
zyme with respect to the molecular na- 
ture of the endogenous substrate or sub- 
strates remain to be determined. 

Our findings extend to the trans- 
synaptic induction of TH, the concept 
proposed for liver and ovary (11, 12) that 
protein kinase translocation may be a 
mechanism involved in transferring infor- 
mation to the nucleus. Moreover, since 
denervation reversed the decline of cy- 
tosol protein kinase and the increase in 
activity of the enzyme in the pellet, we 
suggest that protein kinase translocation 
is part of the mechanism whereby the 
sustained activation of nicotinic recep- 
tors coordinates the long-range reactions 
involved in the expression of the genetic 
code. Since adrenal denervation fails to 
abolish the increase in cyclic AMP elic- 
ited by cold exposure in adrenal cortex 
(13) but does abolish the increase of cy- 
clic AMP and the induction of TH in the 
adrenal medulla, we can exclude a direct 
participation of corticosteroids in elicit- 
ing the increase of cyclic AMP in the me- 
dulla, the activation and translocation of 
protein kinase, and the transsynaptic in- 
duction of TH. However, we cannot rule 
out an indirect permissive role of corti- 
costeroid in the regulation of TH biosyn- 
thesis. 
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with regard to the specificity for various histone 
or proteins. The enzymes in the medullas in the 
natural state or after exposure at 4?C have differ- 
ent specificities for different substrate proteins 
(5); since these kinases express their maximal 
catalytic rates in the presence of histones, we 
have provisionally used calf thymus histone mix- 
ture to measure the phosphorylating activity in 
the cytosol and insoluble portion (pellet) of the 
medulla. Under these conditions, the baseline 
cytosol kinase activity was 163 ? 9 pmole per 
milligram of protein per minute in the presence 
of 0.7 t,M cyclic AMP and 55 ? 4 pmole per 
milligram of protein per minute in the absence of 
cyclic AMP. The kinase activity in the pellet 
extract was 70 + 10 pmole per milligram of pro- 
tein per minute in the presence of cyclic AMP 
and 69 ? 7 pmole per milligram of protein per 
minute in the absence of cyclic AMP. Proteins 
were measured by the method of Lowry et al. 
(15). The values of RNA synthesis (2), TH syn- 
thesis (3, 4), and TH activity (4) in Fig. 1D have 
been previously reported. 

7. R. A. Mueller, U. Otten, H. Thoenen, Mol. 
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8. D. A. Walsh, C. D. Ashby, C. Gonzalez, D. 

with regard to the specificity for various histone 
or proteins. The enzymes in the medullas in the 
natural state or after exposure at 4?C have differ- 
ent specificities for different substrate proteins 
(5); since these kinases express their maximal 
catalytic rates in the presence of histones, we 
have provisionally used calf thymus histone mix- 
ture to measure the phosphorylating activity in 
the cytosol and insoluble portion (pellet) of the 
medulla. Under these conditions, the baseline 
cytosol kinase activity was 163 ? 9 pmole per 
milligram of protein per minute in the presence 
of 0.7 t,M cyclic AMP and 55 ? 4 pmole per 
milligram of protein per minute in the absence of 
cyclic AMP. The kinase activity in the pellet 
extract was 70 + 10 pmole per milligram of pro- 
tein per minute in the presence of cyclic AMP 
and 69 ? 7 pmole per milligram of protein per 
minute in the absence of cyclic AMP. Proteins 
were measured by the method of Lowry et al. 
(15). The values of RNA synthesis (2), TH syn- 
thesis (3, 4), and TH activity (4) in Fig. 1D have 
been previously reported. 

7. R. A. Mueller, U. Otten, H. Thoenen, Mol. 
Pharmacol. 10, 855 (1974). 

8. D. A. Walsh, C. D. Ashby, C. Gonzalez, D. 

a natural unit of olfactory strength. 

"This leads me to say a few words on 
what I have called Sexual Selection. This 
form of selection depends, not on a 
struggle for existence in relation to other 
organic beings or to external conditions, 
but on a struggle between individuals of 
one sex, generally the males, for the pos- 
session of the other sex. The result is not 
death to the unsuccessful competitor, 
but few or no offspring" (1). 

