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ABSTRACT. Age-specific life tables were
compiled for 3 cohorts of Cx. quinquefasciatus
emerging from wild-caught pupae collected
during autumn at Peshawar, North West
Frontier Province, Pakistan and held in a room
whose mean temperature ranged from 19° to
25°C and relative humidity ranged from 79 to
929%,. Female life expectancy at emergence was

Culex quinquefasciatus Say is a circum-
tropically distributed domestic mosquito
which has been incriminated in the
transmission of West Nile Virus and
found naturally infected with Wuchereria
bancrofti in Pakistan (Knight and Stone
1977, Burney and Munir 1966, Aslam-
khan and Pervez unpubl.). As part of
on-going studies on the bionomics of this
species in the Peshawar area of North
West Frontier Province, a horizontal life
table was constructed for adults emerging
from wild-caught pupae during autumn.

Complete birth and death schedules
have been recently compiled for estab-
lished colonies of Cx. quinquefasciatus from
Bangkok, Thailand and Vero Beach,
Florida, and Houston, Texas, U.S.A,,
(Walter and Hacker 1974) and from
Caracas, Venezuela, (Gomez et al. 1977).
Additional observations on adult longev-
ity were presented by Wattal et al. (1961),
Reddy (1976) and others. Much of the
pertinent literature dealing with the lab-
oratory bionomics of Cx. quinquefasciatus
was summarized by Gomez et al. (1977).

The object of the present study was to
describe the life table attributes of cohorts
of adults emerging from wild-caught

! Please address reprint requests to W. K. R.

74.1 days, which was significantly longer than
males, 30.0 days. The net reproductive rate
was 58.6 females per female per generation,
the innate rate of increase was 0.081 females
per female and the generation time was 50.5
days. These results were compared with those
presented for other geographic strains of Cx.
quinquefasciatus.

pupae during autumn. Since mosquitoes
were kept under temperature and
humidity regimens which approached
room conditions, the present observations
may approach the life table attributes of
overwintering indoor resting Cx. quin-
quefasciatus at the University of Peshawar
during late autumn and winter.

METHODS AND MATERIALS

B1OLOGICAL METHODS. At emergence 3
replicate cohorts of 100 males and 100
females were established in 30 X 30 X 30
cm cages from wild-caught pupae col-
lected in a drain near the Department of
Zoology, University of Peshawar. Adults
were continuously offered 3% sucrose in
vials with wicks, an oviposition cup filled
with well-water and at night, a tethered
laboratory mouse as a blood meal source.
Cx. quinquefasciatus is normally nocturnal
in its blood feeding habits (e.g.
Rajagopalan et al. 1977) and thus the
blood meal source was constantly avail-
able during the normal feeding period.
Each morning all dead adults were re-
moved and counted, and all egg rafts iso-
lated individually in test tubes. Eggs were
incubated for 2 days at 29°C and then the
numbers of hatched and unhatched eggs
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were counted under a dissecting micro-
scope.

Cohorts were held at room tempera-
ture and humidity in a room on the first
floor of the Department of Zoology which
was warmed with an electric heater. Two
or three large earthen dishes filled with
water were used to increase relative
humidity. A 12L:12D photoperiod was
established with two 100-watt incandes-
cent and two 60-watt fluorescent lights;
no crepuscular period was simulated.
Although slightly warmer, these condi-
tions approached those of the buildings at
the University of Peshawar where Cx.
quinguefasciatus may be collected over-
wintering.

StaTisticaL MeTHODs. Life iable cal-
culation procedures, formulae and ra-
tionale used in the present study essen-
tially followed Reisen et al. (1979) and
may be summarized as follows:

1. Age-specific survivorship, 1x=y,/y,
where yy=number of males or females
alive during each day, x.

2. Age-specific life expectancy, e, =

w
T,/1,, where T, = 3 L, and L,=(1, +
X

14+1)/2; e; = life expectancy at emergence
in days and w = the day the last individual
died.

