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Abstract. The effect of ten microalgal chlorophytes isolated from mosquito breeding containers on
the survival, larval development and adult body size of the mosquito Aedes aegypti was investigated.
All larvae fed with six of the microalgal isolates died after 7 days. These isolates were found to be
resistant to digestion by mosquito larvae. Delayed pupation and body size reduction of the mosqguitos
fed with Chlorococcum UMACC 218 and Scenedesmus UMACC 220 were observed. In contrast,
larvae fed with Ankistrodesmus convolutus UMACC 101 and Chlorococcum UMACC 213 were big-
ger in size than those fed with normal insectory feed. The present study showed that microagal
chlorophytes have the potential to be used as larvicidal agents for mosquitos.

INTRODUCTION

Control of disease-bearing vectors relies
heavily on the extensive and intensive use of
chemical insecticides. These chemicals are to
certain extent quite successful in curbing the dis-
eases concerned. However, in view of some of
the side effects of chemical agents used in vector
control, interest in environmentally friendly ap-
proaches and the use of biological control agents,
have been revived. Use of certain strains of Ba-
cillus thuringiensis and B. sphaericus has been
successful in mosguito control. However, rapid
settling of the mosquitocidal preparations of these
bacteria prevents sustained contact of their tox-
ins with the target population and necessitates
repeated treatment to effect continuous control.
In the case of mosquitos, microal gae deserve par-
ticular attention since microalgae are the princi-
pal food for larvae of many speciesand have been
known to exert some inhibitory effects upon cer-
tain components of the aguatic fauna.

Phytoplankton (microal gae) arethe primary
food for many species of mosquito larvae. Some
species of these microalgae provide healthy, nu-
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tritious food for mosquito larvae whereas other
speciesare harmful to thelarvae. Itiscommonin
nature for mosquito larvaeto die before complet-
ing their devel opment because they are poisoned
by toxic algae or they starve to death while feed-
ing on algae that are indigestible. The detrimen-
tal effects of algal growth are not only harmful to
larval development but also prevent mosquito
oviposition. The del eterious effects of some spe-
ciesof algae on mosquito populations were dem-
onstrated by several authors. For instance,
Angerilli and Beirne (1974) and Mulla et al
(1987) observed that a free floating unicellular
Chlorella ellipsoidea produces certain substances
that are lethal to the immature stages of the mos-
quitos asthey alter the development. Rashed and
El-Ayouty (1992) showed that Chlorellavulgaris
has some mosquito regulating effectsand it is not
a sufficient food source for larval development
when tested against Culex pipiens. Larval pupa-
tion was delayed and no pupation was noticed
until 21 days.

Mosquito-indigestible phytoplankton have
good field characteristics as a biological control
agent against mosquitos because they are natu-
raly present in the habitats of mosguito larvae
and are ableto multiply and persist in these habi-
tats. Another major advantage of phytoplankton
for mosquito control is the expectation that mos-
quitos will not evolve resistance to their use.
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The significance of mosguito-indigestible
algae has not generally been recogni zed because,
even when these algae are abundant, their occur-
rence in nature is usually in combination with
other kinds of algae that provide sufficient nutri-
tion. However, they sometimes do have an im-
pact in nature. For example, Marten (1984) re-
ported that Ae. albopictus larvae in Hawaii were
dying of starvation in container-breeding habi-
tats where Kirchneriella irregularis had taken
over as the dominant phytoplankton. When a
small quantity of K. irregularisisintroduced to a
container habitat whereit wasnot already present,
it often dominated and rendered the water unsuit-
able for Ae. albopictus larvae. Marten (1986)
showed that mosquito-indigestible algae can take
over other phytoplankton when introduced even
in very small quantities, provided the algae are
local strains, asthey are highly competitivewithin
the particular habitat to which they have beenin-
troduced.

Use of indigestible microalgaeis, therefore,
agood aternative for mosquito control. Thefirst
important step is identification of a suitable al-
gae present in the natural mosquito breeding habi-
tat. The objective of this study wasto investigate
the larvicidal properties of the indigenous
microalgae of Malaysia. At present, the Univer-
sity Malaya Algal Collection Center (UMACC)
has 43 isolates associated with mosquito breed-
ing grounds in Malaysia. We report here on the
larvicidal propertiesof ten chlorophytesfromthis
collection.

