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DAY TWO Transfers of many unmarked adults, cocoons and larvae
wers observed, &l) coming from (A}; six marked workers were
invoived in this {Tabie 7).

The second observation period in May was short and

interrupted by heavy rains. There were 33 marked ants (ie.
survivors from the previous observation period, when 214 ants
were marked} active above ground during one morning (Table 8).
No further ants were marked. Nests (A}, {D}, (E) and (F) were
no longer occupied, and five new nests were active: (G), (M),
(1), (J) and i(K). Transfers of adults and brood occurred
between (C), (G}, (H) and (1}, Transfers also occurred hetween
(J) and (X). MNest (C) became inactive and its inkabitants were
transported away, mainly to (G).

During the third observation period in July there was jittie

activity generally. Ten marked ants were seen zbove ground
(Table 8). There were only three active nests recognized in
this complex (1e. nests which contained marked ants): {I), (M)

and {L}. Nest (L) was 87m away from the o1d nest (C). There
wae adult transfer between (I) and (M). Nests (I} and (M) were

wa» "llullp Wi Wi R Y e

excavated at the end of this observation period. No further
marked ants were found, which fndfcates that all the other ants

marked in March-April had died A Targe number of aduits from
nest (I) was dissected ({(Chapter 3, Table 14, 16.¥11.1981).
The behavioural changes exhibited by workers &s thay age were

documented over the few months during which this celony was
monitored in the fiald. Some ants (33} were observed over a
period of 50 days, and a few survivors (10) over a period of 100

days (Table 8}, Of these 33 ants, 14 had not been active above
...... in March- April (ie. they were "Innendienst™ ants, having

- H ound in Mar

been marked efther after being carried between nests or col lected
ests). By the middle of May all such ants were now

A nand A
>N UI II-I [ " ¥

involved 1n tasks outside the nests, A clear progressionof

above ground roles can be inferred from the change in the

A3 1 4100

behaviour of particular ants with time, eg. #140, #201, #1399,

#70,.. (Table 8). Similar results are presented in Table 9 (eg.
$175, $186, $230, $231,..). The general pathway appeared to be
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Table 8  Ontogeny of individual workers' behaviour and movement within &

cempiex of mests {coiony two) over time, The activities of 33 marked
ants were monitored during thres ssparats field visits over a period

af 1% wusabe Tb.- j-!e ara oraunad A the hagit a¥ arsrpnancuy AF =
wy am WEREMRSE T WHEPEW Wil eTr  SESFTF ¥ YeWuwWprETEF Vi -

particular set of nests in the nest compiex, 1e. (A), (T}, (F) or (D),
{E). Within the groups, the ants are arranged according to roles, ie.

Tasandiamet wuAnbane +han shauva oraped workars fdmada snnfimad
ATIVIMAW IMMNS> Ww: AW/ &3 hiinir mrwrs i PUDG WETEET 8 ARHEI [t A 3]

inside nast, 1¢, Innendienst; exca® excavator; clea=s cleaner; rec=
caerrier; fora® Forager; dho= ynkaown above ground activity). Upper

A 1 .r&--. haboanm hoonbabdr o fas PA - e [ £ | A eammm  daa
5L+ 4 l"“ ' WERNTEMN FIEwRTYE 1TWIEN TEE Wy “' L ."-ul' "'. -l'nl'l "“

nests are separatad by -, the direction of transfer was from the first
to the second nest,

Ant iill"ﬁ'ﬁfipr‘i'l data Mey data July data
#1138 carried {A)=(C) abo (H} abo (I}
#140 carried (D)-i{C} abo (H} rac (I}=-(M)
#124 carrisd to (C} exca {G} abo (M),(I)
201 carried to {A} exca (G} fora (M
14 carried (A)-(F) exca {G) ——-
#179 inst {C} abo (G) -e-
#155 insi {C) abo {4) ——
¥117 ins{ (C) abo (¥) abo (M)
#113 insi (A) exca (G) -am
#212 insi {A) abo (H) -e=

462 e &y 0000 abo [G) —

87 rec (F} a0 {&} -

#58 clea,fora {C) abo (&) -—
#150 fora EA}I. {C) :;: 52} o
¥152 fora (C . ——
#115 abo {C) Txca {6) S

58 abo (L) exca,fora (G) an=
#2008 abo (C) fora (Q) —

7 carried {C}-(D} abo (8} -==

40 carried (C)=(D} abo {J),(K) abo (L)
#60 carripd to (D} abo {J) abo (L)
#108 inst (E) abo (3),(K) -
#128 axca {E) fora (J) abo (L]
#16 exca (D), (E} ;orl EJ; T L)
4 xce o fors 133 fora (L)
$70—exca, rec {E) —— fora {J) =—e
#1863 fora, rec () abo (J) -

#5 fora (D} fore {0} -—

#9 abo (D) abe {J) -

M1 abo (D) fora (J) i

#55 abo (E} a0 (J) -——

#12 abo (E) Tora (J} J—
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excavating, then cleaning, carrying and finally foraging. The
data in Table 8 also reveal a substantial mortality of above
ground workers. It must be noted that, of the ten marked ants
seen In July, all had been seen in May also (they were all
originally marked {n March),

The results in Tabie 8 2150 show what the movement of ants
within a colony complex (Figure 4) was over time. WNests
disappeared (eg. {D),(E}; (A),(F)), and other nests were
fnftiated (eg9. (), (K),(L); (&),{H),(1},{M)). The nests active

ui,ii'"'ii |,|'|= ||[;‘. abser '-tiun per‘!ad Eﬁ-ﬂd b% g""",.-"ed on the h“.ic

of physical proximity, and the subsequent nests were located in
either of the two sites. The movement between these iwo sets of
nests stopped soon after the first cbservatfon perfod. The ants
that were originally found fn nests (C) and {D) were all later
found (except #47) in {J), and then in {L}. Similarly, ants in

(A), (C)} and {F) were exclusively found in {G) and (H), and ater
fn (K) and {I). This is evidence that what was once a single
colony {there ware frequent two-way transfers of adults between
{A,C) and (D}) had now become two disjunct groups of nests.

There were no more transfers of marked ants between the two parts

of the former colony, and colony fission had accurred.

2.4.4. Intensive study - colony three

This complex of nests was monitored over a perfod of four
months. Observations were made during three separate visits:
13th- 27th October 1981, 30th- 5th December 1981, 27th January-

12th February 1982; these observation periods are referred to fn

Tables as (33}, {35} and (3c) respectively. Ants were marked

during each observation period

Two hundred and thirty-five ants were marked during the first

visit. Initially the colony consisted of three nests: (P}, (@) —

and [R) (Figure 5); (P) was the most active with much foraging

originating from it. Nest (S) was startad on 18th October.

There were frequent transfers of brood and adults between ail the
nests, byt no pattern of movement could be determined. The
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carrying behaviour dié nat appear to distridets aduits and breed
over the colony in any censistant fashien; eved twe-wiy
transfers occurred sinultanesusly batwoen seme pairs of meste.
Ternites were frequently transperted betwesa mests. West (R)
was excavated at the end of this sbservatiea perfed; &

——contataed 81 aduits, 34 of which sarked; and broed (Getails can
be found in Tables 1 and 14: 27.X.1981, first sest).

recently fragmented from an adjacent colony. Aot $110 vas
transfarred {carrier ant was $78) frem nest (P} te a fistant
nest, (XX); this nest was aet known te belong te coleay three,
and was 37 m away frem (P). The mext day $6& and $120 (a

_ torager) ware active areund (XX), which was part of 2 distinct

mest complex with mest of 1ts ants wamarked. Another adult
transfor was shaarvad frea (P) te (XX), and Doth asts were

anmarked.  Ant $110 (which had been carried here the provieus

day, see abeve) was seem active sutside (XX} Later $120

carried a iarva frem (P} @8 (XXb A5 spgreccive fntorectien wee

witnessed sutside (XX); $62, an aat that had not boon Se0n in
this vicialty praviessly, was éragped for & small distence by
unmarked worker. A ferager frem (XX) was later reloasad 1800

{8} After § minutes 1t was dragped out of this amt. It sesms

Mﬂsﬂmﬁumm.m

a faw individuals were stil) active datweon sone of the mow alien

il -

bmuwmw

and (Q) were stil) active and (V) hod boon started. Nest (W) was
inftiated on 5712 with traasfers froa {P) and {6). Oaly 17
sarked ants were seen dbove ground {Table 9); a further 112 ants

were marked in this colony. )
Atmuﬂmnﬂmmﬁmwiﬁiﬁﬁ-

February thers were six active Rests; e had boen 300 bofere,
—unmmuml,mw-mﬁﬁﬁﬁ

(1), (M), (X).(Z).  West (¥} was started & fov doys Tater, and

nest (X) them ceased te be active. caaracteristically there
werse inciudieg

(Z) which was 23m away fres mest (Pl Thore were oaly six marked
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Table 9 Ontogeny of workers' behaviour and movement withina
complex of nects [colony three] over time. The ants are

ek T

— arranged accordfng to roles, fe. Inmnendienst workers,
than above ground workers. All the ants marked 1n October
had df sappeared 14 weeks Tater, {insf= confined fnside
nast, ie. Innendienst; exca= excavator; clea= cleaner; rec=
adult carrier; lars larva carrier; coce cocoon carrier; foras
forager; abo= unknown above ground activity). Upper case
1atters Detwean brackets refer to nests, ses Figure 5; when
tyo nests ars separated by -, the directfon of transfer was

from the first to the second nest.

data December data Jan/Febr data
At mt?g:; ) (3b) (3c)
clea (P) —
gigg }::1 Egi $1ea %E; -—
ing1 (Q) ora ——
;igg i::f Eg} clea.f?;? (P),IT) —
rec a——
$221 insi (Q) ﬂ{f?f?Q%P}u] -
tnsf (5) abo {P -
i A fora (P1,(0Q],(T)
$232 exca (P) abo {F} J—
$230—clea {Q) ;ora E:; _——
$169 clea (P},{0Q) ora "
=(P} fora (P) _—
§§§1 I:$Ifoﬁﬂ£§}ip} ® cz;;{égj _—
P}, abo ———
:-{gg uh:g;‘{'{’;}w? gl::,fgli‘l (P) .
gégg ;g: Eii fora {Q) ——
- car (T)-{P) fora {P),(1)
4310 -—- car iP)-(T) clea (P)
i2r1 car (P00 fors (B
——— clea
g%:% m- abo (U} fora (¥}
es07 — abo (T) abo (W)
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suryivors walking around, and four of these were foragers (Table
g). Ninety-three ants associated with (Z) during the
obsarvation period were collected and warked; 46 of these were
later seen 1n the other nests of the complex, which demonstrates

the extensive movement of ants within a colony over a short
period of time. However no marked foragers became associated
with the main compiex {ie. (P}, {T), (¥}, (w), (X), (2)); siwi-
larly, no unwarked foragers (ie. active in the nain complex)
became involved with {Z}. Anather 17 ants were marked around
the main compiex nésts; these were involved in adult or brood
transfer, and included ants that were themselves transported A
notable feature of this period of the year was that miles were
carried betwaen the nests that belonged to one colony; the same

workers that transferred adults and brood were involved in this.

