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INTRODUCTTION

Mosquitoes are probably the least studied of all economically important
_arthropods. The three subfamilies Toxorhynchitinae, Anophe]inae and
Culicinae are comprised of 34 subgenera which includes more than 3 100

mosquito species (Service, 1986).

Mosquitoes have a world wide distribution, breeding in “the high arctic
tundra as well as dense tropjca] -rain forests, but are absent from
Antarctica (Servicé, 1986). They belong to the most primitive branch of
the advanced .order Diptera but .in their feeding they are highly
_Specialized. Other blood sucking members of the order have relatively
short mouthparfs, which make pit-like wounds 'jnto which blood seeps and
is imbibed; this is described as pool feeding. Mosquitoes,.on the other
hand, have long, slender sty]ets'which probe tHe flesh until they find a
blood capillary from which they draw blood very rapidly (Busvine, 1975).

The rate of development of mosquitoes, 1ike that -of all arthropods, is
dependent on climate. In hot countries, the life cycle is completed in
a week or so, and brgeding is continuous, though often augménted in rainy

seasons and reduced in dry ones (Busvine, 1975). -

A1l kinds of warm-b]ooded and some co]d-b]oodéd 1ahd animals may serve as
sources of blood for the females but generally mosquitoes have host
- preferences (Busvine, 1975) and because of this they are pests 1n. many -
areas, but their main importance is as vectors of disease. Medically,

“the most important genera are Aédes, Anopheles, Culex and Mansonia

(Service, 1986).

In Africa, Aedes aegypti and Culex pipiens quinquefasciatus are more



important as pests but they are a]so:ab1e td transmit certain viral and
nematode diseases (Christophers, 1960) and.theﬁr potential as vectors in
this field should not be disregarded or underestimated. Since the
discovery of resistant stréins of these mosquitoes to modern insecticides,
it has been necessary to search for alternate means of control. These
methods include control by parasites or predators, pathogenic micro-
organisms, insect- development inhibitors and -the release of sterilized
males. However, as fhere are many technical problems associated with the
above mentioned means of control (Service, 1986), another poséibi]ity for

consideration is through mosquito larval nutrition.

Nutrition has been shown to influence reproduction (Clements, 1963;
Engelman,  1970; . Moeur & Istock, 1980; Lillie & Nakasone, 1982).
Different food types can affect adﬁ1t development, the amount of eggs a
fema]e cah_1ay (fecuﬁdity) and 6150 the number'of eggs - that éfe able to 
hatch (fertility). . - As diffgrent foods influence the biology of
mosquitoes, it is necessary to know what these effécts may be as fhey will
also have a bearing on bioaésay studies cafried‘ out on laboratory bred

mosquitoes.

The findings of this type of study would also enhance our knowledge of the

nutritional requirements of A aegypti and C. p. quinquefasciatus. [t was

always believed that mosquito larvae were indiscriminate feeders but Aly

(1985) and Dadd et al. (1982) have shown them to be selective in their

choice of nutrients.

Some authors (Gahan & Smith , 1964; Muspratt, 1962) have raised’mosquito
larvae on a single diet and looked at the effects on larval and adult
development. Diet types used can be classified as; mainly carbohydrate,

‘mainly animal protein, artificial diets, yeasts and infusions. Only two



authors (Li11ie & Nakasone, 1982) |ave compared the effects of different
larval diets (cat, dog, rabbit and fish food) on mosquito adults reared

simu1téneous1y from the same breeding stock.

Temperature and humidity have been ~shown by C]eménts (1963) to be df
extreme importance for the survival of mosquitoes under natural conditions.
Vefy Tittle attenfion has been paid to the effect of diet which has been
shown to have a mojor role in controlling lifespan and fecundity (Nayar
& Sauérman, 1971) and is probably the most important single factor in the
majority of insect species. Much work has been done on elucidating the
individual nutrients requiked for growth under sterile cohditions (Dadd,
1980; Lang etal., 1972) but not on what influence each whole diet type

has on the biology of mosquitoes.

The aim of the present study was to rear A. aegypti Jarvée under the same
environmenta1 conditions on five différent diet types and to examine the
effects on the following parameters;

(a) fchndfty of resulting adult femaies
“(b) fertility of the eggs they produce

(c) dufation_of the larval and pupal stages

(d) larval, pupal and adult mortality

(e) size of the ovaries

The experiment was repeated using C. p. quinquefasciatus larvae and the

effects on the above mentioned parameters was studied.

‘The development of oogenesis in females reared on the different diets was
also examined at the transmission electron microscope level as the effect

of diet on oogenesis has not been studied before.

The diets used were; Pronutro and Tastee wheat, Epol rat cubes, Breeders
Dogmor puppy chuhks, Brewer's yeast ard dessicated liver. Dessicated liver

served as the . control | diet since it is the most  commonly



used diet for rearing mosquitoes in insectaries.

It is hoped that the results of this study will have practical mosquito
control applications from the point of view of discbvering certain
nutrients that are directly related to increased rates of reproduction.
Even though a study of reproduttion under .controlled' laboratory
conditions is only a guide to what is happening.under field conditions,
it can help explain the biology in the wild, and és mosquﬁtoes seem capable
of invading the whole environment in town or country as a result of

changes caused by the. habits of the population and various aspects .of
modern life, all aspects 6f the study of mosquitoes_ére of primordial
importance in order to better understand how to control them most

effectively (Subra, 1980).



MATERTIALS AND METHODS

1. THE DIETS

The.fo1JoWing diets were used in the present study (Appendix 1);

1. Diet A - Pronutro and Tastee wheat (in equal quantities)
2. Diet B —’Epo1 rat cubes o
3. Diet C - Breeder's Dogmor puppy chunks
4. Diet D - Vital brewer's yeast powder
- Vital dessicated liver tablets

5. Diet E
Diets A to D were the experimental diets While diet E was the control.

2. THE MOSQUITOES

2.1 Culex pipiens quinquefasciatus (from now onwards to be referred to as

Culex quinquefasciatus as is common in the literature) .

2.1.1 Stock mosquitoes

. Larvae were fie1d. caught in Durban North and brought into the insectary
and identified according to the WHO key. They were p1aced in plastic
mosquito rearing dishes measuring 30cm in diameter and Tlcm in depth (Fig.
1d) and cohtaining 10m1 tap water per larva. The larvae were maintained
on a diet of dessicated Tiver. The water in the dishes was changed daily
frqm the third_day.onwards and fresh food was added. Upoh pupation, and
using a 5ml plastic dropper, the pupae were transferred to wooden frame

cages measuring 38cm square (Fig. 2) and left to emerge.



Figure 1. Bowls end rearing dishes used in the present study :

a = pill vial for hatching of egg rafts
b = pupal emerging bowls

¢'= bowl for egg laying

d = tarval rearing dish

(Scale : ruler = 30cm)

figure 2. Mosquito rearing cage.




The adults were maintained on a diet of sugar cubes and water. Five days
post emergence, the females were blood fed overnight on a pigeon after

being starved for at least 6 hours.

"Egg rafts were laid in a plastic bowl measuring 26cm x 6em (Fig. Tc)
containing tap wéter from 72 hours onwards post blood meal (PBM).  These
rafts were collected by gently 1ifting them off the water surface with a

fine paint brush.

They were then placed individually in 20m1 pill vials (Fig. Ta)

containing approximately 16ml1 tap water and Tleft for 48 hours to hatch.

~ The Tlarvae were divided into five groups and transferred to 'p1astic
rearing dishes 1labelled A, B, C, D and E. They were treated as
previously described except that the respective diets were added to each

dish. 'Emerging adults were used as the experimental mosquitoes.

2.1.2 £xperimental Mosquitoes

These were maintained on a diet of sugar cubes and water for five days
post emergence.. They were then starved for six hours and blood fed
overnight on a pigeon. The abdomens of the fema]é 'mosquitoéé were
examined before the bird was removed‘from the cage. This was to ensure
that sufffcient mdsquitoes had taken a blood meal so that the maximum

number of egq rafts would be obtained.

Egg rafts were oviposited from 72 hours PBM onwards in a plastic bowl and

were removed and left to hatch as described previously.

The total number of eggs 1laid by each female was noted (fecundity) as was

the number of larvae that hatched (fertility).



Approximate1y 150 larvae were transferred to the plastic rearing dishes
labelled A, B, .C, D and E containing 10m1 tap water and 0,004g of the
respective diet per Tlarva. Each diet wés set up in triplicate. From
day three onwards thé.water was changed daily and fresh food added as scum
formation on the surface started post 72 hours. Larval and pupal moft$1ity

ds well as duration of'the larval stage was recorded for each dish.

The pupae were sexed and transferre! to small bowls (Fig. 1b) containing
clean tap water. | The bowls were tien placed into their respective cages

(i.e. A, B, C, D and E) where the pupae were left to emerge.

Adults were maintained as described previously and daily mortalities were
recorded. Five females were removed prior to blood feeding. They were

-anaesthetized and their ovaries were removed for measurements.

The above experimental cycle was repeated twice (for a total of 3 runs). -

2.2 Aedes aegypti

2.2, Stoék mosquitoes
Larvae were field collected in Durban North and brought into the insectary
~and identified according to the WHO key. They were then maintained as

described below.

