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workers should be comparable whiie they ie&d a sheltered
underground existence. However as the older sterile workers
engage in above ground activities, their mortality inCresses
drasticalty ; observations af marked ants (see 2.4.3, and

. 2.44.) revealed that they disappeared a few weeks after becoming

active outside the nests. Thus by Decembar-January there is a
very characteristic age distributfon 1n the colonies of this

species; the reproductive ants make up the older age class, and

211 the younger ants are sterfle. [t is Inferred from data
obtaingd on three separate coionies that the gamergale popuiation
fn the nests suddenly decreases during the few wesks that precede
the next period of male activity {Figure 10). The two nests
excavated in December 1981 contained a large number of gamergates

[125/281), in sharp contrast to the very low numbers of

 gamergates in the nests sampied in January (1/64; 1/74) and the

beginning of February 1982 (11/350) (Table 14). A11 these nests
were wall-sampled, with the numbers of Tndividuals examined

representing an average of 67% of the nest populations. It is
suggested that the gamergates had all come to the end of their
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reproductive cohart are of roughly equivalent age they shouild
die contemporanecusly. There seems to be 1ittle overlap batween
succeeding populations of breeding workers, although 7/11 of the
gemergates 1n the February 1982 nests (Table 16} did not seenm
recently mated {they had many «ggs and 1arge ococytes 1n their

ovaries) and may still have belonged to the old reproductive

cohort.
These langevity data provide additionai evidence far the
worker origin of the egg-layers in this species. Haskins and
asking (1880} have shown that the queens in such ponerine genera
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as Odontomachus and Rhytidoponera have longevities that far
exceed that of workers: thus sven in species at this relatively

primitive grade of Formicid social evolution, queens and workers
show very different 1ife spans, This is not the case for the

gamergates of Ophthaimopone berthoudi.

The fluctuations in the percentages of gamergates ia the
various nests examined (Figure 10) do not expifcitly support the
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pattern of a decreasing ratio from one mating season to another
that was outlined earlier. The reasons for this are two-fold.
Firstly there are methodological problems inherent in the study
of seasonal vartations in the size of the cohort of gamergates.
This relfes on destructive sampling, and thus the same nest

cannot be monitored over time.  Different nests excavated at
virfous times of the yedr must be used to make up a composite

emmmla
sample.
variabijity. Different nests with separate individuat histories
are compared, and these may have had widely-differing numbers of
breeding workers at the end of a mating season. There were
substantial differences between nests excavated &t the same time
of different years {eg. July, October), It would be simpifstic

to expact that the yearly pattern thus obtained (Figure 10}
should approximate the changes inside any particular nest or

——<colony.
Secondly, there is a set of reasons that are natural
hMstorfcal. Yarious factors affect the characteristics of the

reproductive population of individual colonies. Each male is
capable of inseminating more than one worker, but as suggested in
Chapter 5, a sufficient number of foreign males may not always
reach certain nests. Sowe suitabiy-aged workers then remain
sterile. The size of the gamergate popuiation in a nest 1s thus

directly related to the number of male visits and to its number
of sexpally-attractive workers during the mating season. Thus

the large number of gamergates in the December 1981 colony (Table
14} may have resulted from an above-average number of foreign
males entering the nests. The percentage of gamergates in a

nest 1s also affected by the stochastic effects of nest founding
and colany fissfon.

An hypothesis on the control of worker reprodu
{nsemination generates varfous predictions, and the
dependent on the timing oFf maie activity., The obsarve d

e OD3BTVEU Na
pattern however is infiuenced by maay additional factors, and
therefore doas not represent a test of the process itself {the

insemination effect). Furthermore, there is the possib{iity
that the nuaper of workers which emerge after the mating season
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is sometimes smaller than expected (see 3.4.3.). It must be
noted that, while many nests were very well-sampled, the exanined
sample s1ze in other instances was below 50% (eg. July 1981,
October 1981, January 1983, July 1983). Since the samples were
not strictly random, caution must be exercised before such

results are extrapolated to the whole nest populations.

The exigstence of marked variations in the numbers and
percentages of gamergates in the nest population (Table 14} 1s
evidence of a lack of social control, A fixed ratio between
gamergate numbers and the sterile worker population could be
achieved in this species through the inter-nest transfer of
adults, but there 1s no evidence that this occurs (see 2.4.2.).

In addition there are no interactions among the breeding workers

that result in a regulation of their nusbers within the nasts
{see Chapter 4).

The 1abour force in colonias of Ophthalmopone berthoudf 1s
seasonaily depieated through the differeniiation of breeding
workers. When large numbers of workers in a nest are affected
{as in the nests sampled in Tabie 16), an abnormai age

distribution in the sterile workforce results, It is suggested

that this may have notable consequences on the -flow of food inte
r w rs produced over

the year.
Gamergates do nat progress to above ground activities as they

age. Since the older workers do not become mated, they carry on
as axcavators, cleaners and foragers. When this generation dies

out there may be a scarcity of younger sterile workers ih

replace them; this is evident from the data in Table 16, Some

T W —— ol e wn
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time EIIPSES pefore a new generacion of s

which were caifow during the mating season or v hfch ec]osed
subsequently} reaches a suitable age and is able to leave the
confines of the nest. A small number of faragers during these

few weeks of the year would result in a decreased flow of
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resources into the nests. The egg-laying rate of gamergates may
decrease as a result of receiving less food; as shown in Chapter
4 they are not treated preferentially during termite meals and
trophallaxis does not occur. Thus the low ratioc of foragers to
amergates may lead to a temporary drop in the frequency of egg-

affect brood mortality; Jlarvae perish during their development,
or they are used as food by the adults.

The results in Table 1 show that there is an increasad larval
mortal {ty during the winter months. Kests excavated in July
1981 contained eggs almost exclusfvely, It was first thought
that the lack of larvae and cocoons represented 2 hiatus in egg

~ production a few weeks eariier.  However, further sampling at

this time of the year {July 1983} yfelded other stages of broed.
A few larvae, mainly young ones, were found, together with 11

 cocoons contalning 2 unpigmented and 9 pigmented worker pupae.

This is a significant gap in the age distribution of the bdrood;

the pharates may have been survivore of earlier, more favourable

conditions. Larval survival appesred to revert to normal by
September; the nests sampled in October 1981 and 1982 contained
brood with an expected age distribution. The end of September is
the onset of the first summer rains which, together with the
higher temperatures, signal an improvement in termite

avaflabflity. Furthermore, the age distribution In the sterile
worker population may have become norma] again in September, and

more foragers—in-the nests improve the trophic conditions for the

larvae and the gamergates.

The differentiation of many workers {nto functional

reproductives thus results in a trophic stress that s translated
into a smaller population of sterile adulis later on in the year.

+ha n LT

The data from the nests excavated at tne beginning of Decambey
1981 support this contention.  These nests contained not only
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large number of gamergates, but aiso a surprisingly high rat

gamergates to sterile workers {125:156) that i1s not expected at
that time of the year (90% of the total population of the two

nests were dissected). This celony was unusual in that it

consisted of oniy two nests (they were situated & m apart);
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during the few days prior to the exciavation there were frequent
transfers of sdult workers and gamergates from the large ito the
swall nest. A large number of brood was collected in the larger
nest (Table 1), which reflects the recent activity of the many
egg-layers. As seen in Table 11, 2 sample of 44 cocoons that

were opened consisted only of prepupae and unpigmented worker

pupae; there were no pigmentad pupae, and no callow workers were
recognized during the dissections. There seemed to have been a
significant decline in the egg-iaying rate or in the larval
survival rate earlier on fn the year. After a hiatus of unknown

duration 1t seems that pupie ware beginning to eclose again;

with the additional adults the restriction fn nest space caused
expansion into the other nest (see 2.5.3.).  Thus in this colony

there was st111 a high proportion of gamergates because only a
tew generations of workers had appeared over the nine months
since the 1ast mating season. The sterile workforce however was

divided up into “Innendienst” workers (109) and above ground
workers (47).

Gamergates in the Ponerinae

The results of this study indicate that the functional

reproductives 1n 0 hthaTIODOWWWHﬂd
that they bacome differentiated from their starile nestmates
after being mated. Insemination stimuiates ovarian activity In

this species, and this is a novel explamation for the control of
reproductive di fferentiation among nestmates. This category of
mated egg-layers, which do not belong to a2 distinct reproductive

caste, should be termed gamergates. Alternatively, the term
“naaading worksr® (Whelden 1957) may be used since it denotes

IEEWMITY Wwinwr

that diploid eggs are produced; “rartile workers" merely refers
ts the ahil{ity to lay male or trophic eggs. Some of the studies
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done on other queeWmnm&dﬂ!i

the 11ght of this work., It 1s clear that the functiona] egg-

layers in Diacamma rugosum (Wheeler and Chapman, 1922), Ponera

eduardi (Le Masne, 1956), Dinoponera grandis (Haskins and Zant,



a1
- -

1971) and many species 1n Rhytidoponera (Whelden, 1957, 1960;
Ward, 1983) are gamergates.

Worker mating has been a known phenomenon since 1922 (Wheeler
and Chapean, Diacamma), but many authors have subsequently
considared the morphologically indistingul shable egg-layers to be

developmentally distinct from the sterile workers. Haskins'

{1970} suggestion (quoted in Chapter 1, p. 4) that there has been
an evolutionary convergance of queen and worker morphology can be
discounted in general terms. Such a convargence would be
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distinct from the ergatoid modification, because the latter

reproductives retain specialized ovaries (see 7.3.). The

selective pressures that would cause the queen to revert

completely to the worker condition are difficult to

conceptuaiize. A more parsimonfous alternative is that the

queen caste has been lost altogether Tn many ponerine species,
Holldobler and Haskins' [1977) implied suggestion of a caste
~ polymorphism in Rhytidoponera metallica is contradicted by
Whelden's (1960) detailed anatomical study of the workers of that
species.  Whelden found that all the individuals, some of which

mated, possessed similar ovaries as well as a spermatheca.
Reproductives 1n this species would fit the description of

_ o oa

gamergaies.

