


daughters prior to swarming, thus enhancing the liklihood of successful
and rapid foundation of new colonies; when polygynous swarms occur
they must increase the likelihood of successful colony multiplication
during the high-risk period of swarm migration and nest initiation,
when a monogynous swarm might lose its only queen and hence
represent a large loss of reproductive effort on the part of the
mother queen, The return to monogyny indicates that once the nest
is established the single-queen system is more advantageous, It may
be that in the absence of factors favouring polygyny, monogyny is
preferable from the mother's point of view, because it prevents the
decline of relatedness among brood members in her descendents, and
thus insures that selfish mutants among workers will be selected
against in terms of inclusive fitness (see West Eberhard, in press).

Temporary polygyny may have been a stage in the evolution
of the permanent polygyny found in species having a permanent need
for multiple queens, e.g., in cases where a constant high egg-
production rate is selected for and exceeds the capacity of a single
queen, or when the colony cannot afford a monogynous stage in which
it would not be prepared to send off polygynous swarms (e.g. if
disruption were common in all stages of colony development), Or
permanent polygyny may be the product of a different breeding struc-
ture: if inbreeding is the rule, colonies are clonelike and many queens
could coexist with little reproductive (genetic) competition (see
Hamilton, 1972). When (if ever) inbreeding is the basis of a poly-
gynous social organisation one would expect little evidence of
competition among queens. On the other hand, in outbreeding . species
having permanent polygyny, we might sometimes find signs of
reproductive competition among queens, for example, spatial separation
of queens and/or their broods within the nest (e.g. on separate combs),
or ability of a worker to discriminate her own mother and/or siblings
among the brood. In such cases it may be more accurate to regard
the colony as an aggregate of competing monogynous females for whom
group living (cooperation) is individually advantageous in some context(s),
rather than as a single polygynous unit, Alternatively, it could be
viewed as a group of somewhat competitive sisters on whom co-
operation has been imposed by selection operating on the mother Gla
Alexander, in press),

At least it seems clear that "polygyny" among social wasps
is not a uniform phenomenon to which any one single evolutionary
explanation can be applied, Many so-called polygynous species may
prove to be fundamentally monogynous with polygyny occurring only
facultatively, or during certain stages of the colony cycle,
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Figure 1, Hypothetical pattern of fluctuation in average worker-brood relatedness with periodic monogyny (Metapolybia).
M = time of initiation of monogynous stage, P = time of initiation of polygynous stage, Dotted line shows average worker-
brood relatedness given the colony cycle hypothesized in the text, Solid lines represent average relatedness for workers
(W1, Wy, W3) produced by successive monogynous queens and (WPQ) by polygynous queens, Dashed portions of these
lines represent values reached only by extremely long-lived workers., Numerical values of relatedness assume single
mating and outbreeding; parallel fluctuations would occur (at a lower level) with multiple mating and (at a higher level)
with inbreeding, Levels of worker-brood relatedness approached in permanently polygynous colonies having 2, 3, and

12 queens are indicated on the left,
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