2.2.2 Experimental mosquitoes

Both the stock and experimental mosquitoes were maintained in the same

manner as the Cu1ex_ Spp. mosquitoes described above with the following

minor differences;
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(a) fhe adult femaie mosquitoes werc blood fed for approximately one hour
on a human forearm but most of the mosquitoes had fed -within 20 minutes
(b) eggs were Tlaid individually on moist paper towel lining the
ovipositing bowls |

(c) egg papers were dried for 48_hours, moistened, redried overnight and
flooded with tap water so as to.achieve maximum egg hatching (tap water
was used for convenience as it resu1fed in as much hatching as deoxygenated
water during pre-trials)

(d) fecundity values for each female were calculated as the mean number

of eggs per female.

The above experimental cycle was repeated twice (for a total of 3 runs).

3. TRANSMISSION ELECTRON MICROSCOPY

A. aegypti and C. quinquefasciatus oviries were treated as described below;

- Five days post emergence females were given a blood meal and anaesthetized
12, 36 and 60 hours post blood meal (PBM). Four ovaries from each group

were removed and processed as follows;

(1) the Qvaries were fixed in 2,5% g]utara]dehydé (in 0,1M sodium
cagody]ate buffer) for 30 minutes followed by one wash in buffer for 5
‘minutes |

'(2) they were then fixed in 1% osmium tetroxide for 60 minutes followed
by three washes in distilled water for 2 minutes each

(3) the tﬁssue was then placed in 0,5% uranyl acetate (in 80% acetone) for
30 minutes | -

(4) the ovaries were then dehydrated in ,95% acetone for 10 minutes
fo]]owed by three changes of 100% acetone for 10 minutes each
(5) thereafter, equal amounts of 100% acetone and Spurr resin were added

and allowed to stand at room temperature for 90 minutes

(6) the tissue was then p]aced in two changes of pure Spurr resin for 60
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minutes each

(7) finally, the ovaries were embedad 1in Spurr resin and left overnight

ét 70°C to polymerize.

Seétions were obtained using a Reichert ultramicrotome and glass. knives.
For 1light microscopy Ty sections. were stainéd‘ with toluidine blue.
For electron microscopy 70nm' sect-ons (gold inferference éo]our) were
_co]]ected on 200 mesh copper grids, dried and stained with 2% aqueous
~-uranyl acetaté'for 5 minutes, washed. in distilled water and stained with

Reynold's lead citrate for 2 minutes.

The sections were then viewed and photographed on a Philips 301 TEM.

4. HUMIDITY AND TEMPERATURE

Daily recordings were made on a New Sigma hygrothefmograph{ Mean values

plus 95% confidence limits for each experimental run were calculated.

5. LIGHT / DARK RATIO

The ratio was controlled by an “electrical timer ~switch and was set at

14 hours light and 10 hours dark.

6. pH OF LARVAL WATER

A sample of water was collected from each bowl on a daily basis and the

pH was measured on a pH meter.,

7. MEASUREMENT OF OVARIES

Ovaries were d‘issected in 0,45% socium citrate under a Bausch'.and Lomb
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dissecting microscope. The Tlength and width of the ovary was ‘then
measured on a Zeiss light microscope under the 5x objective using a Wild
eye - piece micrometer. Measurements were made as follows;

width

[o1]
1]

o
1

length

L

Readings were then converted to micrometers as follows;
(1) before readings could be made it was necessary to calibrate the eye'
piece using a calibration slide |

(2) the reference line in the eye - piece was moved across'the scale of
fhe calibration slide by turning the drum on the eye - piece

(3).the number of divisions on the slide thét were covered was ndted and
also the number of revolutions on the drum

(4) one revolution of the drum represented 100 divisions

(5) the micrometer value was the number of divisions on the slide divided
by the number of divisions on the drum |
(6) the reference line on the drum was then moved across the width and
length of the ovaries énd the_feading on the drum was then mu]tipTiéd
by the micrometer value - - |

(7) the value obtained for the length was multiplied by the value-

obtained for the width to give the size of the ovaries.

8. STATISTICS

A difference of means test for the experimental diet groups A, B,.C and

D against the control diet group E was carried out.

T values were calculated for significance at the 95% level.



13

RESULTS

1. STATISTICS

ATl statistical and]yses of the various parameters was done at the 95%

confidence 1limits.

2. FECUNDITY

There was a wide range of values obtained in Culex quinquefasciatus for

each diet fype. Diet A varied from 79 eggs per raft to 251;. diet B E
_ 64 to 363 eqgs; diet C - 74 to 275 eggs; diet D - 84 to 307 eggs and
the control diet E - 96 to 301 eggs. For this reason there were no
significant differences between the experimental diets A to D and the

control diet E ( Tables 1 and 2)

The fecundity for Aedes aegypti was calculated as the mean number of eggs

per female. Once again, there was a wide range of values for each diet
"with diet A ranging from 28,1 to 39 eggs per female; diet B - 38,4 to
59,6 eggs; diet C - 28,9 to 39,3 eggs; diet D - 29,1 t0554_eggs‘and
the control diet E had the widest rangé - 26,7 to 96,1 eggs. Becauge
of the wide range of values there were no significant differences between

the experimental diets A to D and the control diet E (Table 3).

3. FERTILITY

The fertility of the eggs laid by C. quinquefasciatus was relatively high

.with the lowest values obtained in diet A.. This diet produced a mean
'fert11ity_of 85,3% with "a range of.60,5 to 98,2%_ Diet B had a mean of
94,7% with a range of 73 to 100% ferti]ity.. Diet C mean value was 97,1%
- the highest - with a range of 86,4 to 1004. The mean fertility for
diét D was 93,1% and the range was 57;3 to 100%. The control diet E



Table 1.

Fecundity of Culex quinquefasciatus.

Values expressed

as the number of eggs per raft plus the mean and 95% confidence

Timits for each diet type.

Diet

Number of eggs per raft

X

+ 95% confidence limits

156, 170, 250,
251, 152, 105,
79, 81, 119.

151,4

|+

49,6

257, 300, 131,
66, 68, 64,
172, 140, 363.

173,4

| +

84,4

202, 160, 236,
256, 275, 167,
112, 87, 74.

173,6

| +

56,5

231, 174, 200,
230, 307, 225,
125, 84, 89,

185,0

| +

56,9

157, 179, 243,
255, 114, 129,
128, 96, 301.

178,0

| +

55,3




. Table 2. The mean number of eggs laid per female Culex quinquefasciatus

for each diet type.

114, 128, 129.

1123,6

Diet | Number of eggs| Number of females| x number of | x + 95% confidence
per raft - Taying eggs/female Timits
156, 170, 79, 3 135,0
A 250, 251, 81, 3 194,0 151,3_i 92,3
152, 105, 119. 3 125,3
| 257, 300, 131 3 229,3
B 66, 68, 064, 3 66,0 173,4 + 231,2
172, 140, 363. 3 225,0
236, 256, 275, 3 255,6
C 202, 160, 74, 3 145,3 173,6 + 179,17
161, 112, 87. 3 120,0
231, 174, 200, 3 201,06 :
D 230, 307, 225, 3 254,0 184,9 + 195,4
125, 84, 89. 3 . 99,3
157, 179, 96, 144,0
E 243, 255, 301, 266,3 177,9 + 191,7




Table 3. Fecundity of Aedes aegypti. The values are expressed as the
total ndmber of eggs laid divided by the number of females that took a

blood meal to give the mean number of eggs per female plus 95% confi -

dence Timits for each diet group.

Diet | Total number of | Number of | X number of | X + 95% cdnfidence
eggs laid females fed| eggs/female Timits
663 17 39,0
A 627 21 29,8 32,2 + 14,5
169 6 28,1 |
298 5 59,6
B 192 5 38,4 51,2 + 27,9
558 10 55,8
_ 217 : 7 28,9
C 315 8 _ 39,3 : 35,4 + 14,0
| 266 7 38,0 -
150 -4 37,5
D 162 3 54,0 40,2 + 31,4
291 - 10 29,1
187 7 26,7
E 1 962 | 24 81,7 68,1 + 90,9
673 7 9, 1
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produced a mean value of 94,9% with a range of 69 to 100% (Table 4).

The percentége fertility of the eggs laid by A. aegypti, on the other
hand, is consdierably ]oWer than that obtained above. Once again diet
A produced the 1owe§t ya1ues_with a mean of 50,2% and a range of 44,3 to
55,6%.” Diet B.mean value was 73,1% and the range was-61 to_90%. As was

the case with C. quinquefasciatus, diet C produced the highest

fertility with a mean value of 74,3% and a range of 65,4 to 84,2%. Diet
D mean was 65% with a range of 48 to 85,5% and the mean for the control,

Diet E, was 67% with a range of-46,3 to 78,6% (Table 5).

When the 95% confidence limits were calculated, a wide range of values
resulted for both mosquito species in all five diets. Because of this,
there were no 'ensuing significant férti]ity- differences between the

control diet E and the experimental diets A to D.

4. DURATION OF LARVAL STAGE

In C. gquingquefasciatus, the Tlongest duration of 19 to 20 days was found
in diet groups A and B respectively. Diet group C had the shortest
larval duration of 15 days foT1owed by diet group D with 16 days. | The
control group Diet E, had-a Tarval period which Tlasted for 18 days

(Table 6 and Fig. 3).