3. The form of the survivorship curve
was ascertained by fitting a curvilinear
regression of the form log,lyx=loga
—xlogyb and then testing the significance
of the regression coefficient, log,b, by
analysis of variance (Sokal and Rohlf
1969). A significant f ratio would indicate
constant daily survivorship; i.e. Deevey’s
(1947) Type II curve. Significant devia-
tions from regression would imply either
a Deevey’s (1947) Type I or III curve
depending on the point of inflection. The
daily survivorship rate could then be es-
timated by back-transforming the fitted
regression coefficient.

4. The net reproductive rate per
cohort, or the number of living females
produced per female per generation, R,

w
= a 21 l,m,, where a = the proportion
x=

of females that survive from egg through
adult emergence and my = E,s with Ex =
the number of larvae (i.e. hatching eggs)
produced per female per age interval and
s = the proportion of the offspring that
were females. We assumed a to be con-
stant and equal to 0.5; theoretical R,
values were estimated by setting a = 1.00.
Laboratory rearing experiments with the
progeny of wild-caught females from
Peshawar have resulted in estimates of a
= 0.512 (Suleman unpublished) agreeing
with the laboratory results of Gomez et al.
(1977), a = 0.526, and Hayes and Hsi
(1975) under semi-natural field condi-
tions at similar temperatures. The
number of eggs laid was counted for age
intervals x = 1 to w, but the number of
hatched and unhatched eggs was counted
from x = 35 to w. The total hatch rate for
rafts from x = 35 to 50 was used to esti-
mate the number of larvae eclosing on x
= 1 to 35 by multiplying the hatch rate
times the number of eggs. Since there was
no significant change in the hatch rate
from x = 35 to w, this method was
presumed to yield appropriate estimates
of E,. The sex ratio at emergence was
0.492 males/total; not significantly differ-
ent from s = 0.5 (P>0.05) which was used
as a constant.

5. Age of mean cohort reproduction,

w
T, = a Ellxmxx/R0 starting at x = 1,
x=

the day of adult emergence.

6. The innate rate of increase, ry, was
calculated using the Dobzhansky et al.
(1964) modification of the original
Euler-Lotka equation solved by the
Newton-Raphson iteration method,

w
where 1 = a El Iymye ™ m*+ P, e = the
x=
base of natural logarithms, and D = the
length of time from oviposition in the
present generation to first oviposition in
the F, generation. In 1 estimate a = 0.5
and D = 23 days; considering the dura-
tion of the immature stages to be 13 days
(Suleman unpubl., Hayes and Hsi 1975)
and the duration of the nulliparous pe-
riod to be 10 days (Fig. 1). For compari-



758

MosqQuiTo NEWS

Vor. 39, No. 4

son a theoretical r, was also calculated
with a = 1.0 and D = 0.0.

7. Mean generation time was then cal-
culated as G = (1nRg)/ry,.

8. With the requisites of life constantly
available, the value of r,, presumably ap-
proached its maximum expression and
was relatively constant. Thus, the birth
rate was estimated from the stable age
distribution, where b = In(1+8) and 1/8

w
= 2 Lx e—:'n(x+l)'
x=1

9. The death rate d = b — 1y,

For each life table statistic, the mean
and 95% confidence intervals were cal-
culated for the 3 replicate values. Age-
specific changes in fecundity and egg
hatch were analyzed using replicated
model II, regression analyses of variance
with the experimental units being the
mean number of eggs oviposited/egg raft
during each 5 day interval and the total
hatch rate of all eggs oviposited during
each 5 day interval, respectively.

RESULTS AND DISCUSSION

The mean female life expectancy at
emergence was significantly longer than
that of the males (Table 1, Fig. 1). Male
and female life expectancies in the

present study were longer than those re-
ported by Walter and Hacker (1974), but
were not statistically different from those
reported by Gomez et al. (1977) (P>0.05).
Estimates reported by Wattal et al. (1961,
e; 9 = 20.16 and €,83 = 14.8) and
Reddy (1976, e, males + females = 11.84
days) were considerably shorter. In-
creased life expectancy in the present
study was attributed, in part, to slightly
lower temperatures and higher
humidities.

