that implantation with cyclic AMP in-
duces such differentiation. Measure-
ments of ATP and extracellular cyclic
AMP levels under aerated and unaerated
conditions would be of interest in this re-
gard.

It is possible that these considerations
are relevant to the normal control of
morphogenesis and differentiation. No
measurements of oxygen concentration
in different regions of the slug are avail-
able. If, however, increased oxygen per-
meability through the more fluid sheath
at the slug tip created an increased rate
of respiration in this region, heightened
ATP and cyclic AMP levels could ex-
plain the differentiation of pre-stalk and
stalk cells and the occurrence of stalk
morphogenesis in this part of the slug.
The question of the involvement of meta-
bolic gradients in the establishment of
polarity and pattern is of general interest
in the formulation of developmental
models.
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Temporary Queens in Metapolybia Wasps:

Nonreproductive Helpers Without Altruism?

Abstract. In Metapolybia aztecoides some mated females produce only workers,
losing in competition with other similar egg-layers before producing either males or
queens. Worker production by these ultimately nonreproductive females may in-
cidentally benefit others without lowering individual fitness (without “‘altruism’’). It
could be a by-product of mutualism rather than of kin selection or parental manipu-

lation.

The social insects are of special inter-
est to evolutionary theorists because
they live in groups containing non-
reproductive individuals (workers) that
help rear the offspring of others
(queens). Young colonies of the neo-
tropical social wasp Metapolybia azte-
coides (1) observed near Cali, Colombia
(4°N, 915 m elevation), contain an addi-
tional kind of helper—mated egg-layers
that produce workers but which are
eventually forced to leave the colony or
to become workers before producing
males or queens. These temporary
queens resemble workers in that they
make no direct contribution to the genet-
ic composition of future generations and
they help (by worker production) main-
tain a colony used by other females to
produce sexual brood. In this report, I
describe the circumstances giving rise to
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temporary worker-producing queens in
Metapolybia and discuss their possible
evolutionary basis.

The colony cycle and behavior at the
nestin M. aztecoides was observed in an
undisturbed colony and in two of its off-
spring colonies during the 18-month
period (23 February 1974 to 1 September
1975) encompassing their development
from initiation to abandonment. Brood
development was monitored by period-
ically recording cell contents on maps of
the combs; 905 females were marked for
individual identification with quick-
drying enamel. These three colonies
were observed for 260 hours with special
attention to the functional roles of the
marked individuals. The representative-
ness of the data was checked by obser-
vations and dissections of 20 additional
colonies of the same species.

There are no dependable morphologi-
cal means of distinguishing the castes of
living females in M. aztecoides, although
an old queen’s abdomen is usually swol-
len by ovarial eggs, and (even in young
egg-layers) extended rather than inclined
ventrally during locomotion (see cover).
However, egg-layers are recognizable
because (i) they perform a characteristic
aggressive ‘‘bending display”’ (cover);
(ii) they usually cluster at one edge of the
comb; and (iii) workers perform a dis-
tinctive shaking ‘‘dance’ toward them
as they move about on the comb. These
behavior patterns unequivocally distin-
guish queens (egg-layers) from workers
(nonegg-laying females seen building or
foraging).

Young colonies of M. aztecoides alter-
nate between multiple queen (polygy-
nous) and single queen (monogynous)
phases (2) (Fig. 1A). As in most other
tropical social wasps, nests are founded
by swarms containing numerous workers
and usually several egg-layers. The num-
ber of egg-layers then gradually declines:
some queens leave with swarms; some
cease laying eggs and become workers
when workers are scarce; and some are
forced off the nest by aggressive workers
and queens (2), and fail to return. Some-
times there is only one egg-layer for sev-
eral months (Fig. 1A). If such a lone re-
productive disappears, a number of
young females immediately (within a few
hours) begin to elicit the workers’ dance.
This cycle of alternating polygyny and
monogyny can apparently be repeated
indefinitely until, in large colonies pro-
ducing males as well as females, polygy-
ny becomes permanent (3). This report
concerns only small, temporarily po-
lygynous or monogynous colonies, in
which male production was not ob-
served.