Ward (1983) suggested that the 1imited number of mated
workers in "Type B" colonies of Rhytidoponera confusa and R.
chalybaea is a consequence of subtle dominanceinteractions; ————
which result in the inhibition of sexuyal calling behaviour 1n
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most workers. In 0. berthoudi, the sexual ALLTacLivensess vi
workers depends on their age (see Chapters 5 and 6). Although
there is only one brood of workers a year fn R. confusa and R.
chalybaea {Ward 1981b}, these ire born over a sufficiently long
time period for there to be age differences between them; this

~1:o pasylt in the males befng attracted to some of the

ll_'lif AITRWV T WIFurw

workers only. Is ovarfan activity also triggered by

insemination in the R. impressa group? The small number (8/139)
of unmated workers with well-developed ovaries (Ward 1983) may

merely represent aberrant individuals; few of these might also

a
have been found in 0. berthoudi. In the orker-reproductive

n % wWw: L Liiand
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colonies which he examined {in which he dissected all the timid
workers only), Ward found a mean number of mated workers per nest
of four, with & range from zero ta fifteen. These are very
small numbers compared to those found in 0. berthoudi, and it may
fndfcate that the gamergates in the R. impressa group possess

more specialized ovaries. Howsver Ward (1983) collected his

nests in autumn and in winter only, and his samples were lumped
together. Thus he may not have detected higher numbers of mated
workers, ¢g. after mating seasons.

The restriction of ovarian development to mated workers in 0.
berthoudi is an unusual situation in the Formicids. It isnot
understood why the unmated workers do not produce males since

there would be strong selective pressures on them to do so. The

possibi1ity that breeding workers Tnhibit the ovarian activity of
their unmatad nestmates can be rejected. There are times of the
year when few or no gamergates are prasent in the colonies, and

yet the non-inseminated workers remain reproductively-inactive.
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CHAPTER FOUR MITHIN-REST INTERACTIONS BETWEEN BREEDING AND

STEATIE LADWERCD
JIERiLL NUWLENS

4.1. Introduction

4.1.1. Selected literature survey

The members of the queen and worker castes are generaily

...... e anmmlac easdal {n+.an1.w within ths ngtfg and thie
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regulates the colonial structure. As sesn in 3.1., the queen

o e worker laying and the di fferaatiation of hrood into
l..uu'wul) WNIRAY? TEY 1 W

workers or ssxuals. Tht nated queen may also prevent sexually
mature virgin females from decoming functional egg-layers, as

shown by Fletcher and Blum (1981) in Soienopsis invicta.
There are additional classes of interactions besides the

“queen effect”, Queens usually show hostiiity to one another in
a nest, and monogyny s often the cutcome of such conflicts.
When polygynous systems exist, interqueen affairs (Brian 1983)

— are organized in varfous ways. In Camponotus herculeanus,

Holidobler {1962; 1n Brian 1983} found that each individual queen
has 2 territory in the nest; in 2 colony of Lasfus sakagamii,

H"l’ -

each OWWWWM

{Yamauchi et al. 1981). Queen number can also be under the

--------- AT .o 10091 domamadboedad

control of the workers. rIeLLTer and Blum (1983} demonstrated
that, in Solenopsis invicta, workers execute Supernumeriry queens

in order to restore the Teve? of queen pheromone to within
optimal limits 1n the colony. orkers select queans according
to the quantity of pheromone that they rejeate, and this amount
is correlated with individual fecundity., Another class of

within-nest interactfons involves workers only, 1n the presence
of the aueen. In Leptothorax &llardycei, Cole (1981) reported

-, T =
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agonistic encounters and avotdance between workers.  The high-
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ranking workers are favoured in 1iquid food exchange, and as a

result nave greater ovarian development and produce many of the
male progeay Tn the nest, A siaflar behavigur hac besn shown

I we

among the slave-maker workers of Harpagoxenus americanus {Franks
and Scovell 1983), Interactions rangina from avoidance to

T - = .

ritualized fighting lead to the establiishment of domiaance

hierarchies, and these determine which of the workers are more
often fed by the slaves. In addition the queen recognizes the
dominant workers {which alsc show greater ovarian development)
and solicits food from them more frequently than she does from
the low=-ranking workers or the slaves.

Little work has been done on the soclal Interactions fnside
the nests of ponerines. Trophallaxis does not occur commonly

between adults, except in Rhytidoponera [where exchange of nectar
takes place) {Haskins 1970). In other species where

S ¥ wwwy

trophallaxis has been observed (e¢g. Paonerd eduardi, Le Masne
1952), the behaviour fs crude and unspecialized; 1t is not known
whether the queen benefits from it. The most detaiied work on
the tnteractions between female and worker caste is that of
Colombel (1971, 1972a, 1972b, 1978). Queens of Odontomachus
haematodes (=0. trogiodytes Santschi, Brown 1976) partially

inhibit egg-taying in the workers through the action of a

~ pheromone {Colombel 1971} Queen extracts are also reported to

reduce worker oophagy 1n orphaned colonies, (Colombel 1972b).
tolombel (1978) showed that the queens influence the

ditferentiation of Tarvas into workers or gynes, through the

pehaviour of the brood workers., In the absence of queens ina

colony, brood workers respond more posit tivaly to the begaing of

third jnstar larvas, and they even stimulate these larvae to feed
more often, Some larvae [about 30%) are naturally more
sensftive to such stimulations, and these develop into gynes as a
consequence of receiving more food. Colombel {1972b} also

 discovered a definite ratio between queens and workers (1:80-90)

fn nests of Ddontomachus troglodytes; 1t is not clear whether
this is controlled by the workers or the queens themsel ves,

Ward's (1981b, 1983) data on the Rhytidoponera Impressa group

also reveal the existence of mechanisms of social reguiation
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involving the queen. “Type A" colonies are strictly monogynous.
More than one dealate queen was found in a few coionies, but the
suparnumerary queens had empty spermathecae and poorly developed
ovarfes. Inaddition, Ward {1881b) studfed a colony which had
been founded by two queens. These cohabited peacefuily for

three months until the first workers energed, then one of the

queens was aggressfvely oustad from the nest; In this instance,

hnth apaasne kad pnnl-r(hnt-d worker nffenri ng to tha 1ncd ni.nf
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colony. Thus, even in the phylogenetically-primitive ponerines

a2 quean effect is evident.

The social 1nterplay inside queeniess colonies remains
largely a mystery; an exception fs Ward's {1983) study of “Type
B" cotonies 1n the R. impressa group, and this will be discussed

at the end of this Chapter., In 0. berthoudf, there can be many
gamergates (= bresding workers) among the ants confined inside

the nests,  These egg-leyers are normal workers that have been
inseminated, and {t was fmportant to determine whether they
behaved diffarently from thelr non-reproductive nestmates.

YL W el

4.1.2, Afms of this invesiigati

i o e - i

Excavation of nests revealed that there were farge numbers of

ants which were confined inside the nests. Nests which had been

studied prevfously 1n the fiela {Chapter 2) ylelded unexpectedly
workers, showing that the older ants

active above ground make up a smzll proportion of the total

pﬂrm'ln#lﬂ!l aof a nest,

A number of nests of 0. beérthoudi were kept in the laboratory
so as to investigate the activities that occur inside the nests.

.y Q#Aﬁiln unnb‘mt :"l..ll
iw WWrPnLl @ Wi
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ATe there distinct interactions between ster
Are the gamergates recognized and treated

gamergates?
differentiy by the other ants? How do the many gamergates

coexist within & nest? Do they ltake part in other colony
activities besfdes egg-laying? What deo the sterile [nnendienst

workers do in addition to brood care?
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4.2, Methodology
A number of nests were mafntained in the Jahontory for

periods of a few weeks. Shallow depressions were made in moist
s¢0ii coijected from the excavation sites, and a sheet of red

perspex was placed on top; this prompted the building of inter-
connected chambers. The ants wers given access to argnas of
various sizes, and fed on liva termites (Trinervitermes sp.
workers). Colours that could be distinguished through a red
filiter were used to mark different ants, The withip-nest
activities and the interactions between various classes of ants
{marked and unmarked] were monitored through the perspex roof,

—Some of the ants were dissected at the end of the observations.
Three nest emigrations were induced by aliowing the soll

[ -y

fioor of existing nesis to dry out and physically disturbing

their structures; altermative nest sites with moist sofl were
provided about 1m away.

Towards the end of the study a small nest {143 adults) was
excavated and chosen for a detailed investigation of gamergate-
worker interactions. As shown in Table 15, the gamergates were
often distingufshed by bigger abdomens, ard 21) such anis which
remained under cover were marked with identical colour codes.

As there was not a strict association between abdominal size and

fertility (there were gamergates with smaller abdomens, and

sterile workers with bigger abdomens; see 3.3.2.), the

reproductive status of these "presumed gamergatas” had to be
verified at the end of the observations. A few Individuals werse
2130 dissected during the observaifons. A numbDer ov otliiér
workers in the nest were marked with different codes, depending
on whether they were active outside the nest or not. A)) the
ants were then placed in an observation nest together with some
brood, and the interactions within the group were studied.

The {nhabitants of the nest were usuvally starved for a few days

and thern supplied with 1ive termites.
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4.3, Resyits

&

4.3.1. Brood care

£ggs wers laio singly and abandoned on the floor of the nest.
They adhered to one another and were carried around fn packets of
5-15. These packets were naver left unattended; they wers
passed from one worker to another, and this was frequently

s

accompanied by a struggle for possession.
The elongated eggs are large and very yolky. The early

e Py gy a el

deu‘lopnentu suges ¢ouid be seen ThArough thé chorion, and
eventually the Tarvae occupied the whole egg capsule. A tiny
jarve was observed to wriggie out afier rupturing the €33

membramne at the head end.  Yery youny larvas were often carried
around 1n the nest, but older ones were found in piles. Larvae
are naked 1n this species. They fed by extending their long
necks {nto termite bodies which were held above or placed next to
them. Prior to pupation the larvae were buried under a pile of
soil by workers; this acted as scaffolding during the weaving of
the silken cocoon. A few workers remained around the cocoons

unwmpmmﬁm%wwww
earth. The sofl particles were removed before the spinning of
ny workare wara than active around
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the cocoons and scraped them clean with their mandibles. Some
cocoons had been isolated from the workers and were opened after
some time. They contained fully-pigmented adults that
immediately became active and walked hesitantiy. This suggested
that the callows are dependent on other workers for their
emergence. On a few occasions 5-10 marked Innendienst workers
chewed & cocoon apen and removed the as-yet immoblle callow

worksr. — The workers proceeded to groom 1t and removed pleces of

larvat cuticle. Callows camnot be distinguished from other

aba hacie af ninuﬂ;tatl_nn.
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T What 1s the spatial distribution of the varfous brood stages

in the natural situation? During the excavation of a nest in



October 1982, a number of vary distinct chambers were found at
increasing depths. The brood and adults collected from three
different nest regions were Xeépt In separate containers for later
enumgration {Tabie i7). Whiie most of the eggs and larvae were
found in the uppermost chambers {samples B and C), almost all of
the cocoons were coilected Trom the desper chamber {sample D).
These data suggest that the various stages of brood are moved
around the nest according to different patterns. In many other

nests that were excavated, cocoons wére found in surface Chambers
instead.

