
2. A significant relationship exists between adult 

female An. dims size and blood meal size. Larger, longer 

lived females take larger blood meals. 

3. Adult size has an impact on the malaria 

susceptibility of An. dims in the laboratory; larger 

mosquitoes have greater susceptibility to infection with 

cultured P. falciparum parasites. 

4. My laboratory and field data both indicate that 

there is a significant relationship between the size and 

the survivorship of female An. dims; larger female live 

longer. This relationship was stronger in laboratory 

populations than among field populations. 
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APPENDIX A 

BITING ACTIVITY OF ANOPHELES MOSQUITOES IN 

SRI-PHRAYA VILLAGE 

Table 37 is a summary of sunset to midnight catches 

of outdoor biting, indoor biting and indoor resting 

Anopheles. Eleven species of Anopheles were caught in this 

village. Anopheles dims, barbirostris, tessellatus and 

vagus all tend to feed outdoors while the An. hyrcanus 

group was more commonly caught indoors. Houses in Sri- 

Phraya Village and most other rural area are constructed 

with incomplete walls and are on pillars so there is an 

open space (often used for cooking and parking vehicles) 

beneath the living quarters. The upstairs area without 

walls is normally surrounded by a railed balcony. 

Mosquitoes can enter and exit these houses freely. Thus, 

there was not a great deal of difference between indoor and 

outdoor catches. 

The outdoor biting cycle from sunset to sunrise is 

illustrated in Table 38 and Fig 23. Biting activity of An. 

dirus continued throughout the night, but the highest 

densities were observed between 2400 and 0200 hr. 

Anopheles barbirostris and campestris exhibited a similar 

pattern. Peak biting for the An. hyrcanus group occurred 

early in the evening between 1800 and 2200 hr and after 

midnight between 2400 and 0200 hr. Anopheles tessellatus 
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and vagus exhibited a similar pattern throughout the night 

(Table 38 and Fig. 23) . In the summer, villagers often 

gather beneath the house or on the balcony, stay up late, 

and often sleep in these covered but open areas as well. 

In the dry season, they prefer to gather outdoors around 

fires to keep warmth. This outdoor activity increases the 

risk of being bitten by An. hyrcanus group, tessellatus and 

vagus in early evening. Anopheles dirus, barbirostris and 

campestris are more likely to bite humans when they stay up 

late or sleep in open areas. 
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Table 37. Biting/resting collections from 1800-2400 hr on 
6 nights each month from Oct. 1986 through Mar. 1988. 

Mosquitoes Outdoor 
Biting 

Indoor 
Biting 

Indoor 
Resting 

Total 

An .aconitus 1 1 0 2 

An .annularis 2 0 2 4 

An.barbirostris 321 163 187 671 

An.campestris 10 6 7 23 

An.dirus 277 171 198 646 

An.hyrcanus group 293 272 303 868 

An.karwari 4 0 3 7 
An.philipppinensis 1 0 1 2 
An.tessellatus 166 107 96 396 
An.umbrosus 1 0 0 1 
An.vagus 41 23 29 93 

Total 1117 743 826 2686 

Table 38. All night outdoor biting collection for 4 nights 
each month from Jan. 1987 through Mar. 1988. 

Species 18 19 20 
Collection Time 

21 22 23 24 01 02 03 04 05 Total 

annularis 1 1 
barbirostris 9 17 20 29 34 21 66 61 39 19 8 1 324 
campestris 2 2 1 5 8 2 1 21 
dirus 12 11 18 30 57 44 104 117 80 46 17 536 
hyrcanus group 15 18 14 15 6 6 11 16 2 4 8 115 
karwari 1 1 
philippinensis 1 1 
tessellatus 13 23 16 16 12 10 15 10 10 14 4 143 
vagus 3 8 4 3 5 1 2 4 5 1 1 37 

Total 53 77 74 93 117 83 203 216 138 86 38 1 1179 
**— “ —“ ”■ ■” •“ = = = = = = r= —~ = = = = = == = = == = = = II II ll li ll ia 
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Figure 23. < Outdoor diel biting activity of An. dims, 
narbir°strisr campestris, hyrcanus group, tessellatus 
and vagus collected in Sri-Phraya Village. 
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APPENDIX B 

EFFECT OF NOTONECTIDAE (HEMIPTERA) ON 

ANOPHELES DIRUS 

Based on field observations, predation by 

Notonectidae seemed to significantly regulate larvae 

populations. Preliminary laboratory experiments were 

carried out to test whether Notonectidae are potentially 

efficient predators of An. dirus larvae and pupae. 

