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Summary. Colonies of some leptothoracine ants may
contain several inseminated but sterile females in addi-
tion to a single, fertile queen (functional monogyny).
We here report the first observations on the behavior
of these supernumerary females in the nearctic ant Lep-
tothorax sp.A, a species belonging to the L. “muscorum”
complex.

In four colonies, each with up to eight intermorphic
females, ritualized or openly aggressive interactions be-
tween individuals were observed, similar to those among
workers of some other leptothoracine ants. The re-
sponses of individual females during encounters with
nestmates apparently reflect the existence of linear domi-
nance hierarchies. In each colony, the highest ranking
individual was fed and groomed significantly more often
than other females, and was the only one to oviposit
after hibernation and to become fully physogastric dur-
ing the first weeks of spring. When these a-females were
removed from three colonies, several other females
started to lay eggs. However, in each colony only the
highest ranking individual remained fertile; the others
either were pushed out of the nest and finally killed
by the workers, or their ovaries degenerated again.

Aggressive interactions among females may also play
an important role in the foundation of new colonies
either by inducing intermorphs to leave the maternal
nest to found new colonies solitarily or by inducing col-
ony fission.

Introduction

In numerous species of social insects, colonies may con-
tain several inseminated females capable of reproduc-
tion. The queens in polygynous nests are not always
a homogeneous class of individuals; but their fertility
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varies widely. In the nests of some wasp and bee specices,
reproductive success has been found to be correlated
with the individual’s rank in a dominance hierarchy (for
a review see Fletcher and Ross 1985). By ritualized or
open aggression, dominant females may prevent subor-
dinates from ovipositing. If two inseminated females of
the paper wasp, Polistes gallicus, cooperate in colony
foundation, only the more aggressive one lays eggs, and
the other remains sterile (functional monogyny, Pardi
1940). In young colonies with several females, ovary size
and fertility of individuals correspond to their position
in the rank order.

Similarly, in some ant species workers establish dom-
inance hierarchies. In the slave-making leptothoracine
ants Harpagoxenus (= Protomognathus) americanus
(Franks and Scovell 1983) and Harpagoxenus sublaevis
(Bourke 1988), and in the non-parasitic Leptothorax
( Macromischa) allardycei (Cole 1981), high ranking
workers not only forage less often and receive more food
than subordinates, they also show greater ovarian devel-
opment and lay more eggs.

Fighting and aggression among ant females are
known from a number of species (e.g., Evesham 1984).
However, that dominance interactions may affect the
fertility of individual queens has been demonstrated only
in foundress associations of the meat ant, Iridomyrmex
purpureus (Holldobler and Carlin 1985). Young queens
engage in ritualized antennation fights and the dominant
female oviposits at a significantly higher rate. In mature
colonies, consisting of several thousands of workers, the
queens become intolerant of each other’s presence and
inhabit different areas of the nest (oligogyny, Holldobler
1962). In many other species of ants, multiple fertile
queens remain in close contact throughout their lives.
Colonies of leptothoracines, for example, usually nest
in preformed cavities, such as hollow acorns, twigs, or
rock crevices. In polygynous nests the females can regu-
larly be found in close contact (e.g., Herbers 1986).
Queens of Leptothorax ( Myrafant) curvispinosus appar-
ently ignore each other and oviposit at similar rates (Wil-
son 1974). In other leptothoracine species, however, only
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one of numerous inseminated females within a colony
is fertile and the others are sterile. In contrast to func-
tional monogyny in wasps, in functionally monogynous
colonies of leptothoracine ants, the presence of insemin-
ated but sterile females in addition to a single fertile
queen is not a transient phenomenon, restricted to a
short period after pleometrotic colony foundation
(Buschinger 1974a). In the nests of the xenobiotic genus
Formicoxenus (Buschinger and Winter 1976; Buschinger
1979; Buschinger et al. 1980) and the non-parasitic spe-
cies Leptothorax (s.str.) gredleri (Buschinger 1968a) and
L. (s.str.) sphagnicolus (Francoeur 1986), supernumerary
females can be found throughout the year. They presum-
ably are daughters of the fertile queen that have returned
to the colony after mating (Heinze and Buschinger
1988). Their ovaries remain completely undeveloped and
usually don’t show any sign of egg production. Previous-
ly sterile females may become fertile after the old queen’s
death (Buschinger 1968 a; Heinze and Buschinger 1988).

Nothing is known about the behavior of females in
functinally monogynous colonies and how monogyny
is maintained. We here report the first results on behav-
ioral repertories, dominance interactions, and fighting
among females in a functionally monogynous ant, a re-
cently discovered but as yet undescribed leptothoracine,
Leptothorax (s.str.) sp.A.

