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MOSQUITO ACTIVITY IN TEXAS DURING THE 197x
OUTBREAK OF VENEZUELAN EQUINE ENCEPHALITIS (VEE).
I. VECTOR POTENTIAL FOR VEE IN THE
TEXAS RICE BELT REGION*

J. K, OLSON ano W. H. NEWTON 2
Department of Entomology, Texas A&M University, College Station, Texas 77843

IntropucTION. The VEE Control Task
Force, organized to suppress the outbreak
of Venezuelan equine encephalitis (VEE)
in Texas during 1971, involved personnel
and expertise from a wide variety of gov-
ernmental and scientific disciplines (Spears,
1972). The Department of Entomology
at Texas A&M University contributed to
the control effort by providing the VEE
Vector Control Staff with current infor-
mation on the relative size and species
composition of adult mosquito popula-
tions in the regions of Texas most seri-
ously affected by the epidemic. This in-
formation was obtained by means of an
adult mosquito surveillance program in-
itiated in May, 1971. Our surveillance
program was designed to complement sim-
ilar activities of other agencies concerned

LThis research was conducted in cooperation
with the Agricultural Research Service, U. S.
Department of Agriculture and approved for pub-
lication as TA 10532 by the Director, Texas Agri-
cultural Experiment Station,

2 Assistant Professor and Extension Entomolo-
gist, respectively,

with the study and control of the 1971
VEE outbreak ‘and eventually included 38
Texas counties.

One phase of the Texas A&M mosquito
survey program was devoted to the assess-
ment of adult mosquito activity in the
Texas rice belt (Fig. 1) and extended from
22 July to 4 August 1971. Most of the
land upon which rice is grown is in the
northern half of a vegetational area of
Texas designated by Gould (1969) as
the “Gulf Prairies and Marshes Area.”
As Gould’s designation implies, this area
is quite level and drainage is relatively
slow; thus, there are numerous habitats,
in addition to those occurring in the rice-
lands propet, which have the potential for
supporting large mosquito populations.
At least 50 species of mosquitoes are
known to occur in this region of the
state (Hill et al., 1958); and by the time
that we began our survey of the rice belt,
ten of these species had already been in-
criminated as being involved in the 1971
VEE outbreak in northern Mexico and in
the lower Rio Grande Valley of Texas
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TaBLE 1.—Number of female mosquitoes collected per trap for light traps set in the Texas Rice Belt,
22 July to 4 August 1971,

No. of mosquitoes collected per trap in

Gulf prairie Coastal All habitats
Ricelands lowlands marshlands combined

Species (36 Traps) (57 Traps) (3 Traps) (96 Traps)
Aedes sollicitans® 7.0 1.5 149.3 8.2
Aedes taeniorhynchus® 11.3 27.1 34.3 21.4
Aedes rriseriatus 0.1 e e <o.1
Aedes vexans <o.1 0.4 PN 0.3
Anopheles crucians® 111.8 8.7 318.0 57.0
Anopheles pseudopuntipennis® <o.1 <Lo.1
Anopheles quadrimaculatus 81.8 23.0 13.3 44.7
Culex nigripalpus® 0.2 2.2 1.4
Culex guinguefasciatus . 0.2 e 0.2
Culex salinarius 165.0 6.6 81.0 68.3
Culex (Melanoconion) spp.* 3.2 7.4 AN 5.6
Culex species 6.5 0.8 3.0
Mansonia perturbans <o0.1 <o.1 0.1
Psorophora ciliata® 1.3 0.1 veee 0.1
Psorophora confinnis® 97.3 27.3 177.0 58.2
Psorophora cyanescens® Lo.1 <o.1 e <0.1
Psorophora discolor® <Lo.1 <o.1 <o0.1
Psorophora ferox cees <0.1 <o.1
Uranotaenia lowis vees Lo.1 e <o.1

All species 485.6 105.5 773.0 268.9

* Species incriminated as possible vectors of VEE in south Texas in 1971 (Sudia and Newhouse, 1971).
b Species incriminated as a possible vector in Guatemala in 1969 (Sudia ez al., 1971).