Thus did Darwin state the nature of 
evolution resulting from competition for 
mates. Such competition requires two 
kinds of information: a recognition of dif- 
ferent classes of potential mates and a 
bias in selecting a mate from one class 
rather than another. Petit, Spiess, Ehr- 
man, and others have shown that, in dro- 
sophilids and in some other insect spe- 
cies, one type of mate selection bias de- 
pends on the proportion of the two 
classes (that is, genetic strains) in a popu- 
lation, with a positive bias for the strain 
in least abundance (2). This "rare male 
advantage" is mediated by odor in 
Drosophila pseudoobscura and possibly 
in other species. A recognition system 
mediated by odor raises several ques- 
tions with regard to the type of neural 
networks required to organize and quan- 
tify olfactory information and about the 
nature of olfactory cues. 

Drosophila mating behavior has been 
extensively studied and appears to in- 
volve a complex of auditory, chemical, 
tactile, and visual cues that govern the in- 
teraction between males and females, 
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leading to persistent courtship by the 
males and to final acceptance (or repeat- 
ed rejection) of a male by a female (2, 3). 
During this interaction in D. pseudoob- 
scura, males are indiscriminately active 
while females are discriminatingly pas- 
sive. Each female must classify potential 
mates on at least three levels. Level 1 
recognition determines whether the male 
is of the right species. Because this is a 
right or wrong binary choice under 
heavy selection pressure, it is undoubt- 
edly genetically programmed. It also ap- 
pears to involve more than one sensory 
modality; several studies have been con- 
ducted concerning the features required 
for species recognition (4). Level 2 recog- 
nition has also been the subject of sev- 
eral studies; it involves assessment of 
the "vigor" of the courting male (2). 
Some genetic strains are more readily ac- 
cepted as mates than others. For ex- 
ample, there are mutant strains of males 
that are virtually incapable of competing 
with wild-type males for mates, even 
with females of their own genetic strain. 
The recognition mechanism here may in- 
volve assessment of the male's execu- 
tion of the mating ritual, as judged 
against an internal (genetically pro- 
grammed) or external (learned) standard. 
Level 3 recognition controls the rare 
male advantage. Three separate kinds of 
information are required for it. (i) The 
population must be classified into the 
various strains present. (ii) The classified 
strains must be quantitated to measure 
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Recognition and Sexual Selection in Drosophila: 
Classification, Quantification, and Identification 

Abstract. Drosophila pseudoobscura females show a positive bias toward mating 
with males whose proportion in the population is low. They can perform this discrimi- 
nation even when three strains of males are present. The olfactory recognition re- 
quiredfor this discrimination entails a hierarchically ordered recognition system and 
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their proportion in the population. (iii) 
Each male must be identified as a mem- 
ber of the minority or majority strain. 

We have previously shown that the 
rare male behavior in certain strains of 
D. pseudoobscura can be controlled by 
olfactory cues (5). However, this work 
was conducted with only two strains 
present in the mating chambers, and it is 
not evident a priori that a quantitative 
recognition based on olfactory cues can 
generalize to choices between more than 
two strains, although a multistrain popu- 
lation is probably a more natural situa- 
tion. For testing this generalizability we 
worked with two wild-type strains, Ar- 
rowhead (AR) and Chiricahua (CH), 
which differ in a third chromosome in- 
version, and an orange-eyed mutant 
strain, or, of the standard third chromo- 
some arrangement. 

Mating trials were conducted in Elens- 
Wattiaux observation chambers with 24 
pairs of flies per chamber (6). Females 
were equally divided between AR and 
CH strains, while males were used in a 
variety of ratios. Virgin flies of both sex- 
es (raised at 23?C and 60 percent relative 
humidity) were collected within 3 hours 
of eclosion, separated by sex under mild 
etherization, and used in mating trials 4 
days later. The CH and AR flies were 
marked by wing clipping during collec- 
tion to enable visual scoring of matings. 
In these trials males mate repeatedly 
while females mate only once. Data were 
used only from chambers in which all fe- 
males mated (7). 

On the basis of vigor alone, CH a)d 
AR males are equally acceptable as 
mates. However, an or male is only 50 
percent as likely to mate as either wild- 
type inversion strain under the same con- 
ditions. The expected mating frequency 
is corrected for this disadvantage [see 
(8)]. 

Results of the mating trials are given in 
Table 1. Data are tabulated as the natural 
logarithm of the ratio of the observed 
mating frequency to the expected fre- 

quency. This function is symmetric 
about the expected frequency; a positive 
sign for an entry indicates an advantage 
for that particular strain of male. 