When comparing the mean values for each diet group, it was found that
diet groups C and D produced larval 'periods' that were significantly
shorter than the control diet E. Diet groups A and B, on the other

hand, were not significant1y different from the control (Fig. 4).

In A. aegypti the shortest duration was found in diet group B.  This was

the opposite of C. quinquefasciatus where diet B produced the Tongest



Table 4. Percentage fertility of the eggs laid by Culex quinquefasciatus

for each diet group.

Diet, Number of| Number of Percentage | x + 95% confidence
eggs per | eggs hatched| fertility Timits
~raft _ :

156 113 72,4
170 167 98,2
250 205 82,0
251 240 95,7
A 152 149 98,0 85,3 + 10,7
105 77 - 73,3
79 72 91,1
81 79 97,5
119 72 60,5
257 188 - 73,0
-300 298 99,9
131 119 - 91,0
_ 66 65 98,4
B 68 68 100,0 94,7 + 6,6
64 61 95,3 -
172 172 100,0
140 -~ 138 98,6
363 353 97,2
202 196 - 97,0
160 159 99,0
236 228 96,7
- 256 254 99,3
C 275 275 100,0 ' 97,1 + 3,2
167 158 98,2 : -
112 109 97,3
87 87 100,0
74 - 64 86,4
231 ' 221 ' 95,7
174 153 87,9
200 - 199 99,5
‘ 230 217 94,4
D 307 304 99,0 93,1 + 10,4
225 225 100,0 : -
125 - 124 99,2
84 - 80 95,3
- 89 51 . 57,3
157 109 69,0
179 178 99,5
243 241 99,2
~ 255 253 19,2
E 114 113 ' 99,1 94,9 + 7,7
129 127 28,4 _ -
128 128 100,0
96 88 , 11,6
301 - 297 98,6




Table 5. Percentage fertility of the eggs laid by Aedes'aegyggjrfor each
diet group. '

Diet | Total number | Total number of | Percentage | x + 95% confidence
of eggs laid | eggs hatched fertility Timits
663 337 50,8
A| 627 278 44,3 50,2 + 14,0
169 94 . 55,6
298 204 . 68,4
B 192 117 61,0 73,1 + 37,4
558 502 90,0
217 142 65,4
C 315 265 . 84,2 74,3 + 23,4
266 195 - 73,4 |
150 72 | 88,0
D 162 . 100 61,7 65,0 + 47,7
291 249 85,5
187 147 78,6
E | 1962 - 910 46,3 | 67,0 + 44,8
673 512 76,1




Table 6. The duration of the larval stage in each diet type for Culex

quinquefasciatus expressed in days.

Diet | Duration of larval stage in days| X + 95% confidence limits

12, 12, 10,

A 19, 19, 18, 14,6 2,6

| +

14, 12, 16.

17, 15, 16,

B 15, 15, 13, ' 16,4 1,7

| +

18, 19, 20.

11, 10, 10,

| +

C 12, 11, 12, | 1,8+ 1,2

15, 12, 14,

14, 12, 9,

D 10, 12, 10, | 1,6 + 1,7

| +

16, 12, 10.

14, 11, 11,
£ 18, 18, 18, 15,2
17, 16, 14.

| +

2,2




- Figure 3. .The duration of the larval stage (1), pupal appearance (2)

and adult emergence (3) in days for Culex quinquefasciatus

o~
NN

and Aedes aegypti for each diet type.
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‘Figure 4. A comparison between the duration of the larval stage in

Culex quinquefasciatus and Aedes aegypti in days for each

diet type.
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larval périod. Diet groups C and D had larval durations of 14 days each.
The larval stage in diet group A lasted for 17 days and the Tlongest was
found in the control, diet group E, which Tlasted for T8-daysr(Tab1e_7

and Fig 3).

Diet groups B and D had significantly shorter larval periods than the
control as can be seen from figure 4 which summarises all the above

information.

5. DURATION OF PUPAL STAGE

This period was calculated as the number of days over which pupae appeared

in the rearing dish.

In C. quinquefasciatus the range of values.for diet groups A, B and E

were simi1ér. The mean value for diet A was 6,1 days and the range was.
2 to 11 days. Diet B produced a mean of 7,6 days with a range of 5 to
12 days.  The control diet E had a mean value of 7,7 days and a range
of 3 to 11 days. Diet C,. on the other hand, produced é mean value of
4,3.days with a rénge of 2'tb.8 days and diet D had.a‘mean of 4,6 days

with a range of 1 to 7 days (Table 8).

The duration of the pupal stage in diet groups C and D waS'signﬁficant1y
shorter than that of the control diet E. There were no significant'diff-

erences between the control and diet groups A and B ( Fig. 5).

In A. aegypti thé shortest duration was foUnd in diet group B with a mean
' of 4,3 days and a range of 3 to 8 déys. Thié was fo]iowed b& diet group
D which produced a mean of 4,6 Jdays and a range of 3 fo 7 days. .Diet
C had a mean value of'5,6 days with é range of 3 to 8 days. The control

diet E had a mean value of 7,2 days and a range of 4 to 10 days. The:



Table 7. The duration of the larval stage in each diet type for Aedes

aegypti expressed in days.

Diet- | Duration of larval stage in days| x + 95% confidence limits

17, 17, 16,

A 13, 12, 14, 13,2 2,3

10, 1o, To.

13, 9, 8,

B 7, 11, 11, 9,8 1,4

| +

1, 10, 9.

9 11, 7,
c n, 10, 9, 10,6

| +

1,6
14, 13, 12.

7, 14, 9,

| +

D 10, 9, 9, 9,3 1,5

8, 8, 10,

18, 17, 17,

E 14, 17, 17, 14,0 + 3,1

| +

8, 9, 9.




Table 8. The duration of the pupal stage in Culex quinquefasciatus expressed

in days for each diet type. The data represent the period of time over

which pupae were appearing in the rearing dishes.

Diet | Duration of pupal stage in days| x + 95% confidence limits

2, 3, 2,

A 1, 11, 10, 6,1 + 2,8
6, 4, 6
5, 6, 7,

B 6, 8, 6, 7,6 + 1,7
9, 10, 12
3’ 3’ 2’

C 5, 4, 5, 4,3 + 1,3
8, 4, 5
7, 5, 1,

D 4’ 6’ 4’ 4,6 i ],4
7, 5, 3
7’ 3’ 4’

E ]O’ ]]’ ]]’ 7,7 + 2,2
9, 9, 6




Figure 5., A comparison of the duration of the pupal stage in days for

“each diet type in Culex quinquefasciatus and Aedes aegypti.

Key :
Culex guinquefasciatus

Aedes aegypti

A\

range

——95% confidence limits

- mean

124

10-

BN |

RN NN |

[

N W N ™




30

longest pupal stage was found in diet A with a mean of 7,7 days and a

range of 4 to 12 days (Table 9)
Diet groups B and D produced pupal stages that were significantly shorter
than the control diet E. The duration of the pupal stage in diets A

and C were not significantly different from the control (Fig. 5).

6. LARVAL MORTALITY

The highest Tarval mortality in C. quinquefasciatus occurred in diet group

A. The mean value for this diet was 42,1% with a range of 22,2 to 85,8%.
Diet D had a mean mortality value of 26,5% and a range'of 0 to 90,6%.
The control diet E proddced a mean value of 17,7% with a_range‘of_1,1
" to 30,6%. Diét B had a mean mortality of 15,8% and a range of 5;9 to
42,6%. The lowest Tlarval morta]fty was experienced wifh diet group C.

The mean value here was 12,6% and the range was 0 to 36,2% (Table 10).

Diet group A produced a 1arva1 morta11ty which was s1gn1f1cant1y higher

than the control diet E (Fig. 6).

Larval mortality 1in A. aegypti was Tower than that obtained for C.

gquinouefasciatus. The 1owest value in A. aegypti with a mean of 8,9%

and, a range of 0 to. 29,6% was found in diet group A. This was the

opposite in C. quinquefasciatus where diet A produced the highest larval

mortality. The second lowest value was obfained in the control diet
E with a mean of 12,8% and a range of‘O‘f0‘30%. Diet B produced a mean
lTarval mortality of 13,4% with a range of 0 to 44%. Diet group C had
‘a mean value of. 17,6% with.a range of 2,7 to 28,2%. The highest larval. -
mortality was experienced.ih diet group.D_with a mean of 30,7% and a range

of 0 to 58,3%. This could be compared with C. quinquefasciatus where

diet group D produced the second highest larval mortality (Table 11).



Table 9. The duration of the pupal stage in Aedes aegypti expressed in days

for each diet type. The data represent the period of time over which'pupae

were appearing in the rearing dishes.