The initial functional caste of a young
M. aztecoides female depends largely on
conditions in the colony soon after her
emergence as an adult; if a queen or
group of queens is present, she is likely
to become a worker; if not, she is likely
to mate and, at least temporarily, be-
come a queen. Of the 840 female off-
spring marked on long-term observation
nests, only 82 were known to lay eggs,
and all of these were marked between 17
February and 30 March—they were new-
ly emerged when the lone queen of the
preceding 6 months disappeared on 18
March (Fig. 1). Of 96 newly emerged fe-
males marked during this critical period,
78 (81 percent) were behaviorally recog-
nized as queens. In contrast, none of the
more than 700 female offspring marked
at other times on these nests were ever
seen to lay eggs or evoke dancing on ei-
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ther the parent or the swarm-founded
offspring nests (the latter were observed
for about 50 hours). This critical period
for caste determination may correspond
to a brief ovary-developed phase known
to occur commonly in young unmated fe-
males of Metapolybia, and other social
wasps, soon after they emerge (¢, 5). Fe-
males that are in this phase when the col-
ony becomes queenless are evidently
those that begin to lay eggs @, 5).

In the colony of Fig. 1, all of the new
queens, after the disappearance of the
lone queen, were probably sisters, since
the former queen was almost certainly

the only female ovipositing on the nest -

from 3 January to 13 February when the
eggs producing these females had been
laid (6). Thus, periodic monogyny, if it
lasts long enough for all replacement

egg layers to be offspring of the single:

queen, maintains high genetic related-
ness within the colony (2).

Both workers and queens are active in
eliminating some queens from reproduc-
tion. The dance of workers toward
queens is performed with extra intensity
during episodes of queen elimination,
and appears to function as a test of queen
dominance; if the danced-to queen
adopts a crouching, subordinate posture
or offers regurgitated fluid (also a subor-
dinate gesture) the worker attacks her; if
she acts dominant (solicits fluid, avoids
the worker, or simply stands her ground)
she is not attacked. Queens sometimes
push attacked individuals from resting
clusters, and chase them off the comb.
When attacked persistently, queens
eventually either fail to return to the
nest, or change caste (become work-
ers), and are eliminated from reproduc-
tion. It appears that eliminated queens
are subordinate compared to persistent
queens. They may, therefore, be females
of inferior reproductive capacity, since
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Fig. 1. (A) Changes in number of queens present in a colony of Metapolybia aztecoides after
observation of preswarming behavior (s), conversion to worker behavior (w), and eviction from
the nest following attacks (¢). A few queens were missing (m) for unknown reasons. The solid
triangle indicates the time of disappearance of the monogyne; $* was a premature swarm
caused by overheating of the nest. (B) Adult offspring produced (number of vacated full-term
pupal cells during the preceding 10-day period). Dark bars denote the queen-producing period.

This nest was abandoned in June.
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the degree of dominance and of ovarian
development are known to be associated
in social wasps (7). If the elimination of
some queens is desirable (in order to
augment the supply of workers or reduce
wasteful competition among egg-layers),
it might be to a worker’s advantage to
eliminate those likely to be inferior (7). It
is also possible that dancing workers
may distinguish between their mothers
and their aunts (or other peripheral rela-
tives) who might be laying eggs on the
nest, because of the superior genetic
payoff of rearing the mother’s offspring
(siblings) (8).

Worker production by females des-
tined to lose out reproductively (by being
eliminated as egg-layers before produc-
ing brood giving rise to sexual adults)
could increase the inclusive fitness of
those individuals if it contributes suffi-
ciently to the reproductive success of
their sisters, whose female offspring
(nieces) are genetically almost as valu-
able as daughters (9). Or selection on
persistent queens could favor the pro-
duction of the mixture of workers, tem-
porary queens, and persistent queens,
among descendants, that is most con-
ducive to their individual reproductive
success (/10).

