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EFFECT OF LARVAL DENSITY ON THE DEVELOPMENT 
OF Aedes aegypti (L.) AND THE SIZE OF ADULTS* 

YQSH1TO WADA 
Department of Medical Zoology Quaestiones entomologicae 
Nagasaki University School of Medicine 1:223—249. 1965 

The effect of larval density of Aedes aegypti (L.) on larval development and the size of 
resulting adults was studied in the laboratory. High larval mortality, long larval period, and 
small size of resulting adults were observed, when the larval density was high, as well as when 
the amount of food was small. Although the high larval density is often associated with shortage 
of food, it was demonstrated that even only the high larval density could produce these pheno­
mena, when the amount of food per larva was kept constant. The effect of the density is consid­
ered to be expressed through increased stimulation of larvae by mutual contacts. 

INTRODUCTION 

The effect of population density on the physiology and ecology 
of insects has received much attention by many investigators, as it 
is of basic importance in the study of population dynamics. As for 
mosquitoes, it is known that high larval densities a re associated 
with high larval mortal i ty, prolongation of the larval period, and 
small size of resulting adults with Aedes aegypti (L.) (Bar-Zeev, 1957; 
Shannonand Putnam, 1934), Anopheles gambiae Giles (Gillies and Shute, 
1954), and Anopheles quadrimaculatus Say (Terzian and Stahler, 1949). 
AlsoSpielman (1957) and Krishnamurthy and Laven (1961) reported 
that overcrowding larvae of Culex pipiens L. f. molestus reduces the 
ra te of autogeny among the resulting adults, and Gillies and Shute 
(1954) mentioned the change in maxil lary index of Anopheles gambiae by 
larval overcrowding. 

Although high larval density, or overcrowding, is often 
accompanied by a shortage of food, it seems to be advisable to 
separate the effect of density itself from that of starvation, since 
the two could be quite different p rocesses . Shannon and Putnam 
(1934) seem to have made their experiments by increasing the larval 
density and keeping the food amount per container constant. If so, 
it is very likely that the larvae in high density were affected not only 
by the density itself, but also by the shortage of food. Bar -Zeev 
(1957) used a constant amount of food per larva in his experiments 
to demonstrate the effect of larval density, and said, "When the 
amount of food was not too high, and therefore, no film was formed, 
there was no undue mortal i ty under crowded conditions; however, 
the development of the larvae was greatly delayed". This seems to 
have indicated the effect of density. However, he added "The growth 
rate was normal , provided that the amount of food per larva was 
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adequate, and that the water was renewed so as to prevent the 
development of a film of yeast . It can, therefore, be concluded that 
the inhibitory effect of crowded conditions on larval development is 
due to lack of food". 

Thus it seems that no conclusion has been established for 
the effect of larval density itself in mosquitoes, and therefore, it 
was considered worthwhile to explore this further. 

The effect of density would be investigated in an experiment 
with a constant quantity of food per individual at varying density levels 
(Klomp, 1964). On the other hand, if the quantity of food per con­
tainer is kept constant, the larvae at high density will suffer shortage 
of food part icular ly in the latter par t of development, as well as the 
effect of high density. In order to recognize the effect of food quantity 
free from the effect of density, food quantity would have to be changed 
at the same density level. 

METHOD OF EXPERIMENTS 

The mosquitoes used were Aedes aegypti kept at the Department 
of Entomology, University of Alberta . The eggs, not older than 15 
days from oviposition, were allowed to hatch in water with a small 
quantity of dried yeast (Fleichmann's). The larvae which hatched 
within 12 hours were put into cups with 100 ml water containing 
dried yeast or rabbit pellets (North West Mill and Feed C o . , Ltd.) 
or both. These cups were kept at constant t empera tures , and the 
observations were made a t a certain time every day. At each obser­
vation t ime, distilled water was added to keep a constant volume. 
When pupation occurred, the pupae were put into water in small glass 
vials with cotton plugs after recording their number, and emergence 
was awaited. 

Four experiments were performed. 

