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Introduction

Abstract

Parental care is an important component of social behavior in both ver-
tebrates and invertebrates. Social wasps are a useful system for investi-
gating the interplay between behaviors associated with the feeding of
larvae by adults and their role in the evolution and maintenance of soci-
ality. Females of the primitively eusocial wasp genus Polistes perform
conspicuous vibratory behaviors closely associated with adult-larva feed-
ing interactions. Prior research strongly indicates that these signals are
directed toward the larvae, but their function(s) remain unclear. Exist-
ing hypotheses on the function(s) have posited releaser effects on
larvae, either stimulating or inhibiting release of larval saliva, a nutri-
ent-rich glandular secretion attractive to adults. Polistes fuscatus queens
perform antennal drumming (AD), a behavior in which they rapidly
beat their antennae synchronously on the rims of the nest cells during
the feeding of larvae. We used radiolabeled prey to show that adults
extract juice from the prey, which they subsequently regurgitate to lar-
vae immediately following each AD burst. We also show that no saliva
is imbibed by the queen during the contact. These results are consistent
with the inhibition hypothesis on the function of AD, but not the stimu-
lation hypothesis. We further demonstrate that AD is first performed on
nests when the oldest larvae reach the third instar, and that the third
instar is the first to produce measurable volumes of larval saliva.
Removal of third-, fourth-, and/or fifth-instar larvae from single-foun-
dress, pre-pupal-stage colonies did not cause a reduction in the queen’s
AD rates compared with controls, suggesting that later-stage larvae do
not maintain AD behavior via an immediate releaser effect. We propose
instead that third-instar larvae, possibly via chemical components of the
salivary secretion itself, modulate the physiology of queens so as to indi-
rectly cause the onset and maintenance of AD behavior.

mammals and in the social Hymenoptera (Alexander
1974; Wilson 1975). In all social species, signals have

Parental care is widespread among both vertebrates
and invertebrates. In some species, the parents pro-
vide the young only with protection from predators
and/or parasites, but in most others the adults pro-
vide nutrients for their immature offspring. The lat-
ter context has led to the evolution of social
behavior in a few groups, notably in some of the
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evolved that coordinate parent-offspring interac-
tions. It is common, for example, for the offspring to
communicate their hunger with a variety of acoustic
and/or visual signals such as cries in mammals, gap-
ing behavior and begging sounds in altricial birds
(Wilson 1975), and scraping behavior by larvae of
hornets (Ishay & Landau 1972).



The Interplay Between Larvae and AD in Polistes fuscatus

The social wasps (Hymenoptera: Vespidae) have
well-developed parent—offspring feeding interactions,
but with a twist. Unlike in vertebrates and honey
bees, the flow of nutrients goes both ways: the lar-
vae, as well as being fed by the adults, produce from
their labial glands copious amounts of salivary secre-
tion that is rich in sugars and amino acids and is
avidly solicited and imbibed by the adults (Morimoto
1960; Hunt et al. 1982). Furthermore, in some of
the social wasps, contacts with larvae are accompa-
nied by some form of vibratory behavior by the
adults (Reeve 1991). In the North American paper
wasp Polistes fuscatus, for example, the queen drums
her antennae (‘antennal drumming’, AD) synchro-
nously on the rim of a brood cell in the nest before
entering the cell to contact the larva inside. In the
European species P. dominulus, the queen vibrates
the gaster vigorously from side-to-side against the
nest in much the same context (‘abdominal wag-
ging’, AW) (Brillet et al. 1999; Brennan 2007). In
both cases, the bursts of vibration last for approx. a
second, occur at frequencies of 15-30 strikes per sec-
ond, produce an audible buzz or rattle, and often
cause the nest to shake visibly. There can be little
question but that these behavior patterns constitute
signals: they are repeated regularly, must be costly
to produce, and the sound produced could poten-
tially attract predators. The contexts in which the
behaviors are performed make it highly likely that
they are signals directed at colony members, rather
than, for example, at potential enemies (Jeanne
in press). In recent years, several studies
have addressed the question of the functions of
these bizarre vibratory behavior patterns in Polistes
(Gamboa & Dew 1981; Pratte & Jeanne 1984; Brillet
et al. 1999; Brennan 2005).

