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Dispersal and survival in the field of chemosterilized,
irradiated, and cytoplasmically incompatible male
Culex pipiens fatigans*
P. K. RAJAGOPALAN,1 M. YASUNO,2 & G. C. LABRECQUE3

Comparative field studies were made on the dispersal and survival of chemosterilized,
irradiated, and cytoplasmically incompatible (D3 strain) male Culex pipiens fatigans.
There was no significant difference in dispersal patterns and daily survival rates between
laboratory colony males and wild males, and between chemosterilized or irradiated males
and untreated males. Although there was no difference in dispersal between adults ofthe D3
strain and the laboratory colony of the Delhi strain, the former had a lower daily survival
rate.

A prime requisite in the conduct of a sterile-male
release programme is the availability of individuals
that can compete favourably with normal males of
the indigenous population. Weidhaas et al. (1962)
found that male Anopheles quadrimaculatus treated
with gamma radiation were less than half as com-
petitive as normal males under field conditions, and
subsequently attributed the failure to behavioural
differences (Weidhaas, 1968). Dame et al. (1964) also
demonstrated behavioural differences in dispersal
and mating ability between a colonized and a wild
strain of the same species. Although laboratory
studies may show that sterilized laboratory mos-
quitos are comparable to wild mosquitos in survival
and competitiveness, investigations under field con-
ditions are a necessity as the behaviour of caged
insects is often totally unrelated to that found in
nature. Likewise, it is essential to know the behaviour
of cytoplasmically incompatible males in the field.

In the present study, 3 field experiments were
conducted to evaluate the dispersal and survival of
male Culex pipiens fatigans, either chemosterilized,
irradiated, cytoplasmically incompatible, or collected
from the wild population in the field. In the first
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experiment, laboratory colony males ' were compared
to field collected males and in the second, chemo-
sterilized and irradiated males were compared to
each other and to untreated laboratory colony males.
Both these experiments were performed in July 1971.
In the third experiment, carried out in October 1971,
cytoplasmically incompatible males of the D3 strain 6
were compared to laboratory colony males.

All the experiments were conducted in the village
of Mandi, which lies about 18 km south of New
Delhi. Covering some 150 000 m2, the village has
about 250 structures, 194 families, and a population
of 1321. The numerous buffaloes are usually tethered
in separate cattle sheds. One permanent drain within
the village, a few swampy patches and pits near the
communal wells, and some irrigation wells serve as
breeding sites of C. p. fatigans.

METHODS AND RESULTS

Adult mosquitos 1-2 days old were marked with
daylight fluorescent dust following the procedure
described by Yasuno et al. (1973). To differentiate
between strains or treatments, mosquitos were
marked with different colours. Marked mosquitos
were recaptured by collecting all resting mosquitos
from every building in the village.

1f The D3 strain was developed by Dr. H. Laven, Institut
fur Genetik, Johannes Gutenberg-Universitat, Mainz,
Federal Republic of Germany, by combining the genome
from a strain from Freetown, Sierra Leone, with the cyto-
plasm from a strain from Paris; it was found to be incom-
patible with the Delhi strain.

3059 631-



P. K. RAJAGOPALAN ET AL.

Table 1. Number of field and laboratory males recaptured and their average dispersal
from point of release at indicated days

Field males Laboratory colony males
Day after (8 813 released) (9 582 released)
release No. Distance SE No. Distance SE

recaptured (m) recaptured (m)

1 34 66.5 13.7 126 50.2 8.4

2 31 93.3 14.9 91 79.2 10.8

3 33 105.2 10.8 100 86.9 6.7

4 23 103.9 11.7 67 91.5 8.2

5 30 130.0 13.6 73 97.8 7.5

6 14 133.2 20.5 40 101.5 9.5

7 8 178.8 16.6 36 117.0 5.5

Experiment I

Males from the laboratory colony and from the
field (derived from collection of pupae from the drain
in Mandi) were compared. A total of 8 813 field
males and 9 582 laboratory colony males was re-
leased in 2 adjacent cattle sheds in the centre of the
village on the afternoon of 19 July, and recaptures
were made for the following 7 days. The number
recaptured and the average distance of dispersal on
different days are shown in Table 1.
The field males dispersed 66.5 m on day 1 and

a maximum average distance of 178.8 m from the
point of release by day 7. The average distance
covered by the laboratory males was 50.2 m on day 1
and 117.0 m by day 7. The logarithms of the average
distance and time showed a linear relationship, the
regression equations being as follows:

field males: log y = 1.955 + 0.177 log x
laboratory males: log y = 1.831 + 0.199 log x

