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give preferential treatment to the ergatoids.
What selective pressures could cause the queens to adopt a

| T Y Al

worker-11ke appearance? Haskins and Haskins {1950) suggesied
that ergatoids are often found 1n "those forms in which wing-

. L T _ L oo A

muscle deyeneravion gues Nt oLcur and where Torug"lg oFf the

colony-founding queen is the rule”. This may partiy explain the
frequent occurrence of ergatoids in the Ponsrinae. The
partially-claustral mode of colony foundation is a precarious
strategy which is successful only within a certain range of
ecological conditions (see 7.2.). The more advanced fully-
claustral mode was derived through fncreased divergence in the
size of queens and workers and the subsequent increased

—utit{zation of wing muscles by the tone foundress., An

d1ternative evolutionary progression appears to have been loss of

T A L T O - £ o B R I |
Wings ARA FreQULLIUN TH LNorecic musLcviaLure, 1¥. LA €rgacoia

strategy. Haskins (1970) presents evidence that in Myrmecia,
the presence of wings 1s not always advantageous. Wingless and
brachypterous females sometimes coexist with the normal fb?ms,
and they seem to be equally successful during colony foundation.
The Joss of wings in many ponerine ants affects the pattern of
dispersal but not the partially-claustral mode of colony
foundation, This suggests the nature of the selective

advantages associated with the ergatofd modification.  There may
be a high wortality during aerial dispersal, or 1t may be safer

A ha mab . Y vy i Ahamas o sAnloane: Fleasdam mo.y alas
L ﬂlb‘“ neEes I-H‘ e b A WHAAITHYE W RWIVILyY 11331WH Way 4w

be fmplicated, but the pattern of colony reproduction 1n species
with ergatoids {s very poorly understood. [Ergatoids are often
found in soctfally-parasitic myrmicines (Wilson 1971}, and a
consideration of their reproductive behaviour may indicate some
of the evolutionary pressures involved with the 1oss of wings.
Where either colony foundation by winged queens or by
argatoid queens was unsuccessful, it is suggested that breeding

workers assumed the reproductive role.




137

7.4. Transition from queenright to worker breeding
system

The substitution of the queen castie by mated workers was made
possible in the ponerines through a number of preadaptations.
Norkers in the phyiogeneticaliy-primi tive formicid groups have
retained functionail ovaries and a spermatheca, In contrast,
in the higher ants, the workers have ofien Tost the ability to
produce diploid eggs. The morphological differentiation between
queen and workers 4s s1ight in the ponerines (Haskins 197Q;
odontomachus, Brown 1976). Trophallaxis does not exist between

ponerine adults, and this has two important consequences.
workers appropriate the food that Is brought Into the nests for

themseives only and are thus able toaccumulate fat reserves;
this 1s then available {f the ovaries become active. This is
analogous to the situation in orphaned colonfes of many species,
where workers are abie to produce male or trophic eggs, possibly
because they no longer have to regurgitate to the queen.
Absence of trophailaxis also implies that the gqueen has to ingest
raw food, which 1imits her rate of egg production, The
relatively small colony size may be an effect of the low

fecundity of the queens.  Colombel (1970) (in Brown 1976)
estimated that a mature queen of Odontomachus troglodytes Tays

2,5 wﬁm—rwﬂHmmkmn

queens and workers makes 1t more feasible for the latter to
replace the queens. In addition, workers possess 3 pygidial
gland, and the signal produced from 1t may enable the maies to
recognize suitable sexual mates {Chapter §).  Ata functional
level, worker reproduction necessitates colony reproduction
through fissfon, and thus 2appropriate fragmentation mechanisms

are required, ¢g. 0. berthoudi has polydomous colonies, and Ward

{1981a) observed frequent nest emfgrations {n the Rhytidoponera
impressa group.
What was the reproductive system 1n those ancestral species

which gave rise to breeding workers?  Ward's (1381b, 1983) data

on the Rhytidoponera fmpressa group suggest that evolutionary
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changes followed path (b} in Figure 13; winged gueens and
gamergates occur in the same species {although they never coexist
in one colony). 1 suggest an alternative paihwdy, which would
 involve a two-step process via path {a) and ic). Thus the

hypothetical Tost queen may have been ergatoid in some cases.

ERGATOID QUEENS i~ GAMERGATES
{¢)

Figure 13 Hypothetical scheme of evolutionary changes leading to
the

disappearance of winged gqueens.

As was shown in 7.3., the change in queen morphotogy which

occurred through the loss of wings {path {a), Figure 13) s 2
strategy very distinct from thai of worker reproduction. Was

P A ey .

the ergatoid strategy successfui?  Not many exiani ponerine
species have ergatofds, and there may be more species 1n fact

that have gamergates. Lass of wings might be adaptive only
uynder a narrow range of environmental conditions, and 1f these
change the species are in an evolutionary cul-de-sac. The
-ﬂ-gﬁg condition cannot be re-evolved, and worker reproduction
ay be the only solution,
The two alternative evolutionary schemes need to be

considered 1n view of the necessary changes in male behaviours,
The pattern of male dispersal must at all times be coadapted with
the activities of the Temaie pariner. Hany formicids disperse
and wate an highly-coardinated mass nuptial flights, which act as
an orientation cue for the sexvals from different colonfes to
mest. This mode of dispersal fs however an advanced trait which
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is not exhibited in the majority of queenright ponerine species
(reviewed by Haskins 1970). I have witnessed the synchronized
exit of male and female winged reproductives of the queenright
Paltothyreus tarsatus in Mkuzi Reserve; this occurred at the end

of a sunny morning following the first summer rains. The virgin
queens landed singly on bushes and other vegetation. Individual
females then presusably released a sex phearomone because flying
sales soon appeared and were observed to mate with them, This
fs similar to the behaviour in Amblyopone pallipes (Haskins
1978). Thus the males fly around searching for individual
¥irgins, and the chances of success are enhanced because the
alates of both sexes are active simyultaneously.

In species with ergatoids the mating activities occur near

the nests. Males locate thefr mates on the ground, and the

latter seldom disperse very far from their nests. Males of
Leptogenys use ground-l1aid recruitment trails to locate ergatoids
(Maschwitz and Muhlenberg 1975). There 1t no reason to assume
that the ergatoids (stiil a distinct reproductive caste, see
7.3.) do not leave their nests together with the males. The
synchronization 1s probably mediated through the release of
mandibular gland secretions by the males {(Buschinger 1975). As
a result males search for ergatoids when these are out of their

nests and releasing sex attractants. The next step in the
evolutionary series occurs when males use trafls to orientate to

~ foreign nests {as in Megaponera foetens, Longhurst and Howse

1979), Thus the male strategy now consists of finding nests, not
individuals anymore. This switch in male behaviour hac
significant consequences for it brings the sexually-mature males
in contact with the workers, a necessary prerequisite for worker
mating.

In those species where the queen caste has disappeared,
suitable workers are sated inside or fn the vicinity of their

nests. In 0. berthoudi copulation occurs Tnside the nests, and
this may suggest that they were derived from an ancestor with
trgatoid reproductives. In Rhytidoponera metallica and R,

¢halybaea (Holldobler and Haskins 1977, Ward 1981b), males
copulate with workers outside the nest entrances, and this may be
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related to the occasional presence of winged queens in these
fUtat dan 10K0  Uana 10810%.  In R. chalvbasa the virgin
Splb]!s t-nclu:u AFWLUy FEI W arvaws LLLE LN o -

queens and the males leave the nests together. This may be

cazmafabad {as {m athar Enrn{ridgl with ths swarm of a large
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number of workers which mii1 around the nest entrances.,  These
workers are of different ages and thus males Can come across
those that are sexually-attractive, again a prerequisite for
worker reproduction.

7.5. Why have gueens not re-evolved?

Crozier (1982) has painted out that the evalutionary
expectation in those species of Rhytidoponera where gusens have

been replaced by a “cot erirﬁwﬁwmrs‘%rtmfmm

should re-evolve. This has not happened in Ophthalmopone
perthoudi {see 3.3.2.), where there is an obvious Tack of
specialization in the reproductive individuals. No
morphological differentiation between breeding and sterile
workers was ever detected. Thers fis a pair of ovaries with
three short ovarfoles, and the large yolky eggs are Taid singly
and at 2 slow rate. The simplicity of the avaries of the egqg-
layers reflects their worker nature and dictates cooperative
breeding by myltiple fertile fndividuals. Why does a secondary

diﬁmﬂiﬁon—umﬁrtnrwmﬂstrmhﬁhe”—ﬁﬂ
elaborate ovaries and possibly smallar éggs, and the
to the exclusion of all others in the colony.
Ponerine workers can produce trophic or male =ggs in species
which have retained queens.  Workers lay haplofd eggs in the
absence of the female parent in Rhytidoponera purpurez (Haskins
and Whelden 1965}, and male as well as trophic eggs are produced
in Odontomachus troglodytes (Colombel 1972a).  This oogenesis
say have formad the basis for the production of fertilized eg9s.
WMMGMMM
the worker caste made the ovaries more suitable for this purpose.
_ o ka ated hv natural szalection

[neffective breed
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since they produce few or no eggs. However there has been no
further elaboration of the reproductive organs, and there has
been no reduction in egy size. Thers {s no selective advantage
for large yolky reproductive eaggs being laid in a social
environment { fn contrast to the solitary mutillids, where large

eggs need to be 1aid). As thers {s po trophallaxis between
workers and queens 1n this ponerine species, the reproductive
investment of each breeding worker is restricted by the amount of
food it can acquire, A decrease in the energy used per
individual egg shouid be selected for, since with the same
expenditure of material, fecundity could be fncreased. It may
be that the large eggs of 0. berthoudf are a legacy of a past
trophic function, and that this design could not be subsequently

changed. Other species of ponerines with gamergate

reproductives have large eggs (Pasters unpublished data). The

¢ggs in the queenless Pachycondyla krugeri are large (1,6 x 0,6
mm), while the congeneric, queenright P. wroughtoni (Forel) has

typically smal) Formicid eggs. Large #ggs may be an inherent
characteristic of worker reproduction in the Ponerinae.