MATERIALSAND METHODS

Evaluation of selected algal species as larvi-
cides against Aedes aegypti larvae
Tenunicellular speciesof green algaeisolated
from mosquito breeding containers such as empty
coconut shells, discarded tires and metal contain-
ers, were selected for the study. The axenic cul-
tureswereidentified by referenceto the strain num-
bers used in the University MalayaAlgae Culture
Collection (UMACC) catd ogue (Phang and Chu,
1999). They were Scenedesmus UMACC 010,
Ankistrodesmus convolutus UMACC 101, Chlo-
rellaUMACC 184, ChlorellaUMACC 185, Chlo-
rella UMACC 187 Chlorella UMACC 193,
Chloroccocum UMACC 213, Chlorella UMACC
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217, ChloroccocumUMACC 218 and Scenedesmus
quadricauda UMACC 220.

Eachisolatewas cultured using Bold'sBasal
Medium (Phang and Chu, 1999) in 1 liter conical
flasks with a 10% inoculum (OD,,, ., = 0.2). At
stationary growth, the cultures were centrifuged
at 150g for 10 minutes to harvest the algal cells.
The harvested cells were diluted with distilled
water to obtain a concentration of OD,,,.. = 0.6.
Larvicida activity of thealgal suspensionsagainst
mosquito larvae was determined by transferring
200 ml of the algal suspension to a glass beaker
containing 25 second instar larvae of Ae. aegypti.
Four replicates were used each time and the test
was repeated three times. The mosquito larvae
used in this study were obtained from the insec-
tary of the Institute for Medical Research, Kuala
Lumpur. The control consisted of larvae in dis-
tilled water fed with finely ground partially
cooked liver, which is the normal insectory feed
(Cheong, 1965). Larvae mortality was assessed
every 24 hourswith dead organismsremoved each
time. Lethal time (LT) values were calculated
using probit analysis (Finney, 1989). The percent-
age mortality for each test was calculated. Daily
observations on larval and pupal mortality were
continued through adult emergence or until ter-
mination of the test after amaximum of 21 days.

Adult body size was determined by measur-
ing thewing length (distance from axial incision
to the apical margin, excluding fringe of scales)
of eachindividual. Wing length was chosen asan
indicator of body size because it is directly pro-
portional to dry body weight (McCombs, 1980).
For statistical analysis, mean wing lengths of 30
to 50 adults of both sexes in each test were cho-
sen randomly and were subjected to analysis of
variance and compared by one way analysis of
variance.

Feeding tests using Aedes aegypti to deter-
mine digestibility of the microalgae

Axenic algal cultures were grown in Bold
Basal Medium until the inocula reached exponen-
tial phase cultures. The inoculum was centrifuged
at 150g for 10 minutes and washed with distilled
water. The process were repeated twice. The su-
pernatant was discarded and the residue wasresus-
pended in ditilled water to obtain OD,,, of 0.2 at a
250 ml volume. The algal suspension were trans-
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ferred to abeaker for the digestion experiment.

Ae. aegypti larvae reared in the insectary
were starved for 12 hours before the experiment.
Some 25 larvae were placed in the algal suspen-
sion. Thelarvae were allowed to feed for one hour
before being removed from the suspension. The
attached algae were removed by washing with
distilled water and the larvae were placed in dis-
tilled water to allow further digestion. After ev-
ery hour, fivelarvae were picked and then rinsed
with distilled water.

The food bolus was removed with forceps
and washed threetimesin distilled water whileit
was still packaged by the peritrophic membrane.
The gut contents were then teased from the mem-
brane with very fine pin into avial containing 1
ml sterile distilled water. The times required for
ingested cellsto passthrough thelarval digestive
tractswere determined by examination under mi-
croscope. Cell counts were carried out to deter-
minethe percentage of digestion of thealgal spe-
cies.