When the regression coefficients were compared
statistically, no significant difference was found
(to = 0.18 < to.o = 2.3, n = 10).
There was a daily decrease in the number of both

marked field mosquitos and laboratory mosquitos
recaptured. This decline can be described (P < 0.05)
by linear relationships on a log-normal scale. The
regression equations were as follows:

field males: logy = 1.721 - 0.093 x
laboratory males: log y = 2.167- 0.092 x

No significant difference was found between the
regression coefficients for the field and the laboratory
males (to = 0.03 < to.05 = 2.3, n = 10). The daily
loss rates derived from the regression were 19.3 %
and 19.6% for field and laboratory males respec-
tively.

Experiment 2
Chemosterilized and irradiated laboratory males

were compared to each other and to untreated lab-
oratory colony males. To chemosterilize the males,
pupae were dipped for 3 hours in 0.6% thiotepa
before emergence. For radiosterilization, adult mos-
quitos approximately 24 hours old were exposed
to 6 kR of gamma irradiation. All the released
chemosterilized, irradiated, and untreated adults
came from the same lot of pupae. A total of 9 724
chemosterilized males, 9 928 irradiated males, and
6 868 untreated males was marked with distinguish-
ing colours of fluorescent dust and released on the
afternoon of 24 July in 2 adjacent cattle sheds in
the village. Recaptures were made during the next
6 days.
The number recaptured and the average distance

of dispersal on different days are shown in Table 2.
On day 1 the chemosterilized males dispersed an
average of 51.7 m, the irradiated males 54.2 m, and
the untreated males 68.3 m. On day 6 the average
distances from the point of release were 78.9 m,
87.3 m and 104.9 m respectively. The dispersal of
all 3 groups appears to have stabilized by day 2.
Expressed in linear form on a log-log scale, the
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Table 2. Number of chemosterilized, irradiated, and untreated males recaptured and their average dispersal from
point of release at indicated days

Chemosterilized males Irradiated males Untreated males
Day after (9724 released) (9928 released) (6868 released)
release No. Distance No. Distance No. Distance

recaptured (m) SE recaptured (m) SE recaptured (m) SE

1 49 51.7 8.4 129 54.2 5.3 94 68.3 6.8

2 57 86.4 7.9 113 85.7 5.9 115 105.9 9.9

3 38 99.4 11.7 69 80.8 6.4 75 100.0 5.4

4 40 85.1 9.4 68 88.6 8.9 82 104.6 7.8

5 29 71.4 10.5 68 96.9 8.6 62 105.8 7.9

6 33 78.9 9.9 54 87.3 8.2 56 104.9 8.9

dispersal yielded the following regression equations:
chemosterilized males: log y = 1.801 + 0.181 log x
irradiated males: log y = 1.780 + 0.268 log x
untreated males: log y = 1.885 + 0.215 log x

When the regression coefficients were compared,
no significant difference was found between the
dispersal of chemosterilized and untreated males
(to = 0.2 < to.es = 2.3), of irradiated and untreated
males (to= 0.5 < t0.05 = 2.3), or of chemosterilized
and irradiated males (t0 = 0.6 < to.05 = 2.3).
The daily loss rate was estimated from the decline

in the numbers of recaptures, which showed a linear
regression on a log-normal scale. The regression
equations were:

chemosterilized males: log y = 1.773 - 0.049 x
irradiated males: logy = 2.156 - 0.073 x
untreated males: logy = 2.086 - 0.055 x

These all proved highly significant by analysis of
variance (P < 0.01). The daily loss rates were 10.7%
for chemosterilized males, 15.5% for irradiated
males, and 11.9% for untreated control males. No
significant difference was found between the rates
of chemosterilized and irradiated males (t0 = 0.28
< t0.05 = 2.3), of irradiated and untreated males
(to = 0.9 < to.05 = 2.3), or of chemosterilized and
irradiated males (to = 1.21 < to.05 = 2.3).