 All the nests were excavated at the end of this visit; nests {P)
and {¥) contained very few adults and brood, and thus must have

hsan in the process of being terminated. Large samples of

W FF Y4 WFY = =

adults were dissected {n the other nests (Table 14},
The changes in behaviour exhibited by individual workers over

time (Table 9] confirm tha pa ttern of age polyethicm suggested

eartier on (2.4.3.}). The data again indicate that there s a
high mortality of above ground workers.

2.4,5. Intensive study - colony four

A part of this colony was ohserved frow L6th - L8th April
1983. Nest (BX} had recently been started (ie. 1t was not there

a faw days earlier), and was 5 m away from established nest (BW}).

I marked thirty four above ground workers that were associated

with (BX). WNest (BY) was started in the afterncon of day two.

Many cocoons wers transferred from {BX) to (RY), and five marked

ants were involved in this, je. £30, %27, $5, %31 and 315 {Table

10}). A number of ¢nmarked ants were aiso carried 10 this nest,

including & callow ant. Fifteen marked ants were present in

nest (BY) {Table 10), and mosi of these had previously been

active abhove ground. There were also four unmarked excavators
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Table 10 Activities of marked ants that were associated with
the new nest (BY), colony four. On the morning of day three

the fnhabitants of this nest were evacuated to nests (BX) and
{B7Zl. Thete two nests were excavated later on that day.

[ 9 =2 ¥ L] LR

Notation as inm previous tables; uppercase fetiers betwesn
brackets refer to nests, see text (2.4.5.).

Mt Occupation on Occupation in Occupation on

day one nast (BY} on diy three

day two

2 exca {BX}) exca {BY) {BX} *
126 abo exca (BY} (BX) *
%18 abo (BX) exca (BY) (BX} *
%30 abo coc {BX)-(BY) coc {BX}-(BZ)
227 abo of -
%5 rec (BW)-{BX),fora coc (BX)~(BY) rec {BY)-(BX)
%31 # coc,rec (BX}-{BY) abo (BZ)
%15 fora (BX) coc {BX)-{BY),rec coc {BY)~{BZ)
%7 rec (BW)-(BX) rec (BX)-{BY) (BX} *
311 fora (BX) fora {BY) (Bx) *
133 car (8W)-{BX} abo (BY) coc (BY}-(BX)
%21 fors (BX) abo {BY) (X} *
220 abo (BX) abo (BY} —
%23 abo abo (BY) (8z) *
%19 fora (BX) abo {8Y) fora (BX)
%3 exca (BX)
%9 # abo {BY) (BX) *
%28 abo {BX} abo {BY} (Bx) *

* not seen above ground, but found during the nest excavatfons
# marked subsequent to their transfer to (8Y)

and an unmarked forager. Nest (BY) was attacked by myrmicine
ants 1n the evening of day two, and the next morning {BY) was

_ being svacuated. Parts of dead ant bodies were brought out Dy

the invading myrmicines. Adults and cocoons were transferred

from (BY) to (BX), eg. by %5 and $33. A new nest (BZ) had been
rought

started overni o
to it from (BX), eg. by %30 and %15.  When (82) was then
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excavated, this showed that its five marked {nhabitants had come

from {8X} and {8Y).

Nest (BX): 19 marked ants, 102 unmarked ants (70 were dissacted,
14 sgg-layers), 1 egg, 14 Tarvae, 63 cocoons,

.Nest (BZ): 5 marked ants, 24 unmarked ants {of which 1 egg-

layer, and 1 catlow), 55 eggs, 13 larvae, 44
COCOONS.

The activities of many marked workers were monitored in
detafil. A few observations of unusual behaviour by carrier ants
are presented, each followed by some axplanatory notes. The
marked ants belonged to colony two (#) or three (5}

(a) Ant #7 was a carrfer from (C) to {D). During the
initiation of nest (E}, 1t was 1tself carried from (2) to (E} by

#4. Eighteen minytes later #7 was seen in the entrance of (),

which fndicates that 1t walked directly from (E) to (C). On

subsequent days #7 was never active in (E), but was now carrying
adults from (D) to (C), ie. in the opposite direction to that

which #t had used, prior to being transferred to (E}.

This account suggests that when experienced carrier ants are
themsel ves transferred, thefr behaviour is not aiways aitered in

the same way as for other ants, fe. they do not remain active in
the new nest. Ant $7 quickly left the nest into which it had
been carried and returned to a nest in which 1t was previously
active; such an ant appears to be very familiar with large parts

af &k ma wanns nf i1te colanv.
we i - W FWw W s woTap Y

{b} 0%n3% $117 was carried from (R) to (P}

0%h49 $117 came out of {P}
09h52 $117 entered nest (R)
Q9h53 3117 discarded a woist peliet out of (R}

10n18 $117 entered (P)
10n29  $117 discarded a moist pellet out of (P).
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On previous days this ant had already been a cleaner in both (P)
and {Q). 1t did not initially remain in {P) subsequent to being

. .

transferred there, but weni back to its rormer nest,

{b) Day 52A 0837 $#41Z entered {T) with its racruit

08h#2 $412 was now around (W), fe. 1t did rot go
immediately back to (Z)
09h22 $412 entered (T), coming from (Z)
10h24 to 11h05 $412 carried two cocoons and one
adult from (T} to {W)

Oay 53A 11h01, 12h04  $412 carried an aduit, then a larva,

from (W) to (I}
1Zhd0 $412 carried an adult from (I}
13h28 3412 carried adults from (T) t

T

PR i e

Day S4A $412 foraged and carried adults

This is a carrier ant that was successively active in four nests.
There was no pattern to its transfer of adults and brood, and

this was unusuai.

{¢) 1550 370 was carried from (P) to (Q} by $97

16016 $70 transferred $11 from () to (P)
16h22  $70 entered (Q)

-

16h24 WWWLM—

16h26 370 transferred $62 from {p) to (Q)

After being itself carried in one direction, this ant 1mmediately

carries 2 worker in the opposite direction; 1t resumed transfers
in the expected direction after a short episode of nest

sanitation.

2.4.7. Colony ldentity

A nuwwneemwabnmmnts

betonging to different colonies, On the one occasfon one ant

dragged another by the antsnnae for 14 m: the dragged ant did not

struggle. They stopped a few times and the aggressor attempted
to sting the other. They later broke away and each walked in
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opposite directions. In anather instance four ants were
invoived in a conflict; the two ants in the middle held each
other by the mandibles, while on the outside the other two ants
each held a 1¢g. _ There was frequent antennation and at times

_ stridulation, and the ants in the middle tried to sting each

other. When they broke up the two parties ran away from each
other.

Inter-colony encounters were predictably more common between
the foragers, since many of these were active at Lhe edge of
their colony's home range. On one occasion, a2 marked forager
From & colony under study was active some distance from 1ts nest.
It met an unmarked ant (1e. from a different colony) and there
was 2 short-lived interaction. The unmarked forager found a
teraite, but this was then stolen by the marked forager. There

~ was & short chase, but no subsequent 2ggression,

Some of the nests in colony two were separated by Targe
dicstancee, Anaother colony was present in this immediate area,

LA o the b 4L L < Ml

and the axfis of Tts nest compiex lay perpeadicularly across the
corridor jofning (A)},(C) and (E),(F)} (Figure #4). This
approximates Brown's [1975) concept of “interdigitation of
pathways®; parts of the colonies' home ranges consist of narrow

pathways between the parts most used. During the transfers

within these two colonies, there was a potential for encounters
between alien ants, because the areas of recruitment activity

— {eg, between {A),{C) and {E),(F]} averlapped.

Aaarascive fnteractions were sometimes observed between

TIsgyT MW T =

marked ants which belonged to the same colonfes. The following
descriptions are & representative sample of the encounters

observed. in aii instances the behavioural record of marked
workers respansible for the evictions revealed that they were

normaiiy active above ground.

a} Ant #4 was held by its mandibles after being dragged out of
nest (C}) by #43. Apart from sporadic bouts of rapid antennation

~_and attempts at stinging, the ants remained in this position for

about 50 minutes. [ separated them, #4 walked to (E) and M3
returned to {C). Ant #4 was at the time involved in carrying
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adults from (D) to (E).

b) Ant $218 was carried from nest (R} into nest (Q). Seconds
Tater $218 was dragged out of (Q} by $124 and released a few
metres away. After having walked back into (), $218 was again
evicted from this nest by two other marked ants, and was dragged

to a distance of 15 m from the nest entrance. Ant $218 had
never been seen above ground before; it had been marked after
being collected inside {Q).

c) Ant $87, covered with Tine dust, had just walked into nest

{P), and was thes dragged away by $65 {a forager), After being

released it came back into {P), and was evicted by $84 and $206.
Ant $161, which had eariisr been excavating in (P), was also
evicted from this nest by $84, A few minutes Tater 5§87 was
again dragged out of (P}, this time by §102.

d) Ant $15, which had just been marked, was released in its

nest. It was dragged out and dropped 6 m away. $15 was back
foraging in this nest later on in the day.

