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Abstract

A place for the mosquito, Anopheles sinensis, to mate has to be made available by the swarming of males. Under 1 lux light
after dawn in the laboratory, 70%-80% of males swarmed by circling around a marker in a zigzag path. Meanwhile, females waited
outside the circle and showed wing vibration. A marker helped males gather, and its shape influenced the swarming structure and
flight direction. Swarming mainly occurred during the 1st h of the dark period (18:00-19:00). After 1 h of darkness (19:00-20:00), the
numbers of swarming males greatly decreased; only 30% of males continued swarming. During swarming, females were attracted
to join and were caught by males for mating. We observed 70% of females mating wihtin 1 h after the onset of swarming and
mating usually lasted for 2-8 sec with an average of 3.3 sec. Dim light (1 lux) from the side helped insemination of females more
than light from above. As to the effect of the color of light which decreased the rate, the other colors made no significant
difference. Different photoperiods [Light (L.): Darkness (D)] also influenced the tendency of female mating. When L:D=12:12 and
L:D=8:16, the insemination rates of females surpassed 80%. The insemination rate rose as the sex ratio of males to females
increased. When 2:8=1:5, the insemination rate reached 98.3%. As for the effect of temperature in the normal range, insemination
rates increased as the tmeperature went up with a peak of 95% at 30°C .
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Table 1. Effects of different markers on the swarming behavior of An.sinensis

Shape of marker

Event [ ] A ] o No marker
Swarming path Round Loosely formed Round Loosely formed Loosely formed
Individual flight track Hovering Zigzagging Hovering Hovering and Hovering and
zigzagging zigzagging
Number of swarming
males above 12-15 7-10 10-15 3-20 8-20
marker
When moving the Swarm follows  Swarm follows  Swarm follows Swarm follows -
marker marker marker marker marker
Duration time
between break up
and reformation of 8.710.6s 19.7+2.1s 9.7£15s 12.3£3.1s -

swarming

— : not observed.
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Fig.1. Daily pattern of swarming activity of An. sinensis under insectary conditions.
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Table 2. Wing length of An. sinensis at different times after swarming**

Time after swarming ( min )

No. males tested

Wing length ( mm )

0
30
60
90

30 3.46+0.28 c*
30 3.581+0.21 be
30 3.631+0.20 ab
30 3.72+0.23 a

*The same letter within a column indicates no significant difference at 5% level by LSD

test ( F=6.67; p=0.0003) .

**Tested in the 35X 35X 35 cm® cage » with nocturnal light of 1 lux.
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Fig.2. Mating activity of An. sinensis during swarming period.
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Table 3. Insemination rates of An. sinensis exposed to light from different directions

Light direction

Insemination rate ( % )

(mean+SE )
2nd day 3rd day 4th day 5th day 6th day
Side 20.0£5.0 43.3+2.9 61.7+2.9 70.0£5.0 83.3£2.9
Top 36.412.9 43.3+2.9 50.0+0 60.0£5.0 73.3+2.9
F value 26 0 7.00 6 18
Pr>F 0.0075* 1.0000 0.0572 0.0705 0.0132*

* : significant at 5% level.
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Table 4. Insemination rates of An. sinensis exposed to light of different colors

Color of light source

Insemination rate ( % )

( mean+SE)
2nd day 3rd day 4th day 5th day 6th day
Tungsten 20.0+ 5.0 ¢ 43.3+29 b 617+ 29 ab  70.0+ 29 a 83.3£29 a
Green 26.7£15.3 ¢ 55.0+8.7 a 65.0+10.0 ab 71.7£104 a 81.7+29 a
Blue 250+ 5.0 ¢ 33.3+£29 ¢ 35.0£0 ¢ 383+ 290 50.0+5.0 b
Yellow 40.0+ 5.0 ab 46.7+29 ab 68.3+£29 a 717+ 58 a 81.7£2.9 a
Red 433+ 29 a 55.0+5.0 a 55.0£0 b 65.0+ 5.0 a 78.3+2.9 a
F value 4.84 9.83 15.80 15.21 35.75
Pr>F 0.0197* 0.0017** 0.0003** 0.0003** 0.0001**
1) The same letter within a column indicates no significant difference at 5% level by LSD test.
*: gignificant (p < 0.05)
** . significant (p < 0.01)
FE  PEEREIAEREYCER T2 EE
Table 5. Insemination rates of An. sinensis with different photoperiods
Photoperiod Insemination rate ( % )
( Mean+SE )
2nd day 3rd day 4th day 5th day 6th day
L:D=22:2" 11.7+2.9 ¢’ 133+ 29d 15.010 d 15.0+0 d 15.0+0 c
L:D=16:8 18.3+2.9 be 35.0£13.2 be 383% 7.6 ¢ 43.3112.6 ¢ 50.0%0 b
L:D=12:12 20.0+29 b 43.3+29 b 61:7+ 29 b 700+ 50 b 83.3+29 a
L:D=8:16 53.3+£29 a 783104 a 83.3£104 a 85.0f 5.0 a 88.3+£29 a
L:D=2:22 21.7+29 b 26.7£29 cd 31.7£ 29 ¢ 40.0£ 5.0 ¢ 46.7+29 b
F value 47.75 29.09 46.04 48.09 269.58
Pr>F 0.0001* 0.0001* 0.0001* 0.0001* 0.0001*