Biochemical composition of algae

Proteins and carbohydrates were extracted
using NaOH and HCI and the content was deter-
mined by spectrophotometry (Bradford, 1976;
Kochert, 1978). Lipidswere extracted in chloro-
form: methanol ratio of (1:2) and determined by
gravimetry (Bligh and Dyer, 1979).

Digestive enzymes studies

Digestive enzymes of the Ae. aegypti larvae
were investigated by feeding the larvae with the
ten algae separately, for four days. For positive
controls, guts of the larvae maintained in the in-
sectary and fed with partially cooked liver were
used. For negative controls, guts from unfed lar-
vae were used. The gut from each larva was ho-
mogenized in doubled distilled water and the ex-
tract was separated on SDS-polyacrylamide slab
gel using the discontinuous system consisting of
4% acrylamide stacking gel and 12% acrylamide
separating gel. Approximately 10 ul of the gut
samples were boiled at 100°C for five minutes
before loading onto the gel. The separated pro-
tein bands were visualized by staining with
Coomassie brilliant blue. The selected digestive
enzymes, such asa-amylase, lipase and cellulase
were |oaded separately onto the gel with the test

Vol 35 No.1 March 2004

sample. The enzymes a-amylase from Bacillus
amyloquefaciens, lipase from Rhizopus arrhizus
and cellulasefrom Trichoderma viridewere used
as standards. Enzymes were considered present
in the gut of the larvae if the appropriate bands
appeared in the sample’slane and the studied en-
zymes had the same molecular weight.

Cell walls characterization of microalgal iso-
lates

Exponentially growing cells of the ten spe-
cies were harvested and preserved in 2.5%
glutraldehyde in cacodylate buffer (pH 7.2) for 4
hours at 4°C. The specimens were washed in ca
codylate buffer and transferred to 1.0% osmium
tetroxide in cacodylate buffer for 1 hour. Subse-
quently they were washed in cacodylate buffer
and stained with 2.0% urany! acetate in water for
30 minutes each. The specimens were infiltrated
with epoxy resin and polymerized in an oven at
60°C overnight and sectioned using the ultrathin
microtoem. The sections were then stained using
1.0% uranyl acetate and lead citrate and viewed
under atransmission electron microscope (TEM-
Model Hitachi S-430).

RESULTS

Evaluation of selected algal species as larvi-
cides against Aedes aegypti larvae

The percentages mortality of larvaefed with
theten chlorophytesfor 7 daysisshownin Table
1. The maximum mortality was observed in the
cases of Scenedesmus UMACC 010, Chlorella
UMACC 184, ChlorellaUMACC 185, Chlorella
UMACC 187, ChlorellaUMACC 193, and Chlo-
rellaUMACC 217 isolates, which caused almost
100% mortality to the larvae. Only 10.0% and
13.0% of the larvae fed with Chloroccocum
UMACC 218 and Scenedesmus quadricauda
UMACC 220 survived after 21 days. The devel-
opment of these larvae was delayed with pupa-
tion occurring after 11.0 and 10.5 days respec-
tively; only 7.0% of the larvae emerged to adults
(Table 2).

Larvae fed on Ankistrodesmus convolutus
UMACC 101 and Chloroccocum UMACC 213,
had high survival rates of 99.0% and almost all
larvae pupated by 3 or 4 days. All adults emerg-
ing from thetreatmentswere further analyzed for
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Table1
Percentage LT, mortality (%), and % of undigested cells of Aedes aegypti larvae fed with ten cell
density of microalga.

Algal isolates % mortality LT,, (day) % of undigested
after 7 days 95% CL cells
Scenedesmus UMACC 010 100.0 2.58 (2.15- 2.99) 60.53
A. convolutus UMACC 101 0.0 9.95 (9.43 - 10.54) 381
Chlorella UMACC 184 100.0 1.26 (0.95 - 1.53) 88.66
Chlorella UMACC 185 98.9 1.66 (1.36 - 1.94) 85.80
Chlorella UMACC 187 97.6 1.35(1.13- 1.54) 72.10
Chlorella UMACC 193 99.1 2.81 (244 - 3.25) 64.58
Chloroccocum UMACC 213 3.0 7.27 (6.68 - 8.11) 3.56
Chlorella UMACC 217 100.0 2.68 (2.37-2.97) 85.8
Chloroccocum UMACC 218 81.2 4.51 (3.87 - 6.05) 59.12
S. quadricauda UMACC 220 60.0 5.34 (4.73-9.10) 34.58
Table 2

Effect of four microalgal isolates on larval survival, development and adult size of Aedes aegypti.