Colony recognition was explored further by confining workers

longing to different nests or colonfes together, and then

observing their interactions. All the tests were conducted in a
plastic arena (27 x 35 cm) with the bottom covered with sofl from

the area. Foragers were always selected so that the workers
fnvoived were roughly of the same age. Pairs of workers from
the same nests wers used in each test, To ¢o t

trast the

interactions between nestmates and aljens.
As the ants were released into the arena they soon met up and
there wers distinct antennations; these encounters were timed

and the subsequent behaviour monitorad. A number of
cosbinations of pairs of foragers were tested: (1) different

LWiJEPIVE Wi Wi

nests from the same colony (n= 3); (2} nests from diffarent,
but adjacent colonigs, where it was suspected that colony fission

had recently taken place (= #); {3} nests from differsnt; more

distant colonies (n= 3).
= PR —— ey 1)

The tnitiat interactions between wor from di fferent

-k
L LI

colonies were characterized by prolonged and yigorous antennal
“boxing" (Ward 1983); in subsequent encounters between the sime
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individuals the duration of the antennations decreased. Some of
the bouts of antennal boxing resulted in one of the ant adopting
2 submissive posture (see 2.3.6.). In contrast the interactions
between nestmates were very short-1ived (except for the first

~ confrontation), and they were of a different nature. Thus it

was clear that the ants can recognize fndividuals from other
colonfes, When ants from distant nests within the same colony
ware tested, their Interactions were sometimes initially slightiy
longer than those between inhabitants of the same nest. After a
few minutes however there were no more differences in the
duration of the interactions.

At the beginning of the tests there was no overt aggression
betwesn foreign ants, and they would walk away after their

inftial encounters: after about five minutes however these

— repeated confrontations became more physical. There was
momentary contact of the mandibles, the ants nudged heads or
stood ovar one another's thoraces. Fighting sometimes followed;

one ant held the other's mandibles (or their antennae or petiole)
and 11fted 1t off the ground, and other ants were dragged around.

Tests fnvolving adjacent and distant colonfes gave sim
results.

- 2.5. Discussion

2.5.1. Age polyethism

Age polyethism s & well-known phenomenon in the higher ants

yar hasn ~lanr]w
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{Wwilson 1971, 1976, Sudd 1§82}, but it has ne
demonstrated in the Ponerinae. Bonavita and Poveda (1970}

showed that, fn Mesoponera caffraria, some ants are foragers

while others care for the brood. This division of Tabour s not
a function of worker size (workers are wonomorphic in almest all

—poumlwsm that the behaviour of the workers

changes with age. [n contrast, Tranfello {1978) revealed that
particular kinds of worker behaviour are independent of age in
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the primitive Amblyopone pailipes. The reason for this is that
a single brood per year is reared to maturity, making behavioural
flexibiiity necessary. The uniform age distribution in the
colony makes age polyethism impossible. In contrast, age

differences occur among the workers of 0. berthoudi {eggs are

laid throughout the year, see 3.3.1.), and this allows for a
different form of division of labour.

Age polyethism accurs in 0. berthoudf, As the sterile
workers age they change their roles according to a predictable
saquence.  The youngsr individuals are confined inside the nests

for an unknown period of time; even after they have been carried
between nests they remain underground. Over a pnriod of & few

P R o S e |

weeks, marked workers in colonfés two and three {2.4.3. and
2.4.4,) progressed from Innendienst dutfes or excavating to

- amls b ey |

foraging. Aimost every diy, Oneé Or & few unmarked ants appearsd

outside the nests of colonies under intensive investigation.
Their first above ground exposure often occurred while they
worked as excavators; alternatively such ants repeatedly
explored the immadfate vicinity of the nest entrance and went in
agafn, [t 1s suggested that a consequence of the succession of

roles 1s a progressive gain in above ground experience, Asa
cleaner walks some distance away from its nest to drop pellets,

ft orientates to the surroundings. — Carrfer-ants are able to

locate at 1east two nests in a colony, while foragers can venture

ioi din F o am wwmam

away to sometimes distant hunting grounds.

The ants that were collected inside the nests with a blade of
grass (Table 2) were not of uniform age. This was evident for
two reasons: (1} when brought out of their nests, some unmarked
ants ran strafght back inside while others remained outside and
behaved aggressively; (2) after having been wmarked some of

thase ants appearad above ground during the next few days, but
others wers never seen outside the nests during the rest of the

Same a“wmwmmﬁﬁ.—%ewmm

behavioural differences are a reflection of varying ages.

Bonavita and Poveda (1970} remarked that thes emergence of new

adults fn the nests of Mesoponera caffraria may stimglate the
older Innendienst workers to become active above ground,
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Wilson (1976} studied age-correlated changes in behaviour and

distinguished between two systems of organization: continuous

{one age-group of workers for each task] and discretized (few

age-groups, with workers from each group attending to more than

one task). The age of the individual workers of 0. berthoudt

could not be accurately detarmined and thus {t {s not feasible at
presant to categorize this species' caste system in such detail.
In addition, there were only four distinct above ground
activities in this species. The following points may be noted
however: (1) some ants appear to miss stages in the behavioural
sequence, «g. they shift from cleaning to foraging; {2} certain

ants perform more than one role, and this may be 1 stage along

the behavioural progression; (3) there is considerable

variability with respsct to the levels of activity of different

individuals. The marked workers that were observed over periods

of 2 few weeks {colony two and three) took different Tengths of
time to change from one activity to another. The substantial
mortality of workers active outside nests (see 2.43. and 2.4.4.)
suggests that there is a need for a high replacement rate of
older workers by Innendienst ones. Porter and Jorgensen {1981)
suggasted that the strong givision of 1abour between "interior

and exterior workers” fn Pogonomyrmex owyheei may protect the

—mwwﬂwwmmﬂlﬂLuKMrior

workers; there {s a high forager mortality in P. owyheef,

2.5.2. Recruitaent between nesis

Workers of 0. blrthoudi do not use chemical trafls on the

substrate for recruitment. Foraging and other above ground

activities are undertaken independently, and the ants appear to
nopy orientation

(which has been documented in the ponerine Paltothyreus tarsatus;

#olldobler 1980), and time-compensated sun orfentation may also

be invoived In the ants' navigatiom Individuals may spot-mark

while they are unfamilfar with an area; while the exact
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significance of this behaviour is unknown, 1t does not seem to be
involved in the recruitment of other individuals. This lack of
specialization contrasts with the weii-deveioped traii-laying
ability of other members of the same tribe {e9. Megaponera

o wmam

foetens, Leptogenys; eg. Fistcher 1973), as weii as their use of

tandem-runnfng {(eg. Pachycondyla tesserinoda, Maschwitz et al.
1974; Dinoponers gigantea, Qveral 1980).

There are no semi-permanent trafls between the nests of a
colony in 0. berthoudi, and this is in contrast with the
situstion in many polydomous specfes of higher ants (eg. Lasius
sakagamii, Yamauchf et ai. 1981}, in which nests are connected by
above ground paths.  Contact within the colonfes of 0. berthoudi
1s maintadned by carrying aduits and brood beiween the nests.
The physical transfer of ants is a form of recruitment. An ant
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that §s transferred to a new nest remains in it; ifitis a

worker active outside, it will return to this new nest after
performance of 1ts above ground task. In addition the ant being
carried 1s provided with visual orientatfon informatfon; older
workers were able to walk back to the nests from which they had
priginated, and thus additional knowledge is gained of the

colony's home range. Harkness (1977) interpreted one of the
functions of the carrying of individual ants in the formicine

Cataglyphis to be an sgducational procedure”, enabling workers to——————————
Jearn their foraging territories.  Haskins (1970) reported that

———————— . o L

“deportation” of adults is & common and stersotype

many higher ponerines.

Moglich and Holldobler (1974) described social carrying
behaviour in ants as & primitive recruitment technfque used
during nest emigration. In p_.htrthuudf. social carrying has
additional functions. e may differentiate between three typss

of inter-nest transfers: (1) evacuation of workers and brood
during occasfonal nest emfgration - this 1s & mass avent usually

inftiated by 2 number of carrier ants (see 4.3.3.); (20

settiement of new nests, which is part of a norma?! process of

colony expansion (see 2.5.3.) - 1n this case recruftment of

particutar categorfes of workers seems adaptive; (3) normal,
almost routine, transfers of adults and brood between existing
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nests. The last event 1s not yet completely understood. Eggs
are 1aid in every nest (see Chapter 3), and thus there 1s no
Obﬁélii ﬁééq rur u?ﬁﬁu ui‘iﬁsiii‘- Thars =iglhf ha fﬁff.h-nﬂnt

betweer the nests with respect to (1) microciimatic conditions

for cocoon development; (2) food availability for larval growth,

due to 1ocal termite avaflability and numbers of foragers; (3)
ratic of nurse ants to brood. However, the distribution of the
colony workforce and brood in the establ{ shed sub-units cannot ba
optimized in relatfon to these properties, because the
recruitment activities are not coordinated.  With the exception
of occasional mass effects the carrier anis work independently,
and the regulation of their transfers at the level of the colony

is impossible. The recrufters seem to behave selfishly by
trying to eniarge the population of their own nests, apparentily
at the expense of other nests, I thic context the category of
T worker that is imported is thus not important.  Furthermore it

