
Rhythms in Pheromone Production of the Male Boll Weevil 

Abstract. Male boll weevils, Anthonomus grandis, held in a light regimen of 16 
hours of light and 8 hours of darkness released pheromone rhythmically during the 24 
hours. The amount released during peaks was typically 20 times the amount released 
in valleys. The ratio of the two alcohol components of the pheromone also showed a 
daily rhythm. Under continuous light, both the release of pheromone and the ratio of 
the two alcohol components were arrhythmic. In darkness, pheromone release was 
diminished more than tenfold over the 20-day test period. 

The chemical structures of the four 
components of the sex pheromone [two 
terpene alcohols, (I) cis-2-isopropenyl-1- 
methylcyclobutaneethanol and (II) cis- 
3,3-dimethyl-At1',-cyclohexaneethanol; 
and two terpene aldehydes, (III) cis-3,3- 
dimethyl-Ala -cyclohexaneacetaldehyde 
and (IV) trans-3,3-dimethyl-Al,"-cy- 
clohexaneacetaldehyde] of the boll wee- 
vil have been known since 1969 (1). For- 
mulations of the synthetic sex phero- 
mone grandlure have proved attractive 
in the field (2). This success, however, 
has actually delayed studies of the re- 
lease of pheromone by the weevils. At 
the same time it has become increasingly 
clear that factors affecting release of 
pheromone are important to the ef- 
fectiveness of all field-released, sexually 
sterile insects. 

Although the release of pheromone by 
boll weevils is known to be affected by 
diet (3), age (4), chemosterilants (5), and 
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bacterial contaminants (6), we now re- 
port what is, to our knowledge, the first 
attempt to show quantitatively, by gas- 
liquid chromatography (GLC), the rela- 
tionship between pheromone release and 
photoperiodism in boll weevils. The pho- 
toperiodic response of pheromone re- 
lease has been studied in the noctuid 
moth, Trichoplusia ni (7). 

Attempts in our laboratory to find the 
anatomical site of pheromone release by 
dissection and analysis by GLC have 
been frustrated by the widely varying 
amounts of pheromone obtained from 
samples of insects. Since long-term 
rhythms in oxygen respiration had al- 
ready been found in boll weevils held un- 
der a light cycle (8), it seemed likely that 
these and other short-term rhythms 
would dictate times of maximum release. 
Further, since mass-reared boll weevils 
are reared under continuous light, it was 
possible that the variations in the phero- 
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mone release of these weevils would 
be arrhythmic and therefore unpredict- 
able. 

Initially, frass was collected manually 
for 3 days at 3-hour intervals from 350 
adult male weevils reared under a cycle 
of 16 hours of light and 8 hours of dark- 
ness (LD 16 : 8). There were 100-fold 
differences between high and low points 
in pheromone release. Subsequently, an 
automatic fraction collector was adapted 
to the collection of frass from 350 adult 
male weevils (9) at 3-hour intervals for 
20 days after adult emergence. These 
weevils were held at 24?C, LD 16: 8 
[light (44 lux) on from 0400 to 2000 
hours] and were fed freshly picked cot- 
ton squares (buds) daily just after the 
collection of frass at 1000 hours. One 
square was supplied for every five wee- 
vils. The cage volume was 1100 cm3; the 
floor area was 133 cm2. Each 3-hour 
sample of frass was weighed and extract- 
ed according to the method of McKibben 
et al. (10) in a micro-Soxhlet apparatus 
with 10 ml of pentane after the addition 
of standard (a-terpineol). The GLC anal- 
ysis (11) allowed all four pheromone 
peaks to be quantified. The total amount 
of pheromone obtained for each 3-hour 
period was calculated by summing the 
amounts of the four pheromone com- 
ponents. 
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Fig. 1. Daily rhythm of pheromone production under LD 16: 8. The initial point each day is that for the interval between 2200 and 0100 hours. 
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Figure 1 shows the mean values for 
four replicates of pheromone determina- 
tions from four groups of 350 males sam- 
pled over a period of 5 months. The 
highest daily peak of pheromone usually 
occurred between 0700 and 1000 hours 
or between 1000 and 1300 hours. Exami- 
nation of Fig. 1 suggests a long-term 
rhythm of 6 days with 24-hour amounts 
of pheromone higher on days 6, 12, and 
18 than on preceding or succeeding days. 
Increased release of pheromone with age 
was evident (5.3 times as much phero- 
mone was released in the second 10 days 
of adult life as in the first 10 days) (12). 
Day 18 was the day of highest release: 
approximately 1 ,g of pheromone per 
hour per weevil was produced in the 
peak 3-hour period. The low point of re- 
lease was consistently in the period be- 
tween 2200 and 0100 hours. 