Microalgal isolates

Effect Scenedesmus  Chlorococcum Chlorococcum A, convolutus

“Normal

UMACC220 UMACC218 UMACC?213 UMACCI101 Food

% mortality after 3 days 53.00 68.00 0.0 0.0 0.0
% mortality after 6 days 88.00 84.00 0.0 0.0 0.0
% mortality after 12 days 90.00 87.00 0.0 0.0 0.0
% mortality after 21 days 90.00 87.00 0.0 0.0 0.0
No. of daysto first pupation 11.00 10.50 4.0 3.50 4.00
“Female wing length (mm) 279 2.86% 3.17° 3.21° 3.10°
“Male wing length (mm) 2.37% 2432 2.79° 2.86° 2.52°

*Means followed by same letter in a column are not significantly different (Duncan’s multiple range test, p>0.05).

**Normal food consisted of partially cooked liver.

their growth rate and body size by measuring the
wing length. The wing length of the adults
emerged from the treatments with Chloroccocum
UMACC 218 and Scenedesmus quadricauda
UMACC 220 were shorter for both males and
females (Table 2) than other treatments, whilst
those of adults from Ankistrodesmus convolutus
UMACC 101 and Chloroccocum UMACC 213
treatments were longer than controls for both
males and females.

The larvicidal property of the algal isolates
was determined by calculating the lethal time
(LT,), whichisthetimein daystakentokill 50%
of thelarvae. Among theten isolatestested, Chlo-
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rella UMACC 184, Chlorella UMACC 187,
Scenedesmus UMACC 010 and Chlorella
UMACC 185 were found to be most effective
having LT, of 1.35, 1.66, 2.58 and 2.60 days re-
spectively at the concentration of OD,, 0.2.
Scenedesmus UMACC 220 and Chloroccocum
UMACC 218 exhibited moderate larvicidal ef-
fect with the same cell density (Table 1).

Feeding tests using Aedes aegypti to deter-
mine digestibility of the microalgae

Table 1 also shows the percentage of undi-
gested cells for the various isolates. The highest
percentages of undigested cellswere observedin

Vol 35 No.1 March 2004




ErrFecTs oF MICROALGAE ON AE. AEGYPTI LARVAE

Table 3
Biochemical composition (% DW) of ten microalgal isolates (mean, standard deviation, n=4).
Isolates Protein Lipids Carbohydrate
Scenedesmus UMACC 010 19.07 = 12.61 10.63 + 3.23 15.13 £ 2.39
Ankistrodesmus convolutus UMACC 101 19.33 + 4.68 19.55 + 4.03 21.68 + 9.36
Chlorella UMACC 184 24.45 + 18.24 16.75 = 10.68 17.53 + 12.93
Chlorella UMACC 185 20.45 £ 5.97 11.28 £ 5.28 9.93 + 2.35
Chlorella UMACC 187 24.83 +11.09 9.43 +5.39 14.78 + 4.46
Chlorella UMACC 193 27.40 +18.13 11.23 + 2.67 17.85 + 7.64
Chloroccocum UMACC 213 21.48 +13.83 13.88 + 2.82 15.89 + 2.26
Chlorella UMACC 217 23.30 +12.89 11.08 + 8.23 14.23 + 4.49
Chloroccocum UMACC 218 23.85 +10.88 12.35 £ 4.50 19.88 = 7.78
ChlorellaUMACC 184, ChlorellaUMACC 185, Table 4

and Chlorella UMACC 217, which were 80.66,
75.80 and 65.64% respectively. The feeding of
larvae with Ankistrodesmus convolutus UMACC
101 and Chlorococcum UMACC 213 showed
lower percentages of undigested cells.