(Sudia and Newhouse, 1971). Eight of
the incriminated species are noted in Table
1 of this report, Culex salinarius Coquil-
lett was included in the original list of
possible vectors for VEE in Texas; how-
ever, it was excluded later on the basis of
further tests.®

Our assessment of mosquito activity in
the rice-producing region of Texas was
initiated at the request of those charged
with the responsibility of coordinating
Phase II of the VEE Vector Control Pro-
gram. Vector control efforts under Phase
IT were designed to suppress adult mos-
quito populations in an area extending
from the lower Rio Grande River Valley,

3 W, D. Sudia, personal communications.

northward along the Texas Gulf Coast
and eastward into Louisiana (Spears,
1972). Our information regarding the
level of mosquito activity in the Texas
rice belt was relayed daily to the VEE
Task Force Center located in Houston,
Texas. This information, along with that
provided by other agencies conducting
surveys elsewhere in the state, was used
by the VEE Vector Control Staff in deter-
mining the specific acreages to be treated
with aerial applications of insecticide.
The results presented herein reflect the
status of female mosquito populations
within the Texas rice belt for the period
of 22 July to 4 August 1971. As of 22
July, VEE had been in the state for at
least 3 weeks and was spreading north-
ward along the Texas coastline; the vac-
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cination of horses was not complete; and
the mosquito control program involving
the combined efforts of the U. S. Air
Force (Pinkovsky, 1972), commercial ap-
plicators and local mosquito control dis-
tricts was in progress.

Mztrops, The field and laboratory
methods used during the collection and
processing of adult mosquitoes were sim-
ilar to those described by Sudia and Cham-
berlain (1967). CDC miniature light traps
(Sudia and Chamberlain, 1962), supple-
mented with bags of dry ice to increase
their attractance for mosquitoes (New-
house et al., 1966), were the primary
means for sampling female mosquito pop-
ulations, In some instances, resting sites,
such as horse barns and culverts, were
also examined for mosquito activity. Mos-
quito samples from light traps operated
from sunset to sunrise each trap night
were sealed in vials and stored in a frozen
state. In the field, the samples were held
on dry ice; and in the laboratory, they
were stored in an ultra-low temperature
cabinet (—350° C). Mosquito collections
were identified in the laboratory on chill
tables (Sudia et al., 1965) by trained tech-
nicians using a combination of several
taxonomic keys (Carpenter and LaCasse,
1955; Stojanovich, 1964; Texas State De-
partment of Health, 1944). Identifica-
tions were periodically checked by the
senior author to insure their accuracy.
Portions of each week’s mosquito samples
were pooled by species, date and location
and subsequently stored in an ultra-low
temperature cabinet for additional labora-
tory analysis for the presence of arbo-
viruses.

"The rice belt counties and areas included
in the 1971 adult mosquito surveillance
program are shown in Figure 1. The
specific counties surveyed and trap loca-
tions within a given county varied from
night to night for the period of 22 July
to 4 August. These variations were neces-
sary in order to satisfy the needs of those
in charge of coordinating the mosquito
control program. Each night, light traps
were placed in at least 8§ different loca-

tions in the 11-county area. During the
survey period, mosquito populations were
sampled at a total of g6 separate sités
(one trap per site): 36 sites were in rice-
lands proper; 57 were in other gulf prairie
lowland situations away from the coast-
line and 3 were in the coastal marshlands.
All of these sites were in locations which
had not been treated with insecticide
prior to our surveys. Twelve additional
sites were sampled for adult mosquito
activity approximately two days after these
particular sites had been treated with
malathion at a rate of 2.6-3.0 ounces per
acre (ULV). Seven of these latter sites
were in ricelands and five were in other
poorly drained, low areas inland from
the coast. ‘
Resurts. As shown in Table 1, 18
species, of mosquitoes (not including un-
identified Culex species), representing 6
genera, were present in the combined
light trap collections from the three majdr
habitat types surveyed in the Texas rick-
producing region during 22 July to 4
August 1971, Collections from the gulf
prairie lowlands included representatives
of 17 species while those from the rice-
lands and coastal marshlands contained
representatives of 14 and 6 species respet-
tively. Aedes sollicitans (Walker), A.
taeniorhynchus (Wiedemann), Anophelps
crucians Wiedemann, 4. quadrimaculatys
Say, Culex salinarius Coquillett and Psoro-
phora confinnis (Lynch Arribilzaga) wete
common to collections from each of the
major habitats; and together they coh-
stituted g5.9 percent of the total collectiors
from all habitats sampled. A
The trapping averages summarized m
Table 1 indicate that the coastal marsh-
lands supported the highest numbers of
adult mosquitoes at the time of our suj-
veys. The collection average for all trags
set in the marshlands exceeded those fdr
traps set in ricelands and gulf prairie low-
lands by factors of 1.6 and 7.3, respec-
tively. Anopheles cruciens, Aedes solli-
citans and Psorophora confinnis were pre-
dominant species in the marshlands, and
together they comprised 833 percent df
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Fig. 1.~~Areas of the Texas Rice Belt surveyed for female mosquito activity by Texas A&M University
during 22 July—4 August 1971.