1s suggested that the transfer of brood, and also termites,
occurs when suitable adults are not avaiiabie.  Ultimately the
only concrete effect of carrying 15 that the older ants or{entats
to the various nests of the colony. Through this recruitment
process many older workers become active in more than one nest
{Table 5), and this in turn generates more inter-nest transfers.
—TWWWHMLMMM of one

colony (eg. 2.4.4.; colony three, third observation period), and

this maintains colony cohesivenass,

Recrufters can select jndividuals of a simitar age during

bouts of carrying, but the basis for this selection {s not always
clear, As said above, selective recruitment seems to be
adaptive only in the context of the colonization of new nests.
There may be 2 pheromonal dbasis for the recognition of age and
reproductive status. The mandibular gland secretions of
queeniess honeybee workers vary according to social position, ard

aomponents produce
distinct signals ({(Crewe and velthuis 1980). A gas

chromatographifc analysis of the mandibular gland secretions of 0.

berthoudi was conducted using WWFHM

as well as functionally-reproductive ants (see Appendix D). The
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relative proportions of the various pheraomonal components in
fndividual extracts were found to vary between the different
categories of nestmates. The chromatograms in Figure 6 reveai
that components with identical retention times occurred in
different quantities (quantity 1s determined by integrating the

area under a peak). However the components of the mandibular
gland secretfons were not chemically identified, and thus these
conclusions must remain tentative. It is suggested that the

carrier ants can recognize the different pharomonal dlends, and

that a p r signal i: remembered from one transfer to the

next.
Carrying 1s preceded by & distinct antennal interaction which

seems to determine whether the intended recryit will take a
submissfve posture and allow itself to be carried. The
intensfty of the antennation may be reiated to the respective

ages of the participants (perceived pheromonally), as well as to
the motivatfon of the recruiters. When a recruiter interacts
with an above ground worker, they would both release a very
similar exocrine signal, Additional information about the
nal fdentity of the recruiter, its eagerness to carry, and

Kin & A
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its experisnce would need to be transmitited by tactile signals.
Not all fnitiation {nteractions are followed by recruitment. In

a number of Instances one recruiter could not initiate carrying
with a particular individual, yet the latter was successful iy
carried by another recruiter minutes Tater. Behavioural

observations of ants with known occupations ravealed that
foragers and other recrufters were usuatly carried only by
experienced recrufters. VYery few foragers were carried between
nests. Thus ft seems that both chemical and tactile
comaunfcation are involved in the fnitfation of carrying

In 0. berthoudf nestmates and brood are physically
transported within complexes of nests. The importance of this

socfal carrying iiwrmﬁ-twﬁﬂdmwam

nests as well as between existing nests. Colony integrity is

,,,,,,,,, sndemn iy lﬂd f;i!ure

maintained through this frequent fnter-nes t movement,
of the latter may 1ead to colony fission {see 2.5.5.}.
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Figure 6 ©Gas chromatograms of the mandibular gland secretions
—oLt;m functional categories of workers of Ophthalmopone
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berthoudi (a} Innendienst workers, {b) foragers, (c) breeding

workers. Numbers printed above the peaks represent retention
rison of the three
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i1ad n Appendix D.
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2.5.3, Polydomy and colony expansion

This study represents the first published record of the
existence of polydoay in the ponerines. What 15 the arigin and
adaptive significance of the polydomous organization of this
species?  These ants occur in hard clayey soil, and they do not
seem capable of excavating their own nests because of
inadequately-shaped mandibles, It appears that they inhabft the
abandoned parts of termite galleries, and oniy perform minor
alterations to these. When the population of a nest has grown
to a stage where space becomes restricting, the workers cannet

il . o e A Svmaa

enlarge the underground Chambers and they have (o expand 1nto an

additional nest. [ propose that this is the driving force for

A E e 4w n phumbhaw AL aasdhs Tihd o d=
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supported by the excavation 1n July 1981 of a nest which yielded
over 840 adult ants; this was almost twice as wmany as in the
next biggest nest found, and it roughly equalled the population
of a myulti-nest colony. The particular architecture of this
nest may have made growth possible without the need for extra
nests; this nest did not seem to be part of an exfsting

complex.

How 15 & new nest started? Foragers are the oldest andmaost —

experienced workers in a colony, and they are familiar with their

ﬁﬁﬁtfﬁg grounds. They often enter holas or cavitise in the
ground while searching for termites; 71t is 11kely that some of
these hotes lead Into unoccupied networks of gallerfes. A
younger forager with an appropriate motivation to recruit could
find & suitable sfte, return £0 1ts nest, and start carrying
other workers to this new site.  Above ground workers are
transferred first, and some of these in turn proceed to Carry

other workers to the new nest. It fs only at a latar stage that

— Iannendienst ants and brood are carried. {0ifferent sets of

recruiters were invoived during the initiation of nests (E) and
{F} {colony two; see 2.4.3.), and this is & reflection of their

AN J Twwy L]

simuitaneous association with different parts of the same

colony. The transfer of reproductive fndividuals (Chapter 3} is
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an important part of the settlement of newly-established nests;
one #99-layer was recruited soon after the start of nest (AF) in

alasy ana fleasa 2 4 2 4 T ralanu four l’cnn >4 &1 nasi re7i
\»Ul\r IJ Wil [ . L .""L"' &Kl \IVI\!I!J' L] bl"'.v.', 1 W LU

was excavated a few hours after it had been established: there

s a-‘lu Aans ase.] ven jﬂnnn ite 20 inhahitanie, Annthar aaw
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nest was examined during April 1983, and many ants recruited to
1t after one day were egg-layers; after excavation 28 of the 74
inhabitants ware dissected, and this yieided 9 egg-layers. Thus
the transfer of reproductive individuals seems to occur at
various stages of nest colonization, provided that there are
already a certain number of labourers in the nest,

On & number of occasfons workers that were recrufted to a new
+ changed their role (Tables 6 and 7); this may be a responge

Ll -~

the new contingencfes that arise in an incipient nest with an

ur force, eg. toms Innendienst workers become

T Wi Wy

active putside the nests. The organization of activities seamed
to be based on mass effects, eg. five workers suddenly started to
excavate in nest (E),

The composition of nest complexes changes fraquently; during
the intensive study of all four colonies new nests were started
and others abandoned., The dynamic turn-over of nests over &
period of time was accompanied by the movement of adults and

 brood from unit to umit. It 1s suggested that ants evacuate an

existing nest when it becomes unsuitable or after it has been
attacked {eg. underground invasion of myrmicine or doryline

ants}. An adunmﬁlmtwm
being destroyed, oOther nests in the coloay are permanentiy
available to accomodate fieeing ants and their brood.  Polydomy
in this specias does not always sesm to be associated with a
strategy for the efficient exploftation of terwite rasources in
the area around the nests. Foragers did not always hunt in the

vicinity of their own nests; they sometimes travelled long

 gistances to huat in areas where they ware previousiy active,

nearer other nests in the colony.
In this study, detailed data were obtained on the behaviour

of the Tadivi duals that move between the nests of a polydomous

colony: such data have not been available in previous Formicid




§7

works. Little is generally known about the organization of
polydomous colonies. Different functional categories of nests
can be recognized on the basis of the direction and intensity of
food, brood and workers exchange (Pisarski 1973}  Cherix (1980)
reports that the iarge *super-coionies” of Formica ulml"li ire
arranged into sectors. Sectors are made up of a main nest
connected with smaller nests as well as seasonal nests; these
are produced from the main nest by budding. The sectors are
1inked by permanent paths, and thus the hundreds of nests in the
“super-colony” remain part of an integral unit. In contrast,

there is no movement of ants between tha sectors in Formica
exsecta (Cherix ot al). 1980). In Lasfus sakagamif the smaller

number of nests are arranged according to a simiiar patiern, and
there are weak territorial boundaries among colonies (Yamauchi et
at. 1981} pisarski (i973} reports that there is als0 an
inter-nest movement of Innendienst workers in Formica, and this
has seldom been documented fn other studies.

Polydomy has often been assumed to be a strategy to colonize
certain harsh habitats or to withstand interspecific competition
{eg. Holldobler and Wilson 1977, Werner et al. 197%). Wilson
(1971} thought that “unicolonialism” permits the rapid growth of
populations in habitats that are relatively free of competitors

—mmﬂmm.—%ﬂﬂehmlw&i

berthoudi, whers polydomy seems to have evolved as a consequence
.......... e T +thie nhu1nrl.-n-t'irl'l'|v
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primitive ant spscies, 2 compiex organization has evolved which

links sometiwes-distant nests Tnto one distinct colony unit.
signiffcant differences with the polydomous colonfes of
formicines inciude the dynamic pattern of nest establishment, the
¢mallar number of nests and the extensive interchange of nest
members as opposed to that of food.  As will be seen 1n the next
saction, peolydomy in 0. berthoudi 1s not assoclated with a

reduction 1 Inter=colony hostility.




2.5.4. Nestmate recognition

While there is amicable cooperation between the members of

the same colony 1n eusocfal insects, this altruism does not carry
svar to intercolony interactions. Nestmates must De
distinguished from aliens, and this {s usually achieved through

the recognition of a colony odour (Crozier 1979). Greenberg

{1979} demonstrated that odours are genetically gpecified In

Lasioglossum 2ephyrum, and thus the simitarity of the odours of
nestmates s correlated with their degrae of relatedness.
Howaver jndividuals do not use their own odour as a reference for
nestmate recognition (Buckle and Greenberg 1981). They Tearn

PO

the odours of their nestmates and this ieads to a “nesimate

recognition memory” which stores the odours of all the bees In a
nest. There 1s no transfer of odours among nestmates (Buckle
and Greenberg 1981). It is not yet clear whether nestmate
recognition in the ants is regulated ina similar way, becauss

thetr colonies are much more popul ous.

