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Summary 

Most kinds of phytoplankton are good food for 
mosquito larvae. However, Culex~ Aedes and 

~ Anopheles larvae fail to develop successfully in 
water where certain species of closely related 
green algae in the order Chlorococcales are the 

... main source of food; apparently because the 
larvae are unable to digest them. Many species 
of Scenedesmus~ Kirchneriella~ Dactylococcus~ 

Elakotothrix~ Tetrallantos~ Coelastrum~ Sele­
nastrum and Tetradesmus have this effect. These 
algae may offer a practical possibility for mos­
quito control when introduced into mosquito 
breeding habitats. Introduction of these algae 
could be assisted by simultaneous introduction 
of select filter-feeding zooplankton such as 
Daphnia. 

Introduction 

It is a well-known ecological principle that 
particular communities of animals are associ­
ated with particular communities of plants. It 
is therefore reasonable to expect that the suit­
ability of an aquatic ecosystem as a mosquito 
breeding habitat should depend, among other 

~ things, on the kinds of plants in the ecosystem. 
Microscopic plants (i.e. phytoplankton) should 
be particularly significant because they are a 

:: .major part of the flora in many mosquito breed­
ing habitats and mosquito larvae are known to 
feed extensively upon them (Howland 1928; 
Senior-White 1928a; Kachroo 1959; Lozovei 
& Luz 1976; Scorza et ale 1977). 

During the 1920s there were field surveys 
of the phytoplankton in mosquito breeding 
habitats (Coggeshall 1926; Senior-White 1926; 
Boyd & Foot 1928; Hamlyn-Harris 1928; 

Matheson & Hinman 1930; Bradley 1932). 
They were part of an attempt to explain the 
striking variation in abundance of mosquito 
larvae in different places that appeared super­
ficially to be equally suitable. In general, the 
surveys were inconclusive. Virtually all kinds 
of algae were found where mosquitoes were 
breeding, though diatoms, desmids, and cer­
tain kinds of green algae (e.g. Spirogyra) often 
were particularly common where mosquito 
larvae were most abundant (Rudolfs & Lackey 
1929; Sen 1938; 1941). Blooms of certain blue­
green algae were noticed to be associated with 
the absence of mosquito larvae from rice fields 
in California (Purdy 1924). 

Senior-White (1928a~b) concluded that no 
further progress could be expected until pure 
cultures of algae could be tested with mosquito 
larvae under controlled laboratory conditions. 
In fact, laboratory studies (Metz 1919; Barber 
1927; 1928; Hinman 1930) found that mos­
quito larvae could grow and pupate success­
fully in pure cultures of algae, but the results 
were not consistent. Interpretation of results 
was complicated by possible toxicity in culture 
media, a suspicion that colloidal particles in 
the media were of nutritive value to mosquito 
larvae (Hinman 1930) and identification of 
algae only to genus, despite the possibility that 
different species might have different effects on 
mosquito larvae. 

The matter was dropped for many years, but 
it was recently shown in Hawaii that the green 
alga Kirchneriella irregularis could kill Aedes 
albopictus larvae in container breeding habitats 
(Marten 1984). Whereas toxicity was the expla­
nation for all previously documented cases of 
algae killing mosquito larvae (Gerhardt 1961; 
Dhillon & Mulla 1981), Ae. albopictus appeared 
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to die of starvation because they were unable to 
digest Kirchneriella. It was not necessary for 
the Kirchneriella to be highly abundant to kill 
the larvae; they only had to be abundant enough 
to predominate in larval guts to the exclusion 
of other food. Moreover, when a small quantity 
of water containing Kirchneriella was added to 
water in containers where Ae. albopictus was 
breeding successfully, the Kirchneriella often 
displaced other phytoplankton within a few 
weeks, making the water unsuitable for Ae. 
albopictus larvae. 

This raised two questions: (1) whether there 
are more species of algae that have the same 
effect as Kirchneriella irregularis and (2) 
whether the effect applies to other species of 
mosquitoes in addition to Ae. albopictus. To 
answer these questions, a broad spectrum of 
algae species were screened for their effect on 
six species ofmosquito larvae. Particular atten­
tion was given as to whether larvae digested the 
algae. Also investigated were possible methods 
for replacing algae in water where mosquitoes 
are breeding with algae that are indigestible for 
mosquitoes. 