Experiment 1- This was pre l iminary in nature . Density range 
was 1 to 64 larvae per cup, food used was yeast with quantity range 
of 1 to 64 units (1 unit= 1. 7 mg) per cup, tempera ture , 25. 7 ±1. 5 C. 

Experiment II- In this experiment, the quantity of food per 
cup was kept constant at various density levels . Density range was 
1 to 128 larvae per cup, food used was 64 units of yeast plus 100 
units of rabbit pellets per cup, tempera ture , 29.8 ±1 .2 C. F rom 
this experiment, the combined effect of food quantity and larval 
density will be seen. 

Experiment III — This experiment was done to see the effect of 
different foods, that i s 64 units yeast, 100 units rabbit pel lets , 64 
units yeast plus 100 units rabbit pel le ts , and 64 units yeast plus 200 
units rabbit pel lets . Density was kept constant at 16 larvae per cup, 
tempera ture , 29.8 ±1 .2 C. 



Wada 225 

Experiment IV— In this experiment, the quantity of yeast per 
larva was kept at 1 and 4 units , density range 1 to 256, tempera ture , 
26.3 ±0 .9 C. Thus the effect of larval density will be seen from the 
data based on ser ies of density levels at constant food quantity per 
larva. Also, by comparing in the same density level, the effect of 
food quantity will be demonstrated. 

RESULTS OBTAINED 

Effect of Larval Density on Larval and Pupal Mortalities 
The larval and pupal mortal i t ies in Experiments I, II, III, 

and IV a re given in Tables 1, 2, 3, and 4, respectively. 
In Experiment I, low larval mortal i ty was observed at the 

density levels of 1 and 4 larvae per cup, when 4 to 64 units of yeast 
were supplied to each cup. With increasing density part icularly when 
the amount of yeast'was small , larval mortal i ty became higher. No 
pupation occurred in the density 16 with 4 units of yeast per cup or 
in the density 64 with 4 or 16 units . No appreciable tendency was 
recognized in pupal mortal i ty . 

TABLE 1 - Mortali t ies of Aedes aegypti larvae and pupae rea red at 
different densities with different amounts of yeast (Ex­
periment I). 

Yeast Total Larval Pupal 
(units)* per No. of no. of mor t . No . of pupae mor t . 

Density cup larva repl . larvae (%) d* 9 Total (%) 

1 4 4 6 6 0 . 0 3 3 6 16.7 
1 16 16 6 6 0 . 0 4 2 6 0 . 0 
1 64 64 6 6 0 . 0 3 3 6 0 . 0 

4 4 1 4 16 18.7 8 5 13 0 . 0 
4 16 4 4 16 18.7 6 7 13 15.4 
4 64 16 4 16 25.0 9 3 12 0 . 0 

16 4 1/4 1 16 100.0 0 0 0 
16 16 1 1 16 43.7 4 5 9 22.2 
16 64 4 1 16 12.5 6 9 15 6 .7 

64 4 1/16 1 64 100.0 0 0 0 _ 
64 16 1/4 1 64 100.0 0 0 0 _ 
64 64 1 1 64 54.7 20 9 29 3 . 4 

* 1 unit = 1. 7 mg 
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Experiment II gave generally high pupation ra te throughout 
the density levels of 1 to 128, indicating that the food used, 64 units 
yeast plus 100 units rabbit pel lets , is suitable for larval survival. 
However, the larval mortal i ty is lower at density 16 than at other 
densi t ies , and this seems to indicate the optimum density for larval 
survival, with this combination of quantity and quality of the food. 

TABLE 2 - Mortali t ies of Aedes aegyptilarvae and pupae r ea red at 
different densities with a constant amount of food per cup 
(Experiment II). 

Total Larval Pupal 
no. of mortal i ty N o . of pupae mortal i ty 

Density Replicates larvae (%) d" ? Total (%) 

1 23 23 13.0 12 8 20 5 . 0 
4 12 48 6 . 2 21 24 45 4 . 4 

16 5 80 1.2 43 36 79 1.3 
64 3 192 3 . 6 100 85 185 1.6 

128 2 256 16.4 126 88 214 0 .9 

Food used: 64 unit yeast plus 100 unit rabbit pellets per cup 
(1 unit = 1 . 7 mg). 