The wmembers of a nest complex in 0. berthoudi share 2
distinct colony 1dentity and they can recognize workers from

foreign colonfes. As 2 consequence there are also distinct howe
ranges; these can be described as that area around the nests in
which the foragers are active. The exclusivity of the home

ranges varfes with the distance from the nests. The densfty of
above ground workers {s higher {n the proximity of the nests, and
thus a foreign intruder 1s less 1ikely to go unchallenged. This

small part of the home range approximates & terrttory. The
adaes of the home range are less well defined and thus there way

TUPEI VI ke e

be overlap with other colonies; this is where interactions
between forefgn ants often occur.  Areas of great termite

activity, eg. disused rivinoceros middens, canbe explofted by

The recognition tests (see 2.4.7.) were used to

foragers from diffevent colonies.
warna uead to eimuplat
this

foreign interactions and study the di scriminating ability 1n
species.  Haskins and Haskins (1979) used a similar methodology
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to study colony identification among workers in different
populations of Rhytidoponera metallfca. In 0. berthoudi,

jnitial encounters between aiien Toragers were often followed by

avoidance rather than aggression, but this 1s no measure of the
distinctness of the ants' identities. When aifens meet away
from their respective nests they probably run away from each
other, Confined in the test arena the repeated encountars
often led to aggression. Hermann and Young (1980) found a
similar lack of conspecific aggression fn natural populaticns of
Paraponera clavata, and attributed this to territortal
partitioning during foraging.

How can the existence of a polydomous organization be

reconciied with the notion of colony Integrity?  The significant

amount of adult exchange between the nests maintains the

cohesiveness of the colonies. Many of the ¢lder workers are

active 1n more than one nest, and this means that they are abie
to learn the total range of odour varfation in the colony.
Intra-colony aggression was observed {see 2.4.7.}, revealing that
jndividuals from another nest in the same colony were sometimes
mistaken as foreign. These were rare events, but they Indicate
that varfatfons in the odours of colony members do occur. Those
Individuals that evicted visitors from elsewhere in the colony
44444444‘7‘ﬂf1ﬂﬁ%‘b!!ﬂ‘iﬂfkﬂfi‘fhit—HtH&4MH%3!tﬁ#Cti¥!—ﬂlJﬂH$LIhln4ﬂn!

nest. The fact that it has been suggested that young adults do
{ag. Holldobler and Michener 1980,

Crozie
berthoudi, which are often confined to a single nest, do not

evict visitors from other nests.

The physical isolation of nests that is associated with the
avent of colony fission (see 2.5.5.) gradually leads to their
{ahabf tants becoming unfamiliar with the odours of the meabers of
other nests. The divergence in "colony odours® 1s accentuated

"‘““‘4ﬁifﬁh4t1ﬂer———ﬁs—ﬂlﬂ—gIﬂ!rdtiﬂnignfgiﬂrkltigjpDﬂlr. novel

individual odour variants are introduced into their respective

colonies. The development of new colony {dentities following

fragnentation was confirmed by testing the recognition abilities

of ants collected from adjacent colonfes. Thres months after




60

the occurrence of the events mentfioned in 2.4.4, {p. 40},
{nhabitants from colony thres and nest {XX) recognized each other
as foreign.

I1f there is a genetic basis for the production of nest
odours, than the relatedness between nestmates must be

considered. This will be done in 7.1., after the data on the
reproductive structure of these colonies have been presented

{Chapter 3).

2.5.5. Colony ganesis

Most queenright ponerines found colonfes according to a

= g am

forages from her nest at perfodic intervals In order to feed the
first generation of larvae. This is thought to be the ancestral
Formicid mode of colony multiplfcation. This pattern of

progressive provisioning has given rise to a2 wore specialized
behaviour 1n the sajority of higher ants: the queen isolates

herself completely and feeds her brood by breaking down her wing
muscles. This fully-claustral pattern of colony foundation 1is

onty found in one ponerine species, Brachyponera lutes {Haskins ———
and Haskins 1950). By contrast, fn those species which lack
true queens, there is the detachment of small parties of workers,

including one or more fertiifzed {ndividuals, from older colonies
(Haskins 1970},  Colony fission has been documented in very few
ponerine spacies. Overal {(1980) observed an incomplete

emigration to a new nest site in Dinoponera gigantea.  Some of
the brood from the original nest were carried across the short
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distance (5,5 m) between the two nests, while pairs of adults
walked in tandem. This aigration was completed tn one day.

However, Ovaral did not {nvestigate the reproductive structure of

the two resulting nests, and his study was too short to establish

s mmabnmdk habkossns Fha Fuh g_ﬂ‘its= I!‘!

whether there was any further contact beiween tne 3¢

the Rhytidoponera impressa group, Ward (1981b) reported that
thare is 1ittle information on the frequency of colony fissfion in
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worker-reproductive colonies, and on the size of newliy-budded
daughter colonies. The process of colony fisston is difficult to
distinguish from the movement of a colony from one nest site to
another, MNard observed small, isolated clusters of workers and
brood in the Tield; In eqch of the twy cases where warkers wern
dissected, only one individual was inseminated,

Folydompus colonies generally rely on budding as the
principal means of reproduction {Wilson 1971). This is
especially so when gqueens are present in every nest that belongs
to acolony. The actual mechanism of this fragmentation has
seidow been detalied in any formicids., Zakharov {1%72; in
Werner et at, 1979) described coiony fission in Formica as
foliows: the exchanges of workers and food between main and

secondary nexts decreass and stop entirely after 2 while, leading
to the creation of colonfes hostile to one another and possessing
thelr own territories. Colony fission occurred similarly fin 0.

berthoudi, A praviousiy-cohesive complex of nests (fe. colony
two, tee 2.4.3.) split and developed Into two distinct colonies

over a number of months.
The characteristic feature of colony two was the occurrence

ol ok PR TE o mrias Fmaw bha Abhawv Baske fl.'.‘tinnh- ] A s
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beginning of the March-April 1981 observation period there were
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few days nest (E) was initiated and Tts inhabitants originated
from nest {D). A3 a result, many of the workers which had been
recrufting adults and brood from (A),(C} to (D) mow became active

between (D} and (E). Some two-way transfers between (D) and
(A},(C) sti11 occurred however. No recruitment was observed
between (E) and {A),{C). A month later transfers were no longer

observed between these two distant sites (now made up of nests

St 11V amad f0V I0Y fHY LTY unln.rti\;.‘lu\' all the marked
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fnhabftants {except one} of these itwo groups of nests had

belonged to previous nests that were in the same sitee (in

Aprit),  Similar results were again obtained in July. One can

hypothesize that the transfer of adults and brood between the two
grouns of vests gradually stopped soon afier the march~Aprii

observation perfod. The two groups of nests became isdiated
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from one another because the above grownd workers remained
associated with their own nests or others in their more immediate
viginity.

The fraguntation of nest complexes occurs accidentally in

t'ﬂii i‘m‘ 'us’ “u& |5 caﬁ ‘# p“ EGteé hﬂ' ‘E".’!‘!"HI ‘F!Ct.@"!= Th.

establishment of a relatively distant nest Tncreases the Chances
that socfal carrying will eventually stop. There are no
permanent paths between indfyidual nests and the Tatter are
linked together exclusively through the activities of individual
carrier ants. As recruiters die or become foragers more
transfers occur less frequently, unless younger recruiters have

also become active between the same nests. If recruiters that

{nhabit an outlying mest become involved in the settlement of yet

another aest (2g. nest (E} in colony two}, this will also result

in fewer contacts with the parental units. With large

distances, the probability 1s smali that wandering recruiters or———
foragers will {ndependently locate other nests of the same
colony. Furthermore, di stant foraging areas will not overiap
and as older foragers (which were used to foraging in the
proximity of thelr previous nests) disappear, contacts between
parts of the original home range will cease. Distant nests do

not always bDecome isclated however; nest (2) remained an
‘Wealonﬁhmdml&&ind Figure 5) despite

1
being 23 m awdy. The eventuality of colony fission is

Jltimately determined by the amourtt of unoccupied space around an

existing nest complex. Emnﬂmnsﬂ%ﬁwe

excavation of entire colonfes ware occupied by nests frow

adjacent colonies within i0-15 months.
Colony fissfon will be di scussed further in 7.1., when the

results on the reproductive structure of the colonies of this
species are integrated with these ecological and behavioural

data.
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CHAPTER THREE  MULTIPLE BREEDING WORKERS, INSEMINATION AND
THE CONTROL OF REPRODUCTION

3.1. Introduction
The replacemant of the queen caste by worker-1ike in
fn many ponsrine species (see Chapter 1) changes the nature of
the significance of worker fertility. Worker Jaying 1s observed
in many formicid species and usyally has a dyal function. 1In
some cases workers are the maJor source of males (in Myrmica,
Smeeton 1981). Some workers in other species also lay trophic

eggs which are used fn the nutrition of the quesn or of the
larvae {Wilson 1971), Thus the workers can only increase thair
classica) fitness (as opposed to thefr inclusive fitness, where

thelr labour benefits the gqueen) through the production of

hanlaid agas. A& rasenn Far thie 1t that worksrs in mact hiohsaw
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ants either lack a functional spermatheca or are behaviourally
unable to become wated {Brian 1979). MNon-mated workers can

produce other workers (and queens) through thelytokous
parthenogenesis, but this only occurs Tn very few species; it is
well-documented Tn Catagiyphis cursor {(Cagniant 1979], while the

data for Qecophylla longinoda are equivocal {Ledoux 1950,
Holldobler ang Nilson 1983),
An understanding of the regulation of worker laying is

necessary to interpretc the quesniess reproductive pattern.
pueans of euctocial insects are usually able to modify the
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physialogy and behaviour of the workers, and an {mportant
manifestation of this 1s the control of both the productfon of

males by workers and the development of brood into female

sexuafs, through the differential treatment by workers (eg. Srian

e oom . am aa e i m m

1979). In the formicids the nature of thé queen Tnfluchce is

s$t#1) ynder debate; recent work reveals that it 1s often 2 non-
volatile pheromone produced from exocrine glands located in the
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head or abdomen (eg. Monomorium pharaonis, Berndt and N1tschmwann
1979; Plagiolepis pygmaea, Passera 1980). The power of the
inhibitory effect of the gueen's pheromone is seen in Decophylla
[ET e I I LT omnn calh omem - rpraegraper o o g I §

lrlﬂllWl!l!l" nnu lllilil'ﬂ .1.700], wigEr'Y 'I-UIUHIED are 'AEEPBlUﬂIItJ‘
large and distributed in wany nests spread over sxtensive

