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Effects of temperature on life history

There was a significant difference in the duration from

second instar to adult emergence among strains (F2, 38 =

98.96, P < 0.0001) and across temperatures (F2, 38 =

172.47, P < 0.0001) (Table 1). There was a significant

strain by temperature interaction effect (F2, 53 = 8.60, P <

0.001), indicating that some strains were affected by tem-

perature more than others. KOTTA had the longest devel-

opment time. A Tukey Honestly Significant Difference

(HSD) comparison test of all mean development periods

indicated significant differences between KOTTA and the

other two strains. There was no difference in mean devel-

opment time between S-LAB and TEMIX (F2, 25 = 0.28, P

= 0.60).

There was a significant difference in the adult survivor-

ship among strains (F2, 39 = 49.06, P < 0.0001) and across

temperatures (F2, 39 = 56.60, P < 0.0001). Development at

37°C resulted in high mortality with only 49%, 21% and

17% of adults emerging in KOTTA, S-LAB and TEMIX,

respectively (Table 1). There was a significant interaction

between strain and temperature (F4, 39 = 10.35, P <

0.0001). TEMIX had the lowest survivals at all tempera-

tures. Survival in S-LAB decreased with increase in tem-

perature. However, KOTTA displayed significantly

higher percentage emergence at 25°C and 30°C, with the

highest survival recorded at 30°C and the lowest at 37°C.

There were significant weight differences among the

three strains (F2, 873 = 384.73, P < 0.010) and across tem-

perature treatments (F2, 873 = 143.62, P < 0.010), with

KOTTA being the lightest. A comparison of the labora-

tory strains S-LAB and TEMIX revealed a difference in

weight at all three developmental temperatures in both

males and females. TEMIX was the heavier of the two at

25°C in both males (F1, 102 = 5.88, P = 0.017) and females

(F1, 83 = 5.28, P = 0.024). However, at 30°C and 37°C

S-LAB was significantly heavier than TEMIX in both

sexes (P < 0.001 in each case) (Table 1). KOTTA was

significantly heavier at 30°C in both sexes than at the

other two temperatures.

General linear modelling (GLM) was used to compare

wing sizes of the three strains. There was a significant

strain, sex and temperature effect on wing size (strain:

F2, 658 = 124.43, P < 0.001; sex: F1, 658 = 1081.51, P <

0.001; temperature: F2, 658 = 247.25, P < 0.001). There

were significant temperature effects (P < 0.001) on all

traits in all strains. The wing trait size of both females and

males decreased as temperature increased.

Fluctuating asymmetry analysis

Tables 2 and 3 show the FA1 and FA10 values for wing

characters measured in female and male mosquitoes,

respectively. Measurable amounts of FA were detected in

the various characters measured. FA was highest for wing

area varying mostly between 2% and 3%. For the other

three characters, FA rarely exceeded 1%, although mean

values exceeded 1% for wing length and D8 in S-LAB

and TEMIX females. For all characters analysed, non-

directional variance was significantly greater than meas-

urement error and none of the character distributions were

skewed with a mean deviating significantly from zero, in

other words displayed directional asymmetry. The char-

acter WA was not included in the FA analysis because the

measurement error was high. None of the wing character

407

Fig. 1. Mortality response (probit transformed) of one field

strain (KOTTA) and two laboratory strains (S-LAB and

TEMIX) of Culex pipiens mosquitoes to varying doses (log.

transformed) of the organophosphate insecticide temephos.

0.442 ± 0.05900.517 ± 0.017820.83 ± 11.4212.67 ± 0.16710.83 ± 0.167S-LAB

0.241 ± 0.02570.317 ± 0.015416.67 ± 4.0414.22 ± 0.36112.75 ± 0.495TEMIX

0.201 ± 0.00510.342 ± 0.014548.67 ± 5.4116.23 ± 0.42214.52 ± 0.337KOTTA

37°C

0.529 ± 0.03960.692 ± 0.021952.50 ± 3.1616.50 ± 0.204 14.62 ± 0.315S-LAB

0.398 ± 0.01020.559 ± 0.004350.56 ± 5.5414.55 ± 0.65313.66 ± 0.757TEMIX

0.236 ± 0.01180.464 ± 0.029894.45 ± 2.6818.33 ± 0.19116.40 ± 0.200KOTTA

30°C

0.447 ± 0.00980.577 ± 0.009390.00 ± 3.3320.06 ± 0.16017.63 ± 0.130S-LAB

0.476 ± 0.01020.620 ± 0.017048.33 ± 3.5219.34 ± 0.64416.63 ± 0.687TEMIX

0.298 ± 0.02090.386 ± 0.011783.83 ± 4.0021.72 ± 0.27719.97 ± 0.226KOTTA

25°C

MaleFemaleAdult emergencePupation

Dry adult weight (mg)Egg to adult survival (%)Number of days to

TABLE 1. Mean ± SE of life history parameters for field (KOTTA) and laboratory (TEMIX and S-LAB) strains of Culex pipiens