Materials and methods 

LARVAL SURVIVAL 

Pure cultures of algae were obtained from a 
collection at the University of Texas (Starr 
1978) and cultured in sterile 'Woods Hole 
MBL' medium (Stein 1971). There was no 
evidence of nutritional or toxic effects of the 
culture medium on mosquito larvae. Mosquito 
eggs were collected from wild populations and 
hatched in autoclaved tap water to which no 
food for mosquito larvae was added. Larvae 
were pipetted into test jars within 24 h of 
hatching. 

Each species of alga was tested in two ways. 
In the first, 'pure culture', three newly hatched 
Aedes albopictus or Culex quinquefasciatus larvae 
were placed in a jar containing 200 ml of a pure 
culture of the algae to be tested, and the jar was 
covered with an inverted petri dish. There was 
continuous fluorescent illumination and room 
temperature was maintained at 25°C. Algal 
densities were in the range of 5000 to 50 000 

cells/ml, sufficient for the larvae to consume 
the algae rapidly (only three larvae were used 
in each replicate to ensure that larval grazing 
did not reduce algal densities). 

The second kind of test was 'pond water 
mixtures' intended to provide a closer approxi­
mation to natural conditions than pure cul­
tures. In 'pond water mixtures', the algae in 
water that normally supported larval develop­
ment were replaced by a particular species of 
alga to be tested. This was accomplished by 
mixing 100 ml of pure algae culture with an 
equal quantity of filtered water from a prawn 
aquaculture pond in Hawaii where Cylindro­
spermum was the dominant alga. The pond water 
was passed through a 0.45 J.lm Millipore filter, 
which removed all algae, preventing contami­
nation of the mixture with algae other than " 
those to be tested. Although the filtration 
process also removed a substantial number of 
bacteria, it allowed enough through to simulate 
a pond environment. All other procedures 
were the same as in 'pure culture' tests. 

The number of larvae in each jar, as well as 
their instars, was recorded twice a week until 
all larvae either died or developed into adults. 
If all three larvae in a particular test grew to 
the adult stage, the test was considered conclu­
sive and was not repeated. However, whenever 
any larvae died, the test was repeated and 
considered conclusive only if the same result 
occurred the second time. If the second result 
was not the same, the test was repeated until 
a pattern emerged. Approximately 1000 tests 
were made. 

Screening of algae began by testing several 
dozen species of algae over a broad taxonomic 
range. Whenever a particular species of algae 
was observed to have a negative impact on the -' 
mosquito larvae, cultures of other species in 
that genus as well as cultures from related· 
genera of algae were obtained for testing. A . 
total of 107 species were tested with Cx. 
quinquefasciatus and Ae. albopictus. 

Nine species of algae that proved particularly 
favourable or harmful to Cx. quinquefasciatus 
and Ae. albopictus were tested with Cx. tarsalis, 
Anopheles freeborni, An. quadrimaculatus and 
An. albimanus. (The nine species are labelled 
in Tables 1, 2, and 4). The Cx. tarsalis and 
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Anopheles larvae came from laboratory col­
onies, and test procedures were the same as for 
Cx. quinquefasciatus and Ae. albopictus. 

ALGAL DIGESTIBILITY 

Thirty-one species of alga were tested for 
digestion by Ae. albopictus larvae. Digestibility 
was evaluated by microscopic examination of 
the gut contents of third-instar larvae that had 
been feeding in a pure culture of algae for 1 h, 
using visible cell damage (broken cells or 
intrusion of India ink into the cell) and reduc­
tion in chlorophyll fluorescence as indicators 
of digestion (chlorophyll fluoresces red under 
ultraviolet light but ceases to do so when 
broken down by digestion). In addition, larval 
faeces were cultured to evaluate the viability of 
algae after their cells had passed through larval 
digestive tracts. 

The nutritional value of algae was evaluated 
with carbon radiotracer. Third-instar Cx. 
quinquefasciatus larvae were placed in pure 
cultures of algae labelled by introducing 14C_ 
bicarbonate 24 h earlier. Larvae were allowed to 
remain in the culture and feed on labelled algae 
for periods ranging from 15 min to 24 h. Upon 
removal from the labelled culture, larvae were 
placed in an unlabelled algae culture for 1 h to 
clear their guts of labelled algae before scintil­
lation counting. The difference in carbon-14 
counts, with and without clearing the gut, for 
larvae that were in the 14C-Iabelled algae for 
30 min was considered to be an estimate of the 
amount of carbon-14 in a gut full of algae. An 
'assimilation index' was calculated to be the 
amount of carbon-14 in the larvae after clear­
ing their guts, divided by the estimate for 

" carbon-14 in a gut full of algae. The assimi­
lation index increased through time as larvae 
fed on 14C-Iabelled algae and accumulated 

.. carbon-14 in their tissues. 