[ N W N R W WTO R NN O W e W N g e

arborea’l territories. ru:n:, the MUNURYTIOUS JUEEN SUPPrEIINs the

production of males by any of the workers. The queen 13 very
attractive to major workers, and her dense retinue of workers
frequently 11ck the surface of her body as well as regurgitate to
her; this creates the assentfal ¢ircumstance for the spread of
priser pheromones. Holldobler and Wilson (1983) found that the
presence of the quesn does not ectually inhidbit ovarian activity,
but rather restricts development to trophic eggs. The

———inhibition of the reproductive activity of workers is also
evident 1n various queenright ponerines. In Rhytidoponera

i il i n -nn‘l.-: [T Ml fh.-. ars Aanu
wir Ty VUL VIIRIE = UIIIJ

PRy g Y

purpwea, ﬂumtr-l'lilu YN ,ur- rise

produced when queens are absent (Haskins and Whelden 1365}, In
Odontomachus haematodes (= 0. troglodytes, Srown 1976), queens
inhidbi1t egg~laying 1n the workers. Thus there 1s an apparent
reproductive conflict (Trivers and Hare 1976) between the two
castes. Much of the dats available lend support to the idea
that the reproductive altruism of the workers is maintained by
parenta) manigulation (Michener and Brothers 1974).

The reproductive biclogy of very few queenless ponerine
species has been studied in detaf). Haskins and Whelden (1965}

showed that in those species of Rhvtidosonera lacking a queen,

SIIVNEY wiTE w - o oww el

workers and males are produced by “workers"; tﬁiﬁ—ﬂ}q found
in Dinoponera grandis (Haskins and Zahl 1971},  The approach in
both these studies was to isoiate groups of ants (with broods of
larvae and cocoons! and to mositor oviposition as well as the sex
of the new brood produced. These authors did not dissect any
ants and thus could not determine the exact pattern of male and
worker production,  Whelden (1957, 1960) was the first to

demonstrate conclusively that 2 normal fertilization mechanism is

involved in the production of fewmale eggs by workers. He
examined the spermathecae of workers in three species of

Rhytidoponara WWWWW
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jnseminated in each sample. A further advance has been Ward's
(1961b, 1583) detailed study of the Rhytidoponera impressa group.
He made exhaustive dissections of all non-aggressive workers in a
number of queenless colonies and determined that there were 2
number of mated reproductive workers per colony. Aliozyme

— ctudies showed that there was a low level of relatedness between

nestmates fn such colonfes. Ward (1983) did not however

elucidate the factors that 1imit "mating and diplotd

raproduction™ to a small proportion of the workers in a colony.
It is as a result of the lack of external differences between
egg-laying individuals and sterfie workers that many features of
queenless breeding biology are unknown. Some of the critical
questions that need to be answered are: Can all the workers

become reproductive and 1f so, what controls the differentiation
within the worker caste? Are all the mated workers active, or

—fﬁmosmeHelkmhiMthﬂlth! behavioural

domination of others? Who lays the unfertilized eggs that

develop into haplold males?  Are there seasonal fluctuations in

the number of mated workers in a colony? In this study, the
organization of a breeding system was infarred from the pattern

of seasonal change in the rtprouucnu pupl-ncl.wn tAdtT wWas
determined by the dissection of indi vidual workers.

3.2, Methods

3.2.1, Fleldwork

Colonies of Q. berthoudi wers collected from Mkuzi Reserve at
different times of the year, Thirty four nests were excavated;

L o dkeaad faw ad lazet 2 faw dlvt

over a third of these had been monitored 708 &T seast &

and contained marked ants with 2 behavioural record (see Chapter

2). Care was taken to coliect every ant and most of the brood.

In the majority of excavations digging only stopped some Time
aftar the 1ast ant had been found; a few nests ware left open

WHMHMMM from concealed chambers.

Additiona) ants that were performing particuiar activities above
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ground were also collected and included in the samples for
dissection.

3.2.2. Laboratory study

Cocoons were opened throughout the year and pharate adults
sexed and examined for wing buds. Abdomens were dissected under
Ringer's solution {Bradbury 1%73); the ovaries were examined and
categorized as being developed or undeveloped.  [ifferences in
activity between the ovaries of fertile ants were documented by
recording the occurrence of mature eggs in the ovarioles.
Spermathecae were scored for the presence of sperm with &
compound microscope; tater this could be done under the
dissecting microscope, becauseé ihe Clump of sperm gives the
spermatheca a distinctive appearince. The following body
measyrements were taken using a micrometer eye-piece (these
partly follow Bolton 1974): (1) head width, the maximum width of
the head weasured anterfor to the eyes in full-face view; (2}
head 1ength, the straight-1ine length of the head in perfect
full-face view, measured from the mid-point of the anterior
clypeal margin to the mid-point of the occipital marging (3)
Tength of the first gaster segment, the length of the dorsal end,
measured from the anterior to the posterior edge in side view;
(i) meight of the first gaster segment, the maximum height
measured from the dorsal to the ventral edge in side view.

Large samples of adults from 20 nests were dissected 1n order
to obtain am estimate of the numbers of fertile and inseminated
ants: these nests belonged to different colonfes and had been
excavated at different times of the year. The entire adult
population of each nest could not be dissacted because of time
restrictions. In addition there was sometimes a substantial

 mortality during the excavation and transport of the nests.

Ants were kept alive in their social umits unti]l the time of

dissection; the fatalities which occurred over time were Wore

numerous among the older ants which had become active above
ground. The samples of individuals dissacted were blased
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towards including those ants which always remained inside the
cbservation nests. Towards the middle of the study the

BEr | -

structure of the nest population became clear, and homogeneous
groups in the nests subsequently analysed could be recognized.

meemcimd immbAasms & A ~allAaw andse

hI"OIIpS such as the IDU'C'HIUUIIU WOGTRKEr S &nd Callow ants

{identiffed by their soft exoskeletons) were no longer dissected
extensively., These sub-groups were classed as being sterile,
and the ants Tn them were added to the ants dissected to make up
an extrapolated number of ants examined (see Table 14}; this
procedure may lead to a slight underastimate of the proportion of

egg-laying fndividuals 1n a nest.

3.3. Results

3.3.1. Dynamics of brood production

Eggs, larvae and cocoons were generally found throughout the
year in all the colonies that were sampled (Table 1). Male pupae
wera found in the nests from January 1o April only {Table 11).
There was no relationship between the size of the worker
population in fndividual nests and the amount of broed found in

tmm%wmwmmmmmn

the nests of a colony {see 2.3.5.). When a few nests all

beionging to the same colony were examined at one point in time,

marked variations 1n the proportion of the different brood stages
in nests were evident (Table 1),  Different colonies were
sampled during the same period of the year over three SUCCessive
years, and there was much varfability in the amounts of brood
present (Table 1).

There were some patterns in the relative abundance of the

various stages of brood, but these dfd not seem to represent

—mmwmﬂﬁg-lwing.—wﬂms were found

in the nests (n= 7) excavated in July, only a few larvae and
P cocoons wers collected. Those larvae present were

AIWMDIL N SSCooNnsS WE L LEU.

predominantly small. This indfcated a high tarval mortality

during winter, and thus adult workers may not emerge for these
few months of the year.
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3.3.2. Characteristics of the egg-laying ants

it was soon aestablfshed that there was usually more than one
egg-layer in each nest, and these could not be recognized by
simpie visual examination. Dats from Table 11 confirm the

absence of winged queens fn this species.

The ovaries of the fertile ants had an unexpectedly simple
appearance (Figure 7).  Each ovary consisted of 3 ovarioles,
and this structure was fnvarfant in all the individuals examined.
The eggs were found to be unusually large; they were yolky and
elongate with a mean length of 1,64 mm + 0,08 s.d. (n = 50); the

range was 1,5-2,0 mm.  The egg width was constant and measured

0,8 mm; this 13 F“%ad-%‘v‘!}' requlated by the width of the

{ndividual ovarioles. The strings of developing oocytes were

short, with few reaching maturity simultaneously. There was

seldom more than one mature egg Inside the ovaries of fertite
individuals, and three eggs was the most that was found {Table
12}, This was clearly related to the iarge size of the eggs and
to the short ovarioles, as seen in Figure 7.  No individual
Jaying rates could be determined §n the laboratory, but data from
fsolated groups of ants (Table 13) support the idea that there

was & slow rate of egg production.

