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ABSTRACT We studied the spatial localization of mosquitoes in a sylvatic focus of Venezuelan
equine encephalitis virus in western Venezuela to identify mosquito species potentially involved in
thehypothesized transportof virusesoutof enzootic foci.The followingcriteriawereused to identify
species with potential for virus export: (1) common in the forest and surrounding area, (2) feeding
on a wide range of vertebrates; (3) long dispersal capabilities, and (4) established vectorial com-
petence for enzootic or epizootic VEE viruses. CDC traps baited with light/CO2 were operated for
four and 12-h intervals to collect mosquitoes at four stations along two forest/open area transects
from September to November 1997. We collected 60,444 mosquitoes belonging to 11 genera and 34
species. The most common species were Aedes serratus (Theobald), Ae. scapularis (Rondani), Ae.
fulvus (Wiedmann), Culex nigripalpus Theobald, Cx. (Culex) “sp ”, Cx. mollis Dyar & Knab, Cx.
spissipes (Theobald), Cx. pedroi Sirivanakarn and Belkin, Psorophora ferox (Humboldt), Ps. albipes
(Theobald), and Ps. cingulata (F.). Very few mosquitoes were captured during the day in the open
area outside the forest, suggesting that any virus export from the forest may occur at night. The
following mosquitoes seemed to be mostly restricted to the forest habitat: Ae. serratus, Ps. ferox, Ps.
albipes, sabethines, Cx. spissipes, Cx. pedroi, Cx. dunni Dyar, and Ae. fulvus. The main species
implicated in potential virus export were Cx. nigripalpus, Ae. scapularis, and Mansonia titillans
(Walker).
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VENEZUELAN EQUINE ENCEPHALITIS (VEE) has been an
important and reemergent human and equine disease
in the Americas for most of the last century. Epizoo-
demics have involved hundreds of thousands of hu-
man and equine cases (Walton and Grayson 1988).
Mosquitoes transmit VEE virus (VEEV: Togaviridae:
Alphavirus) from equine-to-equine, and also to hu-
mans that live close to horses, donkeys, and mules.
VEE viruses have been divided into two epidemiolog-
ical groups: epizootic or equine-virulent subtypes IAB
and IC, and enzootic (mainly sylvatic) equine-aviru-
lent subtypes ID, IE, IF, and II-VI (Young and Johnson
1969, Walton and Grayson, 1988). Epizootic viruses
have been isolated only during outbreaks involving
equines, but never from sylvatic foci, and their source
has remained an enigma since the Þrst isolation of the
virus in 1938 (Kubes and Rios 1939). However, enzo-
otic viruses circulate more continuously in swamps

and lowland tropical forests in silent cycles between
rodents and Culex (Melanoconion) spp mosquitoes
(Walton and Grayson 1988, Weaver 1998). Many of
these sylvatic habitats were once continuous regions
of forest that have been fragmented for agricultural
uses such as cattle ranching.
Enzootic and epizootic VEEV cycles appear to be

distinct in termsof viruses, hosts, vectors, andhabitats.
Phylogenetic evidence (Rico-Hesse et al. 1995, Pow-
ers et al. 1997,Wang et al. 1999) strongly suggests that
epizootic variants have emerged on several occasions
via mutation of enzootic viruses in northern South
America. If epizootic variants are produced via mu-
tations of enzootic viruses, there remains a potential
for the eventual reemergence of VEE in areas without
adequate equine vaccination.
At present, we know little about the biological

mechanism that allows epizootic variants emerging in,
or from, enzootic foci to reach susceptible equines and
start epizootics as suggested by Powers et al. (1997),
Rico-Hesse et al. (1995), and Wang et al. (1999).
Epizootic mutants could originate during viral repli-
cation in mosquitoes or vertebrate hosts, within or
outside the enzootic foci. Given that epizootic viruses
have never been isolated fromenzootic foci, it is likely
that the virus may achieve Þtness only outside and
perhaps far away from the sylvatic focus (see below).
Work (1972) summarized several competing hy-

potheses explaining the possible escape of equine-
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virulent strains from their natural foci. One of these
hypotheses suggests the possible involvement of al-
ternatemosquito vectors inmoving the virus todistant
locationswith susceptible epizootic hosts and vectors.
Epizootic transmission could ensue either following
themovementof epizootic variants, alreadyexisting in
enzootic hosts, or via the movement of epizootic pre-
cursors beforemutation and selection in the epizootic
vector species or in susceptible epizootic ampliÞca-
tion hosts that reside in open areas.
To incriminate mosquitoes in this hypothesized

