | DURATION
RESPONSE xr2 | P xr?| P RESPONSE xr2| P xr2| P
APPROACH 0.86 | N.S. n.a. - [APPROACH 0.81 } N.S. n.a -
AVOTD 2.27 | N.S. n.a. | - AVOID 0.34 | N.S. -
MEET 1.06 N.S. 13.37 * MEET 5.99 N.S. .50 | N.S.
THREAT 0.35 N.S. .35 | N.S. THREAT 0.00 N.S. 0. O |N.S.
CONFLICT 0.44 N.S. .54 | N.S. ICONFLICT 1.26 N.S. 1.00 | N.S.
LUNGE 0.00 | N.S. n.a - L.UNGE 0.00 | N.S. | n.a -
BITE 0.00 | N.S. n.a. | - BITE 0.00 | N.S. | n.a. | -
SEIZE 0.00 | N.s. 0.00 |N.s. SETZE 0.00 | N.S. | 0.00 IN,s,
DRAG 0.00 | N.S. 0.00 [N.s. RAG 0.00 | N.S. | 0.00 |N.s.
STING 0.00 | N.S. 0.00 [N.S. | [sSTING 0.00 | ¥.S. | 0.00 |N.S.
CHASE 0.00 N.S. n.a. - ICHASE 0.00 N.S. n.a -
FLEE 0.00 | N.Ss. n.a. | - FLEE 3.30 [ N.S. | n.a. | -
IGROOM 2.06 | N.S. 1.54 |N.S. | |GROOM 0.34 | N.S. | 0.34 |N.s.
1.OCOMOTION | 5.89 | X.S. 7.66 | N.S. | pocomoTION| 5.34 | N.S. | 7.29 |N.S.
STILL 2.77 | N.S. 2.06 |N.S. | |STILL 6.90 | x.5. | 8.87 |N.S.
CURLTNG 1.59 | N.s. | 2.43 |n.s. | RURLING 0.34 | n.s. | 0.34 |n.s.

TABLE 15. TABLE 16.

M, rutra vs. L. flavus M. ruginodis vs L. flavus
BEHAVIOURAIL—OCCURRENCE DURATION SEHAVIOU OCCURRENCE | DURATION
ROSPCNSE xr2 1 P xr2 | P RESPONSE yr2| » vr2z | P
APPROACH 0.73 | N.sS. n.a. | - APPROACH 2.07 | N.S., | n.a. | -
AvolD | 9.24 |N.S. | n.a. | - VOID 4.87 | N.s. | n.a. | -
MEET 32.98 | #xx 8.00 |N.S. | PEET 8.96 | N.S. | 0.44 |N.S.
THREAT 21.77 | **% 15.19 | ** THREAT 1.77 | ¥.S. | 1.77
CONFLICT 7.34 N.S. 7.09 |N.S. CONFLICT 0.34 N.S. 0.36 .S.
LUNGE 1.37 | N.S. n.a. | - LUNGE 0.36 |N.S. | n.a. | -
BITE 0.00 | N.S. n.a. - BITE '0.40 | N.s. n.a. -
SEIZE 4.97- | N.S. 3.19 [N.S. SEIZE 0.43 | N.S. 0.44 IN.S,
DRAG 2.97 | N.S. 2.61 |N.S. | [DRAG 0.43 | N.S. | 0.44 |N.S.
STING 2.89 | N.S. 1.80 [N.S. STING 0.43 | N.S. | 0.43 [N.S.
CHASE 0.00 | N.S n.a = CHASE 0.34 IN.S. | n.a -
FLEE 5.50 | n.s. | n.a. | - FLEE 0.88 |N.S. | n.a. | -
GROOM 0.90 | N.s. 0.90 {N.S. | |GrROO:M 6.40 |N.S. | 5.73 IN.S.
LOCOMOTION 112.67 | * 5.74 |N.s. | |LocomoTron | 6.49 |x.s. | 1.79 |N.s.
STILL 11.76 | * 1.59 |N.S. | [STILL 2.91 |N.S. [ 0.97 |N.S.
ATROYER 4.57 | n.s. |10.20 |n.s. | PERPYRY 2.93 |N.s. | 2.24 |N.s.
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