Table 17 Spatial distribution of the adult (n=348) andbrood

populations within a nest excavated in October 1982. Yarious

sampies were recognized, according 1o where in the nest they
had been collected: A= ants active above ground; B= one
large chasber found 20 cm deep; (= another large chamber at

depth of 40 ¢w; D= low-rooTed Chamber at depth of 50 cm.

A B ¢ D
m.—ufﬂuﬁs—W—lﬁ—gfs ﬂ
No. of callows 0 2
No. of non-callow 0 70 4 32
No. of eggs - 189 148 3
No. of Tarvae - 131 37 ?

- 2 2 45

No. of ¢ocoons

The developmental paricd of brood reared in a Taboratory nest
was monitored. They were continualily handied and moved around
by the adult workers and thus could not be followed fndividually

—tumghWQNM—IWle brood was removed from one




of the nests, and the approximate number of days taken by the
first few eggs 1aid to reach adulthood was as follows: eg9g to
Tarva= 22 days; larva to cocoon= 20 diys; cocdon to adult= 32
days. This developmental period of kbout 74 days may be

significantly affscted by trophic conditions, and by temperature
25 Blomefield {1979) discoversd in Leptogenys schwabi.

Returning foragers only entersd the superficial areas of the
observation nests. They dropped thelr ternite loads close Lo
the entrance, cleaned their antennae and left the nest again.
bifferent workers then picked up these termites and took them to

the deeper chambers; such ants sometimes attracted much
attention,

small aggregations of ants (3-5) were usually observed to

feed around amalgamated termite bodies that were held off the
meca +tha caft ticcues of the termites had been

yruunﬁ. URGE wiiv =w’

consumed, chitinous remains wers packed into pellets and

discarded putside {see 2.3.3.).

There was always a certain amount of aiiogrooming between
fndfviduats {fnciuding gamergates) in the nest. Hindihus,
Tags, the scapes of the antennae and the trunk ware licked. It

was difficylt to determine whether some individuals were groomed
more often than others.

Befecation occurred in remote corpers of the nest.  Oophagy

was never observed, but larvae and unpigmented pupae were
cannibalized an occasion.

As the marked workers which had been activé above ground tn
the Tield died, some of the unmarked Innendienst workers started

aam o e e 1*!-.---. tor FrY L Y]

performing activities outsTow CRe 1a0Graiory Rasis

4.3.3. Organizatfon of nest emigration

This activity was difficult to distinguish from the norwal
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inter-nest transfers of adults and brood; fTes oniy
Characteristic Is the high frequency and uni-directionality of
the transfers. A nest was &xcavated in Decamber 1980; half of
its inhabitants were marked {n=159) and at
released. Over the next two days the ants moved Tnto the other

existing nasts in the c¢olony. One natural instance of

1 the ants were then

emigration was observed in the field, when the ants vacated nest
(BY) and moved into (BZ) {see 2.4.5.}). 0. berthoudi's
smigrations are charactsrized by movements to pre-existing nest
sites, eg, an abandoned set of termite galleries (see Z.5.3.).
In contrast, groups of 9-20 workers {n Pachycondyla commutata
werg abserved to excavete & new nest site during the three days
that preceded the concerted transfer of the whole colony (M1

1982),
In the laboratory, there wers always small numbers of workers

_____________ 1s01ated tasranrae AF adultd saveuvinag
sLouTing arpund theé arend. L30T AVET ThFLaiLTY s VY atu Y

were often seen, involving older workers. Carrying was initiated
either 1nside or outside the nests. The various nest
emigrations that were induced Tn the laboratory sl foljowed a
similar pattern, and only a typica) sequence of events is
described here. When an &lternative nest site was provided a
few ants investigated it fndependentiy. In the one experiment
emigration was started 45 minutes after this {nitfal exploratian.

A marked worker which had been observed visiting the new site was
carried across hy another marked worker. The former then also

events indicates that one pll‘tlﬁﬂlﬂﬁt—m
fnitiative to move nests. Soon after the start there wis &
smail group of workers invoived in the recruitment {3-5}, but
this group seidom reftained constant throughout the emigration.
AS & recruiter entered the nest being evacuated, it went to
an ant, antennated it, picked it up and carried 1t to the new
nest. In some cases however, the recruiter went from one ant to

another (antennating each one) before it eventually picked one

up. It was clear that the recruiter led the carrying action
because the recruit did not always have time to adopt the correct

b L L e 1w

posture. Ants carried Tnto the new nest were placed on the
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ground and left there. A few seconds later they stocd up and
walked around. The recruiters departed soon after and returned

$a fadri LT nduii- ﬂvnnd trancfar mtn‘.tl h.r ctartad 1‘*&;-
L L") "‘Hll 'IIU'I"' L L' R LY Wl VIS VW! uswu - - L2

the transfer of a number of adults. Recruiters took away

marbabs AR amse me sdanla Tarusa *hay athar unﬂﬁiht wRrA hﬂll‘lil‘lﬂ
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Later these nurse workers were themselves transferred across,
Single eggs were also carried.

0lder workers, Innendienst workers, brood and presumed
gamergates appeared to be transferrad in cycles, Termites were
also carried between the two sites. By the and of the
emigration the recruiters searchad around the deserted nest site

before they returned to the new nest with no lcad.  Anis that
ing trips were also picked up and carried

4.3.4., Behaviour of breeding workers

The gamergates nevar becane active outside the nests, efther
in the field.or in the laboratory (see 3.3.2.). Most of the
behavioural data on the gamergates were obtainad during the
observation of the marked nest mentioned in 4,2, Thare were 119

surviving adults in this nest when the observations started, and

18 of thess were classed as presumed gamergates. The status of
only 15 of these was confirmed by ovarian dissection, and another

two unrecognized preeding workers wersfound—in-the restof the

populatfon. These misidentifications may have blurred siightly

YT Ty oY

the distinctness of the activity paiterns ¢

reproductive workers respectively.
The presumad gamergates generai iy remained together in one

part of the nast, and this reduced the frequency of fnteractions
with other workers, The location of these exclusive gamergate

groupings (there were sometimes more than one) often changed, but

-
]
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occasfonally they were found in the vicinity of the brood,
There were few distinguishable intersctions within these groups.

some appeired to be jnvolved with the brood, eg. one was carrying
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ah #99. A Tew instances of egg-iaying were observed; the
individeals were by themselves and soon walked away leaving the

single egg on the soil,
During the chaotic conditions surrounding nest emigrations,

presumed gemergates behaved aggressivaly towards workers,

especiatly those recruiting brood; vigorous antennations and

mandible play were sesn. Interactions between steri{le and
breeding workers were normally observed during termite feeds.
These ware facilitated by witholding food from the inhabitants of
the nest for a few days, and by restricting foragers to bringing

only a few termites into the nest at & time, This was to

observe any conflicts that wight arise between nestmates under 2
situation simylating & food shortage; under normal conditions

many excess termites were pfled on the Floor of the nest
When tersitas ware brought in some presumed gamergates left
their groups and moved closer to the Teeding aggregations.

Termites wers naver consumed in the remote corners of the nest,
Gamergates attempted to gain access to termites being eaten, but

on many occasions they were Clearly forced to retreat by one or
more of the workers present. One worker antennated rapfdly and

ad m Awmea Hawavar ciuch Adanrace{va
'“ﬂgeu 'Ir' m. ulm‘,lul] UI [+ 8 ’q-s! ,"“ BELUF T W § W STl ATl WA Y W

behaviour was alsc exhibited towards sterile workers trying to

these Gro . 3 Z4 adhar dimar 2 Faw ﬂn.nrﬂafnc 7 T
g b Jyliel prmuwsy @ iwn gemws

JUTH one of these

feeding together and aggression was seen.

4.4, Discussion

The absance of & distinct queen caste in 0. berthoudi has a
{NE ADJITNLE V1 W MiFuiirey 3w

dramatic effect on the nature of sacial contral Inside the
anTandas Tha Iqu.tf{ﬂltinn of such 3 reproductive system

VI I3 jIFs oW = W
requires a unique approsch. Yarfous manipulations of the
reproductive structure of colonies were initially contemplated in

[

g -x
(3L

order to investigate the existence of & queen effect.

would have 1nvolved combining nests belonging to one colony to
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find out 1f there was a Tixed ratio between workers to
reproductives, and removing reproductives so as to release
{ndividuals from an hypothetical inhibition from these
reproductives.  However the relevance of these was questionable

after (1) a nest was found {December 1981} which contained over
100 breeding workers; (2) ovarian development was shown to be

associated with-insemfnation:
The differences in the behaviour of breeding and sterile

workers observed in 0. berthoud! were generally similar to those

reported in "Type B" colonies of the Rhytidoponera iwpressa
group (Ward 1983),  “"Mated workers® of Rhytidoponera tended to
remain close to batches of brood {eggs and jarvae) and often
several individuals were found together within a 1 cm radius.

F e |

Ward noted that while mated workers ware extensively groomed by

non-reproductive workers, such grooming was not reciprocated.

Ward (1983) also suggested that there may be subtle dominance
- " ng" between matad

workers.  “Antennal boxing” was a conspicuous behaviour between

various trdividuals In the nests of 0. berthoudi, but 1t is not

thought to be associated with more than individual recognition
and the inftiation of carrying behaviour (2.5.2.).

P dmodda 2 ‘st

Yarious numbers of gamergaies coexist fnside a n

there are no aggressive interactions between them, The size of

the reproductive population is rot régulated but s rather 2

(=%

consequence of stochastic events such as the number of male
visits to any particular nest, and the number of workers which

mﬂmﬂuuctmjuﬂﬂﬂ the mating season [see Chapter 6.