Diet | Duration of pupal stace in days | X + 95% confidence Timits
12, 12, 11,

A 7, 6, 8, 7,7 + 2,2
6, 5, 4
8, 5 3

B 3, 4, 4, 4,3 + 1,15
5, 4, 3
5, 6, 3,

C 6, 5, 4, 5,6 + 1,2
7, 7, 8 |
3, 7, 3, |

D 5, 5, 5, 4,6 + 1,08
5, 3, 6
10, 5, 9,

E 7, 1o, 10, 7,2 + 1,9
4, 5, 5




Table 10. The percentage larval morta1i£y for each diet type in Culex

quinquefasciatus.
Diet | Number of larvae| Number of larvae| % mortality| x + 95% confidence
at begining alive at end Timits
113 16 85,8
150 65 56,6
17 12 29,5
152 109 28,2
A 144 112 22,2 42,1 + 17,4
157 96 36,4 - '
149 116 22,1
149 48 68,2
150 105 30,0
150 115 35,0
151 142 5,9
150 86 42,6
154 - 144 6,4 ' -
B 156 110 29,4 15,8 + 10,0
159 138 8,1 -
154 144 6,4
156 110 29,4
159 138 13,2
155 147 5,0
150 145 3,0
50 49 2,0
136 114 16,0
C 151 151 0,0 12,6 + 9,4
150 127 15,3 -
158 115 27,2
147 133 9,5
127 81 36,2
150 118 21,4
150 14 90,6
151 136 9,9
150 147 2,0 '
D - 152 151 0,6 26,5 + 24,9
150 150 0,0 -
124 37 70,1
80 57 28,7
125 106 15,2
150 104 30,6
150 117 22,0
150 137 9,0
100 63 37,0 -
B 100 84 16,0 17,7 + 8,5
53 43 18,8 -
K 94 16,8
127 116 8,6
169 167 1,1




Figure 6. A comparison of the percentage larval mortality for each diet

type~in Culex quinquefasciatus and Aedes aegypti.
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Table 11. The percentage larval mortality for each diet type in Aedes aegypti.

Diet | Number of larvae | Number of larvae| % mortality| x + 95% confidence
at begining alive at end Timits
150 138 8,0
98 87 11,2
76 ' 76 0,0
50 50 0,0
A 54 38 29,6 8,9 + 7,8
68 68 0,0 -
82 80 2,4
74 67 9,4
15 12 20,0
81 74 8,6
25 22 12,0
67 53 20,0
30 27 10,0
B 100 96 4,0 13,4 + 9,7
100 100 0,0 -
100 90 10,0
100 88 12,0
59 33 44,0
37 36 2,7
78 65 16,6
27 14 48,0
70 66 5,7
C 61 52 14,7 17,6 + 10,5
72 64 8,3 -
39 28 28,2
80 65 18,7
56 47 16,0
72 67 6,9
39 19 51,0 -
76 76- 0,0
45 29 55,5
D 100 79 21,0 30,17 + 16,8
80 66 17,5 - -
33 19 42,2
45 15 58,3
99 80 19,1
120 84 30,0
79 56 29,1
100 86 14,0
100 91 9,0 ‘
E 100 96 4,0 12,8 + 7,8
103 103 0,0 D
151 132 12,5
150 137 8,6
150 138 8,0
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There were no significant ‘differences between any of the experimental

diets, A to D, and the control diet E (Fig. 6).

7. PUPAL MORTALITY

The highest pupal mortality in C. quinquefasciatus occurred in diet A

as was the case with the larval mortality. The mean value was 5,5% with
a range of 0 to 15,2%. Diet B produced a mean‘pupa1 mortality of 2,5%
with a range of 0 to 7,7%. The mean for diet C was 1,2% with a range
of 0 to 4,8%. . Diet D had a mean va]ue'qf 1,4% and a range of 0 to 4,4%.
The mean value for the control diet E was the lowest at 0,6% and the range

was 0 to 1,7% (Table 12).

The highest pupal mortality in A. aegypti was found in_diet D.  This
diet also produced the highest larval mortality in this mosquito Species..
The mean value for diet D was 3,1% with a range of 0 to 10,5%. Diet
A had a mean value of 2,1% and_a range of 0 to 17,9%. Diet B produced
a mean pupal mortality of 2,4% with a range of 0 to 8,8%. Diet C
resulted in a mean value of 1,2% with a range of 0 to 3,5%. Once again,
the 1owest_pupa1 mortality was found in the-éontro] diet group E with

a mean value of 1,0% and a range of 0 to 3,8% (Table 13).

There were no significant differences between any of the experimental

diets A to D and the control diet E in both mosquito species ( Fig.7).

8. ADULT MORTALITY

In C. quinquefasciatus the 'highest value was found in diet B. The mean

' value was 28,5% and the range was 6,9 to 68,5%. Diet A had a mean value
of 21,1% with a range of 17,7 to 27,1%. The control diet E had a mean
value of 17,4% and a range of 9 to 30%. Diet C produced a mean of 16,4%

with a range of 10 to 20,1%. The Towest adult mortality occurred in



Table 12. The percentage pupal mortality for each diet type in Culex

quinquefasciatus.

Diet Total number | Number dying | % mortality | x + 95% confidence
of pupae Timits
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Table 13. The percentage pupal mortality for each diet type in Aedes aegypti;

Diet | Total number | Number dying | % mortality | x + 95% confidence
of pupae : Timits
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50
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Figure 7. A comparison of the pupal mortality for each dlet type in
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diet group D where the mean was 10,9%'and the range was 5 to 19,1% (Table
14). |

Adult mortality was found to be higher in A. aegypti. The highesf value
within the species was found in diet A.  The mean was 30,5% and the range
was 20,1 to 42%. The next highest'va]ue'occurréd in diet group D where
the mean was 30,1% and the-range was 14,1 to 45,6%. Diet C had a mean
of 25,5% and a range of 18,7 to 36,4%. Diet B produced a mean value
of 21;1% witH a range of 11,8 to 27,0%. The Towest adult mortality was
found - in the control diet E with a mean ofl15,1% and a range of 6,0 to

- 27,0% (Table 15}.

As there was a wide range of values in all the diet groups for 'both
mosquito species, there were no significant differences between the

experimental groups A to D and the control group E.

‘9. SIZE OF OVARY

The smallest ovaries in C. quinquefasciatus were fdund in diet group B

where the mean value was 7,72 x 10ﬁh and the range wa§ 3,74 to 14,46
X 105p. Diet group A produced ovaries with a mean Qa]ue of 14,39 x 105p
{range = 7,19 - 22,88 x 105u). The control diet E produced oﬁaries of
a mean value of 17,48 x ]OSp_(range = 11,13 - 28,36 «x 105p). The ovaries

of diet C had a mean value of 17,6 x 105p {range = 7,76 - 30,28 x 105p)

and those of diet D were the 1argést with a mean size of 18,9 x 105p

(range = 10,39 - 31,65 x 10 °u) (Table 16).

In A. aegypti the smallest ovaries were found in diet group A where the
mean size was 6,38 x 10°y (range = 3,52 - 11,37 x 10°4).  Diet group B
"produced ovaries with a mean value of 6,74 x 105p (range = 4,41 - 10,7

x.105p). The ovaries of diet group C had a mean value of 6,9 x 105p



Table 14, The percentage adult mortality for each diet group in Culex

- quinquefasciatus.

Diet Total number | Number dying| % mortality| x + 95% confidence
of adults 1imits
80 15 ‘ 18,7
A 299 81 27,1 | 21,1 + 12,8
253 45 17,7
329 226 . 68,5
B 168 R 10,1 28,5 + 86,1
359 25 . 6,9
348 66 19,1
c 327 | e 20,1 | 16,4 + 13,8
312 - 31 10,0
251 48 19,1
D 440 22 5,0 10,9 +.18,1
195 22 8,7 |
353 106 30,0
E 178 24 13,4 17,4+ 27,5
| 363 33 9,0




Table 15. The percentage adult morta1ity for each diet group in Aedes

aegypti.

| .
Diet Total number | Number dying| % mortality) x + 95% confidence
of adults Timits
301 89 | 29,5
A 159 32 20,1 30,56 + 27,2
142 60 42,0
144 Y, 11,8
B 214 53 24,7 | 21,1 + 20,1
195 53 27,0
12 21 18,7 |
< 181 39 21,5 | 25,5 + 23,6
131 35 36,4
149 68 45,6
D 177 | 22 14,1 30,1 + 39,1
101 31 30,6
222 60 27,0
E 281 17 6,0 15,1 + 26,5
403 50 12,4




Table 16. The size of the ovaries in Culex quinquefaéciatus.

Results shown

as values x 105 micrometers plus the mean and 95% confidence limits .

Diet Group

A B C D E
13,86 - 9,45 18,93 29,94 23,64
20,24 7,89 20,31 17,08 15,15
12,42 8,92 19,24 22,19 18,02
8,97 5,54 16,48 17,18 11,25
16,00 8,52 17,35 26,79 28,36
12,39 7,26 19,44 18,03 21,83
10,94 5,61 18,91 31,65 21,44
14,74 7,04 13,98 13,34 14,38
21,43 10,08 30,28 23,99 22,08
11,97 - 8,05 24,30 14,31 17,21
11,64 6,67 16,64 20,62 18,16
14,44 7,23 19,47 16,94 13,23
20,20 10,42 25,23 23,64 23,64
11,64 5,99 20,86 25,19 15,12
11,99 8,04 12,61 19,77 17,98
13,54 6,35 19,67 11,34 12,01
16,40 10,42 23,62 24,61 23,63
11,28 3,74 13,72 12,86 11,74
14,44 7,84 16,87 17,33 24,63
10,77 6,32 14,28 13,87 14,62
20,69 9,14 16,33 14,50 15,39
9,00 4,85 11,42 18,92 11,13
12,31 7,26 15,84 10,39 18,24
14,03 5,98 18,77 13,79 11,36
16,64 11,45 18,60 22,27 16,06
7,19 5,37 7,96 20,58 15,32
17,53 6,76 15,56 13,46 14,20
22,88 10,01 16,71 18,96 17,64
17,01 14,46 7,76 18,52 19,00
15,12 4,97 19,23 17,43 18,16

X
14,39 7,72 : 17,60 18,90 17,48
-+ 95% confidence limits
1,44 0,83 1,73 1,96 1,65
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(range = 3,19 - 11,15 x ]Osp). .The control group diet E produced ovaries
with a mean value of 7,13 x 105p (range = 2,67 - 11,22 x 105p). The
largest ovaries in A. aegypti were also found in diet group D as was the

case with C. quinquefasciatus. Here the mean value was 8,42 x 105p

(range = 3,58 - 12,76 x 105p) (Table 17).

