~ age that are injected with atropine also
can be trapped in corners, but the defi-
cits in movement systems are quite dif-
ferent (22). L-DOPA, a dopamine ago-
nist, also can reverse akinesia in 6-
OHDA-treated rats (23), but circling and
other stereotypies such as gnawing,
chewing, and grooming can quickly
overwhelm forward locomotion in such
animals. In combination with atropine,
however, L-DOPA appears to produce a
more normal form of walking.
: TIMOTHY SCHALLERT
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Intraspecific Defense: Advantage of Social

Cooperation Among Paper Wasp Foundresses

Abstract. Foundress associations and high frequencies of conspecific nest usurpa-
tion are most common where densities of Polistes metricus are high. Here nest usur-
pation occurs primarily in single-foundress colonies resulting in multiple-foundress
colonies having significantly greater productivities than single-foundress colonies.
This is not true at low densities. Conspecific pressures and not predation or para-
sitism provide an advantage to cooperating wasp foundresses in P. metricus.

The ecological factors conducive to
the evolution of insect sociality are
largely undocumented. Some authors
have suggested that various selective
pressures have conferred an advantage
to a social organization (/), while others
argue that two major selective forces,
predation (or parasitism) and the benefits
of group foraging, are responsible for the
evolution of group living (2). I now re-
port that in certain habitats, conspecific
pressures provide a pronounced selec-
tive advantage to individuals of coopera-
tive foundress associations in the paper
wasp, Polistes metricus.

Many species of Polistes are facul-
tatively social before the emergence of
the first workers, with varying percent-
ages of the foundresses (gynes) being
joined by other overwintered found-
resses that, for some reason, have not
started nests of their own. Such joining
foundresses are commonly dominated by
the queen (dominant foundress) and es-
sentially behave as workers. These sub-
ordinate foundresses are thought to con-
tribute relatively little to the production
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of colony reproductives (3). After the
emergence of the first workers, colonies
are eusocial, with a reproductive divi-
sion of labor between the queen and her
workers, who assist the queen in the pro-
duction of other workers, males, and po-
tential foundresses (3). Comparative
studies of conspecific multiple- and
single-foundress colonies in the same
habitat should provide evidence of the
advantages, if any, accruing to members
of a social organization relative to a soli-
tary existence.

Field studies were conducted from 7
April to 1 September 1977 on 74 natural-
ly nesting P. metricus colonies located in
five sites near Lawrence, Kansas. Site 1
contained 40 wooden boxes (10 by 20 by
30 cm, the open side covered with
‘‘chicken wire’’ mesh) fastened to 1.5-m
high poles arranged uniformly in a 5- by
8-m grid. Site 2 contained 20 similar-
sized metal boxes dispersed over a 50- by
80-m trailer park. Fourteen of the wood-
en boxes and eight of the metal boxes
were occupied by nesting P. metricus,
which indicates that nest sites were not

1463



limiting factors. The remaining sites (3,
4, and 5) were two sheds and a barn, re-
spectively.

The five sites were divided into two
groups and ranked by density within
each group. Group 1 consisted of sites 1
and 2, in which wasps nested in boxes;
site 1, with boxes 1 m apart, was ranked
higher in density than site 2 with boxes
15 m apart. Group 2 consisted of sites 3,
4, and 5, in which wasps nested in build-
ings; the sites were ranked by the num-
ber of nesting wasps per volume (cubic
meters) in each building.

Foundresses were multiply marked for
individual recognition with Pactra enam-
el as soon as they began nest construc-
tion or joined a nest. Normally colonies
were censused at sunrise every other day
(73 censuses). At each census, the num-
ber of adults, pupae, and larvae at the
nest and any evidence of parasitism or
predation were recorded.

In addition, behavioral observations
were made on 55 separate days (105
hours) with emphasis on colonies at site
3 prior to the emergence of the first
workers. Observations were sufficiently
detailed to determine dominance ranks
of foundresses in multiple-foundress as-
sociations.

Single-foundress nests were consis-

tently left unattended more often than
multiple-foundress nests in. the same
habitats (P < .005, paired-difference ¢-
test). In 1203 minutes of observation,
single- and multiple-foundress colonies
were unattended 46.2 and 12.8 percent of
the time, respectively. In a comparison
of multiple- and single-foundress colo-
nies of the same age (719 minutes of ob-
servation), one-, two-, and three-found-
ress colonies were unattended 29.0, 9.8,
and 0.7 percent of the time, respectively.
Thus, triple-foundress colonies were al-
most always attended by at least one
foundress, usually the queen. )

Although no predation was recorded
at the five sites (¢), all nests with the ex-
ception of five at site 4 were parasitized
by a pyralid moth (Chalcoela iphitalis) or
a sarcophagid fly (Sarcophaga polis-
tensis). Therefore, almost all nests were
parasitized to some extent, and the pres-
ence of additional foundresses did not re-
duce the incidence or apparent severity
of parasitism.