There is no consistent relatfonship between the number of sterile

workers and the number of gamergates, This ratio fluctuates
he foundation of new nests and the

during the year with €
occurrence of colony fission. This system contrasts with the

sityation 1n queenright ponsrines where the number of

reproductives 15 under social control (eg. in the polygynous

0dontomachus trogiodytes, Colombal 1972b). In "Type B" colonies

of Rhytidoponera confusa and R. chalybaea, wWard ILW
nighly significant statisﬂcﬂ regression of oocyte

co
sumber of mated workers per nest, and took this &s av vid
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inhibitory effects on the reproductive output of cohabfting mated
workers. Data on oocyte count are not available in 0. berthoud{
and thus no direct comparisons can be made. However, analysis

————— ot the number of mature eggs found during the dissectionof

fndividusl gamergates (Table 12) does not suggest that thers was

such an inhibitory effect. The groups of {ndividuals dissected

were collected in nests with reproductive popuiations of various
sizes, yet thers were no systematic differences in the degree of
reproductive activity of the gamergates in the different groups.
Thus the number of eggs per mated worker does not decline with an
increase in the number of mated workers in a nesi. There may be
an overall decrease in fecundity in nests with a large

reproductive population, but §t is then a consequence of a

ﬁmiwm—tbﬂﬂ—ﬁwwj—(m 3.4.3.).

Although Ward (1983) thought that there were subtle dominance

relationships, he found no differences in reproductive activity

between the mated workers in & same nest.
The reproductive system of Ophthalmopone berthoudi {s indeed

a very unspecialized one. Individual gamergates lay eggs at &
relatively slow rate; this is partly related to the large yolky
eggs characteristic of this species, to Timited ovarian capacity
and to energetic constraints. There must exist an upper limit

to the rate of egg production, becauss the breeding workers have

 to feed themselves by acquiring termites from the stocks that are

brought inside the nest. It was found that they are not given

preferentisl treatment during termite meals. Workers are

usyally crowded around tlrﬁmﬂﬂ—feed,—aﬁd—fﬂmi

difficult for additional nestmates to join this feeding party.

Newcomers attempting to push their way W cause some of the ants

present to stop feeding and to meet them aggressively.
Gamergates were often seen waiting around the perimeter of a
Their timid behaviour way be responsibie
fn as easily as their sterile

fesding aggregation.
for their inability to Join
nestmates.  Individual gamergates do not appear to receive mors
food than an average worker, which is what would be expected if
thare was an altruistic relationship between non- -reproductive

IR Y WWwF

workers and gamergates.
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Nhile breeding and non-reproductive workers have different
behaviours in the nest, the former have noi re-evoived néw queed
attributes. There 1s svidence that they can recognize each
other, but the non-reproductive workers do not enter into the

kinds of trophallactic exchianges found in queenright species.
In addition, there 1s no regulation of the reproductive function

and all the workers that become mated seem to lay eggs.
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CHAPTER FIVE MALE BEHAYIOUR : COPULATION WITH WORKERS
INSIDE FOREIGH NESTS

In the majority of formicids the males and virgin queens
engrge from their nests and leave on a wmass nuptial fiight
(Witson 1971). Among those ponerine species with winged gueens,
synchron{zed dfspersal and mating f1ights also occur and are
undertaken in large coordinated groups (eg. iIn Poners

pennsylvanica, Haskins 1970) or individually {eg. in Odontomachus

Mﬁ%ﬂ%ﬁ%—zﬂmﬂw
pallipes, the sexuals fly away from their nests, but the virgfn
queens quickly come to rest on prominent objects in the vicimity
and adopt a "calling® posture. Low flying males then appear and
land on vegetation near the females; copulation ensues (Haskins

1978)., A modification of this pattern is seen in ponsrines with
wingless ergatoid queens. In Megaponera foetens, Longhurst and

............ alldonce AT otk
BV LWl MIraper >y,

m2les land and search on the ground. They orientate to foreign
nests using the scent trafls 1aid by the workers; the yirgin

ergatoids are fertilized inside the nests. In Leptogenys .

oceliifera, Maschwitz and Muhlenberg (1978) observed the males
anent recruitment trails of workers, and

runninn alana tha narsansg
F Wmugar l.l' -lvll, - - il

they suggested that ergatoids may be mated on these traiis.
Finally, in the queenless species of Rhytidoponers {eg. R.

O dmnrdcean arnon  WNAnd
r e ,' L
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metallica, Hollidobler and Haskins 1$377; R. impressa
1981b), workers are mated near the entrances of their own nests.
Wheeler and Chapman (1922) found a male copulating with a worker

fnsf{de a nest of Dfacamws rugasum.  Thus the change in the
nuptial fiight behaviour of ponerine males s associated with the

_ dissppearance in many species of the alate female reproductives

and their replacement by wingless ergatoids or by fertile
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workers.

5.2. Methodology

The informatfon presented in this chapter was coilectedin
Mkuzi Reserve during the matfng season (January-April).
Observations were made throughout the day. A number of maies
were painted on the thorax and released, and some individuals had
their wings clipped.  Many of the cbservations on male activity
were made around coloniss under intensive study in which the
location of the nests was known and a1l the above-ground workers

had been individually colour-marked.

5.3, Results
5.3.1, Dates of maie activity

Norma) winged males are produced in this species and were
found inside excavated nests during January-Aprit (Table 18);

_ this Vimited perfod of male production was confirmed by sexing

pupae collected throughout the year (Table 11}. There were only
a few males active above ground in January; mating activity

reached a peak In - in
April.

Resuits from nests @xcavatied during the =
18) revealed that males were generally present in every
colony; the numbers varied between nests collected in the same
month. During January and February a few maies were seén to bé
carried between the nests of a colony; the carrying posture was
similar to that used in worker transfer, with the recrul ter's
mandibles around the male's wings. The recruitment of males
within colonies did not follow any organized pattern (see

the mating season (Table
nest of a

WWnsfor of workers and

brood. Many of the cocoons that were transferred between nestis
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during that period contained male pupae, some of them pigmented

Jable 18 Size of the male population in nests excavated at

....... timme n¥® tha vaar durinag tha neriad 11nug'ﬂr
LA 20 l'l.lu' tl'l"i Wi wHw FwRs " JeUT

1981 to July 1983. Thase nests correspond to thoseé
in Table 1.

Time of No. of No. of No. of males
year colonles nests found in
sampled excavated each nest

| ]

-

-
[y
o

January ‘81
January '82
January '83
February '82

b |

March '82
April '81
April '83
July '8l
July '83
October '81
October '82
December '8l
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£.3.2. £xit from home nest and dispersal

Every day during a three-week observation period 1n January-
1aft from sach of a number of

February 1982, a few males (1-8) left

nests under intensive ¢bservation. Departing males appeared 1in
the entrance holes and then retreated; they repeated this a few
times over the next 10-30 minutes. Eventually individuals waiked
out, often climbed up low vegetation and immediately flew off and

disappeared; the initial flight took them weil away from their

home nests.
The time of departure from nests was quite consistent,

ranging from 09h00 to 12h00; this was often a time when above
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ground workers were no longer active. Male exit times did not
appear to be affected by environmental conditions; on cool,
cloudy or rainy days, males could come aCross workers as the
latter remained outside the nests for longer perfods in the

morning (see 2.3.2.).

IWMW%HMMF'J‘F"M

excavations) revealed that there was 1ittle or no Sperm in the
vasa deferentia and ejacuiatory ducts of many of them. An aduit
male that was pafnted while being carried between two nests
remained {nside that nest for nine days; then 1t left and flew
off. Thus it was clear that males left their home nests oniy

when physiclogically ready, and this took a few days following

emergence from the cocoons. Durfng thfs time sperm was

presuaably maturing.

5.3.3. Orientation to foreign nests

Aspects of the searching behaviour of males were studied by
ally or had

observing individuals which had tast one wing natur
thetr wings clipped  Since these were unable to fly they could
be followed with ease. The males appearsd to search for nests

_ {n a random way while on the ground, Moving between partially

WEEN pywmy wiwm:
bare areas and the undergrowth at the edges of small bushes.
They walked quickly with frequent changes of direction, and

ﬂﬂﬂﬂﬂﬂ -

1ﬂ?lstfgwww10ﬂs in the ground; they

frequently cleaned their antennae while dofng this.  The maies

ciimbed up shori grass oF 1ow vegetation, where they attempted to
fell on the ground, the

take off. Although they {nevitably
mutilated males repeated their attempts wany times, interspersing

this behayfour with ground searches. This suggested that, after

FUP PR F -
the initfal dispersal flight, the normal male tactic was to fly

..... Hanmm Fha l'! r; thgﬂ th“!

 low while looking for suftabie siies Trom ¢ <

landed and explored on the ground, put they could take off again

1¢# unsuccessful. The novements of one flying male that wis
This male was walking on the ground,

observed confirmed this.
went past (1 m away} an occupled nest w«ithout locating 1t , then
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Ciimbad up 2 Tittie piant #nd took of f. It Fiew for one meter
and Tanded on a grass stem, came down to the ground and resumed
the search. [n contrast some males landed very close to nest
entrances, and others walked strajght towards occupied nests
shortly after Tanding; 1t appedred as {f some nests were mare

easily located than others.

5.3.4., Behaviour around foreign nests
Maies were often observed waiting immobile oculside nest
entrances, ¢ither on the ground or on top of short grass stems.
The working assumption was that such males did not originate from

these nests; as detailed in 5.3.2., the norsal behaviour of
wales leaving thefr home nests was to fly away immediately. Some

nests frequently had many males in their vicinity, while other
At

nearby nests were seldom ssen to have any males around them,

times some malas investigated the entrance holes with their

antennae and hesftantly walked in; some ran out immediately

afterwards.
~ Individual males were répeatedly seen to b
from nests by workers. The males ware held by their Tegs, wings

"

n forcihly avicted

- L] L] - Fup - L e

or antennae, and they resisted fiercely {this 1s in contrast to
the passive behaviour of workers befng dragged out of nests, see
2.4.1.); wany tried to hold on to ground features to prevent

A Tew maies

_ their eviction, and some wanaged to struggle free.
stridulated while baing dragged. On a few occasions a number of
workers cooperated 1a the eviction of foreign males; workers

sometimes attempted to sting the males. After relaasing the

males {n the vicinity of the nests {30 cm-1 ® away}, the workers

ran b.ck 'il'lto ti'ii gntrance he!es_ The uniﬂ-ju"“ males c1l‘n.d

thair antennas and then {mmediately attempted to enter the nests
. wcete that wat observed five miles were

again, 1In one OF the nasts
trying to walk Tnsfde and wers being repelied; —there stemed to
be a small sumber of workers guarding the entrance, and when

these were out Oragging some of the males away, the

other males

managed to enter. In between their attempts the males waited in
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surrounding vegetation. When a male encountered a worker 1n an
entrance hole he often turned around and ran awdy; some workers
actualtly chased males when they Came across them outside the
nests, In such a situation a marked male escaped by flying

awky, but fater returned to the same nest.