The context in which AD is performed in P. fuscatus
begins when the queen returns to her young nest
with a caterpillar or other prey item that she captured.
She malaxates (macerates with the mandibles) the
material extensively, during which the prey liquids
are ingested into her crop. She then feeds the solid
remains piece by piece to the older/larger larvae in
the nest. After grooming herself, she again goes from
cell to cell on the nest, now drumming her antennae
on each cell rim for approx. a second. After making
the rounds of the cells several times, she begins to fol-
low each burst of drumming on a cell with regurgita-
tion to its larva of some of the prey liquid from her
crop (Pratte & Jeanne 1984). Larvae of all sizes are fed
this liquid. The entire ‘bout’ of feeding typically ends
with grooming by the adult. Pratte & Jeanne (1984)
reported that queens begin to perform AD with the
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hatching of eggs into ‘the first’ larvae. However, pre-
cisely which larval instars (of five) comprise this cate-
gory is not known.

In P. dominulus the sequence is similar, except that
the female begins AW as she distributes solid food to
the larvae. The behavior ends when the solid is com-
pletely distributed, but then resumes with lower
intensity as the queen proceeds to distribute regurgi-
tated prey liquid to the larvae (Brillet et al. 1999).
Brillet et al. (1999) also noted that the onset of AW
behavior coincided with the first appearance of
third-instar larvae in the nest.

Two hypotheses have been proposed on the func-
tion of vibrations performed in the context of feed-
ing larvae. Both link the behavior to the control of
release of larval trophallactic saliva, but with oppo-
site effects. One, developed for P. fuscatus, states that
AD inhibits the release of saliva by larvae as they
are about to receive liquid crop contents from a
female (Pratte & Jeanne 1984). The effect is that the
incoming prey liquid is not diluted by larval saliva,
which would reduce the amount of food the larva
can ingest. Pratte & Jeanne (1984) found that AD in
P. fuscatus reduced larval saliva release by 23% over
controls. The second hypothesis, based on work with
P. dominulus, proposes that vibrational signals stimu-
late the release of saliva (Brennan 2005). Brennan
(2005) found that applying simulated AW-like vibra-
tions to nests caused a 51% increase in larval saliva
release compared with non-vibrated controls.

When P. fuscatus adults on the nest are fed prey
items macerated with vegetable dye, the dye-colored
liquid appears on the mouthparts of larvae during
feeding sequences accompanied by AD, indicating
that the direction of liquid flow is toward larvae
(Pratte & Jeanne 1984). Radioactive tracers were
used to reach the same conclusion for P. metricus
(Hunt 1984). However, these earlier studies have
not ruled out the possibility that larvae may be
releasing saliva after being fed. That is, vibrating
adults could be feeding each larva first, and then
imbibing saliva from it.

Some of the lack of agreement over the direction
of nutrient flow and the function(s) of vibrational
signaling in the context of adult-larva interactions
may be due to actual behavioral differences among
species. Alternatively, the nature of nutrient flow
and the functions of the vibrations may be the same
across these species, despite the differences in detail,
and the different conclusions reached may be due to
different methods used in the various studies.

The purpose of this study is to investigate the nat-
ure of the relationship between vibrational signaling,
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larval saliva production and distribution, and larval
feeding. We focus on one species, P. fuscatus, and
address four questions. First, with a radioisotope, we
directly test whether nutrient flow accompanying
AD occurs in one or two directions. Radioisotopes
have been used to track both nutrient flow (Hunt
1984) and larval saliva release (Morimoto 1960) in
Polistes sp. Second, we determine whether the onset
of AD in P. fuscatus coincides with the appearance of
the first third-instar larvae in the young nest, as does
the onset of AW in P. dominulus (Brillet et al. 1999).
Third, we ask whether all five larval instars produce
saliva in amounts proportional to their weight.
Finally, we ask whether the third and the later
instars are necessary to maintain AD behavior.

