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PREFACE

The original scope of the consultants' assignment was expanded tremendously
after the team's arrival in Honduras. This was done to meet the programming
needs of the AID mission in the country; the expanded work had to be summarized
on site, in AID format, so that USAID/Honduras could submit on time to AID/
Washington the complete program and budget request. A compl.ce countrywide vec-
tor control program, including organization, training, methodology, logistics,
and budget, had to be designed and detailed in this report as a basis for the
new operation and with the understanding that experience and training in basic
mosquito control are virtually non-existent in Honduras.

This attempt to provide a safe, efficient, and cost-effective working plan
for a complicated long-term program, which would bo implemented by people who,
although talented and dedicated, have no background in the field, was necessarily
time-consuming. The team leader recognizes and accepts full responsibility for
the delayed submission of this report and apologizes for those gaps that may
still exist in this proposal when it is implemented.
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EXECUTIVE SUMMARY

Scope of Work

The original purposes of this consultation were to assist the mission in
designing the malaria control portion of its Health Section I Project; to
prepare an environmental assessment of the malaria control portion of the
project; and to fieldtest the AID malaria control programmatic environmental
assessment (PEA) system. The consultants assigned were John Stivers, a medical
entomologist with 20 years of experience in malaria eradication program manage-
ment, much of it in Latin America, and 15 years in vector control at all levels,
and Fred Roberts, a medical entomologist with 15 years of experience in vector
control program management, and one of the designers of the PEA system.

Inasmuch as USAID had had no direct involvement in the Government of
Honduras (GOH) malaria program since 1969, other than a short-term emergency
relief operation following a hurricane in 1974, it was felt that the current
operations of the MOH Vector Control Division (VCD) should be assessed before
the effort to design a Health Section I assistance proposal was undertaken.

Constraints

The only constraints on the assignment were total time available and lack
of time for consultation. The VCD staff were .involved in an emergency program .
" “to train 150 soldiers as temporary spraymen and the USAID health staff were.:
occupied with meeting the deadline for the Health Sector project. Consequently,
- neither group was always able to spare the team the time it needed for direct:
‘consultation. Undoubtedly, this would not. have been the case under other eir--
cumstances. o : y :

Observations and Findings

At this time, the VCD is operating as though it were a firehouse responding
to alarms and attempting to beat out one brushfire while sparks are igniting
two more. Few staff members have had any experience or training, and what
1ittle has been acquired is found among mid-level supervisory personnel--a
legacy of the former SNEM program, the National Malaria Eradication Service.
Unfortunately, vector control techriiques, tools, and insecticides are, for the
“most part, different from and require more precise use than those of a malaria
eradication program. Attempting, whether deliberately or subconsciously, to-
- apply the latter to the former is not only counterproductive; it also can be
hazardous.



The two key executives of the VCD, the director and the chief of entomology,
are both medical doctors who are new to their posts and who have a combined
total of less than two months of training in vector control. The entire staff
is far short of its authorized strength, especially at the lowest level, the
vector control auxiliary (ACV). The ACV is a new position that demands great
responsibility, flexibility, and judgment, but it is set at such a low salary
scale that only a sixth grade (primary school) education can be required legally.
This precludes any hope of future promotion, and men of the caliber required are
not attracted to the job.

Because of the manpower shortage, the general lack of experience and train-
ing, and the pressure of recurring emergencies, expensive and rather delicate
machinery is misused and abused. Dangerously concentrated chemicals are wasted,
handled haphazardly, stored where the public has access to them, and applied in
a manner that can result in severe damage to health and the environment. For
simple lack of knowledge, no attempt has been made to culture or encourage
natural predators and parasites of mosquitoes, many potential examples of which
the team saw while in the field.

Given these circumstances, it would be foolhardy to recommend that AID assist
this program by providing only funds and commodities. This kind of -assistance
would only expand and perpetuate the existing inefficient and risky operations.
However, if correctly handled, AID participation could help the VCD become a
model program, a training ground, and a source of information on the value of
the "Integrated Pest Management" approach to vector and malaria control for all
of Latin America.

Although they have almost no vector control training and experience, the
upper- and mid-level personnel of the VCD with whom the team consulted are highly
intelligent and dedicated, and they are hungry for knowledge of both the theories
of integrated vector control and the "tricks of the trade" which old hands in the
profession take for granted. Brought to full numerical strength, given the oppor-
tunity for training, and, even more important, given day-to-day guidance in
applying this new knowledge to operations, the VCD staff would have all but un-
limited potential as human resources for the program. Outside the VCD, the team
encountered a number of knowledgeable Hondurans in the government and in the
private sector who are mines of information and resources of value to the program.
Furthermore, they are eager to share their experience and knowledge. :

Conclusions

_ The ‘team concludes that, given the potential of the.in-country Staff, 'AID
-should: provide to the.VCD the quimumﬁassistancefpossip]e;fbut:thatfthi§5‘§§j$%g

tance must be selected.and ‘channeled-carefully.
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Reconmendations

1. A full-time technical adviser to the director of the VCD
should be provided for at leist two, and preferably four,
years. This man should be a professional entomologist, be
reasonably proficient in Spanish, and have wide experience
in U.S.-type integrated vector control programs. He should
be knowledgeable in the use of modern insecticide-dispersing
devices and the handling and use of potentially hazardous
chemicals; be thoroughly familiar with biological control
and vector source management, reduction, and elimination;
and understand the relatively new concept of vector population
management, which uses a current census of vectors and relies .
on a judgment as to time, place, and method, or combination
of methods, used to attack a given population of vectors. '
(See Exhibit F, a position description, in Chapter III.)

2. - A short-term (four months) vector control adviser should be;ﬁ
provided to help organize and provide basic theoretical and "
.+ operational training courses to VCD personnel at all Tlevels...

3. A short-term consultant (or consultants) should be engaged
to perform a countrywide survey of indigenous potential para-,
sites and predators of mosquito larvae. h

4. A londuran administrative adviser to the director of the VCD
should be contracted for at least one year to provide assis-
tance in improving inventory control, maintenance of vehicles
and equipment, communications, paper flow, etc.

5. Commodities such as adulticiding, larviciding, and entomological
equipment and supplies should be provided for initial use in
basic program-wide training courses and later distribution
throughout the country for operational use. A limited number
of vehicles and boats should be provided to allow for expansion
of the program into areas now being neglected. In addition,
provision should be made for some future-year insecticide sup-
plies or earth-moving equipment. The need for these would become
evident as the program progresses.

6. Upper-level VCD personnel should receive training outside
Honduras and have an opportunity to inspect operating U.S. vector:
~ control agencies.



ACV
coc
EPA-
GOH
HRD/H
IEE -
- LECO"
ME-
MOH
- PAHO.
PEA
PID™
- SCISP
. SNEM
ULV -
UNICEF
USAID®

USPHS/CD’C

VCD
WHO

ABBREVIATIONS

~Vector Control Auxiliary
- Center for Disease Control

Environmental Protection Agency

Government of Honduras

Human Resources Development/Health Section _
Initial Environmental Evaluation

Loundes Engineering Co., Inc.

Malaria Eradication

Ministry of Health

Pan American Health Organization

" Programmatic Environmental Assessment

Project Identification Document

Interamerican Cooperative Public Health Service.

National Malaria Eradication Service

Ultra Low Volume

United Nations Children's Fund

United States Agency for Internationa]
Development

- United States Public Health Service/Center

for Disease Control
Vector Control Division

* World Health Organization

vites



"I INTRODUCTION: AND: BACKGROUND



I. INTRODUCTION AND BACKGROUND

Purpose of the Assignment and Scope of Work _

The original purpose of the assignment, as given by APHA in the initial
phone conversations with the consultant team leader and later confirmed by
letter, was "to assist the mission in Honduras in an initial environmental
evaluation (IEE) of the malaria control segment of the Health Section I Pro-
ject." The time allowed to accomplish this task was a reasonable three weeks.

As indicated in a previous exchange of communications between the Wash- v
ington office of the Agency for International Development (AID) and the USAID/ .
Honduras mission, a much wider scope of work was required. It included:

" a. assistance to the mission in the design of the malaria control
portion of its Health Section I Project; ‘

b, 'prépgration of an IEE on said project;

¢, fieldtesting of the AID malaria control Programmatic Environ-
_mental Assessment (PEA); and, SR

d. an estimated four- to sixhwéék7per10d;'as necessary, to attain
these ends. _

On .arrival in Tegucigalpa, initial discussions with USAID personnel re-
vealed that, because no one on the mission staff was experienced or knowledge- -
able in malaria and/or vector control, a wider scope of work was required (see
:bt])\]/e f'iescript‘lon). Furthermore, it had to be expanded further to include the

ollowing: ‘ '

e. a rapid evaluation of the existing GOH program to determine the ' -
ext??tdof the problem, existing resources, and the methods being
applied; \ S b

f. determination of whether U.S. assistance is required and, if So,"

thg most effective role AID can play in providing such pssis;hhté;;

g., direct assistance to the mission by the team in the preparation of
a Project Implementation Document, an internal project briefing pre-
sentation paper, position descriptions, and a preliminary budget for

_the project. ‘ ‘ ‘

To accomplish the latter, a training program had to be outlined and, on return
to the U.S., the team had to contact a number of commercial firms to obtain or
confirm commodity costs. o
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Mission personnel recognized that the time allowed was totally inadequate
for the accomplishment of these multitudinous tasks. They would have been
pleased to extend the consultation period to allow for more intensive coverage,
but were themselves operating under the constraint of a June 9 deadline for
the complete Health Section I Program Submission.

History of Malaria/Vector Control Programs in Honduras

Official campaigns to control malaria or other vectors of human disease
in Honduras date back to 1942, when the Interamerican Cooperative Public
Health Service (SCISP), an organization jointly managed and funded by AID's
predecessor agency and the GOH, initiated epidemiological and entomological
studies of the problem. These continued and were supplemented by vector control
activities in selected areas through 1948. At that time, available chemical
weapons were limited to oil and Paris Green larvicides. Greater reliance was
placed on two more permanent control methods: dvaining and filling vector
sources. Some of the linad trunk drains that were constructed in C:olcteca
during this campaign are still in good coiadition and functioning. {Interest-
ingly, both the VCD officials who pointed them out to the team and a local news-
paper editor, who stopped tc see what was happening, mentioned and cave full
credit to the joint U.S./GOH agency responsible for their construction.)

In 1949, PAHO, UNICEF, and the GOH, through SCISP, sigred a multilateral
agreement by which the country began a combined malaria control and Aedes
aeqypti eradication program based on household spraying with DNT and the admini-
stration of anti-malaria drugs. Partial coverage was achieved in each of the
succeeding years through 1955,

In 1956, the GOH legally created the Mational Malaria Eradication Service
(SkiM), a semi-autonomous, vertically-organized agency under SCISP administrative
control. 1PAHO provided technical assistance and UNICEF contributed equipment
and supplies.

SNEM's operations were programmed under the standard WHO eight-year malaria
eradication scheme. This plan called for completion, in 1351, of mapping, base-
line entomological and epidemiological studies, recruitment, training, and
deployment of equipment and supplies. These tasks were accomplished. Maintenance
of a lethal residual of insecticide on the interior walls of all dwellings in
the malarious areas and the establishment of a case-finding and treatment net-
work to measure the results were programmed for the following four years, 1958-
1961. In theory, the spraying could have been stopped at the end of the period of
- attack and an intensified early detection and treatment program (consolidation)
then implemented to mop up the few remaining indigenous and imported cases that
occurred in the final three years, 1962-1964. After this, the country could have
been declared malaria-free.
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In fact, for a number of reasons covered elsewhere in this report, the
1961 objective was never riached. Some areas were passed to consolidation in
1963 and 1964; some of these returned to attack and others advanced to consoli-
dation in 1965. Mass drug prophylaxis was attempted in some areas in 1965, but
attaining and maintaining the necessary complete coverage of the population
were found to be impossible. Officially, the GOH attributes this failure to a
reduction in AID grant funding in the years 1963-1965.

In 1964, a three-ycar plan was conceived to be funded by an AID loan.
During the two years of negotiation which followed, the problem worsened, and
by the time the loan was approved (1966), it was already obvious that the funds
would be insufficient. The three-year program firally began in 1967. An in-
crease in the loan was approved in 1968. An external evaluation in 1969 indi-
cated that, nationwide, the malaria situation was, if anything, worse than it
had been three years earlier.

In 1970, a new seven-year plan of operations was begun with technical
assistance from PAHO. The insacticide supply ran out in 1974, spraying was
stopped, and malaria rates began to rise again. Hurricane Fifi hit the north
coast that year and AID provided some insecticides as an emergency-relief
measure. When this supply ran out in 1475, field operations were again inter-
rupted until late 1976. The majority of SNEM's trained and experienced personnel
was lost as a result of these repeated layoffs, and the quality of the work
deteriorated accordingly. '

In 1978, 21 years after the inception of SNEM's original malaria eradi-
cation campaign and 13 years after the country was scheduled to have been
declared malaria-free, the official malaria rates were slightly higher than
they had been at the start of the program (see Table 1). However, in their
December 1979 report to the MOH, epidemiologists Campbell, of the Center for
Disease Control (CDC), and Lopez, of the MOH, estimated that, in fact, for every
case reported in 1978, four additional cases went unreported. If this is true,
there must have been nearly 175,000 cases in 1978, and an even larger number
would be occurring now. '

During the active period of the malaria eradication campaign, a network
of village volunteers was established to take blood samples and administer
presumptive doses of anti-malaria drugs. These volunteers were recruited, trained,
and serviced by SNEM evaluators who frequently picked up blood smears for delivery
to SNEM diagnostic labs; replenished drugs, slides, and other supplies; and re-
ported the results of samples diagnosed since their previous visit. The data thus
generated were used by SNEM to evaluate progress,. delineate potential trouble
spots, and follow up positive cases for curative treatment. This system deteri-
orated with the rest of the SNEM organization, and the size of the sample and the
validity of the data decreased accordingly.

For the past several years, a wave of dengve virus has been moving northward
through Central America. From its slow, steady progress, it is, apparently,
being spread by overlapping host and vector populations and is not "leap
frogging”" (being transmitted by infected humans as they travel long distances



Table 1

MALARIA RATES FOR HONDURAS*
1958 - 1978

Cases/100,000 Inhabitants
921.7
776.4
323.2
306.2.
a46.7
“349.7
5356
004
T
660,6

?V&D?i§7§?pfﬁgiah?suthSS1oh to MOH. -

"#*1978 Figures estimated by CDC/MOH epidemiological team
‘to reflect only 20% of actual cases.

-4-



H-

or transport accidentally infected vectors--methods of disease transmission that
always constitute a potential threat.) This wave-front, which is now being
reported in Mexican cities along the Texas border, caused a serious epidemic in
Honduras in 1978. Official morbidity and mortality data on this outbreak are
scanty, but the epidemic was serious enough that the MOH organized a separate
section for emergency control of the vector Aedes aegypti in and around the

urban centers. This operation, carried out by a smai‘ unit in the MOH, consisted
mostly of ULV adulticiding and a minor amount of larviciding.

Thus, in 1978, the incidence of malaria in Honduras was higher than ever
before. The large semi-independent organization known as SNEM had failed, after
more than 20 years, to reach its eight-year goal, was beset with technical prob-
Tems not covered in the WHO malaria eradication handbook, was bereft of most of
the original trained and highly motivated personnel, and was under-budgeted.

At PAHO's recommendation, in 1979, the GOH changed its goal from eradication to
control of malaria. To implement this new approach, SNEM was officially dis-
banded and a Vector Control Dision (VCD) created within the MOH. A one-year
trial program was adopted by the MOH with the stated intention of using the
experience gained during this year as the basis for programming a four-year oper-
ation. The GOH has requested that AID assist the MOH in formulating and funding
the latter program. '
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II. ‘OBSERVATIONS  AND FINDINGS

‘ Current Problems

Honduras has a serious malaria problem, and the potential for a malaria
epidemic as well as an epidemic of yellow fever and dengue, should these viruses
reappear, is great. There are various levels of endemicity of malaria in 90.4 per-
cent of the geographical area of the country; 87.4 percent of the population are
at risk. P. falciparum infections are particularly high in the areas along the
northern AtTantic and southern Pacific coasts, indicating that transmission is virtu-
ally unchecked. As is usually the case with malaria, those most often and most
seriously infected are the rural poor, although in the city of Choluteca sources
of Anopheles were observed also; these would readily support transmission to urban
areas as well.

In the Atlantic regions, where the vectors are still susceptible to the
chlorinated hydrocarbons, residual spraying of the interior walls of dwellings is
an effective measure to stop transmission and lower the malaria rates. However,
as has been learned through bitter experience, such treatment is of little use
unless virtually all dwellings are covered on a timely basis. The program lacks
the manpower to accomplish complete coverage. At the time of the team's inspection,
150 soldiers were being trained in this technique; under the supervision of the
VCD, they will be expected to provide at least one spray cycle of coverage.

On the Pacific side, vector resistance to the existing residual insecticides
is almost total, largely as a vesult of overuse of the sprays in the cotton and
rice fields. Though farmers have shifted to the organo-phosphate insecticides,
the vector populations are becoming resistant to these as well.

As a matter of policy, the vertically-organized, semi-autonomous former
National Malaria Eradication Service has been disbanded, after several years of
insufficient funding and relative inactivity. It has been replaced by the Vector
Control Division in the Ministry of Health. Most of the SNEM personnel have -left
the program, and the VCD is still not completely organized; has many vacant
positions, untrained and inexperienced personnel, and an unclear chain of . -
authority; and lacks many of the basic .tools and supplies required for a vector
control campaign. : : TR

Technical Aspects

: In the Atlantic coastal regions, residual spraying of dwellings is still
‘effective, but new official policy calls for a reduction of the malaria rates to

a: tolerable level by decreasing the total population of vectors so that it can no

" longer support the disease. This method, which predates DDT by almost half a :
century, is slower in demonstrating initial results; it also is open-ended, unlike
_.the SNEM operation, which was scheduled as a one-time, eight-year project. -It is,
however, a proven method; the most striking examples of its effectiveness in this -
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hemisphere are the programs in the Panama Canal and the United States. Among its
advantages: the method can be used to control all mosquito-borne diseases (it need
not be specifically aimed at malaria); the general annoyance caused by mosquitoes
can be reduced greatly; and lands previously uninhabitable because of the mos-
quitoes or the prevalence of the diseases thev transmit can be opened for economic
use. There is no reason why such an approach, properly applied and supplemented
ay gn efficient case-detection and treatment system, should not succeed in
onduras.

.An efficient mosquito control program uses a three-pronged attack, which is
~aimed at reducing mosquito sources, larval populations, and adult populations.

-~ .-Source reduction is normally the:preferred method, because it has the longest-
‘lasting effect; is, in the long run, the least expensive; and, where applicable,
- can reduce to a minimum the need for larviciding and adulticiding. It is accom-
plished by draining or filling swamps, manipulating the salinity of salt marshes
and of water-levels of reservoirs, clearing emergent vegetation, removing artificial
containers of water, and stocking with predators or parasites (or otherwise changing)
the aquatic environment t> make it inhospitable to mosquito larvae. The method
of choice varies with the particular source involved, and it requires a study of
the specific sttuation. (For example, drainage of a swamp created by runoff from
rice culturing would be the indicated method, provided there was an outlet for the
wa%er; ?owever, farmers could hardly be expected to drain the rice field them-
selves,

Source reduction is the method of choice, where applicable, because it needs
to b$ dgne only once per source; only minor maintenance in following years is
required. : : S . B

If the source itself cannot be eliminated or altered, the next best.strategy
is to attack the larvae, when the mosquito population is still concentrated and
has not begun to affect the human population. If the: short-lived larvicides now
available are used, applications must be timed to hit peak larval densities. This
requires constant inspection of sources, so that treatment can be scheduled for
maximum benefit, and constant monitoring of the larval populations to determine
their resistance to the available larvicides. This treatment should not be applied
routinely at fixed times., Larviciding according to the calendar rather than the
larval density is costly, may miss complete generations of larvae, and can hasten
the development of resistance to the larvicide. (One exception to this general rule
may be the storm-drainage system in Choluteca, where the sources are small, easily
accessible to spraymen, but aimost impossible to inspect.) :

The final line of attack is against the adult mosquito. This strategy is the
least efficient, because the vector population has dispersed from the source and
a-much greater territory must be treated in order to control it. Its effective-
ness is also transitory, since large populations of vectors can fly into an area a
few hours after treatment. However, once adult mosquitoes appear in numbers in
populated areas, this is the only means of protection left, and it may be the method
-of choice against dengue and yellow fever vectors that emerge from a multitude of -

small sources in urban areas. Modern ultra-low-volume (ULV) machines can be used
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efficiently to control adult mosquitoes, but they must be well calibrated and
correctly operated, which is not currently the cise in Honduras. (See following
section on insecticide storage and use.) :

N

As with larviciding, adulticiding should be applied in response to build-ups
in a vector population; it should not be applied at scheduled cycles. A continu-
ous census of adult vectors must be maintained in order to detect increases. For
such a census, mechanical traps are preferable to hand collections because their
use eliminates variations resulting from different individuals' attractiveness
to and skill in capturing mosquitoes.

The foregoing basic facts on vector control, though they seem extraneous in .
2 report such as this, were put in the record because the professionals responsible
for carrying out the vector control program in Honduras have only a general
theoretical awareness of them and no practical experience in applying them.

Insecticide Storage and Use

_ DDT and propoxur water suspensions are still being used for household interior
wall spraying in the Atlantic coast province, where the vectors are still suscep-
tible to the chemicals. The VCD has long experience in this operation, which has
been the standard malaria eradication technique throughout the world for over
30 years, with no notable hazard to the spraymen or the householders. Without
specifying the exact amount on hand, the director of the VCD assured the team that
there is an ample reserve of this material to cover program needs in the fore-
seeable future, AID will not, therefore, be supplying this commodity. The spread
or development of resistant strains of vectors will probably dictate an early end
to the use of this technique in any case.

Malathion, in the form of ultra-low-volume mechanically-produced aerosol mist,
is the chemical most widely used by the VCD for urban adulticiding treatments.
Correctly applied at controlled dosages and in droplets, this material presents
no hazard to humans. (See chapter on IEE and Apendices C-E.) However, in bulk,
the high (96 percent) concentrate used in ULV application can be extremely hazard-
ous if handled carelessly, and current safety practices of the VCD leave much to
be desired. Approximately 100 barrels of this material are stored on a veranda
at the VCD headquarters, which is located in a MOH hospital in Tegucigalpa.

(The exact amount was impossible to determine because of the manner in which the
barrels are stored; barrels of other insecticides are mixed in with the supply.)
The barrel currently in use to fill the tanks of the ULV spray machines (LECOs)
is positioned on its side, with one end extending over the edge of the veranda.
An ordinary unlockable brass water faucet has been screwed into the bung on the
overhanging end. There is no nearby water supply for clean-up or emergency wash-
down. An obviously seldom cleaned funnel and a bucket used to fill the LECO
tanks are left on top of the barrels when not in use. The soil under the barrel
tap is saturated from sptllage or leakage (there is a puddle of the insecticide
on the surface), (A pickup truck which had backed into the area to load

several drums of the insecticide bogged down in the mud and had to be pushed out.)
.Tthm?tgrial is freely accessible to hospital personnel, ambulatory patients,

and visitors.
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The team was disturbed at the time to note that, although some of the
barrels (the shipping stencils indicated they were purchased by the VCD) bore
the correct EPA-approved ULV concentrate labels, most (those apparently pur-
chased by or through PAHO) were unlabeled and simply bore a stencil stating:

- "Malathion technical insecticide, for use only by manufacturers in the prepara-
tion of malathion insecticides." VCD personnel had not noted the difference
and were using interchangeably material from barrels with either marking to fill
the tanks of the spray machines. Both are 96 percent concentrates. The team
was uncertain whether the remaining 4 percent might contain different solvents
or surfactants. On return to the U.S., the chief of American Cyanamid's A
Research and Development Department was contacted. He assured the team that,
according to EPA regulations, although use of the material in the unlabeled
barrels for ULV applications would be illegal in the U.S., the material in the
barrels with a different marking is identical.