Genetic changes which Increase the fecundity of individuals
should sweep through a population rapidiy, since reproductive

success 1s the only possible basis for the operation of natural

selection (Killiams 1966). Fecundity In species exhibiting
maternal care is 1imited not Just by the energetic cost of egqg
production, but also by the time and energy invested 1n brood

care. Indeed, the survival of the offspring to breeding age is
essential for the realization of reproductive success. Mothers
of eusocial Tnsects do not carry the burden of feeding their own
offspring, since all the ants 1n the colony contribute to the
rearing of the larvae, Hence thers ars fawer constraints on the

size of their reproductive investments, There are swall
differences in ovarian activity among breeding workers of 0.

berthoudi {see 3.3.2.). Thus someé {ndividuals do produce more
daughters than the average and these daughters have the same

chance of reaching bresding age as the orrsprmg of other L L

Tayers. In spite of the destruction of gene combinations during
melosis and recombination, fitter genotypes should increase their
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representation in the nest population. The lack of marked
differences in fecundity between the workers in the queeniess
cotonies of 0. berthoudi might be traced, firstly, to the nature
of the control of their reproductive division of Jabour, and

secondly, to a stabilizing selection which prevents
specialization in their unpartitfoned nest populations.
The saljent feature of eusociality s the presence of

indfviduals that are obligatorily sterile. Usually only the

sroductive cacta has an opportunity to engage in sexual

\I“EP WMWY =1 ¥ W LAL L J

reproduction. The sterile workers are restricted to performing
211 the other activities essential for colony maintenance. In
0. berthoudi however, all the workers have the potentiai to
become reproductive, and thus they can fulfil both functions in
the colony. Insemination determines whether they Tali into one

cateagory or the other. It is the 1imited period of male
activity that restricts the incidence of mating, and c¢nly those

ants which are prasent and which are sexually attractive during

Febryary to March can copulate with the males. Diploid eggs are
laid for most of the year, thus producing a contfnuous sequence
of young individuais. Since the workers live for less than one
year, the short period of sexual receptivity of many individuails
does not coincide with the mating season. The bréeding workers
would be expected to synchronize the production of their own

- o = = A

offspr'] ng with the activity of maiés, but they 4o not dppear o

be able to time their egg-laying (ie, by recognizing appropriats
seasonal cues)., As a consequence the timing of birth 1s not
genatically controiled. The ants not born at the appropriate
time of the year cannot become inseminated, and they remain non-
reproductive. Thus a chance factor is introduced into the
reproductive differentiation. Only a fraction of the
sequentially-born daughters of “fitter® egg-layers can pass on

their genes to the next generation. In addition; since the
males cannot discriminate between potential wates on the basis of

valatiua ausrian ~inahilidias :nl1 +ha unrlr-r-e n-F an annrantf ada
IWMIEIYS YVFRI FEIR '-F-'l I Tk wary L} L L - Ll “FFI VFI 1. vl

age present in a nest have the same probability of becoming
mated, Tncluding those with inferior ovarian apparatus. Since
birth and mating are influenced by stochastic factors, many
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superior gene combinations are lost. Furthermore, the less
effective reproductive genotypes continue to circulate in the

mannitladédnm harsuyes Yhay a2va nnd salardbad annined Thiws
FUYPBMIRLIVII VSuEWIT vy ®Ris 1IVe ISI¥E LR A 4 WYH TIES U VIS
directional selection is expected to be fneffective in such a
hwmaarddws owe b Tk hae nad nrvadincad anuy Ahansas Avaw o suasd
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many generations. There may however alsc have been an opposing
selective pressdre acting agafast further reproductive
specialization in the workers.

The genotype i{n 0. berthoudi cannot becowme partitioned
because of the nature of the control of oviposition, and this
necessitates a2 “phenotypic compromise® between worker and
reproductive attributes. The majority of the ants in these

societies do not become reproductives, and they carry on their
as labourers. Colony survival {s dependent on an

- 4
va wnrkar Fnrr. ltnlf‘ljl‘lv €inca the hrn-dinn wnrkave
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eave the nests or participate Tn any of the maintenance
activities. Ovarian Tmprovements throughout the worker caste
cannot be achieved at the expense of traits needed in non-
reproductive colony members. In addition, 1f there are
plejotropic genes coding for fecundity or ovarian structure,
these may have a negative effect on other characteristics needed
for effective parformance as 2 l1aboursr. It is also possible

—_that the mechanism of gene expression responsible for caste
differentiation could not be re-evolved in this species.
Calartive pressures oparate on a common worker 'ﬂnnlfir

programme” which must be sufficiently plastic to produce two
functionally-distinct types of individuals, Thus only limited
specialization is possibie because of the iack of genetic
compartmentalization,

Secondary reproductive differentiation in the worker caste
could occur 1 there were only one generation of workers per
year, since directional selection would then be effective. It

is however impossible within the constraints of an existing

eusocial system. As a result of the overlap of generations only
a small sample of the workers can bacoms mated. The social

alterations exhibited by O, berthoudi were sufficient to enable

continued survival in a partfcular environment. Since the
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system works, directional selection pressures on it are
unsuccessful, Were local conditions to become Sub-optimal, this
species might become extinct if survival were conditional on the
development of & nore efficlent group of breeding workers.

These considerations suggest what the cardinai features of

the evolution of a sterile caste in proto-formicid societies
may have been.  Haplodiploidy enables control of the sex ratio.
While the timing and extent of haplofd egg production were
restricted, the production of female individuals was increased
and staggered over the year. This gradually prevented many
females from participating in sexual reproduction and hence
forced them into the role of nmon-reproductive nestmates.  Thus

kin selection o quesn oppression may not be responsibie for the
origin of castes with different reproductive potentials
Mechanistic explanations (Crewe 1982b) bassd on 1ife history

details can explain the control of the reproductive division of
labour in 0. berthoudi. They may similarly account for many
enigmas surrounding the evolution of eusociality.

Crozier {1982) raised the question of what hotds colonies of
Rhytidoponera together in view of their very low intra-colony

relatedness. — This study on the biology of Ophthalmopone ==
berthoud{ indicates that colony odour is & fundamental aspect of
susocia! organization.  Despite the absence of the queen caste

and a predicted Tow kinship within the colony, nestmate
recognition maintains the social integrity of 2 group of workers.
The viability of this eusocial aiternative suggests that a

reconsideration af some of the traditional views on the role of

queens in the regulation of colonial l1ife 1s timely.
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the activities performed by different ants from colony (3a)
during an observation session {eg. 0%A); repetitions and
redundancies have been eliminated. First entry refers to the
ants' colony ($) and identity code, second entry to the activity
aobserved, third entry to the nest in which active. Fourth and
fifth entries are used when adulits, brood or termites were
transferred between nests; the former denotes the nest of
destination and the latter the identity of marked recruits (when
these were unmarked, 1t 1s Indicated by XXX). The various

—activity codes are as foHlows: INS= found inside nest; ABO=
unspecified above ground activity; EXC= excavating: CLE= nest

- ' TEDO= Al amm Tawmus ~;mma.
sanftation; REC, EGG, LAR, COC, TER= adult, €39, 1arva, cocoon

and termite transfer respectively; WAK= walking between nests;
FOR= foraging; CAR= carried between nests. The Jlocatfon of the
various nests is given 1n Figure 5; WWW refers to unknown above
ground Tocation,

DATA FOR DAY 0%A

399 ABO (Q)

$99 ABO {P)

$101 A80 {Q)

$103 ABO (P)

$102 ABO (P}

$107 ABO {P}

$115 FOR (Q)

$114 FOR {P)

$117  ABO (R}
$117 CAR {R] (Pj $92
$117 ABO (P)

$117 WAK {P) (R)
$117 CLE (R)

$117 CLE (P}

$118 FOR {P)

$33 ABO {Q}

$33 ABD (P}

$35 FOR (Q}

338 FOR (P}

2 M0 g

37 ADL La)
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$45 FOR (Q)

$45 TER (Q} (P)

$36 LAR {P) €3]

$30 ABO {S)

$30 ABO (P}

$28 CLE (Q)

10 LAR (Pl >l

—$10 ®rRe¢c 0y —— A8y ——x0 0000707770

$10 REC (P) (S) $157

$10 CLE (s)

§i1 GLE P}

$11 CAR {P) (s}

$i5 ABO (P}

$2t FOR {S)

$66 ABO (P)

$63 CLE (P)

$62 ABO (P)

$61 CLE {P)

$57 ABO (P}

$55 ABQ (S)

36 A0 (P}

333 V\KJ

$53 LAR (Pyr— R}

$53 CLE (P)

$51 ABO (P}

$72 TER iP} (R}

$75 FOR (P}

$74 CLE {P)

$92 REC (R} (P) $117

388 FOR {P}

$88 ABO {Q)

$118 FOR (P)

$125 £oc (Q) (P}
P} {s)

$126 INS (Q)

$130 WAK {P) {Q)

$132 ABO (P)

$132—LAR— W Q)

$136 ABO (P)

$142 WAK {Q) {P)

$147 CAR {P} {s) £208

$149 INS (Q)

$150 LAR {P} (R}

$151 ABO (P}

£1561 LAR (P} ($}

$189 CLE (P)

$189 coc {P) {Q)

$158 INS {Q)

$198 ABO (P}

$205 CLE (P}

$208 EGG {P) (5)

$186 INS 1)
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APPENDIX 8

Partial transcript from a computer-generaied print-out, summa-

rizing the activities performed by different ants from colony
(32} over the entire October observation period. Entries
correspond to those in Appendix A, except that the additional
entry {no. 2) refers to the observation session (day; A= morning,
P= afternoon) on which the activity was performed Activity and
nest codes are as fn Appendix A.