Experiment III, where the density of larvae was 16 per cup, 
shows that larval and pupal mortal i t ies decrease from 64 units yeast 
to 64 units yeast plus 200 units rabbit pel lets . This means that the 
lower food shown in the table is the better food for larval and pupal 
survival. 

TABLE 3 - Mortali t ies of Aedes aegypti larvae and pupae rea red with 
different foods (Experiment III). 

Total Pupal 
no. of mortal i ty No. of pupae mor t . 

Food used* Replicates larvae (%) tf $ Total (%) 

Y64 2 32 12.5 12 16 28 7 . 1 
R100 2 32 9 . 4 15 14 29 3 . 4 
Y64 + R100** 5 80 1.2 43 36 79 1.3 
Y64 + R200 2 32 0 . 0 19 13 32 0 . 0 

Density: 16 larvae per cup. 
*Y: yeast; R: rabbit pellets; accompanied figure: quantity per 

cup in units (1 unit = 1. 7 mg). 
**Data a r e from Table 2. 
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In Experiment IV, two ser ies of the amount of yeast , that is 
1 and 4 units per larva, were used. When the density was 16 or 
l e s s , fairly high pupation was obtained, though the mortal i ty is 
slightly higher with 1 unit yeast per larva than with 4 units . In 
density 64 with 1 unit yeast per larva, that is 64 units per cup, 
larval mortal i ty was more than 50%, and only males pupated. In 
the density of 256 with 1 unit yeast per larva, that is 256 units per 
cup, larval mortal i ty further increased up to 87%, 40% of pupae 
failed to emerge, and very low proportion of females was obtained. 
Very high larval mortal i ty was observed also in the density of 256 
with 4 units of yeast per larva, that is 1024 units per cup. This 
amount of yeast seemed to be too much for 100 ml water, because 
a film was formed on the water surface and high mortal i ty occurred 
in ear l ier ins t a r s , unlike other combinations of density and food 
amount. Thus such a very low pupation ra te as 2. 9% is not due to 
the effect of high larval density, but probably to the film formation 
or other unfavorable conditions of the culture medium. 

TABLE 4 - Mortalit ies of Aedes aegypti larvae and pupae r ea red at 
different densities with 2 ser ies of a constant amount of 
yeast per larva (Experiment IV). 

Density 

Yeast 
(units)* per 
cup larva 

No. of 
repl. 

Total Larval 
no. of mort. 
larvae (%) 

Pupal 
No. of pupae mort. 
o* ? Total (%) 

1 
4 
16 
64 
256 

1 1 
4 1 
16 1 
64 1 

256 1 

32 
13 
5 
2 
2 

32 9.4 
52 20.8 
80 13.7 
128 57.8 
512 86.9 

18 11 29 3.4 
23 19 42 7.1 
44 25 69 1.4 
54 0 54 1.9 
64 3 67 40.3 

1 
4 
16 
64 
256 

4 4 
16 4 
64 4 

256 4 
1024 4 

32 
13 
5 
2 
2 

32 12.5 
52 0.0 
80 13.7 
128 23.4 
512 97.1 

20 8 28 3.6 
27 25 52 0.0 
42 27 69 2.9 
60 38 98 5.1 
8 7 15 0.0 

* 1 unit = 1 . 7 mg 

In short, larval mortal i ty generally increases withincreased 
density and decreased food quantity through the shortage of food and 
the larval density itself. There seems to be an optimum density for 
larval survival, which differs from the minimum density. If the 
conditions a re not suitable, then the favored sex is the male . 
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Effect of Larval Density on Pupation Curve 

Frequency curves of pupation by sex in four experiments a r e 
shownin F igs . 1, 2, 3, 4, and 5. Males pupated ear l ier than females 
throughout the experiments . Generally a shorter larval period is 
seen in the cups where the density is lower and the amount of yeast 
is l a rger . When larval periods a r e compared on the basis of the 
same density with different amounts of food (see Fig . 1; compare 
F igs . 4 and 5), a longer larval period is seen with the decreased 
amount of food. 