process of virus export, wemust knowmore about the
behavior anddistribution ofmosquitoes in and around
enzootic VEE foci. This knowledge may facilitate the
Þnding of epizootic variants originating in enzootic
foci. Several possibilities are conceivable: (1) infected
forest mosquitoes may carry the epizootic variants
when they venture into open areas to bite equines or
other, intermediary hosts; (2) open-area mosquitoes
mayenter the forestwhere theybecome infectedafter
biting viremic, sylvatic vertebrate reservoir hosts, and
then bite susceptible hosts in the open; and (3) mos-
quitoes breeding in or exploiting, both habitats may
transport the virus between forests and surrounding
open areas. Most likely candidates may be those mos-
quitoes that are found in large numbers in the open
and in the forest; haveawide rangeofvertebratehosts;
can disperse through long distances; and have estab-
lished vectorial competence for enzootic or epizootic
VEEV.
Mosquito abundance may also be important be-

cause the scarce epizootic mutants must be trans-
ferred outside the focus, or numerous infected mos-
quitoes may give rise to more epizootic mutants. The
ability to disperse the virus away from the focus may
also be important if there is a “protective halo around
natural foci” (Chamberlain 1972, Groot 1972). A pro-
tective halowould exist if equines aremore frequently

exposed to VEEV infections caused by enzootic,
equine-avirulent viruses around foci, resulting in a
natural vaccination belt. For example, virus strains
isolated from enzootic foci in western Venezuela do
not cause equine disease, yet protect experimentally
infected horses from challenge with virulent,
epizootic virus strains (Wang et al. 2001).
Tobegin implicating potential vector candidates for

VEEV export into open areas with potential for
epizootic transmission, the present studies were de-
signed to elucidate the patterns of mosquito localiza-
tion in and around a focus of VEEV in western Ven-
ezuela.

Materials and Methods

Study Area. The study was conducted in the forests
and surrounding areas (9� 0� 44.5�N, 72� 41� 53�W) of
Rṍo Claro Ranch, 10 km south of the Catatumbo River
in southwestern Zulia State, Venezuela (Fig. 1). The
study site is a collection of remnant forests (40Ð70 m
altitude)on the tropical plains of theCatatumboRiver
Basin. This region undergoes frequent ßooding due to
high precipitation and low slopes (�0.05%). Reticular
soil erosion (Moment “II,” Stagno and Steegmayer
1972) produces small canals of varying dimensions on
the ground that Þll with water and become the main
preadultmosquito habitats in the forests.Original veg-
etation is lowland tropical forest that has been cleared
extensively for cattle raising. Remaining forests in the
area are either on poorly drained soils or on areaswith
high reticular erosionwhere soil leveling is costly. Rṍo
Claro forests areongentle rollinghills crossedby small
streams, and much of the lowland ßoods throughout
the year. Themain tree species are Jacaranda copaiba
(Aubl.) D. Don, Protium guianensis (Aubl.) March,
Licania arborea Seemann, Attalea batyracea (Mutis ex
L.f)Wess. Buer., and Ficus insipidaWild. Surrounding

Fig. 1. Study area in Ranch Rṍo Claro, Zulia State, Venezuela.
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pastures are composed of Echinocloa spectabilis
(Nees) Link, Panicum spp. Mimosa pigra L., and sev-
eralCyperaceae species.Themaineconomicactivities
are cattle ranching and oil extraction, although invest-
ment is severely restricted because of active Colom-
bian guerrilla, military and paramilitary operations.
Mean annual temperature and precipitation in the
closest available weather station (20 km north) are
27.2�C (1978Ð1984) and 2,991.1 mm (1978Ð1996).
There is a short dry season from December to March,
whereas during the rest of the year precipitation ex-
ceeds evaporation. Monthly rainfall during the study
period (SeptemberÐNovember 1997)was 234.1, 292.1,
and 212.6 mm, respectively.