ALGAL INTRODUCTIONS 

The possibility for establishing mosquito­
killing algae in water where mosquitoes are 
breeding was tested by mixing 14 pure cultures 
of different species of algae listed in Table 4 
and introducing 10 ml of the mixture into one-

gallon jars containing 2 litres of water from a 
stabilization pond for pig farm wastes in Hawaii. 
There were 10 replicates. The pig farm water 
initially contained a high density of Chlorella 
and was ideal for Cx. quinquefasciatus larvae. 
After algae introductions the jars were held for 
3 months under outdoor conditions, and their 
algae populations were monitored. 

To see if filter-feeding zooplankton can 
graze down the algae in mosquito breeding 
habitats sufficiently for introduced mosquito­
killing algae to have a better opportunity to 
take over, Daphnia were introduced to 21 
samples from a variety of ponds in Hawaii. 
Daphnia also were introduced into 500 ml 
samples of pure cultures of 40 different kinds 
of algae. The populations of Daphnia and algae 
were then monitored for 1 month. In addition, 
the possible use of filter-feeding zooplankton 
such as Daphnia to facilitate the substitution 
of one kind of algae for another was examined 
by introducing algae to pig farm water (as 
described previously) with and without the 
simultaneous introduction of Daphnia. 

Results 

LARVAL SURVIVAL 

With the exception of algae listed in Table 2, 
the tests were highly replicatable. Occasionally 
a larva died during the first day, regardless of 
the species of algae being tested, possibly 
because of a handling injury. However, all 
larvae that survived the first day generally 
performed in the same way with a given species 
of alga. Either they all survived to the adult 
stage or they all died as larvae. Death in the 
pupal stage was rare. 

The larvae of both Ae. albopictus and Cx. 
quinquefasciatus all survived, grew rapidly, and 
developed normally to the adult stage in both 
pure cultures and pond water mixtures of the 
57 species of alga listed in Table 1. This list 
includes all major groups of freshwater algae: 
diatoms, blue-green algae and green algae 
(including desmids). Growth was most rapid 
(approximately 1 week to reach the pupal stage), 
and larvae and adult mosquitoes attained the 
largest size, with colonial green algae in the 
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introduced species may be able to dominate 
the phytoplankton collectively under con­
ditions where no single species of algae can 
predominate. 

Filter-feeding zooplankton such as Daphnia 
can be significant competitors with mosquito 
larvae by grazing down digestible algae (Weed 
1924). Although Daphnia can gain sufficient 
nutrients from at least some species of algae in 
Table 4 to maintain their population (e.g., 
Scenedesmus; Lampert 1977), they are also 
known to pass many of the algae in Table 4 
through their guts without killing the algae 
(Porter 1973). The results in this study from 

., introducing Daphnia simultaneously with algae 

. from Table 4 suggest that it may be possible 
to employ the differential grazing pressure 

, of filter-feeding zooplankton to facilitate the 
establishment of mosquito-indigestible algae 
even under conditions where those algae are 
not highly competitive. The same grazing 
pressure may also facilitate the persistence 
of mosquito-indigestible algae in the aquatic 
habitat. The potential of mosquito control by 
plankton management may lie in a stable, 
mutually reinforcing community of mosquito­
indigestible phytoplankton, mosquito competi­
tors (e.g., filter-feeding zooplankton), mosquito 
predators and possibly mosquito-toxic plants 
(Angerilli & Beirne 1974; Dhillon et ale 1982) 
that together form a habitat unsuitable for 
mosquito larvae. 

A major question remains: In which habitats 
will the successful substitution of mosquito­
indigestible phytoplankton actually kill mos­
quito larvae? Indigestible phytoplankton 
should have a particularly significant impact 
on mosquito species whose larvae are restricted 

... to filter feeding. Indigestible phytoplankton 
may not have such an impact on species with 
broader feeding repertoires, particularly in 
habitats where feeding opportunities other 
than planktonic algae are present in abun­
dance. Answers can be obtained with certainty 
only by substituting algae into different habi­
tats and observing the consequences. Other 
unanswered questions include how long intro­
duced phytoplankton will retain sufficient 
dominance under field conditions to kill 
mosquito larvae and whether implementation 

costs are competitive with other methods of 
mosquito control. Small-scale field studies 
would appear to be the next step in answering 
these questions and evaluating of the practical 
potential of indigestible phytoplankton for 
mosquito control. 
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