TasLE 2—Mosquito collection averages and frequency of collection for CDC miniature lght traps set in
areas not treated with malathion and for those set in areas aerially treated with malathion
(2.6-3.0 0z./acre, ULV) 28-29 July, 1971.

No. of mosquitoes per trap Frequency
of collection **
Untreated:

Habitat type Untreated Treated treated ratio®  Untreated Treated
Ricelands 52.9 0.0 0.88 0.00

(8 traps) (7 traps)
Gulf prairie lowlands 170.3 3.2 53.2 1.00 0.80

(6 traps) (5 traps)

Trap average for untreated area |

Trap average for treated area

No. of traps collecting mosquitoes |
Total no. of traps set in a given habitat

¥ Untreated:Treated Ratio=

** Brequency of Collection—
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the total number of mosquitoes collected
in coastal marshland traps.

As for the adult mosquito populations
in the gulf prairie habitats away from
the coastal marches, the relative abundance
in ricelands was generally greater than in
other gulf lowland situations. The col-
lection average for all traps set in the
the ricelands was 4.6 times greater than
that for the traps set in the lowlands.
Anopheles crucians, A. quadrimaculatus,
Culex salinarius and Psorophora confinnis
were the predominant species in the rice-
lands and constituted 93.8 percent of the
total collections from riceland sites. Ano-
pheles quadrimaculatus and Psorophora
confinnis were also predominant in col-
lections from the other gulf prairie low-
land situations and together with Aedes
taeniorhynchus comprised 73.4 percent of
the total trap collections from this latter
habitat. It should be noted here that 4.
quadrimaculatns was the species most
commonly found resting in horse barns
examined during the course of our sur-
veys.

The results presented thus far reflect
the status of the adult mosquito activity
within areas of the Texas rice-growing
region which had not been treated with
insecticide prior to our surveys. During
the last week of July we had occasion to
assess the effectiveness of aerial applica-
tions of malathion (2.6-3.0 oz. per acre
ULV) on existing adult mosquito popula-
tions in Wharton and Victoria Counties
(Fig. 1). In each county, traps were set
in both treated areas and nearby untreated
areas within a day after the initial appli-
cation of insecticide was accomplished.
The maximum distance between non-
treated and treated sites was 25 miles.
Trapping results for these sites are sum-
marized in Table 2. The malathion treat-
ments appeared to have their greatest im-
pact upon riceland mosquito populations.
In the other lowland situations, the mos-
quito populations were significantly re-
duced; however, there was some adult
mosquito activity after treatment as is
evidenced by the frequency of traps

collecting mosquitoes within the treated
lowland habitats. Specimens of dedes
taeniorhynchus, Anopheles crucians, A.
quadrimaculotys, Culex salinarius  and
Psorophora confinnis were present in the
trap collections from the treated lowlands.
These same species comprised 86.2 percent
of the total collections from traps set in
nontreated lowlands elsewhere in the two
counties.

Discussion. The primary objective of
our 1971 mosquito surveillance centered
in the Texas rice belt was to assess the
size of and potential for local mosquito
populations to support the spread of VEE
in this region of the state. Since the IB
epidemic strain of VEE virus was the
one responsible for the 1971 outbreak in
Texas (Sudia et al., 1972), we concerned
ourselves, for the most part, with assessing
the status of mosquite species which were
either proven or incriminated as possible
vectors of this particular strain of virus
as of that time. Light trap collections from
the rice-growing region of the northern
Texas Coastal Zone for the period of 22
July to 4 August included representatives
of at least 8 of the 11 species incriminated
by the Arbovirus Ecology ILaboratory,
Arbovirology Unit, Center for Disease
Control, as being involved in the 1971
VEE outbreak in northern Mexico and
Texas (Sudia and Newhouse, 1971). The
eight species were Aedes sollicitans, A.
tacniorhynchus, Anopheles crucians, A.
pseudopunctipennis Thecbald, Psorophora
¢iliata (Fabricius), P. confinnis, P. cyanes-
cens (Coquillett) and P. discolor (Coquil-
lett) (Table 1). Representatives of Culex
species belonging to the subgenus, Melan-
oconion, were also present in our collec-
tions, Whether or not these latter species
were the same as those collected in south
Texas is not certain. Although Culex
nigripalpus Theobald was not incriminated
as a vector in Texas, it was implicated
as a possible vector during the 1969 out-
break of VEE in Guatemala (Sudia et dl.,
1971). Since this species was collected in
small numbers by our traps sct in the
ricelands and other gulf prairie lowland



