
Evidence for an Antiaphrodisiac in the Sweat Bee 
Lasioglossum (Dialictus) zephyrum 

Abstract. Male Lasioglossum (Dialictus) zephyrum in the field are attracted to 
models impregnated with the odor of virgin females. The number of males respond- 
ing increases with increasing odor concentration. Once a male has contacted a 
model, its attractiveness to other males is reduced, suggesting that the male may 
contribute an antiaphrodisiac cue so that other males avoid mated females. 

The term antiaphrodisiac was used by 
Happ (I) to describe a pheromone pro- 
duced by male mealworm beetles (Tene- 
brio molitor L.) that inhibits the respons- 
es of other males to the scent of conspe- 
cific females. Later investigation did not 
confirm this work ( 2 ) ,  and it was thought 
that the term would be short lived (3). It 
was revived, however, for a male-con- 
tributed odor that may help enforce mo- 
nogamy in the butterfly Heliconius erato 
L. (4). Antiaphrodisiacs have not been 
reported in the Hymenoptera with the 
exception of an anecdotal account (5). I 
now describe an antiaphrodisiac odor 
cue in a halictine bee, Lasioglossum 
(Dialictus) zephyrum. 

Lasioglossum zephyrum is a primitive- 
ly eusocial halictine bee (6) that nests in 
large aggregations in bare, vertical clay 
banks. Males patrol these aggregations 
in search of females and respond to them 
and similar visual stimuli by pouncing 
(7). This apparently indiscriminate be- 
havior is increased by the presence of 
female odor (8), which is considered to 
be an aphrodisiac (9). Since numerous 
pounces and few matings are seen in the 
field, it was thought that L.  zephyrum 
females will mate only once (10). How- 
ever, evidence from electrophoretic 
studies suggests that some females may 
mate twice (1 I ) .  

Preliminary field observations with 
tethered females (12) revealed that the 
attractiveness of a particular female 
changes quickly. Up to seven males 
would rapidly converge on a tethered 
female and then disperse in 2 minutes or 
less, leaving behind a mating pair or the 
female alone. When the female was then 
moved to another part of the aggregation 
(30 m upwind), she was temporarily un- 
attractive. Because dead females also 
attract males (13), it seemed unlikely that 
females were actively turning on and off 
some pheromone cue. Therefore an al- 
ternative possibility-that in L. zephyr- 
um contact with a male decreases a fe- 
male's attractiveness-was investigated. 

Female models, consisting of black 
nylon wrapped around the tip of a 15-cm 
long wooden applicator stick and im- 
pregnated with one of six different odor 
cues, were tested in the field (14, 15). To 
obtain the Dufour's gland extract from 

Colletes sp., six field-captured adult fe- 
males were dissected and their Dufour's 
glands placed in a vial containing 0.5 ml 
of methylene chloride; 41.6 p1 of this 
extract was placed on a model. The odor 
of L, zephyrum females was obtained by 
placing individual virgin females 
( N  = 35) in 20-ml glass vials, the corks 
of which contained pollen, honey, and 
water. Daily, each female was trans- 
ferred to a clean vial and the used vial 
was rinsed three times with a total of 
about 3 ml of methylene chloride yield- 
ing one female day equivalent (FDE) of 
odor. These rinses were frozen and 570 
FDE were accumulated. Excess solvent 
was evaporated under a gentle stream of 
nitrogen gas, leaving 1 ml total volume. 
Three different concentrations of this 
material were applied to three different 
female models. The fourth model was 
impregnated with 22.8 FDE of female 
odor and was placed for 5 minutes in a 
20-ml vial containing five L ,  zephyrum 

Table 1. Individual 95 percent confidence 
intervals for the means of the number of 
Lasioglossum (Dialicrus) zephyrum males 
that passed within 20 cm of female models 
during field trials of the six odor cues. These 
are based on the pooled standard deviation. 

- 

Treatment Confidence 
interval 

-- 

Control 
Standard 
22.8% FDE 
5.7 FDE 

11.4 FDE 
22.8 FDE 

*Indicates the presence of male odor 

Table 2. The results of a Student-Newman- 
Keuls test of the significance of differences 
between the mean numbers of Lasioglossum 
(Dialictus) zephyrum males hovering near fe- 
male models with six odor cues. Letters indi- 
cate means that are not significantly different. 
- 
Treatment Mean 

28.8 FDE 
14.4 FDE 
28.8% FDE 
7.2 FDE 

Control 
Standard 

*Indicates presence of male odor. 

males, they walked on, touched their 
antennae to, and pressed their abdomens 
against the model. Two other models 
served as a standard and a control. 

A full series of six models, each with a 
different odor cue, was prepared at 10 
a.m. on 7 days: 25, 26, 29, 30, and 31 
August and 1 and 2 September 1982 (a 
back-up series was prepared each day 
also). To create a randomized block de- 
sign, the stimuli were presented individ- 
ually in a random order to free flying 
males at a nest aggregation. The stimuli 
had been coded beforehand so that the 
observations were made without knowl- 
edge of the cue involved. Each applica- 
tor stick was placed on the ground so 
that the nylon model projected 1 cm over 
the edge of the top of the vertical bank 
containing the aggregation. Small nail 
markers were placed 20 cm to either side 
of the model and an imaginary line, cre- 
ating a half circle, was drawn on the 
bank's surface connecting these mark- 
ers. Since male L. zephyrum tend to fly 
near the bank's surface, any male flying 
over the semicircular area could be easi- 
ly observed, and this response was re- 
corded as a pass. When a male ap- 
proached within 1.5 cm of the model and 
stayed facing it for more than 5 seconds, 
the response was recorded as a hover. 
Each male entering the semicircle was 
recorded. Males rarely landed on a mod- 
el in the field (16). 