The LECOs themselves are being used incorrectly and perhaps hazardously.
Given the extremely low dosages of the highly concentrated material and the
need to fill large volumes of air with minute droplets, precise calibration of
output and microscopic measurement of the droplets produced are constantly
needed. Apparently, the machines used by the VCD have not been calibrated
‘(nor have the sizes of the droplets been measured) since they left the factory,
because the program staff lack the knowledge, supplies, and special equipment -
" needed to do the job. ' '

The recommended technique: for truck-mounted LECO ULV application is to
operate the vehicle at 10 mph-20 mph on a path as nearly at right angles to the
wind direction as the layout of the street allows (see Exhibit A). The dis-
charge nozzle is supposed to be pointed straight back, down the path of the
truck, and elevated at a 45-degree angle from the horizontal. The objective
is to create-a cylindrical cloud of fine droplets at a 10-15 foot elevation
behind the truck. Before it dissipates, this cloud is moved sideways by the
5 mph-10 mph wind to ki1l all flying mosquitoes in the block downwind of the
city. The miniscule size of the droplets allows them to drift through the
tiniest openings, agitates resting mosquitoes into flight, and impinges on and
kills mosquitoes in the air.

Apparently, the malaria eradication technique of covering interior walis
with a residual-action insecticide, which will ki1l mosquitoes which repeatedly
rest upon it, is still being used. The PAHO adviser to the VCD has recommended
that the nozzles be turned 45 degrees to the right of the vehicle path so that
the insecticide is blown at an angle at the exterior walls of the houses on the
right side of the street. He also recommends advising householders along the
truck's route to open their doors and windows as the machine passes so that the
insecticide can be blown directly inside. (This is a truly thankless task at
4:00 a.m., and one which residents have refused to carry out.) The effect of
the wind is disregarded. The adviser's recommendations call for operating the
machines first up one side and then down the other side of all streets in the
area being treated. Such a pattern wastes the insecticide being blown on house
‘walls, overdoses downwind blocks when there is a crosswind, and sends the drop-
lets straight down the street or back onto the truck when the operator is travel-
-ing into or against the wind--an obvious waste of 75 percent of the insecticide,



Exhibit A
ULV APPLICATION PATTERNS
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truck and LECO fuel, and manhours., In practice, the operators have in some
cases carried these recommendations even further, aiming the nozzle horizontally
and directly to the right. The result is that a significant proportion of the
insecticide is driven, at high velocity, directly onto exterior house walls,
parked cars, and any pedestrians unlucky enough to be abroad. Under such con-
ditions, the advantages of the fine mist are Tost because the droplets coalesce
on the struck surfaces and run off. This wastes an even greater percentage of
the material, damages automobile paint, and 1ntroduces a human toxicity hazard.
(see Exhibit B)

Epidemiology

Under the former SNEM, an efficient network of volunteer collaborators who
took blood samples of fever cases in their localities and dispensed presumptive
doses of anti-malaria drugs was organized. These volunteers were recruited and
trained by the program's evaluators, who kept them supplied, picked up blood
samples, and returned the results of the laboratory examinations to them. The
program thus received a body of significant data which could be used to evaluate
program progress and to indicate areas in need of special attention. As SHEM
operations ran down, the collaborator network deteriorated, and the measurement
of malaria rates suffered accordingly. The United States Pub11c Health Service
(USPHS) and the CDC estimate that, in recent years, for every case diagnosed in
Honduras, there are probably four other cases which go undetected.

Organizational Aspects

The former SNEM followed the usual semi-autonomous vertical structure of
most eradication programs. It had its own budget, administration, logistics
systems, headquarters, and area offices and staffs. The organization was more or
less parallel to the Ministry of Health (see Exhibit C). For a temporary crash
program, such as an eradication campaign, such organization is ideal in that it
permits complete concentration on the task at hand and is not encumbered by pol-
itics or diverted by other health responsibilities. However, a permanent
national program to control vector-borne diseases should rationally be integrated
into the permanent structure of the Ministry.

As the proposed table of organization shows (see Exhibit D), the responsi-
bility for vector-borne disease control policymaking, programming, budgeting. ,
and technical backstopping is placed on the VCD. Operational responsibility
is given to the regional and area health offices and local health centers.

In theory, the VCD's supply and transport responsibilities should be delegated
to appropriate MOH administrative sections, and blood diagnosis to the MOH
Laboratory Division. In practice, this would almost double the workloads of
these personnel. It is planned to make the transition in these areas gradual]y
over a number of years. . -



Exhibit B

Ultra Low Volume Aerial Application whaere automabiles,
trailers, trucks and pleasure boals are present |

IMPORTANT NOTICE

TO BE APPLIED CNLY 8Y TRAINED PERSONNEL OF PUBLIC
HEALTH ORGANIZATIONS. MOSCTUITO ABATEMENT OISTRICTS OAR
PEST CONTRQL CPERATORS.

‘DIRECTIONS FOR USE
ADULT MOSQUITO CONTROL OVER CITIES, TOWNS. AND OTHER
AREAS '‘WHERE AUTOMOBILES, TRAILERS, TRUCKS AMND PLEA-
SURE B0ATS ARE PRESENT: Apply 2.6 !o 3.0 lluig ounces of
CYTHION or MALATHION ULV per acra. Aanai Spraying snouid not
be artlempiea wnen the wing 18 at or above 10 mph or temperatures
are apove 32°F,

IMPQRTANT~~Undilutea spray dropiets of CYTHION or MALATHION -

ULV will cermanently damage vehicla paint finisnes unigss the air-
craft usea for tne uitra low volume application meets ail of the spe-
citications iisted dbelow: . e

FIXED WING AIRCRAFT .
1. Awrcrait is operated at 150 mph or more.

2. Thare are no leaks in the uilra Iow volume spray system,

3. Nozzies are piaced on tne boom at a 45° angle down and into the
wind. . .

4. Diapnragm check vaives are used on all nozzlas to insure positive
cut-cif of the spray. : ' ..

5. Dosage of CYTHION or MALATHION ULV does not oxcesd 3 fluid
Qunces per acre. : '

.

6. The spray system proauces droplets of this product in the 50 to 60
mass meaian aiametar (MMD) micron range., with no more than
10% of the dropiets axceeaing 100 microns, as determinead by
veEaFaigqs maage Irdm mucroscopa slides coated with DRI-FILM® or
TEFLON®, .

HELICOPTER
Equipment specitications .
1. Rotary nozzie equivaient to Beecomist Spray Head Assembly
Modei No. 350 equipped with: .
2. a direct reading APM tachometer or low RPM signal light readily
visible to operator;

b.d slainiess steel porous metal sleeve, 20 micron povl.slil;“ '

dynamcally balanced to the nozzie;
€. A dlapnhragm check vaive as near to the rotary nozzle as possible
to insur@ positive cut cif of tne spray;

d.nozzlo an-alf switch saparate from main switch and buynl

o switen.
2. Minimum no-laad nozzie spaed of 10,500 APM,

d. A continuous nonpulsating metered flow must be maintained by a
variable speed mutering pump equipped with:

a. a positive cut off valve batween ank and pump;
b. a tlow gauge or tachometer visible to operator:

C.a pump on-olf switcn separate from main swilch and nozzle

switch,
4. Maximum flow rale of 0.5 qailon per minute per nozzle.

S, Rotary nozzie must be mounted behing and pelow the boom with
.. the sleave qirected toward tne rear of tne aircrart ana paraile! to
- - the grouna curing thgnt. Mozzie must be positiones to minimize
.. air turbulence and the collecticn of CYTHION or MALATHION
ULV aroolets on mounting bruchets, feed linas, litings, etc., or

. any part of the aircralt.

. Operating Procedures ‘
"8 CYTHIQN or MALATHION ULV must Do prefilterea through a 10
micron hiter prior to transler into heiicopter tank, A 50 mesh
- stainless steel hine straindr must ce installed in tha pump feed line.

7. Entire system, including 137K, Jump. nozzle ana fuwd lines, to be

.. used only for aophicaticn cf CYTHION or MALATHION ULV, :

8. Entire systam must be inscectec daily to insura that thero are no
leaks. : - L C

9. Sleeve must be removed and cleaned immeamely alter each use
- Dy wasning with hot. #ater and dlowing dry from outside in with
- clean air. . L T AT

“10. Rotating nozzle musi be turned on_and aperating before turning
on pump. For snut off. pump must de shut-off and lines cleared
priar 1O stODpING NO22le rotation. - e o

*Trademark of Generai Electric Company e
*Registered Trademark of E. |. duPont de Nemours & Co., In.,

11. Dcsage of CYTHION or MALATHION ULV cces not excaeg 3
fluig ouncas per acre.

. 12. Ths sordy syytem must droduce arcplets 3f CYTHION ;)1 MALA-

THION ULV witn 3 mass madian drameter (MMO; of lesy inan 20
microns. wilh no more than 2.5%, af the drodiets exceeding 109
microns, a8 dete/mined Ly readings maca fram microsccoe shdes
coalas with CRISFLIM ar TEFLON.

Ultra Low Volume Application
NONTHERMAL AEROSOLS
Applied by .
GROUND EQUIPMENT

IMPQRTANT NOTICE cee :

. TO BE APPLIED ONLY BY TRAINED PERSONNEL OF PUBLIC

HEALTH  ORGANIZATIONS. MOSGUITO ABATEMENT OISTRICTS -

-'OR PEST CONTROL OPERATIONS.,

DIRECTIONS FOR USE .

Adult Mosquite Conlrol—Far control of acult mos.quuoas over 'a
300-foot swath with nonthermal aerosols of CYTHION or MALA. *
THION ULV using the following rates at the ingicaled vehicle specas:

Vehicle Speed Flow Rate of MALATHION Maximum Flow

Rate per Hour ) Fluid Quncas per Minute Rate per Hour
.8 .- 101021 fluid ounces . 1gallen
18; T 2.010 4.3 fluid ounces .+ 2galions

Adult Stable Fly cohuol—For controlied adult stable flies over 3 3C0. :
foot swath with nontnermal aerosols of CYTHION cr MALATHICON |
ULV using the ultra low volume mathod, use tne following !tow rates
at the indicated venicla speeds; o, . e

. "Maximum Fiow

Vehicle Speed Flow Rate of MALATHION

Miles per Hour . Fluid Ounces per Minute Rate per Hour
S " . - 2. fluid qunces " 1 gallon
" 10 4.3 fluid ouncas

‘2 gallons

o . DROPLET SIZE -

-1. The Mass Median Diameter {MMO) of the droolets should not ex- -
ceed 17 microns. The MMD 13 the drop diameter wnich divides the
3pray volume into two equal parts; i.e. 50% of the volume is in

* "the drop 31288 below the MMD and 50% is above the MMO.

2 Spray droplets should not exceed 32 ‘microns in size. Threo per-
-cent of the spray droplets (8 droplets out of 200) can exceed 32
microns providing the MMD does not exceed 17 microns and no
droplets exceed 1 maximum of 48 microns. Larger droplets, wnen
tranaporteq oy natural air currents, impinga more readily on objects
in heir pathway and will permanently damage automobile-lyps
paints, . :

3. More than cne-naif of the tolal spray mass must consist of grop-
gm in the 6 t0 18 micron range 10 achieve adequate qQispersal of
- insecticide over a 3C0-foot swathn,

4. A minimum of two-thirds, prufarably four-fifths of the total spray
mass must consist of drcplets not exceeding 24 microns in range,

OPERATING EQUIPMENT

Each Nonihermal Aerosol Generator used for dispersal ¢f CYTHION
or MALATHION ULV to control adult mosquitos must Rave minimum
canability of produc:ng the aroplet specirum described undar ORQP-
LET SIZE. The initizs determination of groplet size 1s mace alter the
unit is instalied 1n a venicly and prior 10 its use 1n MosGuito control
oparations. ,The unit snould be recnecked as frequently as necessary
to insure tnat prcoer croplet s1ze is maintainea for each goeration.
Oetermination cf araplet size every iwo montns 18 usually sutficient if
the unit has Desn maintained in good operating concition. Equipment
manufacturer’s instructions seting forth cleaning and mantenance of
the unit must be followed. The unit must be inspacted bafcre each
coeranon (0 correct any leaks or obstructions in the spray system; to
detect whethar the nozzle, hoses, or othar parts are worn and need
replacement: 1o insure that the flow maeter is properly calibrated; and
to getermine tnat the pressure recommended by the manufacturer 1
being maintained. ,

Flow Rate—must te ragulated by accurate flow meter.
) =—not greater than 1 gailon per nour at 5 mph or 2 Qailons
per hour at 10 mph, ’

Nozzle Direction—rear of the vehicle. -
: ——upwird at an angle of 45° or mors.

Vehicle Spead—not greater than 10 milis per hour. :
: ~—sNhut off spray equipment when vehicle is stoppe..

. IMPORTANT—Spray drcplets of undiluted CYTHION or MALATHION
E ULV will permanently damage automobiie paint unless
3il the conditions dascribed and recommaended in this

ieatiet are met.
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EYEPIECE DIVISIONS (1 DIVISION = 1.4 MICRONS)

! Directions for Determining the droplel size of
MALATHICN Ultra Low Volume

nonihermal aerosols

Permanent records of each dropiet size delermination must be kept
and made avaiiabie to American Cyanamid upon request.

L. Preparation of Slides with ORI-FILM

CYTHION or MALATHION ULV croplat sizes are determined by de-
pcsiing a samuie of the 1eros0l on a coatea glass sice and measur-
ing tne droplets under 3 hign-power microscooe. Ordinary 3 x 1°
glass siidag must be coateq witn siicone (Ganaral Electric SC-87
DRI-FILM) prior to sampiling 10 prevent excaisive spreading or ca-
alescenca Of the drcplets. The siices are aippea into a 10 percent solu-
tion of DRI-FILM in toluene, drained and dried at about 290°F. lor 30
minutes, alter wnica they ars dioped in acetone, allowed (0 dry and
stored in a ugnt slide box. Coaling sciution must be Ireshly prepared,
Do not store coating solution tecause it will deteriorate. Slides are
lightly polished with a soit tissue before using to remaove any [oreign
particles. .

. Deposilion of CYTHION or
MALATHION ULV Droplets on Slides

Oroplets should be collected under ideal operating conditions te in-

sure representative sampling of droplets in the aeroaol. A sample of
the CYTHION cr MALATHION ULV aercsol is deposited cn a slide oy
waving the shae as rapidly as possible perpendicular through the
aerosol cloud at a aistance of 25 feet from tne point of discharge. The
slice velocity may be increased by attaching it 10 a 3 or 4 loot stick by
means of 3 soring paper clip. At least two slices snould be exposed
lo insure an aceguate samole. Slore slides in a tignt slide box for
transter to a locaticn where measurements can be made. Avoid ex-
cassive heat during transit and store in a cool place until measures
maents can be made. .

Aithougn label apacifications reauire the asroscl nozzle to be angled

upward at 45° or more curing operation, it is more convenient 1o posie
tion the nozzle parailel to tne ground for droplet sampling, !f this is

Figure 1,

TSl 3041008 it Wil S Netedddiy 19 L1 0CSINCRES al 3 SLINCierT ~aight
{Q SOtaIn 3 reprasentativa sumple Gt (ne 16r030).

{11, Determination of CYTHION or
MALATHION ULV Droplet Sizes

A microscooe with mecaanicat stage and an eyepiece micrometar are
used to determine the sice of the incividual aerosol areolels. Prior 10
faking measuremants, 18 aivisions of the ayepiece micremater must
0e calibrated into microns by means of a stags micrometer. in the
examole reprasenied in Table 1, droplets wers measured 3t 4G0x
magnification, At that magnitication eacn division of the eyepiece wag
calioratad 1o equai 3.5 microns.

Al least 200 arcplets should be measured. Usuaily this is easily ac.
Gomolished on ona siide. An accurate method is tc measure ail aroo.
lels that pass througn the micrometsr acals as the slide 13 moved
irom one adge to the otner by using the mecnanical staqe. Measure-
ments should not be taken alang the margins of the siice. it i3 more
caonvenient lo measure :n terms of the divisions of the eyepiece micro-
maeter ana then ccnvart these divisions into microns,

The measurements converted into microns must then be corrected for
the amaunt of toread that occurred on the siides. The CYTHION or
MALATHION ULV spread factor for silicone-coated siides is 0.8.
Therelora, in Table 1 each division of the eyepiece actuaily squals
1.75 microns (3.5 microns timas the 0.5 spread factor).

The spread factor for TEFLON-coated slides is 0.69. The {following
procedure as given lor silicone-coaled siices. would he the same for
TEFLON-coaled slides onca the vaiue for each eyepiece division has
been determined.

The measurements are tabulated and processed as in Table 1. The
Maximum Oiameter is caiculaled by converting the diameter of the
largest droolet measured inte micrcns. In Table 1, the largest droplet
measured had a diameter of 19 evepisce divisions. Tharefore. (he
Maximum Oiameter is 33.3 microns (19 x 1.75 = 33.3), .

To determine the Mass Madian Diameter (MMD), the accumuiative
percentages from the last column in Table 1 are plotted against the
evepisce aivisions (D) on arithmetic probability paoer as in Fioure 1.
Directly across from the 50 percant point on the lina is the median
droplet size in eyepiece divisions which must be converted to mie
crons. In Figure 1. 9.2 eveniece clivisions times the conversion lactor
of 1.75 equals a Mass Median Diameter of 16.1 microns.

Percentaqe of the total volume of asrosol samples beiow each stated droplet size (from Table 1). The Mass Median Oiametar is determined

from the 50 percent point on the line. The Mass Median Diameter {MMD)

= 9.2 dlvisions times 1.75 = 18.1 microns.
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FORMER  SNEM ORGANIZATION

| biREcToR

YL

‘ADMINISTAATION | | oreratIons | | EVALUATION

) - : . s’ .
1 " .
I S )

1-ACCOUNTING | s i £PLDEMIOLOGY-:
|iozome | ;
SUPERVISION R

PERSONMEL

ENTOMOLOGY

e o fye

LOGISTICS

LABURATdRY'

QEEEI ‘| tuspecToRrs

‘| seRavmen |- EVALUATORS

-1



Exhibit D
ORGANIZATIONAL POSITION OF VECTOR CONTROL DIVISION
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Personnel and Training

The program's weakest area at this t1me 1s personnel and tra1n1ng If |
these components are not strengthened, the program has little chance of success—
fully achieving its goal of efficient vector control. . .

Several years of underfunding of the malaria eradication program have"
resulted in the loss of almost all of the program's personnel at all levels.
Under the proposed reorganization, MOH personnel will be responsible for imple-
menting malaria control in their respective regions and areas. But they have
had 1ittle or nothing to do with control of this disease for the past 20 years
because of the existence of the parallel organization, SNEM. At the regional,
area, and health center levels of the MOH, new positions have been created to
assume these added duties and respons1b111t1es, but, for the most part, the
positions are vacant. The key top-level executives of the VCD (the director,
chief of entomology, and chief of Aedes aegypti control) are well qualified
medical doctors, intelligent, and highly motivated. Unfortunately, none has any
experience or training in vector control. Fortunate]y, all three recognize and
are anxious to remedy this problem, but there is no one at present in Honduras
who has the practical and theoretical know-how to help them.

At the field level, a new type of employee, the vector control aide (ACV)*
has been proposed. The concept is new, and if the right people can be found to
fill these positions, Honduras could become a leader and model for other coun-
tries also trying to combat increasing malaria rates that are due to the failure
of malaria eradication (ME) techniques.

Under this plan, the ACV would be fully responsible for vector control and
case-finding and treatment in an area containing 1,000-1,500 households in
15-25 localities within 15 kilometers of the health center at which he is based.
Geographical size would be determined by population density, endemicity, chosen
method of control, etc. Each locality would be visited at least twice a month.
Obviously, one man cannot perform all the necessary services in such a territory,
nor can he maintain vigilance with such infrequent visits. The plan, therefore,
is to enlist the community itself in day-to-day operations, with the ACV acting
as an educator, trainer, and supervisor of the ongoing work of citizen-volunteers.
For projects that are either too large, complicated, or hazardous, the ACV would
request temporary help from VCD headquarters. .

Past experience with the volunteer blood samplers and medication dispensers
indicates that such a plan is workable, but that it depends entirely on the
initiative and motivation of the ACV. Unfortunately, this position has been set
at the bottom rung of the civil service system; the pay is low and only a sixth
grade education is required. Since all but manual laborers in the system require
a high school education, such an employee is at a dead end; he cannot look forward
to the possibility of promotion. This not only discourages initiative and
ambition; it also deprives the higher levels of the knowledge and experience
gained by working in the field and made available when vacancies at regional and
area levels are filled through promotion.

Also known as Vector Control Auxiliary..
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II7. RECOMMENDATIONS FOR VECTOR CONTROL PROGRAM

A negative determination (a complete Environmental Impact
Statement is not required) should be reported in the USAID/
Honduras Malaria Control Project Initial Environmental
Examination (IEE).

The Programmatic Environmental Assessment (PEA) of
Malaria Control Programs should be adopted, with the
modifications noted, by AID as a standard method for
making this determination. Appropriate AID personnel
should be trained in its use.

USAID should provide long-term (four-year) technical assis-
tance to VCD/Honduras that includes provision of a full- .
time entomologist-adviser to the program. This will
facilitate the reorganization and implementation of vector
control operations during the critical early years

(see Exhibit E, a recommended position description).

Short-term (a total of four months) technical assistance
should be provided by USAID for the purposes of organiz-

ing and teaching a series of vector control training courses
for new staff of the VCD and of briefing existing MOH per-
sonnel who will be assuming vector control responsibilities.

Short-term technical assistance should be provided for
the purpose of preparing a country inventory of indigenous
potential parasites and predators of vectors. v

USAID should underwrite the cost of a Tocal administratiVe .

-adviser to the director of the VCD for one year. This

person should assist in improving inventory control, vehicle
and equipment maintenance, communications, forms control, etc.

USAID should provide the fcllowing commodities: adulticiding,
larviciding, and entomological equipment and supplies. These
commodities should be used initially in the personnel training
courses and then distributed throughout the country for use
in operations. A limited number of vehicles and boats should
be provided to allow for expansion of the program into areas
that are not being covered at this time, Provision also
should be made for future-year insecticide supplies or earth-
moving equipment, the need for which will become evident as
the program develops.