Site density rankings within groups
paralleled the frequency rankings of mul-
tiple-foundress nests at the time of the
first worker emergence (Table 1). Thus,
high wasp densities were associated with
high frequencies of multiple-foundress
colonies. In fact, in one densely popu-

lated habitat, site 1, all colonies were
multiple-foundress nests by the time of
emergence of the first workers (Table 1),
a frequency much higher than previously
reported for this species (5).

Multiple-foundress queens survived
longer on their nests than either subordi-
nates or single foundresses at all sites
(Table 1) [P < .05, Student-Newman-
Keuls’ test (6)]. Consideration of colo-
nies not destroyed by human activities
showed that, at low wasp densities (site
5), mean nest tenure of single found-
resses was not significantly different
from that of subordinates of multiple-
gyne nests (Table 1). However, at high
wasp densities (sites 1 and 3), subordi-
nates had significantly greater average
nest tenure than lone foundresses. Mul-
tiple-foundress colonies also tended to
survive longer (lower mortality of mul-
tiple-foundress colonies) than single-
foundress colonies at all five sites, as re-
flected in the increasing proportion of
multiple-foundress colonies at the time
of emergence of the first workers (Table
D).

The period of the colony cycle prior to
the emergence of the first workers was
characterized by frequent aggressive en-
counters between foundresses. Preemer-
gence aggression has also been noted for

Table 1. Habitat comparisons of P. metricus colonies.

Multiple-foundress

Mean nest tenure (days)

Colonies (N) Nesting colonies Multiple-foundress Singl

roportion i Ingle-

Site  Group wasps/m?® (prop ) colonies foundress

o M e W At Qe Swodme S0
@l Gress  dress emergence % sp. X sp. X  SD.
1* 1 14 7 7 .5 1.0 68.5 14.85 31.38% 18.89 8.93 7.67
2% 1 8 6 2 75 .8 62.33 7.03 33.56 21.67 38.0 31.48
3 2 19 9 10 1.0 .5 .6 96.50 9.50 56.301 32.95 34.31 27.08
48 2 10 2 8 0.17 2 2 76.0 14.14 53.0 18.38 45.33 32.07
5 2 23 2 21 0.03 .1 1 89.0 0 39.0 0 42.0 25.14

*Nest boxes spaced 1 m apart.
destroyed by human activities on 19 June.

tP < .05, Student-Newman-Keuls’ test, subordinate versus single foundress.
§Nests destroyed by human activities on 8 July.

fNest boxes spaced 15 to 20 m apart; nests

Table 2. Nest usurpation and productivity comparisons between multiple- and single-foundress colonies. Unless otherwise stated, productivities
are computed from the mean number of males and females on the nest from 22 to 29 August, a period when nests no longer contained brood. At
site 1 only two multiple-foundress colonies were consistently attended by more than one foundress, and only two single-foundress colonies
survived to the approximate time of first worker emergence.

Mean nest usurpa-

Multiple- Single- tions per colony Productivity
Sit G foundress foundress
ite roup colonies colonies Multiple- Single- Multiple-foundress Single-foundress
(V) ™) foundress foundress b S.D. X S.D.
1* 1 7 7 2.5 7.0 12.57% 12.54 0.86 227
2% 1 6 2 0.16 0.50 14.50 12.80 7.50 10.6
3 2 9 10 0.14 0.75 14.508 14.16 4.00 4.50
4% 2 2 8 0.0 0.13 19.50 4.95 18.25 16.81
S 2 2 21 0.0 0.11 8.50 3.54 6.71 9.24

*Mean nest usurpation based on two multiple- and two single-foundress colonies.
§P < .05, one-tailed t-test.

total number of workers, pupae, and larvae.
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P < .025, one-tailed z-test.

tProductivity estimated from last record of
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closely related species (3). Eighteen fall-
ing fights (grappling foundresses fell to
the ground) between marked found-
resses and potential joiners or usurpers
were recorded at nests in sites 1 and 3;
on two other occasions a single found-
ress was observed being killed by a usur-
per, which then replaced the dead wasp
on the nest. Another single foundress re-
mained on a nest as a subordinate after
she was aggressively attacked by a wasp
which then became the queen. Found-
resses from three nests that had lost their
broods to parasites were observed mak-
ing repeated, unsuccessful attempts to
either join or usurp remaining multiple-
foundress colonies. In addition to the 18
falling fights of marked foundresses,
nearly daily records of falling fights be-
tween unidentified gynes were noted at
site 1, a habitat of high wasp density.
Two foundresses were found dead in
their nest boxes at site 1, and three in-
jured foundresses were recorded at site
3.