The number of mature eggs found in the ovarioles was used as

a criterfon to assess the ovarian activity of fertile
in ‘- ek derale The large majority of reproductive ants examined

L AT -0 ] L_{ M LI

were found without even one mature egy that was ready to be tatd
(Figure 8). These data |1so rﬂul 1 distinct nriabﬂity in
Since there 1s a slow rate of egg production, the laying of just
one agg prior to dissection will affect the ovarian activity
score of an 1individual. As a result fecundity was
underestimated in a number of {ndividuals because eggs were 1aid

 continuously in the laboratory while large groups of ants awalted

dissection (Table 12 and Figure 8}, However, too few €ggs
ware 1aid for this underestimate to affect all the ants in the

RS FWwrFw o wT

"no egyg cnw_—ﬁwﬁgﬂ%ﬂem%prmﬂiﬁﬂm

reproductive ants seem %o bt very poor agg-layers; the ovaries
of some did not evan < 0

S.
-F
/]
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A mature egg can be seen in one of the ovarioles
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Figure 7 Developed ovaries of a breeding worker of Op



71

SAPQENU DSIYY 03 PRINQLIIUOD SATY PDHOD PIJIVESEP JOU B4 Loy SueNI0A BUIPING A0 4

» PHLINSE P 99
{skep I7) _:H ¥) (sep 8) ..mmu ¥} :__ﬂﬂ 6) 03 bujpyien 3| jyn

6L [ pre| sBBa jo *oN

sBBa gy
¢ 0 0 1 0 Y3m punol " ON

sbba omy
£ i 0 g 13 1M puncy oy

S6a
) £r 9 t 1e WO YN pun0j "oN

B63 samymm
9 1 6 S S ® JNOY% M puno} “oj

pTM AIWA S0J0U PB()EIWP
NDJHM UC PRIIISS )P

" " ma 11 66 sddyi0n Bujpsaaq jo ‘oM
£86 2061 2861 e8sl 1861
LI+ J3q0320 HIueN Arnaga ] Jaquedaq

fﬂqp_-ux- W SN fz J00L W3 4O W}

yibus| | W (°Z - §'T wou) pabuwa $663
*KICAC/SI|CLARAC £ PRY (62 wti]} ®|duES BYF W SABRIOA BuULpIRIQ BYL 1Y  "awed Y} JO
SIMY JURIISLEP 1B PAIBARIXS BAOM SISHN  (PIPJOINL u3n sB6B Sunjem JO Sudqunu Y] “3))
11039 U} PIIIISSIP 349 4N Jo SI|dwes ‘susnaom Buppasaq Ul £3JAj30e uepaeag 2T I(QRL




72

Aep/y'o 0 14 £ 95 I L6
Aep /4“0 8 01 94 1e 4 901
Aep/se0 1 1 5 r r T4 £8, Liady
Aep/iL7 F i 61 8 9 02 28, Auenagay
Aep/o0*0 81 80T 0£2 ¥ 6 152 18, 4dquadag
Aep /1 ¥ 2 8t 9 § r4 18, 183903120
uo3onpodd SIJAPAC  SAINIOM | PRTINSSIP _.wz voije|os} dnaab ayy

nuo us puno) sBBs Buppadug sue sbfia uj siep Vj sjue Jeak g

JO 91E%  Aunyem JO ON  JO ‘ON 40 "ON 30 "ON Jo "ON 30 Wl

30 .J

ang *s? _..__H
43140 09D

WoLIejos| JO polad w3 03
o Y3 uf punoj sb663 Jo Jeqm
SLp DA SIUP IY] °SIUT JO S

| 0Ll A 3R jpduu] plR| Ud9q
hU BY3 JUNCIOR OJUL ST )
dnoJdb paje|osi SnhoyJe

up uoLY

ARy Aem 1wy} sB6a sapi|oxd

4 Wl

‘SARD JO JIQWRU ¥

anpoad BB jo ajey €1 I|qU)




73

4

150 |
g
é '
]
3100-
o
£
2
4

80 |

rat o
i
L E

] 1 2 3

NUMBER OF MATURE EGGS/GAMERGATE

Figure 8 Frequency distridution of the number of mature egys

found in the ovarioles of breeding workers {=gsmergates)

coltected from five colonies {see Table 12). The number of
eggs laid by the combined populations of breeding workers is

alsoc fndicated (solid bar); this occurred over various

numbers of days.
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The sterile workers were identified by their
characteristically undeveloped ovaries; there were also three
ovarioles in each ovary (Figure 9). A number of young
“Innendienst” workers exhibited a 1imfted amount of ovarian
activity and oogenmsis, but this was distinct (with a few

exceptions} from the developed ovaries of fertile ants. Thirly-
five callow ants were dissected and all were found to have
undeveloped ovarfes. The ovaries of 110 above ground workers

{cleaners, excavators, recruiters and foragers} were examined and

found to be undevelcoped; the ovaries of foragers especially

showsd definite ragression, with stringy ovarioles. A}l sterile
workers possessed a spermatheca and a pair of accessory glands.

The spermathecae in a sample {n= 549} of the tndividuvals —
dissected were examined in order to determine which of the ants

= A - Ao L o

were inseminated (Table 14). The spermathecal state was

difficult to determine in 11 out of 227 fertile workers that were
examined for insemination. Nine of these belonged to part of a
nest which had been deep-frozen. All the othar ants with egg-

producing ovaries had sperm 1n their spermathecae, while none of

the sterile workers were Tound to have been fecundated.

However, evidence of non-mated workers with welli-deveioped
caviss  or of matad workers with distinctly undeveloped ovaries,

OFET 1E3,; VUi Vi

was not obtafmed.  The strict associatfon batween—insemination
and ovarian activity was true at all times of the year,
vYariations in the size of the ants' abdomens were noticed

during the dissectfons, and ants with bigger abdomens were often
fertile. Yarious measurements were initially taken to obtain an
estimate of abdominal size, but they wers inaccurate and couid
not be dupiicated, eg. total abdomen length was unreliable
because of intarsegmental stretching. After dissecting ants

from a number of colonfes, it was found that not all the ants
with bigger abdomens were fertile, and that many with smaller

Wil LiF W F gy 3 b=

abdomens ware mﬁh—wﬂw&hﬂwﬂ!ﬁﬂ&ﬂwf‘

abdomens and fertility was a regular one and ¢ould not be

f tha study the head capsule and the

ignored, Towards the end o
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Figure 9
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15 Measurements ({n mm) of the head and gaster of breeding

Table
and s sterile worklrs Sign{ficance Tevels (**p <0,05; **tspg
0,01; **ap ¢0,001) computed for the means of two samples by

15} revealed—a marked uniformity in the head size but confirmed

— t=tast.
sterile breeding t value &
workers workers significance
Sample size 29 10
Mean length of 2,59 2,58 g,58
head Capsuie
Mean width of 1,76 1,78 0,88
head capsule
Mean haight of 2,22 2,35 3,03
1st gaster segment
Mean length of 1,56 1,713 4,38 o

ist gaster segment

first segment of the gaster were measured in a2 smal) sample of
fertile and sterile ants., The morphometric data obtafned (Table

that theres were significant differsnces in the size of abdomens.

certain margin of error must be expectad in the measurements of
H‘h:l\-.l[l AT Y iNE W WYY -

the gaster segment because of its three-dimensional nature; 1in
addition the sample of fertile ants measured was small,

Fertile and sterile workers exnibited differences in their
behaviour, because the former were never active above ground.
Insemination (or tts subsequert physiaclogica) effects) thus
fnhibits adults from following the normal pattern of age
polyethism shown by sterile workers (2.5.1.); egg-laying workers

 pamain active inside the nests for the rest of their lives, even

as they age. However a number of reproductive workers were
collected (n= 10) while they were being carried above ground from

- e
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one nest to another within colony complexes; this type of
transfer occurred throughout the year.

Peeters and Crawe (1984) have suggested the use of the term
gamergate {fe. "married workers”) to describe unambiguously those
pated, reproductive fndividuals of worker origin which occur in a

— significant number of ponerine species.  This ters {W.L. Brown

Jr. pers. canm.) makes the clear novenclatorial distinction

hatwaan .nnn!-nl:l queans and hrlnding Eerkgrt- 1t will ba pead

interchangeably with breeding workers in the text.

3.3.3. Reproductive structure of colonfes

The data in Table 14 indfcate that there can be a very Targe
number of breeding workers in a nest {(eg, Decembar 1981}
— Breeding workers ware distributed in 2]] the pests of a colony.
Both the total numbers of gamergates and the proportion of
gamergates fn the adult popuiation of nests varied considerably

_———

over the year and between nests. When nests from one colony were
collected at the same time, the individual nests contained
different numbers of gamergates {eg. Decewmber 1981, February
1982, March 1882). Nests collected in the same month of

succeeding years showed variations in thelr fréquencies of
gamergates (eg. July 1981 & 1983, October 1981 & 1982). A
seasonal pattern of fluctuation in gamergate frequency can be
seen in Figure 10. Nests sampled {n January-February contained
very few or no breeding sworkers and a large number of sterile
workers, 1¢. the percentage of breeding workers {n the nests was
T1ow. In March-April there were large numbers of breeding
workers in the nests and, significantly, these represented a

R R mdiuddiuale 4n dtha nashke Tha shaiwmn
l.rg" plrl;eu'l;qgc 'U'I' bllﬂ ll'l\ll'!'llll.-l-' lll iR TIW3 wdn 1% JHal p

{ncrease in the proportion of gamergites in nests can be

........ tha mabdavn nll mala scbkiudiby (eam n{lﬁlltt"nlﬂ
ﬂsWC]‘uﬂ '?];ll HIC PALVEIil U7 MRIT Swiri¥iby 12390 UVisLbussvine

Two nests weare excavated fn March 1992 {Table 16).  Most of
the ants confined to the inside of the nests were fnseminated;
some of the unmated ants were callow. These nests contained
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marked foragers and above ground workers; dissection reveaied
that none of these were fnseminated or reproductively active
{Table 1§). More marked ants could not be dissected because
they died soon after being brought to the laboratory.

~ Table 16 Reproductive status (determined by dissection) of indi-
viduals from two nests excavated on 23.111.1982 (fe, after
the mating season). Ail the ants ihai were dctive above
ground prior to excavation had been marked.