When the amount of food per larva was kept constant and the 
density of larvae was increased, the delay in development is c lear , 
as seen in Experiment IV (Figs. 4 and 5). This is attributable to the 
effect of high larval density, not to the shortage of food, because the 
comparisons were made on the basis of the same amount of food per 
larva . 

Here , it is apparent that the larval development is affected 
not only by the quantity of food, butalso directly by the larval density, 
and the effect is more remarkable , when the amount of food per 
larva is smal le r . 

It is interesting that the longer larval period is usually 
associated with increased variation in larval period and with a 
tendency to be skewed towards the right. If a pupation curve is 
normally distributed, then it is expected that a cumulative percentage 
frequency of pupation in probit will be l inear . Now, the normality 
of the pupation curves in Experiments II and IV, in which a fairly 
large number of larvae was used, was examined. 

Cumulative percentage pupation in probit is plotted against 
larval period (days) in F igs . 6 to 11. When the density is low and 
food amount is large a linear re la t ionis seen, that i s , those pupation 
curves a r e shown to follow the normal distribution. The deviation 
from the normal distribution becomes remarkable with increasing 
density and decreasing food quantity. Thus there is some deviation 
from the normal distribution in the pupation curve, part icularly 
when the conditions a re unfavorable for larval development. Even 
when conditions a r e good, a few individuals sometimes pupate very 
iate . For this reason, it seems that themedian is a better r epresen­
tative of larval period than the mean. 

Effect of Larval Density on Larval and Pupal Periods 
Figs . 12, 13, and 14 show therelat ionbetweenmedian larval 

period and larval density per cup for Experiment I, II, and IV, 
respectively. In these figures, the points with the same amount of 
food per cup were connectedby straight l ines . Generally, themedian 
larval period becomes longer with increasing larval density. This 
is ra ther natural , because the amount of food per larva decreases 
with increasing density. 

By connecting the points with the same amount of food per 
larva, the data for Experiments I and IV a re represented in Figs. 
15 and 16. In density levels of 256 and 64 of Experiment IV, a 
longer median period was obtained than in 1, 4 or 16, in spite of the 
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Fig. 1. Frequency distributions of larval period of Aedes aegypti (Experi­
ment I). 4-64, for example, indicates that the larval density is 
4 and the amount of yeast is 64 units per cup. O : males; 9 : 
females. 



230 

8 12 16 
Larval period (days) 

M ^ = ~ - Q - ~ M A . 

20 

Fig. 2. Frequency distributions of larval period of Aedes aegypti (Experi­
ment II). Figure shown indicates larval density. O : males; 
# : females. 
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fact that the amount of food available for each larva inhigher densities 
is the same a s , or even slightly larger than, in lower densi t ies . 
Here, the effect of high larval density is again suggested. Also in 
Experiment I, the tendency of the median to increase is seen at the 
density levels of 64 or m o r e . It is interesting that there seems to 
exist a valley in median larval period at density 16, part icularly 

8 10 
Larval period (days) 

Fig. 3. Frequency distributions of larval period of Aedes aegypti (Experi­
ment III). Y and R and accompanied figure indicate yeast and 
rabbit pellets and their amount in unit3. O : males, • : 
females. 
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16 
<£x. 

16 24 
Larval period (days) 

Fig. 4. Frequency distributions of larval period of Aedess aegypti (Amount 
of yeast per larva: 4 units; Experiment IV). Figure shown 
indicates larval density. O : males; • : females. 

when the amount of food is small , and furthermore, in the food 
amount of 1 in Experiment IV, the median becomes again smaller 
at density 1 than 4. The reasons for such peculiari t ies of the curves 
a r eno t c lear , but it seems that themedianis determined byabalance 
between the effects of larval density and the amount of food available, 
and perhaps some other factors . 
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No distinct difference in pupal period was recognized among 
various amounts of food nor among larval density levels, though 
pupal density may affect the period. It seems that the pupal period 
is affected only by tempera ture , or at least , if some other factors 
affect it, their effect is very small . In Table 5, mean pupal periods 
in days are given by sex at the three different t empera tu res . The 
female has a slightly longer pupal period than the male . 