Five males that were present outside one nest on a particular

day were marked with a spot of paint. One of these was found
near the game nett on the naxt day, together with eight

additional males (fe. unmarked). The latter were marked with a
different cofour; on the third day one male from the first day

[ g ST gregey g S

and five males from tIIl second day weré atiempting to enter the

sime nest. There were also tive unmarked males in the morning,

and another four at noon.

Eviction did not always foillow a male's entrance.
Observatfan of a number of marked males revealed that sowme

remained instde for at least 15 minutes. Males were never seen

trying to wmount workers outside nests.

Coputation in Ophthalmopone ¢ berthoudi was never observed
above ground and f¢ 15 thought to take place extlusively inside

foraign conspecific nests. This {s a very unusual situation in

the formfcids. Mating usually occurs it some distance From the
nests, and may take place on vegetation, on the ground or during
nuntial f1ights in the air (Wilsen 1971}.  In various ponerines

well as 1n socially parasitic myrmicines, fertilization

occurs in the immediate ylcinity of the nasts. Holldobler and

Haskins {1977) have described the mating of gamergates in
e A a119ca: what they termed "ergatoids” emerged

K!!:Elmamrl metal The iy
from thetr nest {the stimulus for this {s not mentioned) and
groyped qufetly near the entrince. These ants had their heads

and thoraces lowered to the ground, the gasisrs raised dnd

arched, and the Intersegmenta] membranes between the last two
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segments dorsally extended,

Mzles flying out from other nests are attracted by
these "catiing" females. On drawing close to a

female, the male first touches her with his

antsnnae, then grasps the female's thorax with his
mandibles. White riding on her back, he extends
his copulatory apparatus in search of the female's
fa. If she i3 ready to mate, she turns her

abdomen 31 1ghtiy to the sTde, so that the male 13
abls to couple, Then the male reieases his
wandibular grip on the female's thorax. With the
pair In this position the copulation can last
sevaral minutes (Holldobler and Haskins, 1977}

in R chaiybaea, Ward (19810} reporied clu
males outside the nest entrances. There were also large numbers

ng arod b“‘ ‘llbl Ill\b"' MIIN FMEWE W WIFEY R

97 workers I]II1“9 lruuuu

agdressively towards the males, but this did not deter the latter
from making repeated attempts to mate with workers, The

"zaliing" behaviour was seen in Jaboratory colonies but not 1n

the field, Successful male-worker matings outside the nests
wers observed by Ward (1981b}), but maies aiso entered nesis and
miy have mated with workers within thess. Males wers

occasTonally dragged out of mests. There are thus number of
sarallels between O, berthoudi and certain species of

ErEs AW T WY YW e S

l"h!r!:alng peTalIF s Wawhaw"

Rhyttdoponsra, but a sigmf'lcant d{fference is that mating was
_________ amhaua awaund in the Former. This may be related

never observed above ground
to dfvergence in the pattern of mile dispersal in the queenright —
ancestors,
Thus males of 0. berthoydi need fo enter foreign nests n ‘

order to mate with suitable workers. The colony units have

distinct identities (see 2.5.4), and alien males are recognized

as different by the workers, which attempt to remove them from

their nest. This aggression exhibited towards alien males

contrasts with their acceptance by workers in ponerine species

with ergatoid queens. This was reviewed by Longhurst and Howse

{1979), who reported that males of both Megaponera and Leptogenys

wers not attacnmwm#m%ﬂewﬂnﬂwﬂm.

In additfon, Overal (1980) cbserved 2 male of Dinoponera gigantea

s rthars taam o he

» =
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H

bl1ng carrjed into & A#sL by a
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gamergate reproductives in this species. In 0. berthoudi, it

seams to be as & result of the stence that many of the

maies manage to remain in a nest for iong encugh to mate, Two

4w
ar

[ %]
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circumstances may ease a male's entry into a foreign nest. His

colony odour can resemble that of the nest 1ntoc which he wants to
get; this possibility arises from Greenberg's (1979) results on
kin recognitfon in bees. Alternatively, access might be easier

during the hot hours of the day, when guards have retreatad away

from the surface chambers,
It appsars that only the older ants (especially those active

above ground} are responsible for the sevictions; this is

expected becauss workers in this age class also show aggression

towards intruding workers {see 2.5.4.). The younger

"innendienst™ workers are unlikely to behave aggressively towards

the foreign males, and the data i Table 16 fndicate that these

are the workers that hecome inseminated. It was observed that

e L

males mounted and attempted to copuiate with "Innendienst

workers in laboratory colonies. The sexual attractiveness of
youngar workers appears to be related to their release of an
appropriate pygidial gl and secretion; this is investigated In

Chapter §. Ward's (1981b) data are very comparable to these in

wales of Rhytidoponera also seem to be attracted by
workers of a certain age only.  Many of the workers milling
““““ tha antrances during male swarming were moiested by the

around the en
id
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latter, but returning
workers collected near these nests were found to be fnseminated

Le Masne (1956) aiso remarked that males of fuponera eduardi

copulated with young workers, which he was able to distinguish by

their 11ghter pigmentation. _ ) )

The exit of males from their own nests s not coordinated
throughout a period of a few weeks i{ndividuals wers seen to
denart. This 1s 1n contrast to the situation in the queenright

"'""‘ r =
ponerines where the amergence of female and male reproductives

appears to be synchronized, possibly through the release of a

e

an h l'lgll" 19?5]- The

coordination of the activity of the sexes promotes outhreeding,
tive bacause dispersa) and the initiation of

3 = F

and 1t is highly
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new nests must occur during optimal environmeéntal conditions {eg.
after rain).,  W1th the disappearance of the queen caste and the
New mode of colony foundatiom {colony fission, see 2.5.5.}, maie

dispersal no longer has to be timed with a particular
envfronmental stimulus. A resson for this is that copulation is
not followsd by {independent colony foundation by the mated

- LR ]

WOrkers. Nowaver Bales have changed their behaviour markedly in

order to find thefr now wirgless sexual partners, be they
ergatoid queens or workers.
The exact strategy of nest location remains to be elucidated

tn G, berthoudi, In a study of Leptogenys ocel]ifera, it was
shown that the dispersing males move around in short Tedps until

they eventually come across one of the chemical trafls that lead

from_the nests into the surroundings (Maschwiiz ind Muhlenberg

1975).  Tafs 1s not passible 1n 0. berthoudi since trails are
not laid, Imstead, ss the males fly Jow they search an areq;

they cannot always use cues Suc
latter are pot active above ground during certain hours on hot
days (see 2.3.2.). Chemicai attractants are likely to be
{nvoived, but this was not investigated in this study. D.
Brothers (pers. comm.) observed a number of mutil1Tid males
congregated at one spot on the ground. He collected them and
when he later retyrnad to the same spot more males were present,

Later still, after additional males had arrived, 3 femzle

WUtiiT1d ewerged out of the earth. A so8X attractant which
diffuses throuah the s0il 13 11kely to have been involved. Two

WWWWMMMJ‘—
berthoudi: (1) the scent marks which workers deposit outside

the nests (2.3.5.); (2} the sgcrations from the pvaidial giand

(Chapter 6). These are thought to be produced underground by a

certain proportion of the workers, thareby indfcating their
sexual receptiveness. This chemfcal signai may aiic be used
inside the nest by males trying to find the chambers where the

Innendienst workers ars. voiat

in addition, the volatile secrations
from many workers way

diffuse out of the nest and the miles may
percetve this signal and use 1t 4s & cue tor the presence of a
nest,
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Once they have located a suitable nest, the maTes remain near
tt and do not attempt to f1nd furthner nests. The same

individuals were seen around ome particular nest for up to three

days, and they may have spent the night in nefghbouring —
Yeqgetation., Some nests seem t£0 be Tocated by more males than

Nthaws maswsdihl . hassues dhay andé mava Roatddsl ATand
NIRRT #p Pu"l"', FVEYEYRY ."'J '-l' .Ul [ 3 F‘J, l“l'l yrEivg "’ll‘l.

Yisual cues, such as other males active around an entrance, can
1130 be 1nvolved, During February 1982 many males ware observed
On successive days around ong particul ar nest; when this nest
was excavated five weeks later most of 1ts inhabitants had been
inseminated, except for the above ground workers (Table 16). In
contrast some mests say not be visited by males or may be visited
by very few males, and as a result suitable Innendienst workers

MWWWMMW
differential rate of success with which nests are found by males

nAnET variabiiity In tha numhare AF AAMEroareaz Dar
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nest (Table 14). As a result of the polydomous organization
of the colony, gamergates can be recrufted between nests iand
hence, a colomy should survive from year to year as 10ng as one

of Tts mests 13 vistted by an adequate number of maies.
Male visits are irregular, and thus sperm may be 1imiting in

any particular nest. Sperm s however not thought to be
1imiting at the Tevel of the populations. The reproductive

!nWWMMt of other

formicids. There were naver many males inside 2 nest at any one
hish hamsnes hanladd eggs are nrﬂdUCld far an extended

tima ..
TmE, WUV UBLAUWRE nNEpivrie =y

period, substantfal mumbers appaar to DG_FWWH‘—A
colany (made wp of five nests) excavated in Febmry 1982 yle
sixty males; In addftion there ware those that had airea

§lready
the nests as well as those that were still pupae.
Since copulation occurs underground, data on the averige

nuaber of copulations per male and on the incidence of Individuai

workers being mated by more than one male are not avallable. A
amount of sperm present in the

testis and that held in & spermatheca suggests that one male can
inseminate 3 number of workert, Additional evidence for this is

the existence of large numbers of gamergates 1n some nests (eq.
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108 1in the nest excavated on 5.X11.1981, Table 14); such nests

- W WS W N T W W e 111 FO1L

would have to be visited by an equally Targe number of males if
the latter each copulate with one worker only. This suggestion

is unrealistic, even with an extended mating perfod suchas fn

this species. The actual occurrence of male mating must be

e e el

inferred from the change in the numbers of brewding workers found

in nests. The five nests that were excavated in February 1982
contained only elaven gamsrgates (Table 14), and yet aggregations
of males around nests in the area had been observed for a4 number
of days previously. This can be explained in two ways: (1) by
chance, these nests were not located by any males; {2) wmost of
the matings take place tater in the season when the numbers of
males prasent above ground has increased, fe. at the peak of maie

mEruay ' w mevrw= o

activity (see 5.3.1.), 1t the latter suggestion s correct, the

mating actfvity occurs for a shorier pertod than is suggested
from the datz on male presencs.