The data were analyzed by two-way 
analyses of variance (17, pp. 324-327). 
There was a statistically significant effect 
due to treatments (odor cues) for pass 
responses (F(5, 30) = 3.175; 0.05 > P 
> 0.01). The 95 percent confidence in- 
tervals for the means of each treatment 
(Table 1) reveal a trend toward an in- 
creased number of pass responses as the 
concentration of female odor increases, 
and a reduction of responses due to male 
contact with the odor stimulus. 

Two-way analysis of variance of the 
hover response also showed a statistical- 
ly significant treatment effect (F(5, 30) 
= 8.66. P < 0.01). When the control and 
the standard were omitted from the anal- 
ysis (no males hovered near them), there 
were still significant treatment effects 
(F(3, 18) = 5.87; P < 0.01). An a poste- 
riori Student-Newman-Keuls test of the 
differences between treatment means 
(17, pp. 239-242) showed that the highest 
concentration of female odor (22.8 FDE) 
elicited more responses than any of the 
other stimuli (Table 2). The high concen- 
trations of female odor elicited more 
resvonses than either of the two lower 
concentrations of female odor. More im- 
portantly, contact with males produced a 
statistically significant reduction in hov- 
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er responses but did not eliminate them. 
The attractiveness of female models 

impregnated with the 22.8 FDE odor cue 
is decreased after contact with males. 
Since most L .  zephyrum females mate 
only once but some (<36 percent) will 
mate again, the male donor of an an- 
tiaphrodisiac odor cue protects his mate 
from superfluous male responses and 
reduces the likelihood that she will mate 
again. A male that detects such a cue on 
a female would gain more fertilizations 
by avoiding her, especially in sites like a 
L .  zephyrus aggregation where there are 
large numbers of other females. 

The material deposited by males on 
females may be a specific pheromone or 
pheromone blend (an antiaphrodisiac) or 
it could be some multipurpose material 
present on the surface of males, such as 
cuticular hydrocarbons. Antiaphrodisiac 
pheromones are most likely to evolve in 
aggregated species, with low to moder- 
ate levels of polygamy and sperm mix- 
ing. Lasioglossum zephyrum is aggregat- 
ed and appears to have low to moderate 
levels of polygamy (18). Whether there is 
sperm mixing is not known. 
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Descending Efferents from the Superior Colliculus 
Relay Integrated Multisensory Information 

Abstract. By means of their efferent projections to motor and premotor structures, 
the cells in the deep superior colliculus are intimately involved in behaviors that 
control the orientation of the eyes, pinnae, and head. These same efferent cells 
receive multiple sensory inputs, thereby apparently enabling an animal to orient its 
receptor organs in response to a wide variety of cues. This sensory convergence also 
provides a system in which motor responses need not be immutably linked to 
individual stimuli but can vary in reaction to the multitude of stimuli present in the 
environment at any given moment. 

That the superior colliculus (SC) plays 
a role in visual orientation has been 
known since the late 19th century (I), 
but only recently has its multisensory 
nature been demonstrated. Behaviorally, 
it is evident as a tendency to neglect 
contralateral sensory stimuli after the 
removal of one SC (2)-an observation 
that prompted investigators to explore 
the organization and properties of its 
constituent neurons. Consequently, the 
organization of the sensory (visual, audi- 
tory, and somatosensory) and motor rep- 
resentations in the SC has been de- 
scribed in detail, and these representa- 

tions have been shown to be in register 
with one another (3). For example, the 
upper portions of visual, auditory, and 
body space are represented in the same 
region in the SC, and electrical stimula- 
tion here produces upward movement of 
the eyes, pinnae, and head-an elegant 
yet simple organizational plan. 

For the SC to transform sensory input 
into motor output, sensory input ulti- 
mately must reach the deep efferent cells 
that produce orientation by way of pro- 
jections (Fig. 1) to the brainstem and 
spinal cord (4). Yet with few exceptions 
(5) little attention has been directed to- 

Fig. 1. (A) Dark-field micro- 
graph showing the two de- 
scending efferent pathways la- 
beled with tritiated leucine 
[the medial efferent bundle 
(MEB) and the lateral efferent 
bundle (LEE)], as they exit 
from the superior colliculus 
(SC) and course toward their 
brainstem and spinal cord tar- 
gets. Calibration bar, I mm. 
(B) S C  neurons with descend- 
ing efferent axons were acti- 
vated antidromically by elec- 
trical stimulation delivered 
through arrays of implanted 
electrodes. The tips of the 
electrodes in each array were 
spaced approximately 1 mm 
apart in the anterior-posterior 

and medial-lateral planes to  permit the delivery of discrete electrical stimuli a t  a variety of 
points within each of these efferent S C  pathways. This micrograph illustrates the most caudal 
point a t  which the electrical stimuli were presented (electrode 3). The tips of the remaining 
electrodes (1 and 2 and 4 t o  6) were located in sections as  far as 1.0 m m  rostra1 to  the one shown 
here [corresponding to  levels depicted in (A)]. Calibration bar, 1 mm. 
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