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The division of colonies into castes, each
composed of individuals performing the
same specialized set of tasks, lies at the
heart of social organization in the insects
and is one of the defining criteria of
eusociality [1 —3]. While in some eusocial
insects the queen and worker castes differ
only in behavior, in others the behavioral
differences are accompanied by size and
morphological specializations [4]. Queen
and worker castes that are morphological-
ly distinct are widespread in all three
groups of eusocial Hymenoptera (ants,
bees, and wasps). Worker polymorphism,
or the existence of two or more morpho-
logically specialized worker subcastes, is
restricted to 15% of the ant genera, where
it has had eight independent evolutionary
origins [5]. In both cases, differential
treatment of the immature stages, typical-
ly in the form of nutritional differences,
triggers switches leading to two or more
developmental programs [6].

Evidence from comparative morpho-
metric studies suggests that the first step
in the evolution of worker subcastes in
ants was an increase in the size range of
workers. This served as a substrate for the
second step, the evolution of allometry-
based morphological differences among
workers along the size gradient [6]. With
respect to the evolutionary divergence of
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queens and workers, the evidence is less
clear, but suggests that the initial step was
also an expansion of the range of female
body size [7].

We provide the first evidence that mor-
phological castes may evolve without an
initial divergence in body size. Queens
and workers in a polistine wasp differ sig-
nificantly in body proportions while dif-
fering little in overall size. We argue that
in at least some eusocial Hymenoptera,
morphologically specialized queen and
worker castes are not derived from allo-
metric growth along a body-size gradient,
unlike physical subcastes in worker ants.

Apoica belongs to a tribe of 22 genera of
swarm-founding wasps (Hymenoptera:

Table 1. Summary statistics of morphometrics on queens and workers of Apoica pallens (in mm).
Q/W is the ratio of the means of queens and workers. P value gives level of significance of in-
dependent t-test. N = 50 queens, 50 workers. HH (head height) = tip of clypeus to ventral rim
of median ocellus (frontal aspect); HW (head width) = maximum interorbital distance (frontal
aspect); HL (head length) = rear margin gena to front of compound eye, with longitudinal axis
horizontal (lateral aspect); TH (thorax height) = height of mesothorax from dorsal end of
mesopleural suture to most ventral projection of mesopleuron (lateral aspect); TW (thorax
width) = greatest width of mesoscutum (dorsal aspect); TL (thorax length) = from anterior pro-
jection of pronotal keel to rear margin of propodeal valve (lateral aspect); WL (wing
length) = maximum length of the radial cell of the forewing; GIAW (first gastral tergite apical
width) = width at apical margin of gastral tergite | (petiole) (dorsal aspect); GIBW (first gastral
tergite basal width) = minimum width of the base of gastral tergite | (dorsal aspect); GI1H (first
gastral tergite height) = maximum height of gastral tergite 1 (lateral aspect); GIL (first gastral
tergite length) = length of gastral tergite | from muscle insertion to apical margin (dorsal aspect);
G2W (second gastral tergite width) = maximum width of gastral tergite 2 (dorsal aspect); G2L
(second gastral tergite length) = length of gastral tergite 2, from posterior-most projection of
gastral tergite 1 to apical margin of gastral tergite 2 (lateral aspect)

Measure Queens Workers Q/W P
Mean (SD) Mean (SD)

HH 245  (£0.04) 2.58 (+0.05) 0.95 0.001
HW 2.66 (£0.06) 2.86 (+£0.07) 0.93 0.001
HL 0.40 (+0.01) 0.42 (+£0.01) 0.94 0.001
TH 2.41 (+0.06) 2.47 (+0.08) 0.98 0.001
W 2.28  (£0.06) 2:25 (£0.07) 1.01 0.050
TI, 551 (+0.14) 5.63 (+£0.14) 0.98 0.001
WL 9.11 (+0.26) 9.66 (+0.27) 0.94 0.001
GIH 0.22 (£0.01) 0.21 (+£0.01) 1.03 0.002
GIAW 0.41  (+0.01) 0.37 (x£0.01) 1.11 0.001
G1BW 0.14  (+0.01) 0.13 (+0.01) 1.01 0.070
GIL 337 CE0:11) 3.60 (+£0.07) 0.94 0.001
G2wW 310 (+0.21) 2.86 (£0.18) 1.08 0.001
G2L 3.00 (x£0.17) 3.30 (£0.14) 0.91 0.001
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Vespidae: Polistinae: Epiponini) found in
the tropics. The tribe exhibits the full
range of degrees of caste differentiation,
from species in which queens and workers
are apparently identical in size to those
with castes that are discontinuous in size
and morphology [8]. Apoica, the sister
genus to the remaining 21 tribal genera
[9], is unusual in that queens are slightly
smaller than workers [10]. The Epiponini
are polygynous, meaning that their colo-
nies contain multiple egg-laying queens
[8].