11 o4p EXC (Q)
\ 04p CAR {Q) {P) $70
05A ABO {P}
05P ABQ {P)
074 CLE {P)
07A ABQ {S)
07P ABQ {5}
08A LAR (P) (S)
ogp CLE (P)
09A CLE {P}
094 CAR (P} (S) $2
12A ABO {$)
13A REC {s} (M) $203
13A REC (S) {P) XXX
$12 03A FOR (P}
08A INS (P)
09p ABD {P}
11P FOR (P}
12A FOR (P}
$13 not seen again
$149 09A INS (9}
12p INS {S)
$150 074 ABO {P}
08A ABO {P)
D8A CLE {R!
09A LAR {F) (R}

124 ABD {P}

§151 07A LAR Liakd (R}
0BA AB0— (P)
09A ABD (P}

12A ABO (P)
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APPENDIX C

Soi1 temperatures at various times of the day during the month of

April 1981, Measurements (in degress Celsius} were taken on four
saparate days, with varying cloud cover. A digital thermometer
with flexible thermocoupies was used; these were placed in the
following places: (A) on the surface and fnside the entrance
tunnel of an ant nest, {B) at thrae different depths in the soil
profile.

{A} Time of Ground surface Temperature 10 cm
day tempsrature down nest entrance
09n00 28,6 26,1
10h00 36,5 28 1
11h00 43,5 29,6
20h30 27,6 32,5
07h00 24,7 27,9
08h00 27,4 28,0
10h00 ** 32,9 29,0
11h00 35,9 30,4
12h00 47,8 31,6
1500 48,0 37,0
16h00 41,2 37,5

(B} (- 10 cm}) {- 20 cm} {-30 cm)
10HOO 26,5 26,4 26,4
12H30 27,9 27,2 26,8

** a{r temperature: 27°C
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APPENDIX ©

Methods for gas chromatography

Tha mandihular aland tacratiane wora axtractad in nackrirnisd
— FrFEEE S wwiWirsd AufE FARM EwrRrE (0F Puperiv il

residue~-grade dichloromethane (Merck Chemicals, #5054). Efther
pairs of glands or single decapitated heads were used to prespare
the sxtracts. The glands were dissected out of the heads of
individual ants which had been immobilized by cooling, and were
Tmmedfately placed in 10 u1 of dichloromethane inside 0,2 m?
crimp top vials. -

The extracts were analyzed on & Carlo Erba Fractovap 2150 gas

_ chromatograph equipped with a flame ionization detector and a 25w

x 0,2mam Carbowax fused silica capiilary column {Hewlett-Packard).
The column was held at 40°C for 5 min. after sample injection,
and was then programmed for an initial temperature rise to 165°C
at 1,3%/min, and a further rise to 200°C at 39*/min. Helium was
used as the carrier gas &t a fiow rate of 1,5 mi/min. The
retention times of the extract components and the arsas beneath
the peaks were calculated by 2 Hewlett-Packard 33%0A {ntegrator

connected to the gas chromatograph.




150

APPENDIX E

Rainfall figures (fn mm) recorded at the Mantuma weather station
in Mkuzi Reserve, during August-November 1981 and 1982.  Only

heavy downpours (sometimes representing rain over a few days) are
{nciuded, together with the monthly totals.

Date paily rainfatl Monthly totals
31st August 1981 3l 38
10th September 1581 25 102
11th September 198l 31

12th September 1981 38

10th Qctober 1981 12 70
11th October 1981 48

20th November 19381 o0 i28
August 1982 - 0
September 1982 ~ [
21st October 1982 27 a1
1st November 1982 30 67
7th Hovember 1982 24




151

P T T non finT4dl Tha avalukinn
ATERANTET ; Rulde 1AZF9] ¥R =L

Rev. Ecol, Syst., 5:325-382.

nndersen, S. (1974) Cutfgular sclerotization in larval and adult
locusts, Schistocerca gregaria. J. Insect Physiol., 20:
1537-1552,

Arnold, 6. (1915) A monograph of the Formicidie of South Africa.
Ann. S. Afri. Mus., 14:1-766.

Berndt, K.P. and J. Nitschmann {1979} The physiology of

‘r'iﬁi'ﬁduﬂtfﬂﬂ in the Pha""“h“ ant l'llnnumnr-ﬂln nharanni; L]

2. the ummdted queens. Imsectes Soc., 26:137-145,

lomefield, T.L. {1979) A tast of the competitive exclusion

'ﬁlul ITIUy fethaa LAFrary

principle Tnvolving three sympatric ant species of the genus
Leptogenys Roger (Hymenoptera; Formicidael M.Sc. Thesis,
University of Natal, Pietermaritzburg.
Bolton, B. (1974} A revisfon of the ponerine ant genus
" Plectroctena F. Smith  Bull. Br. Mus. nat. Hist. (Ent.),
30:311-338. .
Bonavita, A. 2nd A Poveda (1970) Mise en evidence d'une
division du travall chezr une fourmi primitive. C.R.

Acad. Sci. Paris (D), 270:515-518.
Bradbury, S. (1973) Peacock’'s Elementary Microtechnique {4th

Wrndiﬁ-
Brian, M.V. (1978) Caste differentiation and division of labor.
in Social iInsects, voi. 1 ({ed Hermann, H.} Academic

Press, New York. pp. 121-222.
Brian, M.¥V. {1983) Social insects Ecology and behaviourai

biology. Chapman and Hall, London.
Brown, J.L. (1975} The evolution of behavior W.W. Norton and

Co. M New York,

Brown, W.L. {1976} Contributiods toward a reclassification of
the Formicidae. Part YI. Ponerinae, Tribe Ponerini, Subtribe
odontomachiti. Section A. Introduction, Subtribal characters.

Genus Odontomachus. Studia Entomologica, 19:67-171.

En
Graenberg (1981) Nestmate recogn nition in

i
e
€
e
m
o
]

a
.
o
oY
-



152

sweat bees ILas'IogJouum zephyrum): does an individuai
recognize 1ts own odour or only odours of 1ts nestmates?
Aniwm. Behav., 29:802-809%.

Buschinger, A. (1975) Sexual pheromones in ants. In:

Pheromones and Defensive Secretifons in Social Insects.

w———

(ed. Noirot, C., P.E. Howse and G. Le Masne) IUSSI, Dijon,
pp. 225-233,

Buschinger, A. and U. Winter (1978) Echte Arbeiterinnen, fertile
Arbefterinnen und sterile Wirtsweibchen in Yolkern der
dulotischen Ameise Harpagoxenus sublaevis (Nyi.)

(Hym.,Form.). Insectes Soc., 25:63.78,

Cagniant, H. (1979) La parthenogenese thelytoque et arrhenotoque
chez 1a fourmi Cataglyphis cursor Fonsc. (Hym. Form.). Cycle
biologique en elevage des colonies avec reine et des colonies

sans reine. Insectes Soc., 26:51-60.

Cherix, D. (1980) MNote preliminaire sur 1a structure, 1a
phenologie et 1e regime alimentaire d'une super-colonie de
Formica Jugubris Zett  Insactes Soc., 27:226-236.

Cherix, 0., P. Werner and F. Catzeflis (1980} Orgenization

e A

iplmlle d'un systame puubqu lquv: CheZ Formica u.upr.urormcu
exsecta Nyl. (Hymenoptera: Formicidae)l. Bull. Soc. Ent.
Suisse, §3:163-172.

Cole, B.J. (1981) Dominance hierarchies in Leptothorax
allardyce! ants.  Sclence, 212:83-84,
Colombel, P. (1970) Recherches sur ia biologie at 1'ethologie

d' Qdontomachus haematodes L., Hym., Formicoidea Poneridae:
Bfologie des refnes. Insectes Soc., 17: 199-204,
Colombel, P. (1971} Etude de 1'inhibition de 1a ponte des

ouvrieres d' Qdontomachus haematodes L. (Hym. Form.
Dnanawi{Assnl ' B Arad S~ Parie fﬁ’l 272:970-977

FYiIlIgE!l 1 VJEWw v WA FIwWMaEy o' 7 F EF ' I" -l'- - T ¥ o

Colombel, P. {1972a) Recherches sur la biologie et 1'ethologie
d' Qdontomachus haematodes L. {Hym. Formicoidea, Poneridae).

