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ABsTRACT. Cudex pipiens quinquefasciatus Say
normal females, females tagged with 82P, normal
males, and chemosterilized males were released
on a small island off the Gulf Coast of Florida
to study egg-laying patterns, survival and migra-
tion. The first egg rafts were found 5 days after
the releases were made when many of the females
would have been 6 days old.. However, the peak

Biological data for many species of in-
sects including such factors as the develop-
ment times of various stages, egg laying
capacity, and survival of immature and
adult stages in the laboratory have been
available for many years. Recently, empha-
sis in insect control has been placed on
the limitations of single approaches to
insect control and the need for maximum
integration of all possible methods of con-
trol. Management of pest populations im-
plies that we will be able to regulate total
populations over time. This approach will
require that we thoroughly understand the
dynamics of total populations as they exist
ir nature. A knowledge of such factors
as reproductive success of populations from
generation to generation or over time with
differing environmental conditions and of
the extent of migration and its relationship

1 This paper reflects the results of research
only. Mention of a pesticide in this paper does
not constitute a recommendation of this product
by the U. S. Department of Agriculture.

of the first oviposition cycle apparently occurred
when the females were 8 days old. Oaly ro.4
rafts for every 100 females released were re-
covered, indication that about go percent of the
females emerging on the island did not survive
to oviposit. Only a small number of males and
females placed 0.5 mile apart came together for
mating,

to total populations will be valuable to
those interested in pest management.

Thus, although a considerable amount
of laboratory data and some field data are
available relative to the biology, migratory
habits, mating, and host-secking behaviour
of many species of mosquitoes, little is
known about the dynamics of total popu-
lations as they exist in nature. Weidhaas
et al. (1971) reported information about
the dynamics of a population of Culex
pipiens quinquefasciatus Say. Also, Hag-
strum (1971) studied the survival and
dynamics of an isolated population of
Culex tarsalis Coquillett.

In the present paper, we report the
results of preliminary releases of normal
adult C. p. quinguefasciatus, adults tagged
with #P and chemosterilized adults made
to study (1) the egg-laying potential; (2)
the survival; and (3) the migration of
males in the field.

ExperiMENTAL LocatioN aND METHODS.
We used a small island, Seahorse Key,
off the Gulf Coast of Florida near Cedar
Key for our experiments. Seahorse Key
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is about 1 mile long by % mile wide and
is separated by at least 2 miles of salt
water from the mainland and other islands.
It is ideal for such studies since it is
isolated and since a natural population of
C. p. quinguefasciatus breeds there. Im-
mature stages have been found in a septic
tank and other waterholding containers
around the lighthouse and marine labora-
tory; but all breeding sites occur within
a diameter of 130-160 yards. Numerous
birds are present to serve as a blood
source for the adult females. At the time
these releases were made, Patterson ez al.
(1970) were completing a study of the
release of chemosterilized male C. p. quin-
quefasciatus which had essentially elimi-
nated the natural population of this mos-
quito. Since our first release of *P-labeled
females was made during the last 2
weeks of their study, a few sterile egg
rafts were still being laid by the small
number of laboratory-reared  females
(about 200 per day) present among their
released chemosterilized males. However,
the egg rafts from our 22P-labeled females
were readily identified and separated from
other rafts by their radioactivity.

All the C. p. quinguefasciatus adults
used in our tests were reared outdoors un-
der a carport at the Insects Affecting Man
and Animals Laboratory in Gainesville.
From the egg to the pupal stage, they
were held in plastic tubs (4o0-liter capacity)
containing 12 liters of water; the larvae
were fed a 1:1:1 mixture of liver powder,
yeast, and hog supplement. Pupac were
separated from larvae by the ice-water
technique; then male and female pupae
were separated with a pupal separator
with a ¢8-99 percent accuracy. Adult
cages wete maintained so we would have
a continual supply of eggs for rearing.

When 2P-labeled females were needed
for release, they were tagged by placing
late third- and early fourth-instar larvae
in distilled water containing 0.0008 pCi
of 2P per ml. These larvae were then fed
the regular diet until pupation. The pupae
were hand-picked by size for sex and
rinsed twice in distilled water to remove

external radioactivity. The female pupae
were treated with the same chemosterilant
as males discussed below. Therealter, they
were handled the same as the other mos-
quitoes.