The linear regression of log,, 1xon xin
days provided a highly significant fit for
each of the 3 replicates (P<0.001)
suggesting that the mortality rate was
constant with age. In addition, the coeffi-
cients of determination, r%, for the 3
cohorts were also high indicating a good
fit of the data (females = 0.706, 0.839,
0.740; males = 0.820, 0.743, 0.714). The
survivorship curve for Cx. quinquefasciatus
was thus considered to be a typical Deevey
(1947) Type 1I curve (Fig. 1) and not a
Type III curve as concluded by Gomez et
al. (1977). The backtransformed regres-
sion coefficients provided estimates of the
daily survivorship rate which were signifi-
cantly higher for females than males (s
2 = 0.977+0.012) s&3 0.916+0.002.
Survivorship estimates obtained in nature
using mark-release-recapture methods

Table 1. Summary of life table attributes of 5 strains of Cx. quinquefasciatus; X + 95% confidence
interval presented.

STRAINS

Pakistan Thailand USA Venezuela

Peshawar Bangkok! Vero Beach?! Houston' Caracas?
Temp (°C) 19.9-25.6 25-28 25-28 25-28 25+ 1
RH (%) 78-92 75-80 75-80 75-80 73.5= 10
€293 74.13 = 25.46 35.14 = 5.09 45.20+5.95 40.36x7.45 48.06 +9.74
e 333 30.04+11.16 16.40 +7.46 23.64+4.14 24.22+2.86 30.60 = 4.65
Ry 58.57 + 25.82 8.12+3.64 24.29+593 37.73+22.00 80.68 =24.2
'm® .081 =020 .174 = .086 290+ .114 .293 = .086 .154+.016
G¢ 50.48 +6.97 32.04 26.78 28.52 57.02

! Recalculated from data presented by Walter and Hacker (1974).
2 Recalculated from data presented by Gomez, et al. (1977).

3 Mean life expectancy at emergence in days.

4 Net reproductive rate; living females per female per generation, a = 0.5.
5 Innate rate of increase, living females per female, as calculated by the authors.
¢ Generation time in days, calculated from the original data.
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were significantly lower (Macdonald et al.
1968, s? ? = 0.90; Lindquist et al. 1967, s
29 = 0.83, Yasuno and Rajagopalan
1977,s 33, Oct. = 0.73, Jan. = 0.63, and
Mar. = 0.84) and may give some indica-
tion of the impact of environmental re-
sistance.

A mean * 95% confidence interval of
27,695+8,5672.0 eggs were oviposited by
each cohort, of which 22,220.3+11,441.9
hatched. Fecundity (eggs/raft) was ob-
served to decrease significantly as a func-
tion of female age, when tested by a rep-
licated analysis of variance (Fig. 2). The

mean square due to linear regression was
highly significant (P<<0.001) and the coef-
ficient of determination of the fitted
function was high, r?=0.892, indicating
the relationship was linear. Similar results
were presented for 3 strains of Cx. quin-
quefasciatus by Walter and Hacker (1974).
When tested by a similar regression
analysis, egg hatch was found to be con-
stant with female age for x = 35 to w and
therefore, fertility (hatched eggs/raft) also
declined in a linear fashion with female
age relatively parallel with fecundity (Fig.
2). The overall egg hatch in the present
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Fig. 1. Age specific survivorship for females and males (1) and reproductive effort (my)
plotted as a function of adult age at 5 day intervals. my values were the mean number of hatching
eggs per surviving female per day averaged at 5 day intervals. Mean daily temperature and
relative humidity were tabulated for 15 day intervals.
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experiment was 79.6+18.1%, slightly
lower than observed for eggs from wild-
caught females by de Meillon et al. (1967),
but approaching the 82.08% reported for
the progeny of laboratory adapted
females by Gomesz et al. (1977). Slight in-
creases in the percent egg hatch would be
expected as the colony became more
adapted to mating under insectary condi-
tions. )

Reproductive effort, as indicated by
mean my values, continued throughout
the lifespan of the female, with egg rafts
oviposited from intervals x = 8 to 128
(Fig. 1). my, showed periods of marked
increase followed by decreases in repro-
ductive activity. Since blood meal hosts
and oviposition substrates were offered
continuously, the reasons for these oscil-
lations remain cryptic. Similar changes in
reproductive effort were depicted by
Gomez et al. (1977); however, they of-
fered blood meals at 4-day intervals and

recorded ovipositions every 2nd day,
which apparently synchronized the re-
productive efforts of their cohorts, and
correspondingly their m, values were
ca.l0x the estimates presented in Fig. 1.
This synchronization did not appear to
alter the net reproductive rate which,
when recalculated from their data, was
statistically equal to R, in the present
study. The R, estimates recalculated from
the data of Walter and Hacker (1974)
were considerably lower. When pre-
reproductive age mortality was negated,
i.e.a = 1.0, R, = 117.15+51.64 females
per female for the Peshawar strain.