Only diet group B 1in C. quinquefasciatus produced ovaries that were

significantly smaller than the control diet E. No other diet group in
either mosquito species produced ovaries which were significantly different

from the control ( Fig.8).

10. SEX RATIO -

In C. quinquefasciatus there was a significantly higher proportion of males
than females produced in diets D and E where the p value was found to be

greater than 95% in the former and 99% in the latter (Table 18).

In A. aegypti diets C and E p?oduced significantly more males than females_

with the p value in both diet groups being greater than 95% (Table 18).

11. pH OF THE LARVAL WATER

The pH of the Tarval water ranged from 6,4 in diets B and C to 6,7 in diet
D for both mosquito species (Table 19).



Table 17. The size of the ovaries in Aedes aegypti. Results shown as values

X 1057micrometers pTus the mean and 95%'confidence_1imits.

Diet Group
A B C D ‘ E
6,29 6,24 3,19 12,32 10,61
6,91 5,93 6,27 ' 7,85 111,22
9,04 4,41 5,01 10,47 9,35
5,33 4,56 9,36 - 11,56 ' 11,60
6,30 6,82 8,32 . 9,29 10,61
9,09 6,83 10,14 11,70 9,22
5,33 7,58 10,73 9,19 8,22
9,65 6,28 7,43 8,76 6,60
9,44 6,81 . 9,27 - 9,06 6,52
5,98 10,70 11,15 12,76 6,12
6,70 10,51 7,32 11,59 9,10
8,09 8,87 7,96 12,21 7,54
7,56 5,68 7,28 10,99 6,52
11,37 7,47 6,96 , 6,86 7,79
7,96 6,09 8,91 . 7,98 10,99
3,52 4,77 6,04 9,16 10,81
9,61 9,32 - 7,18 6,46 9,73
4,90 6,30 7,43 5,99 ' 9,66
6,07 7,37 6,87 8,25 8,09
6,03 6,01 4,90 9,60 5,90
7,12 4,96 4,66 8,37 3,59
3,76 6,37 4,11 7,59 3,85
6,23 6,93 3,80 5,64 2,67
3,85 7,75 - 5,41 5,97 4,23
4,26 7,40 -+ 5,29 4,39 . 3,46
3,54 5,97 7,32 5,83 3,08
4,37 4,49 5,85 8,27 . 3,96
3,63 4,41 5,89 7,12 4,04
5,32 8,56 5,73 3,58 : 4,19
4,19 7,04 8,71 4,05 4,73
X
6,38 6,74 6,90 8,42 7,13
_ + 95% confidence Timits
0,70 0,60 0,70 _ 0,90 1,04




Figure 8. A comparison of the ovary size for each diet group

" in Culex quinquefasciatus and Aedes aeqypti.
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Table 18. A comparison of the male : female sex ratio in Culex

quinqﬁefasciatus and Aedes aegypti. Results expressed as a

percentage plus p values for each diet type.

Diet Cu1ex quinquefasciatus Aedes aegypti
% females % males p value % females % males p value
45,2 54,8 | 43,5 | 40,2
A 31,8 | 68,2 | pL95% 49,4 56,4 | pl95%
47,6 52,4 | 59,8 50,6
47,3 |- 52,7 46,7 63,3
B 50,0 50,0 | pd95% 50,4 49,6 | pl95%
50,4 49,6 | 54,1 45,9
45,8 54,2 45,3 54,7
. . *
C 53,4 | 46,6 |p{95% 41,3 58,7 | p)95%
50,4 49,6 | 49,3 50,7
47,7 | 52,3 52,5 | 44,7
’ * .
D 45,7 | 54,3 |p)954% 49,5 | 47,5 | pL95%
45,5 54,5 55,3 50,5 |
47,1 52,9 46,5 53,5
* *
E 47,8 52,2 |py99% 38,3 61,7 | pp95%
16,5 | 53,4 | 45,7 54,3

* = significant




Table 19. The pH of the larval

water for each diet group for

both mosquito species.

~Diet group pH
A 6,5 + 0,04
B 6,4 + 0,04
C 6,4 + 0,04
.D 6,7 + 0,09
E 6,6 + 0,18
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12. TRANSMISSION ELECTRON MICROSCOPY OF OVARIES

12 .hours post blood meal (PBM)

Figures 9 to 18 show the follicular epithelium development at 12 hours .PBM.

" When~ eXamﬁning the results .for Culex quinquefasciatus (Fjgs. 9, 11, 13,
15 and 17) thereé are no visible structural differences between the
experimental diet groups A to D and the control diet E. The follicle
cells had. fdrmed a continuous layer around the oocyte. The cytoplasm
was fii]ed with ribosomes, rough endoplasmic reticulum and mitochondria
were present. There was no obvious evidence of vite1logeﬁesis. Chromatin

in a-condensed form was also present.

There was a1so no visible structural differences between the.various diet

groups in Aedes aegypti (Figs. 10, 12, 14, 16 and 18). - The follicle cells
‘had formed a continuous 1ayer_around the oocyte. Intercellular spaces.
filled with flocculent material were present_and are charécteristic of this
: Sfage (Po]]ard-gﬁ_gl.,1986). The cytoplasm was'f111ed with ribosomes and
rough endoplasmic reticulum and mitochondfia‘ were present. Vitelline
droplets were being deposited along the follicular epithelium - oocyte
{nterface. ~ Yolk deposition proceeded concurrently with vitelline membrane
' producfion and.yo1k'drob1ets were'seen_ih conjuncfion with 1ip1d.dr0p1ets,__

- Chromatin in a condensed form was also evident.

.If one compares the two mosquito species for each diet group, there are

~prominent differences seen between C. quinquefaséiatus and A. aegypti.

| Vite1logenesis had begun in A. aegypti as had protein and 1ipid yolk
deposition. On- the other hand, these processes had not as yet begun in

C. quinquefasciatus, There were also no intercellular spaces present




Figure 9. Follicular epithelium of Culex quinquefasciatus 12 hours

. post blood meal for diut A.
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Figure 10. Follicular epithelium of Aedes aegypti 12 hours post

blood meal for diet A.
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Figure 11. Follicular epithelium of Culex quinquefasciatus 12 hours

post blood meal for d-.et B.
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Figure 12. Follicular epithelium of Aedes aegypti 12 hours post

b]ood'meal for diet B.
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Figure 13, Follicular epithelium of Culex quinquefasciatus 12 hours

’bost blood meal for diet C.
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Figure 14. Follicular epithelium of Aedes aegypti 12 hours post

blood meal for diet C.
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Figure 15. Follicular epithelium of Culex quinquefasciatus 12 hours

post blood meal for d- :t D.

EEX i fe follicle cell
m mitochondria
ch chromatin

n.  nucleus

Bar represents 1lp

Figure 16. Follicular epithelium of Aedes aegypti 12 hours post

blood meal for diet D.
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, Figure 17. Follicular epithelium of Culex quinquefasciatus 12 hours

post blood meal for diet E (the control).
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Figure 18. Follicular epitheijum of Aedes aegypti 12 hours post

blood meal for d%et'E {the control).

P

Key : bl basement lamina
is intercellular space
ch chromatin
n nucTeus,
r. ribosomés
my microvilli

ly 1lipid yolk




62

~in C. quinquefasciatus.

The cellular structure was similar and.the follicular epithelium had formed

a continuous layer around the odcyte in the two mosquito species.

36 hours post blood meal

Figures 19 to 28 represent the follicular epithelium at 36 hours PBM.

Intercellular spaces were evident in C. quinquefasciatus and vitellogenesis

had begun in diets B, C, D and E but not in diet A.  The cytoplasm was
filled with mitochondria, ‘rough endoplasmic _reticu]um 'and secretory
.drop1ets were s;en in Golgi complexes. Apaft from there being no
vitellogenesis in diet A, there were no other structural differencés in

the follicle cells between the various experimental diet groups and the

control diet E ( Figs. 19, 21, 23, 25 and 27).

There were no visible differences in A. aegypti between the experimental
groups A to D and the control diet E. Oogenesis at this stage in this
.speciés was characterized by the toa]escing of the vitelline plaques to
._form the vjte]]ine_membrane. The cytop1ésm was still séen to be filled
‘with ribosqmes, rough endoplaSmic reti;u]um,"mitochondria and Golgi

- complexes { Figs. 20, 22, 24, 26 and 28).

