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the larvae and pupae were being collected. Two
of these adults, both female, were collected,
along with 35 larvae and pupae. The larvae and
pupae were reared for identification as adults.
The, mosquitoes were maintained through one
additional generation in a large masonjar, indi-
cating stenogamy. The colony proved to be au-
togenous; viable eggs were produced without
blood,. Culex restuans Theobald larvae were also
collected from the rock holes.

The rock holes were located on the surface of
a granite outcrop about 8 m from the shoreline
and elevated about 5 m above the water level.
The largest of the three pools was 3 m long by 2
m across at the t ime of col lect ion. The
maximum depth of this pool was about 20 cm.
The other pools were much smaller. The most
prominent types of vegetation were grasses and
moss growing along the edge of the largest pool
and in cracks in the granite. All of the pools
contained leaf litter and other organic material.

Recently, numerous reports of Ae. atropalpus
utilizing discarded tires have appeared in the
literature (Covell and Brownell lg7g, Restifo
and Lanzaro 1980, White and White 1980). The
tire breeding habit brings this species into close
proximity of human habitations and allows for
large numbers to develop in a small ared. Fur-
thermore, tire breeding strains are avid blood
feeders even though autogeny is maintained.
Aedzs atropalpzs has been shown to utilize a wide
range of host species, including humans, under
natural conditions in a tireyard (Berry and
Craig 1984). The demonsrration of the abil-
ity of Ae. atropalpus to transmit La Crosse en-
cephalitis virus orally and transovarially (Freier
and Beier 1984) indicates rhar this species
merits further study, especially with regard to
the tire breeding strains.

Voucher specimens of adults discussed in this
report have been deposited in the Iowa State
Insect Collection at Iowa State Universitv.
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The competence of a mosquito species as a
vector of an arbovirus depends upon both ex-
trinsic and intrinsic factors (Reeves 1967. World
Health Organization 1972, Hardy et al.  1983).
Extrinsic factors include, among others, the rel-
ative abundance and biology of the mosquito
vector and its vertebrate host as well as envi-
ronmental conditions. The latter affect not only
the bionomics of both invertebrate and verteb-
rate hosts of the virus but also the duration of
the extrinsic incubation period of the virus in
the mosquito. The main criteria pertinent to a
quantitative laboratory assessment of vector
competence are the susceptibility of the insect
to infection, the length of the extrinsic incuba-
tion period and the transmission rate. The
transmission rate is defined in our laboratory as
the proportion of infected mosquitoes which
successfully transmit the virus. In transmission
tests to determine this rate we expose individual
susceptible animals to individual infected mos-
quitoes, the choice of animal depending on the
virus in question. However, tests with large
numbers of animals have the disadvantage of
being expensive, cumbersome and time con-
suming. Furthermore, certain species of mos-
quitoes may be reluctant to take a second
blood-meal, notably aedine species in the sub-
genera Ochlerotatus, Neomelaniconion and
Aedimorphus Qupp, unpublished work). Alter-
native ways for determining the transmission
rate are the in aitro capillary method of Aitken
(1977) or testing the salivary glands of each
mosquito for infectivity (Chamberlain 1968).
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According to Chamberlain (1968), the presence
of virus in the salivary glands of mosquitoes
indicates the probable ability of the species to
transmit by bite. The experiment reported
below was undertaken to investigate whether
individual mosquitoes with infected salivary
glands always transmitted virus by bite.

The mosquitoes used were aged 2-18 days,
the 3rd generation of a laboratory colony of
Culex theileri Theobald which originated from
gravid females collected at Lake Chrissie in the
eastern Transvaal highveld. The experiment
was undertaken in an insectary where the mos-
quitoes were maintained at 75-85Vo RH and
24-26'C. They were infected by feeding on a
blood-Sindbis virus mixture through a chicken
skin membrane. The virus used was the AR86
strain of Sindbis virus (Weinbren et al. 1956) at
i ts 4th intracerebral mouse passage level.
Methods for preparation and titration of the
infective blood-meal, feeding the mosquitoes,
and determining the infection rate were the
same as described previously (fupp and McIn-
tosh 1970) except that the infecting titer of 7.2
logs is expressed as the log mouse L\o per ml.

Fourteen days after their infective feed the
mosquitoes were allowed to feed singly on indi-
vidual 2-week-old chicks. Three weeks after this
transmission feed the chicks were bled and their
sera tested for antibody against Sindbis virus by
the haemagglutination inhibition test (Clarke
and Casals 1958). The presence of antibody
indicated successful transmission. On the day
following the transmission feed those mos-
quitoes which had fed were frozen at -70'C

and 12 days later were removed from storage
and allowed to thaw at room temperature. The
salivary glands were removed from the mos-
quito, rinsed in a drop of normal saline, and

then triturated with small needles in a second
drop of saline. The suspension was then trans-
ferred to a tube containing 0.3 ml of bovine
phosphate albumin. This salivary gland suspen-
sion and another prepared from the decapi-
tated body of each mosquito were tested sepa-
rately for virus by inoculating them intracereb-
rally into 2-3-day-old mice.