Matings where males are present in a 
5:5:2 ratio show classical rare male be- 
havior, with the single rare strain enjoy- 
ing a significant advantage. However, 
the interpretation of the other four cases 
investigated is more complex. In the 
1:1:1 case there is a slight advantage 
for the or strain, while in the three 
4:1:1 cases there are two rare strains, 
but no more than one strain enjoys an ad- 
vantage. Advantages in all trials are of 
two types: (i) when the number of AR 
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patterns received by several indivic 
tors. 

and CH are unequal, the minor 
is advantaged; and (ii) when th 
of AR and CH males are equ; 
males enjoy an advantage if the 
minority strain relative to the s 
two nonmutant strains. 

Level 3 recognition of AR 
males can be controlled by 
cues (9). In order to accomplish 
ognition, the female must classi 
ular odor patterns as "CH" c 

quantitate the patterns to arrive 
ative proportion of these two sti 
identify a potential mate as ' 

"CH." Since she has had n( 

Table 1. Drosophila pseudoobscura 
in the ratios indicated were preser 
males (12 AR:12 CH), and the 
cepted as mates are tallied by stra 
are loge [(observed matings)/(expe 
ings)] where the expected matings 
corrected for differences in male vigl 
tive log odds value indicates a mati 
tage for that particular strain; a negi 
indicates a disadvantage. (Each rati' 
ed in a total of 144 matings.) Boldfi 
are statistically significant when tes 
against the other two strains of male 
als. Symbols in parentheses indicat 
significance: * = P < .05; ? = 
t = p < 10-5; t =P < 10-7 

Ratio Log of odds 
of male mating su 

males 
AR: CH :or AR CH 

1:1:1 -.054 -.130 
4:1: 1 -.378(t) .701(t) 
1:4: 1 .644(t) -.285(t) 
1:1:4 .060 .134 
5:5:2 -.108 .160 
5:2:5 -.076 .362(?) 
2:5:5 .407(?) -.261(?) 

Recognition with males other than the very brief con- 
pheromone tact with males of her own strain after 

O eclosion, she must accomplish these 
tasks without relevant prior experience. 

t Furthermore, it has been shown that she D can recognize several genetic strains of 
males (and even two populations of the 
same genetic strains raised at different 
temperatures) in the absence of prior ex- 
perience. The recognition system pro- 
vides a set of patterns that is usable for 
classifying potential mates, as well as a 

A A "unit of olfactory strength" that can be 
calibrated to equal one male. The nature 

c of the advantages in the three strain 
nal neural crosses places one further requirement 
ignals and on the system-the recognition must be 
(from the 

oral effec- hierarchically organized. The proportion 
ceptors for of AR to CH is determined first (in prior- 
nay not be ity if not temporally); if it is close to 
-sent odor unity, then the or : (AR + CH) propor- Jual recep- tion is behaviorally important. Thus, the 

characteristics of the recognition system 
are as follows. 

1) Specificity. A particular strain can 
ty sta be identified in the presence of other 

e number s strains. 
al, the or 

2) Quantifiability. The proportion of 
ey are the e 

each identifiable strain in the population um o e 
can be determined in such a way as to 

and CH provide behaviorally important informa- 
and CH tion. 

olfactory solfactory 3) Apparent ability to deal with novel 
such rec- 
cfy et information or combinations of informa- 

ify partic- 
Ir ,, A tion. The choice of strains used is arbi- 

trary and, in earlier studies (2), a wide 
at the rel- 

range of different strains has been used. 
rains, and 
rAis'' 

an 
No prior experience with any particular 
strain of males is required for the females 

contact 
to exhibit specific and quantitative dis- 
crimination. 