Entomological Studies. Spatial dispersal of adult
mosquitoes was studied along two parallel transects
250mapart. CDC-miniature light/CO2 (250 g dry ice)
traps were placed 1.5 m above the ground along each
transect on four stations: (1) in the open, 100 m from
the forest edge, (2) 10 m inside the forest (ecotone),
(3) 100 m, and (4) 200 m inside the forest. Sampling
was performed every 12 h during 2- to 3-d intervals
from September to November 1997. Daily activity of
adult mosquitoes was investigated on the same
transects by sampling every 4 h during 2 d in October
andNovember 1997. Specimens collectedwere frozen
in liquid nitrogen for virus isolation. IdentiÞcation of
mosquitoes followedLane (1953), Bram(1967), Rein-

ert (1975), Berlin and Belkin (1980), Sirivanakarn
(1983), Pecor et al. (1992), Judd (1996), Sallum and
Forattini (1996), Harbach and Kitching (1998), and
our own collections in the Laboratorio de Biologṍa de
Vectores (LBV in Guimarães 1997). Results were pre-
sented asmeans and standard errors. A cluster analysis
was performed to classify sampling stations along the
transect using the percent similarity (Renconen 1938
in Krebs 1989) between adult mosquito collections.
Cluster analysis was carried on using the centroid
method with the MVSP program (Multi-Variate Sta-
tistical Package, Kovach Computing Services, An-
glesey, Wales, UK).

Results

We collected 60,444 mosquitoes belonging to 11
genera and 34 species (Table 1): Aedes (4 spp.),
Anopheles (3), Psorophora (6), Culex L. (10), Coquil-
lettidia (2),Limatus (3),Mansonia (2),Wyeomyia (1),
Runchomyia (1), Sabethes (1), and Uranotenia (1).
The most common species were Aedes serratus
(Theobald), Ae. scapularis (Rondani), Ae. fulvus
(Wiedmann),CulexnigripalpusTheobald,Cx. (Culex)
sp “sp.,” Cx. mollis Dyar & Knab, Cx. spissipes
(Theobald), Cx. pedroi Sirivanakarn & Belkin, Psoro-
phora ferox (Humboldt), Ps. albipes (Theobald), and
Ps. cingulata (F.) (Table 1). Sabethines, anophelines

Table 1. Mosquito species and abundance (mean � SE) per trap (12-h captures) in Ranch Rio Claro, Zulia State, Venezuela, from
September to November 1997

Species
September October November

Mean� SE Mean� SE Mean� SE

Aedes (Och.) fulvus 0.3� 0.1 18.8� 5.5 13.1� 3.0
Ae. (Och.) hortator 1.2� 0.7 1.6� 0.4 4.9� 1.2
Ae. (Och.) scapularis 4.3� 1.7 11.6� 1.8 15.0� 3.5
Ae. (Och.) serratus 33.9� 11.6 91.0� 14.2 86.4� 12.2
Anopheles (Ano.) mattogrossensis 0.0� 0.0 0.0� 0.0 0.1� 0.1
An. (Nys.) rangeli-An.nuneztovari 0.1� 0.1 0.1� 0.0 0.0� 0.0
Coquillettidia juxtamansonia 0.1� 0.1 0.2� 0.1 0.4� 0.1
Cq. nigricans 0.0� 0.0 �0.1� �0.1 0.0� 0.0
Culex (Cux.) mollis 19.1� 5.5 15.8� 6.6 0.0� 0.0
Cx. (Cux.) sp. 50.2� 12.6 18.0� 7.1 0.0� 0.0
Cx. (Cux.) nigripalpus 37.4� 11.5 40.4� 10.0 117.8� 36.2
Cx. (Mel.) caudelli 1.0� 0.4 0.1� 0.1 0.8� 0.3
Cx. (Mel.) Sbg Distinguendus 0.0� 0.0 0.0� 0.0 �0.1� �0.1
Cx. (Mel.) sp6 Melanoconion Section 0.0� 0.0 0.0� 0.0 0.1� 0.1
Cx. (Mel.) dunni 5.5� 1.6 3.1� 1.0 8.1� 4.1
Cx. (Mel.) ocossa 0.2� 0.1 0.4� 0.2 0.1� 0.1
Cx. pedroi. 4.9� 1.7 6.7� 2.4 20.0� 8.5
Cx. spissipes 33.4� 11.0 22.2� 6.2 11.5� 3.9
Limatus asulleptus 0.2� 0.2 0.4� 0.3 0.4� 0.2
Li. durhami 0.3� 0.1 0.5� 0.2 1.7� 0.5
Limatus sp. 0.0� 0.0 0.0� 0.0 0.1� 0.1
Mansonia pseudotitillans 0.1� �0.1 0.1� 0.1 0.5� 0.2
Ma. titillans 0.5� 0.2 1.6� 0.8 2.3� 0.8
Psorophora (Jan.) cyanescens 0.1� 0.1 0.1� 0.1 0.0� 0.0
Ps. (Jan.) albipes 19.3� 6.5 49.8� 9.1 16.0� 2.7
Ps. (Pso.) cilipes �0.1� �0.1 0.3� 0.2 �0.1� �0.1
Ps. (Gra.) cingulata 5.6� 3.1 48.6� 18.6 27.2� 13.0
Ps. (Jan.) ferox 38.4� 11.7 150.5� 23.7 55.5� 10.1
Ps. (Pso.) lineata 0.1� �0.1 0.2� 0.1 0.2� 0.2
Runchomyia magna 0.0� 0.0 0.0� 0.0 0.1� 0.1
Sabethes purpureus 0.0� 0.0 0.0� 0.0 �0.1� �0.1
Uranotenia geometrica 0.1� �0.1 0.0� 0.0 0.0� 0.0
Wyeomyia (Wyo.) celaenocephala 0.0� 0.0 0.0� 0.0 1.4� 0.6
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and Coquillettidia and Mansonia species were com-
paratively scarce in the CDC traps in this study. Adult
mosquitoesweremoreabundant inOctober(482mos-
quitoes/trap/12-h), when more rain fell, than in Sep-
tember (256) or November (384). The rise in mos-
quito density in October was mainly due to Aedes
fulvus, Ae. serratus, Psorophora albipes, Ps. cingulata,
and Ps. ferox.Abundance of these species decreased in
November, whereas the density of Culex nigripalpus
and Cx. pedroi increased (Table 1).
Diurnalmosquito collections in theopenareaswere