Data on the axtent of outbreeding between colonies of 0.
berthoud! were not cbtained. The distances which the males
mon they land and proceed to search for nests are
unknown. However there fs no indication that inbreeding occurs;
tince male sexual behaviour is normally triggered only once they

have Teft their nests, they should not mate with their nestmates.
As Crogier (1980) remarked, inbreeding may be much Tess common in

social insect voked
on an ad hoc basfs 1n order to hypothesize high levats of genetic
dness peste a nacacsary preraguisite for the

relatednass Detweer nesimates, & ReCESSa ¥ D

R -
efficacy of kin selection (Hamilton 15/c). Field observations
in this species show that the inftial flight of males bears them

away from the other nests of their colony. When the colony
consists of nests that are far apart (eg. 75 m), there s a

ty that males would disperse from one nest of

remote possibili
but 1t fs far more 1ikely that

their natal colony to another,
they will encounter 2 foreign nest.

structure in 0. berthoudi

reveals that haploid eggs are exclusively 1aid by fnseminated

egg-iayers; unmated workers do not lay eggs {(Chapter 3).  This
suggests that egg fertilization 1s a voluntary act by the
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gamergates, which thuz have the ability to determine the sex of

their offspring; the control of sperm release from the
spermathocs during oviposition has been demonstrated {n various

Hymenoptera, eg. In Jeaf-cutter bees {Gerber and Klostermeyer

1970). Sperm exhaustion fs not thought to be an important factor

Lo E. wn b wnl has~Ruea

in the productien of hapioid eggs in O. sErtnouds, osCluse

individual gamergatas do not produce very wany eggs during their
lifetime. In many formicid species unmated workers are partly
or entirely responsidie for the laying of haploid eggs. In the

queenright Ahytidoponera purpures, unmated workers can produce
prolific male broed fn the absence of the parent female; it 1s

!!!!!

not known whether the seasonal male brood produced in normal

colonies s queen- or worker-cderived {Haskins and ¥helden 1965).

Males are orly msemmtﬁmTiumm

{no male pupas or adults were aver collected cutside the perfod

January-May), amd this indicates that haplofd eggs are only laid

at a specific time of the year,  Since the developwental period
from egg to adult is roughly 75 days (4.3.1.), 1t is inferred
that the gamerpstes begin to lay unfertilized eggs at the end of

September-beginning of October. It 13 not knowh whether all the
gamergates in & nest produce haploid eggs. The existence of

T s L

e aggs are not laid would be obscured by the
inter-nast transfer of sdult males and pupae.

nests in which mal
-nast What is the

trigger WWWWHH‘WM confined

inside their nests and this restricts the typas of environmental

cues avaifable to them.  Mkuzi Reserve 1 1n a swmmer rainfall

area and the period Hay to August is generally dry.  The first————————
summer rains occur ia September and October and are
characteristically heavy downpours which can iast for & Tew

(Appendix E). As significant quantities of water 3eep through

the soi1l, the humidity insfde the nests would markedly fncrease,

and this could be a stimulus recognized by the gamergates. An

additional cue such as the seasonal changes in photoperiod might

Faw Aave
—J-

PPORWW“_MWHU' of freak off-season

rains (eg. August 1981, Appendix E). Gamergates inside the
nests could detect this by monitoring diurnal foraging activity,
which changes from monophasic 1n winter to biphasic with the
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rising day temperatures (see 2,3.2.). The validity of these
speculations 1s refnforced by a correlation between the rainfall
pattern at the end of 1981 and 1982, and the dates of male
activity tn 1982 and 1983. The end of 1982 was unusually dry,

with the first rains occurring later in the year; Tittle male
ictivity was witnessed at the end of January 1983, fn contrast to
that ohsspvad at the same time the prevfous year. Later in the
year {April 1983) many wmales were present outside the nests, and
there was a substantial number of male pupae {19) 1n the nests
that wers sampled (Table 11). Thus the dates of male occurrence
vary slightly from year to year., The extended period of male
activity reflects the inefficient synchronizatfon of haploid egg

production by the unspecialized gamergates.

mﬁmﬂyﬁnewmumctiu castes would have been

produced seasonally; however, since the queens have disappaared,
+ha mala mnannadusrdivas ars nOW ustrfc“d to ..ti“g with a S“Pll

Y METE §F B WHEWWS P

whose emergence coincides with theirs. The

of the workers,
ve remain {nside their nests,

workers which are sexually attracti
----- needs to be synchronized

and as a result male activity mo jonger needs to De
with thefr dispersal. In additfon, the uncoupiing of mating and

colony foundation obviates the need for selecting appropriate

eiaxation of
environmental ¢onditions during dispersal, This reja
the selective pressuras on male behaviour has resuited in the

}tttgf—]ﬂﬂﬂg—th.if—mﬁm {ndividually over a iong time
perfiod. Ward (1981b) found 2 similar pattern 1n Rhytidoponera.

The seasona! production of male reproductives is an evolutionary
eenright ancestors. In 0. berthoudi 1t

legacy dating back to qu
n longer seems to have any adaptive significance since workers
PR v, Ty !he !er.

that can become RMated OCCUT WATLyIR==
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6.1, Introduction

Female sex attractants were first discovered 1n a ponerine
ant by Holldobler and Haskins {1977); previously only myrmicine
ants were known to possess sex pheromones {Holldobler 1971).
Holldobler and Haskins showed that in Raytidopanera metallica the
chemical attractant was released from the hitherto unrecognized

pygidial gtand, This new giand has subsequently deen found in a
number of ponerine genera {Holldodler and Engel 1978). The

secretions of the pygidial gland are involved in several aspects
of chemical communication between workers in the Ponerinae. The
pygidial giand in Bothroponera {=Pachycondyla} tesserinods is the
source of a tandem running pheromone (Holldobler and Tranieilo
1980a) which is released into the air to ensure that the second
ant follows the leader. The gland i$ also used 1n other species
to lay chemical trafls on the substrate. In Pachycondyla

laevigatz it produces a trail pheromone which regulates

recruftment to termite prey (Holidobler and Traniello 1980b).
The workers of Leptogenys chinansis, a termite~-raiding species
with an ergatofd queen, use the pygidial gland secretions as a
ground-laid recruitment signal for group predation and colony
ewmigration {Maschwitz and Schonegge 1377 It i3 only in
Rhytidoponera workers that this pheromone has been implicated 1n
mate attraction. This function may be of particular fmportance

in those species 1n which the Temale reproductive caste has been
replaced by breeding workers.
Holldobler and Engel {1978) reported that the pygidial gland

1ies anterfor to the seventh tergite (pygidium), near the
intersegmental membrane. It consists of two clusters of rounded
cells, each cell being connected to the intersegmental membrane



120

by a fine duct. The membrane is invaginated to different
degrees to form a reservoir fur the gl md's ucntions. If ne

wissed during dissection, aad histological sectioning is

= - a &L d A 2l

therefore required to determine whether or not the pygidial glamd

is present (Holldobler and Engel 1978).  In this chapter the
occurrence of the pygidial gland in various categor{es of workers
of 0. berthoudi was investigated nistologically. The Materials
and Methods and the Results are modified from ¥illet, M., (.
Pesters and R. Crewe {The occurrence of the pygidial gland in
four genera of Ponerinae {Hymenoptera: Formicidae)., In
preparation).

6.2. Materials and Methods

0. berthoud! individuals were arranged 1nto four categories:
(i} callows - recsntly emarged from the pupal cocoon and with
poorly sclerotized cuticle (e 3)
{41} young workers {“Innantienst™ - with sclerotized cuticle
and confined inside the nest; they are unmated and have

endeveloped ovarles (o= 2

{(§11) older workers - differantiated from the above category on

the basis of obsarved age polyethism {n= §5)
(fv) gamergates - identified by dissection and examination of

ovarian development and spermathecal contants (o= 3).

After individuals had been immobilized by chilling, tergites
six and seven were dissected from the abdomens and fixed in
Pampel's sotution for 24 hours. These were then dehydrated,
clearqd {n propylene oxfde and embedded {n Epon-Araldite. The
resin blocks were cut Into & um sections on & Porter-Blum

mTtramicrotoms, stained with-toluidine blue-and mounted for light

mfcroscopy.
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§.3. Results

ATt the individuats investigated were found to have pygidial

glands with reservoirs. Thus the gland occurred in sterile

11 as in *ha samawnastae Tha 1a
17 K2 lll LG YW Y= FIINE AW

workers of all ages as we
of the glandular cells is indicated in Figure 11. In all the
categories of individuals the gland consisted of approximately
ﬁthe came number of cells per section. The degree of cutfcular

sculpturing did not vary within the species.

re T rLrY.kl
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ponerine. The gland was found in all the workers of
Ophthalmopone berthoud! examined, irrespective of their age or
reproductive status. This provides further evidence that there
are no separate reproductive and worker castes in this species.
Holldobler and Haskins {(1977) reported that im Rhytidoponera
metailica, some workers produce a sex attractant in the pygidial
gland which they discharge during sexual calling. Holldobler and
—  Haskins sesmed to believe that the reproductive workers belong to
a distinct female caste, differentiated from other workers partly

n the basis of their behaviour during the mating season, e,
"HME WEHEITF W wirw 1

2t alamd i nracant in this
W PIRMOAU FF FIWSNIY 111 Wit
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only the former come out of the nest and “call®™ In 0.
berthoydi, there are differances in the sexual attractiveness of
workers, but they seem to be reiated to age. The resuits in
Table 16 reveal that a proportion of the workers remained virgin
during the period of male activity. The above ground workers
did not becoms mated, which indicates that adults are not
sexually attractive when they are above a certain age.

The response of males to the secretions of the pygidial gland
was not tested 1n 0. berthoudi. Holidobler and Haskins {1977)
found that in Rhytidoponera metallica, males responded with
agitated locomotion and attraction to the scent of the gland,
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Longitudinal section through the sixth and seventh

abdominal tergites of a gamergate of Ophthalmopone berthoudi,
showing the cells of the pygidial gland (marked with an arrow)

Figure 11
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In 0. berthoudf it is reasonable to assume that the function of
the pygidial gland is sex attraction; there 1s no tandem-running
or trajl-laying behaviour, which {s how workers of other ponerine
species utilize these glanduiar signals (see 6.1.). (The
discrete chamical marks deposited on the substrate, see2.35.,
are 1aid using the ventral tip of the abdowen and are prasumably

nroduced fn the Dufour's gland), It f5 not known whether the

produced in the Dufour
unwated workers of 0. berthoudi adopt the caliing posture inside
the nests, It 1s suggested that the differential attractiveness
of workers to males fs an effect of differences in the signais
produced by their pygidial glands. Meinwald et al. {1983}
recently characterfzed the pygidial gland secretions of
Rhytidoponera metallica and showed that there were a number of
substances fnvolved. Such & multicompanent phercmone can have
— differing information content depending on the relative

proportions of the various components. As has been shawn for
the mandibular gland pheromones of worker honeybees (Crewe

WA EERA IR T RFR S FiE mUElIAE (] 4 B2

1982a), blends of components can change with age.  Such changes
in biosynthetic activity would not be refiected fn the glandular
morphology of different age groups of workers, and wouid need io
be investigated using gas chromatography and bfoassays. The
proximate cues for the emission of the pygidial giand signai by
the workers remain to be discovered., Either 1t is released
exclusively during male visits, or {1 s released continuousiy
ti rceived b
right audience, 1e. when foreign males are present.