Materials and methods

Leptothorax (s.str.) sp.A is a common ant in open coniferous for-
ests in northeastern America and is especially abundant on rocky
outcrops along the shores of the St. Lawrence and Saguenay
Rivers, Québec, Canada. It belongs to the L. “muscorum’™ or L.
canadensis complex (Brown 1955); a species description will be
prepared by Francoeur et al. as part of the revision of the whole
tribe. Leptothorax sp.A can be distinguished from other sympatric
taxa by its chromosome number of 2n=30, by its long propodeal
spines, and by specific isozyme patterns (Heinze 1989a).

Queens of L. sp.A may be either gynomorphic, as in most
other species of ants (i.c., primarily winged, with a bulky thorax
consisting of individual sclerites, separated by furrows or sutures),
or intermorphic (i.e., wingless, with a simplified thoracic structure;
Heinze and Buschinger 1987). Intermorphic queens, though mor-
phologically similar to workers, are indistinguishable from gyno-
morphic queens in their internal reproductive anatomy : the ovaries
of both consist of six ovarioles and a spermatheca of normal size.
As in the slave-making ant, Harpagoxenus sublaevis, the two
morphs represent different female genotypes (Heinze and Bu-
schinger 1989).

Leptothorax sp.A apparently is monodomous. Complete colo-
nies were coliected in early October 1988 in two different popula-
tions in Québec: (1) A (IV-40), B (IV-47), C (IV-68), and D (IV-74)
on the rocky outcrops of Colline de I’Anse a I'Eau in Tadoussac
(Co. de Saguenay) and (2) E (IV-87) and F (IV-99) in an open,
coniferous forest on route 170, some 5 km north of St. Siméon
(Charlevoix-Est).

Colonies contained up to 12 intermorphic females, and, in ad-
dition, the colonies from St. Siméon had several gynomorphs (Ta-
ble 1). Species were identified by comparing morphological features
and isozyme patterns. Voucher specimens are located in the Muse-
um of Comparative Zoology, Cambridge, Mass., USA.

Colonies were initially put into small tube nests for transporta-
tion (Buschinger and Heinze 1988); after about 1 week they were
transferred into plastic boxes with nests consisting of a plastic
frame between two microscope slides, a system well adapted for

Table 1. Composition of the Leptothorax sp.A colonies used for
behavior observations

Colony Intermorphic Gynomorphic Workers (3%)
females females
V40 (A) 8 - 25
IV-47 (B) 5 - 60
V68 (C) 10 - 60
IV74(D) 12 - 40
1V-87 (E) 7 4 150
IV-99 (F) 10 3 120

the culture of leptothoracine ants (Buschinger 1974b). Observa-
tions were started after a shortened hibernation of about 10 weeks
at 0°C to 5° C. Until the end of the experiments the colonies
were kept either at room temperature or at artificial daily tempera-
ture rhythms as described by Buschinger (1966, 1973). Every 2
or 3 days, they were fed diluted honey and pieces of insects (meal-
worms or crickets). Individual females were marked with wires
that were tied in different combinations between propodeum, pe-
tiole, postpetiole, and gaster (Dobrzanski 1966). Four females were
marked by cutting off some tarsomeres of the hind legs. The differ-
ent treatments did not affect their behavior or survival rates. For
the presentation of data in this paper, females are named by a
combination of a capital letter, designating the colony to which
they belong, and a number, indicating their rank in the dominance
hierarchy. A rank could not be assigned to some individuals; these
are named with a lower case letter instead of a number. Colonies
A, B, C, and D were observed for approximately 15 to 25 h each.
We focused on individual females for periods of 30 to 45 min,
but simultaneously recorded all other interactions involving fe-
males. Colonies E and F were observed for approximately 10 h
each. A total of about 10000 acts were recorded, including solitary
acts like self-grooming or “resting” and mutual acts like grooming,
regurgitation, or brood care. Worker behavior was only qualitative-
ly monitored.

The behavior of individual females during encounters with dif-
ferent nestmates suggested the existence of dominance hierarchies
(for the detailed description of dominance or aversion behaviors,
see “Results’”). Rank orders were determined by arranging individ-
uals in an order that minimized reverse interactions. Due to incom-
plete information in C and the small number of interacting females
in B, a statistic test of linearity (Appleby 1983) was applied only
in colony A. If the ratio of initiated attacks to received attacks
differed significantly from a random probability of 0.5 (binomial
test, one-tailed, P<0.05), the more aggressive individual was re-
garded as dominant to the less aggressive one. If no female was
significantly dominant, either due to frequent reversals or to a
low number of observed interactions, the relationship was consid-
ered unknown.

Both authors independently observed behavior and, where pos-
sible, determined hierarchies in colonies A, B, C, and E. Colonies
D and F were observed only by J.H. In colonies A, B, and D,
6 to 10 weeks after the end of hibernation, the fertile queen was
removed and kept for 2 weeks with three workers and a number
of larvae, each in separate nests. For all observations, a Wild dis-
secting microscope was used. Data were analyzed with an IBM
Personal Computer AT, using the ETHOGRAM program, written
by D. Gladstein (Carlin et al. 1987).

