All snakes displayed a slight pupillary
constriction underwater. However, the
response is too weak to support the idea
of a mechanism similar to the one in
comorants [2]. Although Beer pointed
out already in 1898 [11] that N. tesse-
lata has a very flexible lens which
would be perfectly suited for large
amounts of accommodation, the
mechanism present in the water snakes
(providing more than 100 diopters of
accommodative power) remains to be
discovered. From ray tracing (personal
observation), it can be seen imme-
diately that a mechanism of accom-
modation typical for terrestrial snakes
(moving the lens along the optical axis)
is insufficient. Therefore, a deforma-
tion of the lens must be involved.

In conclusion, similar to an earlier
study in North American species, we
observed fundamental differences in
the ranges of accommodation among
the three European water snake species.
Theresults are in agreement with behav-
ioral observations, which show that
both N. ftesselata [12} and N. maura
(personal observation) are very success-

ful when they are catching fish under
water, as opposed to N. natrix which
can locate a jumping frog in the air at a
distance of 1m, but appears quite dis-
abled under water. Two generalizations
emerge from the present study and pre-
vious work on Thamnophis [5,6,13].
First, the ability to accommodate vision

‘under water can vary greatly between

closely related (in these cases, conge-
neric) species, indicating relatively
rapid evolution of this trait. Second,
enhanced underwater vision occurs
only in species that specialize on
aquatic prey. Selection of generalist
species that feed both in and out of
water is apparently not strong enough
(or has not been operating long
enough) to result in good underwater
vision.

We are grateful to Prof. K. Vogt, Frei-
burg, for providing a specimen of
Natrix maura. This work has been sup-
ported by a grant from the German Re-
search Council to FS (SFB 307, TP
A7).
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Genetic Component to Division of Labor Among
Workers of a Leptothoracine Ant

R. J. Stuart and R. E. Page Jr.

Department of Entomology, University of California, Davis, CA 95616

The ecological success of social insects
is often attributed to division of labor
within their colonies and the relative
efficiency that this confers on the per-
formance of various tasks in compar-
ison to solitary insects [1, 2]. Thereis a
strong reproductive division of labor
between highly fertile queens and rela-
tively infertile or sterile workers, and
there is a further division of labor
among workers for the tasks that they
perform [3, 4]. Darwin struggled to ex-
plain the evolution of specialized work-
er traits and suggested that since work-
ers themselves are often nonreproduc-
tive, natural selection must act on differ-

ences among colonies (colony-level
selection) to produce and further mod-
ify worker castes [5]. This idea is gener-
ally accepted [3, 4, 6, 7], but a genetic
component to division of labor among
workers has only recently been dem-
onstrated, and in only a single species,
the honeybee [7]. Here, we report
evidence for a genetic component to di-
vision of labor among workers of the
ant, Leptothorax (Mpyrafant) rudis
Wheeler. The discovery of this phenom-
enon in members of two phylogeneti-
cally distinct groups of social insects,
the ants and the bees, contributes to an
emerging view of the importance of
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genetic components in explaining indi-
vidual and colony-level variability in
social insect behavior, and provides
empirical support for the general appli-
cability of theoretical models ex-
plaining the evolution and functional
dynamics of division of labor in social
insects.

Division of labor among workers (or
polyethism) is of two general types [3,
4]. The most common is age or
temporal caste polyethism in which
workers follow a fairly orderly progres-
sion from performing certain tasks
within the nest (e.g., brood care) to
riskier outside tasks (e.g., foraging).
However, details of this progression
often vary among individuals, and ap-
pear to be responsive to various en-
vironmental contingencies. Certain
species also display physical caste poly-
ethism in which morphologically spe-
cialized workers perform more limited
sets of tasks. Recent studies of hon-
eybees have revealed that there are ge-
netic components associated with age
polyethism, components which in-
fluence the probability that workers
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will perform specific tasks and the de-
gree of flexibility that they show in
their behavior {7].