(24) 4) Hierarchical ordering of informa- 
ted to fe tion. Information about the separate 
males ac- strains is not treated as though it is of 
in. Values equal behavioral importance. 
.cted mat- To interpret these results, we draw on 
have been the theoretical tools of pattern recogni- or. A posi- 
ing advan- tion, a field that largely owes its exis- 
ative value tence to the digital computer (10). Initial 
o was test- work in computer-based pattern recogni- 
ace entries tion can be categorized as discriminant 
sted by Xs2 
s indthe ri- (or decision theoretic). The central focus 
e levels of of this approach is classification (11). Pat- 
P < .01; terns to be classified are input as mathe- 

matically expressible "features"; for 
neural networks these could be the ampli- 

for tude and frequency of neuronal firings. ccess 
The input features are processed by a va- 

or riety of quasigeometrical and statistical 

3 methods to categorize them into similar- 
.310(*) 
.410 ity clusters. These clusters may be de- 
.173 rived either with or without reference to 

-.113 a set of labeled (preclassified) patterns 
.855(t) (12). 
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inefficient if used in such difficult but im- 
portant problems as scene analysis. Fur- 
thermore, studies on such disparate top- 
ics as mammalian vision and human 
speech indicate that such an atomistic ap- 
proach to classification provides an in- 
adequate description of the recognition 
involved in such tasks. Recent work has 
opened up structural (or syntactic) ap- 
proaches to these problems (13). Struc- 
tural recognition begins with features 
too, but these are first classified into pat- 
tern primitives that are the basis of the 
recognition system. This limited set of 
basic patterns is then input into a hierar- 
chically organized recognition system 
whose output is a significant message. 
However, unlike the inputs, which form 
a very limited set, the output messages 
can be essentially unlimited because 
the repetition of basic units also con- 
veys information. The English language, 
for example, combines a set of about 
45 phonemes into words, words into 
phrases and sentences, and sentences 
into larger structures of meaning. Thus, 
a relatively limited sensory basis can 
provide very complex signals for cuing 
behavior. 

In understanding olfactory stimuli, 
specifically pheromones, as inputs, we 
need to consider their mode of action. 
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tion and action, often coupled with a 
large number of receptor sites for the ac- 
tive compound (15). The recognition sys- 
tem appears to be discriminant (rather 
than structural), with classification oc- 
curing at or near the receptor level as dia- 
grammed in Fig. la. Recent work on 
multicomponent pheromones does not 
contradict this basic picture, although 
the requirement that the compounds be 
present in the proper ratio does require 
more feature processing capability than 
the monocomponent system that is 
shown in Fig. lb. 
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systems. Other structural recogni- 
tion systems, such as mammalian vision, 
are already well known in comparative 
psychology. The pattern primitives in 
the pheromone system could be individ- 
ual substances or particular concentra- 
tion patterns of substances. Chemical in- 
vestigations in our laboratory so far indi- 
cate the latter, and such multicomponent 
systems can certainly carry more infor- 
mation with fewer substances than mono- 
component ones (16). These pattern 
primitives are then hierarchically pro- 
cessed according to rules laid down by 
the limitations of the nervous system. 
This processing suppresses some infor- 
mation [such as the proportion of or 
males when there is a type (i) advantage] 
on the basis of other signals present, as 
schematized in Fig. Ic. The females' abil- 
ity to respond to a broad range of olfac- 
tory stimuli, to process these stimuli in a 
hierarchical fashion, and to quantitate 
the population by these stimuli points to- 
ward a more complex processing of olfac- 
tory cues than had previously been sus- 
pected. 
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Sex pheromones are known to occur 
in a number of hymenopterous para- 
sitoids (1). However, the pheromone 
s.purce has apparently not been found, al- 
though the general body surface (2), 
male pygidial glands (3), and thorax (4) 
have been implicated in different spe- 
cies. Dufour's gland, a prominent struc- 
ture of the female reproductive system in 
Hymenoptera, is known to produce 
pheromones, but to my knowledge none 
of these has previously been identified as 
a sex pheromone (5). 
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I have found that Dufour's gland does 
produce sex pheromones in two hyme- 
nopterous parasitoids. The insect primar- 
ily investigated, Apanteles melanos- 
celus, is a small braconid wasp, which at- 
tacks larvae of the gypsy moth, 
Lymantria dispar, throughout the lat- 
ter's range in North America and Eu- 
rope. Both A. melanoscelus and A. lip- 
aridis, the other species used, were main- 
tained in the laboratory on gypsy moth 
caterpillars. 

Courtship in A. melanoscelus is as fol- 
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Dufour's Gland: Source of Sex Pheromone in a 

Hymenopterous Parasitoid 

Abstract. Females of Apanteles melanoscelus and Apanteles liparidis produce a 
sex pheromone in Dufour's gland of their reproductive system. Males of both species 
exhibit premating behavior when in contact with filter paper smears of the gland of 
their respective females. 
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