B Upper-]eveIIVCD personnel should receive out-of-country train-

ing and have an opportunity to observe operating U.S. vector
‘ontrdl‘programs, R

-18-






| Exhibit E N |
~* J0B DESCRIPTION FOR VECTOR CONTROL ADVISER

Assignment

Full-time; minimum two-years duration, to be extended as long as USAID
provides significant financial support to program. S

Scope of Work

Act as direct technical and operational adviser to director of Ministry
of Health Vector Control Division (VCD) and chiefs of entomology and operations
sections of the Division in all matters pertaining to insect control operations.
These would include training of personnel; safe handling of insecticides; en-
vironmental impact; applied field research; continuous routine census of vector
populations; evaluation of effect of project operations on these populations;
choice of methods, equipment, and materials, etc. .

Act as technical adviser to chief of USAID Human Resources Development/
Health Section (HRD/H), providing periodic reports of VCD progress and activi-
ties, assisting in preparation of required AID programming and budgetary docu-
mentsi backstopping, and assisting short-term AID vector and/or malaria control
consul tants. :

The operating base will be located at VCD national headquarters in o
Tegucigalpa, and not at USAID, and approximately 50 percent of time should be
spent in the field. Permanent assignment of 4-wheel drive vehicle will be . =
required to provide mobility throughout country. . ‘

Coordination and cooperation with other agencies of GOH and with 1nté}-
national organizations will be expected to resolve mutual problems; o

Requirements

1. Degree(s) in entomology.

2. Experience in vector control opératidnéféhﬁ;ffaiﬁiﬁgﬁ6ff
personnel, B R L

3. Fluency fn Spanish, or willingness and ability to'learn :

;the:]anguage befqre the_assjgnment;i R

4. In good health and physically active.:






Exhibit F

BUDGET SUMMARY
(4 Years)
AID GOH
In-country Training of VCD Personnel

(Technical Assistance) $ 27,000 - $123,640

Out-of-country Training of VCD Personnel 26,200 ! 15.900
Field Investigation/Intervention S .
Determination (Technical Assistance) 245,000 - 166,000

- Entomological Survey Equipment v - 27,100 4‘”
Operational Equipment and Supplies f 574,400 | 320,000<
| Subtotal $899,700 - $625,540"
TOTAL © $1,525,240

In addition to these matching categories. MOH funding w111 a]so cover a11
payro]ls. Tocal _procurement, - etc.;

-22-
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N.IV. FIELD TEST OF PROGRAMMATIC ENVIRONMENTAL ASSESSMENI:
,-Introduction

The Programmatic Environmental Assessment (PEA) of Malaria Control Programs
is authored by Harvey I. Scudder and Fred C. Roberts under Contract Number
A1D/S0D/PDC-C-0163, dated August 30, 1979. It consists of a one-volume manual
and a guidebook divided into four sections The manual contains a series of
interrelated algorithiis supported by the guidebook, which provides resource
literature useful in making decisions in the algorithms. The PEA is designed
for USAID mission staff to help them select the most effective methods of ‘
malaria control with the least impact on the environment. If it is successful,
the PEA assists staff in selecting enouah cost-effective control methods to
ensure long-term control while simultaneously avoiding methods with significant
negative impact on the human or natural environment. Ideally, a program formu-
lated through the PEA results ir a "negative determination" in the Initial
Environmental Examination (IEE).

The field test of the PEA was scheduled for Honduras following a positive
determination in an IEE. The determination was made, however, without benefit
of specifying the insecticides to be used as larvicides or the types of sources
that would be controlled by the physical modifications specified. In light of
these circumstances, and following discussions with the concerned officers in
the Honduras mission, it was considered most practical to start the process again,
formulating a specific program and reissuing an IEE consistent with that program.

A malaria control program was formulated and an IEE on the program has been
completed (see Appendix D). _ _ s _

Testing Methods

The PEA was tested by three methods. First, it was ‘used as' a supplemental
tool in formulating the control methods to be used in the 'Malaria Control Pro-
gram. Second, it was the major tool used to develop the IEE on.the program.
Third, the PEA was critiqued by two individuals who saw the document for the
first time: John Stivers, the team leader on this ' project, and Dr. Thomas
Hyslop, chief of the Health Cection, AID/Honduras. ‘

The PEA as a Tool to Select ContrOI Methdds'l

The selection of control methods was, for.the most ‘part, based on the
Mteam s experience. ‘The .guidebook was extremely useful because 1t provided K
specific and thorough information on areas in which the team lacked experience
or where supportive literature was useful. For example, a great deal of useful
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guidebook. The Honduras mission is now encountering problems in the rice fields.
Given this fact and the limitations of control methodologies because of vector
resistance to insecticides, this information was valuable in formulating the
program. Copies of the literature were well received by MOH staff who were deal-
ing with the problems. Literature in the guidebook on the design and management
of reservoirs to prevent production of anophelines alsc proved to be valuable.

The guidebook was found to be lacking in the areas of adulticiding and ultra-

low-volume spray techniques. Also, some technical errors were found in the
. algorithms. Suggested corrections were written in.the margins of the master copy.

The PEA as a Tool to Conduct the IEE

The PEA was used to produce the IEE document. A negative determination was
recommended. Its acceptance or rejection in washington may be the most valid
test of the PEA system. The manual was useful in producing the IEE, since it
required a detailed step-by-step determination of the safety or environmental
_hazards of each proposed methodology. In this way, the PEA indicated where
safety measures, insecticide application procedures, or other activities of the
program. needed safeguards.

“The guidebook again proved to be helpful by supplying technical information
on insecticides and bio]ogica] control agents and on their impacts on the environ-
ment.

. The. major problem in using the PEA as a tool for an environmental review was
that it did not prescribe a clear method of documenting:the’ decisions, made in the
algorithms. This was needed so that others could follow the iogic.b“*r'f~f~ o

Another problem was that the PEA did not automatically generate a document
that would be in a form consistent with current AID documents. iy A

bnitique of the PEA

or.. Hyslop found the algorithms confusing, too complex, and too complete.
He felt that there should be some point in the beginning of the algorithms where
the mission's program or environmental officer, recognizing that he was entering
areas outside his own field of expertise, would be offered an alternative to
request specialized assistance in preparing the IEE. It appeared that Dr. Hyslop
viewed the PEA, in its present form, as an impediment, and not as a useful tool.

. Mr. Stivers, to the contrary, found the PEA quite useful and feels it would
be.a.valuable tool in the hands of technically trained personnel in malaria
.control programs. He did, however, indicate that the algorithms appeared, at

- first glance, to be rather formidable and that non-technical personnel unfamiliar
" Wwith the system and the terminology would, as a result, avoid them.
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Conclusions

The PEA appears to be a very useful tool for technically trained personnel
in malaria control. Even if it can be simplified, it may not be a useful docu-
ment for those not trained in biology, environmental sciences, or malaria/vector
control. This probably is the result of the inherent complexity of malaria/
vector control, and is not necessarily a shortcoming of the PEA itself. If the
document is oversimplified, malaria control programs might well fail and signifi
cant environmental problems could result.

Recommendations

1. The manual (in particular, the algorithms) should be
- simplified wherever possible without sacrificing important
‘considerations, - :

2. Additional information should be included in the guidebook
to fi1l existing gaps. (ULV, adulticiding, EPA label infor-
mation on insecticide§,<isformation on Anopheles species).;

3. The'few‘minof'addetments to correct errors found in the
- . algorithms should be made. ‘ Y

4. - The algorithms should be modified as necessary to coordinate -
re closely with AID's environmental policies and support-
ing documents. S

5. A cross-section of technicalj;admiﬁisﬁraf{ve;ﬂandfpf¢gféﬁhﬁngl
personnel in the missions should be trained.in the use of -
theidocument. Its acceptance by these .persons: should be. §
reviewed. LT T
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LIST OF PERSONS CONTACTED

USAID/Tequcigalpa

Thomas Fallon, Financial Analyst, Controllers Office
Thomas Hyslop, M.D., Chief, Human Resources/Health
Lars Klassen, Program and Capital Resources Officer
James Leo, Management Officer

Ronald Meers, Rice Culture Consultant

George Moore, Health Planning Adviser -

Marvin Raglan, Rice Culture Consultant

Roger Russel, Engineer, Environmental Eﬁiﬁﬁaiiaﬁwaf?éé:

GOH/Ministry of Health/Vector Control Division .

Arturo Maradiago, M.D.,‘Chief.}Aedés;aégxétifSectibn
Carlos A.lPineda;'M.D,.:Chiéf;inbﬂ
Luis Rivera, M.D., Chief, Entomology Section -

GOH/MOH/Other Divisions
Juan de Dios Paredes, M.D., Chief, Sanitary Region I\
© Juan de Leon Paz, M.D., Chief, Evaluation
GOH/Ministry of Renewable Natural Resources
Gustaro A. Cruz D., Biologist, Wild1ife Department
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Appendix B
ADDENDUM I

‘DOCUMENTATION.AND CALCULATIONS OF POSITIVE FORESEEABLE»EFFECTS'OF THE
-+ " PROJECT COMPONENT ON THE HUMAN ENVIRONMENT o

Positive Effects

',71}5;PréVeﬁtion of more than 3,650,000 man-days of incapacitation per . -
year. |

_ “‘The population of Honduras in malarious areas totaled 2,670,000 in

1977, representing 91 percent of the total population in that year (Cox and
Weissifan, 1977). The:current rate of malaria cannot be established because
of the marked decrease in surveillance efforts. Specialists from the USPHS
Communicable Disease Center (AID/Honduras Mission, 1980) estimated that,
for every case treated in 1978 (34,606), four cases went unreported. This -
implies that about 173,030 cases actually occurred in 1980. '

An appreciétion'Of the magnitude of the incapacitation caused by malaria
can be gained by making the following assumptions: -

a. The estimate by malaria control specialists qf¢J73.030Mg§§és!off
malaria 1n 1979 is reasonable;’ '>vitoomes T

b. An estimated total of 138,424 cases went untréétéd (173.030;6é$es{e
34,606 treated cases = 138,424). S

c. An untreated case of malaria would be' expected to incapacitate

an individual for 28 days ‘in a year:(assuming an'average of 14 'days

in the fritial attack and at Teast one relapse of 16 days) (AID.

d. The total number of ‘days of incapacitation in 1978 could be esti- -
mated to have been: ~138;424 x 28 days = 3,875,872 man-days. This'
is a reasonably conservative figure, since any number of additional

~ work days were probably lost by people who were suffering from
~"~“‘malaria and received treatment. "

e. The proposed project would reduce malaria cases at least to the
, Jevel attained in the intensified efforts of 1973-1974, which means
- the number of cases would be reduced to about 8,000/year (Ministry
., of ‘Public Health and Social Assistance, 1979).

“fi" The project would reduce days of incapacitation to 224,000 man-days
i pap year (8,000 cases x 2 days incapacitation = 224,000 man-days of
- 1incapacitation (MDI) 1in onelyear). N
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Using the days of incapacitation in 1978 as an estimate of the level
expected to occur in the absence of the proposed project, and subtracting
the expected MDI Tevel that would occur with implementation of the project,
one can derive an estimate of the MDI level that could be prevented by the
proposed project:

Prevented Incapacitation: 3,875,872 MDI without program
- 224,000 MDI with program
= 3,651,872 MI |

The above figure represents a conservative estimate, since the esti-
mated number of cases was selected from data collected in 1978. Malaria
control has been deteriorating in scope and quality since 1978. This trend
is expected to continue in the absence of the proposed project, suggesting
that a higher estimate of untreated cases could be justified for the years
1979 and 1980. The number of relapses suffered by untreated patients in a
year is also 1ikely to exceed the estimate of one relapse per year for each
untreated malaria victim indicating additional days of incapacitation.

An additional component of incapacitation could be added because some

cases would probably have relapses in the years beyond that of the. initialj'_

attack.

2. Creation of va]uab]e human resources by training maiariatcontroi .
specialists. :

The beginning phases of the proposed project include a thorough train-
ing program to reach the personnel in vital positions, including: the
entomologist, supervisors, promoters, and some vector control auxiliaries.
The educational program will cover areas necessary to conduct a safe and
effective vector control program (safety procedures, monitoring, chemical
control procedures, biological control methodo]ogies .physical control,
etc.). These trained individuals will become the foundation on which an .
effective long-term malaria control program can be built.

3. Prevention of the expansion of malaria or. hiqher maiaria rates
accompanying hydroelectric projects, irrigation, or other water-
reiated deveiopment ; e . ‘

- At Teast one hydroeiectric project is being planned for Honduras in
the near future. This would create a large reservoir in the area of El
~ Cajdn.. Reservoirs of this kind can create extensive areas suitable as an
aquatic habitat for anopheiine mosqu1toes unless proper preventive measures



are incorporated into its design and management (TVA, 1947). In the
Choluteca area, land is being converted to wet production of rice; this has
great potential for the production of anopheline mosquitoes. Techniques of
design and management might be introduced in the early developmental stages,
where it may be possible to assist the rice growers in avoiding excessive
anopheline production. The techniques would enhance the natural control
components (predatory fish and insects) already known to exist in some

local rice fields.

4, Phasing out of interior wall sﬁraying of DDT and/or Baygon and
-mass drug prophylaxis. -. '

- Interior spraying is now done in the northern areas, particularly in
the Department of Atlantida. In 1979, a. total of 239,454 interior treat-
ments with DDT and/or Baygon were accomplished, exposing 1,213,145 persons
to residuals of these insecticides on the walls of their homes (Ministry of
Public Health and Social Assistance, 1979). o '

5. Reduction'of‘eXiétiﬁégriékéjdf.ﬁﬁsééfiéide;pbi§qh1h§fb&?ﬂpgrédihg.
safety procedures used in the storing, handling, and application
- -of..insecticides used in the malaria control program..

The program would traj”?and7¢99ipfthﬁﬁﬂfﬁistryéﬁ9"SFQF?}QQﬁX;{haﬁdTe;}
and apply insecticides in a safe manner by: e T

A. Upgrad1ng existing procedures fdf"1h5écf1¢1dé‘étbfageTanq;m1Xih§?

1. Use of protective clothing. (mask, gloves, eté:)
2. Equipment cleaning procedufes
3,~;ngibsal{iéphnﬁﬁﬁegi,

4., Restricted access to aiid carthol 6F fnsécticide Work aves

ghdwéf;;ﬁa;ﬁénd;wagﬁiﬁé?igﬁﬁiﬁgﬁéﬁtgﬁ
| Energercy procedures
xiuih$géf¥éfdé-tésting\brocedureg

: V[ZHaiérd characteristics of each insecticide and special handling
v(,gm?nqﬁmixing requirements o E o

:9;1 Ingestion hazards.



,B.“Upgrading existing larviciding and adu1t1c1d1ng'proceduresL

1. Use of protective clothing

2,2 Emergency procedures (f1e1d)

3. Label requ1rements (or spec1a1 requirements)
4

;;3”ﬂCa11bration of app]ication equipment

'BL'iPre-treatment sampling (1arva1wdensit1es, b1°1°91°a1 °°"t”°1)

’f*fTreatment,decisions

8. No-target considerations (drift hazards, etci)i”
C,‘WInforming med1ca1 staff to prov1de emergency care to emp]oyees or '
o ??citizens as spec1f1ed

D. Upgrad1ng existing fac111t1es (prov1de showers, hand-washing
facilities, Timited access where requ1red) ‘

E. Conducting continued training and5rev1ew

F. Establishing baseline cho11nesterasevtests for employees’ exposed'
to_organophosphate insecticides and requiring routine test1ng

6. Reduction of disease and: d1scomfort in the human popu]ation now
caused by ‘biting and disease-transmitting 1nsects

The current piugram of wall spraying is primariiy directed at the adult
anopheline mosquitoes resting on the walls of houses. A significantly larger
number of other pests or vector mosquitoes would be eliminated by the proposed
program. Larval control by chemical, physical, or biological methods directed
at the source would reduce levels of cohab1t1ng mosquitoes, as well as the
anophelines. The adulticiding by ULV would be expected to reducc ~umbers
of pests and vector insects in the terrestrial environment as well as control
anopheline mosquitoes. The proposed malaria control program could, therefore,
provide additional benefits by interrupting transmission of dengue, ye]low
fever, encephalitis, and chagas.

7. Indirect effects by avoiding 3,650,000 man- days per year of
1ncapac1tation due to malaria



Net annua1 income would increase.

o The intermittent disability associated with malaria would be

expected to reduce human labor productivity and to have an adverse’
impact on the individual as well as society in general. The re-
duced capacity to work leaves the already poor laborer in a

. continuing state of poverty (Cox and Weissman, 1979). Avoidance

of more than 3,650,000 man-days of incapacitation should signifi-

-cantly increase 1ndividua1 income and productivity.

Medical costs to society would be reduced (associated with 138, 424

. fewer cases of malaria).

. If the malaria: programs were to treat detected cases of ma1aria

c.

~and if the number of cases predicted previously actually occurred
(138 424 cases), labor for diagnosis and treatment would be re-
_.quired to cure this level of case load. Drugs, transportation,

and . faci]ities would also be needed to support a radical cure

,program "Also, if the individual chose to cure himself, he. would |

incur the costs associated with obtaining the drugs.

The proposed program wou]d reduce the medical costs of Iabor,
equipment, facilities, and drugs that would be required to cure
an additional 138,424 cases. , o

The demand on thefgeneraljheaithvde]iVery systems'wou1dAbewredUced;‘
In the absence.of an effective malaria program, the additional

138,424 cases would add an additional burden to the general health
program. Many of the malaria cases could be expected to join pa-

tients with other illnesses at already overburdened hospitals and regiona

regional health care centers. The proposed program should signifi-.
cantly reduce the case load at regional hospitals and regiona1
health care centers where malaria would be prevalent. _n,%g'y.

Productivity of the educational system would be increased by in-
creasing teacher and student attendance. - . MR

” The Government of Honduras is now beginning a campaign to increase

its current 1iteracy level. The current rate of literacy in’ Hon-

_duras. is reported at 42 percent (Ministry of Health and Social
TAssistance, 1979). Since 47.9 percent of the population is 14
years or younger (AID/Honduras Mission, 1980) it can be expected
‘that 47.9 percent of the 3,651,873 man-days of incapacitatior per
‘year would be incurred by those less than 14 years of age. Un-
doubtedly,. this would have a significant impact on school attendance
‘in"malarious areas.
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ADDENDUM 1I

DOCUMENTATION AND CALCULATIONS OF FORESEEABLE EFFECTS OF THE PROPOSED
PROJECT COMPONENT ON THE HUMAN ENVIRONMENT

Negative Effects
None.

Malathion will be applied as ultra-low-volume (ULV) insecticide to - -
reduce levels of adult anopheline mosquitoes. The ULV adulticiding will be
_necessary where interior wall spraying is not effective because of insecti-
‘cide resistance and until other control methods can be implemented. '

_ The ULV formulation (96 percent malathion) is applied by truck-mounted
~equipment at a rate of 1.0-2.1 oz./minute at 5 miles ‘per hour. The appli-
“cation is made during a mild cross-wind to produce a swath-width of 300 -
feet. Droplet sizes are produced in the range of 6-32 microns which readily -
1mp1ngg‘uppnk1rregq1ar‘surfaces of small insects. L

The application of ULV malathion by these and other methods has been
accomplished safely in many mosquito programs in the United States. A ;
comfortable margin of safety is provided. An application of an extremely - -
Tow volume of insecticide will produce mortality in adult mosquitoes.

The margin of safety provided through ULV methods can be appreciated

" when one traces the distribution of the amount of ULV malathion that would
be required to cause mortality in one person. The lethal dose for an indi-
"'vidual weighing 120 pounds would be approximately §5 grams (Oral LD 50 = 1000

mg/kg; lethal dose of 55 kg person = 55 kgs x 1000 mg/kg = 550 mg/1000 mg/
1g =55g). This potentially lethal dose, which would have to be ingested
to cause mortality, is dispersed by the preyiously described ULV methods
~into a volume of approximately 1,070,000 ft3. (1 0z/35¢ x 559 = 1.57 oz

lethal dose; 1.57 0z/2.1 oz x 440 ft = 328 lineal feet, meaning a 1.57 oz
lethal dose is dispersed in 329 lineal feet of application. Assuming a
_minimum heiggt of 10', the volume would be distributed to (328)2 x 10 =
1,075,840 fE3.) S

. 'Abate insecticide will be applied as an emulsifiable concentrate
~diluted to proper field strength, or as 1 percent granules. The maximum
~.application rates are set at 0.5 1bs'Al/acre. The insecticide is only
~moderately toxic with an oral LD 50 of 1000 mg/kg to 1,650 mg/kg. The
. Jinsecticide was tolerated at levels of 256 mg/man-day for 6 days without
“"effect and has been proven safe for use in drinking water (AID, 1977).

‘r",f-The proposed project component will provide training to upgrade safety*
~ procedures and application methods for control of larval and adult mosqui-
_toes (see outline in Addendum 1, Number 5).
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ADDENDUM III-

'DdCUMENTATION OF FORESEEABLE,EFFECTS&OF:THE5PR0POSED,s
PROJECT COMPONENT ON ORGANISMS:IN'THE'BIOSPHERE .

Positive Effects

" The freshwater systems of Honduras contain numerous species of fish in
the family poeciliidae, including members of the genus Gambusia and Poecilia
(Martin, 1972; Diaz, personal communication, 1980?. It is 1ikely that one
or more species of these native fishes will possess the desirable character-"
jstics to be utilized as useful biological control agents in the malaria
control program. Production of anopheline mosquitoes in many aquatic
sources, such as rice fields, ditches, seepages, and stock ponds, might be
controlled by the translocation of these native fishes. The sources would,

. for the most part, be enhanced environmentally by such an approach, since -
the species diversity is increased and, in some cases, an additional trophic
Tevel is added to the system.

Although the IEE is not requesting clearance for these prdcedufeﬁ at
this time, the proposed project component includes funding for a biological
control inventory which would assist in determining the feasibility of such
an approach. ‘ S TIEI  T
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ADDENDUM IV

DOCUMENTATION OF FORESEEABLE EFFECTS OF THE PROPOSED
PROJECT COMPONENT ON ORGANISMS IN THE BIOSPHERE

Negative Effects

- Our investigations of riverine, rice, and back-yard sources of
anopheline mosquitoes revealed a significant number and diversity of
insect predators (Odonata, Notonectidae, Dytiscidae, Gerridae (?) -
Hydrophilidae (?)). Applications of larvicide (abate) and UEV adu1t1c1de
malathion) may reduce numbers of these predators.

Strict procedures are outlined in the mitigation measures to: avoid
direct mortality to beneficial insects or disruption of natura] biologicalay
_ contro] (see mltigation measures) ‘

Both abate and malathion 1nsect1c1des degrade in the environment w1th»;
no evidence of bioaccumulation (AID, 1977).
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Appendix C
. Health Sector Pro.]ect

IMPACT IDENTIFICATION AND EVALUATION FORM

CHECKLIST

Impact Areas and Sub-areasif

A LAND USE

1,1‘:

2, A]tering natura1 defenses. . .'. .}.-A3

3. Foreclosing 1mportant uses

-impact ‘
‘Identification‘

and . _
Evaluation Y

4. Jeopardizing man or hisworks. . ... ... ..

5. Other factors

Y/ Explanation of Synbols

[=]

High environmental impact
nknown environmental impact

C

C-1

N - environmental impact
L - Little environmental impact
M - Moderate environmental impact
H - )
U -
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IMPACT IDENTIFICATION AND EVALUATION FORM

c..

E. .

f‘2 Irreversib]e,\1neff1c1enttcomm1tments. i

3. ‘ Other facfors

}CULTURAL S
"1 A]tering physica] symbo]s.