1) The same letter within a column indicates no significant difference at 5% level by LSD test.

2) L: light; D: dark.
*: significant (p < 0.01) .
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Table 6. Insemination rates of An. sinensis for different sex ratios

Sex ratio Insemination rate ( % )
( Female : Male ) ( mean+SE)
2nd day 3rd day 4th day 5th day 6th day
20:1 0 0 d” o0+0 e 0+0 e 0+0 e 040 e
10:1 117429 ¢ 117429 d 15.0+0 d 1500 d 1500 d
5:1 133+29 ¢ 21.7+29 c 35.0+5.0 ¢ 45.0+5.0 ¢ 483+£29 ¢
1:1 20050 b 433+29 b 61.7+29 b 70.0+£5.0 b 83.3+2.9 b
1:5 86.7+£29 a 883+29 a 93.3+29 a 96.7+29 a 98.3+29 a
F value 356.8 544.62 227.41 399.41 1075.50
Pr>F 0.0001* 0.0001* 0.0001* 0.0001* 0.0001*
1) The same letter within a column indicates no significant difference at 5% level by LSD test.
*: significant (p < 0.01).
Rt PEFIUBNERRRES SEE
Table 7. Insemination rates of An. sinensis in different temperatures ( °C )
Temperature ( °C) Insemination rate ( % )
: ( mean+SE )
2nd day 3rd day 4th day 5th day 6th day
15 50£50 ¢ 11.74£29 d 183+29 e 21.7£29 e 31.7+£29 e
20 1000 ¢ 16.7£29 d 28.3+2.9 d 417+29 d 48.3+29 d
25 200£5.0 b 483£29 d 40.0+5.0 ¢ 50.0£5.0 ¢ 65.0+5.0 ¢
27 20.0+50 b 43.3+29 b 61.7£29 b 70.0+5.0 b 833129 b
30 43.3£29 a 78.3+29 a 93.3£29 a 93.3+29 a 95.0+£0 a
F value 5.70 9.70 29.00 25.60 75.27
Pr>F 0.0118* 0.0018** 0.0001** 0.0001** 0.0001**

1) The same letter within a column indicates no significant difference at 5% level by LSD test.

*: significant (p < 0.05) .
** : significant (p < 0.01)
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Studies of Mating Behavior of Anopheles sinensis (Diptera:
Culicidae)

Cheng-wen Liu, Chin-chang Yeh* Department of Entomology, National Chung Hsing University
Cheng-hsung Wang Environmental Protection Administration, Executive Yuan

ABSTRACT

A place for the mosquito, Anopheles sinensis, to mate has to be made
available by the swarming of males. Under 1 lux light after dawn in the
laboratory, 70%-80% of males swarmed by circling around a marker in a zigzag
path. Meanwhile, females waited outside the circle and showed wing vibration.
A marker helped males gather, and its shape influenced the swarming structure
and flight direction. Swarming mainly occurred during the 1st h of the dark
period (18:00-19:00). After 1 h of darkness (19:00-20:00), the numbers of
swarming males greatly decreased ; only 30% of males continued swarming.
During swarming, females were attracted to join and were caught by males for
mating. We observed 70% of females mating within 1 h after the onset of
swarming and mating usually lasted for 2-8 sec with an average of 3.3 sec.

Dim light (1 lux) from the side helped insemination of females more than
light from above. As to the effect of the color of light on the insemination rate,
except for blue light which decreased the rate, the other colors made no
significant difference. Different photoperiods [light (L): Darkness (D)] also
influenced the tendency of female mating. When L:D=12:12 and L:D=8:16, the
insemination rates of females surpassed 80%.

The insemination rate rose as the sex ratio of males to females increased.
When 2:8 =20:1, females were hardly inseminated, but when £:38 =1:5, the
insemination rate reached 98.3%. As for the effect of temperature in the normal
range, insemination rates increased as the temperature went up with a peak of
95% at 30 °C.

Key words: swarming, marker, sex ratio, Anopheles sinensis, insemination rate.
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