We dissected females using the method described by Buschinger
and Alloway (1978). Some females — B2, C3, C6, Cc, and Cj -
could not be dissected until several days after they had died; conse-
quently the condition of their ovaries was no longer visible. Fe-
males Da and Dk somehow managed to escape from the arena
(see “Results”™) and thus were also lost to science.

The condition of the ovaries was rated using the classification
by Buschinger (1968a) and Alloway et al. (1982), modified for the
special relations in our colonies (Table 2).



Table 2. Categories of ovarian development in females of Leptoth-
orax sp.A. After Buschinger (19682a) and Alloway et al. (1982),
modified

A Fertile queens. Ovarioles are elongated, corpora lutea
(remnants of previously laid eggs) are present. In the
reproductive season they contain numerous eggs with
white yolk deposits

a Inseminated females, sterile. No corpora lutea are
present; ovarioles are short

a—A Inseminated female with elongated ovarioles, eggs in
development, but no corpora lutea present

A4ee Inseminated female with elongated ovarioles, no eggs,
but some corpora lutea. Apparently females that had been
laying eggs for a short period of time

¢ Uninseminated, sterile female

C Uninseminated, but fertile female

We use the functional definition of “queen” in this paper,
that is, only fertile, inseminated individuals, regardless of their
morphology, are called queens (Buschinger and Winter 1975).

Results
Colonies with intermorphic females

Workers and intermorphic females of Leptothorax sp.A
perform about a dozen different activities, and there
were marked differences between the behavioral reper-
tories of workers, sterile, and fertile intermorphic fe-
males. Only workers were observed foraging and clean-
ing the nest, and they also did the major part of brood
care. All females intensively groomed eggs, larvae, and
pupae, but only in one case was a female observed feed-
ing a piece of insect tissue to a larva. Usually only
workers regurgitated food to females and other workers;
feeding of females or workers by other intermorphs was
observed only occasionally (Table 3).

In all four colonies, females showed aggressive be-
havior toward each other. We observed ritualized domi-
nance interactions similar to those described for other
species of ants, especially Protomognathus, Harpagoxen-
us, and Leptothorax allardycei.

One form of aggression consisted of a violent anten-
nation of the opponent’s head and thorax by the attack-
ing female, often followed by the latter climbing on top
of the other. The submissive female usually crouched
and froze in response to the antennation. Antennation
typically lasted for a few seconds (4.7+2.9 s, 61 acts in
colony C), and the subordinate females remained in a
pupa-like posture with legs and antennae kept close to
the thorax for up to 90 s after the attack had stopped.
A more severe form of aggression was biting or pulling
at the opponent’s antennae or extremities, less frequently
at the postpetiole or mandibles. Pulling-usually lasted
some 10 to 20 s (14.5+£12.6 s, 31 acts in colony C), but
in a few cases for several (up to 19) minutes. Subordi-
nates apparently avoided dominant females. They cither
fled approaching females or crouched and retracted their

Table 3. Frequency of grooming and feeding in one colony of Lep-
tothorax sp.A. Interactions between individual workers or between
workers and brood were not recorded. In this and two additional
colonies the fertile a-female (A1) was groomed significantly more
often both by workers and females, and fed significantly more
often by larvae than any other individual. Female Al was also
fed significantly more often by workers (P <0.01, binomial test)

Al A2 A3 A4 A5 A6 A7 A8 9
Groomed by:
workers 82 53 45 39 63 2 63 23 -
a-female - 2 2 0 0 0 1 1 2
other females 67 4 7 3 15 3 17 6 62
Grooms:
worker 2 10 5 1 27 1 17 2 -
o-female - 15 17 0 11 2 16 6 82
other females 8 33 0 2 14 2 4 1 288
brood 44 46 50 28 27 45 48 46 -
Regurgitates food to:
workers 0 0 0 0 0 1 1 0 -
a-female - 0 0 0 0 0 0 0 28
other females 0 0 0 0 0 1 0 0 28
Solicits food from:
worker 28 5 4 2 6 2 7 2 -
female 1 0 0 0 0 0 0 0 2
larvae 32 2 1 0 0 0 2 0 -

Proctodeal feeding
10 3 1 2 2 2 2 0 2

antennae when coming near a higher ranking individual.
It is not known how the rank was recognized in these
cases.

The behavior of individual females during en-
counters with other ants indicates the existence of domi-
nance hierarchies in A, B, and C (Tables 4-6). In colony
D, apparently several individuals (D2, D3, Da, Dh, Dk,
and Dm) were of similar rank, and their interactions
frequently escalated to fights (Table 7). Attacks in a re-
versed direction occurred in A in 3.6%, in B in 5.1%,
and in C in 3.5% of all observed interactions between
females, but about half of them were followed by violent
attacks in the typical order shortly after. According to
Appleby (1983), there is a high probability that linear
or near-linear hierarchies will arise from random rela-
tionships in small groups of individuals: no hierarchy
in a group of less than six individuals can have a statisti-
cally significant level of linearity. In colony A, the low
number of observed interactions prevented us from in-
ferring a statistically significant dominance of Al and
A2 over A8, or of A3 over A5 (binomial test, one tailed;
Table 4). The hierarchy observed in colony A therefore
has approximately a 0.07 probability of originating by
chance.