WATER QUALITY

10 PhyS'lca] State Of Water. * o s o c e o 8 s s o & o o N

. Chemical and biological states . . . . e L (see Part II)

2
3. Ecological balance . . . ... ... ,'. C e .-+ o L (see Part II)
. :

. Other factors

‘ATMOSPHERIC
N
R

1NATURAL RESOURCES

Diversion, a]tered use of water.
t

3 ,f"’
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IMPACT IDENTIFICATION AND EVALUATION FORM

E. CULTURAL (continued)
2. Dilution of cultural traditions. . . . « ¢« « « ¢ & & N

3. Other factors

F. SOCIOECONOMIC Lt .
e H (Se: Part III,
1. Changes in economic/employment patterns......... ... 1,2, 7)

2. Changes in population. . . . . ¢ woivrocomicien o N

3. Changes in cultural patterns . . 'E‘ﬂg;}f??333,f;. i «

4. Other factors

G. HEALTH

1. Changing a natural envirGAment . . . . .. « + ous s

2. Eliinating an ecosysten element « . . & ... s
3. Other factors -
Reduced Malaria Rates . .. .. .. ... ... .. .. H (see Part III)

" M. GENERAL'

111¢ International impact . . . . & &

2. Controversial impacts. . . . ;‘@g

3. Larger program impacts . . ..;i§ﬁ;‘§7@“a‘a:w « o e N
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Part II ’
DESCRIPTION OF THE PROJECT COMPONEMT

The object of the malaria control component is to assist the Honduras
Ministry of Health in developing a program capable of providing long-term,
effective malaria control to the rural and marginal urban area;. Malaria
is now found in 90 percent of the country containing about 87 percent of
the population (AID/Honduras Mission, 1980). The existing program consists
of malaria eradication efforts (wall spraying with DDT and Baygon) and
emergency responses to epidemics by mass drug prophylaxis programs, radical
cures of cases, and insecticidal control of adult stages of the malaria
vectors. The rate of malaria is increasing rapidly because of administrative
problems in the malaria program and because the malaria vectors have developed
resistance to insecticides in some areas of the country (Ministry of Public
Health and Social Assistance, 1980).

The project component is designed to provide training, technical
assistance, and equipment to upgrade the existing malaria control program.
- The objective would be to reduce malaria rates to acceptable levels by in-

tegrating additional vector control measures into the program to suppress ~
the vector population.* The type and number of control methods to be em-.
ployed will be determined by consideration of numerous factors, including
costs, environmental risks, safety hazards, health benefits, insecticide
resistance, etc. The project component would provide the training and
equipment necessary to support an integrated approach to malaria control
consisting of the following measures:

1. Space-spraying of adult vectors with u]tra-]ow-vo]ume (ULV)
spray equipment using malathion 1nsect1c1de. ‘

2. Application of a larval insecticide (abate) to prevent
emergence of anopheline mosquitoes at the aquatic source. L

3. Cooperative p]anning efforts to prevent vector sources that
might otherwise be created as a byproduct of deve]opment
projects (highways, hydroelectric projects, etc )

4, Recognition of existing natural control. of the vectors and
employment of methods to enhance natura] contro] and to 1n-
troduce biological control.

5. Physical modification or elimination of the aquatic sources
of the anopheline vectors.

* An acceptableplevel of malaria 1s considered to be that level of malaria-
“that can be effectively detected and. cured without detrimental 1mpact on.
. other hea]th programs. L
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Part II1I

IDENTIFICATION AND EVALUATION OF.
" ENVIRONMENTAL IMPACT

Reasonable Foreseeable Effects of the Proposed Project Component on the :

Human Environment - Nature, Scope, and ‘Magnitude

”PoSitivesEffects

" The proposed proaect component, if successfu] w11] have a substantia]
positive impact on the human environment.. The’ fol]owing is.a list of. posi-
tive effects; . scope and’magnitude are described where possible (see Part
for calcu]ations and documentat1on)

The proJect component would prevent ‘the: loss of more than 3, 640 000
man-days of incapacitation because of maiaria ,

The proaect component would" create va1uab1e human resources by
training malaria control specialists to: function as an integra1
part of the general health de]ivery system.;*. L SR

The project component wou]d prevent the creation of endemic foc1,
or higher malaria rates, that could. accompany hydroelectric’ pro- -
jects, irrigation, or other water-re]ated deve]opments.}; a

The proposed project component would reduce risks assoc1ated with
insecticides and drugs by phasing out the household spraying (DDT
and Baygon) and mass drug prophy]axis now emp]oyed 1n some areas
of Honduras. ‘

The project component wou]d decrease the exist1ng risks of insect- :
icide use by upgrading safety procedures used.in the storing, -
handling, and application of insecticides in ma]aria contr01 effort<

The control of vectors of ma]aria by the proposed proaect component
would not only result in a reduction of malaria rates, but should
also significantly reduce other vector-borne diseases and discomfori
in the human population now caused: by biting mosquitoes.l "

Numerous positive, indiract effects of the. proJect would be accrued
by the avoidance of more than 3, 650 000 man-days of incapacitation
per year caused by malaria. ‘ .

a. Net annual income wou]d increase as a. resu]t of avoidance of
chagscitation by ma]aria, thereby increasing general produc-
v
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b. Medical costs to society would be significantly reduced as
costs associated with 138,424 treated cases would be avoided.

:c."Demand on the general health delivery system would be reduced
by the avoidance of 138,424 cases of malaria.

'd. The productivity of the educational system would be enhanced
by increasing teacher and pupil attendance by an amount equal
to that which would be lost to teachers and students incapaci-
tated by malaria.

Negative Effects

None.’: (See Part 1I.:

easonable Foreseeab]e ‘Effects ‘of ‘the 'Proposed Project" Component on
. 0rgan1sms 1n “the’ Biosphere

Positive Effects

1. Numerous aquatic habitats characterized by simpIe ‘and-: truncated
food webs and high production of anopheline. mosquitoes will be -
diversified by the addition of: predatory fish 1ndigenous tOju;;?
Honduras. (See Part III ) e

Negative Effects

1. Application of maIathion at ultra low volume (ULV) to control o
adult anopheline mosquitoes may reduce numbers of beneficial in-" -
sects (bees, adult dragon flies, hymenopteran parasites, 1nsect
predators, etc.) (See Part Iv. ) o , o

2. Applications of abate as a larval 1nsect1c1de to controI anophe11ne
larvae in the aquatic habitats may reduce levels.of cohabiting 1n-Ar
ssct predators, causing-disruption of natural- controI (See Part

I Str1ct procedures will:be estainshed in the proaect component to-
' ensure that prevent1ve measures are taken before ULV is appIied


http:addition.of
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Part IV
RECOMMENDATION FOR ENVIRONMENTAL ACTION

A negative determination is recommended for the proposed malaria
control program. The Initial Environmental Examination indicates that the
human environment will gain substantially by the implementation of the pro-
ject component and that the minor environmental impacts will be mitigated
or avoided by measures that are to be incorporated into the program.
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Appendix F

BIOCONTROL AGENT DATA SHEET

I. Candidate Biocontrol Agent: Romanomermis culicivorax

I1. Targets: Anopheles guadrimaculatus, An. crucians, An. freeborni,
An, albi

An, manus, other mosquitoes.

111. Sources: Rice fields, semi-permanent and permanent freshwater,

sewage-settling tanks.

IV. Feasibility Factors:

.. regulator, Altosid, enhances kill to 100% and enhances recycling
of ‘mermithids (Finney et al., 1977); control reduced in sites with

C.

Enhancement Methods: Used in éonjunction with an insect growth

dense vegetation or algal mats (Platzer, 1979), suggesting vege-
tation or algal control would enhance effectiveness. .

Stage in WHO Scheme: Completed Stage V (Laird, 1977).

Establishment Potential: Recyc]ing;pqssible (Levy et al., 1379).

Ecological Requirements: Low salinity freshwater required (Levy

et al., 1979); high concentrations of calcium, nitrates, nitrites,
and phosphates particularly toxic to preparasites (Platzer, 1979);
parasites resurged after source dry for five weeks (Peterson and
Wi11is, 1975); contradiction on effectiveness in polluted water--
one study said highly polluted water had no adverse effect (Levy
and Miller, 1977), while another suggested low oxygen levels re-
duce infectivity and control, can overwinter in ricefields (Platzer
1979). Optimum temperature of water for infectivity is 210C-330C.

Level of Effectiveness: 43.8 percent - 66.7 percent parasitism
rate, physiologic resistance evidenced, search range a few feet
(Levy et al., 1979); 45 percent - 85 percent infection rates,
anophelines more susceptible than culicines, dense vegetation or
algal mats reduces control, high levels of predator copepods re-
duce effectiveness (Platzer, 1979). Efficiency beyond that of
Gambusia and Toxorhynchites (Laird, 1979).

Supply and Availability: U.S. registered product, "Skeeter Doom,"
Fagrfax Bfological Laboratory, Clinton Corners, New York (Laird,
1979).

Mass Rearing Technology: 1_.v1vo;rear1ng. six days; in vitro,
s1x weeks lEa?ra. 197;;. R

T
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BIOCONTROL AGENT DATA SHEET

I. Candidate Biocontrol Agent: Poecilia reticulata (The Guppy)

II. Targets: Primarily for culicines, may be useful for anophe]ines{

III. Sources: Urban streams, ponds, sewage oxidation ponds, ditches.

IV. Feasibility Factors:i

GO

Enhancement Methods

~ Stage in WHO Scheme: No indications' that fests’hévé“bégUnggyﬁfag:

Establishment Potential: Potential for establishment high 1n )
sources with favorabTe ecological parameters, will not estab]ish >
in presence of piscivorous fish (Bay, 1972). - e AR N

Ecological Requirements: Requires relatively warm waters, ;‘fff7‘
demonstrates high pollution tolerance (Bay, 1972) R

Level of Effectiveness: Full-grown females may consume up to
150 third and fourth instar mosquito larvae per day, males up to
20 larvae per day (Ma]]ars and Fowler, 1970).

Supply and Availability: Guppies are native to Central and South
America and may be obtained from mosquito control agencies using
fishes (introduced to Hawaii, Malaysia, Bangkok, Thailand, Burma,
and the Philippines). Guppies may also be obtazined from commer-
cial fish suppliers. ‘

Mass-Rearing Technolo Reproductive rate surpasses Gambusia
(MaTiars and Fowler, 1970), suggesting cultural methods similar
to Gambusia can be used.

Application Methods: Collecting, rearing, and stocking methdds '
would be similar to those of Gambusia (Sholdt et al., 1972).

“Field Detection Technigues: Aquatic or dip nets, minnow seine
3;nets, and Tish traps may be used (Sholdt, et al., 1972).

-;QOther
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ADVANCEMENTS IN THE USE OF FLATWORMS FOR BIOLOGICAL MOSQUITO CONTROL |

.E. F. Lagner

University of California
Department of Entomology, Rivernde, Californa 92521

ABSTRACT

" Studiss in an increasing aumber of localities with diverse climates
show the sefulness of flatwarms for biologreal masquito controf, Mass
production techniques are geveloped for ane species, Dugesiz dororo.

" esphala (Woodworth).

_Flatworms (Platyheiminthes: Turbellaria) hold a unique po-
tential in the diciogical controi of juvenile mosquitoes largsly
because they can be mass produced easily (Legner and Tsai
1978), unlike predacsous insects, some can be coniined at high
densities without cannibalism.

Flatworms nave Seen shown experimentally to devastate
laboratory mosauito cultures, killing far more larvae than they
consume (Jenkins [96<: Lagner and Medvad 1972, 1974; Med-
ved and Legner 1974, [. N. McDanuel, sersonal communica-

,tion). They have tesn reported equally effective in natural
habitats (Legner 2nd Medved 1974 Yu and Leaner 1973).
Among those navitats in which flatworms could be usefully
deployed agaunst mosguitoes are rice fields, roadside ditches,
water siougns, agncuitural and construction drzin deprassions,
cateh basuns, canal ssspages, treated sswage effluzats, and
snowmelt and rainwater vools.,

Other artributes making these orzanisms especially amen.
. ni-dormant “winter” eggs or emorvos (Borradaile and Porss
./58), their siow rate of dispersal wiuch c3usss them to be
effective near :2e piace of treatment, and their effectiveness in
shallow water with emergent vegettion (Yu and Lagner
1976). :

The extraordinary regenerative cagaoiiities of flatworms
were kaown siace the early 18C0's, some investigators consid.
ering them imost immontal uadsr the edgs of a knife (Bron.
sted 1969). Their abuity to devour mesquitoes armong other

chus (Wiedemann), Culex erraticus (Dvar and Knab). C:.
salinarius Coquillett. Aedes sollicitans (Walker), Psoropaora
conjinnis (Lynch-Arribalzaga), and P, ciliaws (Fab.) (Levy and
Miller 1978). Field studies with Dugesia tigring to control

feral Culer restuans Thesbald and Cr. piptens pipicns L. were

performed by L. Learned in North Dakota (L. Learnec. oer-
sonal communication), and several exceptionally potent soec-
ies of Mesostoma spp. wers found in California rice elds
(Collins and Washino 1973, Case and Washino 1977:. I
Maine. Mesostoma macrogrostatum Hyman offers goud pcten.
tial 1n the control of univoltine Aedes spp. (l. N. McDaniel,
personal communication).- Over 75% control was achieved
throuzh inoculation of 3-8 egge of this thabdocoel turbeliazan:
and once estapiished, the worms continued (o sycie witr the
mosquitoes year aiter year! Thev 20th hatched at the same
time in early spring and tne worms produced ezos and dies off
at apout the same ume that the mosquitoes emerped. T asse
worms normally had one generation per year. R. D. Sizzren
(personal communication) reports ove: 40 natural sopuiaions
of Phagocata velata (Stringer) irom csnizai Minnesota. with
some dznsities exceeding $0/2C0-ml mosqutto dipper samzss,

Ecological Imgact. - - Flatworms are natural zomponests of
aquatic sommunities, and no record has been found of wair
being considered pesis in nature. However, extremeiy nigh
application rates (excs=ding 2,000im* of water surfazes of
Dugesia dorotocepnaia weze iound lethai to Tiiapea fish i= 1n

prey was soon dissovered (Lischetti 1919); and Stage and experimzneal indoor anc outdoor aquarta (Mulia and Tsai
Yates (1939) reported that Dugesia ugrina (Girard) effectively 1978). The latier renert appears to nave confused i1 aest
consumed Cuiex and Adedes larvae. The T iroeilaria are neatly Srooder Tiiapuw ziilii Gervais, with the mouth Sroocer 7. mos

all free-livingz, non-carasitiz worms (Borracails and Potts 1953,
Kenk 1972), Among the six ordsrs are soesies that nave zreat
potential as precators of mosquitess in fresnwater habitats.
Some genera in tae order Razodocoels sush as Microstomum.
retain nernatosysis 1 their estoasrm wnich are Jerived from
Coelenterates on wrusn they have fed (Kepner and Barker:
1924). Sucn structures are useiul in warding off predators, but
also may be useit in kiliing masquitoes,

Recent stucies on the cestrustive capacity of Dugesia doro-
tocephals showes this species to be very eifective against eggs,
larviae and pupae of Cules peus Speser, Cz. pipiens quingue-
fasciatus Say, Cz. tarsaiis Coquillett in California at the appl-
cation rate of 25 mature worms / m? of water surface (Lagner
and Medved 1572, 1974; Medved and Legner 1974; Yu and
Legner 1976). In Fionda additional. mosquitoes killed by this

'edator were Anopheles quadrimacuiatus Say, An. crucians
«iedemann, Cules awrpelpus Theobald, Aedes taeniorhyn.

Legnexr, 1575,

42

sambics Frters, 25 the autnoss state that T z:illii were usec “an
the Inz day after leaving their parsats’ mouth cavity™ see
legner 1978). In another study the asunsanse of natu:y :n-
$eCt precators in expenmental ponds was unaffested > D,
dorotocepagia 3pzitcanons of 2§ worms'm® of water susiace
(Legner 1977 )¢ Although it may be sxpested tha: very young
fish iry can be camaged oy hugh application rates of flatw erms
(Mulla and Tsai 1978). one wouid not expec: the nee for
such applcations in enviconments where such fish are asun.
dant,
Adapubility. - « Flatworms are quite tolesant of varving
water qualities (Legner, Tsai and Medved 1976), but are ad.
versely affezted by Cl° cereentrations exseeding |50C »om
(Levy and Miller 1578b). Certain pestizides were founs to
stimulate planarian reprodusuon (Levy and Milier 19752). One
plananian, D. dorotocephala. is highly astive under temsera.
tuees fluctuating between 20° and 24°C (Medved and Legner
1974).



Mode of Attack, - - Some species of Turbellarians also ap-
parently paralyze their prey prior to ingeston of body {luids
(Case and Wastuno 1979, Lzgner and Yu 1975). A sticky
mucus produced abundantly by epithelial glands in the head
region serves as 3 “pseudomandible” which holds 2 mosquito
long enough for toxins to exert an effss: (Legner and Yu
1975). Only soft body contents of mosquitces are consumed,
the cuticle beung discarded; and all developmental stagss of
mosquitoes are attagked (Legner and Yu 1975). Some micro.
turbellarians in nce fieids are thought to produce very potent
toxins which 2nable killing of prey much larger than them.
selves (Collins and Wasnino 1978, Case and Washino 1979),
their potency appearing unique (Coward and Piedilato 1972,
Riser and Morse (eds.) 1974).

Propagation. - - Culture techniques for flatworms have been
available for decades, wmith only small modifications required
for mass prapagauon. Tne density of the planarian, D. daroto-
cephals was increased 88 times in 95 days through the
development of a special biological filtration system using
Elodea densa (Planchon) Caspary (Lagner and Tsai 1978),
Other procsdures inciuding the provision of various foods,
host-predator densities, photoperiods. ste. are available for
maximizing planarian yieids (Jennings 1957; Legnes, Tsai and
Medved 1975; McConneli 1967: Tsai and Legner 1977; Wulzen
1923, 1924, 1927). Artemia saiing (L.) has besn the best al-
ternate food to mosquito larvae (Tsai and Legner 1977).
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A SUGGESTED APPROACH TO M
METHODOLOGY APPLICABLE IN DI

IN THE AMERICAS'

J. A. Ndjera- Morrondo®

Heetd Poaw A Hoaidth Clopnn FU Y, (U]

CAMBELL

ALARL\ CONTROL AND TO THE

FFERENT EPIDEMIOLOGIC
SITUATIONS, BASED ON EXPERIENCE

“Mast countrivs in the Americas affected by malaria now have
arcas where eradication cannot be achieved in o prediciable .
limited time: hewde tt is necessary to plan in terms of lesser
objectives attainable in the programable future. This article
describes a number of the major changes needed to redirect the
attentions af tradittunal maluria erudication pragrams toward
these less ambitious but crittcally important goals.

Introduction

All the countries in the Americas with
malarious areas have been engaged since
the late 1930s or earlv 1950s in malaria era-
dication programs. According to the repors
provided Ly these programs, a3 of 31 De-
cember 1975 areus comtaining 99 million
people (43,5 per cent of those inhabiting
e originally malarious areas) were in the
marntenance phase: areas with 43 million
penpleil.7 per centiwere in tite consolida.
tion phase: and areas witi 51 mitlion peo-
ple 199.7 per centr were aiil in the attack
phase.$

Examining :he general evolution of these
programs. 1t is evident that the rapid pro-
gruss observed in their carly vears slowed
down tt the Late 12605, and that the malarna
dtuation has remained practicaliv statio-

PV
!l'.l;n'r preseated 3t the Gonsuldtatse Mevttng on
Clalartd hebt st Sew Deths, Tdia, on 2823 \peal
SITh Ao ADPEAtIng 1R Sphanish ae i abattact o e
Forlvon do o WQpecrrer Sanptared Dararnesteutd st
LIRS BREU

Qgeaponabie Wieer, Malaria Dl Parasitiv
Diseases. and Vectir Gzl Dovision ot e
Peowention and Centad, PAITO AWHO

aer reteteee 1 dor Jefinition o teginms

ts

narv since 1970. advances in some areas
being counterbalanced by: sethacks in
others. This evulution follows, perhaps
with some delav, a pattern obscrved in other
parts of the world. L. J. Bruce-Chwatt, re-
viewing the world malaria situation in
1969, remarked that ‘‘the remaining one:
quarter of our unfinishet task will probably
be more difficult than all that we have
done befure™ 15). '

The reasons for this resurgence of ma.
taria in many areas have besn analyzed in
a number of differene studies (4, 5, 30. 74
161, They include planning and strategic _
srrors by the malaria eradication progrn?%
inadequate appreciation of technical prbb-
lems: cuanges in socioeconomic thought
aver the last decade that have affected the
aeneral outlaok toward international assist.
ance: and changes in the focus of biomedi-
cal interest in the developed countries that
nave been reflected in the selection of
health priorities by developing countries.
As 4 resalt Analaria programs are confront
inz a reed to attack the mast difficult areas
tor the control of th~ disease in the face of
diminishing program privrity. lack of ae.
quate or continuous {inancial support, un-
attractive career prospects fur professional

Y}
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and technical malaria personnel —and
hence a continuing decline in the numbers
of such personnel. A vicious circle is thus
being created in which lack of support pre.
vents progress, lack of progress erodes con-
fidence, and lack of confidence leads. 0
further lack of support. .
Obviously, these conditions apply in very
different degrees w different countrles. but
it may be generally stated cthat no country
with areas still in the attack phase has ade-
quate financing to complete eradication as
a time-limited operation. Against this back-
ground, resurgent malaria is an increasing
problem. T

General Strategic Considerations

.

The Governing Bodies of the Pan Ameri-
can Health Organization, which have: fcl-
lowed this situation with great conccm.
asked the Meeting of Dircctors of the Ma-
taria Programs of the Americas. held in:
Quito in April 1973, to review the problcm
and make recommendations with regar:l to
priorities and strategy. This meeting rec-

ommended that countries in which malaria
is an importanc actual or potential probiem .

capable af hampering socioeconnmic devel-
upment should accord high priority to their
antimalaria programns: thac these proyrams
shoutd be included in the health sector of
the national pian for socioeconomic devei-
spment: and that the programs should be
orovided with an adequace structure and
tinancing. It alsu requested thac the
Govermunents, PAHO WHO. and other in-
ternational and bilateral agencies intensify
thete offnrtsito promote research and im-
prove training at ali levels, These recom-
mendations have heen endorsed by the
Directing Council of the Pan American
Health Organization.