Methods

Laboratory Rearing

In May 2007, 40 single-foundress, pre-emergence-
stage nests of P. fuscatus with no larvae older than
second instar were either founded in the laboratory
with field-caught gynes or were brought into the
laboratory from the field. Each colony was housed
in a Lucite® cage (20 x 20 x 20 cm®) (Lucite Interna-
tional, Beaumont, TX, USA) under controlled tem-
perature (27°C) and humidity (65-75%). The
photoperiod was started at L12:D12 and the light
phase was increased by 15 min/wk for 8 wk (Down-
ing & Jeanne 1985). Queens were fed a diet of late-
instar wax-moth larvae, crickets, meal-worms,
water, and honey. Stage of development of brood in
each cell was recorded twice per week.

Do Queens Feed Prey Liquid to Larvae During a Bout
of Antennal Drumming?

Tritiated water (Perkin-Elmer, Waltham, Massachu-
setts, USA; 2.43 x 10° dpm/gm) was used to trace
the direction of trophallactic transfer during AD. We
first determined the time-point at which maximum
radioactivity could be detected in the saliva of larvae
that had been fed tritiated water. Fifth-instar larvae
were used because they most reliably yielded saliva
in detectable volumes. Working with 14 larvae on
six queenless laboratory nests, we sampled saliva
from each for a measure of background radioactivity.
We then used a 2- to 20-ul pipette to feed them to
satiation with a mixture of tritiated water and blue
vegetable dye (99.5:0.5 v/v). The blue dye allowed
us to visually detect and remove with a bit of filter
paper any tritiated water adhering to the larvae’s

Ethology © 2008 The Authors
Journal compilation © 2008 Blackwell Verlag, Berlin

The Interplay Between Larvae and AD in Polistes fuscatus

mouthparts. Each larva was subsequently solicited
for saliva by gently touching its mouthparts with a
calibrated 5-ul glass micropipette (Pratte & Jeanne
1984) at 5-min intervals for the first 30 min, at 1-h
intervals for the next 7 h, then at 22 and 23 h.
Radioactivity in collected larval samples was mea-
sured using liquid scintillation counting (Packard
TriCarb model 2500TR, Packard Instrument Co.,
Meriden, CT, USA) as mean disintegrations per
minute (dpm) per ul of saliva. The scintillation fluid
was Ultima Gold (Packard). Change in radioactivity
in saliva for each larva was computed as the dpm
per ul at given time-point minus dpm per ul in saliva
collected before feeding tritiated water.

Queens on five laboratory colonies were fed a
50:50 mixture of prey liquid and tritiated water
+ blue-dye, using a 2-20 ul pipette. After each
queen made the rounds of larvae while performing
AD, she was removed and kept at 4°C. At approxi-
mately the time of peak radioactivity in larval saliva,
19 fifth-instar larvae on the five colonies were solic-
ited for larval saliva with calibrated 5-ul glass micro-
pipettes. Saliva samples were subjected to liquid
scintillation counts. Mean radioactivity levels of lar-
val saliva samples from treated colonies were com-
pared with those of 19 fifth-instar larvae from five
control colonies that were fed non-radioactive prey
liquid by queens, using the non-parametric Mann—
Whitney test. All wasps, larvae, and nests exposed to
tritiated water treatments were disposed of as appro-
priate for radioactive waste.

Do Queens Receive Saliva from Larvae During a Bout
of Antennal Drumming?

The queens on 10 laboratory nests were carefully
removed and each was given a prey load to malax-
ate. Meanwhile, all fifth-instar larvae on each nest
were fed a mixture (99.5:0.5 v/v) of tritiated
water + blue dye. Each queen with her malaxated
prey load was then allowed back on the nest to per-
form the feeding sequence with AD. For five colo-
nies, once queens started AD and made their first
three contacts with the radioactive fifth-instar lar-
vae, they were carefully grasped by the thorax with
forceps, removed from the nest, and non-lethally
restrained with pins onto a dissection pan kept on
ice. The gaster was gently squeezed until a drop of
ingluvial fluid from the crop appeared on the
mouthparts (Hunt et al. 1987). The droplet was col-
lected in a calibrated 10-pl glass micropipette and
subjected to liquid scintillation counting. Queens on
the other five colonies were allowed to finish the
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entire feeding sequence before being removed and
assayed in the same way for radioactivity in their
crops. Each of the 10 colonies had similar numbers
of fifth-instar larvae that had been loaded with the
tritiated water mix. Mean radioactivity levels of
queens from each of the two treatment colonies
were compared with radioactivity in the crop fluids
of queens from five non-radioactive colonies, and
with scintillation fluid alone, using a mixed-model
analysis of variation (prRoc MIXED) with colony as a
co-variate and Tukey-Kramer adjustment for multi-
ple comparisons (SAS Institute 2006).