Figure 2 shows the arrhythmic pattern 
of pheromone released when the weevils 
were held under constant light (44 lux). 
When the weevils were held in constant 
darkness (two replicates), only traces of 
pheromone were released (13). Thus, the 
LD cycle is apparently one cue on which 
the rhythm depends, and light stimulates 
pheromone release. Field observations 
show that locomotor activity of boll wee- 
vils is reduced by cool temperatures; 
pheromone release is probably mediated 
by temperature also. [Under continuous 
light (one replicate), two times as much 
pheromone was released as the average 
released under the LD cycle, although 
more pheromone was released by LD 
weevils during the first 10 days (12).] 

Although the pheromone of the boll 
weevils is found in the feces, the amount 
released in a 3-hour period is not in di- 
rect proportion to the amount of feces 
produced. The amount of pheromone 
changes from one time period to the 
next. Thus, the graph of pheromone per 
gram of feces appears nearly identical to 
Fig. 1. Linear regression analyses of 
frass production versus pheromone con- 
tent shows a significant (P < .01) nega- 
tive correlation. 

The ratio of the components of the 
pheromone that are terpene alcohols, I 
and II, was dynamic and had its own dai- 
ly rhythm (Fig. 3). The ratio, I : II, was 
low when the amount of pheromone was 
high. No rhythm was evident in the I: II 
ratio when weevils were held under con- 
tinuous light. Since the feces are a 

Fig. 2 (top). Daily pheromone production un- 
der continuous light (one replicate). Fig. 3 
(bottom). Daily rhythm of ratio of pheromone 
component I to pheromone component II 
(average of the four replicates shown in 
Fig. 1). 
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" slow-release formulation" (14) of 
pheromone, one can hypothesize that 
these changing ratios may be a signal to 
the searching female that the odor is 

Table 1. Ratio of amounts of alcohol II to al- 
dehydes III and IV. 

Replicate 
Time period 

1 2 

2200-0100 1.50 0.14 
0100-0400 1.67 1.47 
0400-0700 1.26 3.21 
0700-1000 1.83 1.93 
1000-1300 2.29 3.41 
1300-1600 2.70 2.95 
1600-1900 0.47 2.82 
1900-2200 0.90 1.59 
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fresh. This might prevent orientation of 
the female to abandoned frass rather 
than to the male. 

The chemical structures of alcohol II 
and aldehydes II and IV suggest an oxi- 
dation-reduction step biosynthetically 
linking the alcohol to the aldehydes. 
However, the amounts of the aldehydes 
changed with respect to alcohol II. For 
purposes of comparison, data from two 
of the four replicates concerned in Fig. 1 
were chosen for day 18 to show the 
changes given in Table 1. 

During manual collection of feces, 
weevils in scotophase were observed to 
be quiescent; in photophase, weevils 
were active. Since locomotor activity, 
too, is rhythmic, weevils being reared for 
field-release programs should be ex- 
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posed not to continuous light but to a 
photoperiod that will ensure synchrony 
in locomotion and pheromone release 
with native weevils. Also, trap formula- 
tions of grandlure must have release 
rates equivalent to or greater than the 
peak release of pheromone by native 
males. 

The role of light in pheromone release 
is consistent with field observations of 
boll weevil behavior. Artificial light 
could possibly be introduced into a field 
at night, as in an orchard, to alter 
rhythms of pheromone release and so to 
interfere with mating behavior of pest in- 
sects. The use of proper LD cycles in the 
insectary might also enhance the field 
performance of sexually sterile insects in 
the "sterile-male" approach to insect 
control. 

We believe that chemical cues that 
play a part in insect attractants as related 
to sexual responses and host-parasite- 
predator behavior may, in general, be 
mediated by rhythms such as those ob- 
served in the specific case of the male 
boll weevil pheromone. 

R. C. GUELDNER 
GLENN WIYGUL 

Boll Weevil Research Laboratory, 
Agricultural Research Service, 
U.S. Department ofAgriculture, 
Mississippi State, Mississippi 39762 
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Measurement of Regional Substrate Utilization Rates 

by Emission Tomography 

Abstract. Emission tomography can be used to monitor, in vivo and regionally, the 
utilization of metabolic substrates labeled with positron-emitting radioisotopes pro- 
duced by a cyclotron. The concept was validated by measuring brain glucose utiliza- 
tion with carbon-ll-labeled glucose in rhesus monkeys. 
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Fig. 1. (A) Quantitative emission tomographic image of an adult rhesus monkey brain after 
intravenous administration of ["C]glucose and (B) x-ray transmission tomographic image (80- 
second scan with an 8-mm collimator on an EMI CT 5000 prototype body scanner) at the same 
level for comparison. The accompanying drawing shows the approximate anatomical orienta- 
tion of the images. 
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