Dverall, strategic cunsiderations are beinyg
guided by the principles that the Tweniy:
weond Waorld Healdh Assemibly adopted in
1949, Theugh all the countries of the Amer.
icas have reaffirmed that eradication is the

lm.xl ‘ub]ecmc of -their; m;ht aq-unst ma-
larial most: ulq‘ﬂcm have sréas where this
objectivre L:mnot be achieved by a time:

limited 9rog‘ran and where it is necessary
;w plan in terms of lese -imbitious goals. In

yeneral, the priority of ‘each program

“'~snould be redefined in terms of che :mual

and potenual prcblem chac the disease rep-
rcscms in relation to ocner health problems
and’ thc expected efficacy of the avziiable

) 1ttack measures. Countries ave cnccur:u,cd
) rcetammc these m

matcers in relation to
their lmplxcauons for sociveconomic devel-
upmcm and to include the antimalaria

" program within the health sector of their

national development plans.
The nieed for planning is obvious: it is

"also desirable to integrate all plans seeking

10 improve the-quality of life into a general

"development plan for harmonious achieve:

ment of objectives. Despice the validity of
this general orinciple, however, it is often
_necessary to adopt a pragmatic attitude and
to start some desirable cantral action in the

‘absencc of a properly balanced plan, which
“is'very frequently difficult to prepare and

vspeciatly o impiement. given the uncon-
troflable developinent drives orevelent in
manv developinyg councries. '
Asimilar pragmatic auci:ude should guide « -
the decision about whether and when to in-
tcgrate existing malaria programs into the
seneral public health services. as recom;
mcnded he the sixteenth repore of the
WHO Expert Conunittee on Malaria (30,
Different countries have adopted wiilely
varving attitudes toward this master. ¢ is
perhaps too early to atternpt o evaluace the
results of their actions, but there are indi.
cations that several countries are being suc-
cesstultin¥combining, under the direction
of the malaria program, the control of
sclected vector-borne diseases and other
high-priority public health actions that re-
quire an organization with deep rural pen-
etration and an efficient, vertical, and cen-
tralized administrative structure. The suc-
cess of such combination depentls on making
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financial and personnel provisions com-
mensurate with the increased activitics
assigned to the prograin. The ralaria
oryanization mav also help considerably in
providing guidance for programs extending
primary health care to rural areas. pro-
grams with which it should later establish
the closest possible couperation.

The Ten-Year Health Plan for the Amer-
icas agreed upon uand adopted in 1972 serves
as a frumework for national health plans.
The Plan’s main general target for maiaria
in the Region is to achieve or maintain era-
dication in areas inhabited by 84 per cent of
the population of the originally malarious
areas.

The areasinhabited by the remaining 16
per cent of the popuiation involve 7 " 7hly
heterogeneous sets of biocenoses that vary
widely in their ecological. anthropological,
epidemiologic. and socioeconomic charac-
teristics. In fact. the onlv common denom-
inator among these areas is that malaria
transmission has persisted in cach of them
despice their inclusion tor vears in nativnal
malaria eradication programs. Therefore,
it is being recognized that cihanges are
uecessary for  sucewsstul handiing of ma.
laria probieins in these areas, cither (0 im-
prove the epidemiolugic situation or
avoid unnecussary waste.

The Approach e Maliria Coneml

Defining the Prodlem

The new approach should start by rede.
fining che malaria problem in terns of
variables relevant to coutrol policies. The
traditional strategy for maiaria eradica.
tion —hased on the use of an attack measure
which was considered to be cheap. effe ive,
and safe—insisted quite logicaily on s . uri-
tv. Therefore, the delimitation of malacious
aieas hecame more an exclusion of prov-n
nontnalarious areas, no attempt being made
tGootudy the quantitaiive distriouton of the
probiem. This had the effect of actualiv

extending the treatment coverage to many
maluria-free areas, since in most instances
malarious arcas were delimited by includ-
ing all areas at or below the altitude of the
highiest known malarious locality.

In centrast, the new plans fur action have
to be based un combinations of various mea-
sures that are seldom cheap. that are only
partially effective. and that in some in-
stances may require special safety precau-
tions or special training for effective use.
Under these circumstances, it is necessary
to focus attention on identifving the actual-
ly’ malarious locality invalved —and in a
few instances, even the specific malarious
house.

Study data from one American country
covering a three-vear period indicate that
during that period only 7.5 per cent of the
localities involved had been positive for
malaria, and that only a considerably lower
percentage had been repeatedly positive
{24). Also, various studies of the typical
malarious house show some characteristics
thac :nay serve as a basis for including spe-
cific home improvement actions or guide:
lines in health education programs geared
to comununity participation. In parucular,
a studs done in Colombia (29). found that
Mmaiaria-positive itouses tended o be small,
overerowded. isolated, and built in a rudi-
mentary maaner with incomplete walls,
Eammoivgical observations in  Central
America have indicated that the musquito-
hite rate oxperienced indoors by people in
houses with incomplete wailsis considerably
higazr than the rate in houses with com-
plets walls.

Simifar considerations should be apolied
to the transmission :eason. The season was
vnce thnughg togbe irrefevant. since it was
fely posiible to apply attack measures with
whatever frequency was needed to maincain
continuuus effective action for tie whole
duration of the attack pnase. Now that this
is no longer true. it is necerary to seek oyt
amd take advantage of any seasonal inter.
rupton or decline ia transmission due to
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research of past vears has greatly advanced
our knowledge of the parasite, the immune
response of the host. and the biology and
ecology of the vector and its relation to man.
This basic research has led to great progress
in applied research addressed to develop-
ment of better means for controlling ma-
laria (16, 17).

With regard to the development of ap-
pliedfield research in the Americas, PAHO/
WHO is engaged in several types of
activities., Among other things, it is en-
couraging, coordinating, and collaborating
with the Region's inalaria programs to
undertake epidemiologic and operational
research seeking answers to their problems.
The Organization is also setting up inter-

country field research projects to study
probliems of interest to various countries—
such as the study of multiple 4. albimanus
resistance in Central America and evalua-
tion of possible control measures; stcudies on
malaria immunization and new aatima-
laria drugs, using first animal models and
eventually clinical trials, in Colombia and
Panama: studies on the epidemiology of
chloroguine resistance; and studies on the
cytogenetics of the species of the subgenus
Nyssorhynchus and possible genetic control
measures applicable to them. In addition,
PAHO/WHO is promoting basic and
applied research by outside institutions in
arcas of special interest for the solution of
field problems.

SUMMARY:

In general, tnost countrics of the Americas
affected bv malaria now have arcas where cra-
dication cannot he achieved by g time-limited
program and where it is necessary to plan in
terms of less ambitious goals. Accordinglv, the
malaria programs of the Americas are being re-
oriented toward flexibie local strategies cnploy-
ing all available methads, where applicable. in
the approach known as “integrated control.” In
general, this reorientation involves substantial
changes in the methods used to define malarious
arcas. conduct epideminlogic surveillance, in.
vestigate local conditions, and take advantage of
those conditions,

Overall, it is expected that for some years
indcor residual spraving with DOT will con-
tinue to be the method of widest applicabilicy,
but it will be neeessary to develop methods for
its sclective use. Nawurally, should there be
DDT resistance, it is necessary to ascertain the
local operatinnal implications of this resistance.
It should also be noted that where resistance

. occurs, the choice of replacement insecticidey is
quite limited. All the substitutes are consider.
ably more expensive cthan DDT and resistance
to all of them has tended to develop rather

" quickly in the few areas where they have been

used. with the strategy of total coveraxe, as pos.

sible solutions to the problem of DDT Tresist.
ance. ‘ Co : o v

Ocher available control measures include
ultra-low.volume application of insecticides,
classical source-reduction methods. larvicidal
aperations, introduction of larvivorous fish,
health ecducation, and use of antimalaria
druys. In general, it is clear that any solective
use oi antimalaria measures should be guided
by a knowicdge of the local ¢pideminlogy of
malaria.

Laoking to the future, it is evident that the
‘planning and implementing of integrated con.
teol programs will require 2 deeper eprdem: .
logic knowledge than is generally available at
present, and therefore a stronger staff of profes-
sivnal and techuical personnel. Very high
priority should thus be given to training and
retzaining of the professional scaff, In addition,
hopes for sigmificant progress toward eradica-
tion in the sn-called problem arcas now depend
on the development of more effecuve control
measures and, therefore, upor rescarch. More
hasic rescarch is needed, but perhaps more im-
purtant is increased applied field researen, so
that full use mav be made of the results of
tecent rewarch for the develupment of better
mcans of malaria control.
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WORLD CONGR.F.SS OV ENVIRONMENTAL SANITATIOV
IN DEVELOPMENT PLANNING

The Ministry of Health and Welfare of Mexico and the Warld
llcalth Organization will sponsur a Congress in Mexico City from
12.16 Nouvember 1979. for the purpose of presenting sciemtific and
technical information on the interaction between health and the
development pracess, as well 45 exchianging experiences rclated to the
multidisciplinary organizational, conceptual, and methoidoiogic issues
in social and economic development and environmental health.

The information to be provided will assist professionals in both
the health and develupment sectors to incorparate environmental
health objectives in national devclopment planning, with emphasis
on practical national expericnce that enuld be applied clsewhere,

The Congress is opea to all countries and should be of special
interest to professionals engaged 141 cronomic analysis and funding of
development projects, to those sesponsible for the design and imple.
mencation of develapment prajects. and to scientists and educators
concerned with research and training in this arei. -

Additional infermation may be obtained from: Congreso Mundial .. |-
subre Sancamiento Ambiental en la Planificacion del Desarroilo.: ..
Secretaria General, Avenida Chapultepec No. @84, 13° Piso, México. 1%
7. D.F. BRI I
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EARLY SEASON APPLICATION OF ROMANUMERMIS CULICIVORAX

TR

PROVIDES CONTINUOUS PARTIAL CONTROL OF RICE FIELD MOSGUITOES

Bccky Brown Westerdahl! . R. K. Washino® and E. G. Platzer® ¢
University of California

ABSTRACT.

An carly season appucation of postparasites of the mosqui-
to parasitic nematode. Romanvmermis culicivorex demon-
strated that the nematodes could mature to adults, mate and

! Department of Entomology, Davis, Califdrnia 95616.
" 3Department of Nematology, 2236 Life Scicnces, Riverside, Cali-
fornia 92521.

Vesterdahl, et. al,, 1979,

lay egus in the rice field environment. Preparasites hatching
from Lhese cgas provided continuous partial control of larvai
Anopheles freeborni-and Culex tarsalis throughout the rice
growing season. Control of A4n. freeborni was comparable to
that obtained in the past by direct applications of preparasites
and excesded that previousiy achieved for Cz. tarsalis. lnfec.
tion was observed up to 20 feet {rom the original point of
application.
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"AERIAL APPLICATION

MosQuiTo News

OF ROMANOMERMIS

;,«CULJGIVOR;LY:(.\'~1ERMITHID,.-\.E:NE.\-I.-\.TOD.-\.) TO

CON TRO LANOPHELES AND CULEY

MOSQUITOES IN

... SOUTHWEST FLORIDA

ABSTRACT. An experimental relcase of
preparasites of the mosquity. nemaiode
Romanomermis cuiicivorux Ross and Smith
ABRerymermis welsem Tsai and Grundmann,
ek, partim.) was macde in 3 ponds v1a helicop-

. ter at the rate of ca, 4.69%/m? o water surface

to control nawural populavuns of Anopnries
quadnmaruiatus Sav, An. rrueans Wicdemann,

. and Culex rrrancus (Dvar and Rnuiy larvae,

\

Mean tevels of parasiusin of 32.4, 66.7 and

Control of natural populations of mos.
quito larvae with a pathogeme agent
applied by air has not heen demonstrated.

. However, Levy et al. (1977, reported en.
couraging results in tests using a heiicop.
Ier sprav svstem to deliver the mosqguito
nematode Romanomermus culicroras Ruoas
and Smith. Tests were conducted ug
kround level with o Bell 47¢; helicopter
cquipped with Simplex low  profiie
aerial sprav sveem having a bomm fitted
with TeeJet® nozzles ar 23 psi and Ao ad-
verse effvets on preparasie infectivity or
nemitode deselupment were detecied.

Fhese tests suggested the potential use of

this aermal spray svstem fur the dissermina.
tion ol R. cultervorax in muosquito control
apReTatings,

————

s L L Counts Mosguing Conrenl Dintrn L0, : b ; o
cptoneentiated primarily around the edues.

‘Preatreatment samphng showed

L Wan 2237, Fon Myers, Florida 3300

22 TESDA Gulf G Musquins” Researeh
+ babe Charles, Liidivang™ Srisrg, >

;Jetlmsratoes

“RLEVYLB.C. HERTLEIN', J. . PETERSEN®, D. W. DOGGETT axp T, 1, MILLER, JR."

43.8% of the Isi-4th instar Anopheles spp. and
39.2, 40.0. and 53.3% of Ist4¢h insar larvae
of Cz erraticus from 3 punds. respectiveiy
were obtained.

The aenal sprav tests indicated that a heli.
copter equipped with a3 Simplex low profile
iprav svstem with Teejet® sprav nozzles can be
an cffective means of disseminaung the pre.
parasuic stage of R, culicvorax 1n muosquitn cune.
trol operatons. . .

The susceptibility of larvae of Anvpheies
quadrimarulatus Sav. An. erucians
Wiedemann and Culex srrcucis ¢ Dvar and
Knab) (v fieid parasitism 5y preparasites
of R. culicvorex applied bv cunventional
compressed air hand spraver hay been
demunstrated bv Petersen and Willis
(1972; 1974). We are now reporung on
the aerial application of preparasites of R,
cuiiivorax via hebiwopter o contro! field
populations of lurvae.

METHODS AND MATERIALS
“TiYee semipermanent ‘ponds (30.5 x

152 x 0.5-1.0 n deep constructed in

1976 at the Lee Counts Mosquite Control

.. District'were used 23 the sites fur the tests
AFig. 1),
" .sanding ground water 10.3.0.6 m deep:

The ponds contained ran and
and vegeraunn seauiered throushout but

large
vanulations of larvae and Pupae ol dn,
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quadrimaculacus and An. crucigns {130 per
dip with a pint dipper) and lower popula-
tions of Cz. errasicus (0-35 per dip).
Numerous insect predators (water scorp-
jons, back swimmers. water scavenger
beetles, predacious diving beetles.
dragonflies, water striders, whirligig
beetles. Gembusia spp. and tadpoles) were
present in each pond.

Pre-treatment analyses of the ponds
indicated that the water was jow in salinity

1.0~7.5 mg/l Cl7) and conductivity
(113=163 umhos/cm), and therefore was
suitable for R. culicivorax, The water tem.
perature of the ponds was 30° C at the
time of aerial appiication.

Twenty t0 24 hr prior to application {2
cuitures conuining eggs of R. culicruores
were flooded with . 300 m] of water
purified by reverse osmosis (RO) filtra-
tion 10 induce egg hatching. Volumetric
determinations or the Preparasite popula.
tion in the water from the combined cul-
tures indicated thar ca. 11,250,000 infec.
tive stage nematodes were available for
the tests.

Bioassays to determine infectiviey of
unsprayed and spraved Preparasites in
uniiltered well water and water from the

"3 ponds were conducted in 400 ml giass
beakers conaining 300 ml of the tes
waters and 20 Isc instar larvae of Cx. quin.
quefasciatus per container {3 replicationy
water type). In addition. one |§ x 30 cm
enameled pan was filled with ca. 1,000 m|
of RO water and Piaced at the south end
of each of ponds | and 3 (o caten are.
Parasites spraved during the aerial appli-
Qtion (Fig {.a). Preparasites spraved
through the heiicopter sprav svsiem at
Bround level before and afier the aerial
Spray tests were also bioassaved in RO
water. Voiumetrie determination of the
number of preparasites spraved into the
enameled pans in ponds | and 3 was de-
termined 10 be ca. 0.95 per ml or about

50 preparasites per 540 em® pan (4 rep-
lications); presarasites collected from the

helicopter besore and after the aenal ap-

plication averaged ¢a. 13 and 31 ml, re..
Preparasites in the pre-test.

spectivelv, ,
.3ample were spraved ag ground level al.

most immediately upon additions of the
preparasites (o the helicopter sprav tanks
and apparently were not thoroughly
mixed in the ca. 296 liters of well water in
the wnks prior 10 spraving. However,
preparasites taken in post-sprav sample;
were thorougnly mixed from typical
helicopter agitation during aerial applica-
tion. Preparasites from the heiicopter
were bioassaved in 400 m| glass beakers
containing 300 ml RO water and 20 hosts
(3 replications). Preparasites spraved into

-the enameled pans during the aerial tests

were transferred 1o 1,000 m| giass beak.
ers containing RO water for bioassav (]
trial of 20 and 100 hosts jor ponds | and
3. respectively)..

A 10:1 preparasite 1o host ratio was
used in che bioassavs and mosquito hosts
were fed ground rabbit chow caily and
maintained at ca. 20° C {ambient). Per.
<entage parasitism of Cx. quinqueasaierus
larvae was usec as the criterion to deger.
mine the effects of the pond water and
sprav applicauon of infectivity of pre.
parasitic R. culicivorax. Infectivity was de-
termined with a compound microscope
anc dv emergance of Postparasites. Lar.
vae determined (o be negative for
nematode parasiusm with che compound
microscope were confirmed 5v dissection,

A Bell 47G heiopter ecuipped with a
Simpiex low profile aema SPray svstem
fitted with 12 TeeJet* sprav nozzies
(FioodJet* Tip No. TK20: was used for
the aerial application of preparasites
{Levv et al. 1977, Helicopter sprav wanis
were filled with ca. 2956 liters of unfiltered
well water (conductivitva 99 umpoyvem
@ 25°C) while tne rotor diades were op.
erauonal. Then 7.6 liters of RO water
coptaging preparasites were added di.
rectly into the sprav anks, The spray svs.
tem was calibrated to sprav 9.3 liters’
min.nozzle or 1i4.0 litersmin a¢ 25 psi.
Preparasitic nematodes were ca, 30 hr old
when spraved.

Preparasiies were applied from the
helicopter at the rate of ¢a. 2.925.315 per
pond 3t 32 kmph and 31 2.5-3.0 m above
the ground. The ponds were spraved

consecutively in a series of north to south - 7

gy
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and south to noﬁh spray ;Sa:ses. A west to
€ast wind of ca. 10 kmph was recorded

- during the aerial application. About 25

lirers of water containing preparasites (ca,
31 preparasiteyml) could not-be spraved
and remained in the tanks and dunp sec.
tion of the Simplex system after the
ponds were treated (Levy et al. 1977).
A loal dusage rate of ca. $.629 pre-

parasites per m* per pond was deter- _

mined from the average number of pre.
parasites per.ml of water recovered in
enameled pans during aerial application

(i.e. 0.25 preparasites per ml). A substan.

Figure |. Expenmental
placement of enameled

e ; .
tial number of preparasites were lost be.
Cause' of drift during the aenal appiica-
tion. Based on the preparasite dosage and
water surface area per pond. each pond
was considered 2 replicate ever, though
the number of mosquito larvae per pond
varied.

Each. pond was sampled 24 and 48 hr
post-treatment and the percentage
parasidsm by larval instar was determined
(as previously described). to evaluate the
effectiveness of the aerial application of
preparasitic R. culicivorax against
Anopaeles spp. and Cx. errancus.

‘A ’-‘M "‘g
sites (Punds 1-3) used far senal applicanon of R. ¢uiscrzoras showin
Pans () userl 1o catch preparasies ar south end ol ponds | and 3,
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. RESULTS AND DISCUSSION
Dawa collected from bioassay of une
sprayed and helicopter spraved prepara-
sites of R. culicivorex in water from the 3
sources indicated that there were no sig-
nificant differences in infectivitv to Cx.
quinquefasciatus larvae when preparasites
were sprayed through the Simpiex svstemn
compared with unspraved preparasites in
RO water (Levy et al. 1977). However, 2
10=12% reduction in infectivity was ob-
served when unspraved preparasites were
exposed to mosquito larvae in unfiltered
well water (Table 1). In addition, all
postparasites obuined from exposure of
hosts to the spraved and unspraved pre.
parasites in the various water tvpes
showed no observable morphological and
behavioral differences when compared to
postparasites recovered from the RO con-
trols (Table 1).

"The bioassay dawa indicated that lite
or no inhibitory effects on the infegtiviey
and development of A. cuficivorer could
be expected as a result of the helicopter
Spray system or preparasite exposurs to
water in the 3 ponds. However, possibie
inhibition of the infectivity of prepara-
sites exposed for 24 hr to unfiltered well
water used in the sprav tanks was ob-
served. No effects were apparent in
nematodes held in tanks for 3C-45 min
and reared in RO water, a condition
similar to ponds.

_- Aerial application of preparasites of R.
ulicvorax 10 control mixed popuiations
of larvae of An; quadnmaculatus and An,
¢rucians in the 3 ponds resuited in mean
parasitism ranging from 43.5-66.7%
(Table 2). The mean parasitism of all 402
Anopheles spp. iarvae sampled 24 and 48
nr post-treatment from the 3 ponds was
33.7% (100, 50.3. 59.5. and 43.4%
parasitism of 2-lst, |17-2nd, 196-3rd,
and 87-4th instar larvae, respectivelv),
Enapsulation and meianization of the

. Rem3tode was ovserved in severa) 3rd

and 4th instar Anooreies spp. larvae and
indicated a certin degrs2 of phvsiciog-
ical resistance to this nematode (Petzrsen
and Willis 1974). It shouic be noteg that
the majority of the Anopacies spp. larvae
examined 24 and 4§ h: post-treatment
were infected with more than one A.
culicivore=. Multiple parasitism mayv nave
resulted in some sariv hos: death oror to
sampling. In addition. 1005 postparasite
emergence was observed from 25
Anogacies spp. larvae parasitized in the
ponds oy R. cuiicvores and indicated :he
potenuai for nematode recveling 1n s
tvpe of habitat.

The parasitism of larvae of Cx. erracug
resulung irom aerial " appiication of ore-
garasites of A, cudervoras 1 presentsd n
Table 3. A mean parasiusm of 4 1.9% was
observed in the 36 Cx. errancus lamae
examined from the 3 ponds. i.e. 50, 33.¢,

Table 1. Bivassavs of infectivity of preparasitic Aomanomemy cuiezores (o istanstar larvae of

Culrx quinourfetratus as a funcion of water guality and sorav 2022200,

Percentage postzaramte emercence

Water Tvpe Preparanites Percentage zarasiusm  from infected 4th 1rsear darvae
Tested Tested {No. larvae samoied) INo. larae samoied:
RO Unspravec | 88.3 (6, Y 100 29,
Well Unspraved 8.3 (60) 100 (30»
Ponds |-3 Caspraved 90.0 180) 100 (30,
RO Spraveds 9.3 (1% ——
RO Spraved® 86.6 (1% e
RO ‘Spraved! 85.0 (120) 100 (80

. ¢ Preparasites in well water spraved from heicopter 3¢ graund lever min buciets prior 3esal

test and added to beaners contaiing RO wates,
* Preparasites in well water spraved from heiico

and added to beakers contumng RO water.

Pier 3t ground level into bgé!s:éu after aenal tegt

- * Preparasites i1 well water spraved [rum nelicopier into eriarheled p‘amkmnun‘uhg RO‘\-am

d’l_-ll'm‘ aenal applicauon.
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Table 2. Parautism of Anophries spp. larvae resulting from aerial apolicatian of preparasites of
Ramaromerms culicnvorar ag 3 dnsage rate of 4.£2Y nematudeyms.

Percentage parasiusm by instar

{No. larvae sampled)

Pund Hr Post.
Na, Treatment First Second Third Fourh Combined [nstar
d 24 100(1)  43.5(29) 48.431) 30.010) 44.6(63)
. 48 —i{0) i) 79.0019  ——tO) 79.0(19)
Combined ° 100(1) 43.5(23) 60.0(301 30.0(10 352.4(84)
2 24 100(l)  73.0¢28) 61.9042) 75.004) 68.0(73)
4 —(0) 33.3(3) 70.6¢17) 350.0:4) 62.5(24)
Combined 100y  7L03n 64.4(39)  62.3(8) 66.7(99)
s 2% {0} 44.3(36) 60.4(3Y) 38.3(3™ 48.2(141)
48 () 23.9¢27; 42.9(34) 33.3117) 35.9(78)
Combined 36.5163) 54.087Y 37.7169)

!