The main difference at this stage between the two mosquito species is that

vitellogenesis 1is only starting in C. ‘quinquefasciatus but is almost

complete in A, aegypti.

- 60 hours post blood meal

The follicular epithelium development at this stage can be seen in figures

29 to 39.



Figure 19. follicular epithelium of Culex quinquefasciatus 36 hours

'post blood meal for di=t A.
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r  ribosomes
y . m mitochondria
n - nucleus

ch: chromatin : _

Bar represents 1p . - ‘

Figure 20. Follicular epithelium »f Aedes aegypti 36 hours post

blood meal for diet A.
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Figure 21, Folilcular epithellum of Culex guinquefasciatus 36 hours

post blood meal for «igt B.
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Figure 22, Folljcular epitheliun of Aedes aegypti 36 hours post

blood meal for diet B.
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Figure 23, Follicular epithelium of Culex guinquefasciatus 36 hours

'post blood meal for diet C.

Egz : m mitochondria
r ribosomes
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a n. nucleus

Bar represents Ty

Figure 24. Follicular epithelium of Aedes aegypti 36 hours post

blood meal for diet C.
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Bar represents lp




Figure 25. Fopllicular epitheVium of Culex quinquefasciatus 36 hours

post blgod meal for diet D.

Xey : rer rough endoplasmic reticulum
r r{bosomes

m mitochondria

n nuclaus

ve  vitelli{ne plaque

ly  Mpid yolk

py protein yolk

Ber represents ly

Figure 26. Fallicular epithelium of Aedes aegypti 36 hours pott

blood meal for diet D.
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Bar represents lp




Figure 27, Feollicular cgitheliun of Culex quinguefasciatus 36 hours

post blgod meal fgr diet £ (the controll,

Key : f¢ follicle ¢ce1)
is  intercelluldar space
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' r ribgsomes
ch chromatin
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Flgure 28. Follicular epithelium of Aedes aegypti 36 hours post

blood mea) for diet E (the control).
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In C. quinquefasciatus vitellogenesis had begun in diet A.  In all the

other diet groups the nucleus was seen to be intact ahd the cytoplasm was
filled with ribosomes, rough endoplasmic reticulum and mitochondria.
There was no visible evidence of chorion formation yet.” There were no
structural differences in the follicle cells between the experimental diet"

groups A to D and the control diet E ( Figs. 29, 32, 34, 36 and 38).

The results of A. aegypti can ke seen in figures 30, 31, 33, 35, 37 and

39. Figure 31 represents chorion formation as seen in diet group A.

Structural differences between the different diet groups were observed

for the first time at this stage.

In diet group A the follicular epithelial cell nucleus Was_sti11 intact
( Fig. 30) while rough endoplasmic reticulum, mitochondria and Golgi

conmplexes were still visible.

In diet group B rough endoplasmic reticulum, mitochondria and Golgi
complexes were still present in the follicular epithe1fa1 cells but only
the begining of exochorion formation was visib1é, The nucleus was still
c1ear1y defined but had appeared to have ‘taken on an e]ongate .shape

( Fig. 33).

In diet groups C, D and E the fo]]iéu]ar epithelium had an abundanbe of
_ ribosomes, mitochondria, very 1i£t1e rough endoplasmic feticu]um and almost
no Go]gi-comp]exgs.  The nuclear membrane had'bégun to degenerate and
the cytoplasm was filled with fibrous 'tissUe. ' 'Thé. overall appearance

of the follicular epitheTiUm wés_one of'degeneration ( Figs. 35, 37 and

39). |



Figure 29. Follicular epithelium of Culex quinquefasciatus 60 hours

[ R ——

post blood meal for diet A,
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Bar represents 1y

_Figure 30. Follicular epithelium of Aedes aeqypti 60 hours post

blood meal for diet A.
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Figure 37, <€horion formation in Aedes aegypti in diet A 60 hours

post blood meal.
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Figure 32. Follicular epithelium of Culex quinquefasciatus 60 hours

—_—

post blood meal for diet B,
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m mitochondria
n nu¢ leus
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Figure 33. Follicular epithelium of Aedes aegypti 60 hours post
blood meal for diet 5.
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Figure 34. Follicular epithelium of Culex quinquefasciatus 60 hours

-

post blood meal for diet C.
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Figure 35. Follicular epitheliur of Aedes aegypti 60 hours posf
LAQUre sSo. p
blood meal for diet C.
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figure 38. Follicular epitheliun of Culex guinquefasciatus 60 hours

post blood meal for iiet £ (the contral].

Ef! r m mitochondr(a
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Fiqure 39. Follicular eplithelium of Aedes aegypti €0 hours post
blood meal for diet € (the control).
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The main difference between the two species was in the development-of the

oocyte. In A. aegypti the oocyte had surpassed that of .Cu1ex
quinquefasciatus. Maturity of an oocyte is characterized by the break-

down of the fo]]ich]ar epithelium and this had not yet begqun in

C. quinquefasciatus.




87

DISCUSSION

1. FECUNDITY

There is much information scattered throughout the 1literature on the
production of insect eggs as this is a major parameter in population
dynamics (Gordon, 1968).  This information, unfortunately, is seldom
accompanied by data on -food intake. However it. is thought that
mosquitoes are able to evaluate the nutrition potentia]lof the blood meal
before 1its complete digestion and fhereby start the maturation of the
appropriate number of oocytes (Bellamy & Bracken, 1971). 1In other words,
some mechanism adjusts the number of maturing oocytes to fit the amount

of nutrient potentially available.

Engelman (1970) supports this theory but also feels that the total egg
production is dependent on the number of ovarioles present'in the ovaries
as well as the quantity of nutrients taken in by the adults and the

larvae.

Nayar and Sauerman (1975) showed that the number of matured oocyfés and
the number of eggs laid varied with the speéies (for example, Culex

mosquitoes can 1lay up to 300 and Aedes mosquitoes lay less than 100)

depending on their nutritional status.
A1l the adult fema]e mosquitoes in this study were given equa]'atcess
to a blood meal and so it is possible to rule out the effect of the'amount

of nutrient available.

One must therefore consider the effect of larval diet on fecund1ty, but

there was a very wide range of values obtained for both mosqu1to species -

(Culex = 74 - 363 eggs per femule and Aedes = 28 - 96 eggs per female)
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resulting in no significant differences befween'the test groups and the
controj group. Therefore, in the'present'study;.the influence of Tlarval
diet cah also be ruled out. However, nutrition in thé larval stage is
able to significantly influence fecundity in the resu]tihg adults.

Engelman (1970) showed in studies done on Aedes aégypti and Drosophi1a

melanogaster that females from well fed larvae laid more eggs than those

from poof]y fed larvae and the number of ovarioles was also reduced -in

the latter.

Another factor to consider is sugar feeding by the adult. Nayar and
Sauerman (1975) showed that sugar feeding of the female prior to and
~after blood feeding led to increased rates of fecundity and fn'some_cases
to eggs with h%gher_nﬁtritiona]lreseryes, which may affect the survival
and growth of the progeny. All the adu]ts in the present study were given
equal access to sugar prior to and after blood feéding but there is a

- possibility that not all the females availed themsé]ves thereof.

This is in direct contradiction to the results of de Meillon et al. (1967b)

who found that cane sugar feeding in Culex pipiens led to erratic ovi
- position which was delayed. This hés been linked to survival in the
wild; if no suitable .ovipositﬁon sites are found, for example during
- droughts, gravid females will feed on sugar and thus prolong their Tlives
and delay oviposition until a suitable ehvironment is foﬁnd. This is

supported by ‘Shroyer "and Sanders (1977) who showed that sugar feeding

delayed oviposition in Redes vexans and Ted to increased rates of survival

of the adults.

The effect of sugar could possibly be. ruled out in this study as a
suitable oviposition site was provided for the females but could account

for a small percentage of the variution seen in the results.
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One- must. therefore consider other facfors “such as fhe feeding. behaviour
of the mosquitoes-as this has been shown by Friend and Smith (1977) to
be affected by many'factors'such as diurnal rhythms, state of food and
water deprivation, the host, etc. One must also consider the effects
of hormones which have been éhown by Bellamy and Bracken (1971) to

affect ovarian responses.

'.Mating, light, temperature and humidity are all able to affect feeding
and mating activities which in turn will affect egg production (Eldridge,

1986) .

2. FERTILITY

Once again there were wide ranges of values (Culex = 57 - 100% fertility

and Aedes =44 - 90% fertility) precluding any significant differences

between the test diet -groups and the control diet group. This would
‘rule out dietary influences and hence other factors such as the following

must be brought_into consideration;

(a)-an increase in the percentages of males present in the cage was shown
' by Sebastian and de Meillon (1967) to Tlead to increased rates of
insemination, but it must be remembered that uninseminated blood fed
females can Tlay a_few eggs (Clements 1963) and this will affect the
results s]ight]y._ This .could be overcome by'fioating the eggs on a
séturated salt solution. Viable eggs will float and can be easily

removed for culture.