mosquitoes reared at three temperatures.



distributions displayed significant kurtosis, which would

have provided evidence for anti-symmetry (Palmer,

1994). The level of FA10 observed at a given temperature

for each strain paralleled the equivalent FA1 value. FA1

values are statistically analysed below. The level of sig-

nificance of the difference between any pair of FA10

values in Tables 2 and 3 can be determined using the

Fmax-test for homogeneity of variances.

ANOVAs were used to analyse all variables (sex, strain

and temperature). Females were generally more asym-

metric (FA1) than males for WL (F1, 688 = 15.29, P <

0.0001) and D6 (F1, 688 = 4.65, P = 0.031), but not D8

(F1, 688 = 0.53, P = 0.468). There was a highly significant

strain effect on all three traits (P < 0.001 in each case)

with the laboratory strains showing higher FA10 than the

field strain (Fig. 2). Females differed among strains in FA

for all three morphometric wing traits (P < 0.001 in each

case) and again the laboratory strains had higher FA than

the field strain. In males, WL (F2, 315 = 2.96, P = 0.05) and

D8 (F2, 315 =3.81, P = 0.02) FA varied significantly among

strains, whereas D6 FA did not (F2, 315 = 3.81, P = 0.912).

For the combined data set there was some evidence that

temperature had an effect on female WL FA (F2, 361 = 3.2,

P = 0.04) and male D8 FA (F2, 315 = 2.81, P = 0.06).

S-LAB and TEMIX both responded to temperature stress

with higher temperatures resulting in higher WL FA10

(Fig. 2). Figure 2 shows that at any given temperature,

WL FA of the field strain KOTTA was lower than that of

the laboratory strains (S-LAB and TEMIX ) in both sexes

(Fig. 2). WL FA in male S-LAB increased with

increasing temperature, however the differences were not

significant (Fmax 2, 72 = 2.09, P = 0.131).

DISCUSSION

Temperature is an important environmental variable

that influences many developmental processes in organ-

isms. For ectotherms, which rely primarily on external

sources of heat, ambient temperature is crucial for sur-

vival (Atkinson, 1994; Sibly & Atkinson, 1994; Atkinson

& Sibly, 1997). Our experimental results with Culex mos-

408

Fig. 2. Wing length FA10 values of a) females and b) males

from one field strain (P, KOTTA) and two laboratory strains (

X, S-LAB and C, TEMIX) of Culex pipiens mosquitoes after

development at three different temperatures.

0.000360.02161310.000360.02472410.00076  0.00338731WATEMIX

0.000070.00882310.000060.00967410.000060.0106531D8TEMIX

0.000050.00828310.000030.00837410.000040.0082831D6TEMIX

0.000180.01398310.000100.01081410.000120.0149531WLTEMIX

0.001070.04500300.000990.03700400.000390.0269039WASLAB

0.000110.01130300.000070.01000400.00010.0131039D8SLAB

0.000250.01250300.000110.01200400.000050.0090039D6SLAB

0.000250.01880300.000100.01230400.000130.0144039WLSLAB

0.000230.01921630.000310.02053500.000400.0252951WAKOTTA

0.000030.00656630.000020.00687500.000040.0074551D8KOTTA

0.000030.00709630.000040.00840500.000030.0067351D6KOTTA

0.000090.01074630.000080.01033500.000070.0094151WLKOTTA

FA10FA1nFA10FA1nFA10FA1nTraitStrain

37°C 30°C25°C

TABLE 2. FA1 and FA10 in wings of females of field (KOTTA) and laboratory (S-LAB and TEMIX) strains of Culex pipiens

complex mosquitoes exposed to varying developmental temperatures. WL = wing length, WA = wing area, D6 and D8 are linear

measurements within the wing (see text for details).
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