uniformly low throughout the study when compared
with the captures at the same site at night, or during
the day in the ecotone and forest (Table 2). In most
collecting cases, night captures produced more mos-
quitoes than day captures. A similar tendency was
observed with regard to species richness (number of
species; Table 2). The cluster analysis showed three
main groups of mosquito assemblages (Fig. 2): One
group representing day collections in the open area, a
second group with mosquito collections during the
day in the ecotone and forest stations, and a third one
grouping night collections. The later group shows that
mosquitoes collected at night in the open area are
more similar to those found in the ecotone than inside
the forest.Mosquito species captured (11) in the open
area during the day probably represent nocturnal or
crepuscular species that appeared in the traps early in

the morning or late afternoon. Despite the variety of
species captured during the day in the ecotone (17
species) and forest stations (19Ð21), most mosquitoes
were Ps. ferox, Ae. serratus, and Ps. albipes (Fig. 3).
Most other species were comparatively uncommon,
including the sabethines that appeared only during
the day.
The cluster representing night captures included

themost abundant and diverse assemblages (Table 2).
The following species weremore abundant at night in
the open area than in the ecotone or elsewhere in the
forest: Ae. scapularis, Cx. (Culex) sp., Ps. cingulata,
Mansonia titillans (Walker), and Ma. pseudotitillans
(Theobald) (Fig. 3). Those species, along with Cx.
nigripalpus, were among the most abundant of the
open area at night. The most common species in the
ecotone at night were as follows: Ae. serratus, Cx.
spissipes, Cx. pedroi, Cx. nigripalpus (most abundant),
andPs. cingulata.Althoughnight captures in the forest
stations were similar to those obtained in the ecotone,
some species were more numerous (Ps. ferox, Ae. ser-
ratus, Ae. fulvus), whereas other less abundant (Cx.
pedroi, Cx. dunni Dyar, Cx. nigripalpus, Ps. cingulata,
and Ma. titillans; Fig. 3) in the forest than in the
ecotone.
Captures at 4-h intervals allowed us to separate the

most common mosquito species into strictly diurnal
(sabethines), mainly diurnal but with some captures
at night (Ae. serratus, Ae. scapularis, Ae. hortatorDyar
& Knab, Ps. Ferox, Ps. albipes), and nocturnal species
clusters (Cx. spissipes, Cx. pedroi, Cx. dunni, Cx. nigri-
palpus, Cx. mollis, Cx. caudelli (Dyar & Knab), Ps.
cingulata, and Mansonia spp.; Fig. 4). Ae. fulvus was
captured throughout the 24-h interval.