The sterile males were obtained by ex-
posing o- to 24-hour-old male pupae for
4 hours to a 0.7 percent aqueous solution
of the chemosterilant thiotepa (the S-
analog of tepa). (This treatment also
sterilized some females that were exposed.)
After exposure, the pupae were removed,
placed in distilled water for 1 hour, and
then put on moist filter paper in trays
for transport to the island. Fertile females
that mated with the sterile males produced
sterile egg rafts; thus, we could identify
matings between sterile males and fertile
females.

The pupae were transported to the island
in trays lined with moistened filter paper
and placed in chilled styrofoam boxes.
Cedar' Key is 60 miles by car from
Gainesville, and Seahorse Key is 2.5 miles
by boat from Cedar Key. When the trays
arrived at Seahorse Key, they were placed
under the marine laboratory building, and
water was added to half fill the trays.
By this time, some adults had emerged,
and these adults flew from the trays and
rested under the building; emergence of
the remaining adults was completed by
the following day. Thercfore, on the day
of release, some mosquitoes were o to 12
hours old while others were yet to emerge
and were not o to 24-hour-old adults until
the following day.

We made two releases on Seahorse Key.
The first involved the release of *2P-
labeled females which were also sterilized.
As mentioned, this release was made at
the end of an experiment requiring the
release of chemosterilized males. After the
release of these females, we determined
the number of #2P-tagged egg rafts that
we could recover from our ovitraps on the
istand, (During this release, natural ovi-
position sites were present on the island.)

The second release involved the release
of a specific number of fertile males and
females and sterile males when all known
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oviposition sites were covered or destroyed.
The objectives were: (1) to determine the
number of egg rafts per given number of
females when no naturally-occurring ovi-
position sites were available; (2) to com-
pare the number of egg rafts laid in ovi-
traps when natural oviposition sitcs were
absent with the number laid in ovitraps
when natural oviposition sites were present
(first release); and (3) to determine
whether any mating occurred between
sterile males and fertile females released
one-half mile apart.

In the first release, 200 females per
day tagged with *2P were released at a
single location in the center of the island
for 14 days from August 5 through Au-
gust 18, 1969. Chemosterilized males from
the sterile male release were still present
to mate with these females. Egg rafts were
collected daily from the ovitraps for 37
days. Rafts from the released females
were identified by radioactive content as-
sayed with a liquid scintillation counter
which had about 95 percent efficiency for
s2p.

In the second release which extended
over a 15-day period, 17,500 fertile males
and 17500 fertile females were released
at a single point in the center of the island,
and 175,000 sterile males were released
at one end of the island, a distance of
0.5 mile from the site where the fertile
males and females were released. Thus,
the averages per day were 1,167, 1,167, and
11,667, respectively. Collections of egg
rafts were made daily from the ovitraps
from September 2 through September 27,
The females in this sccond release were
not tagged with 3P. Since the natural
breeding sites had been covered or de-
stroyed since September 7, since the release
of chemosterilized males from June into
August had essentially eliminated the natu-
ral population, and since no radioactive
egg rafts were collected after September
6, we considered that all rafts collected
after September 6 came from the fertile
females that we had released,

A total of 12 ovitraps was located in the
central portion of the island, and an addi-

ticnal 3 were located at other sites on the
island.  The ovitraps were plastic - tubs
(4o-liter capacity) containing 12 liters of
water and 5 g of a 1:1:1 mixture of liver
powder, dried brewer’s yeast, and hog
supplement ground to a fine powder. The
medium was changed weekly.

Resurts. The data obtained from the
two releases are given in Table 1. In the
first experiment, 2,800 females were re-
leased over 14 days, but a total of only
151 radioactive egg rafts was recovered
over a period of 37 days, that is, 5.4 rafts
for each 100 females released. The radio-
active rafts had an average of 111 counts
per minute (range 10-246) compared with
an average of 772 counts per minute on
the day of emergence of females kept in
the laboratory.

