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ENDEMIC VECTORS OF VENEZUELAN ENCEPHALITIS

P. Galindo’*

There are 41 species belonging o 11 genera
of mosquitoes that have been reported naturally
infecred with endemic viruses of the VE com-
plex (2, 3, 4, 6, 7, 14). Of these, 20 belong to
the genus Calex and 13 to the subgenus Melano-
conion. Of a total of 406 isolations reporred
from narurally infected mosquitoes, 286 or 70
per cent were obtained from Calex (Melano-
conion) females. In addition, the only two
species of mosquitoes thar have been proved to
be efficienc nacural veceors of endemic VE are
Crelex ( Melanoconson) atbenii (8) and €, (M)
portess (3.

Based on these facrs, the conclusion may be
reached thar some Crelex species of the subgenus
Melanaconton are the principal natural vecrors
of endemic VE viruses throughoue their range of
distribution. Howewer, the number of isolations
obtained from wild-caughe specimens belonging
to other taxa, coupled with experimeneal work
demonstrating the eficiency of mosquitoes other
than Cwlex in the transmission of these viruses
(12}, appears to indicate thac other groups be-
sides species of Crlex {Melanoconion) may be
involved ar least as secondary vectors in the
narural transmission of endemic viruses of the
VE complex.

It would seem thae che critical factors which
determine vectorship of a particular species of

' From Gorgas Memarial Laboratory, Panama, Re-
public of Panama.

* All work on which this report is based has been
partly franced by Grane ALO2984 from che Na.
tional Insticute of Allergy and Infectious Discases.

maosquito are its accessibilicy o the blood of
vertebrates circulating moderate to high riters of
viruses and the threshold of infection for each
species of . mosquito.  Since wild rodents are
known tw develop fairly high viremias of VE
for several days (10, 16) and have heen fre-
quently found infected in nawre (6, 7, 14),
mosquitoes that habimally feed on these verce-
brates are to be considered prime suspecrs as
natural vecrors of the virus. It must be pointed
aut, however, that recent experimental work
{180} has demonserated char other verrebraces,
such as sloths and heroens, are capable of circular-
ing fairly high titers of virus for more chan one
day, These titers were found to be sufficiencly
high o infect at least the more efficient mos-
quite vectors such as Cadex arbenss (11). It is
thus possible thac secondary narural transmis-
other than the wsual rodent
mosquito-rodent cycles, may exist in some areas.

The discussion that follows will deal exclu-
sively with Cawlex (Melanoconion) mosquitocs,
which we consider to be the principal vectors of
endemic VE viruses.

Thesubgenus Melanoconsion of Cadex isa taxon
almost exclusively of neotropical discribution
with & few incarsions into the nearcric region.
It includes approximately 130 described species,
of which fewer then 10 per cent have been re-
ported naturally infecred with VE virus, Mose of
the species that have been found harboring the
virus in nature belong o owo closely related
categories, the spirsiper and atkenmii groups,
Some morphologic characteristics of the larvae

sion  chaing,

249



appear to bridge the gap separating these two
groups and also seem to indicate chac they are
more highly evolved taxa within the subgenus.
Described species of the spissipesr group are:
spicisper, taeniopus, epavartasis (— crybda’l),
vomerifer, paracrybia, porteri, preadotacniopus,
pereyrai, and delponzei. OF these, all but the last
three have been found carrying VE wirus in
nature, The sifenii group is made up of the
following species: arratus, asbens, dunmis, zeteks,
commevynensss, and carsbeanns. Only wibeni
aznidd dwnne have thus far been reporred naturally
infecced with VE virus (14,

Our information on €. aikend has been drawn
largely from forthcoming papers on the coloni-
zation and ecology of che species (1, 9), Calex
( Melanocomion) abendi { Aiken and Rowland,
1906) was described from Brieish Guiana, As
is now known, it occars from Mexico south o
Brazil #nd Ecuador. It appears to be composed
of at least two morphologic forms that have re-
cently been given the rank of distincr species
{31. We consider that the taxonomic status of
these forms is still uncertain and until work now
in progress is completed, we are considering the
whole complex as a single species under its
present accepred name.