Does Antennal Drumming Begin with the
Appearance of Third-Instar Larvae?

Fourteen unmanipulated single-foundress colonies
nesting under eaves of buildings at the University of
Wisconsin Arboretum in Madison (43.1°N, 89.4°W)
were observed in situ from nest initiation in May
2005 until the appearance of pupae. Cell visits and
AD bursts were recorded for each adult during a
bout of feeding. As AD occurs only in the context of
feeding prey (Pratte & Jeanne 1984), observations
were opportunistically focused on colonies with
incoming prey loads, as detected by frequent checks
of all nests in one location. Observations were made
between 09:00 h and 16:00 h daily, for a total of
96.3 h. The number of AD bursts and number of
accompanying feed-liquid (FL) events were recorded
for each feeding bout. A feeding bout comprises the
entire round of feeding the solid and liquid portion
of a prey load. An FL event is a single contact
between a wasp and a larva, during which the adult
brushes the sides of the larva’s body with the tips of
her antennae and regurgitates a droplet while slowly
moving her head into the cell to bring the droplet
into contact with the larva’s mouthparts. The
mouthparts of the adult remain still during this
behavior and an inward telescoping of the gaster can
sometimes be seen (see Pratte & Jeanne 1984 for
behavioral descriptions of AD and FL). Only larval
contacts with these distinguishing characteristics
were recorded as FL events. The number of larvae of
each instar and their cell locations on nests were
recorded on brood maps once each week (Grechka &
Kipyatkov 1984). Larvae were assigned to instar on
the basis of head—capsule width. The pre-emergence
stage (Reeve 1991) was divided into five sub-stages,
based on the oldest stage of brood present on a nest:
(1) eggs, (2) instars 1 and 2, (3) instar 3, (4) instars
4 and 5, and (5) pupa. (Instars 1 and 2, and 4 and 5
were lumped because our weekly brood censuses
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were unable to resolve them temporally). Least
square means of the ratio of the number of bursts of
AD to the number of FL events (AD-to-FL ratio)
were calculated for each ontogenetic sub-stage. Nor-
malizing the number of AD by dividing by the num-
ber of FL controlled for the effect of variance in size
of prey load on FL, and therefore potentially on AD.
Sub-stages were compared using a mixed-model
analysis of variation (prRoc MIXED) with colony as a
co-variate and Tukey-Kramer adjustment for multi-
ple comparisons (SAS Institute 2006).

Do All Instars Produce Saliva in Proportion to Their
Weight?

Larvae were allowed to generate saliva overnight
away from soliciting adults. Adults were removed
from six single-foundress, pre-emergence-stage labo-
ratory colonies at lights-off at night. At lights-on the
next morning, nests were inverted so that larval
mouthparts were facing upward. Each larva was
induced to yield saliva by means of a standard stim-
ulus: the weight of a calibrated 5-ul glass micropi-
pette. The pipette was lowered via a copper wire
loop onto the mouthparts of the larva being sampled
and held in place until the volume of saliva in the
pipette ceased to increase. Saliva volumes for each
instar were divided by the mean body weight for
that instar. Mean fresh wet weights of larval instars
were obtained by destructive sampling of 95 larvae
from 21 colonies. Mean microliter of saliva produced
per mg of larva weight was calculated for each
instar. Values were arcsine transformed to meet nor-
mality assumptions and compared using a mixed-
model analysis of variation (pProc Mixep) with colony
as a co-variate and Tukey-Kramer adjustment for
multiple comparisons (SAS Institute 2006).

How Does Removal of Larval Instars Affect Antennal
Drumming?