'(b)-the effect of staggered hatching in Aedes aegypti was shown by Hotchkin

(1985) who obtained fertility values of 94% within 72 hours. She kept
egg_papers fqr up to 10 Weeks'before flooding them. In the present
study egg papers were dried out for approximately 48 hours béfore

flooding.
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Possibly one achieves higher hatch rates if the egg papers are left to;dry
‘for Tonger periods of time as Hotchkin (1985) obtained mean fertility values
of 94% while those in the.present stuly were much lower at 50 to 74% only.
There is an advantage in staggered hatching as environmental ‘eonditions
-may be transient and as a flood water mosquito A. aegypti needs to ensure
the maximum availability of water so that the larvae can complete their |
life cycle before the Water dries up. This ‘is also aided by second hatch

larvae developing faster than first hatch larvae.

'Fert11ity‘ values obtained for (. quinquefasciatus were comparable with =

those obtained by other workers. Dziem and Cupp (1983) obtained a mean
fertility value of 80,4% when raising Culex larvae on a dfet of yeast and

- rabbit pellets.

3. DURATION OF LARVAL STAGE

- Clements (1963) found that'the duration of the larval stage of A. aegypti
~.is 5 to 6 days. In the present study the larval period iasted froﬁ 5
- to 18 days. These results are comparable with those ebtained by
Martinez-Palascios (1964) who experienced life cycles of 10 to 12 days.
However, van Handel (1986) also obtained results of 5 to 6 days on either
_ t]iver or yeast diets at a temperature of 28°C.  One must therefore consider
the effect of . temperature here as the mean value for A. aegyEt in the
present.study was 25,2°C (the mean humidity was_ 71%). This could

possibly have led to the increased larval durations.

The mean results obtained for C. quinquefasciatus of 11 to 16 days, however,

are ~ comparable with those obtai.ed by -other workers. Dziem
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and Cupp (1983) obtained a mean value of 12,7 days while using yeast and

rabbit food at a temperature of 27°C and 80% humidity. Okazawa et al.

(1985) obtained a mean value of 12 days while 'using poWdered mouse
pellets and'yeast at a temperature of 28°C and 75 - 85% relative humﬁdity.
Van Handel (1986) and de Meillon et al. (1967a), on the other hand
obfained mean values of 6,5 and 5 days respectively under similar

conditions. The mean temperature for C. quihquefaScjatus in the present

study was 24,3°C and the mean relative humidity was '56,5%. Inspite of
these factors being Tower than those of the above mentioned workers, the

duration of the larval stage was still similar implying that

C. quinquefasciatus is able to easily accommodate a 4o¢ temperatUre
difference. This would probably be a built-in mechanism related to coping

with changing environmental conditions. This is unlike Aedes aegypti where

-Tower temperaturés tended to produce 1ongér larval periods.

Within each species, the duration of 1larval life in the presént study
appears to be greatly affected by diet. When examﬁhing the eXperimentaT
diets compared with the control diet E, it can be seen.that the duration

of larval life was significant]& shortened in diet groups C (dog' food)

and D (yeast) in C. quinquefasciatus and in diet groups-B (rat cubes),
C and D in A. aegypti.

Dziem and Cupp (1983) claim inadequate nutrition s responsible for
prolonged larval Tlife. This is supported.by Okazawa et al. (1985) and

de Meillon et al. (1967a) who claim that the duration of 1larval life is

great1y affected'by feedihg. Lichtenstein (1948) found that development
is greatly increased by the addition of nicotenfc acid and slightly by
the addition of ascorbic acid. Without folic acid Tlarvae are able to
reach the 4th instar but do not pubate. Folic acid isr found in yeast
énd liver (diets D and E respectively). This is supporfed by Goldberg
| et al. (7945) who also showed tha: folic acid and vitamin B.were essential
for larval growth and that these wefe contained in Tiver and.'yeést.

Kettle (1984) showed that inéects do not require ascorbic acid but they

do require a source of -sterols and some species need cholesterol. Al]
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insects also require certain fractions. of the B group of vitamins. This
is further supported by Asahina (1964) who showed that certain food types
contain growth promoters such as cholesterol and vitamin B - complex and

these promdters are found in yeast and Tiver.

As the larvae were all grown under the same conditions the variations
in the duration of the larval stage must be due to diet and it can
therefore be said that a diet of dog biscuits or yeast (in the case of

C. quinquefasciatus and A. aegypti) or rat cubes (in the case of A.

aegyptﬁ) can shorten the Tlarval period significantly when compared with
a diet of dessicated liver.  Clements (1963) has shown that growth is
 stimulated by the addition 6f bacteria or yeast. - Christophers (1960)
“has shown that .steri1e food Teads to no growth. Therefore one can
conclude that 1living bacteria are needed for growth.  One must therefore
question what fo]e bacterié played in the present study. Pronutro 'plus

Tastee wheat appeared to have no effect on'the duration of larval Tlife

when compared with the control diet E.

Dadd (1982) has shown that yeast has a strong phogostimu1atory effect
on mosquito 1arvée and this could explain some of the differences observed
~as the more the Tlarvae eat the faster they will grow. Van Handel (1986)
however showed that the accumulation of protein was faster in larvae fed
'\: on liver than.thOSe fed on yeast. The u]timaté role played by these
two diets would require further work as the duration of larval life was
lengthened in .both the mosquito species fed on liver (diet E) when

compared with diets B, C and D. Dadd et ale (1982) also showed that

larval water pH was important in the rate of ingestion. He found that
_pH values below 6 led to a marked inhibition of feeding.,  The pH values
of the water in the various kearing dishes was above 6 in all diets in

{

the present study.
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Genetic factors have a]sd been implicated by Hotchkin (1985) as shé found
that A. aegypti larvae from different hatches developed at differént rates.
These factors could possib]j play a role within each diet group as the
duration of the larval stage was lengthy but.the strong iﬁf]uence of diet
‘would appear . to -be.the only factor to consider when ‘making comparisons

between the experimental and control diet groups.

4. DURATION OF PUPAL STAGE

As the pupal stage follows on from the larval stage one would assume that
conditions affecting the Tlarvae would therefore also affeci _the_pupae.

| This s confirmed in C. quinquefasciatus in diet group C (dog food) and

D (yeast) which differed significantly from the control diet E (dessicated
Tiver). As was expected as the former two groups had shorter Tlarval Tife

spans they pupated sooner than the -other diet groups.

Howevef, the same is not true for A. aégygti as only diet group B (rat
cubes) produced a pupal period which was significantly shorter than that

of the control dijet E.

Males were the first to pupate as was expected and this could be related
to females needing more nutrition for :subséquent reproductibn," and
therefore needing to spend longer in the larval stage. Resultant females

were also larger than the males as can be expected.
- The actual time spent as a pupa was approximate]y'fz days in all diet
groups. This compares with the 2} days obtained by Dziem and Cupp (1983)

and the 1} days obtained by de Meillon ‘et al. (1967a).

5. MORTALITY
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5.1 LARVAL MORTALITY

There were ho significant differences between the experimental diet groups
- ‘and the control group in A. aegypti. In the present study,_mean mortality
fates ranged from 8,9 to 30,1% which were higher than those obtained.for

C. quinquefasciatus (12 to 26% exc1ud1ng diet group A) -and considerably

higher than those obtained by Okazawa et al. (1985) of 3.3%.

- Only diet group A had a mortality value significantly higher than the

‘control in C. quinquefésciatus. Diet groups B, C and E had considerably
lower mortality values but diet group D had a relatively high'mortaTity

in both mosquito species (26% in C. quinquefasciatus and 30% in A.aegypti).

~ The higher incidence  of Tarval mortality in diet groups A (Pronutro +

' TaSteé wheat) and D (Brewer's yeast)'cﬁn be related to the natufe of the
diet. Pronutro plus Tastee Qheat swole rapid]y when added to the water
and formed a sticky mass. The larvae appeared fo get caught up in this
- mass and drown. Brewer's yeast, on the‘other'hand, rapidly spread acfoSs
the surface of the water forming a scum layer which also éaused the larvae
to drown as_they were prevented-from'breathing. This prob]em.cou1d be

overcome by gently aerating the water (P. Hewitt, pers comm).

5.2 PUPAL MORTALITY

There were no significant differences between any of the experimental diet

groups and the control diet in both mosquito species studied.

.'The mean  values obtained for C. quinquefésciatus (0,6 - 5,5%) compared

favourably with those obtained by other workers. Dziem and Cupp (1983)

experienced mortalities of 7,6% while Okazawa et al., (1985) showed

morta]ities of 1,7%.
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Pupal mortalities for A. aegypti were relatively low at 1,0 to 3,1% These

results compared favourably with those of Okazawa et al.(1985)

The highest -pupal morta1ity ranges were experienced in diet groups A
(Pronutro + TéSteé wheat) and D (Brewer's yeast). Muspratt (1962) claims
that pupal mortality is due to bacterial infection. This could explain
" the reason for the high pupal mortd]ity in diet A as Pronutro is a
sﬁbstrate Which allows rapid ‘bacterial growth. Fouling of the water
couid also lead to 1ncreased pupal déaths aS the pupae would be.prevented
from'breathing by the scum layer on the water surface; This could be
the mechanism in operation in diet D.  Moya and Botella (1985) working
on Drosophila foqnd that pupal mortality was a.density dependent process.
This could also be téken into consideration when examining mosquito pupal
mortality but fufther work is required to ascertain the maximum density

per millilitre of water for rearing mosquito pupae.

