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support and especially that of the mayor whom
we first approached in April 1987, we believe that
introduction of Mesocyclops may be integrated
into a sustainable ‘bottom up’ programme.
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ISSUES IN THE DEVELOPMENT OF CYCLOPS FORMOSQUITO CONTROL
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Cyclopoid copepods are tiny crustaceans with
unusual promise for the biological control of
mosquito larvae. Cyclops have been used only for
container-breeding Aedes and the introduction of
cyclops to a container can lead to larvae control
that lasts for months or even years (Marten 1984;
Suarez et al 1984; Riviere et al 1987a; Marten
1989). Cyclops may be of use for controlling
other species of mosquitoes (Mian et al 1986;
Marten et al 1989).

Cyclops biology has been reviewed by Dussart
(1969) and Wyngaard and Chinnappa (1982).
Cyclops are one of the most common forms of
freshwater zooplankton and are found in the
breeding habitats of many species of mosquitoes.
Most species of cyclops are too small to kill
mosquito larvae; only the larger species are
larvivorous. Like larvivorous fish, cyclops have a
diet that is broad enough (including
phytoplankton, protozoa and small aquatic
invertebrates such as rotifers) to support large
populations with a correspondingly high capacity
for predation, independent of the supply of
mosquito larvae. The larger species are known to
prevent mosquito development in about 10% of
breeding habitats (Marten 1984; Marten et a/
1989).

Cyclops should be particularly useful in situ-
ations where larvivorous fish are not effective.
Their small size allows free movement through
aquatic vegetation where mosquito larvae can

hide from fish. They can thrive in aquatic
habitats, such as containers or temporary pools,
which lack the macroinvertebrates that fish
require as food. Many cyclops species can survive
when temporary water bodies dry up. Mass
production and transport of these tiny crus-
taceans is considerably less expensive than fish
(Riviere et al 1987b).

There are numerous details to be worked out
before cyclops are a routine part of mosquito
control. Some of the main concerns are:

(1) selection of cyclops species that are most
effective for a particular application;

(2) production, storage and distribution of
cyclops on a large scale;

(3) integration of cyclops into practical mos-
quito control.

I shall comment on these concerns from the
perspective of my recent experience in New
Orleans, where I tested 5 local species of cyclops
for biological control of Ae albopictus larvae by
introducing the cyclops to ca 1000 discarded
tyres (Marten 1989).

SPECIES SELECTION

There are ca 400 species of freshwater cyclops
worldwide. More than 50 species should prey on
mosquito larvae. Some criteria for species selec-
tion are:

(1) effectiveness as a larval predator;
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(2) success in establishing a population when
introduced to habitats where treatment is
desired;

(3) long-term survival in a breeding habitat;

(4) convenience and cost of production,
storage and distribution.

Effectiveness as a predator is a primary
consideration. As a rule, effectiveness is in simple
proportion to size. (I have observed one excep-
tion. Homocyclops ater is a large species that does
not prey on mosquito larvae at all.) Without
exception, ranking of the 5 larvivorous cyclops
species in New Orleans as predators follows the
same order as their size: Macrocyclops albidus,
Mesocyclops sp. (M leuckarti species group),
Mesocyclops edax, Acnathocyclops vernalis, and
Diacyclops navus. M albidus is the largest; not
only adults but also large copepodids prey on Ae
albopictus larvae. Natural populations of M
albidus in tyres seldom allow a single larva to
survive, even if 1000 first instars are placed in a
tyre at the same time. At the other extreme is D
navus, the smallest larval predator. Only adult D
navus prey on mosquito larvae, and their attacks
are timid. They often abandon an attack as soon
as they make contact with a larva. An average of
17% of Ae albopictus larvae survive D navus
predation under field conditions.

How effective does larval predation have to be
for biological control? The answer seems to be
nearly 100% in the case of container habitats,
particularly if more larvae hatch into the con-
tainer than can be supported by available food
resources (Fig 1). A first-instar predator like
cyclops may thin a larval population without
reducing the number of mosquitoes that emerge.