To investigate whether the presence of larvae of cer-
tain instars is necessary to maintain AD behavior in
adults, we assessed AD performance in response to
removal of various combinations of larval instars.
Eighteen single-foundress, pre-emergence laboratory
colonies containing all five instars but no pupae
were assigned to six treatments of three colonies
each: (1) unmanipulated, (2) instars 1 and 2
removed, (3) instars 4 and 5 removed, (4) instar 3
removed, (5) instars 3, 4 and 5 removed, and (6) in-
stars 1, 2 and 3 removed. At the beginning of the
experiment, prey, but not water and honey, was
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withheld from all colonies for 1 d (Brennan 2005).
On the following day, all larvae of the designated
instar(s) in each treatment group were gently
removed using blunt-end forceps. Colonies were
then allowed at least 2 h to recover, during which
time queens were held off their nests at 4°C. Each
queen was then returned to her nest and hand-fed a
prey item, which she proceeded to malaxate and
feed to larvae. The numbers of AD bursts and
accompanying FL events were recorded for each
feeding bout. Mean AD-to-FL ratios (see above), AD
bursts and FL events were compared separately
among treatments using a mixed-model analysis of
variation (pPrRoc MIXED) with colony as a co-variate
and Tukey-Kramer adjustment for multiple compari-
sons (SAS Institute 2006). Mean ratios of the num-
ber of empty cells to the number of cells with larvae
were also calculated.

All wasps belonging to colonies that did not
undergo radioisotope treatments were released from
the laboratory back to their environment following
the conclusion of all experiments (see above for dis-
posal of wasps that underwent radioactive treatment).

Results

Do Queens Feed Prey Liquid to Larvae During a Bout
of Antennal Drumming?

Radioactivity levels in larval saliva peaked 15 min
after feeding, and then slowly decayed over the next
23 h (Fig. 1). Queens accepted 49.2 + 4.1 ul of the
tritiated water + prey liquid mixture. Saliva collected
(collected volumes: 0.5-2.0 ul) from the Ilarvae
15 min after FL with AD by these queens showed
significantly higher radioactivity levels (316.2
+ 51.3 dpm/ul, n = 19 fifth-instar larvae, 5 colonies)
than did saliva from control larvae fed non-radioac-
tive prey liquid (110.8 &+ 14.8 dpm/ul, n =5 colo-
nies) (p < 0.001, n; = n, = 19, Mann—Whitney test;
Fig. 2).

Do Queens Receive Saliva from Larvae During a Bout
of Antennal Drumming?

Fifth-instar larvae accepted 13.3 £ 1.5 ul of the triti-
ated water + blue dye mixture. Because radioactivity
in larval saliva peaked 15 min after feeding, we sam-
pled queen crop fluids 15 min after larvae were
hand-fed tritiated water and during which time
queens were allowed to perform FL with AD.
Queens yielded 0.5-2.5 ul crop fluid. Queens that
engaged in trophallaxis with tritiated fifth-instar lar-
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Fig. 1: Time course of detection of radioactivity in larval saliva. Each
point indicates the difference in radioactivity (dpm/pl) in larval saliva
for the time-point compared with radioactivity in larval saliva before
feeding tritiated water. Error bars show SE. Hatch-marks indicate
breaks in the time scale.
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Fig. 2: Radioactivity in larval saliva 15 min after being fed by queens.
‘Non-radioactive prey juice’ = larvae fed by queens that were given
non-radioactive prey juice; ‘Radioactive prey juice’ = larvae fed by
queens that were given radioactive prey-juice. Error bars show SE.
Numbers above bars give sample sizes (colonies). Means with the
same letter are not significantly different at p > 0.05.

vae showed no increase in radioactivity over those
visiting non-radioactive control colonies or over
blank scintillation fluid (F,;; = 0.86, p = 0.45,
n = 15 colonies; Fig. 3).

Does Antennal Drumming Begin with the
Appearance of Third-Instar Larvae?

Frequency of AD with FL rose significantly with the
appearance of third-instar larvae in the nest
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bers above bars give sample sizes (colonies). Means with the same
letter are not significantly different at p > 0.05.