Biologie des ouvrieres. Insectes Soc.,, 13:171-194.
Colombel, P. (19720} Recherches sur 1a biologie et 1'sthoiogie
d’ Qdontomachus haematodes L. (Hym. Form. Ponaridae)., La

polygynie et sa regulatfon. Biologia Gabonica, 3-4:345-267,
Colombel, P. (1978) Biolegie d' Odontomachus haematodes L. (Hym.




153

form.). Determinisme de ia caste femelle. Insectes Soc.,
25:141-151.

Crewe, R.M. (1982a) Compositional variability: the key to the

social signals produced by honeybee mandibular glands. 1In:

The Biology of Social Insects (ed Breed, M., C. Michener

and E. Evans) Westview Press, Boulder, Colorado. pp. 318-322.

Crewe, R.M. (1982b) Kin selection incrisis 5. Afr. J. Sci.,
78:440-442.

Crewe, R.M. and H.H. Yelthuis (1980} False queens: a
COnsequence of mandfbular n1am'l cianﬂt in workar honav h_‘_'
Naturwiss., 67:467-469.

Crozier, R.MH. (1979) Genetics of scciality. In: Social Insects,
vol. 1 [ed. Hermann, H.) Academic Press, New York. pp. 223-286.

Crozier, R.H. (1980} Genetical structure of social insect
populations. In: Evolution of Sociail Behavior: Hypotheses
and Empirical Tests (ed. Markl, H.) Dahlem Konferenzen
Weinheim: Yerlag Chemie GabH. pp. 129-146.

Crozier, R. (1982) On Insects and Insects: twists and turns in
our understanding of eusociality. In: The Biology of Social
Incacte {ed. Rread, M., C. Michener and £. Evans) Westview
Press, Boulder, Colorado. pp. 4-9.

Emery, C. {1911) Hymenoptera. Family Formicidse, Subfamily
ponerinae. Generz Insectorum 118: 1=1257

Ferreira Brandao, C.R. {1983} Sequential ethograms along colony

. Al e oo b ik ond s Miammd -

GEVIIOPI'ICR'I: oT Qdontomacnius arfTinis Guerin |,nj*ﬁéﬁﬁp‘ué?i,
Formicidae, Ponerinae). Insectes Soc., 30:193-203.

Fletcher, D.J. (1973)  "Army ant” behaviour in the Ponerinae: a
re-assessment. Proc. ¥II Congr. IUSSI, London. pp. 116-121.

Fletcher, D.J. and M.S. Blum {1981) Pheromonal control of
dealation and cogenesis in virgin queen fire ants. Science,
212:73-75.

Fletcher, 0.J. and M.5, Blum (1983) Regulation of queen number

rel, A, {1928} The social world of the ants compare
of man, vol. II (tr. Ogden, C.X
London.

a
G.P. Putnam’s Sons, (td.,



154

Fraenkel, G., C. Hstac and M. Selfgman (1966) Properties of
bursicon: an insect protein hormone that controls cuticular
tanning. Science, 151:91-93.

Franks, N.R. and E. Scovell (1983) Domfinance and reproductive

s s S04 .
gerber, #.5. and E.C. Klostermeyer (1970) Sex control by bees: a
voluntary act of egg fertilization during cvipesition

Science, 167:82-84.

Goodman, P.S. (1981) A preliminary summary of the climatic
features of Mkuzi Game Reserve. Natal Parks Board,
Pistermaritzburg, unpublished report.

Greenberg, L. (1979) Genetic component of bee odor in kin
recognition.  Science, 206:1095-1097.

Hamilton, W.D. (1972} Altruism and related phenomena, mainiy in

Harkness, R.D. {1977) The carrying of ants {Cataglyphis bicolor

Fab.) by others of the same nest. Zool., Lond., 183:419-430,

Haskins, C.P. (1970) Researches in the biology and socia)
behavior of primitive ants. In: [Development and evolution of
behavior (ed. Aronsom, L., E.Tobach, D.Lehrman and
J.Rosenblatt) W.H.Freeman, San Framcisco. pp.355-388,

Haskins, C.P. (1978) Sexual calling behavior in highly primitive

Haskins, C.P. and E.F. Haskins (1950) Notes on the biclogy and
social behavior of the archafc ponerine ants of the genera

Myrmecia and Nothomyrmecia. Ann. Entomol. Soc. Amer.,
43:461-491.

Haskins, C.P. and R.M. Whelden (1965) ™"Queenlessness®, worker
sibship and colony vs population structure 1n the Formicid

Y IR e [ Py Ny O7T 145

genus Knywviocoponeri. F3ycne, l‘-ﬂf-i.-l{o
Haskfns, C.P. and P.A. Zahl (1971) The reproductive pattern of

- b o is emaammddas Maoamiase fFlliissssecmbheicsa B e

noponera ’l"ﬂl"lll Hugﬂ lI'IJIIErlI-Ipl.IH l,mllumnm; with notes

on the ethology of the species. Psyche, 78:1-11.
Haskins, C.P. and E.F. Haskins (1979) Worker compatibilities
within and between populations of Rhitidaponera metalljca.

Psyche, 86:299-312
Haskins, C.P. and E.F. Haskins (1980) Notes on female and worker



155

survivorship in the archaic ant genus Myrmecia. Insectes
Soc., 27:345-350.

Hermann, H.R. and A.M. Young {1980) Artificiaily eiicited
defensive behavior and reciprocal aggression in Paraponera
clavata (Hymenoptera: Formicidae; Ponerinae). J. Georgia
Entomol. Soc., 15:8-11,

Kolldobler, B. (1962) Zur Frage der 01igogynie bei Camponotus
Tigniperda (Latr.) und Camponotus herculeanus (L.) (Hym.

Formicidae). Sonderdruck aus zooIogischer angewandte
Enm]egie, l.ﬁ- 337382,

Holldobler, B. {19?1} Sex pheromone 1n the ant Xenomyrmex
floridanus. J. Insect Physiol., 17:1497-1499,

Holldcbler, B. {1980} Canopy orfentation - a new kind of
orfentation in ants. Science, 210:86-88.

Holldobler, B. (1982) Chemicai communication in ants: new
exocrine glands and their behavioral function. In: The
Biology of Social Insects (ed. Breed, M., C. Michener and
E. Evans) Westview Press, Boulder, Colorado. pp. 312-317.

Kotidobler, B. and C.P. Haskins (1977}  Sexual! calling behavior
tn primitive ants. Science, 195:793-794.

Holldobler, B. and E.0. Wiison (1977} The number of queens: an
important trait in ant evolution.  Naturwiss., §4:8-15,

———HoTtdobler, B. and H. Engel {1378} Tergal and sternal glandsin
ants.  Psyche, 85:285-330.

Holidobier, 8. a&nd C.D. Michaner (1980} Hechanisms of

{dentification and discrimination in social Hymenoptera. 1In:
Evolution of Soclal Behavior: Hypotheses and Empirical Tests
{ed. Markl, H.) Dahlem Konferenzen. Weinheim: Yerlag
Chemie GabH. pp. 35-58
Holldobler, B. and J. Traniello (1980a) Tandem running pheromone
in ponerine ants.  Maturwiss., §7:360.
Holldobler, B. and J. Tranfello {1980b) The pygidial gland and
chemical recruitment communication In Pachycondyla
{sTermitopone) laevigata. J. Chem. Ecel., 5:883-893.
Holldobler, B. and E.0. Wilson {1983} Queen control in colonies

of weaver ants (Hymenoptera:formicidae). Ann. Entomol. Soc.
America, 76:235-238.



156

Ledoux, A. (1950} Recherche sur la biologie de 1a fourmi
fileuse (Oecophylla longinoda Latr.). Amn. Sci. Nat. Zool.,
{11) 12:313-461.

Ledoux, A. (1952) Recherches preliminaires sur gueiques points

Formicoidea). Ann. Sci. Nat., Zool., {11} 14:231-248,

L& Masne, G. {1952} Lés &changes Illul:lu‘.cff“i Eﬁtf alti 1 Le
chez 1a fourmi Ponera eduardi Forel. C.R. Acad 3ci. Paris
(D), 235:1549-1551.

Le Masne, 6. (1956} La signification des reproducteurs apterss
chez 1a fourmi Ponera eduardi Forel. Insectes Soc., 3:
239-259,

Leopold, R. (1976) The role of male accessory glands in 1nsect

reproduction., A. Rev. Ent., 21:199-221,

-

» ar o

Megaponera foatens (Fab.) (Hymenoptera:Formicidae} in the

Aabtantdnn AF ks avmira arav .lﬂ'l'n Rahaw, 9‘-1911_1‘}10
VE VR I VIF Wi 1 Wia! ™ T W r" e LR L WEIRAFE, U’ i e T oy e

Longhurst, t. and P, Howse (1979) Some aspects of the biology of
the males of Megaponera foetens. Insectes Soc., 26:85-91,

Maschwitz, U., B. Holldobler and M. Mogliich (1974) Tandemlaufen
als Rekrutierungsverhalten bel Bothroponera tesserinoda Forel
Z. Tierpsychol., 35:113.