The intrinsic rate of increase when a =
0.5 and D = 23.0 days was ry

-0.081+0.020. The theoretical value when

all offspring survive and reproduce in-
stantly,i.e.a = 1.0and D = 0.0, wasr, =
0.2362-0.108. Walter and Hacker (1974)
calculated r,, using a = 1.0 and D = 9
days and their estimates for the 2 North
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Fig. 2. The mean number of eggs per raft per cohort for each 5 day interval (y) plotted as a
function of female age in days (x). Included is the fitted regression expression for replicate values

of y and the coefficient of determination, r2.
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American strains were statistically equal
to our theoretical values (Table 1). Gomez
et al. (1977), using the formulae of Birch
(1948) which does not include a or D,
reported estimates of r™ for the Caracas
strain which were significantly less than
our theoretical estimate.

The age of mean cohort reproductive
effort was T, = 39.64+7.12 days; very
similar to the 44.67+5.43 days reported
by Gomez et al. (1977). The exact esti-
mate of generation time was G =
50.48+6.97 days, again similar to the es-
timate of Gomez et al. (1977) when recal-
culated from their original data, but was
considerably greater than the values
presented by Walter and Hacker (1974)
(Table 1). The theoretical estimate, i.e.
when a = 1.0 and D = 0.0, was G =
20.49+7.14 days, considerably less than
T,. The instantaneous birth and death
rates calculated from the stable age distri-
bution were b = 0.484+0.168 and d =
0.403+0.272. The rn/b ratio was
0.170+0.058, lower than the estimate of
Gomez et al. (1977), and supporting the
supposition of Rabinovich (1974) that Cx.
quinquefasciatus is an r strategist, but
theoretically a poor colonizing species.

In conclusion, Cx. quinquefasciatus
seemed able to overwinter at the Univer-
sity of Peshawar in a gonoactive state with
females emerging during late autumn,
persisting through the cold winter
months and into early spring. Overwin-
tering strategies of this nature coupled
with a high degree of human and bird
feeding, e.g. Reisen and Boreham (1979),
seemed to indicate that this species could
provide an overwintering mechanism for
West Nile Virus in the Peshawar area.
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Quebec, Canada G9A 5H7

ABSTRACT. Preliminary tests have been
conducted in northern and southern Quebec
on the use of temephos for the control of the
larvae of Simulium venustum Say, the main man
biter in those regions. The larvae are usually
concentrated in the first 30 m of streams below
lake outlets and control has to be done when

the water temperature is around 8°C or 10°C

INTRODUCTION

The recent development of northern
Quebec has raised a problem to which
urban populations of the south had not
yet been exposed: biting flies, and espe-
cially black flies. Operational control of
black flies being considered desirable for
workers and their families, a study pro-
gram was set up in 1976 for the village of
Radisson to find: 1) where and when
black fly larvae were breeding, 2) by
which means breeding sites of biting spe-
cies could be controlled, in a 10 to 15
kilometers radius around. The survey

Our tests at 0.3, 1 and 3 ppm for 20 min with
the emulsifiable concentrate of temephos in
ground application show that efficiency of the
larvicide immediately below site of application
could be closely related to water temperature.
At 8°C to 10°C percentage of larvae detaching
from artificial substrates was lower than 20%.

done in 1976 gave the answer to the first
question. It turned out, as expected, that
Stmulium venustum Say was the main pest.
Mature larvae were to be found by the
end of May, when the water temperature
had reached 8°C. The main breeding sites
were medium to large streams, and high
densities of larvae were usually restricted
to the first 30 meters below lake outlets
and beaver dams, as was already observed
in southern Quebec (Back and Harper
1979). The next step was taken in 1977,
when we tried to control typical breeding
sites with a larvicide.



