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Of particular interest was the fact that larvae often failed in water samples that
contained an abundance of microscopic life supporting a rich and abundant aquatic fauna and
presumably providing ample food for mosquito larvae. Phytoplankton appear to be an important
source of nutrition for Ae. albopictus, as their guts were observed to be packed with algae
whenever algae were available in the water. Algae (e.g., Chlorella) appeared to be digested
because they lost their chlorophyll fluorescence in the hindgut and feces. There were also
bacteria in all parts of the larval guts, but it is not known to what extent the bacteria were
consumed from the surrounding water and to what extent they were a resident qut flora.

The impact of algae on Ae. albopictus larvae was investigated in detail only for the
colonial green alga Kirchneriella irregularis (Fig. 2), which appeared in three jars of
water about three months after they were collected fram aquaculture ponds. The sanples
originally contained a variety of phytoplankton, such as Anabaena, Cryptomonas, and
Gymnodinium and supported normal larval development. However, once the Kirchneriella
became abundant, the other algae virtually disappeared, the Kirchneriella remained abundant
for the duration of the study, and no more mosquito larvae were observed in those jars (except
for occasional first instar larvae), even though other aquatic fauna seemed unaffected.

Figure 2. The colonial green alga Kirchneriella irreqularis. The black
background in the photograph is water containing India ink. The
horseshoe-shaped bodies are the algal cells. The light area surrounding
the algal cells is the gelatinous matrix that holds the cells together.

When water from the jars containing Kirchneriella was tested in cups, the Re.
albopictus larvae failed to grow and died within a week, still in their first or second
instar. The larvae also died when the water was first passed through a 20 Nitex nylon mesh,
which removed all zooplankton but did not remove algae and bacteria. However, the mosquito
larvae developed normally when the water was first passed through a 5 millipore filter, which
removed the Kirchneriella but passed smaller organisms, such as bacteria. The larvae also
developed if yeast was added to the water containing Kirchneriella or if the water containing
Kirchneriella was mixed in equal portions with other water that normally supported larval
development.

Aedes albopictus larvae that died in water containing Kirchneriella fed continuously
on Kirchneriella until their deaths, dying with their guts full of the algae.
Kirchneriella in the hindgut and feces of dying larvae were still imbedded in their
gelatinous matrix and showed no signs of having been digested.

It was possible to transfer the mosquito-suppressing effect of the water samples that
contained Kirchneriella by introducing a small quantity of that water to water that normally
supported mosgquito development. The mixture supported larval development at first, but
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the Kirchneriella often became abundant after a month, and whenever this happened, larval
development was then suppressed. The suppression varied fram a lack of larval growth,
accompanied by death in the first instar as had been observed in the original water samples
containing Kirchneriella, to the presence of some growth but failure to pupate. The
introduced Kirchneriella maintained their abundance in the water for the duration of the
study, and the water retained its mosquito-suppressing qualities. Microscopic examination of
the gut contents of larvae showed there was no growth when the gut was filled with
Kirchneriella only. Some growth (but no pupation) occurred when a few other algae were mixed
in the gut along with Kirchneriella.

Isolation of a clone of the Kirchneriella has so far resulted in a culture containing
Kirchneriella and a colonial "Chlorella-like" alga that, like Kirchneriella, is imbedded
in a gelatinous matrix. It has not yet been ascertained whether the "Chlorella" is an
alternate form of Kirchneriella (e.g., an autospore) or a contaminant. When this culture was
tested in cups, the larvae sometimes died within a week and other times developed beyond the
first instar but died in emaciated condition after three or four weeks.

Algae from the Kirchneriella culture have been introduced to a variety of natural water
samples after centrifuging the culture and diluting it with distilled water so the algae could
be introduced without introducing a significant quantity of mineral nutrients from the culture
medium. In many cases the Kirchneriella or "Chlorella" (or a mixture of the two) have
taken over within a month, and cup tests have shown a range of responses fraom no growth and
death in the first instar to retarded growth with no pupation. Controls, to which no algae
were introduced, supported normal larval development.

DISCUSSION

Mesocyclops leuckarti pilosa was first reported to feed on mosquito larvae by Bonnet
and Mukaida (1957). Each copepod was observed to eat 15-20 larvae per day. Riviere and Thirel
(1981) introduced M. 1. pilosa to natural mosquito-breeding containers in Tahiti and
observed that they virtually eliminated Aedes aegypti and Aedes polynesiensis larvae
fram the containers, though they had little impact on Culex quinquefasciatus larvae.

Numerous predators of mosquito larvae have been identified and studied in the past, but
Mesocyclops may have exceptional potential as a biological control agent because, in
containers at least, normal levels of Mesocyclops abundance are sufficient to eliminate
virtually any Aedes larvae that appear. Mesocyclops is very effective wherever it occurs
because it feeds primarily upon ciliated protozoa and is able to sustain substantial
populations whether mosquito larvae are abundant or not. However, Mesocyclops is of limited
natural occurrence in Ae. albopictus container-breeding habitats in Hawaii, possibly
because of poor resistance to the dessication that occurs whenever such habitats dry up. As
there are few reports in the scientific literature concerning cyclopoid copepods as predators
on mosquito larvae, it should be worthwhile to examine other species for their impacts on
mosquito populations.

It appears that the decline in the capacity of many water samples in this study to support
normal development of Ae. albopictus larvae after several months was a consequence of
phytoplankton succession from species that support Ae. albopictus development to ones that
do not. The succession may have been accelerated by the presence of the larvae themselves. So
far the process has been documented only for Kirchneriella, but it appears Kirchneriella
may be only one of many kinds of phytoplankton that are capable of suppressing larval
development.

The impact of Kirchneriella is associated with consumption of the algae by the larvae,
but the exact mechanism of the impact is not known. Toxicity may be involved, but it also may
be that Kirchneriella is not of nutritional value to the larvae even though it is consumed
instead of useful food. It is possible the gelatinous matrix of Kirchneriella inhibits
digestion, as Porter (1975) has reported gelatinous algae to be indigestible to Daphnia.
Toxic exudates of Anabaena unispora and Chlorella ellipsoidea have been reported to
cause mortality in mosquito larvae (Gerhardt 1961, Dhillon and Mulla 1981). However, toxic
exudates do not seem to be responsible in the case of Kirchneriella because the suppressive
effect was eliminated when Kirchneriella was filtered from the water. Moreover, mortality
due to toxins usually occurs within hours, whereas, mortality from Kirchneriella tock days.

The practical potential of Mesocyclops and Kirchneriella for mosquito control is still
unknown. It will depend on the environmental conditions in which Mesocyclops or
Kirchneriella can establish populations large enough to have a significant impact on mosquito
larvae and whether they do so in the microhabitat where larvae actually occur. It could also
depend upon the extent to which human intervention can assist the establishment of those
zooplankton or phytoplankton in mosquito breeding sites.

The most significant outcame of this study is the demonstration that plankton can have a
decisive impact on the success of mosquito larvae. The results suggest it should be worthwhile
to catalog the impact of different kinds of plankton on different kinds of mosquito larvae. In
those cases where there is an impact, it will be worthwhile to determine the ecological
conditions under which those plankton can be established in mosquito breeding sites.
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