A descriptfon of the sexual “calling behaviour" of

- W - - -

Rhytidoponers metallica (Holtdobler and Haskins 1977) has been
given in 5.4. A similar posture was observed not only in R.
chalybaea workers {Ward 1981ib}, but aiso in the winged gqueens of
Ampiyopone paliipes [Haskins 1978). 1In the myrmicine
Harpagoxenis sublaevis, the true ergatoids adopt & "¢alling
pasture” while releasing 4 sex pheromone from the poison gland
(Buschinger 1975); this posture is essentially identical to a
componant of the tandem-calling behaviour of the recruiting
workers in some species of Leptothorax {Moglich et at. 1974}

This suggests that sexual calling 1n the styrmicines 1s derived
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from the recruitment behaviour; a similar evolutionary
transformation might have taken place in the ponerines that lost
the queen caste. Ward {1983) suggested that “if the queens
attract males by pheromonal calling, then similar behavior might
well evolve in workers, waking them 1iable to insemination®™
This worker behaviour 1n fact exjsted, but 1t had a different
purpose {je. recruitment, sse 6.1.), How did the males come to
recognize the chemical signals of the workers?

Holldobler 11571) showed that, in the myrmicine Xenomyrmex
flor{danus, the secretions from the pofson gland function as a
signel for two different audiences. The warkers' secretions
release & strong recruitment and tratl following behaviour in
workers, while the poison gland secretions of female
reproductives are both attractive and sexually stimulating to
males. The workers' poison gland secretions also attract males
which reveals that the signal intended for one audience can also
be recognized by another sudience.  Thus Holldobler {1971)
hypothesized that sex attractants and recruitment pheromones wmay
have 2 common evolutionary origin, More specifically, Holldobler
and Baskins (1977) postulated that the primary functian of the
pygidial gland was not the secretion of sex pheromones, since it
has been found in workers of a number of queenright ponerine
species (Holldobler and Engel 1978). Recently Holldobler
(1982) speculated that the pygidial gland pheromone in

workers are attracted to it. It is not clear however whether the
pygidial gland is present in the abdomens of winged and ergatcid
ponerine queens, because various authors (eg. Holldobler and
Waskins 1977, rolldobier 1982} seem to use the terms "wingless
virgin females® and “ergatoids” to describe braeding workers.

A1l the above evidence suggests how breeding workers may have
taken the place of queens in the ponerinae. When both female
reproductives and workers of queenright species possess the

pygidiat gland, the same gland appears to serve different
_ gunctions in the two female castes: raleased in the air the

secrecions are & sex pherowone, Vaid on the ground they are
involved in recruitmsent. The presence of the pygidial gland in
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the workers thus represents a preadaptation for a change fn
reproductive systams; with the disappearance of the queen caste
the workers can become mated since they produce the appropriate
signal for male attraction.
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QUEEN CASTE

7.1. Bioiogy of Ophthaimopone berthoudi

The ponerine 0. berthoud{ has undergone a dramatic
modification in 1ts reproductive system. The quesan caste has
been permanentiy repliced by wultipie breeding workers
{egamergates) which Coexist in the nests. Gamergates are

§a ik - k. oa B Lbiad.z akosmdT = —L“--‘.l-- aliswnd e s mawmdad =d
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male activity, because {asemination stimylatas ovarian
developmant. Every worker in a colony is capable of becoming
reproductively active. However, while workers are produced
throughout the year, males are only produced durfng summer. The
workers have a short tife-span, and thus the lives of some of
them do not coincide with the mating season.  In addition, not
all workers are sexually attractive when forefgn males visit the

mated, these individuals are suspected of releasing an

_ g al Hoamss admw auadfddianl ATamd

appropriate recognition sigaal fram their pygidial gland, te

which males are attracted. Although they are occasionally
carrfed between the nests of their polydomous ¢olonies, the
gamergates remain confined underground instead of becoming active
outside the nests 4s they age.
Nests generatly contain a number of breeding workers, and
these numbers are high 1n colonies that are located by many
males. * Mhat 18 the adaptive significance of large reproductive

————populations?  Holldobler and Wilson (1977) have interpreted

polygyny 1n myrmfcine and formicine ants as 2 trait which is
cajactad at tha laval of the rn‘!nnu 1e, 3 strategy Lo colonize

A Y WY - ==

certafin habitats. However 0. berthou oes not have a tru
polygynous system since the queen caste has been lost. The many
egg~-iaying workars lack speciaiized ovaries, and they iay iarge
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yolky eggs at a slow rate. In fact, the day-to-day laying is
performed by a succession 0F different individuals, and one
breeding worker probably contributes only & small number of eggs

during 1ts 1ife spanof a year, Thus cooperative hreeding by
many gamergates 1s necessary for colony growth. Worker breeding
appears to be an evolutionary ad hoc response to the

disappearance of the queen clifi“‘thfi‘iibttTtUtf0ﬁ‘fs‘Tfklty‘bo““““‘44444
have no survival value outside a specific ecoiogical context (see
7.2.).
The gamergates have not svolved new queen attridutes. There
1s only one caste in the nests and the interactions between
indfviduals are not very elaborate. Hence, the cohort of
breeding workers does not elicit preferential treatment from the

non-reproduc tive workers, eg. during termite feeds. There is no
regulation of the numbers of gamergates, either by the pon-
reproductive workers or by the gamergates themselves. Dominance

hisrarchies ware not detected, and there does not seem to be any
inhibition of laying or oophagy.
The presence of a non-reproduciive group of individuals
cannot be accounted for in D, berthoudi by argumenis such as the
genetic ones usad in the kin selection and parental manipulation
hypotheses. The effectivensss of kin selection (Hamilton 1972
as an evolutionary force that maintains reproductive divisfon of

labour is dependent on the degree of genetic relatedness between
colony members. Although electrophorstically-detectable genetic
variation waz not studied, an understanding of the structure of
the breeding system in this species isads to a prediction of low
kinship between nestmates. A large number of breeding workers
and a substantial numbar of wales itake part in sexus)
reproduction, There i1s no overlap between sucCCessive
generations of gemergates and thus the relationship of the egg-

tayers in a colony ranges from sisters to cousins. Thus the
degree of relatadness among the progeny is probably exceptionally
low. This 1s 1n spite of the 11kalihood that breeding workers

are singiy-1nseminated and that individual males mate witha
number of workers in the nests. foth these factors would raise
the relatedness between nestmates to a Timited axtent.
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Furthermore, the frequent transfer of brood and adults between
the nests of a colony leads to a decrease in the number of
sisters in a nest. This has significant consequences when a new
colony buds off from an existing one.

The complete 1oss of the queen caste undermines the notion of

parental manipulation (Michener and Brothers 1974, Alexander
1974).  Queen oppression cannot adequatzly explain the origin of
the functional sterility of a class of nesimates in 0. berthoudi.
Furthermore this present social system is not maintained by an
innibitory sffect of the gamergates on the workers.

The colonies of 0. berthoudi are polydomous. The

recruitment of adults and brood between the nests 1s a common

occurrence, and this nas the important sffect of integrating aill
the workers as members of & distinct colony unit. Breeding

workers are found {a every nest of a colony, and this makes

colony reproduction by fission possible. Colony fission s
obligatory in this specfes because the worker nature of the egg-
layers precludes partially-claustral colony foundation.
Breading workers, singly or in small groups, could not produce a
first generation of workers guickly encugh. Worker bshaviour
is totally inappropriate for the colony-founding task, and this

dictated an irrevocable modification in the genesics of colonies,

Workers can discriminate between colony members and non-
members. Coloay fission 1s accompanied by the acquisition of a
distinct new jdentity. The discovery of a marked ability to

recognize nestmates in these societies is in sharp contrast with
the finding by Molldobler and Michener {1980) that colony odour
seems usually less distinct in polygynous (and often polydomous)

ants than in monogynous ones. These authors assumed that the

queen provides some of the essantial Ingradients of colony odour.

A queen is absent in O, berthoudi, and the presence of nuitiple

breeding workers fntroduces s suhztantial genetic variation in the

colonies, yet there is a strong colony integrity.
Colony multiplication occurs as a result of the chance
fragmentation of nest complexes. It takes place throughout the

year and need not follow the mating season, Crozier (1979)
suggasted that there may be a threshold value for tntra-colony
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relatedness below which colony fission should accelerate. Thers
is strong evidence from the present work that colony fission is
brought about by stochastic factors unconnected with efther

" W W e e e = _— w5

genetic relatedness between nestmates or colony odour. The
ability of individuals to recognize members of their own colonies

s not affected by the predic ow L
This supports the idea (Buckle and Greenberg 1981) that
individuals Tearn the range of odours which accur fn a coiony.
Low levels of genetic relatedness between nestmates have been
reported in other ponerines. Ward (1983) estimated pedigrees
relatedness in “Type A" and “Type B" colonies of Rhytidoponera

confusa and R. chalybaes. Assuming that a “Type B" colony had
£ ast-

monogynous “Type A" colonies was more than twice as high as in
“Tyna B" colonies {Ward 1983}, These results were obtained from

LI N rr—— ==

both a study of the pattern of genotypic diversity within
colonies and from a population-wide regression analysis of the

frequencies of marker alleles, in the primitive ant
Nothomyrmecia macrops, Ward and Taylor (1981) found a low level
of genetic velatedness among workers from the same nest. This
finding was surprising since these queenright colonfes are
monogynous. [t strongly suggests the possibility of additional

reproduction by mated workers, but atso emphasises that high

kinship between colony wembers is not a sine qua non of
lity.

eicacia
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7.2. Why lose the queen casts?