L. rudis colonies [8] have a single queen
(monogyny) and monomorphic work-
ers, and often form dense, local pop-
ulations. We tested for a genetic com-
ponent to division of labor in L. rudis
by assessing the tendency of workers
to forage in artificially constructed lab-
oratory colonies composed of similarly
aged, marked workers derived from
three pairs of field-collected parental
colonies. The six parental colonies were
collected 19 June 1990 from rotting
wood at a single site near Dutch Flat,
Placer County, California, and were
part of a collection of 26 nests. The
ants were maintained in plastic nests
and foraging dishes in the laboratory
[9], and fed 2—3 times per week on a
uniform diet [10]. The parental col-
onies contained 125—181 workers (x
= 153.3, SD = 22.21), were among the
largest colonies collected, and were se-
lected for the experiment because they
produced large numbers of worker
pupae. During the period 11 —29 July
1990, we established 23 experimental
“subcolonies” from workers that
eclosed from pupae during either 1-(n
= 16) or 2-(n = 7) day periods. Work-
er pupae were removed form their par-
ental colonies when the darkness of
their pigmentation indicated that they
were nearing eclosion, and were placed
in separate nests where eclosion could
be closely monitored. At eclosion, the
ants were immobilized by chilling, and
were marked by tying colored polyester
fibers around their alitrunks [11]. Each
subcolony was formed from an equal
number of callow workers from each of
two parental colonies. Combining
young ants to form artificial mixed
colonies in this manner is a common
technique used in nestmate recognition
experiments [12]. Eight subcolonies
were produced from the first pair of
parental colonies, seven from the sec-
ond pair, and eight from the third pair.
All subcolonies combined contained a
total of 512 workers with individual
subcolonies containing 10— 50 workers
(x = 22.3, SD = 10.88). On 27 Sep-
tember 1990, each subcolony was cen-
sused and all of the workers that were
currently either outside or inside their
nests (referred to here as “foragers”
and “nonforagers”, respectively) were
identified as to colony of origin.
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When censused, all subcolonies com-
bined contained a total of 474 live
workers, and 17 of the 23 subcolonies
contained larvae which had been reared
from worker-laid eggs (x = 9.6, SD =
11.52, range = 0—44). In queenless
nests, Leptothorax workers often lay
haploid eggs which mature to produce
males [13]. Similar behavior occurs in
queenright nests of at least some species
in this genus [14]. A total of 132 work-
ers were designated foragers. In all
three cases, when the data for all sub-
colonies from each pair of parental col-
onies were pooled, there was a highly
significant difference in the proportion
of workers that were foraging from
each parental colony (Fig. 1). Two of
the subcolonies from the first pair of
parental colonies had no current forag-
ers and were omitted from the analysis.
The number of foragers within each
subcolony was generally small, and
there was a significant difference in the
proportion of foragers from the two
parental nests in only five subcolonies
(one from the first pair, two from the
second pair, and two from the third
pair). All of these significant differen-
ces were consistent with the bias shown
in the pooled data. Four subcolonies
showed a bias in the opposite direction
to that in the pooled data (one from the
first pair, one from the second pair,
and two from the third pair), but these
involved a difference of only one or
two workers and were not significant.
Differences in the magnitude of the for-
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Fig. 1. Proportion of workers foraging in a
series of pooled subcolonies derived from
each of three pairs of parental colonies. The
number above each bar indicates the total
number of workers from each parental
colony that were present in the subcolonies.
Statistical comparison within each pair of
parental colonies was based on 2 X 2 con-
tingency tables and the Log-Likelihood
Ratio Test [15]: **, P < 0.01; ***, P <
0.001
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ager biases in the dominant direction
and occasional nonsignificant biases in
the opposite direction resulted in signif-
icant heterogeneity G scores for sub-
colonies from two of the three pairs of
parental colonies (first pair of parental
colonies, heterogeneity G = 11.110,

df = 5, P < 0.05; second pair of par-
ental colonies, heterogeneity G =

11.879, df = 6, P > 0.05; third pair
of parental colonies, heterogeneity
G = 27417, df = 7, P < 0.001 [15].

However, this heterogeneity, a likely
result of the small sizes of the sub-
colonies, does not detract from or in-.
validate conclusions drawn from the

pooled data.

The results of this experiment demon-
strate a significant bias in the tendency
for foraging among similarly aged
workers derived from three different
pairs of colonies of the ant, L. rudis.

Age polyethism has never been dem-
onstrated in L. rudis, but is extremely
common among ants (only one excep-

tion is known [4, 16]) and would be ex-

pected to occur in this species as well.

The design of the present experiment

controlled for any potential age effects

by establishing replicate subcolonies

with workers that had eclosed within a
1- or 2-day period. Thus, it is unlikely
that any uncontrolled age variation in-

fluenced the results of this experiment.

Environmental variability in the rearing

environments of the workers (i.e., dif-

ferent parental colonies) was not con-
trolled but, by choosing parental colo-

nies that were all collected on the same
day from the same site, were all simi-
larly large, and contained large num-

bers of worker pupae, we expect such

variability to be minimal and to have
had no significant impact on the results

of this experiment. For any systematic
environmental effect, workers would

have to be fated in their tendency to
forage during the immature stage of de-
velopment, and the proportion of simi-
larly aged workers that were fated in
this manner would have to differ signif-
icantly between the colonies that com-
prised each pair of parental nests. No
environmental effects of this type have
yet been documented and would be re-
markable in their own right. The most
likely explanation for these results is
genetic variability among parental col-
onies and, since we found significant
differences for all three pairs of par-
ental colonies tested, this kind of
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variability is apparently quite common
in this species.

Varibility among colonies for genetic
components of division of labor is nec-
essary for the continuing evolution of
this important aspect of colony orga-
nization [6, 7], but exactly how the dif-
ferences detected in this experiment
might manifest themselves within more
normally structured colonies is de-
batable. Recent studies of honeybees
have demonstrated several selectable
components of division of labor includ-
ing the probability of workers perform-
ing certain tasks, and the rates of
changes in behavioral development as a
function of changing colony needs [7].
Subtle changes in the response
thresholds of workers to various stim-
uli could have important influences on
colony organization and theoretical
models have been formulated which
utilize these kinds of parameters to
simulate the social organization of in-
sect colonies [6]. Recent independent
observations using different experi-
mental approaches indicate that genetic
components to division of labor also
occur in the ant genera Camponotus

(N. F. Carlin and S. P. Cover, pers.
commun.) and Formica (L. E. Snyder,
pers. commun.). These results suggest
that models of social organization in-
volving genetic components may be
universally applicable among social in-
sects.

This research was supported by NSF
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