€. atbenii occurs in very humid localisies with
abundant open spaces, as in sunny, swampy pas-
tures cut by slowly fowing, meandering streams,
The species requires a mean temperature of
206.6°C and very high relative humidity in its
microhabitar. The immarure stages are usually
found incimately associsted with the aquatic,
floating aroid known as Pisgia serativeer Linn,
or water lecuce, although they have been col-
lected on several occasions in the absence of
Psseia from a mixed association dominated by
the water pier {Ladwigia natant), accompanied
by water weeds (Hydvilla verticillaa) and water
ferns | Salvimia awricrlata and Azolla sp.). The
habits of the immarture stages of €. afbensi de-
scribed below for Pistia communitics appear to
be the same in Ladwigia associations,

Larvae and pupae very seldom come up to the
open surface of the water to hreath, usually

resting under the Pisséa leaves where chey draw
oxygen from air pockets formed along the
grooved surface of che leaf. Larvae remain
mationless for days under the leaf, unless dis-
wurbed, maintaining #n almost horizontal posi-
tion. This behavior appears to have developed
as @ protective mechanism against the numerous
predacors that constitute an inherent pare of the
ceosyscem sustained by the Piitda communities,
A similar mechanism has been described for
Manjonsa spp., Ficalbia spp., and Aedeomyia
spp, and for Calex poiciliper larvae which breed
in similar sicuations {13, 15). In che laboratory,
€. askenif larvae are greacly dependent on Pistia
for development and, unless ready 10 pupate,
die within a few days if deprived of ac lease che
Pistia leaves. The factors connected with this
dependence of the larvae on the plants are un-
known ar present, bue it is possible thac nucri-
rional requirements may be one of them since
special microflora and  microfauna  develop
around the Pistia leaves. The larval period ex-
tends for an everage of 10 days, at 2 mean tem-
perature of 26.6°C. Mormlity of the pupac
increases greatly in the absence of Pirtia, but 2
fair percentage of apparently normal adulis
manage to emerge withour warer leccuce. The
pupal period lasts from 4860 hours ar the
above-mentioned mean temperature.

Sexual activiey and blood sucking begin simul-
rancously abour 60-72 hours afrer emergence.
While inseminarion is not a prerequisite for
blcod feeding of females, it has been noted that
most blocded specimens have already undergone
copularion. Maring takes place during the shore
crepuscular period at dusk and at dawn, Copula-
tion has not been closely observed, but hefore ic
unusual activity of the males has been noted
over the Pisia plants.

Blood feeding of che females is restricied to
the hours between dusk and dawn. All night
captures with human bair, carried out once a
month for one year, indicate that peaks of
activity are quite variable during the night and
thar such peaks may be associared wicth micro-
climatic factors thae were not recorded.
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Direct observations made using a number of
live baits showed that C. aibenii is readily ac-
tracted in numbers to such animals as cows,
horses, pigs, chickens, rodents, and marsupials.
Precipitin-test surveys, conducred in collabora-
tion wich Dr. C. H. Tempelis of the Universicy
of California atr Berkeley, indicate that the
species bas a wide range of hosts, including
poikilothermic animals, with a decided predilec-
ton for warm-blooded vertebraces. There is a
slight preference for mammals owver birds,
Among the latter, herons are by far the hosts
of choice. In the absence of many of the large
domesric animals, rodents are decidedly pre-
ferred over other mammals, However, when the
sample is biased by the presence of large num-
bers of cattle, the latter become the preferred
hoses.

C. aibenii is definitely a ground-feeding mos-
quito. In one year of simultaneous ground and
canopy catches, the species was seldom taken
even at maximum heighe of 8 meters sbove the
ground. In areas where O, zifendi is the main
vector of endemic VE, this habit is reflected in
the grearer frequency with which VE antibodies
are found in terrestnial as againsc arboreal verce-
brates, as well as in the much higher rate of virus
isolations from sentinel hamsters exposed on the
ground as against those placed in the canopy
(14).