OUTPUT
(Adult mosquitoes)

Cyclops can be useful only if they can establish
a large population whenever they are introduced
to a particular habitat. It is only necessary to
introduce mature females, males being unnecess-
ary because females are inseminated for life as
soon as they reach maturity. I have found the
probability for a single adult female to establish a
population in a tyre is ca 50%. I routinely
introduce 10 females.

Introductions appear to be most successful
with species and strains that occur naturally in a
given habitat. The success rate has been 96% or
better when introducing Macrocyclops,
Acanthocyclops, or Diacyclops to tyres. Natural
populations of these species are found occasion-
ally in tyres. The success rate is closer to 100%
with strains of these species that are derived from
natural tyre populations. The establishment rate
has been only 80-90% for Mesocyclops, which
does not occur naturally in tyres in New
Orleans.

Cyclops can persist indefinitely in a container
habitat as long as there is water and a food supply.
Container habitats seldom have animals that
prey on cyclops (Toxorhynchites larvae prey on
cyclops, but they do not reduce cyclops popu-
lations significantly). Mosquito larvae are often
the only significant competitors in containers.

In general, an aquatic habitat has sufficient
food for cyclops if there is sufficient food for
mosquito larvae. However, some containers are
marginal for both mosquito larvae and cyclops
because they lack organic matter inputs (eg leaf
fall) that serve as an ultimate source of food.
Introduction of cyclops to a marginal container
can be facilitated by including a small quantity of

INPUT

(First-instar larvae)

Figure 1. Experimental relationship between the emergence of adult 4e albopictus from a container and input of first-instar larvae

to a container habitat (GG M, unpublished data).
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CURRENT TRENDS, PROBLEMS AND WORKING ARRANGEMENTS IN A
CALIFORNIA MOSQUITO ABATEMENT DISTRICT

F C Roberts

Alameda County Mosquito Abatement District, 23187 Connecticut Street, Hayward, CA
94545, USA.

Alameda County Mosquito Abatement District
provides mosquito control in an area of 815
square miles located along the eastern shore of
San Francisco Bay in Central California, USA.
The District includes all of the County of
Alameda except for 1 small city on the northern
boundary. It extends eastward from the bay to the
Central Valley of California.

The mosquito abatement Act provides very
powerful legal mechanisms to facilitate mosquito
control. It defines larval sources as a public
nuisance and provides legal procedures to abate
the nuisance. It provides agencies with taxing
powers and empowers them to “take all necessary
or proper steps for the extermination of mos-
quitoes...” A relatively recent amendment to the
act makes legal abatement procedures available
to County government and dependent districts
doing mosquito control.

MOSQUITO SOURCES IN ALAMEDA
COUNTY

The early settlers of Alameda County were met
by a full complement of mosquitoes produced in
a variety of natural sources. Tidal waters ebbed

and flowed over saltmarshes creating mosquito
producing pools in the upper reaches of
saltmarshes. Abundant winter and spring rainfall
expanded these pools to vast floodlands as
run-off waters backed up in the face of high tides.
Rainfall created temporary mosquito sources by
flooding lowlands, sinkholes and trecholes.
Other temporary mosquito sources were formed
when creeks overflowed their banks and sub-
sided. Freshwater marshes, seepages and margins
of lakes and streams formed permanent aquatic
habitats for the production of mosquitoes.

Dramatic changes occurred in the number of
variety of mosquito sources as the land was
developed by settlers. Levee systems were con-
structed to keep tides off of the saltmarshes.
Channels were excavated and banked to control
flooding. Reservoirs were built to collect and
store run-off, providing a manageable source of
water for irrigation and domestic purposes. In
recent times, the citizens have realised the value
of freshwater and saltwater wetlands. The result
has been efforts on the part of a number of
governmental agencies to restore, enhance and
maintain wetlands.