Tota) Mo, of No. of No. of No. of No. of
no. of above above above upmarked unmarked
an u

found ants ants ants with dissected with

in dissected active active
nest ovaries Svaries
77 4 7 0 50 49
119 13 7 0 67 46

3.4, Discussion

3.4.1. Reproductive differentiation among workers

The data obtained from the dissection of many individuals
raveal that there are no distinct worker and reproductive castes
in this species. A1l the ants have identicai reproductive
organs, and the funciional egg-layers have a true worker origin.
The queen caste has disappeared and has been repiaced by muitipie

breeding workers. These results concur with those of Whelden
(1957), who made 2 detailed anatomical study of the queenfess
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ponerine Rhytidoponera convexa.  Whelden found that each ovary
in this ant normally contained three ovarioles; 1in
reproductively-active workers, any eggs nearing matur{ty occurred
only in the very lowest part of the ovarfoles. These mature or
maturing #9gs were invariably few in numbers, usvally one or two

in mﬂm—tmmmurmmwwnd%ﬂwmu

six., The eggs measured 0,45 x 0,16 mm; this is substantially
smaller than in ﬁ- berthoudi, which may explain the higher number
of eggs inside the ovaries of R. convexa. A spermatheca was
found 1n every ant, and sperm was present in 22 of the 274
individuals sxamined. Whelden did not indicate how many workers
were reproductively-active, but he reported that there was no

correlation whatever between the presence of sperm and the

occurrence of mature or maturing eggs 1n the ovarioles. This
contrasts with the definita association between insemination and

— ovarfan-activity ¥n 0. berthoudi. Thus, while the same lack of

caste differentiation is evident among the workers of queenless

Rhytiidoponera species as in 0. berthoudi, there appear to be

differences in their rtproductiva physiology. The two genera
belong to distantiy-related tribes (Ectatommini and Ponerini},
and this may account for some of the differences exhibitad in the
control of worker reproduction. Ward (1983) found that, in

La.. FDF128)Y

__ Rhytidoponera confusa and R. chalybaeda, a Tew (6/135)

reproductively-active workers were not faseminated.  Non-mated
fertile workers are not surprising in these species since, in

—MHWWMMDMM Haskins and

Whelden 1965), non-inseminated workers produce male eggs in
orshaned colonies. This worker-laying alse occurs in the

Ur e

ponerini however (eg. Odontomachus, Colombel 1972a}.
In 0. berthoudi, there is particularly strong evidence that

insemination triggers reproductive activity in the workers. This

hypothesis would be falsified 1f either inseminated workers with

undeveloped ovaries, or unmated workers with developed ovaries,

occurred. Such ants were not found at any time of the year,
with the very few exceptions mentioned in 3.3.2. An alternative

 nypothesis would have that ovarian activity produces changes in

the sexual behaviour of workers, which leads to their mating. If
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workers bacame fertile at times of the year when males are
absent, they could only bacome nseminated during the next mating
season; since unmated workers with c¢learly active ovaries have

g A oa i dem ok dlas s Lshe

navar been found, this suggesiion can be rejeciew It there was
the seasonal production of a cryptic caste of reproductive ants,

FERT ala anddudde

and it was synchronized with the pariod of male activity, we

would expect to find a few unmated ants with developed ovaries
during January- April; again this is not the case. There is in
this species firm evidence that the haploid eggs which develop
into males are exclusively 1aid by the inseminated breeding
warkers.

Insemination thus plays a crucial role in the control of the
division of labour in Ophthal mopone berthoudi; this is the first

time that such meﬂﬁmm
Buschinger and Winter (1978) showed that, in Harpagoxenus

subhevis, non-naua lrgdl;wut are sterile and 2 faw n0f the non=

inseminated workers are fertile. This species is a parasitic
myrmicine with ergatoid reproductives which are morphologically
intermediate between winged queens and workers. While
fnsemination may trigger reproductive activity in the ergatoids,
1t i¢ not involved in the di fferentiation into ergatoid and
worker castes, There are distinct female castes fn H.
cublasvis. and the workers lack a spermatheca. In 0. berthoudi

e
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possessing a spermatheca, and mating determines which workers

bacome Tertiie. The ovarian stimulation could be caused by

substances from the accessory gland 1n the male, which are
transferred during copulation; these have been shown to have an

{ndirect or augmentative effect on eg9g production in dipierans
{Leopold 1976).  In cockroaches the physical presence of a sperm
mass in the spermatheca seems to be the stimulus which leads to
egg maturation (Leopold 1976}, It is not known which of these

two explanetions applies to 0. berthoudi., Insemination has been
r ects of the biology of

Formicid queens.  Berndt and Nitschmann (1979} demonstrated that

mated queens in Mon womorium pharaonis secrete a pheromone gver the

surface of their body which inhibits the production of new
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sexuais; 1h conirast, unmated gueens are unabie to suppress the
development of larvae into sexuais. In Odontomachus affinis,
Ferreira Brandao (1983) showad that only mated females exercise
effective control on worker oviposition. The unmated femaies in
the nest do not lay eggs, but they take care of the brood as well

_ as excayate and forage actively.

The breeding workers of 0, berthoud! lack specfalized
ovarfies, A mean rate of egg laying (0,7 egg/day) was estimated
by isolating small groups of breeding workers (Table 13).  Such
a rate 1s not uniform throughout the reproductive population
however and this estiwmates dlurs the natural variability between
gamergates. Individual rates of egg production are difficult to
obtain. ideally 2 gamergate should be 1solated with a swmall

number of steriie workers n order to onftor the number of eggs
it lays over a few days. This was not feasible however since the

reproductive status of individuals can only be ascertained by

ovarian dissection.
A low rate of egg production was also inferred from an

examination of ovarian development in different gamergates
(Figure 8). Most of the gamergates exhibited very small numbers

and maturs eggs in thair avarinleace, Eaal

of large oogytes and mature e§
variations 1n ovarian activity between individual gamergates are

Al LEEL Tl Hm Ref@ed Tha crfterfon uted to accose this
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activity, the number of mature eggs in the ovarfes, is not a
continuous measure and thus lacks sensitivity;, the advantages
are that 1t 1s clear-cut and easy to determine when dissecting

large numbers of ants. If there is 2 slow rate of egg production
and few ovarioles, differences in the number of mature ¢ggs
present at any particular time must be expected among the
gamergates; their ovarian development will be scored differently
hafars and aftar one of the large eags has been 1aid. Many of
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the gamergates placed in the "nc egg" category [Figure 8) at the
tima of distection could have belonged to a different category at

another peint in time. Evidence of this dynamic process is the

substantial number of eggs that were lafd by the gamergates
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awaiting to be dissected (Tabie 1Z}. The persisteni oCCurrence

of a large group of {ndividuals with few medium or Targe oocytes
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relatively inefffcient breeding workers which lay eggs
inconsistently. This is thought to be an effect of individual
variab{11ty in the abilfty to obtain sufficient food or to
produce eggs; this is discussed in 7.5. M.-C. Cammaerts-Tricot

(pers. comm.) dissected Myrmica workers in whole coionies from

oes suggest that at least some of them are

which queens had been removed; many of the workers showed
ovarian activity, but she found marked variatfons in the extent
of ovarian development between individuals. As will be seen in

chapter 4, an inhibition effect from other gamergates need not be
invoked to account for the differences in reproductive
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performance between workers.
Why do gamergates often have larger than average abdomens?

Only young workers become msated (see Chapter 6). The complete

hardening of the cuticle takes a number of days; an adult that

,,,,,,,,,, . a ool

was dissected 18 days after its emergence $tiV1 had & soft

exoskeleton. It is suggested that 1f fnsemination occurs within
a certatn period after pupal emergence, the neuro-endocrine
changes brought about by the stimulation of reproductive activity

intarfere with the further secretion of bursicon. Bursicon fs
mona raleased from the central nervous system which
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controls the biosynthesis of the cuticular tanning compound
(Frasnkal at al. 1966, Andersen 1974}, The softness of the
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cuticle depends on thmm—o‘f—sdfmﬂﬂﬂﬁﬂ,—fﬁ—the—m’!t

of cross-1inking. The increase in voiume of the growing ovaries

may produce internal pressures in the abdomen which could cause

the unscierotized cuticle to stretch slightlty. The casual
observation that many gamergates had softer axoskeletons is
further evidence that their cuticle has aot tanned completeiy;
in contrast, above ground workers with a soft exoskeleton were
never found, Thus the occurrence of significant size

hreeding workers {Table 15) seeds to be a consaquence of

reproducti Vm—ft—h—not—tﬁue—ﬂﬂ%—#mﬂms—mHMr

abdomens are those more 1ikely to become mated. The gamergates

with smalier abdomens may be older “Innendienst” workers that

become mated after the hardening of thetr exoskeTetons has been



sterile workers with “biager” abdoment seems anomaloue: further
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work might reveal that these are generally bigger workers
produced as an effect of Ffavourable trophic conditions during
their Tarval deveiopment.

3.4.2. Colony breeding patterns

Ma2les of Ophthalmopons berthoudi are present in the nests
from January to April, and most of the mating activity occurs In
February-March (see Chapter 5). Individuals were observed
entering fToreign nests and copulation is inferred to occur
underground. S$ince insemination is the trigger for ovarian

— activity, every worker that becowes mated during this period —

differentiates into a reproductive. The datz 1n Table 16
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indicate that Dnly ants below & Ccertain sge, 1¢. non-Callow
“Innendienst” workers, can become mated. The older workers
which have become active above ground no longer seem to be
sexually attractive, and this could be related to a change 1n the
signal produced by their pygidial gland {see Chapter 6},

The differentiatian of workers intc gamergates can only occur
during the period of male activity.  Many workers become mated
in February-March {Table 16} and this results fn a high ratio of
gamergates to sterile workers in the nests. A theoretical

expectation of the “fnsemfnation hypothesis” {s that this ratio

craase .mf-ﬂ the next hru.rl{nu SeaEON, hacauts AW
!I'll.lll.lu u‘l:rl “!—l I WA WA B Ml RTRAAN T mme il W w oo momemae = Sremew

generations of workers appear; thess cannoi become wated and
remain sterile. The numbers of gamergates thus stay constant
(save for mortality) from one period of male activity to the
next. However the dynamics of the reproductive structurs also
depend on the possible overlap of successive cohorts of

gamergates.
How long do the gamergates 1ive? The age of the
“Innendienst” workers which become mated is not known exactly.

The results 1n Table 16 show that almost all the workers confined
incide the nests hecame mated, and this represents a substantial
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range of ages. The Tongevity of gawergates and “Innendfenst”