It would be practically right to suppose that the larval period 
is determined by tempera ture , larval density, and the conditions of 
culture medium such as the quality and quantity of food, but the pupal 
period is determined only by tempera ture . The ratio of larval period 
seems, then, to indicate the suitability of the conditions for larval 
development. This rat io may be used to compare the larval period, 
even when experiments were made at different t empera tures . 

The calculated values for the ratio a reshownin Tables 6 and 
7, and compared on the basis of the same combinations of larval 
density and food amount in different experiments. The ratios for 
the combinations of D1Y4 (density 1 larva per cup, yeast 4 units 
per cup), D4Y16, and D16Y64 agree quite well among experiments, 
but those for D4Y4, D16Y16, D64Y16, and D64Y64, a r e ra ther 

A A P Q ^ - * . .* . . . - • •• , 

X^*W\. -Q^yfo-*--*-* \ r^*S^, 

16 24 32 
Larval period (days) 

40 

Fig. 5. Frequency distributions of larval period of Aedea aegypli (Amount, 
of yeast per larva: 1 unit; Experiment IV). Figure shown 
indicates larval density. O : males; • : females. 
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different from one another. The number of larvae used in Experi­
ment I was not sufficient, and the latter combinations are considered 
somewhat unsuitable so that very slight differences in the conditions 
will make ra ther great changes in larval development. These would 
be responsible for ra ther great difference of the rat ios in the latter 
group of combinations. 

The above procedure will be valid only if the rat io of larval 
period to pupal period is constant over a reasonable temperature 
range. For this reason, further studies a re required to determine 
the usefulness of the ra t io . However, it is clear from the tables 
that larval period var ies greatly with the quantity and quality of food 
at the same density level, and also that the same amount of food per 
cup, or even per larva, does not give the same larval period at 
different density levels . Therefore, ca re should be taken in at tem­
pting to determine the larval period at a certain temperature , or the 
developmental zero of mosquito larvae by rear ing them at different 
temperatur e s. 
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Fig. 6. The relation between cumulative percentage pupation (probit 
scale) and larval period in males of Aedes aegypti {Experiment II). 
Figure shown indicates larval density. 
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Effect of Larval Density on Body Size of Resulting Adults 

In F igs . 17 and 18, the frequency distributions of wing length 
of the resulting adults in Experiments II and IV a re given. 

In Experiment II (Fig. 17), the wing length increases in both 
sexes slightly from density 1 to 16 larvae per cup, and decreases 
greatly with increasing density from 16. Fig . 18 shows the similar 
situationin Experiment IV, except for density 256 with yeast 4 units 
per larva, where the wing length is not considered to reflect the effect 
of this density, owing to high larval mortal i ty in the ear l ier ins t a r s , 
as mentioned ear l i e r . However, the changes in wing length a r e less 
remarkable than in Experiment II. This is due to the fact that the 
quantity of food per cup was kept constant in Experiment II, on the 
other hand in Experiment IV the quantity per larva was kept constant. 
Nevertheless, the apparent effect of larval density on the wing length 
can be seen in Experiment IV (Fig. 18). 
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Fig. 7. The relation between cumulative percentage pupation (probit 
scale) and larval period in females of Aedes aegypti (Experiment 
II). Figure shown indicates larval density. 
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It seems that the wing length of females is more sensitively-
affected than that of males with decreasing suitability for the larval 
stage, so that considerable overlapping in wing length of both sexes 
appears , as for example between densities 64 and 128 in Experiment 
II (Fig. 17). When the conditions become still l ess suitable, only 
males will pupate, as indicated from the densities 64 and 256 with 
yeast 1 unit per la rva . 

It i s interest ing that the frequency curve becomes steeper 
at the right hand side with decreasing suitability in the conditions 
for larval development, but the reasons for this a r e not yet c lear . 