Biochemical composition of algae

All the cultureswere harvested for biochemi-
cal analysis during the stationary growth phase.
The protein, carbohydrate and lipid contents for
all the ten isolates ranged from 19 to 25%, 15 to
22% and 9 to 12% of the dry weight respectively
(Table 3). On the basis of the biochemical com-
position, the nutritional valuesintermsof the pro-
tein, carbohydrate and lipid contents of the ten
algae were similar.
Digestive enzymes

a-amylase was present in the gut of larvae
fed with Ankistrodesmus convolutus UMACC
101, ChlorellaUMACC 184, ChlorellaUMACC
185, Chlorella UMACC 193, Chloroccocum
UMACC 218, Scenedesmus quadricauda
UMACC 220 and partially cooked liver. No amy-
lase was observed from the guts of larvaefed with
Scenedesmus UMACC 010, Chlorella UMACC
187, Chloroccocum UMACC 213, Chlorella
UMACC 217 and non-fed larvee. Lipasewas only
present in the gut of larvae fed with Chlorella
UMACC 184, ChlorellaUMACC 185, Chlorella
UMACC 193, Chlorella UMACC 217 and par-
tially cooked liver. Cellulase was present in lar-
vae fed with all ten isolates and partially cooked
liver (Table 4).
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Enzyme activity in the gut of Aedes aegypti of
non-fed larvae and larvae fed with the ten
chlorophytes and partially cooked liver.

Cd-

Algd isolates S
g P lase

Amylase

Scenedesmus UMACC 010
A. convolutus UMACC 101
ChlordlaUMACC 184
ChlordlaUMACC 185
ChlordlaUMACC 187 -
ChlordlaUMACC 193
ChloroccocumUMACC 213 - -
Chlordla UMACC 217 -
Chloroccocum UMACC 218
S quadricauda UMACC 220
Norma food

No food - -

+ + +
+ +

+
+ +

+ +
+ + 4+ + 4+ ++ +++ o+

Morphological characterization of microalgal
isolates

Transmission electron micrographs of
Scenedesmus UMACC 010 showed that the cell
wall consist of athick inner celluloselayer, avery
thin middle layer (which isreferred to as the tri-
laminar zone and bounded by membranes on ei-
ther side) and the outer pectic layer (Fig 1).

The electron-microscopy studies of Chlo-
rella UMACC 184 showed that the cell wall is
composed of an inner microfibrillar zone and an
outer trilaminar zone (Fig 2).
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Fig 1-Longitudinal section of Scenedesmusquadricauda
UMACC 010 showing cellulosic layer (CEL),
trilaminar layer (TRL) and pecticlayer (pl). Mag-
nification 120,000x.

Electron micrographs of the cross-section
of Chlorococcum UMACC 213 showed that the
cell wallsarerelatively thinwith athininner layer
and an outer gelatinous layer (Fig 3).

DISCUSSION

ChlorellaUMACC 185, ChlorellaUMACC
187, Scenedesmus UMACC 010 and Chlorella
UMACC 191 wereeffectivelarvicides against the
mosquito larvae, with most dying with their guts
full of algal cells. The larvae showed no growth
and died within afew days during the second or
third instar of development, and those which oc-
casionally reached the fourth instar were usually
in an emaciated condition. Pre-pupal mortality
may be due to failure of proper sclerotization
(Zebitz, 1986) suggesting that the algae might
interfere with the hormonal control of moulting
(Sagar and Sehgal, 1997). The algae a soinduced
some morphological abnormalities, as observed
by the shrunken appearance of the treated larvae.
Dhillon and Mulla(1982) reported similar obser-
vations when C. ellipsoidea were inoculated in
the breeding containers of the first stage larvae
of Ae. aegypti and Cx. quinquefasciatus. The po-
tential deleterious effects of some species of al-
gae on mosquito populations as demonstrated by
several authors (Dhillon and Mulla, 1981; 1982;
Rashed and El-Ayaouty, 1992) were supported in
the present study.
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TRL

Fig 2-Longitudinal section of Chlorella UMACC
184 showing cellulosic layer (CEL), trilaminar
layer (TRL) and pectic layer (pl). Magnification
35,000x.

Fig 3—Electron micrograph showing thin sections of the
cell wall (CW), storage materials (S) and
pyrenoids (py) of Chlorococcum UMACC 205.
Magnification 48,000x.