334, and 0% parasitism of the =1,
48-2nd, 31-3rd, and 3=~4th instar larvae,
respectively. Litde muluple parasitusm
was noted in larvae of this speqes. Two
4th insaar Cx. erraticus larvae were found
to have encapsulated and melanized 2.
- culicivorax parasites. thus indicating
possible physiciogical resistance o 2.
rulicrvorax or limited resistance due 1
weakened or damaged parasites dving
after entering the host.

Although the preparasite dosage per
n® appears high when considering the
total percentage parasitism. one must
vonsider the type of -parasite appiication
a8 well as the phvsical features of the test
sites 1n relation ta the orientation of para.
sites and hosts. Preparasites were eveniv
listributed over the 464 m? of water sur-
*ace of each pond: however. the A nupheies
‘PP. and Cz. erratucus larvae were un.

43.8(219

evenly distributed around the vegetative
edges of cack pond. Since preparasites
are believed (o swim oniv a faw feet from
their pont of introduction tunpubiished
daw), numerous preparasites spraved in
the centrai soruons of =ach oond prob-
ably did not encounter hasts. In addition,
preparasites were ca, 30 hr old when
spraved and 1G-137 of the nematodes
were assumed to fave Iest their infectiviey
{(Petersen 19731, Sume sredation of in.
fected moasquito hosts can also be ex.
pected 1o have occurred.

It is impor:ant 0 determine the most
efficient and effccuve means of dis.
seminaung A. cudierrorar pregarasites (i.e,
ground or aeral sproving: in the various
tvpes of fresh woicr masquito habitats. In
the test sites utiiized in this studv it is
expected that the dosage per m: could
have been reguced by as much as 50% if

Fable 3. Paraditism uf Cuiex rrrepews larvae resuitnz from aeriai anohestons of reparasites of

Romanumermit cuiicrvores 3t

Perceniage parasitism by insiar
INa. larvie samoiers

3 dusage rate of 4.524 aemarndeymé

"wnd He Post- snkd

Ny, Treatment First Secand Third ® Fourth Combined insrary

: on 39.142% 66 (9) -—i0; 45.53%)

-—{0) 36.411 1) 25.0144 03 27.818)

0l 38.2134) 53.8113 (V7] 39.2(31)

-—{0) i) 30.0(1 -y 30.G:2)

—{0) 3333 (0} - () 3333,

-—i0; 33343 50.0:2;  —0, 40.0r3:

coptiredinn e 68NN ST 66.7i15) i 64.0123)

O AT e 0) i 4) -0t -—{ (WL ]]

. Comhined  66.7(3) 36| h 8253016; i 53.3:30

T



Marcx, 1979

Mosqurre Nrws ' 25

' the preparasites were applied with a con-
ventional compressed air spraver around
the vegetative edges of each pond whers
ampling indicated the mosquito larvae
were concentrated. Fuirther, probiems
associated with drift during aerial sprav.
ing.would have besn gready reduced or
even climinated. However, the potental
for recvcling that this nematode has ex-
hibited in cerain habitats (Petersen and
Willis 1973) may justifv the higher dosage
rates when appiving preparasites of 2.
culicivorex bv helicopter over large areas.

Examination of sampies of Anopheles
3pp. and Cx. erraticus larvae obtained 3
weeks post-treatment revealed no para-
site activity and therefore indicated that
nawural recycling of R, culicrvorer had not
occurred in the test sites during this pe-
riod. Eight weeks post-treatment. pond 2
was dry and the water in sonds | and 3
had receded from the vezetauve perime.
ter where the infected larvae were origi.
nally sampled: larvae at this ume were
moré eveniv distributed in the central
portions of the 2 ponds. I: is expected
that postparasite emergence from the
Anopheles and Culex hosts and subsequent
nematode egz laving occurred in the soil
around the vege:auve portions of each
pond. Eleven soil sampies per site ob-
wined with a2 suandard soil core from
these areas and flooded with RO water

for 24 hr indicated no preparasite activicy
at this time.

Test results suggest that a helicopter
having a Simnplex low profile aeral sprav
svstem equipped with Tesje:? sprav noz-
zles can be an effective means of dis.
seminating preparasites of R. culicivorax
against nawral populations of An. quad-
nimaculaius, An. crucians and Cx. erraticus
larvae. as well as other species of mos.
quitoes in certain fresh water habitats.
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INTRODUCTION

The use of fish for mosquito coutrsl. is not a
‘new concept. The technique was first seriously
" investigated in the early 1900's after it was
discovered that malaria was transmitted by
mosquitoes. A continuing interest in larvivorous
fish suffered with the advent of DDT and
subsequent fast-acting residual insecticides.
Recently, however, renewed attention is being
given to fish as biological. control agents. Two
- reasons for this change in attitude are the greater
public concern over unintentional effects of
pesticide contamination .on the environment and
the fact that chemical control with insecticides has
become more cosily, shorter-lasting and, owing to
the evolution of resistan: mosquito strains, less
effective (Bay, 1967a).

In an annotated bibliography, Gerberich and
Laird (1963) list 686 papers dealing with the use of
fish for mosqguito control. While over 200 different
fish species are mentioned, 279, or 41%, of the
references cited deal partly or entirely with only
one species: the raosquito fish, Gambusia affinis.
The southeast Asian -Panchax group and the
common guppy, Lebistes reticuiatus, are the
closest runners-up, accounting for 8.6% and 6.5%
of the literature, respectively. Bay (1967b) states
that Gambusia affinis has become almost
synonymous with biological control of mosquitoes
and is, in fact, one of the mos: widely disseminated
of any biocontrol agent. From an immediate and
practical swandpoin:, mosquito fish offer great
potential as an adjunct to chemicais for mosquito
control. It is on this specias, therefore, that we
focus our attention.

The development of a mosquito fish program
shouid, from the onset, be a cooperative effort
between medical department and public works
personnel and, when available, with individuals
assigned fish and wildlife duties for the activity,
For maximum impact, the program night also be
coordinated with local state and county health
departments, particularly those iavolved in
mosquito control. Assistanc2 with the program can
be obtained {rom Navy entomologists at a Navy
Environmental and Preventive Medicine Unit, a
Navy Disease Vector Ecology and Control Center

or a Field Division of the Naval Facilities
Engineering Command. Since most states have.

regulations concerning the impor:ation of certain
fish species, it is mandatory that the s:ate Fish and
Game Commission or their military representative
be contacted when interstate shipment of

G. wbusia is contemplated. Additional advice may
2i;o be obtained from the U. S. Fish and Wildlife
Service and mos? state universities.

HISTORY

Baird and Girard first described Gambusia affinis

“in 1854. However, it was not until the eariy 1900°s

that their usefulness as mosquito predators become
well established. During that period, the first long
distance transplantation of mosquito fish was
made. At the request of the Hawaii Agriculture
Experiment Station, about 150 Gambusia were
brought from Seabrook, Texas to Honolwlu in
1905 by Mr. Alvin Seale. The fish flourisned and
by 1907 they had already established a record of
being extremely effective mosquito predators
(Rockefeller Foundation, 1924; Krumholz, 1948).
In 1913, Seale (1917) transportad 24 Gambusia in
a glass jar in his stateroom from Hawaii to the
Philippine Islands where they aso thrived and
reproduced in large numbers. From the Philipoines,
they were eventually introduced into areas of

" Indochina, Japan and China. In 1921, at the

request of the International Red.Cross, stocks of
Gambusia were sent from Augusta, Georgia to
Spain by the U. S. Bureau of Fisheries (Rockefeller
Foundation, 1924; Krumholz, 1948). Gerberich
and Laird (1968) consider this event to be
significant as it eventually became one of the
earliest and mos: widespread uses of a biological
control agent in the medical entomology fieid.
[taly imported Gambusia from Spain in 1922 and
from this Italian stock, distribution was soon
extended to countries throughout Zurope
including Yugoslavia and the USSR (Transcaucasia
Region)in 1924, Algeria and Corsica in 1928, and
Greece in 1928. From Corsica. mosquito fish were
imported to Egypt and then to Cyprus, Svria and
the Sudan. Finally, through the suppor: of the
Rockegeller Foundation, Gambusia were
established in Mexico, Central and South America
to combat container-breeding mosquitoes in a drive
against yellow fever (Gerberich and Laird, 1968).
During vellow fever control~efforts in Kev West,
Florida, Gambusia were used successfuliy in place

- of oil for the control of Aedes aegypti in cistern

(LeVan, 1941).

Gambusia atfinis also received widaspread
distribution and use in malasda control. In the
United States, Hildebrand {1921) reporied that the
use of mosquito fish during 1920 malaria control
campaigns was responsible for producing more

‘permanent results in many southem states at a



" reduced cost. It is also of interest that during this
time the Health Department in Richmond,
Virginia, stocked all of its fountains, reservoirs and
lakes with Gambusia and established hatcheries to
" upply mosquito fish to any community in the
state that requested them (Rockefeller
Foundation, 1921 and 1924). In other regions, the
New Guinea Medical Service provided local
distribution of Gambusia in 1930 which later were
reported to be the most successful antimalarial
measure taken in the Territory (Ford, 1949). The
Canary Islands imported Gambusia from Spain in
1943 to control an outbreak of malaria (Gerberich
and Laird, 1968), and during World War II, U. S.
Armmy Malaria Control Units utilized Gambusia in
the Pacific to control anopheline breeding in wells
and cistemns (Krumholz, 1948; Simmons, 1949).
More recently, Tabibzadeh, et al., (1970), reported
the extensive use of Gambusia in Iran for malaria

control MW

sasesmees, (Foy and Reed, 1970; Hoy et al,,
1971).

BIOLOGY
' Taxonomy

Gambusia affinis (Baird and ‘Girard) is one of
" some 150 species of fish in the family Poeciliidae.
Members of this family zre all from the New World
with the majority found in Central America and
the West Indies (Rosen, 1972). The etymology of
the name Gambusia comes from “Gambusino”, a
provincial Cuban word which danotes “nothmg"
Thus, it is said, “to dsn Gambusinos is to catch
nothing’. The species name, affinis, means
“neighboring” or “related”. Because of its well
known appetite for mosquito larvae, the common
name usually applied to the species is “mosquito
fish", However. it may also oe referred to in the
literature as a “top minnow”, due to its habit of
seeking food at the surface,

A relatively flat head,

small body and

protrusible mouth are.charac:eristic of mosquito

fish., At birth, and for some time afterward, thef
anal fin of both sexes is similar. However. sexual
dimorphism is later exhibited as the fin becomes

stmall and rounded in the female while that of the

male is modified into an elongated, rod-shaped
copulatory organ, the gonopodium (Figure 1). The

gonopodium is normally carried backward and

" lacking

parallel to the body, but it can be quickly moved
at any angle, forwards or sideways. Adult females
range from 1'to 2 1/2 inches in length while the
mature males average about 1 1/4 inches.
According (0 Krumholz (1948), female Gambusia
attain greater lengths th. 1 males since they
continue to grow until death. Males, however, grow
very little after the gonopodium is completeiy
formed. In both sexes, the body is pale grey with a
blue metallic sheen. The belly is silver and the
back, or dorsum, is brown cr olive green. In many
cases, there is a dark, transverse bar across the eye.
Female Gambusia and guppies are similar :a
appearance, but Gambusia can be distinguished by
the rows of tiny black dots on the dorsal and
caudal f{ins (Figure 1); a characteristic found
in guppies. Another good fieid
characteristic is that in female Gambusia, the firs:
ray of the dorsal fin is posterior to that of the anz:
fin, while in the guppy they are almost in direc:
line with one another.

Two subspecies of Gambusia affinis occur tha:
are essentially identical inr coior, form, size anc
habits: Gambusia affinis affinis and Gambusia
affinis holbrooki. The two can be separated by the
fact that G, a. holbrooki has eight rays in :he
dorsal fin while G. a, affinis has only seven. A
velvet black spotting or biotching may be presen:
in either subspecies. Such individuals are ne:
different species, but are merely showing 2

,mela.ms.lc or pigmented expression such as occuss

in “marbled mollies”, 2 fish well known to tropics:
fish hobbyists. Tais phenomenon is rarely seen :r
females but may occasionally oc"u' in the maln'

sttnou:;on

Because of its use for mosquito cdnt".
Gambusia affinis probably has the widest ranze o
any fresn water fisn. It is found in nearly all of tas
warmer regions of the worid and has been success-
fully - establisned in areas where relatively severs
cold weather occurs, such as Utan (Rees, 1834
and~1943). Jlichigan (Krumholz. 1944), Albarz,
Canada (Mail, 1954) and the USSR (Krumho.:.
1944). In the U. S., Innes (1971) divides :he
distrioution of Gambusia affinis between the two
subspecies. The range of the eastern subspecies, G,
affinis holbrooki, is given as Delaware to Flon:’:
and Alabama, whereas the westem subspecies, &
affinis affinis, ranges from Alabama to Illinots and
south to the Texas coastal region. In Alabama, the
two - subspecies reporiedly meet and ther
distinctive features are lost. It is likely that th:s



rhenomenon occurs elsewhere as Gambusia is
found in Arizona, Califomia, Colorado, Kansas,
Massachusetts, Nevada, New Jersey, New York,
New Mexico, Ohio, Washington, Wisconsin, and
probably many other states,

Habitat

In areas where it is native or has become well
* established, Gambusia affinis is found in all
sluggish or standing lowland waters which are
accessible to it through natural channels. It thrives
in a wide variety of water types including fresn or
brackish, clear or muddy, shallow or deep.
- Gambusia is seldom found in swift-flowing streams
or water that is polluted with chemical wastes acid
in nature, but it can tolerate water moderately
polluted with sewage. When larger fish are not
present, Gambusia may be found in deep water,
However, it shows a distinct preference for shallow
water where it is protected from predaceous fish
and where food and vegetation are more abundant,
Kuntz (1913), in fact, observed large numbers of
mosquito fish in water less than 1 inch in depth.

Although essentially a warm water fish,
Gambusia can tolerate a wide range of
temperatures. Hildebrand (1925) reportad
mosquito fish withstanding water temperatures of
102°F. in nature. Conversely, relatively cold water
strains have been developed and have been
reported to successfully overwinter under ice in
certain areas of Utah (Bay, 1967a), Michigan and
Qlinois (Krumnolz, 1944), and Manitoba. Canada
(Smith, 1960). It shouid be noted that during
winter, the fish hibernate in the lower water depths
and are rarely seen until the spring- when water
temperatures become increasingly warmer.

It is well known thut Gambusia can inhabit areas
seriously deficient in d!ssolved oxvegen for short
periods of time without apparent stress. This
ability is atiributed by Lewis (1970) to a mor-
phological adaptation of the fish to oxygen
depletion. Specifically, their dorsally oriented
mouths and flatiened heads enable them to
effectively utilize the oxygen.rich water at the
-air-water interface without dramatically altering
their usual swimming posture. Gambusia are,
therefore, suited for occupying habitats subject to

-periodic oxygen depietion such as in sewage oo -
- S Reproduction

- lagoons.-..
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g B e g
.Gambusia feed” on a. number of ‘aquatic -
organisms including mosquitoes. They are, in fact,

~ relatively few :
- ovoviviparous (livebearers), give bimth o smaller °

, o
voracious feeders that consume a wide variety of
phytoplankton, zooplankton, as well as some of.
the larger aquatic insects (Mulla and Isaak, 1961).
Hildebrand (1921) found that while insects
constitute a large part of the diet, a majority of the
Gambusia studied also consumed some plant tissue -
consisting mostly of algae. In determining what
organisms will be taken as food by Gambusia it
would appear that availability is more important
than choice. Studies in Alabama by Hess and
Tarzwell (1942) demonstrated, for,inswance, that
when mesquito populations increased. the number
of Gambusia eating them. as well as the number
eaten per fish, also increased. By analysis of
stomach contents, it was also found that a peak in
feeding activity occwred soon after daylight with 2
decline to a minimum in the later afternoon and
then an increase to a second, but lesser peak, in the
evening. Hubbs (1971) found similar peaks to
occur at 1100 and 1900 hours in Texa;i. Gambusia
searches for food at or near the water surface, but
will search the bottom if food is scarce esisewhere. .

Mosquito fish are highly attracted by prey
movement. Hildebrand (1921) reports their range
of vision to be only 4 to 5 inches, and the
movement of larger prey is more quickly noticed
than small prey. Anopheles larvae will, in fact,
remain motionless when fish are nearby. According
to Hildebrand (1919), such a protective instinct is
probably highly developed in mosquito larvae since
“inactivity” is the only protection they have
against their fish predators, The fact that Gambusia
show increasing preference for iater instars and
even greater predilection for pupae has been
reported by a number of investigators (Hess and
Tarzwell, 1942; Mulla and Isaak, 1961; Hammngton
and Harrington, 1961),

The voracious appetite Gambusia have for
mosquitoes has been reported on severai occasions.
Hildeorand (1921) observed one larze femaie to eat
225 larvae and pupae within a 1 hour period. In
another instance, a pair of half growr Gambusia
consumed over 5.000 larvae in 11 waeks (Seaie,
1917). All sizes and 2ges of Gambusia readily feed
oh rYosquito larvae, and even fry only a few hours
old will atzack young instars. Gambusia are also
cannibalistic and will prey on'their own young if
given the opporzunisy. '

Oviparqus or egg-laying fish generally produce
thousands or millions of unprotected eggs, bu:
survive. Gambusia  which. are



" numbers, but the newborn are in a more advanced
stage of development and better adapted to begin
the struggle for existence than most fish hatched
from eggs. :
After mating, a female Gambusia has the ability
to store the sperm and deliver a number of
_Successive broods without further contact with a
male. Mating is strictly promiscuous and pairs are
not formed as in many egg-layers. The fertilized
. eggs hatch within the body cavity of the female
and the voung lie folded with head and tail
meeting. They are delivered in this form at birzh:
either one or two at a time. Almos: immediately,
they straighten out and swim to the nearest refuge
available. At birth, they are approximately 3/8
inch in length, and the ratio of males to females is
essentially 1:1. As the fish grow older, this ratio
gradually favors the females since they are hardier
and live longer than the males (Krumnolz, 1948).
A gravid or sexually mature female is easily
recognized by the distended abdomen and a large,
black trianguiar area in front of the anal fin known
as the “gravid spot” (Figure 1). This characteristic
is due to black pigment in the peritoneum (a thin
membrane vrhich lines the abdominal wall and
various organs) which shows through the distended
abdominal wall of the pregnant female. The
pigmerted area is also found in immature females,
but i. reaches its maximum size just before the
* [emale gives birzh.

o —OORSAL FIN

GRAVID SPQT
FEMALE

MALE

o Figureg}.‘;‘Garﬁﬁn;ij atfinis, i

".According to Hildebrand (1921), the breedinz

The average gestation period in Gambusia is 23
to 24 days (Krumholz, 1948), but varies with
temperature . and possibly with other factors.
Parturition, or the time required for a single brood
to be borm, will take about 30 to 60 minuzes
(Krumholz, 1948). On the average, three to fcur
broods will be produced and, depending on the size
of the female, the number of fry per brood may
average from 40 (Hildebrand, 1921) to 104 (Hov
and Reed, 1970), although broods of 300 or mere
may occasionally be encountered. Overlapping of
broods does not occur and only a single brood of
developing embrvos are present in the ovary at any
one time. Therefore, the female will have broods
throughout the summer at intervals of 3 to §
weeks, the length of the breeding season varving
with the latitude and climate (Hildebrand, 1923).
season in the southeastern U. S. begins in May and
ends in September or October, whiie in Flonda
(Key West), it occurs all year round, although
gravid females are less numerous during the winzer
months. Hubbs (1971) reports that femaie
Gambusia are reproductive from March throuzh
September in Texas. In llinois, Krumholz (1943)
found that females present at the onset of summar

- were virgins born the preceding fall, which became

gravid for the first time at an age of 3 0 10
months. However, female offspring of the first, and
possibly second, generations became gravicd at an
age of 4 to 6 weeks. Hubbs (1971) made simiiar
observations in Texas.

According to Krumholz (1948), mosquito fisn
may live for 4 to 5 years in aquaria. but shew
seldom survive more than 2 vears in the wild, 452
general rule, both males and famales were founc :a
die the same summer in which they reached
maturity, However, the maximum iife span was
found in females which did not become mazuse
until their second summer. These fish liderazed
their series of broods 2nd died at an age of 15
months.

- EFFECTIVENESS
g .
“The effectiveness of Gambusia as a mosqu::o

- 'predator has been well documented over a perad
.0f-70 years. Characteristics which have con:ribuzad
" ‘'to.“this effectiveness include the following: (1)

S GONCPCOIM (mociteg onat'fin) .= flattened heads and protrusible moutas which

enable the fish to readily prey on surface feeding
larvae and pupae: (2) small size which enables them
to inhabit shallow waters and penetrate dense

vegetation growth where larvae and pupae hide; (3)



ovoviviparous repreduction which does not require
specialized substrates for oviposition as in many
egg-layers; (4) high {ecundity, short life cycle and
voracious appetite for aquadc insects; (5) broad
tolerances for temperature changes, salinity,
organic pollution, overcrowding and poor food
supply; (6) hardiness, adaptability and subsequent
ease of handling during transporting; and (7)
relative lack of susceptibility to disease,

Gambusia is a hardy species and yet their
effectiveness in any given situation will depend on:
(1) the amount and type of vegetation and debris
present;-(2) the density of the fish population; and
(3) the existence of natural enemies such as
predaceous fish. In situations where dense
vegetation or debris provide adequate protection
for larvae and pupae, good control may not be
obtained. Exceptions to this will occuwr when an
overabundance of fish causes an active search for
prey, even in heavily vegetated areas (Hildebrand,
1921). Accorcing to Hildebrand (1925), the degree
of control obtained will be dependent upon the
density of the fish population. When population
numbers are small, 2 comparctively larger number
of ‘mmosquito larvae will escape than wnen mosquito
fish are in abundance, and the competition for
food correspondingly greater. This is particularly
true when adequate hiding places exist for larvae
and pupae. The existence of natural enemies which
prey on Gambusia will- tend to keep the population
at a level which precludes good control. Gambusia
is more effective when introduced into areas where
its predators are naturally absent or have been
eliminated prior to stocking. These predators may
include birds, frogs and larger aquatic insects, In
most cases, however, they will be larger
carnivorous fish such as pike, bass and sunfish.

Because the eifectiveness of Gambusia is
‘obviously dependent on the three factors discussed
above, it may be necessary to disturb or change
one or all of these to obtain adequata control. This
is very eviden:t when Gambusia and mosquito
larvae are found living together in the same areas.
'As dxscussed by Barney and Anson (1921), it is
" necessary to mocify the environment of such an
aquatic  situation
effectiveness of Gambusia as a larval predator. This
can be accomplished by removing the vegetation,
“increasing the

ﬁsh predators.

‘In \hchxgan. hmmholz (1948)

in order to magnify the.
number of fish by stocking, .
. providing places of -e"uge or elmmanng natural

found | n
‘experiments ‘over iwo’ “summers that Gambus:a- :

were about 81% and 93% effective in c-mt-olhng

. anopheline breeding in ponds. In Georgi2 ponds

and swamps, Hildebrand (1923) found mosquito
fish to be responsible for a 30% and 80% average
reduction in anopheline and culicine popuiations,
respectively. The most effective control of both
species was in artificial ponds while control was
much less successful in several heavily vegetated
swamps. Similar observations have been made by
other authors, znd it should be realized that
ab: nlute or 100% control cannot be expecied in
every situation. The fish may also be more
effective under some circumstances than others.