The species has been taken in numbers art
tacking pigs inside rather open enclosures, but
it has not been observed to enter human dwell-
ings. €. aifendi, when biting man, prefers to do
so around the lower extremities and over 85 per
cent of bites counted were restricted to the bare
feer. Rodents and marsupials, either exposed as
sentinels or recenty captured in live-baited
traps, are usually bircen on the paws or around
the ears. Sentinel hamsters have been frequently
noted to swallow specimens approaching o bite.

No exact figures have been obtained as yer on
the mean longevity of C, afkendi in the insectary,
However, it has been noted that the species s
very sensitive to sudden drops in relative humid-
ity and rises in temperature, There is rapid die-

off in adules if the temperature rises above
27.7°C unless there is 2 cooling device where
adults may rest, such as the leaves of Pisiza
plants or & wet, raw clay surface, At a mean
temperature of 26.6°C {==1.7°) and a relative
humidity above 90 per cent, females have been
kept alive for over three months,

No carefully computed data are available as
yet on the different aspects of the gonotrophic
cycle. However, the following observations have
been made. Most femmales begin laving eggs
about seven days after their first blood meal, but
they may refeed three days after having fed on
blood for the firse time and several days before
they are ready to oviposit, They have been ob-
served o refeed on blood three imes during a
periad of four weeks following the inicial blood
meal. Eggs are deposited singly on both sides
of the Pistia leaves, usually close to surface of
the water. In the insecrary large numbers of
egps are accumulated on 2 single leaf, but in
nature oviposition is widely scateered so that
few eggs are deposited on one leaf. Hatching
takes place from two to six days afier oviposi-
tion, apparently depending on the contace of the
egps with the surface of the water. No pro-
longed delay in harching or resistance to dessica-
ticn has been noted.

The water-lettuce plant, on which C. wibens
is gready dependene for its existence, has very
exacting growch requirements. Tt needs large
daily amounts of direce sunlight. It reproduces
by seeds and by shooting off scolons, and prefers
the slowly running, sunlic waters of open mean-
dering streams carrying large amouats of sile in
suspension, During quiet water periods, Pistéa
communities in such places proliferate rapidly
from the banks of the streams, where they are
loosely anchored, toward che center of the cur-
rent. At such times, populacions of C. aikensi
reach very high peaks During ‘heawvy rains,
when surface run-off speeds up che currear of
the stream, large parches of Pirtia plants, varying
in size from a few plants to whole communities,
are dislodged from their anchorage and trans-
porced downstream, for greater or lesser dis-
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tances, until they become catangled in inlets
or oxbows to give rise to new communicies.
These patches of Piis carry with chem large
numbers of larvae and pupae of C, aikensi which
remain atcached 1o the leaves and seed the new
anchorage with a fresh population of mos-
quitoes. When the disladgement of the plants
takes place ac nighr, gravid females in the act of
laying may also be transported downstream.
These movements of Pistia serve a wiple pur-
pose; (1) chey acr as a reswraining mechanism
on the local population growth of €. aibenii in
areas where permanenc communities of water
letruce occur; (2) they serve as a method of
dispersal of this mosquito species; and (3] they
probably help w introduce VE virus from en-
demic, highly localized centers of incense virus
activity to clean localities downseream by trans-
porting infecred gravid females.

In che middle Chagres River basin of Panama,
permanent communities of Pirtda and intense,
vear-round VE activity occur only in the
Chilibre River, a tributary of the Chagres,

Movements of water leruce from the tribucary
w the main channel constirure the controlling
factor responsible for the periodic appearance
and disappearance of VE virus zlong the banks
of the Chagres, downstream from the mouch of
the Chilibre River. Pirtia communicies along
the main channel are shorrlived, since periodic
spillage from Madden Dam sbove has a flushing
effect along che channel thar removes che water-
lettuce communicies to the area of Gamboa,
where they are gathered and burnt to prevent
litcering the main channel of the Panama Canal,

The preliminary observations on the bionom-
ics and VE transmission ability of C. atkensi
noted above would seem o indicate thar this
species has the potentdal o become a mose
formidable vector of arboviruses. This presump-
tion, coupled with the wide distribution of the
species and 1ts commaon occurrence near human
communities, warrants further soudies in depeh
on che systemarics, ecology, and disease trans-
mission porential of this mosquito,
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