A more conventional explanation, in
terms of the individual reproductive suc-
cess of the temporary queens, also
seems to apply: cooperative worker pro-
duction (continued egg-laying, and toler-
ation of ovipositing nest mates) early in
the colony cycle may be essential to pre-
serve a resource (the established nest
and worker staff) that is absolutely nec-
essary for the potential queen’s future
reproduction (nesting by a single female
without workers is unreported in Me-
tapolybia). A young queen’s own egg-
laying capacity may initially be too small
to quickly produce enough workers to
maintain the colony. Her subordinant
companions can also serve as a reserve
work force when the worker population
approaches extinction prior to the emer-
gence of the first worker offspring: in the
colony of Fig. 1, the last swarm worker
disappeared 11 days before the initiation
of foraging by worker offspring, and the
“‘workerless’’ colony was maintained by
working former queens. Such preemer-
gence labor crises are probably common
in newly founded colonies since the av-
erage time needed to produce a foraging
worker (55 days) is considerably greater
than the average worker life-span (28
days) (11). The rarity of male production
in small colonies (3) may also reflect the
likelihood of worker scarcity early in the
colony cycle (males do not work). Con-
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tinued egg-laying, rather than parasitic
waiting while others produce workers,
probably also contributes to a female’s
chances of eventually becoming domi-
nant since, in social wasps, persistent
oviposition commonly leads to ovarian
development, increased egg-laying ca-
pacity, and dominance (failure to ovipos-
it leads to ovarian regression and subor-
dinance) (5, 12).

Later, when worker production is un-
der way and each queen’s ovaries are
more developed [as evidenced by the in-
creasingly swollen abdomens of older
queens (see cover)], competition among
queens (aggressive bending and eating
of each others’ eggs) increases until
only one queen is left. At that stage the
single persistent queen is able to pro-
duce workers at a rate equaling or even
surpassing that of a group of young
queens (Fig. 1); and, at least on a small
nest, she is able to inhibit all reproduc-
tion by nest mates (13).

The dominant queen wins a colony
largely built and maintained by the off-
spring of others: in the case of the lone
queen of Fig. 1, an estimated 89 percent
(I14) of the workers that emerged before
and during her tenure as queen were off-
spring of other females of the founding
swarm that produced neither egg-layers
nor males on that nest. Some of the los-
ers (those that leave with swarms) have a
chance of reproducing on a new nest.
Those exiled without swarms and those
becoming workers probably have little or
no chance of reproducing (none were ob-

served to lay eggs subsequently). They .

are effectively sterilized in competition
with nest mates.

This “‘mutualistic loser’” hypothesis
(the suggestion that increasing com-
petition among temporarily cooperating
group members might impose reduced
fertility on some individuals) solves the
conundrum of how a mutualistic society,
which implies activity benefiting others
without reduced reproductive success
(fitness), could give rise to drastically re-
duced fitness in some helpers with no pa-
rental manipulation or benefit to kin, a
problem that has been a principal objec-
tion to mutualistic theories of helper evo-
lution in the past (10, 15).

In general, sterile helpers can be main-
tained in a population by mutualism if
the average reproductive brood size of

“active mutualists (group-living helpers),
including those sterilized through com-
petition, is greater than that of solitary
individuals or idle group members (16).
All the necessary conditions (16) appear
likely to hold for worker production by
temporary queens in young colonies of
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M. aztecoides. However, mutualism
may not account for the performance of
worker duties by some former queens,
since they may not remain capable of re-
production after helping, as required by
this hypothesis (/6). In a completely self-
ish case (pure mutualism with no oppor-
tunity for indirect payoff by means of
benefits to kin) subordinant egg-layers
would be expected to fight to the death in
the attempt to take over the colony, un-
less the small chance of reproduction by
a worker or exile is greater than that of
an all-out fighter (/7, 18).

Worker-producing temporary queens
are likely to occur in other temporarily
polygynous species in which the colony
passes through a monogynous stage be-
fore producing a sexual brood (/9). In
newly founded colonies of Polistes
Jfuscatus, ultimately nonreproductive
mated females occasionally lay worker-
producing eggs, in a situation closely
parallel to that of young Metapolybia
colonies: solitary nest founding is rare
once spring nest building is under way;
egg laying auxiliaries are subordinate to
those aided and often lose out (are ul-
timately sterilized) in competition; sub-
ordinate egg layers retain the ability to
oviposit (are hopeful reproductives) for a
prolonged period (18). As in M. az-
tecoides, P. fuscatus cofoundresses are
close relatives, probably often sisters
(I8, 20); thus, their behavior may like-
wise be explained in terms of kin selec-
tion or maternal manipulation, as well as
by the mutualism hypothesis outlined
above. The difficulty of distinguishing
which of these three hypotheses applies
in nature is compounded by the fact
that all three modes of selection could
operate simultaneously to produce help-
ing behavior among kin.

MARY JANE WEST-EBERHARD
Departamento de Biologia, Universidad
del Valle, Cali, Colombia, and
Smithsonian Tropical Research Institute,
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