5.3 ADULT MORTALITY

Diet would appear not to have.any effect on adult mosquito mortality as
~ there was a wide range of results obtained in the present study.
Consequently no one experimental diet group differed significantly from

“the control diet group.

-Various theories have been proposed to explain mortality rates and much
work has been done in determining the longevity of adult mbsquitoes (Gahan
and Smith, 1964; de Meillon et al., 1967a§ C]ements, 1963; ‘ Nayar and

”Sauerman, 1975J; | The main factors under consideratibn are femperaturé

and humidity. The temperature in the present study was considered to

~be too high for C, quinquefasciatus (P, Jupp, pers comm) as some daily

recordings of 28°C were made. It is felt that 24°C is preferable,
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Relative humidity values of 90% were obtained on some days during mid -
summer and this is also felt to be too high for both mosquito species.

At these high humidity values biting and oviposition are halted (Clements,

1963).

Temperature and humidity could account. for -most of the deaths but
during periods when daily temperatures were cooler other factors must be-

brought into consideration.

Dadd et al. (1979) have shown that a respiratory substrate must be included
in_the diet of adults if maximum Tongevity is to be achieved. In the
’casé éf' female moéquitoes; triglycerides are the respiratory substrate
and are synthesized from sucfose. They also showed that arachidonic acid

was hecessary ior f]ight in Culex.

6. SIZE OF OVARY

In C. quinquefasciatus only diet group B (rat cubes) produced_oyaries that
were significantly smaller than the éontro] diet E (dessicéted Tiver).
There were, however, no significant diffefences between the experimental

diet groups A to D and the control diet £ in A. aegypti.

Although diet B; and to a lesser extent diet A, gave rise to smaller

~ovaries in C. quinquefasciatus, there was no concomitant decrease in the

number of eggs produced “i.e. the cize of the ovary was not related to
fecundity. It was also noted that the adults were not smaller in size

than those from the other diet groups.

- Mori (1979), working on C. quinquefasciatus, claimed that larva] density

coupled with type of diet led to a decrease in ovary size. As the larval |

density was constant for all diet groups, and only the food type'varied,
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one can deduce that larval diet ¢ppeared to influence the size of the

ovaries in the present study.

7; SEX RATIO

The sex ratio in A, .aegypti_ usually approximates 1:1 (Hickey & Craig,
1966). However, certain males have very few females in their offspring.
This .predohinance of fema]es has been shown to be due to an inherited

factor and not due to differential morta11ty.(Craig et al., 1960).

McClelland (1962) demonstrated that sex is determined by a single pair
of alleles designated M and m. The sex alleles are located on chromosome
one. Females are homogametic mm, and males are heterogametic Mm.  Thus,

the male parent determines the sex ratio in the progeny.

~As most workers in the -past have obtained a 1:1 sex ratio (Qutubuddin,
1953;  Dziem & Cupp, 1983; Clements, 1963; Hotchkin, 1985) the skewing

of the sex ratio with a bias towards males in both mosquito species studied

(C. quinquefasciatus in diets D and E and A.aegypti in diets C and E) was
an unexpebted finding. .
Christophers (1960) however, has observed a slight excess of males in past

literature and concluded that frequencies of 35 to 45% female was

charactefistic of A. aegypti.

Engelman (1970) found that exposure of larval A. stimulans to temperatures

of 26°C caused males to devélop into females. - In the present study the
‘temperatures were approximately the same but an increased number of males
arose. Furthermore, all the larvae were exposed to the same temperature

regimes with the only different factor being diet.
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Diet therefofe appears to play a role in sex determination but the
mechanﬁsm wou]d'require further work for elucidation as a ma1é producing
phenomenon could be used to control or manipulate natural populations of
these mosquitoés. " As these species are involved in disease transmission,
any ﬁmaéure which would modify-fhe sex ratio in favour of ma]es_shou]d
be beneficial since blood feeding ahd. hence, disease transmission, is

1imited to females.

8. TRANSMISSION ELECTRON MICROSCOPY OF OVARIES

~ The results of this study indicate that diet does pTay a role in oogénesis.

" In C. quithefasciatus there were ho differences between the follicular
épithe]ia] cells in.the different diet groﬁps at 12 hours PBM.  However,
~ from 36 hours PBM, deve]bpment in diet group A appeared to lag behind that
of the other diet groups.. Vite]]ogénesis had commenced at 36hours PBM
in diet groups B, C, D and E but did not start until 60 hours PBM -in diet

group A.

In A. aégypti there were no visible differences in the follicular
“epithelium until 60 hours PBM. At this stége the f011icu1ar epithelium
of diefs A and B had not developed as far as the control diet E. The
| deve1opment in diets C and D, however, had progressed as far as that of

the control diet E.

In each diet the main common ingredient was protein. The amount of
protein available per larva was as follows; A = 2,24mg, B = 1,92mg, C =

1,08mg, D = 0,75mg and E = 0,76mg. ~ Since diet A in both species and diet

B in C. quinquefasciatus lagged behind in oogeneSis,.one may éonC1ude that

increased amounts of protein in the larval diet prolongs the process of

vitellogenesis in C. quinquefasciatus and A. aegypti. The mechanism or

reason for this effect would require further work for elucidation ds no
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work has been done on the effect of diet on the follicular epithelium of

~ developing oocytes.

There 'was also a marked contrast in the overall rate of development of
the oocytes between the two mosquito species. Development in

C. quinquefasciatus appeared to be much slower than that in A. aegypti.

~ One would presume this to be a genetic_effegt because of differences in
thé nature of'the eggs and the different life-styles of the two species..
A. aegypti eggs haVe'to_Qndergo a périod of drying before maximum hatchihg
is achieved and, furthermore, the eqgs are. able to withstand months of

dessication. C. quinquefasciatus eggs, on the other hand, cannot with-stand

dessication and have to be laid on water. C. quinquefasciatus eggs hatch
within 48 to 72 hours after being.]aﬁd whereas A. aegypti eggs can hatch

‘within hours of being re-hydratéd.

This would tend to indicate a Tonger period of embryogenesis in Culex

as opposed to Aedes.

The procedure used in the transmission e]ectrbn_microscopy study carried
out. in this thesis was a new one developed for this project'ahd deserves
~ mention. Previously the fixation, dehydration and embedding of mosquito

- ovaries was a time consumihg exercise of up to four days (Pollard et al.,

1986).  The method described herein is time saving in that all pre - |
-sectioning steps can be carried out in one day. The quality of micro- .
graphs obtained is also comparable with those of other workers (Mathew

& Rai, 1975; Pollard et al., 1986).
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SUMMARY

Larvae of Culex quinquefasciatus and Aedes aegypti were raised on five

different diets.and the effects thereof on various parameters was studied.
: The‘diete used were: A = Pronutro and Tastee wheat, B = Epol rat cubes,
C = Breeder's Dogmer pUppy chunks, D = Vital Brewer's yeast powder and
" E (the control) =‘V1ta1 dessicated liver.  The following resu1ts were

‘ Obtained.
1.  Fecundity appeared not to be affected by diet in both species.
2. Fertility did not appear to be affected by diet either.

3. Diets C and D significantly shortened the duration of the larval stage

~in C. quinquefasciatus when compared with the control Diet E. In

A. aegypti diets- B, C and D produced 1larval periods that were

significantly shorter than the control.

. 4. The pupal stage in C. quinquefasciatus in diets C and D was also

‘significantly shorter than that of the control diet E. In A. aegypti

only diet B produced a pupal stage that was significantly shorter than

the control.

l 5. Larva] mortality was significantly higher than the control diet E in

C. quinquefasciatus in diet group A. There was no significant

~differences between the experimental diet groups A to D and the control

~in A, aegypti.
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Pupal mortality appeared to be unaffected by larval diet in both

species.

Larval diet did not affect adult mortality either.

“In C. quinquefasciatus the <ize of the ovaries was significantly

smaller than the control in diet group B. Ovary size appeared to

be unaffected by larval diet in A. aegypti.

~ Sex ratio appeared to be greatly affected by larval diet. There were

significantly more males than females 1in diets D and E in Culex

quinquefasciatus and in diets C and E in Aedes aegypti.

Oogenesis also appeared to be affected by Tlarval diet. In C.

quinquefasciatus oogenesis was found to be slower from 36 hours PBM

in diet A. . Ih'A.'aegypti oogenesis was slower in diets A and B from

60 hours PBM. The rate of oogenesis in C.quinquefasciatus was also

found to be slower. than that in A.aegypti.
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APPENDIX 1

Substance_ 4 ‘ Diet

A B C

protein X X
fat X X
linoleic acid X |

ifibre _ o - X

X X X X

nicotinamide X

vitamin C X

calcium .~ X X
phosphorous X

potassiUm

sodium chloride

magnesium X
iron : X X
copper X X
manganese

zinc S X
iodine X

>

sesium

vitamin A - X
vitamin D
“vitamin E
vitamin Bl
vitamin B2
pantothenic acid
niacin

vitamin B6 ' X

X X X X X X X X X

folic acid X
‘biotin '
vitamin B12 X

X X X X X X X X X X X X X X X X X X X X X X X

- choline
carbohydrates

x X > X

'chb]estero]

List of ihgredients as supplied by manufacturers.

X X X X X X X
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