The assumption of the breeding rote by mated workers has
occurred repeatedly and independently 1n & number of groups of
ponerines: the metallica complex and the larger species of

Rhytidoponera (Haskins and Whelden 1965}, Diacamma rugosum
{Whesler and Chapman 1922), Ponera eduardi (Le Masne 1956},

Dincponera grandis (Haskins and Zahl 1971}, Pachycondyla
{"Bothroponera™} (Ward 1983), Ophthalmopone berthoudi,
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Strebiognathus aethiopicus {I. Bampton pers, comm., Peaters
unpublished data), Platythyrea arnoldi, Hagensia marleyi,
Plectroctena conjugata and Pachycondyla wroughtoni (Peeters
_ ynpublished datal. The circumstances leading to the
disappearance of the reproductive caste remain enigmatic. Loss
of the queen {s unexpected since the {dentifying characteristic

of eusocimﬂmﬁﬁmﬂ:fﬂabem%euﬁhmmm
differsntiation and specialization. Ward (1983) has postulated

that the evoiutionary origin of workeér-raproductive colonies “may
be traced to selective pressures on worker reproduction in
orphaned queenright colonies or in queenless colony fragments
solated during colony movement®. I suggest instead that 1t is
a result of selection against queen reproduction in particular

mlm;ﬂmm_ﬂﬁm:ificallr, the queen caste may

have been lost in environments whers there s 2 decline in food
availabitity during certain perfods of the year (eg. dry winter).
The wembers of the sub=family Ponerinae are distinguished by
their highly-specific diats, fe. many of them hunt a single prey
such as termites, beeties or isopods. While geners such ag
Leptogenys and Megaponera exhibit sophisticated mass recruitment
systems which they use to coordinate their hunting activities,
many other genera are unable to lay chemical trails on the
substrate and must resort to solitary foraging. This lack of

specialization in the mode of hunting may lead to trophic stress
during the unfavourable times of the year. In semi-arid
environments for example, the extended dry season is & period of
reduced prey availability. The foraging activity of 0.
bertMud‘t drops to 2 Tow level during the winter nonths, when the

above-ground termite activity. The fnngers of another
queenless ponerine in Mkuzi, Plectroctena conjugata, only hunt

their miilipede prey after rafn, and are thus fnactive for wany
weeks in winter (Peeters unpublished data). Streblognathus
aethiopicus occurs Tn high-aititude mountain habitats where the
very cold winter temperatures and snow halt the hunting of
crickets and beetles. Thus certain species of ponerines with

restricted diets are 1ikely to experience seasonal difficulties
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in obtaining their food
Is there an interaction between temporal trophic stress and
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EpiE W § W RN mELY B MR w FpEw rEy uu'uv L AL L

number of winged sexuals. These do not work 1n the nests and
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both larvae and adults. Even after this substantial energetic
investment, only a small proportion of the virgin queens wmate and
found colonies successfully, Colony foundation is generally
characterized by a dealatsd female becoming clofstered with her
first brood inside a2 cell; this is the dominant pattern among
the higher ants. In contrast, ponerines which have retained
queans exhibit a partially claustral mode of colony foundation
—————|Haskins 1970}, and this is more risky. —The dealate queen must
leave her nest at frequent intervals to obtain food, because the

nawnu anhdadnad l-nu +tha n-qnnnf‘lnn n.'F h-l- I'T'Inh'l' muerlae 1
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Trsufficiant to rafise a first generation of workers. This Tone
hunting by the ponerine foundress wakes her vulnerable to
predators and accidents, and her brood can be parasitized during
her absence from the nest. Her success at founding colonies is
1inked to a particular set of biotic and adbfotic conditions.
Successful emergence, aerial dispersail, coupling of the sexuals
and Tocation of nest sites free from competition with other
existing colonies, are all prerequisites to the process of
colony foundation, and c¢an also influence the mortality of
-_Fnupd-lng glasne In enite of manv perile, mrtial]v-{:lnuttra‘l
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colony foundation persists in some extant species. In others,
the foundation of new colonfes by winged females may have been
wmade much more precarious by a change in ecological conditions.
Only an fncrease in the numbers of virgin queens produced could
offset the lowered success rate. The mating activities of male
and female reproductives are generzlly synchronized with the
advent of summer; this appears to be an ancestral Formicid
trait.  In many higher ant species living in temperate
latitudes, brood can overwinter and thus the eggs that turn into
sexuals can be produced at the end of the previous summer, In

—ponerines where this does not occur, the Tarvae that turninto—

reproductives must be produced at the end of winter, Certain
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ponerine species inhabiting semi-arid habitats cannot get
adequate amounts of food at this time of the year, and this may
prevent them from having a 1arge sexual dbrood. These species
would then he unable to praduce sufficient virgin queens o
achieve an adequate replacement rate. Colonies fn which

workers were able to replace the female reproductives may have
been the only ones to survive.

Did the evalutionary supstitution of the queens by workers
occur slowly and gradually? Ward's data {1981b, 1983} on the
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cotonies in the Rhytidoponera impressa group apparently suggest
that i1t did. However, the dimorphism in colony structure 1s

stable, and thus this situation does not represent 1 tramsition
in an evolutionary sequence. It is not known whether the
sresence of occasfonal queens in these ants s selectively

advantageous,

It is surmised here that reproductive systems changed during
speciation events. These involve eplsodes of allopatric
1solation, thuught by many to be short-1ived and to involve small
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ancestral qunnright population could have become restricted to 2

£ individyals [Paterson 1984, A segment of an

FfGIVIiGUR: 5 -

ontimal habitat 1n which partially-claustral colony
:un‘upulnql I!..Mlldly FEE  PEAE R F¥
foundation was no longer adaptive (4s ocutiined above). This

resulted fn strong directional selection which led to the
elimfnation of queens. Worker reproduction was viabie in the

ponerines because of a number of preadaptations (see 7.4.). The
mechanfsms which are responsible for the physical disappearance
of an entire caste need to be investigated in greater detail.

Ward {1983) reported an association of xeric habitats with
baw_ manmndctiva Pﬂ‘ﬂl‘l‘!ll in the asnus Rn"tidnm".rl. which
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supports the hypothasis that a temporal faod shortage is the
driving force for the change in reproductive pattern.  However

Lt A
™l

Ward suggests that ‘WWWMW—
fission over monogyny and queen colony foundatfon™.  He thus

na B il

interprets “polygyny” {an inappropriate use of the ter® whea

referring to multiple breeding workers, see 7.1.) and colony
fissfon to be strategies that evolved because of their higher
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selsctive advantages under xeric conditions. My explanation
stands as & distinct alternative to Ward's, because tt shifts the
focus from the advantages of worker reproduction to the
disadvantages of queen reproduction. The queen-based colonfal

urg“mﬁm—wﬂh—ftmsoﬂmd—m#i@mmﬁ

flexible enough to accomodate to a new set of environmental
conditions, and worker reproduction became the only feasible
solution. In a reproductive system with breeding workers,
those individuals that do not decome fertile function as
labourers, and there is thus 1ittle wastage of reproductive
javestasnt. However, ergonomic benefii {(Qster and Wilson 1978}
fs thought not to have been the prime driving force for the
elimination of queens; 1if it was, queen loss should have

occurred more frequently throughout the Formicids.

Ward (1983) repeated Wheeler's idea (1928) that worker mating

§s primjtive in ants and that a dimorphism of winged and wingless
females predates the origin of eusociality. This 1s ciearly not

supported by the argusients presented in this section.

Ergatofds and breeding workers

The ponerine group has come t0 be characterized by the
presence of worker-1ike egg-layers in many of fts specfes, and
H " ] » 1“'

and Chapman (1922) pointed out however that there {s a
distinction betwean argatolid queens and breeding workers, and
this is crucial to an understznding of the range of reproductive
strategies sxhibitad by the Ponerinae, )

Wheeler and Chapman (1922} suggested that “ergaioid forms &y
be der{ved from the typical winged queen through a loss of the
wings and a progressive, degenerative simplification of other

characters®. The external appearance of ponerine ergatoids
usually makes them distinctive from the workers. B. Bolton

{pers. comm.) describes the ergatoid of Megaponera foetens as

lacking ocelld, without a trace of fiight sclerites but with a
grossly swollen abdomen; it differs from the workers 1n size as
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well as in various external details. Bolton considers that the
major step in the transformation from the alate to the ergataid
condition in Plectroctena (in which both winged queens 2nd
eraatoids occur) was the reduction in sfze of the mesonotum and

the suppression of the transverse suture {which-divides the
mesonotum into a large anterfor scutum and a small posterfor
scuteiium). However there are reports that, in beoth
Plectroctena and Leptogenys, the ergatoid queens are not alwiys
very distinct. Haskins and Whelden {1965) note that in
Leptogenys sens. str., "the laying female fs no longer
morphologicaliy distinguishable from the worker”. Similarly, L.
schwabl Forel lacks a distinct ergatoid (Blomerfeld 1979). It
1s suggested that ergutoids may have been repl aced by gamergates
in spacies of both these genera {eg. in P. conjugata and in L.

waxillosa tosa (Smith), Peeters unpublished datal

Haskins and Whelden {1565) have pointed out that the ergatoid
is as effective a reproductive as the winged female. However,
whether the loss of wings was paralleled with a degeneration of
the specialized reproductive organs has not been thoroughly
investigated. The examination of cvariss in varfous classes of
individuals from different species (Peeters unpubiished data)

demonsteates that the ergatoids are still part of a distinct

reproductive caste. Two ergatofids and some workers of
Leptogenys nitida (Smith) (collected from Knysna, Eastern Cape

rovince . 1

differances between the ovaries {n these two castes; ergatoids
(n=2) possessed 13-13% Jong Ovar {01es per ovary (Figure 12b),
while workers only had 1 or 2 ovarfoles (these were not very
distinct). Simitar diffarsnces in ovarian structure ave also
found in ponerine specfes with winged queens.  In Paitothyreus
tarsatus (collected from Mkuzi}, virgin queens (n=5) {collected
during their aerial dispersal) had two pafrs of 12-13 ovarioles,

and there were 7 undeveloped ovarioles per ovary in the workers.
These data indicate that caste differentfation in some Ponerinae

was accompanied by a marked elaboration of the ovarian apparatus,

was not 1ost during the evolution of ergatoid queens.
15 thought that the workers still recognize and
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(a) Ergatoid queen (left) and worker (right) of
Leptogenys ni tida.

Figure _1__

(b) Ovaries of inseminated ergatoid of L. nitida,
showing two pairs of about 11 ovarioles, as
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