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

0036-8075/78/0331-1465%00.50/0 Copyright © 1978 AAAS

(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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from the left pocket of a young mother
frond and subsequent daughters emerge
sequentially from right to left (4-6).

Frond asymmetry is also expressed in
the flowering response in that flowers are
ordinarily formed only in the right pock-
et of fronds exposed to inductive condi-
tions when they are less than 80 um in
length (7). Because flowering is rarely
observed in many species of Lemna, dis-
cussions of frond asymmetry have con-
centrated on frond emergence sequence;
studies of asymmetry with respect to
flower position have been neglected (8).
Such an emphasis may be misleading
since, under inductive conditions, flower
development begins before the formation
of any fronds within the same pocket (2,
3). This suggests that the potential to
flower on a given side is as fundamental
an aspect of frond asymmetry as emer-
gence sequence.

The production of a small percentage
of fronds which bear flowers in both
pockets is observed with prolonged sub-
culturing under inductive conditions
(Fig. 2) (5, 9). To gain insight into mecha-
nisms underlying frond asymmetry, I
grew double flowering fronds (from
which visible daughter fronds, if present,
had been dissected) on medium solidified
with agar (/0). In this way I was able to
follow frond emergence sequence and
flowering in lineages arising from either
pocket by observation under a dissecting
microscope.

The lineages of fronds arising from the
left pocket of a double flowering frond
are right-handed, whereas those arising
from the right pocket are left-handed
(Fig. 1, b and c). In these figures hand-
edness, that is, frond emergence se-
quence, is indicated by numbers (/7).
Such a relation is seen under both induc-
tive and noninductive conditions and
contrasts with the pattern observed with
normal single flowering fronds where
daughters produced at either pocket re-
tain the handedness of the mother frond
2-9).

Since double flowering fronds initiate
a dichotomy in the pattern of frond
asymmetry in lineages arising therefrom
and since flowers are formed before the
formation of daughter fronds within any
given pocket (2, 3), it is clear that poten-
tial flower position and not frond emer-
gence sequence is a fundamental de-
terminant of frond asymmetry under
both inductive and noninductive condi-
tions (/12). That is, in a normal single
flowering lineage, a unique pattern of
frond asymmetry is maintained because,
during daughter frond ontogeny, flower
position is determined in a way that is
not dependent on the pocket of origin;
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fronds first emerge from the newly
formed daughters at the nonfloral pock-
ets, regardless of whether or not flower
induction actually occurs. Double flow-
ering upsets this pattern, giving rise to
lineages that resemble their pocket of
origin with respect to flower position.
Frond emergence sequence is shifted ac-
cordingly.

Lemna perpusilla 6746 has proved
useful for studies of photoperiodic fioral
induction and circadian rhythmicity (/3).

Fig. 1. (a) Diagrammatic view of the upper
surface of a three-frond colony of L. per-
pusilla 6746 composed of mother frond (MF)
and four daughter fronds (DF) arising from
meristematic regions (MR). Numbers indicate
frond emergence sequence (handedness). (b)
Diagrammatic representation of frond lin-
eages arising from double flowering fronds
grown under inductive conditions. (c) Non-
inductive conditions. Frond emergence se-
quence (handedness) is indicated by numbers;
shading indicates flower position (upper right,
right pocket; upper left, left pocket; and upper
half, both pockets).

Fig. 2. Double flowering frond with daughter
fronds removed. Pistils appear on both sides
and stamens on right.

If determination of flower position is the
principal component of frond emergence
asymmetry (under both flowering and
nonflowering conditions), this plant,
with one potentially floral and one solely
vegetative meristem, will also be useful
for investigation of factors that commit
plant meristems to different develop-
mental pathways (/4). Moreover, the
presence of both floral and vegetative
meristems on individual plants provides
a convenient basis for study of the
earliest events in floral evocation (/5).

RoOBERT P. Doss
U.S. Department of Agriculture,
Agricultural Research Service,
Ornamental Plants Research
Laboratory, Western Washington
Research and Extension Center,
Puyallup 98371
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