Maschwitz, U. and M. Muhlenberg (1975) Zur Jagdstrategie efniger
oriental {scher Leptogenys-Arten {(Formicidae: Ponerinae).

) T S 1 3 K —

Maschwitz, U. and P. Schonegge (1977} Recruitment gland of
Leptogenys chinensis. Naturwiss., 64:589-590.

Meinwald. J., D.F. Wisemer and B. Holldobler {1983) Pygidial
gland secretions of the ponerine ant Rhytidoponera metallica.
Naturwiss., 70:46-47.

Michaner, C.D. and D.J. Brothers {1974) Were workers of eusocial
Hymenoptera initially altruistic or oppressed?  Proc. Nat.

Mi11, AE, (1982) Emigration of a colony of the giant termits
hunter Pachycondyla commutata Roger {Hymenoptera Formicidae).

Entomol. Monthly Magazine, 118:243-245.
Mirenda, J.T. and S.B. Vinsen (1981) Division of labour and



157

specification of castes in the red imported fire ant

Solenopsis invicta Buren. Anim. Behav., 29:410-420.
Moglich, M. and 8. Holldobler (1974) Social carrying behavior

and division of labor during nest moving in ants. Psyche,

81:219-236.

Moglich, M., U. Maschwitz and 8. Holldobler {1974) Tandem
calling: a new kind of signal 1n ant communication.
Science, 186:1046-1047.

Oster, &.F. and E.0. W{l1son (1978) Caste and ecology 1n the

- e Dudasntnm lndwuswnsfdu Dodme s
iUlpldl |Tlmw ra III\-:WII WiIlIFRISI MY TV wads

Overal, W.L. {1980) Observations on colony founding and
migration of Dinoponera gigantea. J. Ga Entomol. Soc.,
15:466-469.

Passera, L. {1980) La fonction inhibitrice des reines de la
fourmi Plagifclepis pygmaea Latr.: role des pheromones.

Insectes Soc., 27:212-225.

Paterson, H.E. {1584) The recognition concept of species. In:
Species and speciation ({ed. ¥rba, E.) Transvaal Museum
Press, Pretoria. (in press)

L YA amd B Ceawva [10G24Y Tnecaminatinn rantrale +ha
TEELWCE 3, l.u WU Ra Wi W% (AW ay ATNAFATE F INWE W F WrrS W Wril Wl W T M MY W

reproductive division of Jabour in 2 ponerine ant.
Naturwiss., 71:50-5L

Pisarski, B. (1973) Les principes d'organization des colonfes
polycaliques des fourmis. Proc. ¥II Congr. IUSSI, London.
pp. 311-316.

Porter, $5.0. and C.D. Jorgensen (1981} Foragers of the Harvester
ant, Pogonomyrmax owyheei: a disposable caste? Behav.
Ecol. Sociobiol., 9:247-256.

Prinz, AJ. {1975) Keys to the Ethfopian tribes and genera of
the sub-families Ponerinae and l;gr!ggchvinl! with a svnnnvnic

11st and general notes on the varfous genera (Hywenoptera:
Formicidae). M.Sc. Thesis, University of Stellenbosch.

3
» . |

(Hym. Formicidae), Insectes Soc., 28:263-278.

. T L o m [ g | oy ST e

Sudd, J.H. {1982) Ants: foraging, nmesting, brood behavior, and

polyethism. In: Social Insects, vol.d (ed Hermann, H.)
Academic Press, New York. pp. 107-155.




158

Taylor, RM. (1978) Nothomyrmecia macrops: a living-fossil ant
rediscovered. Science, 201:979-985,

Tranielle, J.F. (1978} Caste in a primitive ant: absence of age
polyethism in Amblyopone. Science, 202:770-772.

Trivers, R.L. and H. Hare (1976) Haplodiploidy and the evolutfon

of social 1nsects. Science, 191:249-263.

Ward, P.S. (1581a) Eccology and life history of the Rhytidoponera
impressa group (Hymenoptera:Formicidae). I. Mabitats, nest
sites and foraging behavior. Psyche, 88, 89-104.

¥ard, P.5. {1%981b) Ecology and 1ife history of the Rhytidoponera

fmpressa group (Hymenoptera: Formicidae) II. Colony origin,
seasonal cycles, and reproduction. Psyche, 88:109-126.
Ward, P.S. {1983) Genetic relatedness and colony organization 1n
a species complex of ponerine ants 1. Phenotypic and
genotypic composition of colonies. Behav, Ecol. Sociobiol.,

12286-299.

Ward, P.S. and R.M. Taylor (1981) Allozyme varfation, colony
structure and genetic relatedness in the primfitive ant
Nothomyrmecia macrops Clark (Mymenoptera: Formicidae). J.
Aust. ent. So¢., 20:177-183.

Werner, P., F. Catzefiis and D, Cherix (1979) A propos du
polycalisme chez Formica (Coptoformica) exsecta Nyl. C.R.

4 g g ogmam

UIEIS section francaise, Lausanne. pp. 115-126,
Wheeler, W.M. (1910) Ants: their structure, development and
behavior. Columbia University Press, New York.

Wheeler, W.M. (1928) The social insects, their origin and
ayolution. Kegan Paul, Trench, Trubner, London.

whueier, W.M. (1936) Ecological relations of ponerine and other
ants to termites. Proc. American Acadeay Arts and Sciences,
71:159-243,

Wheeler, W. and J. Chapman {1922) The mating of Diacamma.
Psyche, 29:203-211.

Whelden, R.M. {1957} Notes on the anatomy of Rhytidoponera
convexa Mayr ("violacea® Forel) (Hymenoptera, Formicidae}.

_______ Efi. 57
Ann, Entomol. So0¢. America, 50:271-282.

Whelden, R.M. {1960) The anatomy of Rhytidoponera metailica F.
Smith (Hymenoptera: Formicidae}), Ann. Entomol. Soc. America,




15%

53:793-808.

Williams, G.C. (1966) Adaptation and Natural Selection
Princeton University Press, Princeton.

Wilson, E.0. (1971) The Insect Societies Belkmap, Karvard,

Cambridge, Mass.

¥iTson, E.0. {1976} Behavioral discretization and the aumber of
castes fn an ant species. Hehav. Ecol. Soctobiol., 1.141-
154,

yamauchd, K., K. Kinomura and S, Miyeke {1981} Scciobiclogicat
studies of the polygynic ant Lasius sakagemii I. General
features of its polydomous system. Insectes Soc., 28:279-
296,

Zakharov, AA. (1972)  Ynutrividoye otnosanfja murav'ev,
Moskva. p. 216.




Social organization, breed
i

reproductive differestiation in Ophthalmopone berthoudi Forel, a

Christian Paul Peeters

Contents

Add1ti°n to p. 11 e T E T s e T R N L N L A R AN LR 2
Mdftiﬂﬂ 1'.0 ppa 4?-43 e Y I LR IR R R EE RN RN AN LR LR NN R 3
ﬁﬂdit‘fﬁﬂ mp¢ 5‘ (Figu" s} e Y EE TR R RN R R RN 6

Ad_dj_tj_on_to_p_,_l?_[nmls] IR R R R 10

Transcript A (corresponding to Appendix | ) R | |
Transcript 8 (corresponding to Appendix B} ....ceienna... 34




Mdition to p.11

— There is strong evidence that the ants were not losing their
marks with time:
(1) 1f 1t had occyrred in the Field, this would have resuited fn

some of the ants having unregistered colour combinations (unless
the 2-4 marks on an individual flaked off simultaneously, which
is very unlikely)l. On those occasions when nesis were excavated
at the end of an obsgrvation period, most of the marked ants were
col Tected agatn (inciuding some for which no activity data hag
been obtained). When colonies with marked ants were Teft 1n the

f1el1d for a few weeks and even wonths, large numbgrs of

 indiyiduals were re-collected with their previous colour

combinations,
(2} 1t never occurrsd in laboratory colonies, where marked anis

wars observed continuouslys — Thers was {requent grooming of
painted regions of the ants’ bodies, without subsaquent Toss of
e marks. '

The cuticie Tn 0. berthoudi 15 pubescent, and this explains why
Humbrol paint adheres strongly to it.  In contrast, marking of
workers of Plectroctena conjugata was unsuccessful.  Such ants
have a shiny black cuticle, and it was found that the paint marks

flaked off within days.




Additfon to pp.47-48. Text should read as follows {p.47, 1ine
26 onwards).

As the ants were releasad fato the arena they soon met up and
there were digtfnct antennatfons. The behaviour of the ants was
monftored for 10-20 minutes, and in some tests the encounters
werg timed {Table 10a). The latter could not always be done
precisely, especially since the beginning and end oF an
interaction are hard to determine. I[n addition there were

sometimes two Interactions occurring simul tanesusly, and then one
had to be ignored. The intensity of the antennations could not
be quantified, and thus additional descriptions are essentfal.
A number of combinations of pairs of foragers were tested: ({1)
different nests from the same colony (n=3); (2) nests from
different, but adjacent colonies {(n=4)- in one of these it was
suspected that colony fission had taken place 1n the recent past;
{3) nests from different, distant colonies {m3}.

