We recognize two limitations on the
interpretation of these results. First
cercal nerve connections with the giant
interneurons are established during
embryonic development. The axons
so formed, and removed at hatching
in our experiments, number no more
than 250 (1), but nevertheless do
represent a short-lived projection of the
sensory surface of the cerci upon the
giant interneurons. Second, we can-
not exclude the possibility that beyond
the fifth instar small numbers of re-
generate axons reach the ganglion from
premolt regenerates within a given in-
star. But since the sensilla are en-
sheathed by cuticle, their neurons would
not carry sensory information, and in
any case their early amputation en-
sures that they would have degenerated
long before subsequent afferent fibers
could regenerate.

It should be emphasized that our
results demonstrate only the correct
connections made by the regenerate.
We cannot yet exclude the possibility
that the responses we have studied are
mediated by only a small fraction of
the contacts established by regenerating
axons, and that wrong or random con-
tacts have been made but not recognized.
We expect more detailed physiological
mapping and correlated degeneration
studies to provide a more complete
picture of the regeneration process.

Most of the growth of arthropod
sensory systems occurs during the post-
embryonic period between hatching and
the final molt to the adult stage. Our
results indicate that interneurons can
be deprived of their dominant sensory
input for most of this period without
degenerating or losing their capacity to
reestablish correct connections with the
sensory periphery. This stands in strik-
ing contrast to the dependence of mam-
malian sensory systems upon normal
sensory inflow, especially during their
early development (6).

Joun S. EDWARDS
JoHN Parka
Department of Zoology,
University of Washington,
Seattle 98105
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Culex (Melanoconion) aikenii: Natural Vector in
Panama of Endemic Venezuelan Encephalitis

Abstract. Experiments performed in an endemic area of Venezuelan equine
encephalitis in the Panama Canal Zone demonstrated transmission of Venezuelan
equine encephalitis virus from naturally infected Culex aikenii mosquitoes to
laboratory hamsters. Results of experiments indicate that Culex aikenii is an
efficient natural vector and the principal species of mosquito transmitting
Venezuelan equine encephalitis in this endemic zone.

Venezuelan equine encephalitis (VEE)
is a disease of man and equines, wide-
spread throughout Middle America,
from Florida south to Ecuador and the
Guianas. Two forms of the disease are
known, an endemic one present in wet,
lowland, coastal areas and the epidemic
form which reportedly occurs in ex-
plosive outbreaks in drier areas of
Central and northern South America
and involves thousands of humans and
equines. Culex mosquitoes of the sub-
genus Melanoconion have come under
suspicion as vectors of VEE virus in
several endemic areas of the Caribbean
region (I). Evidence has been based
mainly on the frequency of isolation
of virus from laboratory mice inocu-
lated directly with macerated wild-
caught mosquitoes. However, proof of
either natural or experimental trans-
mission through the bites of these mos-
quitoes has been lacking. Therefore, no
conclusive evidence has been produced
on the vectorship of these or any other
species of mosquitoes in the transmis-
sion of endemic VEE.

The discovery, through exposure of
sentinel hamsters, of a focus of in-
tense VEE activity in the Panama Canal
Zone in August 1970 led to develop-
ment of a project aimed at determin-
ing whether Culex (Melanoconion) mos-
quitoes were active in the transmission
of VEE virus in that area. Work was
carried out along the Chilibre River,

which empties into the Chagres River
about 500 m upstream from the area
of Juan Mina, between Madden Dam
and the Canal Zone town of Gamboa.
All-night collections with human bait
and sporadic hand-collections from sen-
tinel hamsters showed that the most
common mosquito biting man and
hamsters during the study period was
Culex (Melanoconion) aikenii (Aiken
and Rowland), 1906 (2). This pre-
liminary report presents results of ex-
periments on VEE transmission with
wild-caught C. aikenii and laboratory
hamsters.

Female mosquitoes used in these
experiments were captured singly while
attempting to bite human subjects ex-

Table 1. Results of exposures of hamsters to
the bites of wild-caught C. aikenii. Six ham-
sters were infected (4 ) with VEE; five were
not (—).

Mosquitoes (No.)

Hamster Infec-
No. Allowed En- tion
to feed gorged
LH-6555 1161 273 —
LH-6556 180 56 +
LH-6564 210 62 +
LH-6622 411 236 +
LH-6623 284 209 +
LH-6625 889 160 —
LH-6626 66 24 +
LH-6631 106 15 +
LH-6767 70 43 —
LH-6768 579 85 —
LH-6769 271 40 -