The mosquito-like chironomid midge, while
non-biting, is often an intolerable pest in certain
areas. Like mosquitoes, the immature stages are
aguatic and it might be expected that Gambusia
would also be effective in their control. Zay and
Anderson (1966) concluded from ~ stucies in
California, however, that mosquito {ish hac little
or no value in the control of chironomids.

HUSBANDRY

Mosquito fish “husbandry” . has become an
accepted term for the manipulation of Iish for
mosquito control (Fowler, 1872). In this guide,
husbandry will include methods for colizcting,
transporting and stocking mosquito fish alczg with
information on integrated control technigues.

Callecting

In order to establish a mosquito fish progz=m for
biological control, a system for mass collestion is
essential. There are basically two majcr siyles of
collecting: active and passive. In ac:tive colizcting,
the fish are actually chased or surrouncad in a
physical manner, while in passive collectinz. a trap
is used in which the {ish cagture themselvas. The
iype of equipmen: used to accomplish cciiecting
may include aquasic or dip nets, minnow seine nets
and a number of different fish traps. In crder to
select the best method for each individual siiuation

~or fpcality, each of the methods and their

advantages and cdisadvantages are discussec delow,

‘A review of the Biology section will indica:2 those

areas to investigate for sources of mosquite {ish.
'The aquatic net, or dip net, (Figure 2) consists
of a small mesh bag on along wooden handie, It is

" an inexpensive piece of equipment which is used 12
" active collecting by one man,
" might be useful in a small scale operation, its use is

While an aquatic net



v gl

Oy

[

-
.

K N
A ’ v ey -
T— s e > .
«1& X Y oo
L g TS A e

?—hi-‘
.y-;
24
e
1

;‘

A,
T,
¥

et 704

Presy

-t

-,
Yond

;

I‘ h.\ . A by
X A G A
‘el o

LESWGELR

.r‘,;:'{
sind
e~ 7

NI

Figure 2. Aquatic net or dip net

time consuming, inefficient and inadequate when

large numbers of fish are required. In addition. the .

fish may be seriously stressed as they are scooped
from the water. .

The minnow seine, or drag net; is suitable for
us2 in most locations as another form of active
coliecting. These vary in size from smail scoops to
large drag nets of 6 x 50 feet (Figure 3). The ideal
mesh size is 3,18 inch and the addition of 1 1.2
inch x 6 foot dowelling, attached at each end of
the seine, will ‘facilizate handling (Fowler, 1972).
In shallow water where large populations of
Gambusia are presant, method has a definite
advantage as large numbers can be easily
swrounded and captured. However, there are
certain disadvantages: seining may require- the
assistance of several indiaduals; it is usually time
consuming; and in deep water, such as a reservoir, a
boat is required to operate the nets. Stress is also
an important factor. When the seines are draggad
over muddy bottoms. the fish frequently become
fouled with 'mud which clings to the fins and

s
emia
wls

scales. If not completely washed off, death will
usually follow. If the net is drogged too long, -

6

Figure 3. Fifty foot minnow seine or drag aet

pariicularly in shallow water, the fish may be
injured, leading to death or a fungus infacion.
Finally, seining is indiscriminate and will s2pwure -
all species of {ish. Sorting will be requirec zeiore
stocking can be accomplisned, and this ad<:::onal

“handling results in longer exposure-to 2= and

subsequent h:gh mortaiizy.

Active methods of collecting have innarent
disadvantages and the use of fish traps for zassive .
coilection is usually recommended. Thz wire -
minnow trap is a popuiar baiz fish trap cons:ructed
of small mesh hardwarz cioth (four or eigh: mesh)
in the shape of a barrei or cylinder, with funnas at
eitner end (Figure 4). The trap is baited insicz with

dry bread., crackers, or dog food ans :xen
positioned in shallow water with both funns. 2nds

submerged. A cord or chain is attached 0 :n: trap
to anchor it to the bank. Where small popu.::ions
exist, pes: results will provably be obiainec when
the trap is set during the peaks in feecing azuiaty.
In areas wnere popuiations are heavy. .arge
numbers may be capturec throughout the czy and
wittin®a few minutes aiter the trap has been
positioned. - ,

- Where large numbers of Gambusia are reguired
in a program, the *“box-style” traps are
recommended. The bYox trap is basicaliv an
oversized minnow trap. Caton and Sjocren +:969)

‘described a dox trap consisting of a woocd {rame
-box -covered with 1/8 inch hardware cioth 23d a
hinged top for fish removal. The trap utilizaZ one
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Figure 4. Wire minnow trap -

funnel entrance and a lateral weir arrangement to
channel the fish into the interior. Stains (1970)
developed a similar box trap for use in sewage
lagoons. Constructad of redwood two by fours, it
was rectangular in shape with dimensions of 3'x 3'
x 10’. Two hardware cloth funnels were utilized
along with lateral weirs to channel the fish into the
trap from sither direction.

The permanent box trap is well suited for large
activities requiring an extensive mosquito program
and having access to a permanent source for
collection. However, to fulfill the need for a lass
permanent and more por:able collection sysiem, a
modified box trap (Figure 5) was desicned which
was lightweight, collapsibie and easiiy assembled in
the field by one man (Ehrhard: anc Shoids, 1972).
This poriable trap is described in detail in
Appendix A in anticipation that it will bs of use to

activities not requiring permanent iraps and taving

limited s:orage facilities. »
Because Gambusia is a2 shoaling species. best
results are achieved when the trap is set parallel to.

and about 2 to 4 feet from, the shoreline (Figure’

6). Obviously, the' water level must at least be
above the funnel entrances. ‘Conversely, it should

not be too: far above the -entrance: ‘holes, as"
Gambusia normally swim near the surface and will
not enter the holes . if the ‘trap is ‘too 'deeply
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disassembled
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Figure 6. Positioning of porzable box trap

submerged. The best time for collection is'in :4:
earlys m@ming and late evening periods waen thor
feeding activity is peaked. In- heavy populatians,
the numbers captured with’ this box 'style trap is
phenomenal. Stains (1970) roughly estimatéd a2z
as many as 100,000 fish werd cellected 1n°a single
day- using his trap.- -




fransporting

To collect the necessary quantity of fish
required for effective control, one of several
trapping methods can be selected. Similarly, after
. capture, the [ish may be transporied .in a number
"of opened or sealed containers such as garbige cans
and plastic- bags, repectively. Sweetman (1936)
recommended using 10 gallon lard :ins for
transporting 30 to 40 larger-sized fish. In Iran,
Tabibzaden, et al., (1970} transported about 300
fish in 30 to 40 liter polyethylene bags half-filled
with water and then pumped full with oxygen and
sealed. Nakegawa and [keda (1969) successfully
transported 2.000 fish in 30 gallon polyethylene
storage containers. ‘Aeration was provided using
airstones and compressed oxygen. Russell (1970)
reported that 10,000 to 15,000 fish could be
transported for short periods in 15 gallon garbage
cans with lids, provided the water was well aerated.
Ice was used to cool the water during extended
holding periods in hot weather. When small
numbers of up to 200 fish are to be transported for
short distances, a commercial minnow bucket or 3
rallon plastic pail is usually adequate. Due to the
- ¢xceptional jumping ability of Gambusia a cover or
screen may be reguired on open containers to
reduce the loss of fish while in transit. ,

Regardless of the :ype of conzainer used, oxyvgen

in some form should be supplied to the fish. As
pointed out by Lews (1970), when Gambusia
become overcrowded, mutua! interference onceurs
at the. surface and each fisn periodically loses
contact with this oxygen source. Under these

circumstances, the fish become less eificient in

using swwface oxygen. Therefore, tigh mortality
results very quickiy as the critical level of
overcrowding is reached. This is particularly true
during hot days when the fishes' requirement for
oxygen is higher, bu:t the amount of oxygen

available in the water for respiration has decreased |

due to the increased water temperature, In open
containers, adequate aeration can be achieved using
diffusers or airstones made of porous stone. The
source of 2ir can be any type of air compressor,
electric fuel pump or compressed air cylinder.
Tygon tubing is used to connec: the diffusers with
the source of air. When a stream of fine bubbles is
released through the airstone, direct oxygenation
occurs, and the water is circulated bringing the
" oorly oxygenated water in the deeper layers to
the surface where oxygen is available at the
air-water interface. In deep containers, such
circulation is particularly critical. Airstones found

in tropical fish stores are sufficient for small
containers while the type used in fish hatcheries
are necessary for very large containers. The air car,
be metered using a surgical clamp or an aquariur:
air valve, Optimum aeration is a heavy stream of
fine bubbles. Over-bubbling should be avoided
because it creates heavy :urbulence and litzle
oxygen is dissolved.

A compact system designed for aeration of fisa
bait has been used successfully for Gambusia
transporzation. The system, as shown-in Figure 7,
consists of a small air cylinder, metering valve, air
stone and tubing. The cylinder can be charged wizx

-air from a service station tire pump and when filled

to capacity will deliver air to a container for 5 to0 7
hours,

Fxgu.re 7. Compact aeration system used for
' keeping bait fish

The use of plastic bags as sealed containers fc:
the transportation of fish has been known :3
wropical fish ignporters for several years. In addition

" to. being inexpensive and suitable for mansporting

fish long distances, plastic bags have advantage:
over metal containers in that they: (1) do not rus:;
(2) prevent injury to fish bumpirg into containes

‘walls; (3) protect against temperature changes; (4

are lightweight but durabie; (5) are por:abie; and
(8) requiwe little storage room. Also, the bags
readily facilitate water temperature equalization 2:
the stocking site by floating them in the wate:
before reieasing the {ish (Miller, 1936). .

The fish are placed in 5 to 20 gallon. heavy duty
plastic bags contained in styrofoam boxes (Figurs
8), which provide good insulation  agains:



temperature Juctuations. Each bag is filled about
. 1/4 to 1/3 full of water and a maximum of about
200 fish per gallon are added. After deflating the
bag, pure oxygen is added from a compressed
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Figure 8, Closed container equipment for
. transporting mosquito fish

oxygen cylinder (Figure 9), and the top of the bag
twisted, bent over and fastened with a rubber
band. When the li¢ of the box is in ‘place, the fish
are ready for transporting to the stocking point.
For added protection, it may be desiradle to use 2
cardboard box or plywood case to hold the
styrofoam boxes during transit.

The plastic bags and styrofoam boxes can often
be obtained Irom ijocal tropical fish dealers at
minimum or no ¢9s:. A small compressed oxygen
cylinder (FSN 6503-132.5181) is usually available
from a dispensary. 12 is impor:ant that pure oxygen
be used in the plastic Dags instead of atmospheric
air. Nemoto (1957) found in studies with two
differsnt fish species that survival time was
increased by 20 to 70 hours when air was replaced

with pure oxygen in sealed containers. The

maximum holding time using the plastic bag
- technique will usually be 2to0 3 days; however, the
bags must remain fully inflated. Fowler (1972)
reported that Gambusia were air shipped from
California to Montana using the above technique.
The time in transit was about three days with
negligible mortality. o

. Regardless of the method of transportation, the
fish should not be artificially fed on the day prior
to, and during, actual transportation. Temporary
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Figure 9. Adding oxyzen to plastic bags

starvation lowers metaboiic discharges (Nemoto,
1957) and recuces the amount of regurzitated food
that can contribute to pollusion. The fisy aiso
appear to become more rasistant o temperasure
fluctuations and handiing injuries (vorris, 2t al,,
1960). Another critical factor 0 consider during ..
transportation s water temperature on hot cays. In
open containers, the addition of block ice may de
useful. However, the amoun: of ice used should be
controlledeso that the temperature remains wizhin .
4 to § degrees of the water from which the fish.
were taken. Sudden and drastic changes in.
temperaiure cause undue stress on the fish
producing morzality or predisposing them. to
disease. :
Besides temperature, other factors which limit
the maximum numbers of fish that car be
transported include: oxygzen consumption, carbon
dioxide production, excretion of nitrogenous
wastes and excess activity (Norris, et al., 1960). To
control these factors, cherical agents capabie of
inducing anesthesia or deep sedation in fishes have
been studied and used by Fish and Game.



" wishing to further investig

- the

Commissions, tropical fish importers, and
commercial bait haulers. These agents, termed
general anesthetics, all act to varying degrees as
central nervous system depressants (Bell, 1964).
According to McFarland (1960), fish anesthetics
decrease the fishes’ reactions to external stimuli
during transpor:ation. Subsequently, hyperactivity
decreases causing a reduction in oxygen
consumption, and a reduction in the accumulation
. of carbon dioxide and metabolic waste products.
As a result,
transported than without the use of anesthetics.,

significantly more fish can be -

to the contrary. Their use in salt marsh arsas may,
therefore, be limited. Finally, in North Carolina,
ponds have been observed to support large
populations of both game fish and Gambusia with
no apparent adverse effects, However, there have
been reports of mosquito fish threatening the
existence of game fish by feeding on their young
fry (Myers, 1965). It is recommended, therefors,
that those areas designated for sport fishing not be

~ stocked if a possible decline in game fish will result :

Some studies have been made on the use of

anesthetics for transporting Gambusia in California

(Sjogren, 1971), however, published data is scarce.
The limiting factors discussed above are probably
less critical for Gambusia, an extremely hardy fish,

and it is unlikely that mos: programs will require’

the use of fish anesthetics if proper aeration

requirements are met. It should be noted, however,

that the potential for fish anesthetics for
transporting large numbers of Gambusia for
extended periods of time is promising. Those
stigate the subject should
. 2view the paper by Bell (1964) which lists the
properties and characteristics- of several fish
anesthetics in a useful chart form, in addition- to
references citad above. Cerwain general
anesthetics are exiremely hazardous compounds,
and their use should not be attempted before
consulting with a Fish and Game Commission or
other cognizant source.

Stocking

In selecting a suitable stocking site, several
factors should be considered. To begin with, the
sites where Gambusia often fail include those areas
which are too cold, too plan: infested,
extensive or too temporary for them to reach

~ control levels or where protection from natural
enernies is not adequate (Bay,

19G67a).

areas where extremes

too -

Next, in -
in summer and winter -

in adverse command reaction.

Areas in which mosquito fish generally provide _
adequate control include: irrigation systems, -
drainage ditches, sloughs, ponds, cisterns, shallow

~ wells, watering troughs, seepage areas, borrow pits,

sewage oxidation ponds or lagoons, water hazards
on golf courses, undrained swimming pools, and
other areas of standing water which allow for
mosquito breeding, Gambusia are effective in
ornamental fish pools, but are best used by
themselves due to their aggressive behavior against
other fish species such as goidfish (Myers, 1963).
Personnel with state Fish and Game Commissions
or the U, S. Fish and \ildlife Service are probably
best qualified to assess the ecological situation and
specify areas which can safely oe stocked with
Gambusia It is highly recommended, therefore,
that "these agencies be contacted before
transplanting Gambusia to any new site within the
activity or the local area. Such precautions will
preclude any unplesan. repercussions from arising
later.

While not normally required, artificial feeding
may be desirable to achieve maximum potentia in
some areas; ‘In such instances, the food of choice is
*trout chow’ such as fish hatcheries use. The
amount ‘of trout chow necessary for good growth
will be -dependent upon water temperaturs, the
availability of riatural food, and che size and tota! -
numbers of fish to be accomodated. Prior to
stocking, the elimination of predaceous fish and

~ other: natural enemies of Gambusia may on rare

temperatures occur, ponds with a minimum depth

- of 3 feet will be required for the fish to survive:
1970).
Thirdly, Krumnolz (19438 states that Gambusia-are -

{Krumholz, 1943: Tabibzadenh, et al,,

> accomplished

occasions ' be necessary. Obviously, the killing of -
fish for any reason can have serioug repercussions if
improperivy or without good

~ justification. Therefore, coordination of such-a

capable of mainaining a popuiation in salt water "

and, in fact, they have been shown in  the

"sboratory to withstand salinity over twice that of -
:a water (Ahuja, 1964). But, Harington and

Harrington (1961) consider them to be overvalued
in their usefulness for the conirol of salt marsh
mosquxtoes

and there :s little information available

project must again be made througn the command,
the activities' fish and wildlife representative, and

* appropriate medical department and public works
" personnel. Recommendations and approval for an

10

appropriate chemical shouid be obtained from the
cognizant Naval Facilities Engineering Command
Applied Biologist. o



After a site has been selected, approved, and
properly  prepared, the number of fish to be
stocked will be governed by the surface area of
" water and the amount of protection available to
the mosquito population. Overstocking is usually
not a critical factor.: Therefore, wnen fish are
readily available, the higher the number stocked,
the quicker the degree of control. Each situation
will vary and as a guideline, the rates used by other
workers are reviewed. Hoy, et al., (1971) found
that good mosquito control was achieved in

California rice fields with stocking rates of 300.

mature {emales per acre when applied early in the

season. In Louisiana, Craven and Steelman (1968)

achieved 96% control of mosquito

larvae .

populations in flooded rice fields stocked at rates.

of one half fish per square foot of water suriace.
Tabibzadeh, et al., (1970) found that fifteen
females and one male per square meter of water
surface gave good. control in extensive breeding
areas of Iran, while for small water collections with
no vegetation, two females and one male per
square meter were adequate. Before releasing the
fish, the temperature of the water in the container
and that of the stocking site should be equalized,
particularly if a difference of more than 4 to 5
degrees F. exists. This can be accomplished by
floating the contziner in the water or gradua.llv
adding water {rom the stocklng site to that of the
container,

Nakagawa and [keda (1989) reported on two
methods utilizing nelicopters for. stocking fish in
inaccessible areas. In one instance, storage tubs
were lashed to the skids of a helicopter and the fish
scooped out by hand and dispersed as the aircrait
hovered from site to site. In another case, the {ish
were placed in a spray tank from which the spray
system had been removed. The {ish were dispelled
from the aircraft by opening the main vaive on the
tank. In California, 1 gallon plastic bags were filled
with water, approximately 200 f{ish, and a rock,
and then released over stocking areas from a
helicopter at heights of 20 to 30 feet. The
weighted bags sank’' to the bottom where.they
opened and released the fish (\Wolfe, 1970).

The amount of time required for a population to
reach a level sufficient Lo provide effective control
will depend on the number stocked initially. When
minimum numbers are planted (i. 2., 100 to 300
females per acre), a period of 30 to 60 days may be
required before the population reaches an eifective
level. It is, therefore, advisable to stock as early in
the season as possible such as in April or May.

After. stocking. the populations may reproduce at

11

- their food.

phenomenal rates. Fowler (1964) reported that
within 30 days, 4,000 to 8,000 fish were obtained
from rice fields initially stocked with 200 mature
females, Russell (1970) estimated tha: a tota: of
1.5 million fish were removed over a 3 year period

from one pond initially stocked with 2,000
Gambusia. '

Integrated Control

The management of pest populations through
the use of integrated control techniques nas
received increased attention in the past {ew y2ars,
The term “integrated control” is usually definzed as
the use of chemical, biological, and physical
control measures either in sequence or
simultaneously against a pest population. a1 a
nosquito fish program, the central theme consisis
and

>f using chemicals, namely larvicides
herbicides, to augment the biological control

efforts of the fish; thereby assisting in the
achievement of adequate mosquito control. The
larvicides are applied early to control new
mosquito broods, and then they may be

discontinued when the fish multiply a.nd be"ome- :

fully effective (Bay, 1967b), Herblcxc_es on the
other hand, serve .to control. dense vegeiadon
where mosquitoes see wefuge from the predatory
Gambusia,

Obviously, the choice of insecticide is critical
since 2 selective material is required wnica wil kili
the mosquitoes but spare the fisn popuiation. At
field dosages, Lewallen (1959) found Taumet.
Guthion, malathion and parathion to produc= nigh
mortalities in mosquito fish, Similasiy,
endrin, heptachlor, Thiodan, tO\:Dh-“'le, aldnn,
dieldrin and isodrin were found to be hazardous 10
Gambusia (Mulla, 1963), Compounds founc :2 be
relatively safe against mosquito fish al mesguaito
larviciding rates include: Abate (Hamon, 1370);
fenthion (Mulla and [saak, 1961; Pattersen anc von
Windeguth, 1964; Nakagawa.and [keda, 1839);
naled » (Isewallen, 1959; Mulla, et al,, 1933);
Dursban (Ferguson, et al,, 1956); methy! paraizion
(Mulla, et al,, 1963); and FLIT MLO (Welsh,
1972). Diesel fuel will probably not kil! fish a: low -
rates but it may have some repelien: aciion.
Hildebrand (1921) suggests that diesel {ue! is
disagreeable to the fish and may destroy some of
Also of interest is the reported
resistance or tolerance of mosquito fish (0 a
number of the organochlorine insecticides (Boyd
and Ferguson, 1964a, 1954b; Hamoen, 1270).

Hildebrand (1921, 1925) felt aquatic plants with
slightly submerged leaves or with a dense network
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APPENDIX A
CONSTRUCTION OF A PORTABLE BOX TRAP

The portable box trap was patterned after the one described by Stains (1970). It was constructed of 3/4"
X 1 5/8" Cypress slats covered with eight mesh or four mesh hardware cloth. The eight mesh (1/8 inch)
hardware cloth was generally used {or collecting large numbers of males and females. In cases where only
the larger, mature females were desired, a trap covered with four mesh (1/4 inch) hardware cloth was used.
as the smaller males and immature females easﬂw passed through the screen, Approximately four man hou:s
were required to complete the trap at a total cost of about twenty-five dollars.

The trap was constructed in a series of steps (Figure 10) to insure a proper fit of all pieces. In step A, the
two trap sides were completed with outside meas:rements of 35 1/4™ X 35 1/2”. All corners were joined
using 2 1/2" finishing nails and secured with polyvinyl resin white glve. The hardware cloth was trimmed 0
the proper dimensions and attached with a hand-operated stapier and 1/2" staples.

The two trap ends, step 3, measured 25 1/2" X 35 1/4". Double wood slats were utilized at the top and
bottom of the trap ends to allow space for the turn buttons to function. The center slat was carefully
measured in order that the funnel and flat inserts could be freely interchanged. Finally, small s&ips of
hardware cloth were stapled in place over the double siats.

The bottom of the trap was completed in step C, after minor adjustments were made to insure a uniform
fit of the side and end pieces. After the hardware cloth was secure, the trap sides and ends were piaced in
position upon the bottom piece. B) taping the parts together with masking tape, the hook and eye latches
could be accurately secured. Fourteen iatches were used; two in each corner and six along the botzom. To
hold the funnel and flat inserts in place, a total of ten turn buttons were fastened to both sides of each trap
end as shown in Figure 10, B.

In step D, four rec:angul:u- frames were constructed with outside measurements of 14 7/8" X 23 7/8".
Two of the frames were fited with hardware cioth to make the flat inserts. For each funne! insers, two
triangles of ha_ ware cioth measuring 13 7/8" X 15" and two measuring 12" X 23" were cut (Figure 10 E
and F). The base lines of the four triangles, which corresponded to the inside measuremen: of the
rectangular frar were stapled in place. Wax covered string was used to draw the sides together into 2
pyramid. The s:rmz was tied at the base of each corner and then woven upward through the hardware cloth
using a chain stitch,

Dlvemnv lateral weirs made of minnow seine nets were used to direct the fish into the trap. Two "X
10’ seine nets were cut in half for each end of the trap and fastened in place with 1,/2" s.aples Unlike
hardware cloth weirs, the seine nets readily conformed to the contoured beds of collecnng areas, wersa
-easily installed, and reduced the bulk and weigh: of the trap.