1.0+

0.8 12Tb
*
a J_ s |b
2
® 0.6 1
-
-
L

o
%
Q 0.4
<

c

©

[
=

0.2

s a 14| a
0.0 T —t T T
E L1,2 L3 L4,5

Colony sub-stage (oldest larval instar)

Fig. 4: Onset of AD coincides with the appearance of third-instar lar-
vae. Colony stages indicate the oldest brood stage present in the
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and 5th instars. Colony-wide AD rate was measured as the mean AD-
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(F325 = 13.72, p <0.001; 14 colonies, 42 feeding
bouts; Fig. 4). Queens did not feed solid to first- and
second-instar larvae, dropping the malaxated solid
before initiating FL events. AD-to-FL ratios did not
differ between the third-instar colony sub-stage and
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Fig. 5: Mean volume of larval saliva produced per mg of instar
weight. Salivary secretions were obtained from 42 larvae belonging to
six colonies of Polistes fuscatus. Numbers above line indicate sample
sizes (individual larvae). Error bars are SE. Means with the same letter
are not significantly different at p > 0.05.

the fourth-fifth-instar sub-stage (p =0.93), or
between the egg and the first-second-instar sub-
stages (p = 0.99).

Do All Instars Produce Saliva in Proportion to Their
Weight?

The volume of saliva yielded per mg of larval weight
was significantly influenced by instar (Fig. 5). First-
instar larvae produced no saliva. Although one of
the nine second-instar larva sampled gave a small
amount (0.01 pl), the remaining eight did not;
instars 1 and 2 did not differ from each other statisti-
cally (p =0.92). Mean volume of larval saliva per
mg of larval weight was significantly lower for
instars 1 and 2 than for the other instars
(p = 0.0005), whereas the third, fourth, and fifth in-
stars did not differ from one another (p > 0.5). Instar
weights are reported in Table 1.

How Does Removal of Larval Instars Affect Antennal
Drumming?

Instar-specific removal of larvae did not reduce the
AD-to-FL ratio (Fig. 6). Least square means of AD-
to-FL ratio of larva-removal treatments did not differ
from the control (no instars removed) (p > 0.05).
However, least square means of AD-to-FL ratio
was significantly higher following the removal of
instars 3-5 than that following the removal of third-
instars alone (p = 0.026), but did not differ from
other larva-removal treatments (p > 0.05) (p-values
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Table 1: Fresh weights of larval instars

Instar X + SE (mg) Sample size (larvae)
1 0.9 £0.2 5
2 29+0.2 22
3 98+ 1.0 29
4 375+ 34 21
5 119.1 £ 145 18

Numbers indicate instar, body weight mean in mg, SE, and sample
size for each instar, obtained by destructive sampling of 95 larvae
from 21 colonies.
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Fig. 6: Effect of stage-specific removal of larval instars on queen AD-
to-FL ratio. Error bars show SE. Numbers above line indicate sample
sizes (colonies). Means with the same letter are not significantly differ-
ent at p > 0.05.

adjusted for multiple comparisons). Removals also
did not cause significant differences in raw numbers
of AD bursts or of FL events (Table 2). The ratio of
the number of empty cells to cells with larvae was
nearly three times higher when instars 3-5 were
removed than when third-instars alone were
removed (Table 2).

Discussion

The results of our radiotracer experiments show that
when queens engage in a bout of cell visits accom-
panied by AD, they are feeding crop fluid to larvae,
confirming for P. fuscatus what Hunt (1984) demon-
strated for P. metricus. Saliva-collection times in this
experiment may not have coincided exactly with
peak radioactivity, as determined wusing tritiated
water alone, because of the variations introduced by
potential binding of tritiated water with components
of the prey liquid. However, the clear difference
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Table 2: Effect of removal of instars on queen AD bursts and FL
events per bout

Instars present

1 2 3 4 5 ADbursts FL events Empty:larval cells
X X X X X 377+£189 3134+120 036+0.12
- - X X X 193+328 17.0+47 0.83 £ 0.26
X X X - = 217+£384 177 +35 1.68 £ 0.17
X X = X X 287+£145 343486 0.68 + 0.09
X X = = = 297+43 147 £ 3.7 1.83 £ 0.44
- - - X X 270+76 223+ 84 1.18 £ 0.14

Empty:larval cells = ratio of empty cells to cells containing larvae as a
result of each combination of removals. Values are x & SE. Differ-
ences in least square means of AD bursts among treatments:

Fs 12 = 0.55; p = 0.74. Differences in least square means of FL events
among treatments: F5 1, = 1.18; p = 0.37.

between the test and control colonies in this experi-
ment makes this a non-issue.