In the first weeks after the end of hibernation, the
one or two highest ranking females initiated a major
part of the dominance displays: A1 and A2, about 50%;
B1, 39%; C1 and C2, 79%. Aggression was frequently
directed toward the female immediately below in rank:
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Table 4. Frequency of aggressive interactions in intermorphic females and workers of Leprothorax sp.A, colony A from Tadoussac,
Québec. Violent, unanswered antennation, climbing on top of the opponent, or tearing on her extremities are summed as “attacks.”
Observations were started directly after the end of hibernation and continued for about 10 weeks. The total observation time was
18 h. The higher ranking individual attacked the lower ranking one significantly more often than vice versa (binomial test, one tailed,

P <0.05), except in the cases circled. QR =queen removal

Attacked Total times
— attacking

Al A2 A3 A4 A5 A6 A7 A8 QQ

Al - 74 16 12 13 9 14 ® 8 141

A2 - 29 42 17 2% 33 @ 1 125

A3 1 - ® ® 34 6 15 61

A4 1 4 - 12 12 22 8 3 59

A5 3 1 - 25 34 14 21 77

A6 1 3 1 - 22 11 4 38

A7 1 1 - 2 3

A8 1 - 4 1

o 2 1 - 3

Total times attacked

by other females 0 76 54 65 52 54 159 45 57 > =505

Condition of ovaries:

after QR - A a Ageq a—A a Ageg a

before QR A a a a a a a a

Thorax length in mm 0.88 0.91 0.94 0.91 0.92 0.89 0.91 0.92

in colony B, in 61% of all interactions a female domi-
nated an individual that immediately followed in rank.
In colony A, the low ranking female A7 was attacked
by the more dominant individuals at a rather high rate
(Table 4), but still 33.4% of all attacks involved individ-
uals immediately following each other in rank.

In all four colonies only the a-females (A1, B1, C1,
and D1) became visibly physogastric and were observed
laying eggs. They started ovipositing within about 2 or
3 weeks, but became fully physogastric only after ap-
proximately 5 weeks. In colony D, which could not be
observed extensively until 6 weeks after hibernation, the
fertile female D1 rarely took part in aggressive en-
counters with the other females and was observed dom-
inating only four times.

All a-females were groomed significantly more fre-
quently than individual workers or other females (bino-
mial test, P<0.01), and they were groomed both by
workers and high or low ranking females (Table 3). In
each colony the highest ranking individual received food
from larvae and workers at a higher rate than other
females or workers (Table 3).

In colonies A and C the a-females were also more
often fed by “proctodeal feeding” (binomial test, P<
0.01, Table 3). In Leptothorax sp.A, workers lay trophic
eggs, which are fed to larvae or eaten by nestmates.
We observed that prior to oviposition, workers flexed
the gaster below the thorax, protruded the stinger, and
secreted droplets of a whitish fluid that were eaten by
high ranking females, sometimes by other workers, and
once by the secreting worker herself. Similar behaviors
have been described among the Dolichoderinae (e.g.,
Torossian 1958) and in the myrmicine Zacryptocerus var-
ians (Wilson 1976). In Dolichoderus quadripunctatus, the

Table 5. Frequency of dominance interactions in intermorphic fe-
males and workers of Leptothorax sp.A, colony B. The colony
was observed starting directly after the end of hibernation for ap-
proximately 15 h. Female B2 died 8 weeks after the beginning of
the observations. In all cases, the higher ranking female attacked
the lower ranking one significantly more often than vice versa
(binomial test, one tailed, P<0.05)

Subordinate female Total times

» dominating

Bi B2 B3 B4 B5 39
B1 - 93 7 14 16 4 130
B2 - 39 28 20 10 87
B3 1 - 39 22 7 62
B4 1 3 22 16 26
BS 6 1 3 - 8 10
o 1 1
Total times
dominated by
other females 0 101 50 84 80 45 Y =315
Condition of ovaries:
after QR - ? A ¢ Adeg
before QR A ? a ¢ a

Thorax length

in mm 0.97 0.92 0.94 0.95 0.94

fluid has been identified as the yolky remnants of abor-
tive trophic eggs (Torossian 1978).
Emigrating females

In contrast to colonies A and B, some females in colony
C and especially in colony D left the nest, perhaps trying



Table 6. Frequency of dominance interactions in intermorphic females and workers of Leptothorax sp.A, colony C. The colony was

observed starting directly after hibernation for approximately 15 h

Subordinate female

Total times

— dominating
C1 C2 C3 C4 C5 C6 C7 Q@

C1 - 15 17 9 32
C2 - 6 9 9 33 1 48 58
C3 - 5 5 3 7 13
C4 2 - 4 2 25 8
C5 1 - 27 1
C6 1 - 3 1
c7 - 1 0
o) 1 1 12 2 26 9 6 15 75
Total times dominated

by other females 0 16 9 14 18 38 18 120 > =113
Conditions of ovaries before QR A a ? c a ? ?