Nest usurpation, in which a marked
foundress was replaced by either a
marked or unmarked foundress, was
more common at single- than at multiple-
foundress nests (Table 2, P < .05,
paired-differences r-test and x* contin-
gency table). This conclusion is strength-
ened by the fact that the majority of
usurpations of nests classified as mul-
tiple-foundress (36 of 60) occurred either
before subordinates had joined the nest
or after they had been lost. When usur-
pation occurred at a colony containing
multiple foundresses, the usurper re-
placed a subordinate foundress. Nest
usurpation ‘was extremely frequent at
site 1 and common at site 3, both habitats
of high Wasp density (Table 2). In fact, at
site 1, only two triple-foundress nests
displayed sufficient stability to allow
ranking of foundresses in dominance.
Minimal nest usurpation was recorded at
site 5, the habitat of lowest wasp density.
At site 5, wasps marked upon initiation
of nests normally remained with their
nests throughout the season.

Of 15 observations of conspecific nest
intrusions into multiple-foundress colo-
nies, the queen and her subordinates co-
operated in defense five times. In the re-
maining ten observations, only -one
foundress was present on the nest during
the mtruswn Here intruders were re-
pelled by queens (six observations) or
subordinates (four observations). In a se-
ries of experiments conducted before the
emergence of the first workers, a live,
tethered P. metricus gyne was presented
to five different multiple-foundress colo-
nies. In each presentation the tethered
gyne was jointly attacked by the queen
and her subordinates.
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At low densities, single-foundress
nests were nearly as productive as mul-
tiple-foundress colonies (Table 2). These
findings are consistent with previous re-
search at site 2 on P. metricus with simi-
lar wasp-densities (7). In addition, a labo-
ratory comparison of productivity in
multiple- and single-foundress colonies
of P. fuscatus, in which nest usurpation
was prevented by experimental design,
failed to detect significant productivity
differences between multiple- and single-
foundress colonies (&).

It is always to the queen’s advantage,
in terms of her longevity and the survival
of the colony, to accept joiners. Queens
of multiple-foundress colonies undoubt-
edly enjoy greater longevity than solitary
foundresses because they spend more
time on the nest and less time foraging
9). However, when wasp densities are
low and nest usurpation infrequent, it is
not advantageous for most foundresses,
in terms of longevity and colony produc-
tivity, to join a more dominant found-
ress. Under these conditions, selection
favors foundresses that initiate their own
nests rather than join established colo-
nies. If one makes the assumption that
joiners are frequently sisters of the
queen, it may be that the inclusive fit-
nesses of both queens and potential join-
ers are maximized by solitary nest
founding at low frequencies of nest usur-
pation.

Under conditions of high wasp density
and concomitant frequent nest usurpa-
tion it is in the best interest of less-domi-
nant foundresses, in terms of longevity
and colony productivity, to join an estab-
lished queen rather than attempt to con-
struct a nest. At high densities, single-
foundress colonies have little chance of
success, and foundresses frequently join
established nests or attempt to usurp
other colonies. It may be that other se-
lective factors besides conspecific pres-
sures provide an advantage to foundress
cooperation in dlﬂ'erent habitats or for
other species.

At high densities, single-foundress col-

onies, because of frequent nest in-
attendance or inability to defend against
conspecifics, are especially vulnerable to
usurpation. Several single-foundress col-
onies had a series of as many as eight dif-
ferent foundresses (queens) before the
emergence of the first workers. When
nests are usurped, foundresses use the

future workers (brood) of presumably

nonrelated gynes to rear their own repro-
ductives. It is not surprising, in view of
the aggressiveness of workers, that nest
usurpation ceased at the appearance of
the first workers.

GEORGE J. GAMBOA
Department of Systematics and Ecology,
University of Kansas, Lawrence 66045
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Handedness in Duckweed: Double Flowering Fronds Produce

nght- and Left Handed Lineages

Abstract. Frona' lmeages of Lemna perpusilla Torr. (strain 6746) show handedness
with respect to frond emergence sequence and flowering that is related to the pocket
of origin on a double flowering motherfrond Flower position is a fundamental mani-

festation of frond asymmetry.

The duckweed, Lemna perpusilla
Torr. (strain 6746) (1) reproduces vegeta-
tively through the production of daugh-
ter fronds at two meristematic areas
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(pockets) within the proximal end of a
mother frond (Fig. 1a) (2, 3). Fronds of
this clone are said to be left-handed be-
cause the first daughter frond emerges
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