On the contrary, we found no evidence that adults
receive larval saliva during these bouts. In other
words, trophallaxis in this context is one-way, from
adult to larva. This result refutes for P. fuscatus the
hypothesis that AD is a signal that stimulates larvae
to release saliva (Rau 1928; Owen 1962). It is of
course possible that in other Polistes species vibra-
tional signaling in this context has this function (see
Brennan 2005).

Our results clearly show that queens do not per-
form AD until the nest contains third-instar larvae.
However, while third instars appear to cause the ini-
tiation of AD, they are not required to maintain it.
Removal of any combination of instars 3-5 failed to
cause a reduction in rate of AD, at least during the
2 h of the experiment. This is consistent with similar
observations on P. dominulus by Brillet et al. (1999)
(but see Brennan 2005). In contrast, Brennan
(2005) found AW rates to change as a function of
the queen’s food supply and the numbers of third—
fifth larval instars on the nest.

Although removing instars 3-5 resulted in an
increase in AD-to-FL ratio, this increase was signifi-
cant only in comparison with the treatment in
which third instars had been removed. We interpret
the increase to be an artifact of our normalizing our
measure of AD rate by dividing by the FL rate.
Removal of instars 3-5 left large numbers of empty
cells. The queens on these nests continued to drum
on all open cells, but had few larvae that she could
feed; the low denominator inflated the value of the
AD-to-FL ratio, although overall AD rate showed lit-
tle change. In fact, in comparing the two treatments
— removal of instar 3 only vs. removal of 3-5 — the
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mean numbers of AD bursts are very similar, while
mean FL events are much lower in the latter treat-
ment.

It is interesting that there is a step-increase in per-
mg production of saliva in the transition from instar
2-3. Instars 3-5 produce at rates proportional to
their weight. Toward the end of the fifth instar, the
labial glands switch from producing larval saliva to
producing silk (Chao & Hermann 1983). Thus, our
measure of mean amount of saliva produced per mg
of larval weight could have been biased downward
somewhat for fifth-instars if our sample included
individuals that were making this switch. However,
this possibility does not affect the main conclusion of
this experiment that larvae appear to undergo a sig-
nificant physiological change in developing from the
second to the third instar.

The fact that the onset of AD coincides with the
appearance of third instars, and therefore with the
appearance of larval saliva in the colony, suggests a
link between the two. On the one hand, our results
are consistent with the hypothesis that AD is simply
a signal that inhibits the release of larval saliva dur-
ing feeding (Pratte & Jeanne 1984). On the contrary,
they suggest that there is more to it than that. The
finding that removing instars 3-5 does not arrest the
queen’s AD behavior suggests that the signal or cue
that third-instar larvae emit does not have a direct
behavioral, or releaser, effect on AD performance,
but instead modulates the queen’s behavior (e.g.,
endocrine physiology) via some kind of primer effect
(Le Conte & Hefetz 2008). Citing evidence for a sim-
ilar effect in P. dominulus, Brillet et al. (1999) sug-
gested that the stimulus may derive from cuticular
compounds on third-instar larvae. An alternative
possibility raised by our findings is that the larval
saliva itself may contain a primer pheromone. Larval
salivary glands in the honey bee (Apis mellifera) pro-
duce a blend of fatty acid esters that modulate the
behavioral development of adults (Le Conte et al.
2006). Polistes larval saliva is a rich mixture of free
amino acids and sugars (Hunt et al. 1982). Amino
acids, in their ester forms, constitute the major com-
ponents of pheromones in many holometabolous
insects (Nojima et al. 2003; Moto et al. 2004). This
hypothesis leads to the testable prediction that foun-
dresses on early-stage colonies — those with only
first- or second-instar larvae — will begin performing
AD if they are experimentally provided with larval
saliva collected from third- and higher instars.

Our results answer some questions about the nat-
ure of the interaction between AD and larval saliva,
but raise others. The parent-offspring interaction in

S. Suryanarayanan & R. L. Jeanne

Polistes societies appears to be more complex than
once thought. It is almost certainly integral to the
maintenance, and perhaps the origin, of eusocial
behavior in the genus, if not in the social vespids as
a group.
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