Thorax length in mm 0.89 1.00 1.00 0.94 ? 1.00 ?

to establish their own colony. When placed into an arena
with an area of 40 cm x 25 c¢m, where several empty nest-
ing sites were provided, Da, Dh, and Dk did not return
to the colony. Before emigrating, some females, such
as Da or Dk, had attacked most females that remained
in the original nest. The emigrating females themselves
were attacked at least once only by the a-female, other
high ranking intermorphs, other emigrating females, or
workers (Table 7).

Some females — D2, D3, and Dm — entered and left
the colony several times a day. When entering the nest,
these females vigorously antennated all workers they en-
countered and frequently pulled at their antennae or
legs. On the other hand, workers often initiated aggres-
sive interactions by first cautiously antennating the fe-
male and then pulling on her extremities or postpetiole
(Table 7, Fig. 1). Worker aggression was answered by
the female with violent domination and often resulted
in mutual antennation bouts, followed by the worker
and female simultaneously pulling on each other’s ap-
pendages. During these fights, females and workers
flexed the gaster as if trying to sting. No actual stinging
was observed, though the stinger was actively protruded.
In contrast to female-female dominance interactions, in
female-worker encounters other workers interfered and
sometimes the female was pulled by four or more
workers for several minutes. Attacks, interrupted by pe-
riods of grooming, usually lasted for the whole observa-
tion period or until the female left the colony.

During the returns into their mother’s nest, the high
ranking females D2, D3, and Dm usually ignored the
fully physogastric D1, and vice versa, and they were
avoided by the more subordinate females D4, DS, and
D6 (Table 7). Once Dm briefly attacked D1; this was
the only encounter during which a queen was antennated
without fighting back. When two of the higher ranking
females met, they either briefly antennated each other
and then both backed off, or they severely fought. Fights
between females lasted only for 2 or 3 s, after which
both females fled from each other and often left the

nest. Fights between females or between females and
workers tended to alarm the whole colony: workers
would start to move around and to carry larvae and
eggs, and in some instances the queen abandoned the
egg pile and moved about the nest. Following two of
the fights among D2, D3, Da, and Dk, the queen D1
left the colony, but was pulled back into the nest by
workers. During periods of disturbance, an aggressive
female, such as D3 or Dm, was occasionally the only
female near the brood pile for up to half an hour.

Queen replacement

After 6 to 10 weeks of observation, the fertile a-female
was removed from colonies A, B, and D. Afterwards,
the aggression among workers in all three colonies in-

aggression initiated by workers
and directed toward

D2 D3 BB D4 ZZ other females [ | workers

0 obs. acts per hour

40
30
20E

107

-15

-16 -0 -3 -2 0 +1 +4 +5 46 +8

day before / after queen removal

Fig. 1. Frequency of aggression in colony D. Shown are aggressive
acts initiated by workers and directed toward individual inter-
morphic females or other workers, before and after the fertile queen
was removed. Female D4 was killed by workers on day +12



Table 7. Frequency of fighthing and dominance interactions between intermorphic females of Leptothorax sp.A, colony D, before and
after the fertile a-female was removed. The number of fights are encircled. The colony was observed starting 6 weeks after the end
of hibernation; the fertile queen was removed 6 weeks later. Da, Dh, Dk, and Dmihad permanently left the colony when D1 was

removed

Before queen removal:

Subordinate female

Total times

— dominating/fighting
Dt D2 D3 D4 D5 D6 Da Dh Dk Dm Q@

D1 - 2 1 1 4
D2 - 7 3 5 1 3 8 37 27/@
D3 ® ~ 2 3 2 1 3 54 11/
D4 ® - 1 ®
D5 2/® - 2/@
D6 - 1 0
Da 1/® 1/ 2 9 3 - 1 4 7 21/@
Dh @ 2 - 2/®
Dk 1 1 @ - 2/®@
Dm 1 ® 1o 1 1 1 1/® - 54 6/®
2 Q) 26/® 45/® 10 1 29/@® 5 13/@
Total times dominated
by other females 1 3 4 13 16 11 7 4 15 1 Z=75/
Condition of ovaries A c a a a a ? a—A 7 a—A
Thorax length in mm 094 094 092 087 0.8 084 ? 0.86 7 0.90
After queen removal:

Subordinate female Total times

— dominating/fighting

D2 D3 D4 D3 Dé 9
D2 - 17 20 9 12 78 58/GD
D3 - 8 14 4 69 26/@®
D4 2/® 11/® — 3 2 18 18/
D5 1/® O] 2/® - 1 7 4
DS - 2 0
sle) 17/® 40 /@ @ 2 61 90
Total times dominated
by other females 3 28 30 26 19 > =106/57
Condition of ovaries C Ageg Agep a a

* In both cases workers pulled the female back into the nest

creased. In the presence of the fertile queen in D, worker-
worker dominance interactions had been noticed only
six times in 13 h of observation. On the first few days
after the removal of the queen, fifty such aggressive acts
were recorded during 5 h observation (Table 7, Fig. 1).
During this period, workers were seen feeding on eggs
seven times, which never had occurred in the presence
of the fertile queen.

In D, the females D2, D3, D4, and, less often, D5,
engaged in fighting and dominance interactions, which
resulted in a spatial separation. The female D2 remained
near the egg pile, while D3 was at the nest entrance,
and D4 outside the nest. D2 laid her first eggs approxi-
mately 8 days after queen removal. Outside of the col-
ony, female D4 started ovipositing at the same time.
In one instance, we observed that a worker picked up
D4’s egg from outside the nest and carried it to the

brood pile within the colony, where it was investigated
and licked by D2 and D6, but apparently not destroyed.
D3 was never seen ovipositing. The frequency of aggres-
sive acts, initiated by workers and directed toward fe-
male D2, decreased, whereas D4 was attacked more fre-
quently (Fig. 1). Ten days after queen removal, D4 was
pulled by several workers for hours, and her antennae
and legs were torn off, resulting in her death 11 days
after queen removal. D5 left the colony 3 days after the
old queen had been removed and died 4 days later out-
side the nest, without having been involved in fights
with workers. Thus, apparently only one of the five fe-
males in the colony, D2, successfully replaced the queen.

Similarly, the p-females in two other colonies, A2
and B3 (since B2 had died), became fertile about 1 week
after the queen had been removed. B5 was heavily at-
tacked by workers and left the colony 2 days after queen



removal. The attacks continued outside the nest, and
after 4 more days, BS finally was killed. '

When we put the still fertile original queens back
into the three colonies 2 weeks after a replacement queen
had started to lay eggs, they immediately were attacked
by workers and were pulled and dragged out of the nest.
Only in D was the original queen occasionally groomed
by some workers, but after this she was attacked again.
No encounters between original and replacement queens
were observed. The original queens, although occasion-
ally seen near the nest entrance, finally remained outside
the nest. D1 was killed by workers 10 days after she
had been put back into the colony.

The experiments were stopped about 4 weeks after
queen replacement and the remaining females were dis-
sected.

Dissection of females

Since most females were dissected after the original
queens had been removed, the dissection results do not
reflect the condition of their ovaries in the presence of
the queen. However, in about 60 additional colonies
from Tadoussac and other populations in Québec and
New England, nearly always only one single female was
fertile; the others were sterile with ovaries of type “a”
or, less often, ““c” (Heinze and Buschinger 1988). Thus
it becomes very likely that each of our experimental colo-
nies contained only one single fertile queen. The most
probable actual conditions of the ovaries prior to queen
removal are given in the tables.

In each queenright colony, only the highest ranking
female had been fully fertile. Their ovarioles were dis-
tinctly elongated and contained numerous developing
eggs and yellow bodies. The spermathecas of all the orig-
inal queens were filled.

Most additional females were inseminated, with the
exception of B4, C4, and D2. Permanently emigrating
females, such as Dh, Dj, and Dm, had elongated ovar-
ioles with some developing eggs. In our experiments,
however, none of these individuals had actually become
fertile outside the nest.

After the original queen had been removed, in A
three (A2, A4, A7), B two (B3, BS), and D three (D2,
D3, D4) females had started to oviposit; their ovaries
were elongated and contained a few corpora lutea. How-
ever, when dissected, only the ovaries of the high ranking
individuals A2, B3 (remember that B2 had died before
queen removal), and D2 contained mature eggs. The
ovaries of the others apparently had started to degener-
ate.

Colonies with intermorphic and gynomorphic queens

In the two colonies from St. Siméon that contained both
intermorphic and gynomorphic females (E and F), no
aggressive acts between females were observed, and no
preference for an individual female by workers was de-
duced. Females typically appeared to ignore each other,
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although some, especially the gynomorph Fl and the
intermorph Fc, frequently groomed other females. The
dissection of all the females showed that although no
female had been fully fertile, most had laid eggs: their
ovarioles were elongated and contained developing eggs
and corpora lutea.