The first raft was recovered August 10,
5 days after releases were started when

TaprE 1.—Data on egg raft collections from
Scahorse Key following 2-week releases of
females of C. p. quinquefasciatus tagged
with 32p (Test I) or of sterile -and
normal males and normal females
at a 10:1:1 ratio (Test II).°

Avg. No. of rafts col-  Percent

lected/ 100 females in sterility of egg

————————— rafts collected
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Days after
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releases
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“Two hundred tagged females . relcased/day
from August 5 to August 18, 1972, Sterile males
were released 0.5 mile from. normal males- and
females from September 2 to September 16, 1972.

® Releases terminated.

*No collection made on day 26.
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many of the mosquitoes released the first
day ‘would have been 6 days old. The
first peak abundance of egg rafts occurred

August 12, 7 days after releases were,

started when many females would have
heen 8 days old. Thus, the preoviposition
time for a majority of the females in the
ficld at the conditions prevailing on Sea-
horse Key was about 8 days but ranged
from 6 to more than 8 days. We could not
determine preoviposition times beyond 8
days. The number of rafts collected per
day was extremely variable as would be
erpected. However, go percent of the
rafts laid were collected 7 to 22 days after
the releases started so the daily average
during this period was 8.5 per day. Then
from 23 to 37 days after the start of the
releases, we never collected more than 2
rafts per day, and the average was only
0.8 per day. The noticeable reduction in
number of egg rafts that occurred after
22 days, 9 days after the releases were
stopped, tends to confirm the 8 days pre
oviposition time mentioned previously and
indicates that a large majority of the rafts
deposited were from the first egg cycle.
The last radioactive raft was collected
16 days after the releases were terminated
and 32 days after they were begun.

In the second experiment, 1,889 egg
rafts were collected from g to 25 days
after releases started (September 9 through
September 27); however, we discontinued
collections after 25 days because of stormy
weather so we did not recover all egg
rafts that might have been laid although
we felt that we had collected the majority.
Thus, when all natural oviposition sites
were covered or destroyed, the recovery
averaged about 10.4 rafts for every roo
females released—just twice the number
recovered per 100 females when ratural
oviposition sites were present. In this
release, the first egg raft was collected 7
days after the releases were initiated. An
average of 7 percent of the rafts collected
during the second release were sterile,
indicating that some sterile males and
fertile females came together for mating
over a distance of one-half mile.

Discusston. The release of known num-
bers of tagged or untagged mosquitoes
permitted us to study certain aspects of
the biology of C. p. quinquefasciatus. Of
course, in the field, variations in ccological
or environmental conditions tend to make
the results obtained on a daily basis quite
variable, However, the averaging of such
data over days should produce useful data
though the results vary from time to time
and in different ecological situations. For
evample, environmental conditions more
or less favorable to the survival of adult
females could result in a greater or lower
number of egg rafts collected per female.

Also, the accuracy of the information
obtained from releases of tagged insects
depends on the assumption that the method
of tagging has no deleterious effect on the
insects released. We made this assumption
on the basis of previous reports: Dame
et al. (1964) reported that the ficld mating
activity of male Anopheles quadrimacu-
latus Say was not affected by chemosteril-
ization. Weidhaas and Schmidt (1963) and
Smittle ez al. (1968) found that the chem-
osterilant, apholate, did not affect mating
competitiveness of male Aedes aegypti
(L.) or C. p. quinguefasciatus. Patterson
et al. (1968) found that radioactive male
C. p. quinquefasciatus were competitive
with untreated males. Smittle and Patter-
son (1970) found that females placed in
distilled water containing o0.25 #Ci/ml
(over 300X the concentration used in the
present study) for 48 hours produced egg
rafts containing an average of 155 eggs
and that g2.3 percent of these eggs hatched.

The fact that we collected twice as many
rafts per 100 females after we covered or
destroyed natural oviposition sites indicates
that our ovitraps collected about 50 percent
of the rafts deposited on the istand when
natural oviposition sites were present. This
figure could vary from time to time, but
we feel that the 2-week averages give a
fairly accurate picture of the percentage
of rafts collected by ovitraps on the island.
The fact that 15 ovitraps located in close
proximity to the breeding sites, 12 within
a diameter of 130-160 yards, collected 50
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percent of the rafts indicates that: (1) ovi-
traps can be effective survey tools for this
species of mosquito and that (2) ovitraps
do not collect a sufficiently high percentage
of rafts to be used by themselves for popu-
lation reduction unless their attractiveness
to gravid females is increased by some
means. Weidhaas ez al. (1971) showed that
a reduction of at least go percent in repro-
ductive success was necessary to maintain
a reduction in density of this population.