Experiment 3
Males of the D3 strain were compared to the

Delhi strain. A total of 6 912 D3 males and 7 352
Delhi males was marked and released in 2 adjacent
cattle sheds on the afternoon of 7 October. Daily
hand catches of all resting mosquitos were made

during the next 6 days. The number of marked mos-
quitos recaptured and the average distance of dis-
persal on different days after release are shown in
Table 3. The average distance of dispersal of D3
males was 69.8 m on day 1 and 132.5 m by day 6.
For Delhi males, the average distances were 54.9 m
and 135.6 m on days 1 and 6 respectively. The dis-
persal patterns were described (P < 0.05) by linear
regressions on a log-log scale. The equations were:

D3 males: log y = 1.803 + 0.358 log x
Delhi males: log y = 1.734 + 0.473 log x

No significant difference was found between the
regression coefficients (to = 1.08 < to.05 = 2.3).
The log number of recaptures for both D3 males

and Delhi males declined daily and was expressed
(P < 0.05) by linear regressions. The equations were:

D3 males: log y = 2.133- 0.167 x
Delhi males: log y = 2.286- 0.089 x

The daily loss rates calculated from the equations
were 31.9% for D3 males and 18.6% for Delhi
males. The difference between the 2 rates was stat-
istically significant (t0 = 2.6 > t0.5=- 2.3).

DISCUSSION

Most studies indicate that sterilization by either
gamma radiation or chemosterilants appears to
reduce the mating competitiveness and survival of
male mosquitos (Davis et al., 1959; Weidhaas &
Schmidt, 1963; Dame & Schmidt, 1964). However,
the dose of radiation or chemosterilant necessary to
sterilize male C.p. fatigans mosquitos in India did not
markedly reduce their mating competitiveness and
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Table 3. Number of D3 and Delhi males recaptured and their average dispersal from
point of release at indicated days

D3 males Delhi males
Day after (6 912 released) (7 352 released)
release No. Distance E No. Distance S

recaptured (m) SE recaptured (m) S

1 87 69.8 5.9 146 54.9 3.9

2 67 68.5 8.0 134 78.7 9.6

3 35 99.5 10.2 101 79.6 5.9

4 35 101.1 13.4 91 113.5 7.1

5 28 107.8 12.1 81 108.2 6.9

6 1 0 132.5 12.4 48 135.6 9.7

survival in laboratory studies conducted at our Unit
(Patterson, personal communication, 1970). The pres-
ent studies in the field showed that the daily survival
rates of untreated, chemosterilized, and irradiated
laboratory males were 80%-90 %, nearly equal to
the survival of field mosquitos. As the laboratory
colony was started with mosquitos collected from
Delhi Union Territory villages, it is not surprising
that they are competitive with wild mosquitos col-
lected in the same locality. The D3 strain showed a
significantly lower daily survival rate in the present
study.

Boller et al. (1971) found that European cherry
fruit flies irradiated with 8 kR showed the same flight
characteristics as untreated flies in the field. The
present study showed that mosquitos irradiated with
6 kR dispersed as fast and as far as untreated mos-
quitos. Moreover, chemosterilized mosquitos and
the D3 strain dispersed quickly and covered the
whole area of the village by day 3 or 4. As rapid
dispersal of the released sterile males over a large
area is of great importance in a genetic control
programme, the results obtained in the present
studies are encouraging.
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R8SUMI9
DISPERSION ET SURVIE DANS LE MILIEU NATUREL DE MALES DE CULEX PIPIENS FATIGANS
CHIMIOSTERILIStS, IRRADItS OU PRfSENTANT UNE INCOMPATIBILITt CYTOPLASMIQUE

On a procede pres de New Delhi (Inde) a une serie
d'experiences destinees a etudier la dispersion et la survie
de Culex pipiens fatigans males eleves au laboratoire
(chimiosterilises, irradies, presentant une incompatibilite
cytoplasmique ou normaux) et de males sauvages de la
meme espece.
Aucune difference sensible n'a ete not&e, sous le rap-

port de la dispersion et de la survie, entre males de
laboratoire non traites et males sauvages, de meme

qu'entre males chimiost6rilises et males irradies et entre
males traites et males non traites. Dans la troisieme
experience, visant a comparer le comportement de males
presentant une incompatibilite cytoplasmique et de males
d'elevage normaux, on a constat6 une dispersion tres
semblable des deux types d'insectes, mais le taux de
survie des premiers (31,9% de pertes) a ete inf6rieur
a celui des males normaux (18,6% de pertes), la diff6rence
6tant statistiquement significative.
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