Discussion

In the nearctic ant Leptothorax sp.A, the reproductive
competition among potential queens in colonies with
multiple females is resolved through the formation of
linear or near-linear dominance hierarchies. Aggressive
interactions apparently are critically important in estab-
lishing and maintaining functional monogyny. After hi-
bernation, the females engage in dominance and aver-
sion behaviors similar to those observed among workers
of Leptothorax (Macromischa) allardycei (Cole 1981),
Protomognathus americanus (Franks and Scovell 1983),
and Harpagoxenus sublaevis (Bourke 1988). Though
dominance interactions have been reported from females
in incipient colonies of ants (Holldobler and Taylor
1983; Fowler and Roberts 1983; Holldobler and Carlin
1985) and aggression has been observed among females
in apparently polygynous colonies (Evesham 1984), this
is the first time that a dominance hierarchy among inse-
minated females in mature colonies of ants has been
documented.

The intermorphic females of Leptothorax sp.A are
only a little larger in size than workers (Heinze and
Buschinger 1987), and their thorax perhaps does not
contain enough reserves to guarantee a successful colony
foundation in the short period between mating in late
July and the first snowfall in September. Instead of
founding colonies on their own, many young inter-
morphic females return into their mothers’ nests after
mating, where they may stay for several breeding cycles
without becoming fertile. About one-third of all colonies
collected in Northeast America contained sterile, inse-
minated females in addition to one fertile intermorphic
queen (Heinze and Buschinger 1988). The fertile queen
is the top ranking individual in a hierarchy, which is
established by aggressive interactions. She is groomed
and fed significantly more often than other females. Our
data suggest that she inhibits egg laying in subordinates
by antagonistic behavior, at least during the first weeks
after the end of hibernation. Later in the year, when
the dominant o-female has become fully fertile, physical
aggression perhaps is replaced by a pheromonal queen
control. In one colony that could be observed only sever-
al weeks after the end of hibernation, the dominant indi-
vidual had already become physogastric and almost
never engaged in aggressive interactions. Queen phero-
mones are known to inhibit reproductive activity in
workers in many ant species, such as Plagiolepis pygmaea
(Passera 1980) and the weaver ants Oecophylla longinoda
and O. smaragdina (Holldobler and Wilson 1983). In
Harpagoxenus sublaevis, a pheromonal queen control
has been suggested, too, although high ranking workers
in queenless colonies apparently suppress fertility in
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other workers by means of antennation bouts and biting
(Bourke 1988). The inhibitive power of the queen has
been found to be weak or absent in Leptothorax ( Tem-
nothorax ) recedens (Dejean and Passera 1974) for several
weeks after hibernation. In Leprothorax sp.A, a similar
phenomenon could explain the comparatively low fre-
quency of dominance behavior exhibited by the fertile
intermorphic queen in D. As in Harpagoxenus sublaevis
(Bourke 1988), queen pheromones might inhibit worker-
worker aggression. Workers were not individually
marked in our experiments, but it seems probable that
the observed hierarchies among females are only a small
part of hierarchies, which include all ants in the colony.
In contrast to other leptothoracines, in Leptothorax
sp.A, selfishness in workers is difficult to explain in
terms of reproductive success, since they apparently have
lost the capability to lay fertile eggs and to produce
males even in queenless colonies (Heinze, unpublished).

After removal of the fertile queen, several other inter-
morphs started to develop eggs in each nest, but func-
tional monogyny was maintained by fights among fe-
males or between females and workers. Dissection data
show that in all three colonies only the individual highest
in rank successfully replaced the queen. Other inter-
morphs either were expelied by workers and — perhaps
because they did not have a chance to escape from our
laboratory nests — were finally killed, or their ovaries
started to degenerate and did not contain any developing
eggs. Whether a female is inseminated or not apparently
does not influence her rank in the hierarchy. To our
surprise, in one colony an uninseminated intermorph
replaced the queen and dominated several inseminated
females. Though capable of producing males, uninse-
minated females certainly do not play a major role in
natural populations: uninseminated, but fertile females
have been found only occasionally in the field, and they
were usually accompanied by a fertile inseminated fe-
male (Heinze and Buschinger 1988).

Queen replacement is not the only strategy for a
young female of Leptothorax sp.A to produce her own
offspring. After the end of hibernation, a number of
intermorphic females abandoned the maternal nests, per-
haps to found colonies on their own. The emigration
was often preceded by violent fights among females or
between females and workers. Aggression and domi-
nance interactions thus might lead to the establishement
of new colonies. In the laboratory, fights frequently dis-
turbed the whole colony; workers began to remove eggs
from the brood pile, and on two occasions the queen
was observed leaving the nest. In the field, these conflicts
might eventually result in the division of a colony. Col-
ony foundation by budding seems to have advantages
for species living in habitats distributed in patches
(Holldobler and Wilson 1977; Rosengren and Pamilo
1983). There is evidence that in Québec, colonies of Lep-
tothorax sp.A are founded by colony-fission or budding.
Ten of 36 single-queened colonies of Leprothorax sp.A
collected in early summer did not contain an old, fully
fertile queen, but only a female whose ovaries contained
newly developing eggs and no corpora lutea (Heinze and
Buschinger 1988). The abundance of Leptothorax sp.A

colonies with intermorphic queens suggests that a strate-
gy combining hibernation in maternal colonies and col-
ony foundation, perhaps by budding, in spring is highly
successful on the isolated rocky outcrops along the St.
Lawrence and Saguenay Rivers in Québec.