Different sized notonectids collected from the field were 

transferred separately to round plastic bowls, filled with 

1.5 liters of water. Different numbers and stages of An. 

dirus were added to the bowls with notonectids and small 

amount of fish food were added daily for the larvae. 

Results (Table 39) indicate that the potential mortality 

effect of large notonectids on different An. dims stages 

is high, especially on 1st instar larvae and pupae. It is 

possible that notonectids consume more 1st instars because 

they are smaller (i.e. less food value) or easier to 

capture. Pupae are the easiest stage for Notonectidae to 

capture and mortality was highest for this stage. 

At my study site, Notonectidae live in fresh rain 

pools, clean streams and gem pits where An. dirus larvae 

also predominate. These "backswimmers" are general 

predators and tend to attack their prey at the water 

surface where An. dirus larvae also feed and spend most of 
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their time. Notonectids might be usefully introduced to 

control malaria vectors in a biological control program and 

further evaluations under field conditions should be 

undertaken. 

Table 39. Anopheles dirus larvae and pupae consumed by 
Notonectidae in laboratory tests. 

An. dirus 
Stage 

Notonectidae 
Size (mm in length) 

No. Eaten per Day per 
Predator 

1st Instar 1 mm 0.38 
8-9 mm 18.25 

2nd instar 3-4 mm 3.84 

3rd Instar 1 mm 0.60 
5 mm 4.05 

9-10 mm 6.25 

4th Instar 1 mm 0.16 
5 mm 3.23 
9 mm 12.00 

Pupae 1 mm 0.26 
5 mm 1.70 

9-10 mm 25.00 

159 



APPENDIX C 

WATER TEMPERATURES FROM GEM PITS 

Table 40. Average maximum and minimum water temperatures 
from gem pits during hottest and coolest months. Pits 
which were dried up either month are excluded from this 
table. 

Pit May 
Maximum 

1987 
-Minimum 

December 1987 
Maximum-Minimum 

A 35.56 27.33 25.89 24.22 
C 29.50 26.25 26.33 24.33 
D 37.00 26.89 28.11 21.89 
E 36.89 26.33 25.00 21.56 
F 40.78 27.00 24.00 22.00 
G 39.33 27.22 24.78 21.78 
H 39.67 26.44 25.00 20.33 
I 34.67 26.89 34.78 20.78 
J 33.00 27.33 23.44 21.11 
K 32.33 26.89 24.00 20.89 
1 29.44 26.72 23.33 21.89 
N 35.86 27.00 25.78 23.89 
0 30.38 28.50 27.78 24.78 
Q 30.00 27.33 26.33 22.22 
T 33.22 26.22 25.44 23.78 
U 31.78 26.56 35.00 21.56 
V 30.11 26.67 35.11 21.78 
X 36.88 26.00 26.56 23.89 
Y 32.00 26.56 27.44 23.11 
A' 36.00 26.78 28.56 23.00 
B' 39.89 27.00 25.11 20.44 
C' 29.44 25.89 31.22 20.44 
D' 31.25 26.63 38.00 21.33 
E' 31.33 26.67 25.22 20.67 
F' 32.89 26.56 25.67 21.22 
G' 36.33 27.00 29.50 23.50 
H' 35.78 26.00 30.44 22.72 
I' 35.89 26.56 25.33 23.56 
J' 32.89 26.67 26.00 22.50 
M' 32.67 27.00 24.78 22.11 N' 38.33 26.33 25.44 21.78 

Total 34.23 26.75 27.40 22.23 
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APPENDIX D 

RELATIONSHIP BETWEEN LARVAL DENSITY AND 

PROTEIN ACCUMULATION 

Larvae were reared at 2 different densities (100 and 

400/pan) to produce 2 different size classes of adults. 

The feeding schedule is described in Chap. 7. The protein 

content of the food was 77.52 + 2.97 ug/mg (mean + SE) . 

The accumulation of protein during larval development is 

shown in Fig. 24. Data are averages for 3 treatments. 

Larval development is divided into 4 distinct instars. 

Larvae in low density pans (100/pan) reached the 4th instar 

after 8 days and started to pupate after 10 days. High 

density larvae (400/pan) reached the 4th instar after 10 

days and started to pupate after 12 days. Protein 

accumulation was faster and greater among low density 

larvae. Hence, the longer survival among larger adults 

(Chap. 7) is related to protein accumulation during 

immature life. 

Larvae in low density pans consumed almost all the 

food in the water before they reached the pupal stage while 

a substantial amount of protein remained in the crowded 

pans when larvae pupated (Fig. 25). It appears that the 

smaller adult size associated with larval development in 

crowded pans was caused by space stress affecting feeding 

efficiency rather than a shortage of food per se. 
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