The initial interactions between workers from different

colontes were characterized by prolonged and vigorous antennal

"havina" [Wawd 1023): in suhcaguant ancountere hatwoaan the cavm

Ty AWM AFWTTy Ll W L R T - LAl b

indfviduals the duration of the antennation decreased (Table
10a), At the beginning of the tasts there was no overt host{l{ty

- v - e =%

between forefgn ants, mwwwwmnr

encounters. Some of the bouts of antennal boxing resul ted in
one of the participants adopting a submissive posture (see
2.3.6.). After some time however the repeated confrontations
became more physical. There was momentary contact of the
mandibles, the ants nudged heads or stood over one another's
thoraces. Fighting somatimes followed; one ant held the
other's mandiblas {or thelir antennae or peticle) and Tifted it
off the ground. Some ants were dragged around, Tests
invoiving adjacent and distant colonias gave similar resyl ts.
—fnﬂmwmemﬂmw—

short-1ived {axcept for the first confrontation) (Table 10a), and

A nll = Ad “--Aﬁ.- . ]
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within the same colony were tested, their interactions were
sometimes Infitially slightly longer than those between

o Libe = v n- Fennom Ad 2 ko o
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{nhabitants of the same nest. After a few minutes however there
were no wore differences in the duration of the interactions.
The lengths of the antennations cannot be compared statistically
within and between tesis. Times decrease with each encounter,

and it is the entire sequence of antennation that must be

considered. In addi{tion, the number of encouanters varies
betwean pairs of ants 1n each test, becauss ancounters 1a the
arena occur randomty.

tn summary, the main distinguishing feature between
interactions involying nestmates and aljens was the end process;
only in the latter did the repeated encounters lead to
aggression.

hle 10a Length of the antennatfons between alien ants

confined in a test arena. Two pajrs of foragers were used in
each recognition test; each pair belonged to the same nest,

Tabkdan hll

pifferant categories of nest réiationsaip
distant nests within the same colony; (b} and {c) nests froa
LF]

adjacent colonies; id) nesis from distant ¢ &5, Timas are

in seconds; “?" indicates an interaction that could not be
timed,

(a})
X1 X2 ¥1 Y2
X1 1:0,5 2 6,5:2;7;2
X2 3,5:2:2;2 7:1:;1,5
71,5

Y2




N

(b)
Al AZ Bl B2
Al 3:1,5:;0,5; 5:2;132;1;7;2; 7:4;7;3:3:;2,5;
1,5 2:;1,5:2:1,5;:1 1:1,5;1
A2 634;2;2;4;4;1;  3;1;5;4;2;1,5;
5:2:1 1:4;2;0,5;:2
81 2;%:2;152,5;
0,5;:2:;7;2
82
(e)
D1 D2 B3 B4
D1 1;2;1;0,5; 4,5;2,5;4;7; 7;8;2,5;2,5;7
257 3;2;41
nz2 4:5;4;7;1 5,8;5:5;3;:3:2
B3 2;0:01
84
(d}
Al A2 ¢l c2
Al 1,5 16;7;3 15;2;6;7;7;12
A2 10:2:2:10:5; 10;6;4;13;2:7;
3:433;2;3 4;5
(9 | 1;2;1,5

<
Mo




Addition to p.54 {Figure 6)

As stated in the text (p. 53), this analysis of the
composition of mandibular gland secreiions fis préilimtnary. The
extracts of over 10 individuals were analysed for gach of the
three categorias of workers. These worker categories were
arbftrarily constituted. A group such &s the Innendienst
workers included individuals with a substantfal range of ages,
and thus within-group variability could be expected.
Notwithstanding, some consistent differences in the rejative

amounts of certain components were visually apparent between

categories. — None of the components have been chemically —
identified, and thus bioassdys could not be attempted to

determine which of the components are hahavigurally innnﬂtant'

The short reference to these incomplete results and the tentative
suggestion of a change in the blend of components with age was
merely intended to indicate that there may be pheromonal means
through which within-nest recognition of individuals takes place.

Figure 6 Gas chromatograms of the mandibuiar gland secretions of
three functional categories of workers of Qphthalmopone
berthoudi (&) Innendienst workers, {(b) Foragers, (c) breeding

workers.
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Mdition to p.77 {Standard deviations fn Tabie 15)

ndard deviation) (in mm) of the

hesd and gaster of breeding and sterile workers,
stgnificance Tevels (*= p¢0,05; “*= p¢0,01; ***= p<0,001)
computed for the means of two samples by i-test,

sterile breeding t-value &
workers workers significance
Sample size 29 10
Mean length of 2,59+0,07 2,58+0,04 0,58
head capsule
Mean width of 1,76+0,06 1,78+0,04 0,88
head capsule
Mean hefght of 2,22+0,13 2,35+0,07 3,03 %
Ist gaster segment
Mean Tenqth of 1,56+0,11 1,73+0,08 4,38 e

1st gaster segment
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TRANSCRIPT A

Computer-gensratad print—uut? 11 sting1 the activities performed by
the marked ants from colony (3a) during October 1981. Each page

N F

refers to a different observation session (eg. 04A; A= morning,

pa afternoon); repatitions and redundancies have been
eliminated. First entry refers to an ant's fdentity code,
second entry to the activity observed, third entry to the nest in
which active. Fourth and f1fth entries are used when adults,
brocd or termites were transferred between nests; the former
denotes the nest of destination and the latter the identity of
marked recruite (when these were unmarked, it is indicated by
XX{; when these were marked but the code could not be read, it {s
indicated by X). A 1ist is given to convert the colour codes
used in the print-out to the identity codes used in the text (eg.
GYX = $31). The varfous activity codes are as follows: INS=
found inside nest; ASO= unspecified above ground actiyity; EXC=
excavating; CLE= nest sanitation; REC, €GB, LAR, COC, TER= adult,
ena 1arva cocoon and termite transfer respectively; WAK= walking

TPFE FRE TAEpw I

. = ing: CAR= carried between nesis. Nest

entries refer to the following nests in Figure §: ={P];
JU=(Q); AD={R); DE=(S); oL={XX); WWW refers to unknown above

ground 1ocation.
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wy $i1 RRE  §57
YR $2 RGY 358
YYG  $3 RGR 359
YWY 84 RGG  $60
YY8 $5 RGX  $61
YGY 6 RGB  $62
YGR §7 RBY  $63
YGE  $8 REBR  $64
YeL  §9 RB&  $65
YGB €10 RBY $66
YRY $11 RBB  $67
YRR  §12 RXB  $68
YRG  $13 RZ  $89
YRX  $14 RXG $70
YRB $15 RXY §714
XY $i6 RIR $72
YXR  $17 WWN  $73
¥Xe 418 WWR §74
YXX $19 WWG  $75
XYB  $20 Wi $76
YeY 321 WY §77
YBR  $22 WBX $78
Y8G $23 WB8  $79
YBX  $24 WEW 380
YBE  $25 WBR 381
YBW  $26 WBG  $&2
YWB  $27 WRR 383
GYY $28 WRX  $84
8YR  $29 WRY $85
eYe 330 WRG 586
BYX  $31 WRW  $87
BGY  $32 WyY 388
GGR__ $33 W2 389
GGG  $34 WGE  $90
GGX  $35 Wa $91
GRY  $36 WG $92
GRR  $37 WGR  $93
GRG  $38 WEN  $94
GRX . $39 WGB  $95
GXY 540 BBB  $96
EXR  $41 BBX  $57
BXG  $42 BBR $98
G2 $43 BEW  §99
Y4 $44 BEG $100
R4 $45 BGB $101
G4 $46 BaX §102
B4 $A7 B6G $103
RYY $48 BGY §$104
RYR $49 BGR $105
RYG  $50 BRR 5106
RYX $51 BRY $107
RYB  $52 BRG  $108
RRY $53 BRX $109
RRR  $54 BYY §110
RRG 355 BYX $111
RRX  $56 B2  §iiz



BWB $t13 GIR4 $169
BWR $114 B1 $1790
oWwe §115 Biz $1A1
BWX $116 Biyz $172
Eﬁ!‘ $117 B14 $173
R=RiW $118 Ri $174
= R12—$175
R=RY $120 R1G2 $176
R=RB $121 R1YZ $177
ResRX $122 Ri4 3178
R=RR $123 R164 $179
Y=YR $124 R184 $180
Y=Y §$125 R1Y4 $181
=YX $128 8475 5182
Y=YG $127 GARS $183
Y=YB $128 RAYS $184
Y=YY $129 RAGS $185
Y=YRY $130 RANS $186
Y=YGR $131 R4BS $187
G=BX $132 Y465 §$188
G=GR $133 Y485 $18¢
= Y4RS $190— — — — — — 0 —
G=GG $135 BAWS $191
G-GW $138 B4Ys $192
B=BY $137 B4RS $193
B=BX $138 B4GE $1594
B=BR $139 RXYR $195
B=BG $140 RXX& $196
B=BiW 141 RYYE $197
W= $142 RXGR $1%8
W=hR $143 RXGY $199
W=NX $144 RXGB 35200
W=hG— 3145 RXBR $204 — OO
W=Y $146 RXBG $202
GeGB §147 RXBY $203
GeGYR §148 RXRE 5204
ReRGY $146 2 RXRY 3208
R=RWG $150 RXRG $206
Y1 $151 RYYR $207
Y12 $152 WXYR $208
Y1B2 %153 WXGR $209
Y1R2 $154 WXBR $210
Yt4  $155 WXRG $211
¥iR4 $155 WXRY $212
YiG4 $157 WXRE $213
Y14 $158 GXRY $214
M1 $159 GXRG $215
$216
WiIRZ $161 exyG $217
W14 %162 EXBE $218
g1 163 GXGR $219
GIRZ $164 GXGR $220
E1¥2 $165 GXeY $221
GiB2 $166 GRBY $222
gi1k  $167 GRYB $223
G1¥Y4 %168 BXGR $224




BXGY
BAGB
BXRG

BXRY
BXRE
BXYG

(LR LTr Y
DBATHR

[LFIFT.