F igs . 19 and 20 show the frequency curves of thorax length 
in Experiments II and IV. The thorax length shows a s imilar ten­
dency to the wing length, excepting that the steepness of the curves 
at the right hand side is not seen, when the conditions become un­
favorable. 
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Fig. 10. The relation between cumulative percentage pupation (probit 
scale) and larval period in males of Aede* aegypti (Amount of yeast 
per larva: 1 unit; Experiment IV). F igure shown indicates 
larval density. 
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T A B L E 5 - P u p a l p e r i o d s of Aedes argypti by s e x a t d i f fe ren t t e m p e r ­
a t u r e s . 

E x p e r i m e n t T e m p e r a t u r e C 
M e a n pupa l p e r i o d (days) 
M a l e F e m a l e 

I 
II and III 

IV 

2 5 . 7 
2 9 . 8 
2 6 . 3 

2 . 7 6 2 . 7 8 
1.83 1.94 
2 . 3 6 2 . 4 2 

T A B L E 6 - The r a t i o of l a r v a l to pupa l p e r i o d of t h e m a l e s of Aedes aegypn 
( E x p e r i m e n t s I - IV). 

Dens i t y F o o d u s e d * E x p . I E x p . II E x p . I l l E x p . IV M e a n 

1 Y l 4 . 4 5 4 . 4 5 
Y4 
Y16 
Y64 
Y64 + RIOO 

3 . 4 4 
3 . 1 5 
2 . 8 3 

2 .92 

3 . 1 4 3 . 2 8 
3 . 1 5 
2 . 8 3 
2 .92 

4 Y4 4 . 5 3 4 . 7 9 4 . 6 6 
Y16 
Y64 
Y64 + RIOO 

3 .37 
3 . 0 8 

3 . 01 

3 .05 3 . 2 1 
3 . 0 8 
3 .01 

16 Y4 >|; i[; >!- >!-
Y16 3 .37 4 . 07 3 .72 
Y64 
RIOO 
Y64 + RIOO 
Y64 + R200 

3 . 1 5 

3 .07 

3 . 5 5 
2 . 9 8 

2 . 8 9 

3 .56 3 .42 
2 . 9 8 
3 .07 
2 . 8 9 

64 Y4 
Y16 
Y64 
Y256 
Y64 + RIOO 

3 . 9 1 

3 .07 

6 . 8 6 
4 . 6 6 

5 .39 
4 . 6 6 
3 .07 

128 Y64 + RIOO 3. 19 3 .19 

256 Y256 
Y1024 

9 .24 
5 .00*** 

9 .24 
5 . 00**" 

* See Tab le 3 . 
** Unable to pupa te . 
>:-->:=* F i b n was f o r m e d on w a t e r s u r f a c e , l a r v a l m o r t a l i t y was v e r y h igh. 



240 

* 

I 
> 

c 
o 

3 

8 
Fig.13 f 

6-

(, --%^-o °^° 

16 64 128 1 
Density 

Figs. 12-14. Median larval period of Aedes aegypti at each density level. 
Points for the same amount of yeast per cup are connected by 
lines. 12. Experiment I. 13. Experiment II. 14. Experi­
ment IV. Figure shown indicates the units of yeast per cup. 

O : males; • : females. 
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256 

Figs. 15 & 16. Median larval period of Aedes eegypti at each density level. 
Points for the same amount of yeast per larva are connected 
byl ines . 15. Experiment I. 16. Experiment IV. O : males; 
• : females. 



242 L a r v a l D e n s i t y 

T A B L E 7 - The r a t i o of l a r v a l to pupa l p e r i o d of the f e m a l e s of 
Aedes aegypt£(Experiments I - IV) . 