Discussion

Very fewmosquitoes were captured during the day
in the open area outside the forest, suggesting that any
virus export from the forest may occur at night. A
similar patternwas observed in anotherVEEV focus in
northern Venezuela (Salas et al. 2001).
Some groups of mosquitoes seemed to be mostly

restricted to the forest habitat during the day (Ae.
serratus, Ps. ferox, Ps. albipes, and the sabethines),
night (Cx. spissipes, Cx. pedroi, Cx. dunni), or through-
out the 24-h captures (Ae. fulvus). Our observations

Fig. 2. Cluster analysis showing how sampling stations
along the transects were grouped, based on the percent
similarity of the adult mosquito collections in Ranch Rṍo
Claro, Zulia State, Venezuela. Sampling stations are 100 m in
the open (day/night), ecotone (10 m inside the forest), 100
and 200 m inside the forest.

Table 2. Mean number of adult mosquitoes per trap (12-h captures) and species richness (number of species in parentheses) along
the transects from 100 m in the open to 200 m within the forest in Ranch Rio Claro, Zulia State, Venezuela, from September to November
1997

Transect Period
Months

September October November

Open area
Day 3.0 (5) 17.5 (10) 0.8 (2)
Night 220.3 (11) 365.8 (18) 385.6 (15)

Ecotone
Day 147.5 (11) 395.8 (11) 291.5 (14)
Night 410.0 (16) 531.5 (21) 810.5 (20)

Forest 100 m
Day 350.5 (12) 410.3 (12) 373.2 (17)
Night 171.8 (14) 678.7 (19) 540.3 (18)

Forest 200 m
Day 305.3 (15) 585.3 (13) 319.5 (18)
Night 442.3 (17) 558.8 (18) 607.0 (16)
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on localization and diel activity patterns of thesemos-
quitoes area are consistent with similar studies in the
Neotropics (Degallier et al. 1978; Forattini et al. 1986,
1995a; Guimarães et al. 2000; Salas et al. 2001).Most of
these mosquitoes readily enter hamster-baited traps
(R.B., J.C.N., S.C.W., unpublished data), suggesting
that they may feed on rodent reservoir hosts. If any of
these species are competent vectors ofVEEV, they are
probably involved only in the maintenance of the
sylvatic, enzootic cycle because they do not often

leave the forest. Virus export in this case may be
possible through infected forest vertebrates, e.g., Pro-
echimys spp. leaving the focus, or through open-area
vertebrates, e.g., cattle, horses, or other rodents ven-
turing into the forest, or both.
We did not Þnd a single mosquito species in the

open area that did not also occur inside the forest. The
most abundant species captured in the open area (Ps.
cingulata, Cx. nigripalpus, Cx. mollis, Cx. (Culex) “sp.,”
Ae. scapularis, Ma. titillans) were also rather common

Fig. 3. Mean number of adult mosquitoes captured per trap (12-h captures) along the transect from 100 m in the open
to 200 m inside the forest during the day (left) and night (right) in Ranch Rṍo Claro, Zulia State, Venezuela.
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in the ecotone. These species seem to complywith the
Þrst proposed condition for transporting the hypoth-
esized epizootic variants or predecessors far from the
enzootic focus (i.e., abundant in the open area and
forest). Evidence for the other characteristics consid-
ered optimal for virus export (wide spectrum of ver-
tebrate hosts, dispersing ability in open terrain, and
evidence of ability to transmit the viruses) is found in
the literature. Psorophora cingulatautilizes a variety of
aquatic habitats on the ground in open or partly
shaded areas (Belkin et al. 1965, Heinemann and Bel-
kin 1978), including groundpools inside the forest and
shaded pastures of the study area (Barrera et al. un-
published). Adults of this species have not been found
in forests but in open areas in Brazil (Forattini et al.
1986). It seems therefore that Ps. cingulata is capable
of ranging across a wide variety of habitats. Unfortu-
nately, we did not Þnd previous data on its dispersal
ability or feeding preferences. No previous VEEV iso-
lations havebeen reported from thismosquito species.