$225
$226
$227

., .

$228
$229
$230

FLt 1
JLal

P LT
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DATE

BAWB
BXBW

L 371 17

BADT

2LIL
$233
$234

F .l .T.14

PLIF
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B8R Apo Ml
YREB  ABD

WYEL  ab
FAN L AT

YYX &xC

L
&

DATs FOR Day 024

Wa ABO

Né
ser 40 e

Gok—ExC 7¢

XXX
YXG




DATA FOR DAY 03A

Yed CLE
YOO 200

"M m

Yui ALo
Yar Fui
¥Yii FLRA
YL Aok
You &40
¥at Fon
¥ia Fold
fYa ALO
YYR mul

YY& REC .

YY{i Kby

PR R R ol R
CF L RS Y s v I

-

Wi XXX

Yia Tl

Y ALO
RaRP ARy ZE
A=4Y EXC JU

F A

Al

ﬁﬁﬁﬁﬁ

T - e x BN

i

-~

3

m




DATA FOR DAY Q4A

64
R2
RE

-

ACO
REC

[ ol

[

Ca L.

L=

i
-

=
=

YYX ADO ZE
YYY FGi ZE

GeGY
R=RE

ABC
A3Y

it
it

ke
%4
L

LY )

Y2
V4
8GR
sRG

n s
vhig

uRG
BRX
BRX

BRY

CLE
FURr
AL0
FLE
FOR
ASOD
CLE
ADU
REC
ABL

ABO

ALy

o fd s Sl
mmMmc M m

P
MMM
cm

W XAk

R=16
A=l
A*RA
A=RX
| W=wY
Y=YU
Y=YG
Y=mYa

P s

ATO
FCr
FJa
Fib
FOR
WAR
LAR
I’ido

uli
Ws
it
ol
it
ZE JUu
It JV
IE

¥=¥rY LAR ZT Wk -
¥Y=YRY ABC JU

T ———— -

BHX
GGR

o
ana

ey n

by
FOR
ALO
FOR

ol Bl

L)t

GYY
RBX

niren
Ruaw

RGB
RGG
RCG
BEG

Ol W

Rax
RRY

ulR BY

LR R |

RXG
CRYG
JRYG

L") 5

Agl
ABC

AN
e B AT

AsO
ABO
REC

ARN

fa B

FOR

LLE
EXC

""Exﬂ .I.E A

WA
FLR

FOR A

-~ ™IBW ABO

ABX
WEX
Wiy
XK
ARR
ARY
Al
AuR
YEG
YBA
YGo

7E

[ Rl ol

AD #RG

E o o

Tor
L=t

mEDOoammm>er

YA

o]
T M

ABO
CLE
EXC
CAR
CAR
FCR
ABU
REC
CLE
aigd
AED

P
mmMmm

it

"~
mm

Wa
AD

ZE

AU RGu
JB RZ

it

YGG
YUl
YL¥
YR3

ABOD
CLE
FOR
ABD

it
a3
wWH
43

Yk
YAY
YAy

ASD
FUR
CLE

ZE
ZE



CAT~ FUR DAY ual

s4 CLe
€4 Qe

Wi
i

YaY CLE LE
YYo AZ0 ZE

G4

£AaC

7z Cle
e Lal
e FUL

cE
it
iE
JU

YR &80 ZE
1 CLL ZE
Y¥n For ZE
YYY Aol ZE

i mol
4:}-» fUH

Y2 FQk

Sois
BZa
oBa
bRA

Aty

ABD

REC ZE JV RaG

ABO

it

iE

LE
it
iE

ZE

Lat GLE ZT
GG FOR Ju
GOR FUk ZE
GAR ABG JU

~ o

I'n.::\.ﬁ C:—-‘. LE
=X FCO 4
Ru3Y L30 .E
Ya¥y O LT
Y=Y ASG 4a

Y=YRY CL. It

YL Aul LE
adL JU

¥y
el
dai

For
FOR

it
W'y

ahyY
RGG
RRY
RRY
L
Hih
REC
M

WLala

ALL
Exe
CLE
EAL
AD
Can
KEw
CLE
KEC

. _w e

KEO

« A8Q

tLe
Al

Eal

W AL

FOR

[l |

FA
iE
L
ZE
ZL
ZL
Ju
iL
ZE

Ju LOX
ZE ¥2Y

JU A

il
ZE
i
Ju
Wt
ZE
Wi

2
[~

|y = -
FOs
fi¥a14)

NiTH
Iat 1%

DLy

ZE
ZE
Z€

ird
[

H T4
b L ekl

e

AbO
LAt

Jy
HM

LruR IE



DATA FOR DAY OSA

B4 FOR AD WGR ABD IE
G1 REC Ww ZE R2 WGR REC JU ZE BBX
GZ ABO ZE WRG ABO AD
G2 FOR ZE WRX ABO ZE
G4 CLE AD WRY FOR WY
R2 CAR W ZE G WRY ABO ZE
R4 CLE ZE WRY FOR ZE
¥1 ABO ZE WNG ABD ZE
Y1 ABO WM WWR CLE AD
Y2 FOR Wu WWR ABO ZIE
Y2 FOR JU WWR TER JU ZE
Y4 FOR ZE Wil ABO ZE
BEN ABO AD NKY ABO ZE
BBX CAR JU ZE WGR YBG ABO AD
BGG ABO Z€ YBY FOR ZE
BRG CLE AD YGR ABO JV
BRY ABO ZE YRB FOR Ww
BWR CLE WW TRA FUK LE
B
BWW ABG AD YWB ABO AD
BYX ABO ZE YYR WAK ZE JU
GGG FOR JU YYX FOR Wi
GGR A80 ZE YYX ABO ZE
GEX ABG IE YYX FOR ZE
GGY ABO AD B4NS ABD ZE
GXG FOR ZF B4WS REC ZE JU YsYRY
GXY CLE WM G1R2 ABO ZE
GXY CLE AD G=GG ABO ZE
GYY ABQ ZE G=GG FOR ZE
—  GYYLAR ZEJU —— RIG4 CLE ZE
R14 ABQ ZE R1Y2 ABO WM
RBR ABQ AD RRB ABO ZE
RGG ABG ZE R=RB FOR wWN
RRB ABO JU RsRB FOR ZE
RRG CLE AD R=RGE ABO AD
RRG LAR ZE AD R=RY ABO ZE
RRR FOR AD W1R2 ABO ZE
RRX FOR WW W1RZ ABO AD
RRY REC ZE AD WBM Y1B2 ABO ZE
ARY LAR ZE AD Y485 ABO JU
AXB FOR WM Ydgs ABRO ZE
RAB FOR ZE Y4B5 WAK ZE JU
RXY ABO AD YABS ABO AD
RYG FOR WW Y45 ABO ZE
. RYG FOR AD YaYY LAR ZE JU
RYY ABO AD Y=yX REC ZE JU XXX
WBG ARQ ZE Y=YY CLE ZE
WBR FOR WW R=RUG ABO WM

WBW CAR ZE AD RRY
WBM CLE AD
WBX FOR ZE

T TAW
L |

YaYRY CAR ZE JU B4WS



DATA FOR DAY 05P

RZ ABO AD
R4 FOR WM

Wl ABO ZE

BBB FOR ZE
BER ABO AD
BGX ABO ZE
BYX ABO 1E
BYY CAR ZE OL W8X
GGR ABO ZE
GGX EXC JU
GGY FOR WW
GRX FOR WW
GXG FOR ZE
GYY COC ZE JU
R14 EGG ZE JU
RBX FOR ZE
RGE EXC AD
RRX ABO IE

RRY EXC i€
RXB ABO IE
WBX REC IE OL BYY
WGX CLE ¥
WRX ABO ZE
WRY FOR ZE
WYY FOR IE
YGR FOR JU
YGY ABO ZE
YRX ABO WW
YRY ABO IE

YWE ABO AD
YYX FOR It
B4wS COC ZE JU
R=RR ABO JU

R=RX FOR Wi
RXGR ABO ZE
WiRZ CLE ZE
WeWY FOR ZE
W=WY ABG JU
WXYR ABO ZE
Y182 TER Z€ JU
Y4B> ABO IE
Y=¥B cOC ZE JU
Y=¥B REC ZE JU XXX
Y=¥YW COC ZE JU

YaYW WAK JU ZE
YeYy EGG ZE JU
Y=YX CLE WN

¥=YY ABD IL

YoYY CLE WW
G=GYR ABO AD



DATA FOR DAY O6A

B2 ABO ZE
B4 FOR WW

R1 INS IE
R2 FOR WW
Wl INS ZE
W4 INS ZE

BRG ABO WW
BRX ABO WW
BYY ABO OL
GGY ABO AD
GGY FOR W
RBR ABO OL
RBY ABO ZE
RGB ABO OL
RGE ABO ZE
WRY ABO ZE
WWR ABO ZE

WYY FOR Wi
Y14 INS IE
YBB ABO JU
YGR FOR wWW

YRB ABO ZE
¥YY8 ABO ZE
B4Y5 ABO WW
B=BR INS ZE
G182 INS ZE
G=GB INS ZE
R=RY ABQ OL
R=RY FOR OL
R=RY LAR ZE OL
RXYR ABO ZE
Y182 INS ZE