D e n s i t y F o o d u s e d * E x p . I E x p . II E x p . I l l Exp.IV M e a n 

1 Y l 4 . 8 8 4 . 8 8 
Y4 
Y16 
Y64 
Y64 + RlOO 

4 . 6 0 
3 .96 
3 .17 

2 . 8 4 

3 .72 4 . 16 
3 .96 
3 .17 
2 . 8 4 

4 Y4 4 . 8 6 8 .47 6 .62 
Y16 
Y64 
Y64 + RlOO 

4 . 1 7 
3 .42 

2 . 9 1 

3 . 7 2 3 . 9 5 
3 .42 
2 . 9 1 

16 Y4 ** ** 
Y16 4 . 0 6 7 . 9 3 6 . 0 0 
Y64 
RlOO 
Y64 + RlOO 
Y64 + R200 

4 . 0 6 

3 .02 

3 . 8 0 
2 . 9 4 

2 . 8 8 

4 . 0 9 3 . 9 8 
2 . 9 4 
3 .02 
2 . 8 8 

64 Y4 
Y16 

** 
** 

*# 
** 

Y64 
Y256 
Y64 + RlOO 

4 . 9 6 

3 . 2 5 

** 
5 .37 

>4. 96 
5 .37 
3 . 2 5 

128 Y64 + RlOO 4 . 1 2 4 . 1 2 

256 Y256 9 7 5 * * * * 9. 75*** 

Y1024 5 4 5 * * * 5.45>:*>: 

* See T a b l e 3 . 
** s *** See T a b l e 6. 
**** Only t h r e e f e m a l e s pupa ted . 

In F i g . 2 1 , the r e l a t i o n be tween m e a n wing length and m e a n 
t h o r a x length i s shown for each d e n s i t y l eve l in E x p e r i m e n t II and 
for each type of food in E x p e r i m e n t III. In d e n s i t y l eve l of 16 or 
m o r e in E x p e r i m e n t II , both wing and t h o r a x d e c r e a s e in length 
a long a s t r a i g h t l ine wi th i n c r e a s i n g d e n s i t y . H o w e v e r , in d e n s i t i e s 
l ower t han 16, d e c r e a s e d wing leng th and r a t h e r unchanged t h o r a x 
length a r e shown, tha t i s , the po in t s for d e n s i t y l eve l s of 1 and 4 
a r e s i t ua t ed above the l ine th rough the po in t s for d e n s i t y 16 to 128. 
The l a r v a e in lower d e n s i t y r e c e i v e r e l a t i v e l y l a r g e a m o u n t s of 
food, b e c a u s e the a m o u n t of food pe r cup was kept c o n s t a n t i n th i s 



Wada 243 

experiment. Therefore, it may be said that at these low density 
levels the adults resulting from favorable conditions have relatively 
shorter wing length than those from less favorable conditions. 

The same is seen in Experiment III, where different diets 
were given to the larvae with the same density of 16. The point for 
the adults from the culture containing yeast 64 units plus rabbit 
pellets 200 units, which is more suitable than yeast 64 plus rabbit 
pellets 100 used in Experiment II, is situated above the line through 
the points for density 16 to 128 in Experiment II, and the point for 
the less suitable diet, yeast 64, below the line. 

^XAXL. . • . A<*». 

^ea. / \ .•*» i ' * * • * -

Wing length (units) 

Fig . 17. Frequency distribution* of wing length of <t«fe> •etjpti (Experi­
ment II). Figure indicates larval density. O : males ; 
# : females . 
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Fig . 18. Frequency distributions of wing length of Aedes aegypti ( E x p e r i ­
m e n t IV). 16-4, for example , i nd ica te s that the l a r v a l dens i ty 
i s 16 and the amount of y e a s t i s 4 uni t s pe r l a r v a . O : m a l e s ; 
• : f e m a l e s . 
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In E x p e r i m e n t IV, the s i tua t ion b e c o m e s m o r e c o m p l i c a t e d , 
b e c a u s e the e x p e r i m e n t c o n s i s t e d of two s e r i e s of c o n s t a n t amoun t 
of food p e r l a r v a , and i t i s not e a s y to s a y which combina t ion of 
l a r v a l dens i ty and a m o u n t of food i s m o r e f avo rab l e for the l a r v a l 
s t a g e , e s p e c i a l l y a t l ower d e n s i t y l e v e l s . H o w e v e r , i t is s e e n tha t 
the r e l a t i v e wing length to t h o r a x length for l a r g e r a m o u n t s of food 
or lower d e n s i t y of l a r v a e tends to be s m a l l e r than o t h e r s . 