The recovery of only 10.4 rafts for every
100 females released is a measure of the sur-
vival of the females released on the island
since we can consider this figure as repre-
senting almost total recovery of rafts, A
large majority of the egg rafts recovered
were demonstrably rafts from the first
oviposition cycle, Therefore, we can con-
clude that about go percent of the females
emerging into the population did not
become involved in egg laying and that
the survival of a majority of the fe-
males in the field was relatively low.
Nevertheless, the number of eggs produced
per female at a single oviposition-is suffi-
ciently large to provide stable populations
or populations that increase at 5- to 8-fold
rates if survival of the immature stages is

0.1, 0.5, or 0.8, respectively (Weidhaas ez

al., 1971), even without any change or
increase in the survival of adult females.
The egglaying of females of this species
under the field conditions is thus very simi-
lar to that of the model presented for an
isolated  population of C. tarsalis by
Hagstrum (1971).

Our action in releasing sterile males in.

one location and normal virgin males and
females at another location meant that the
sterile males and fertile females would
have to come together for mating over a

distance of 0.5 mile. Since only 7 percent -

sterility was found in the egg rafts collected

from these females, only a small number of -

sterile males, probably less than 0.5 percent
and fertile females came together for mat-
ing over this distance. Lindquist ez al.

(1967) made the following comment in’

their study of the dispersal of 32P-labeled
Culex p. fatigans in Burma: “the fact that
males travelled in good numbers as far as
0.20 miles (320 meters) or more is encour-
aging if experimental*work is initiated on
the possible control of C. p. fatigans by the
release of sterile males.” Also, Patterson
et al. (1970) showed that a population
could be eliminated when the males had to
disperse as much as 160 yards. These data
indicate that any releases of sterile male
C. p. quinquefasciatus for population con-
trol may be limited to distances of less
than 0.5 mile and possibly as low as c.05
to 0.2 mile. :

Literature Cited

Dame, D. A., Woodard, A. B., Ford, H. R, and
Weidhaas, D. E. 1964. Field behavior of
sexually sterile  Anopheles  quadrimaculatus
males, Mosq. News 24(1):6-14.

Hagstrum, D.. W. 1971, A model of the rela-
tionship between densities of larvae and adults
in an isolated population of Culex tarsalis:
(Diptera: Culicidae).  Ann. FEntomol, -Soc,
Amer. 64(5):1074-1077.

Lindquist, A. W., lkeshoji, T. Grab, B., De
Meillon, B., and Kahn, Z. H. 1967. Dispersion
studies of Culex pipiens fatigans tagged with
52P in the Kemmedine area of Rangoon, Burma
Bull. WHO 36:21-37. . .

Patterson, R. S., Smittle, B. J., and Lofgren, C. S.
1968, Accumulation and transfer of 2P by
male southern Thouse ' mosquitoes. ], Econ.
Entomol. 61(6):1546~1548.

Patterson, R. 8., Weidhaas, D. E., Ford, H. R,
and Lofgren, C.'S. 1970. Suppression and
climination of an island population of Culex
pipiens quinquefasciatus with sterile males.
Science:  168:1368—70.

Smittle, B. J., and Patterson, R. 8. 1970. Trans-
fer of radioactivity to eggs and larvae by female
Culex pipiens quinguefasciatus Say treated as
larvae with 32P, Mosq. News 30(1):93-94.

Smittle, B. J, Mount, G. A, Das, M., and
Rajapaksa, N. - 1968, Apholate and gamma
irradiation compared as sterilants for Culex
pipiens quinguefasciatus Say (Diptera: Culici-
-dae). Mosq. News 28(2):201-204,

Weidhaas, D. E., and Schmidt, C. H. 1963.
Mating ability of male mosquitoes, Aedes
aegypti (L:) sterilized chemically or by gamma
radiation. Mosq. News 23(1):32-34.

Weidhaas, D. E., Patterson, R. S., Lofgren, C, S.,
-and Ford, H. R. 1971, Bionomics of a popu-
lation of Culex pipiens quinguefasciatus Say.
Mosq. News 31(2):178-182,