Growth was s owest (more than two weeksto
reach pupal stage) for larvae fed on Scenedesmus
UMACC 220 and Chloroccocum UMACC 218
resulting in adults with significantly smaller body
size than controls. The larvae were able to reach
adult stageswhen fed with theseisolatesbut growth
was slow, probably due to interference with the
endocrine mechanism (Benerjee and Rembold,
1993). Some green agae produce substances that
inhibit larval development and delay the develop-
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ment of the surviving larvae to the adult stage
(Rashed and Al-Youty, 1992).

Conversely, larvae fed on Ankistrodesmus
convolutus UMACC 101 and Chloroccocum
UMACC 213 showed enhanced development.
Thelarvae of Ae. aegypti al survived and devel-
oped normally to the adult stage. Growth was
rapid (approximately one week to reach the pu-
pal stage) with larvae and adults attaining larger
sizes than the controls.

The emergence of larvae fed on Scenedesmus
UMACC 220 and Chloroccocum UMACC 218
weresignificantly different fromthe controls. Emer-
gence of larvae exposed to Ankistrodesmus
convolutus UMACC 101 and Chloroccocum
UMACC 213 werenot, however, significantly dif-
ferent from the controls. Emergence of adultsfrom
thelarvae of controlsand thosefed on Scenedesmus
UMACC 220 and Chloroccocum UMACC 218
were completed within 10 days, wheress larvae
treated with Scenedesmus UMACC 220 and
Chloroccocum UMACC 218 took 16-24 days,
showing that the development of mosquito larvae
fed with these chlorophytes was delayed (Dhillon
and Mulla, 1981).

Larvae fed with Scenedesmus UMACC 220
and Chloroccocum UMACC 218 had signifi-
cantly shorter wing lengthsthan controlswhereas
those fed with Ankistrodesmus convolutus
UMACC 101 and Chloroccocum UMACC 213
had longer wing lengths. Since an optimal larval
diet increases both wing length (McCombs, 1980)
and survival rates(Harmis, 1983), the present data
suggest that most of the algae tested have larvi-
cidal effects. Survival rates were high using
Ankistodesmus convolutus UMACC 101 and
Chlorococcum UMACC 213 suggesting that these
are an adequate source of food for the develop-
ment of Ae. aegypti larvae.

Larvae of Ae. aegypti placed in the suspen-
sions containing the algal Chlorococcum
UMACC 213 or Ankistrodesmus convolutus
UMACC 101 |ost their contents quickly (broken
or dissolved) when ingested by Ae. aegypti lar-
vae. The cells underwent considerable changes
or were broken up. Thecell wallsare plasmolysed
or dissolved. Many cellsthat contained full chlo-
roplasts when ingested, showed reduced/frag-
mented chloroplasts when the gut contents were
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examined. This could be dueto the partial diges-
tion of cells.

The chlorophytes Scenedesmus UMACC
010, ChlorellaUMACC 185, ChlorellaUMACC
187, Chlorella UMACC 193 and Chloroccocum
UMACC 218 werefound to beresistant to diges-
tion. None of theisol ates examined lost their con-
tents rapidly and the cells remained intact; even
after being ingested by Ae. aegypti. Howland
(1930) and Laird (1988) reported that 75% of the
ingested algae may be unaffected and ahigh pro-
portion of the resistant species belong to the
chlorococcales. Howland (1930) further stated
that Scenedesmus quadricauda cells are not eas-
ily plasmolysed even after several days starva
tion of the larvae Cx. molestus. The digestibility
of microorganisms in larval food is determined
by the resistance of their outer wall and the dura-
tion of exposure in the gut (Clements, 1992).

The present study further confirms the po-
tential of the algae as biological control agents
against mosquitos. Algae have many advantages
ashiological control agentswhen compared with
other mosquitocidal bacteria because they are
naturally present in mosquito habitats and are
suitable food for the mosquito larvae (Kiviranta
and Abdel-Hameed, 1994; Saario et al, 1994). In
mosquito breeding grounds, there are zooplank-
ton, such as copepods, which also feed on
microalgae (Marten, 1984). The grazing of such
phytoplankton results in the indigestible algae
becoming dominant populations (Porter, 1973;
Steinman, 1996). Thisisan advantagein the con-
trol of mosquito larvae.

