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I R = 0; R = CH2 X = Cl; XIII X = Br 

Fig. 1. Structural formulae of synthetic 
juvenile hormone analogs with specificity 
for Dysdercus spp. 

dihalo derivatives VII and VIII, and 
the compound IX (Table 1). The unit 
values for the juvenile hormone activity 
of these compounds range from 0.01 
to 0.1 I/g per specimen. The least ac- 
tive compounds are X, XI, and XII, in 
which the carbomethoxy group of the 
benzene ring is replaced by alcohol or 
dimethyl amido groups. Their unit 
values range from 4 to 100 bAg per 
specimen. 

There is a close parallel in the ju- 
venile hormone effects of each com- 
pound among the species of Dysdercus 
tested. There is less than a tenfold var- 
iation in the activity of a given com- 
pound from species to species. Varia- 
tions in activity of different compounds 
on the same species differ by several 
orders of magnitude. This indicates that 
the structural changes of the molecule 
have much more pronounced effect on 
the activity than do endogenous factors 
of species specificity. 

The most sensitive species is D. 
chaquensis, and the least sensitive is 
D. intermedius. Their average unit 
values differ by about 3.7-fold; how- 
ever, there is about a 2.5-fold differ- 
ence in size of the last-instar larvae of 
these species. For this reason we have 
calculated an average juvenile hormone 
activity unit on the basis of micro- 
grams of substance per gram of larval 
weight, and this unit more precisely 
indicates the sensitivity of individual 
species (Table 2). Thus, the actual 
sensitivity of Dysdercus species to the 
juvenile hormone analogs decreases in 
the following manner: D. chaquensis, 
D. cingulatus, D. discolor, D. super- 
stitiosus, and D. intermedius. Small var- 
iations in the activity units suggest that 
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Earlier we determined the juvenile 
hormone activity of compounds I to IX 
on Pyrrhocoris apterus L. (4). The 
average juvenile hormone unit per gram 
of larval weight was about ten times 
larger than those found for the Dys- 
dercus species (Table 2). All these 
compounds have been found inactive 
when tested on Graphosoma italicum 
Muiill. of the family Pentatomidae. 
Thus, we expect that changes in insect 
sensitivity to these juvenile hormone 
analogs are rather insignificant at the 
species level, becoming more pro- 
nounced at the genus level, and extreme 
at the family level and higher. Similar 
relationships have also been found with 
other juvenile hormone analogs, for 
example farnesenic acid derivatives (6). 

The compounds with the lowest unit 
values are potential pesticides with 
which it would be possible to prevent 
Dysdercus larvae from becoming sex- 
ually mature adults, or to sterilize 
adult females (1). So far as we know, 
these compounds are not toxic to in- 
sects in general and are specific for 
Pyrrhocorid bugs. They show no ju- 
venile hormone activity on some repre- 
sentatives of Lepidoptera, Coleoptera, 
Diptera, or Hymenoptera. The low dif- 
ferences in their activity on these five 
Dysdercus species suggests that the 
compounds could be used against any 
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Punishment is usually defined as a 
procedure in which a noxious stimulus, 
such as a loud noise (1) or an intense 
electric shock (2), is made contingent 
on the occurrence of a specific re- 
sponse. There is some uncertainty, how- 
ever, regarding the behavioral effects 
of a punishing stimulus. Although most 
experiments show that punishment de- 
creases the future likelihood of a re- 

Punishment is usually defined as a 
procedure in which a noxious stimulus, 
such as a loud noise (1) or an intense 
electric shock (2), is made contingent 
on the occurrence of a specific re- 
sponse. There is some uncertainty, how- 
ever, regarding the behavioral effects 
of a punishing stimulus. Although most 
experiments show that punishment de- 
creases the future likelihood of a re- 

Dysdercus species. The high juvenile 
hormone activity of these materials in 
topical assays indicates their superiority 
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sponse, others indicate that response 
suppression is a temporary phenome- 
non or that a punishing stimulus may 
sometimes exert the paradoxical effect 
of maintaining a response which it 
follows in time (3). However, a noxious 
stimulus has been shown to affect 
(4, 5) patterns of responding different- 
ly depending upon the manner in which 
the stimulus is scheduled to occur and 
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Maintenance of Responding by Fixed-Interval Schedule 

of Electric Shock Presentation in Squirrel Monkeys 

Abstract. After stabilization of response rates engendered by a free-operant 
avoidance contingency, the lever-pressing of two squirrel monkeys was main- 
tained for several months by a fixed-interval schedule of electric shock presenta- 
tion. Initially, response-contingent shocks produced substantial increases in 
response rates. Continued exposure to the schedule resulted in a reduced overall 
rate accompanied by a change in the temporal patterning of responses. There 
was a pause in responding after most shock deliveries; the rate of responding 
then increased during the interval to reach a terminal value preceding shock 
presentation. Omission of shocks for part of the daily session led to higher rates 
of responding; the reintroduction of response-contingent shocks produced a 
lower overall rate and reinstated the temporal patterning of responding charac- 
teristic of the fixed-interval schedule. 
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