Y=YR ABO ZE
Y=YX ABQ ZE
B=GYR INS IE
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DATA FOR DAY O7A

BZ INS OE YBB ABO JU
B2 ARO DE YBY FOR ZE
64 ABO-AD YBY ABG DE
R4 FOR ZIE YGB ABO DE
W2 REC WW WW XXX Y46 FOR ZE
Y1 LAR ¥W AD Y&R FOR ZE
BBS FOR ZE YGX ABO ZE
BBW ABO DE YRX CLE Z€
BBX ABO DE YRX ABO DE
gca Fom JU YRX TER ZE DE
BYX REC ZE OE X YRY ABOD ZE
GGR ABO ZE YRY CLE ZE
66X ABO ZE YRY ABCQ OE
GRG FOR ZE Y¥G FOR ZE
GRG ABO JU YXY FOR wWW
GRX COC ww ZE YYB FOR ZE
GRX FOR DE YYR ABO ZE
iE
GXY ABQO ZE G1Y2 ABO ZE
GXY ABO DE &=GB ABO ZE
GYG FOR DE GsGR FOR DE
GYY COC AD ZE G=GX ABO ZE
RBY FOR JU R1Y2 ABD JU
RGE ABQ ZE R=RE ABD JU
QGR 4RO AD R=RE ARD ZE
RRG REC AD WW Y4B5 R=R® FOR WW
RRG ABO ZE R=RW ABO WW
RRR FOR AD RaRX FOR AD
RRX ABO ZE  RXGR AB0 ZfE
RRY LAR JU ZE RXYR FOR ZE
RRY COC AD ZE RXYR ABO DE
RXB CLE ZE WXYR INS DE
RXGCLEZE ' ylg2ABDOE
RXY FOR WW Y485 ABO ZE -
RYX ABO 2E Y485 CLE JY
RYY ABO ZE Y=¥YB CLE ZE
WBG AB0 ZE Y=YG LAR WW ZE
WBR ABO ZE Y=¥YR CLE ZE
WGR ABO AD Y=YW ABO ZE
WGW ABOQ ZE Yo¥X ABD JU
WGX LAR AD ZE G=GYR ABO ZE
WRR ABO DE R=RNG ABO ZE
WRX INS DE
WRX CLE IE
WRX ABO DE
WRY FOR WW
WRY ABO ZE
WWG FOR ZE
Wi ABO ZE
WYY FOR 2E
XRG ABO ZE

Y14 CLE ZE



DATA FOR DAY 07P

B2 ABO DE
Y2 FOR JU
BBX ABQ DE

BBX REC JU DE XXX
BRG ABD AD

BRY FOR ZE

BWR ABO ZE

GGR ABQ ZE

GRX REC ZE DE XXX
GRX COC ZE OE
GYG ABO ZE

RRG ABO DE

RRX CLE ZE

W12 ABO 2E

WBW CLE AD

W66 EXC DE

WRR ABO DE

WWw EXC DE

WHY ABO DE
WYY FOR ZE
XRE ABO OE
YBB ABO AD
YGB ABO DE
YGG FOR ZE
YRX REC ZE DE XXX
YRY ABO DE
YXG ABO JU
YYR ABO OE
YYR REC ZE DE YYG

YYY ABO DE

G=GW ABO AD
ReRG ABO ZE
R=RG CLE LE

R=RR AS0 ZE
RAYR ABO DE
Y=YG ABQ DE
Y=YR ABO ZE




DATA FOR DAY 08A

24

GGY FOR WW

B2 INS ZE GRG INS ZE

B2 ABO DE GRG FOR ZE

BZ REC ZE DE RRX GRX ABO DE
- BAFOR W GRX ABO JU

B4 ABO AD GXY ABO DE

RY INS ZE GXY ABO ZE

R& INS ZE GYG INS ZE

R4 ABO WM GYG ABO ZE

R4 FOR WW GYG LAR JU ZE

W1 INS ZE GYG ABO DE

Wz INS ZE GYY ABU JU

Wi INS ZE GYY CAR Jt ZE WEG

Wi ABO ZE 6YY ABO ZE

W4 CLE JU RBY INS ZE

W4 ABO AD REG-ABC-WW

Y1 ABO WM REG FOR AD

Y1 ABO ZE RRE INS ZE

Y2 FOR WW RRE ABO DE

Y2 ABO JU  RRB-ABO ZE

Y2 FOR JU RRG INS ZE

Y4 INS ZE RRG EXC ZIE

BBE INS ZE RRG CLE IE

BEB ABC ZE RRG ABO DE

86W LAR ZE WW RRX ABO DE

8GB ABO W RRY CAR ZE DE B2

BGG INS ZE RRY ABQ ZE

BGG REC ZE AD RRY LAR WW ZE

BGG REC ZE AD XXX RRY CLE JU

BGG WAK ZF AD RRY TER JU ZE
— BGGREC ZE AD X RRY CLEZE

BGG WAK AD IE RRY EXC ZE

BGYX CLE ZE ZE WRW RXB INS ZE

BGX CLE ZE RXB ABQ ZE

BRY INS ZE RXB CLE ZE

BRY ABQ ZE RXG LAR ZE AD

BWG FOR WN RYY FOR AD

BWG ABO JU RYX INS 7E

BWG FOR JV RXY ABO ZE

BWR ABO ZE RYY ABQ ZE

BWW ABO ZE Wiz INS ZE

Bww CLE ZC WBG ABO JU

BWW ABO JU WBG FOR WW

BWW CLE JV WBG REC JU ZE GYY

BYX ABO ZE

GGR-AROZE

&GR FOR ZE

GGX FOR ZE

GGYX CAR ZE JU Y4BS



™
(1]

—YBX INS ZE
F = =

———————YYB FOR WM

WEBR INS ZE YYR ABO DE
WBR ABO ZE YYR ABO ZE
WBR ABD DE YYR REC AD WW XXX
WBW ABO WM YYR REC XE WaWB
WBX ABO ZE YYY ABO ZE
WGG ABO D B4G5 CAR AD ZE WGX
WGG EXC DE B4WS ABO JU
WGR ABD JU B=BX INS It
WGR FOR WM B=BX ABO JV
WGX ABO JU B=BY AS0 ZE
WGX REC AD ZE B4GSE B=BY CLE ZE
WRW ABO ZE G1B2 INS ZE
WRX ABO DE G1Y2 ABO ZE
WRX ABO ZE G=GG IKS IE
WRX CLE ZE ZE WiRZ G=56 FOR ZE
WRX CLE ZE ZE WRNW G=GR ABO DE
WRY INS ZE GsGR ABO ZE
WRY ABG WW 6=GR TER ZE CE
WRY CLE ZE ZE WRM GaGW ABO AD
WRY FOR WW G=0GW ABQ ZE
WG ABD ZE GeX INS ZE
WWa FOR 2E G=GX LAR WW ZE
WWW ABO DE R162 CAR AD JU WsWG
WWY ABD ZE R1GZ ABO JU
WYY INS ZE R=RB INS ZE
l'-'-!\fi{ l"llBG i R‘IRB ﬁ.B‘ﬂ ZE
WYY ABQ ZE R=RG ABC ZE
XRG ABQ DE R=RR INS ZE
XRG ABO ZE RsRW INS ZE
YEB ABO-AD ReRW EXC ZE
YBE FOR JU R=RW ABO JU
YSB CLE J R=RX FOR WK
YGE ASO DE RY8G ABO ZE
RXGB ABO ZE
YGY INS ZE RXER INS ZE
YGY FOR ZE RX8Y ABO ZE
YGY CLE WW RXGY CLE ZE
YRE ABO ZE RXRG CLE ZE ZE WRW
YRR INS ZE RXRY ABO JU
YRX LAR ZE DE WiR2 INS ZE
¥RY ARD DE WirR2 CLE ZE
YRY LAR ZE DE WiR2 EXC ZE
YWE ABO AD W=WE ABOQ JU
¥XG ABO JU W=WB CAR ZE YYR
o weRrw R DR
YXR ABO ZE W=
¥XY INS ZE W=wG CLE JU
YXY FOR ZE W=WR INS.ZE

YYB FOR DE
YYB CLE ZE



n=Y In5 7E
=dY ABO ZE
AR0Y ALV ZE

anh ROG ZE
wA¥s ADD DE
Y10z CoLC ZE
YikZ CAR IE JU YdBS

Yioz Al iU

Yige IS ZE

Yagd A IE

Y455 ABU JU

Yubs aEC ZE JU Y182
Y485 LAR ZE JU

Y425 REC ZE JuU WGx

W ATy &z T~

AbU LL

— -
o
I=
=
c
=
m

M N FT T AT O

]

0 g il il il ] il
»
i-‘l’“ﬂ"‘“i"" =g

L=CYR ABO ZE

L=CYR ABD JU
ReRiG AU ZE
Q=RA4G CLE AD
YeiRY CLE ZE

VevwOw B3 ciud
ITTRI TUNR AA”