-'*—-»—•—•-

---*-v 

X 
10-

16 y\ [ 
\ 

. i , — _ _ . \ . - ^ 

Thorax length (units) 

Fig. 19. Frequency distributions of thorax length of Aedea acgypti (Experi­
ment II), Figure shown indicates larval density. O : males; 
# : females. 
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- W V-Ayt-l ,.^, 

Thorax length (units) 

Fig . 20 . Frequency distributions of thorax length of Aedes aegypti (Experi­
ment IV). 16-4 , for example, indicates that the larval density 
i s 16 and the amount of yeast i s 4 units per larva. O : m a l e s ; 
• : f ema le s . 
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Figs. 21 & 22. The relation between mean thorax length and mean wing length of 
Aedes aegypti. Figure shown indicates larval density in Experiment II, fttid 
and Y, R, and accompanied figure indicate yeast, rabbit pellets, and their 
amounts in units in Experiment III. In Experiment IV, 16—4 for example, 
indicates larval density— yeast units. O : males; • : females. 



248 Larval Density 

The adults from the culture with density 1 and yeast 4 per 
cup a re not considered to have a relatively smaller wing length than 
other densit ies, unlike Experiment II. This is perhaps because of 
the fact that the food of yeast 4 in Experiment IV is apparently less 
favorable than that of yeast 64 plus rabbit pellets 100. The adults 
with relatively small wing length from low larval density seem to 
appear only when the amount of food is la rge . 

CONCLUSIONS 

The resul ts obtained a re summarized in Table 8. The density 
in this table is used in a relative sense to food quantity. Actual 
density differs according to the amount of food. 

TABLE 8 - Summary of the effects of larval density in Aedes aegypti. 

Variation 
Larval Larval in larval Sex Wing Thorax Wing/ 

Density mor t . period period rat io length length thorax 

Very low Low Short Small 1/1 Large Large Small 

Low Very Very Small 1/1 Very Large Large 
low short Large 

High High Long Large °"> $ Small Small Large 

High larval density apparently has detrimental effects on the 
mosquito. Interesting is the relation between very low and low 
densi t ies . The character is t ics seem to indicate that the adults from 
very low larval density have a slightly reduced flight ability in 
comparison with those from less low density, as far as judged from 
the relat ive wing length. However, repeated experiments a re 
desired, as the number of mosquitoes used in lower densities was 
not very la rge . 
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CONSIDERATIONS ON THE MANNER IN WHICH 
LARVAL DENSITY PRODUCES ITS E F F E C T S 

F r o m the p r e c e d i n g s e c t i o n s , the effect of l a r v a l d e n s i t y i s 
a p p a r e n t , but i t s p r o c e s s was not p a r t i c u l a r l y i n v e s t i g a t e d . Since 
no effects of m e t a b o l i c w a s t e s of l a r v a e h a v e been d e m o n s t r a t e d 
( B a r - Z e e v , 1957; Shannon and P u t n a m , 1934), high l a r v a l d e n s i t y 
s e e m s to inf luence the m o s q u i t o e s t h r o u g h the s t i m u l a t i o n of i n ­
c r e a s e d m u t u a l c o n t a c t s . 

Shannon and P u t n a m (1934) s t a t e d "DeBuck , Schou te , and 
S w e l l e n g r e b e l (1932) c l a i m . . . t ha t when they (anophel ine l a r v a e ) 
l ive in o v e r c r o w d e d condi t ions food m a y r e m a i n u n d i g e s t e d in the 
a l i m e n t a r y t r a c t f r o m 12 to 24 h o u r s . . . I m p r o p e r n o u r i s h m e n t due 
to m a s s i n g h a b i t s of the l a r v a e (ol.Aedes aegypti)ma.y a c c o u n t for t h i s 
( p h e n o m e n o n a t h igh l a r v a l dens i ty ) . . . " . H o w e v e r , the s i tua t ion 
s e e m s to be m o r e c o m p l e x than Shannonand P u t n a m (1934) thought , 
and n e u r o - p h y s i o l o g i c a l p r o c e s s e s m a y be involved . 
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