The decapitated bodies of all 23 mosquitoes
tested were found to be infected but only t had
infected salivary glands. Only 2 of these 9 mos-
quitoes transmitted virus to the chicks. Thus it
appears in the case of Cx. theileri with Sindbis
virus that, although salivary glands are infected,
transmission will not necessarily follow when
the mosquito bites the susceptible host. Hence
the salivary gland infection rate cannot be used
as a measure of the transmitting ability. This
result is shown in Table I together with the
results obtained previously by other workers
using other virus-mosquito vector combina-
tions. It can be seen that a good agreement
between salivary gland infectivity and transmis-
sion by bite (transmission rate) has usually been
demonstrated in experiments, with the notable
exception of California encephalitis virus and
Aedes aegypti (Linn.).

It can be concluded from the present ex-
periment and the results of others, that al-
though salivary glands infectivity would often
be a reliable expression of the transmission rate,
this is not always the case. Why are some mos-
quitoes unable to transmit virus while feeding
even though infectious virus or viral antigens
can be detected in the salivary glands? Hardy et
al. (1983) suggested 3 possible explanations: (l)
Viral infection is at an early stage so that little or
no infectious virus has been released into the
salivary glands, (2) the mosquito could have re-

Table l. Experiments comparing salivary gland infection rates and transmission rates.

Virus
Salivary gland Transmission

Mosquito vector infection rate rate Reference

Alplwvinu
Sindbis
Whataroa
Western equine

encephalitis
Western equine

encephalitis
Flaaivinu

Dengue 2
Bunyaairus

California encephalitis

Culex theileri
Aedzs australis

Culex tarsalis

Culex tarsalis

Aefus aegypti

Aed.es aegypti

91231
6/10

4/ r0

t 7  n 7

l l / l t

16t23

2123'� Present report
6/10 Miles et al. 1973

3/103 Thomas 1963

17 l17 Kramer l98l

I  l / l  I  Mcleanetal.  1974(TableS)

4122 Mclean et al. 1974 (Table l)
r Numerator:number of mosquitoes with salivary glands infected; denominator:number tested.
2 Numerator = number of mosquitoes transmitting by bite, denominator = number of infected mosquitoes

feeding.
3 This rate could have been 2/ l0 but actual result unclear as groups of more than one mosquito fed on chicks

in the transmission attempts (Thomas 1963).
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cently ejected the virus while feeding on a car-
bohydrate source and the virus has yet to be
replenished into the salivary duct, and (3)
there might be a 

"salivary 
gland escape bar-

rier" which prevents virus leaving these glands.
This would be the situation when the produc-
tion of infectious virus has been modulated to
low levels. Such an escape barrier could explain
the lowered transmission rates which have beerr
obtained after prolonged incubation periods
(Mclntosh and Jupp 1970, Mangiaf ico l97l) .

I wish to thank the Director-General of
National Health and Welfare, Pretoria. for
permission to publish.
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Toxorhynchites moctezuma (Dyar and Knab) fas
theobaldi (Dyar and Knab) in Knight and Stone
(1977)l has a wide distribution from Mexico in
Cent ra l  Amer ica  to  Venezue la  in  South
America (Rubio et al.  1980; S. J. Heinemann,
personal communication). In the Caribbean
Basin, it has a limited distribution and is found
only in Trinidad and Tobago (Heinemann et al.
1980). It should be noted that Tx. theobaldi is
now considered a synonym of Tx. moctezuma
(S. J. Heinemann, personal communication).

In Trinidad and Tobago, threeToxorhynchites
species have been recorded. Toxorbnchites moc-
tezumn, Tx. iris (Dyar) [as mariae (Bowrroul) in
Knight and Stone (1977)l andTx. superhn (Dyar
and Knab), of which Tx. iris andTx. superbus are
found primarily in terresrrial and epiphytic
bromefiads (Heinemann et al. 1980). Toxorhyn-
chites moctezuma, on the other hand, has been
collected from bromeliads, treeholes. in tires
and cans (Heinemann et al. 1980, Chadee et al.
1984) .

In 1976, rhe Insect Vecror Control Division
(IVCD) of the Ministry of Health and Envi-
ronment embarked on an Aedcs aegpti (Lin.�
naeus) Eradication program in Trinidad, W.I.
Tobago, however, is relatively free of Ae. aegypti
but routine vigilance surveys are still conducted
twice yearly (Chadee et al. 1984). During sur-
veys, larvae and pupae of Tx. moctezuma were
col lected in art i f ic ial containers in both
Trinidad and Tobago. All immature stages
were collected and transported to the IVCD
laboratory, St. Joseph, Trinidad, where they
were subsequently identified by the author.

Table I summarizes the total collection of Tx.
moctezunut from artificial containers in Trinidad

t Published with approval from the Ministry of
Health and Environment, Trinidad and Tobago, W.I.

2 Present Address: Department of Biological Sci-
ences,  The Univers i ty .  Dundee. DDI 4HN. UK.