Thelipid, carbohydrate and protein contents
of theten chlorophytes were lower than those re-
ported for other chlorophytes such as Chlorella
sp and Scenedesmus sp (Renauld et al, 1994; Chu
et al, 1995) although the nutritional content did
not vary among the ten isolates, indicating that
thedifferential mortality of thelarvaewasnot due
to malnourishment.

Theenzyme o-amylasewas present in the gut
of larvae fed with Ankistrodesmus convolutus
UMACC 101, Chlorella UMACC 184, Chlordlla
UMACC 185, Chlorella UMACC 193, Chloroc-
cocum UMACC 218 and Scenedesmus quadri-
cauda UMACC 220 and partially cooked liver,
showing that it was involved in the digestion pro-
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cessof themosquitolarvae (Yang and Davies, 1971,
Dadd,1975). Lipase was only present in the gut of
larvaefed with Chlorellaspecies. Thepresenceand
function of intestinal lipase in insects is only
sparsely documented, especialy inthelarval stage
(Clements, 1963). Cellulase was present in larvae
fed with all the ten isolates and partially cooked
liver. Celulose digestion in insects is rare but oc-
cursin several insects that have nutritionally poor
diets (Martin, 1991).

Larvae, therefore, appear to possess suffi-
cient normal enzymes to digest the algae when
exposed to them and the enzymes of the larvae
fed with the ten isolates tested were not signifi-
cantly different. Digestibility of the algae depends
on other factors as well, such as the shape, size
and cell wall properties of the algae (Atkinson et
al, 1972). These other factors may therefore be
more important in accounting for the effects ob-
served in this study.

In a survey of a number of these algae,
Atkinson et al (1972) found that about half the
species of Chlorella and Scenedesmus examined
had athick trilaminar layer outsidethe cell proper.
This layer is extremely resistant and is believed
to consist of polymerized carotenoid material like
sporopollenin. Northcote et al (1958) and Soeder
(1964), also reported that the sporopollenin of the
Chlorella cell wall is located in the trilaminar
outer component and perhaps at its outer surface.

The digestibility of the microalgaein larval
food is determined by the resistant properties of
their outer wall and the duration of exposure in
the gut. Thick-walled organisms are relatively
indigestible. When Chlorella UMACC 185 and
Scenedesmus UMACC 010 were examined un-
der a transmission electron microscope, the cell
walls of these isolates showed a thin trilaminar
layer thought to consist of sporopollenin, and the
low digestibility of theseisolates seemsto be due
to sporopollenin, a carotenoid polymer impervi-
ous to all digestive enzymes. In contrast,
Chlorococcum UMACC 213 is rapidly digested
and this may be due to their thin cell walls as
observed under a transmission electron micro-
scope in this study.

The limited survey of Scenedesmus
quadricauda UMACC 010 and Chlorella
UMACC 184 examined in the present work
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showed that sporopollenin might be present in
ChlorellaUMACC 184 aswell asin Scenedesmus
quadricauda UMACC 010, in al probability in
the outer component or trilaminar zone.

The electron micrograph showed that
Chlorococcum UMACC 213 had athin cell wall
compared with Scenedesmus quadricauda
UMACC 010 and Chlorella UMACC 184. The
cell wall hasno trilaminar layer, as shown in both
the Scenedesmus quadricauda UMACC 010 and
Chlorella UMACC 184.

Investigations on the ultra-structural and bio-
chemical properties of the cell wall may help to
explain why Chlorella UMACC 185, Chlorella
UMACC 187, Scenedesmus UMACC 010 and
Chlorella UMACC 191 are larvicidal to Ae.
aegypti but Ankistodesmus convolutus UMACC
101 and ChlorococcumUMACC 213 arenot. The
resistance of algal isolates in the alimentary ca-
nals of mosquito larvae also deserve a detailed
investigation. The most significant outcome of
this study is the demonstration that phytoplank-
ton can have a decisive impact on the success of
mosquito larvae.
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