Culex nigripalpus showed the same pattern ob-
served in northernVenezuela (Salas et al. ), withmost
individuals captured in the open area and forest ec-
otone. Forattini et al. (1995c) also found this species

to be more common in open areas but reported that
it was also present in remnant forests in Brazil. Day
and Edman (1988) discussed the ability of Cx. nigri-
palpus to seek refuge in wooded areas during dry
periods and to disperse into the open when wetter
conditions prevailed. This species has an ample range
of vertebrate hosts, including large mammals (Day
andEdman1988;Forattini et al. 1995c).Bothepizootic
(Sudia et al. 1971) and enzootic (Chamberlain 1972)
VEE viruses have been isolated from Cx. nigripalpus.
Habitat overlap with Culex (Melanoconion) species
(Chamberlain 1972) as well as the ability to feed on a
variety of vertebrates and to disperse into open areas
would seem to make Cx. nigripalpus a good candidate
for VEEV export from enzootic foci. However, exper-
imental infections with epizootic viruses showed that
this species may have a very high threshold of infec-
tion (Sudia et al. 1971).
Little is knownabout thebiologicalpropertiesofCx.

mollis to allow for an evaluation of their possible in-
volvement in VEEV transport out of enzootic foci,
other than it being relatively abundant in the forest
ecotone and open areas in this study.

Fig. 4. Mosquito adult captures per trap every 4 h in Ranch Rṍo Claro, Zulia State, Venezuela in October and November
1997.
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Aedes scapularis seems to be a good candidate for
virus export because it occurs in both open areas and
forest (this study; Forattini et al. 1986), and feeds on
awidevariety of vertebrates, including largemammals
and humans (Forattini et al. 1987a, 1987b, 1989). VEE
viruses have been recovered from Ae. scapularis in
enzootic (Scherer andDṍaz 1972) and epidemic (Sell-
ers et al. 1965) situations. Blood of equines, bovines
and humans in Ae. scapularis captured in the forest
indicates that this species does move between open
areas and forests (Forattini et al. 1989). Moreover,Ae.
scapularis is increasingly common inhabitatsmodiÞed
by human activities such as deforestation, agriculture
and urbanization (Forattini et al. 1995b).

Mansonia titillans is a common species that breeds
in permanent bodies of water associated with aquatic
plants (Pistia stratiotesL.) of lagoons; it occurs in open
areas, slow-running streams across lowland forests,
and in gaps within swamps. This species penetrates up
to 200 m into the forest, although it is more common
outside and in the forest ecotone (this study, Salas et
al. in press). Edman (1971) reported thatMa. titillans
fed upon mammals (93%; rumiant, racoon, armadillo,
rabbit) and large birds (7%; ciconiiform) in Florida,
thus showing a wide spectrum of hosts. It also enters
hamster-baited traps (R.B., J.C.N., S.C.W., unpub-
lished data), suggesting that they may feed on rodent
reservoir hosts. Ma. titillans is another species from
which both epizootic (Sudia 1972) and enzootic (Ait-
ken 1972) VEEV has been isolated, and shows an
intermediate capacity to become infected and trans-
mit epizootic viruses (Kissling and Chamberlain 1967,
Turell 1999, Turell et al. 2000).
In summary, there seems to be a group of mosquito

species that occurs at the forest-open area interphase
that may have the potential for transferring viruses
from sylvatic, enzootic foci to distant, open areas
where susceptible equinesmay become infected. Few
studies have focused on studying virus activity in and
around foci in enzootic habitats (e.g., Cupp et al.
1986). The isolation of enzootic viruses from mosqui-
toes in close contact with sylvatic foci (e.g., Cx. nigri-
palpus, Ae. scapularis, Ma. titillans) suggests that vi-
ruses may frequently be moved into open areas. We
suggest placingmore attention on virusmovement out
of enzootic foci, especially near areas of known
epizootic activity.
The recent Þnding of an enzootic VEEV strain from

westernVenezuelawhosenucleotide sequencediffers
by �1% from epizootic viruses isolated during the
1992Ð1993 Venezuelan outbreak is the strongest evi-
dence generated yet for the evolution of epizootic
strains from enzootic progenitors (Wang et al. 1999).
Special consideration must be given to enzootic foci
containing mosquitoes capable of transmitting enzo-
otic and epizootic viruses, such as Cx. cedecei Stone &
Hair (Weaver et al. 1986) andCx. ocossaDyar&Knab
(Turell et al. 1999), and other species where both
types of viruses have been isolated (e.g., Culex
(Deinocerites) pseudes, sensu Navarro and Liria 2000;
Scherer and Dṍaz 1972; Sudia 1972). Although not
dealt with here, alternative hypotheses on the mech-

anisms of emergence of epizootic strains from enzo-
otic foci should also consider the possible existence of
alternate (to equines) amplifying hosts and their in-
teractions with the above mentioned mosquitoes.
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