SCIENCE, VOL. 172



posed at stations along the Chilibre
River, where sentinel hamsters had re-
cently died of VEE virus infection.
Collections were made daily, between
the hours of 6:30 p.m. and 8:45 p.m.,
from 19 August through 13 September.
Immediately after each collecting pe-
riod all live mosquitoes were identified
by species at the Juan Mina field sta-
tion of the Gorgas Memorial Labora-
tory. All specimens of C. aikenii were
subsequently liberated in groups of 80
or less inside Barraud-type cloth cages.
Laboratory-bred hamsters were exposed
individually to the bites of the mosqui-
toes held in the cloth cages. Special pre-
cautions were taken to prevent possible
contamination of normal hamsters held
at the field station with VEE virus from
infected hamsters and mosquitoes. Each
morning after exposure of the hamsters,
engorged mosquitoes were separated
and transferred from the cages to glass
jars lined with plaster of Paris, in which
they were held for 24 hours before
being stored in liquid nitrogen. Mosqui-
toes that were not engorged were main-
tained in similar glass jars during the
day and given access to the same ham-
ster in the evening; additional females
captured that evening were added to
make a total of 80 specimens. With the
exception of a few missing specimens
from every group, presumably eaten or
destroyed by the hamsters, all mosqui-
toes used in these experiments were
frozen in liquid nitrogen along with
tissue samples from hamsters which be-
came ill or died after exposure to the
bites of wild-caught C. aikenii.

Attempts to isolate virus from ham-
sters and mosquitoes were made at the
central laboratory by inoculation of
suckling mice. Each sample of serum or
plasma was diluted in four volumes of
phosphate-buffered saline solution con-
taining antibiotics, Bovine albumin was
included in the diluent used for the
trituration of hamster tissues and mos-
quitoes. Specimens from sick or dead
hamsters were processed individually,
whereas mosquitoes were pooled in
groups of ten or less. We made a pre-
liminary identification of viral isolates
by testing crude mouse brain anti-
gens with reference antiserum prepared
against the No. 3880 strain of VEE
virus (3), by means of the complement-
fixation technique.

Table 1 summarizes results of ex-
posures of hamsters to the bites of
wild-caught C. aikenii females. A total
of 4227 C. aikenii were given access to
11 hamsters, and 1203 (28 percent)

7 MAY 1971

became engorged. Six of the 11 ham-
sters exposed came down with VEE
infections. In the case of two of the
positive hamsters, VEE virus was iso-
lated from one of several pools of mos-
quitoes which fed on these hamsters 2
to 4 days before death. Processing of
mosquitoes allowed to feed on the other
four hamsters which developed infec-
tions has not yet been completed.

In order to determine the vector
potential of the species, 30 wild-caught
C. dikenii, which had engorged on the
blood of three infected hamsters, were
held at ambient temperatures (24° to
28°C) for 8 to 16 days, after which
they were each given .access to a single
clean hamster. Twelve of the 30 mos-
quitoes transmitted VEE virus for an
overall transmission rate of 40 percent.
The infection rate in 25 of these mos-
quitoes tested individually for presence
of virus was 92 percent.

Results of these experiments show
that C. aikenii was responsible for at
least some of the VEE being trans-
mitted in the study area. This conclu-
sion is reached from the fact that VEE
virus was isolated from clean labora-
tory-bred hamsters after exposure to
wild-caught mosquitoes captured along
the Chilibre River and, in some cases,
from mosquitoes which engorged on
their host 2 to 4 days before its death,
the period of time which corresponds
to the usual incubation of the virus in
hamsters. The high rate of VEE trans-
mission obtained in these experiments

suggests that this species is a very effi-
cient vector of the virus in nature. The
high population density of C. aikenii
as compared with other mosquito spe-
cies, coupled with epidemiological in-
formation gathered in the study area
but not pertinent to this report, indi-
cates that this culicine species was the
most important, if not the only, mos-
quito vector of VEE virus in this
endemic area during the study period.
PEDRO GALINDO
MARGARET A. GRAYSON
Gorgas Memorial Laboratory,
Apartado 6991,
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Preavoidance Blood Pressure Elevations Accompanied

by Heart Rate Decreases in the Dog

Abstract. Blood pressure and heart rate were monitored continuously in five
dogs for 1 hour before performance on a free-operant shock-avoidance task.
Cardiovascular changes during the preavoidance hour were characterized by
sustained and significant increases in blood pressure, and sustained and signifi-

cant decreases in heart rate.

Previous reports of cardiovascular
responses to behavioral conditioning
with laboratory animals have generally
described parallel changes in blood
pressure and heart rate. Typically, con-
current elevations in both pressure and
rate measures have been associated with
the development and maintenance of
Pavlovian conditional reflexes in both
dogs and monkeys (I), instrumental
escape and avoidance behavior in mon-
keys and baboons (2), and conditioned
suppression of operant behavior in

monkeys (3). Decreases in heart rate
during Pavlovian conditioning with rats
(4) and rabbits (5) have also been
described in experiments without blood
pressure measurements, and one study
(6) has suggested that divergent, if
transient, changes in blood pressure
and heart rate may occur during Pav-
lovian conditioning in rabbits.

The present report describes diver-
gent and sustained blood pressure and
heart rate changes in dogs related to
the perfomance of an operant shock-
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