It is not yet known which characteristics determine
an individual’s rank in the hierarchy and whether corre-
lations exist between the rank of a female and her behav-
ior in spring. A low ranking individual may have a poor
chance for a successful independent colony foundation,
but may outlive the original queen or may become fertile
after colony fission. In one of the studied colonies, the
lowest ranking individuals, D4, D5, and D6, indeed
showed only little tendency to emigrate, wheras higher
ranking females permanently or temporarily left the nest.
The observed return of high ranking females, such as
D2, D3, and Dm, into the colony perhaps is an artifact
due to conditions in the laboratory. On the other hand,
given our knowledge about the fascinating colony foun-
dation behaviors exhibited by some close relatives, the
socially parasitic Leptothoracini (e.g., Buschinger
1968b; Buschinger and Klump 1988; Stuart 1984;
Heinze 1989b), it would be not very surprising if a high
ranking female would actively try to replace the a-female
and usurp the role of the queen.

In homogeneous habitats, such as the extended, open
coniferous forests of Grands Jardins National Park or
near St. Siméon, Leptothorax sp.A is less common, and
most colonies contain only one single gynomorphic
queen instead of several intermorphs (Heinze and Bu-
schinger 1988). Apparently winged females usually do
not return into their mothers’ nests after mating and
found colonies solitarily. Nests with multiple gyno-
morphic females therefore are quite rare even in popula-
tions with a high percentage of gynomorphic queens
(Heinze 1989¢). In our colonies from St. Siméon, aggres-
sive interactions, similar to those observed in the colo-
nies from Tadoussac, were apparently absent. Several
females were fertile, though none was fully physogastric
and most of them had oviposited only at a rather low
rate. According to previous observations, colonies with
several gynomorphs or both types of females usually
are functionally monogynous also (Heinze and Busch-
inger 1988). In a number of cases, up to three inseminat-
ed gynomorphs were found to be sterile in the presence
of a fertile intermorph, and one colony contained five
sterile, inseminated intermorphs in addition to one fer-
tile, gynomorphic queen. Occasionally truly polygynous
colonies of functionally monogynous species, such as
Leptothorax sp.A or Formicoxenus nitidulus (Buschinger
and Winter 1976) have been found, but how they origi-
nate is unknown. The studied colonies from St. Siméon
apparently belong to this rare group. Further experi-
ments might help to determine whether or not domi-
nance hierarchies exist in nests with several gynomorphic
females.

By adopting young inseminated females, the lifetime
of a functionally monogynous colony becomes extended,
but the a-female retains exclusive control over reproduc-
tion. Functional monogyny thus combines the advan-
tages of monogyny with those of polygyny (Tschinkel



and Howard 1978). Nevertheless it seems to be restricted
to a small number of quite specialized ants; it has been
regularly found in only seven species of leptothoracine
ants and occasionally in Solenopsis invicta (Tschinkel
and Howard 1978). The functional monogyny observed
in one laboratory colony of Myrmecina graminicola
(Baroni-Urbani 1968) has been thought to be an artifact
(Buschinger 1970). Functional monogyny in leptothora-
cines seems to be correlated with another rare phenome-
non, queen polymorphism: only in one functionally
monogynous species, Leptothorax gredleri, do inter-
morphic queens not occur. It still remains to be ex-
plained whether these correlations are caused by a closer
phylogenetical relationship between the different species
or by similar adaptations to special habitats. In other
groups of ants, a functional monogyny maintained by
physical aggression might be an instable strategy: In spe-
cies with a large colony size or in polydomous species,
competition among females might lead to the spatial
separation of individuals and to oligogyny instead of
functional monogyny, as in Iridomymrex purpureus
(Holldobler and Carlin 1985). A reproductive domina-
tion less complete than in functionally monogynous Lep-
tothorax sp.A perhaps is more common. It is known
that the reproductive success of individual queens in po-
lygynous colonies may vary widely (e.g., Keller 1988),
and in the fire ant, Solenopsis invicta, queens not only
differ in the total number of offspring but also in the
relative production of workers and female sexuals (Ross
1988). Though at least in part this variability can be
explained by intrinsic physiological factors, in other
cases subtle forms of behavioral dominance, such as dif-
ferential oophagy (Gervet 1964), might lead to substan-
tial differences in fecundity.

In Leptothorax sp.A, further studies with laboratory-
bred colonies, containing females of defined age and
comparable numbers of workers and brood, will help
to find out more about the development of hierarchies
in colonies with both gynomorphs and intermorphs and
the role of behavioral domination in colony foundation.
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