558

Mosqurto NEws

VoL. 33, No. 4

situations, it, too, should be added to the
list of potential VEE vectofs which were
present in the rice-producing region of
Texas during 1971. :

Of the more than eight sispected VEE
vector species present as adults in the
Texas rice belt during July and August
1971, Aedes sollicitans, Ae. taeniorhynchus,
Anopheles crucians and Psorophora con-
finnis were the ones most commonly oc-
curring in light trap collections from
each of the major habitats surveyed, and
together, they comprised 53.9 percent of
the combined collections frdm all habitats,
The prevalence of Aedes sollicitans and
Psorophora confinnis was of special con-
cern since these two species were included
in the list of south Texas mosquitoes from
which the greatest number of VEE-ike
isolates were obtained duritig 1971 (Sudia
and Newhouse, 1g71). In addition, P. con-
finnis has been implicated as a primary
vector of the IB strain of VEE not only
on the basis of minimum field infection
rates (Sudia ef al, 1971) but also on the
basis of experimental infection and trans-
mission rates (Sudia et al., 1971).

Adult mosquito populations in each of
the major habitats were relatively low
(Table 1) and reflected the severity of the
drought which prevailed ;over much of
the Texas Coastal Zone throughout the
spring and summer of 1g71. However,
in spite of the low number§ of mosquitoes,
the potential for the spread of VEE
into the counties that we surveyed was
considered to be quite high as of July.
This conclusion was based on the follow-
ing facts: (1) VEE was known to be
present in horses living in nearby counties
(Sudia et al., 1972); (2) adult mosquito
populations within the Texas rice-growing
region were often found in close proximity
to horses and included several species
considered as proven or possible vectors
of IB-VEE and (3) the vaccination of the
more than 35,000 horses residing in the
1r-county area included in our survey
program was not complete. This third
item was an important factor since horses
are not only susceptible to IB-VEE but

also, once infected, they can develop high
enough virus levels in their blood to infect
a relatively high percentage of vectors
which feed upon them (Henderson et dl.,
1971; Sudia et al, 1971). Thus, the
presence of susceptible horses proximal to
vector populations in the Texas rice belt
provided a host-vector association which
may well have supported the local spread
of VEE even though the vector popula-
tions were low. Since no known cases
of VEE occurred in any of the 11 coun-
ties included in our survey program, it
may be concluded that the combined con-
trol efforts involving aerial applications of
insecticides for mosquito control and com-
pletion of the equine vaccination program
were effective in suppressing the disease
in this region of Texas.
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EFFECTIVENESS OF SELECTED COMPOUNDS AS RESIDUES
AGAINST ANOPHELINE ADULTS*®

H. G. WILSON, G. C. LaBRECQUE anp D. E. WEIDHAAS
Insects Affecting Man Research Laboratory, Agr. Res., Serv., USD‘A:, Gainesville, Florida 32604

ABSTRACT. A group of 108 selected insecti-
cides was tested at a rate of 1 g/m? as residual
sprays against adult dnopheles quadrimaculatus

IntropUCTION. For a number of years
one of the most effective methods of con-
trolling anopheline mosquitoes has been
the application of insecticidal residues to
the walls and ceilings of buildings. How-
ever, the extensive use of some particularly
effective insecticides throughout the world
in vector control programs has caused re-
sistance to appear. 'Therefore, since 1943,
the Insects Affecting Man Research Labo-
ratory located at Gainesville, Florida, has
maintained a continuing program to eval-
uate selected compounds as alternative,
effective, and economical residual insecti-
cides against mosquitoes. Periodically we
publish results of these studies. The
present paper reports the results obtained

1 This paper reflects the results of research only.
Mention of a pesticide in this paper does not con-
stitute a recommendation of this product by the
USDA.

Say. Twenty-four caused 1oo percent mortality
throughout the entire 6-month testing period.

with 108 compounds obtained from com-
mercial sources,

MareriaLs Anp METHODS. Acetone solu-
tions of the compounds were sprayed on
plywood panels at the rate of 1 g/m®,
then 1 week after treatment, 4 weeks after
treatment, and every 4 weeks thereafter
for 24 weeks (or until they became in-
effective). Forty 1- to 2-day-old female
mosquitoes (Anopheles quadrimaculatus
Say) were exposed under half sections of
petri dishes on the treated panels for 6o
minutes. Then the mosquitoes were trans-
ferred to cylindrical screen cages, furnished
cotton that had been saturated with 10
percent sugar solution, and held for 24-
hour mortality counts. Panels were con-
sidered ineffective when they failed to
produce at least 70 percent mortality at
2 consecutive tests. Enough panels were
sprayed with each insecticide to avoid the