We collected a colony of A.pallens (F.) in
October 1993 in the state of Cojedes,
Venezuela. A random sample of the 499
adult females was later dissected and sep-
arated into two categories on the basis of
ovary development. Females with at least
one partially yolked egg per ovariole were
classified as queens, and those with fila-
mentous ovarioles as workers. Females
were sorted unambiguously by this criteri-
on; there were no individuals with inter-
mediate ovary development. Sperma-
thecae were not examined. Fifty queens
and 50 workers were randomly selected
from the dissected sample and were mea-
sured with respect to 13 morphometric
variables (Table 1). All analyses were
made using common log transformations
of the raw data.

Queens and workers differed little in over-
all size; the queen/worker size ratio for
the 13 characters averaged only 0.98.
However, queens tended to be significant-
ly smaller than workers anteriorly, but
significantly larger posteriorly (Table 1).
Analysis of covariance [11] supported
models of each variable vs. thorax length
(chosen as a measure of body size) that
had significantly different linear relation-
ships for queens and workers. For all
measurements there was strong evidence
that the lines for queens and workers were
either parallel to one another or had a
common intercept at 0 (P<0.02). Large
variance combined with a small size range
precluded distinguishing between these
two models. For three variables (G1H,
G1AW, G2W) the null hypothesis that
the slope did not differ from 0 could not
be rejected.

Stepwise discriminant analysis identified
head width (HW) and first gastral tergite
apical width (G 1 AW) as the two most im-
portant contributors to the separation of
the castes, together accounting for 85%
of the variation. Plotting each of these
against thorax length clearly shows that
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simple allometric growth cannot explain
the two castes (Fig. 1). Plotting G 1AW
against HW illustrates the discreteness of
the castes as well as the anterior-posterior
change in relative body proportions
(Fig. 2). The clean separation of individu-
als into two morphologically distinct
groups on the basis of ovary development
makes us confident that our criterion for
separating queens from workers was
valid.

The existence of significant shape differ-
ences in the presence of only a minor
overall size difference strongly suggests
that the two castes could not have di-
verged along a gradient of body size: there
is no way to move from one caste to the
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Fig. 1. a) Head width (HW)
and b) first gastral tergite
L apical width (G 1 AW) as

@ & functions of thorax length
e o . 0 (TL) for queens (©) and
" Workers workers (@) on log-log axes.

Calculated regression lines
are shown. Also plotted are
frequency distributions of
each caste on each variable
(each pair of bars is cen-
tered on the tick, which in-
dicates the upper limit of
the interval represented)
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other simply by changing size. Thus, the
morphological difference cannot be ac-
counted for by simple linear allometric
growth. This leads us to hypothesize that
the first evolutionary step in the diver-
gence of queens and workers in these
wasps, and perhaps other social Hymeno-
ptera, was a reprogramming of growth pa-
rameters in the pre-adult stage rather than
an expansion of the range of body size,
such as underlies worker polymorphism
in ants [6].

Our result points to the possibility that
some of the epiponine species, thought to
lack morphological castes on the grounds
that queens and workers do not differ sig-
nificantly in size [8], may actually be
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Apoica pallens, they may be dimorphic
on the basis of shape alone. In species
with a strong size dimorphism [8], diver-
gence along a size gradient may have fol-
lowed secondarily, although this hypothe-
sis remains to be tested with careful met-
ric studies.
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