The trap workad equally well in shallow and deep water. Aporonmauzly fifteen minutes were required
for assembly. In shallow water, the funnel inserts were placed in the lower trap openings. After collection
was completed, they were carefully exchanged with the flat inserts. By quickly installing the fla: inser:
behind the funn2l as the latter was pulled up through the interior, the fish could be removed with no
interference from the protruding cones. In deep water, the funnel inserts were used in the upper openings
while the flat insercs closed off the lower, After the trap wag pylled close to shore. removal of the captured
fish was easily accomplished using a large tropical fish net. :

b
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FACTORS IN THE ELIMINATION OF TIIE IMMATURE STAGES

OF ANOPITELES QUADRINACULATYS SAY IN

A WATER

LEVEL FLUCTUATION CYCLE:
Dy
EDITH ). DARROW 1
(Receired for publication M&y 26th, 1949)

INTROBUCTION

The development of water level man.
agement as a measure for the control of
Anopite!ss guadrimaculatys breeding in
impounded water has resulted in more
economical and effestive control of this
malaria vector . jn the Southeastern
United States. It has been demon.
strated by ITess and ITall (1942) and
Rozeboom and Ifess (1944) that there is
@ positive correletion Dbetwaen the
amount of intersection line at the water
suriace and the extent of Anopheles
quadrimaenlains  production, Water
leve! management for malaria control is
primarily concerned with the reduction
or climination of this intersection line at
appropriate times aud intervals, The
usual schednle of warer level manage.
lment on main river reservoirs includes
1 phases (Hess and Kiker, 1944): (1)
an early spring sureharge, during which
the water is raiseq 1o flood clevation and
—

tFrom the School of Hypene and Pubije
Health of the Joimns Hepkins Cniversity and
the Health and Safety Division of the Tennes.
see Valley Authority, :

3 The anthor is indebtad to Dr. L. E: Roze.
boom for Lis advice amd criticisms; to Dp, A,
N Hess, Mr. ¢ T, Krusé and Mz, Brown
Hawkins for (heip sugzestions amed asyigtanee
in the ficht work; aud to the jate Dr, IL. L.
Liviugston for hiy adviee on the use of some of
the oguipment, The author i3 further jn.
debted (0 Mz, L. 1L Buchanan and Mr, C, T.
Greene of the United States Nasienal .\Iuscuzuly
for ideutificnzion of the specimens of Cnrabidae.
and Dulichopndidac, respectively, and to Mr, B,
B. Nodgden of the Uuiversity of Kansag for
identifying the Saidig spesizien, IR

Tazzow, 1549,

~tailed: studies: 1o determine ' thic fate"of v
- l»ﬂl'\"ﬂlérv’,-. iu“\f a i “;:"("l('.-r,(‘v\'(\‘] s dr‘ﬁ“,d'o’“.'n 4
- Sometimes a finetiation”cyele Proves ¢
2077 0 voE

then lowered to the maximum summer
pool level in order to strand winter ac-
cumulations of drift; (2) constant pool
phase, with the water maintained at the
maximum summer elevation to discour-
age gerinination or sprouting of vegeta.
tion in the arginal zone of fluctuation;
(3) exclical fluctuation, whieh Legins
with the breeding scason of 4. quaedri.
maculatns and is sufficient to control the
early stmmer breedine; and (4) sca.
sonal recession, in which. in addition to
weekly fuctuation cveles, there js a -
gradual drawdown to keep the water out
of the advancing band of marginal vege.
tation. The first two phases of water
level management are measures for lim-
iting intersection values in the impound- v
ments, but eyelical finctuation and sea-
sonal recession may destroy the larvas
either by drawing them our of the vege.
tation into the open water where they
are decimated by a lack of food and pro-
tection, or by stranding them on shore’
where death resuits irom xposure to
desieeation and other factors, Hinman

- (1938) found tha: as the water was'

lowered in an experimental pool, con
centrations of larvae acenrred in smal.

- depressions with subsequent death of t'hg;
larvae, Iawever, i sel that Hie drn“f'-;f

ing.of the larvae wnt af the vezetated’

smargin-“into - the open water ‘where -
predators eonld artack them played ‘a

more . inlpOrmntj“pm-\t'» in- their desti}ilé'-_‘:w
tion,:So. far, there have ‘been no de.’”
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be ineffective, and larze numbers of ma-
ture larvae appear almost nmneuxalcl\'
aftu' ,a",du\'atcrcd shore -is again in.
undated. This. stgrzested thc pnsstbllm-
that nnder certam conditions the lacvae
ean hurvn‘c on the mud for the duration
of a ﬂucr.nalmn evele. .. . T
In thc formulat:on of a more suceess-
ful prozram of water level manageinent,.
a l;nowlcdgc of the lenwth of the time -
the ezgs, larvae and pnpae of the mos-
quito can survive. on the shore under -
various climatic conditions should prove
of great value, From observations that
have nlready been made, it appears that
the immature forms of anopheline mos-
_quitoes can stand a surprising amount
of desiceation. Anopheline eggs, which
are the most resistant of the stages o
desiceation, have been found by various
mvcstl ators to remain viable for 2 ¢
3 aa\'s on g dry subscratum under lab-
orntorv conditions. On & moist sub-
stratum the cgss can withstand desicca-
tion much longer. Mayne (1926} re.
ported that ecas of .i. guadrimaculalus
exposed on drying mud hatehed after as
long as 16 days and those of 4. crucians
exposed in a similar manner hatehed
after 21 days.  An even longer survival
was reported by Stone and Reynolds:

(1939). They fonnd that mud from
seepage areas in the Panama Canal Zone

whieh had been without standing water
for at least 1 month produced larvae of
A pnm’lnum‘ula. A, albimanus, and A,
aquasulxa when piaced in water.  Deane
and. Cmncv (1443) fomul that a small
.propo"tlon of the egws of L. . pambiac’

could survnc up to 18 dm‘a m drying .
: - humidity,

__,‘.Iu,. uuch as nnonholuw larvae are
much’ lf-ss n‘sls.nnt to desiceation than:
are: t]ne egcs. tiiere have been fewer ob-
gervations on their survival out of water.
tephens and Christophers {190+) quote
lelli and Casagrande as having found

Darvow, 1949,

‘DARROTW

that anopheline larvae can resist desic-
cation at 20 C for 2 days, at 35 C for 1
day, and 40 C for only 2 minutes.
Larvae of anophelines stranded on moist
mud, they said, will live as long as 4
days, but in the tropics as soon as the
mud loses its glistening surface they dic.

Nickolsky {19253) observed that .
maculipennis larvae in pools around
Moscow conld live on moist soil for 3.

- days when the weather was cloudy anc
. for 1 day when it was sunny.

magos
cinerged from tiie pupac even \\'nnn the
latter were stranded on the mm'.. B
ITitl and Cambournac (18413, whije
studying the eitect o:'"*ucrmxt ent irri- |
cation used for mosquito control in rice
cul ivation, found thar lurvne on soil
with a 20 per cent moisture content
contld survive for only 2 hours out of
doors in- the shade but for 12 hours in
the laboratory. They susgested that i
was necessary only to reduce the wmois.
ture in the rice Jelds to the point swhere
the surface film was lost. as indicatad oy
a lack of Inster. sines the mud bezan to

lose its Iuster at 20 per cent soii moisture

coutent,
In the laboratorr Kalandadrme and
Sagatelova (1943}, in a series of experi.

ments on L. maculipennis maeniivennis
and 4. elaviacr, using subsirati o of
known moisture content for the expo-
sure of the larvae, fonnd thas the third.
and fonrth-stage laevae survived longer
T did the fiest two stages, The §
oldest srages of . elmiger survived

from $to 7 Jdays on substraa of: S

‘per cent noisture - content at roem tem.

peratures and 59 to 73per cent relutive
On a dry substrarng they
survived only 35 minutes.

" The purpose of the present siudy was
to determine the importaitce of certain
factors governing the eflectivenesss of
evelical fluctuation of water level for
the comtral of the immature stages of
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be mef"ecm'c, and larﬂe nnmbers of ma-

" ture larvae appear almost immediately -

after- a dewatered shore is again -in-
'A‘-:nndntcd This suzested the possibility
4'fjthat under certain conditions the larvae
. ean survive on the mud for the dueation
-\of a fluctnation evele. . -
~-In the formulation of a more success-
: ful progzram of water level manaf'emcnt
"~ a knowledge of the length of the time
. the ezgs, larvae and pupae of the mos-
~quito can survive on the shore under
various ciimatic conditions should prove
of great value. I'rom obscrvations that
have alrendy been made, it appears that
the immature forms of anopheline mos-
quitoes can stand a surpnsmﬂ amount
of desiccation. Anopheline eggs, which
are the most resistant of the stages to
desiceation, have been found by various
investigators to remain viable for 2 to
3 days on a dry substratum under lab-
oratory conditions. On a moist sub-
stratum the egzs can withstand desicea-
tion much longer. Mayne (1926} re-
ported that eges of A, quadrimaculatus
exposed on drying mud hatched after as
long as 16 days and those of 4. crucians
exposed in a similar manner hatched
after 21 days. An even longer survival
was reported by Stone and Reynolds
(1939). They found that mud from
seepage areas in the Panama Canal Zone
which had been without standing water
for at least 1 month produced larvae of,
A, punclimacnia, A, albimanus, and A.
aquasalis when placed in water. Deane
and Causey (1443) found that 2 small

proportion of the ewrs of 4. aambiac . .

. -eould survive np to 13 days in drying
Tsand , -

- Inasmuch 2s anopheline larvae are
“miuch’ less resistant to desiccation than
Jiare the egzs. there have been fewer ob-
‘servations on their survival out of water.
- Stephens and Christophers (1004) quote

Celli-and Casagrande as having found

“Taxzow, 1949,

‘day, and 40 C for only 2

zm'rz . oumow '

that ‘anopheline larvae can resist desic-

cation at 20 C for 2 days, at 35 C for 1
minutes.
Larvae of anophelines stranded on moist
mud, they said, will live as long as 4
days, but in the tropics as soon as the
mud loses its glistening surface they die.

Nickolsky (1923) observed that 4.
maculipennis larvae in pools around
Moscow could live on moist soil for 3
days when the wer’her was cloudy and
for 1 day when it was sunny. Imngds';}'

emerged from the pupac even when the

latter were stranded on the mud.

ITill and Cambournac (1941), while
studying the cffect of intermittent irri-
aation used for mosquito control in rice
cultivation, found that larvae on soil
with a 20 per cent moisture content
could survive for only 2 hours out of
doors in the shade but for 12 hours in
the laboratorr. They suggzested that it
was necessary only to reduce the mois-
ture in the vice Selds to the point where
the surface ilm was lost. as indicated by
a lack of luster, since the mud began to -
luse its luster at 20 per cent soil moisture
content.

In the laborators IKalandadze and
Suzatelova (1945), in a series of experi.
ments on .. maculipennis maculipenniy
and 4. claviger, using substrata of
known inoisture content for the expo-
sure of the larvae. found thae the third.

nd fourth.stage larvae survived longer

thin did the. first two stages. The 3
uldest qtnges of . cleviger survived
from 3 to 7 days on substrata of J8.3
per cent moisture content at room tem-
peratures and 59 to 73-per cont relative
humidizy., On a dry substratwin they
survived only 35 minutes.

The purpose of the present study was
to determine the impor:ance of vertain
factors governiny the etfectiveness of
eyelical Suctuation of twater level for
the control of the immature stages of
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1n the schedule of water level manage-
ment for the control of Anophcles quad-
rimaculatus in impounded watars, the
third phase, ie., cyelical fluctuation,
owes its success to several larva- and
pupa-destroying mechanisms. From the

results of the observations on the move. -

ments of larvae during a drawdown, it
is evident that at the experimental rates
‘of drawdown, 73 per ceat or more of the
larvae are dushed out of marginal breed-
- ing -areas with a modarate cover of a

leafy emergent plant, into open water

where they are destroyed, presumably
by fish and other predators. However,
abundant vegetation and flotage, which
-is essential to heavy breeding, may cause

* & higher percentage of.the larvae and

pupae to be siranded thaa was observed
in the present study.

TasLz 16

Compa=ison of succsssful emerpence from pupae
continugusiy sirendec and from those replaced
in valer ofter 24 cnd SF hours of sirdnding
L

Eaposure period (howrs)

I water z Qa sail
24 l 8 ! 36 | 48
T.\"ut:nbe,."'af pupae ,: 3 166 !76 f'130 i 202

Per cent successiui of ; 6] 5.0, 60.7
- thase attemipting i I _ '
i emergence ¢ s o

IN AND MOSQUITO DREEDING

For example, in

"60.6

ps )

some preliminary studies about 92 per
cent of the larvae were stranded in an
experimental area with high intersection
line, as enmpared with only about 3 per
cent where the intersection line was

-climinated. Another factor affecting

strandage is the rapidity of water re-
cession; when the experimental draw-
down was the slowest, approxirately 0.5
‘eet in 24 hours, abont a fourth of the
iarvae were stranded. On Lake Wilson,
one of the smallest reservoirs and hence
one with a comparatively rapid draw.
down, the recession phase of a fluctua-
tion cycle amounts to only about 0.3 fest
in 24 hours, which is slower than any
of the experimental rates. Thus, it may
be assumed that in the more favorable
breeding places in the Tennessee Talley
impoundments a somewhat higher per-
centage oi the larvae and pupae are
strandasd than was observed in the ex-.
perimental pool. Because this siranded
fraction may represent large numbers
of potentia! adult mosquitoes, it is im.
portant to understand the ecological
factors affecting their survival.

The most obvious factors to be consid-
ered are tie climatic ones of tempera.
ture and humidity and the amount of
water'in the substratum upon which the
aguatic stages are resting. Under nat.
ural conditions larvae and pupae can
survive overnight strandage, but during
the day an 5.-hour exposure killed over
90 per cent of the larvae and over 70
per cent of the pupae. Under optimum

- ‘conditions, in cool, humid weather, 95

per cent of the stranded larvae were
dead afrer 43 hours. Even under lab-

" orarory conditions, with a soil moisturs

of from 22 to 27 per cent and a relative
humidgity. of 100 per cent. the fourth.

- stage larvae weré a¥nost all dead at the

end of 40 to 72 hours.  Although pupae
were. better able to survive desiccation,

- and might give rise tn adnlre while rest:
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. ing on mud, strandage also affected
them adversely, so that about a fourtk
of those returnmed to water after 24 to
36 bours of desiccation were unable to
produce adults.

In the laboratory higher soil mois-
tures permitted significantly
larval survival, but in the field the effect

of this factor could not be measured. .

The consistency of the soil appeared to
be of greater significance than its acr.ual
moxsture content, whxch is mot surpris-

g for in a mushy substratum the

lnn'ge can sink down into the soil so
that a larger area of its body is in con- .

Ctnet with the wet soil and cvnporul.ion_‘_.
from the larva would be less, In a

saturated atmosphere hoth in the labora.
tory and in the field, lurvac whieh bad
crawled away from the moist mud onto
the tin of the exposurc apparatus were
almost immediately desiccated, hile
their companions in the moist mué lived
sometimes for days. Davies (1929)
found that Collembola could not susvive
exposure on a dry substratum evea in a
saturated atmosphers, but waen the sub-
stratum was nroistened, thev survived
until starvation killed them. Mosquito
larvae apparcutly are aiso abie to ab-
sorb moisture from the soil 1o 2 certain
extent to replace that lost to the
atmosphere,

Temperature nffected sur\'wn' in thcv_

laboratory pertaps through increasing
the evaporatiol, rate, but in the field soil
temperatires couid- not be correlated
with survival of lurvae and pupae. -

Of all the elimatic fucturs studied in
~the- field, positive correlation was ob-
tained only with evaporation. which is
especially signifieant in that it intesrates

_efleets of temperature, radiation, relative -

_bumidity and air movements. as well as
“the’ exposure time. To arrive at an esti-
r}'mate based upon evaporation of the time
‘:reqmrcd for efective l\xll of lar\'ne nnd

Tarzow, 1649,

longer

" predators might

EDITHE M. DARROW

TasLr 17 -

Lvaporation, temperature and ezpecied mortaii v
of larvas and pupae during S-iour mid-day
Period, July through Septemaer

. ‘ l’ Expected
o Avemn, Aversg | MOrwainy
Weather ovapar. | waingmr. | (Fer cent,
L I(:?)ﬂ I ﬂ(LE!E ‘
i Larvae| l Pupre
e ’ .
Clear . 23.5 | 303 .18, l~6’.’
Clearand ‘\\'iqd)f 30.0 ! 209 92’ §2
Intermiteat - | 185 i 25| 52" 34
.- showers - C o o !
N ]

pupac stmudnd nlonf' t.he shoros of the -
unpouudmcnts. evaporntions. recorded
by the Ln'mfvstou spherical atmowmeter
in different kinds of weather in the Wil
son D area were tabulated. ‘Theaver-
15 evaporation for S-hour, midday
periods during July, Ansust and. Sep.
tember in the experimental area and the
zpected morzality for larvae and pupae
as derived from figures 4 and 3. are sum-
marized in table 17.

From chis table it appears that duriag
ciear weather, siranding fnr one Zull day
is sufficient to kill nearly !l of the las.
vae end 2 substantial aumber of pupae.
In rainy weather iz would probabdiy re.
auire 2 days for coniplete kill. It is dur.
ing this type of weather that the insee:
play 2 supplemen:al
role in mosquito control. Inthe author's

expariments species of Dolichopadidae
and Saididae reduced the lusvae by as
Quucii as 21 per cent and fite pupac by 33
per ceat within an S-hour period.in the
niddle of the day. The predator effect

age

.. wonld bhe vreatlv enhanced on well cszab.

lished shores by the Presence of ants,
which appear to be muek: more tiioroush
in- the destruction of stranded larvae
than were fiving insects,  Althouzh no
“observations were made of the removal

" of anopieline eggs by 2ats. it seems
: prohnblc that these inscets would be pac-



WATIR LEVEL FLUCTUATION AND MOSQUITO BREEDING

ticularly vaiuable in the destruction of
¢ges, which are able to survive a com-
plete cxycle of dewatering on a noist sub-
stratum.

. The laboratory studies showed that
cggs of 4. quadrimaculaius must com-
plete from two. to three-tenths of the
total embrvonation period before they
acquire the ability to ‘resist desiccation.
Ou damp mud or in 2 saturated atmos.
phere, the embirvo will continue to de-
\'clop but us long as the eges are not in
{rce water some of them. at least, will
not hatel.  Such cgws have been ob-
served to remain viable without hatehing
up to 6 days in a saturated atwosphere,
but how much longer than this they
would remain alive is not lmnown.
Neither is it known how long eges could
survive " stranding in cracks in the
ground. where a hizh
mieroclimate ight permiz embryona-
tion. bus lack of free water wouid pre.
vent hateliing. Such probiems offer a
most interesting feld for nture izvesti.
gations. At present there is increasing
emphasis upon o nmcauon o disease-
bearing insests. Eradication of some
specxes may be. possxbze ouly alter there
is a complete unacrsmuumg ol the fae.
tors enabling tiie inseet to survive in a
marginal zone or during :he of season.
Tn the light of the observarivns Ly Stone
and Revnolds (1939), the passibility of
off-scason surwvival in :h esz saze by
the anopicline mwosyunitoes shouid be i
vestizated o the “ullest extent.

- SUMMARY AND CONCLUSIONS

”'he objec: of this study was to deter.
mine the mesbagising b which conzrol
of Anopicics quacrimacuiatus is eFacre
through water isvel nuctua..on m xm-
poundments, '

In an experimental pool at a draw.

dow

Tarrow, 1o49;"

humidity in the .

- However,

n rate somewiat fasier than.is usual |
in the main reservoir sysiem of the Tea-
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nessee Valley Authority, 75 to 100 per
cent of the larvac mirrated thh the re.
ceding waters. The numbers stranded
appeared to be inversely proportumal to
the rate of water level recession and di.
rectly proportional to the intersection
values in the dewatered area. All stages
were cqually susceptible to stranding.

During an &-hour period in the middle
of the day. the morzalitics of the stranded
larvae and pupac were increased 21 and
38 per cent, respectively, by predators.
These predators were identified as be.
longing to 3 species of Dolichopodidae,
one species of Saldidie and perhaps also
a carabid peetle. They were not active
at night. -

The clxmnnc cl'fects on s..rnnded
fourth. -stags larvae and pupne wore
mainly a funesion of warer loss.” During
the night when the relative. humidizy re-

‘mained at about 100 per cent, larval

mortaliry amonnted to about 11 per cant,
while there iwas no mortality of the:
pupae, -

In the am- time the. mortaht" rate of
stranded larvae and Pupae protected:
from predators was correlated most’
cloecn- with the e\'apnr'mon rate. Ob..
served  mortalities in. per cent were
plotted oppnmc the evaporation as meas-
urad oy a Livineston atmocter on
avithmetic probabiliry paper so that an
estimate of the evaparation neeessary for -
effective kill of the larvae and pupee -
could be derived. Using the 00 per cent-
wortality point for an indication of ef.
fective iill, this prov‘d to be 2§.5 ml
for the larvac and 33.4 ml far the pupae..
Soil moisture diferences had no. demon.
strabie 2fect on the morzalizy of the lar.’,
vae for similar amounts of evaporasioz
trampied soil \ann was of a.:
soupy cousistency enabled lnrvae to sur.
vive more evaporation than dxd rne soil.

Combined effects of . -exposure. to’ both

predators and climate for.8-hour penods S
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on clear summer days resulted in the
death of about 92 per cent of the larvae
and 75 per cent of the pupae. Under
the most favorable conditions observed
for larval survival. aside from rainy
weather, al! of the fourth-stage larvae
died at tiie end of 48 hours of exposurs.

In controlled luboratory studies first.
and fourth-stage inrvae wind pupae were
exposed on svil to satnrated sir. Re-
cause of the neglivible cvaporation in
the exposureschamber, significant djTer-
ences in larval mortalities could be at-
tributed to differences in muisture con-
tent of the soil. Loam soil with 2 mois.
ture content of 24.7 per cent resulted in
the death of half of the fourth-stame lar-
vae in 37.2 hours. whereas it tork oniy
27.5 hours for 50 per cenz of them to die
at 222 per c<nt soil moisture.

The rea! efect of soil in prolonging
life of the larvae is due to the avaiiabil.
ity of the moisture preseut. This varies
with the type as well as moisturs con-
tent of the soil; hence sandy loam witk a
soil moisture of 13 per cent in these ex-
periments 2eted similarly in regaré
larval morality to loam soil with a
moisture content averusing 047 per
cent. An estimated haif of the fonrch.
staze lavvae were dead in 37,2 hours on
the loam soil and in 20,6 hours on the
sandy loaw.

Suturated air was more lethal ag 31 ¢
then that ar 23 &, prosemably’ beeause
the higher tempernztnrs inerensed difu.
sion of the wazer vapor and resulted in
an increase in evaporation.

First-staze larvae were more suseep-
tible to desiceativn than were the fonsth.
stage larvae. At 25 C in a saturated at-
mosphiere the first.staze larvae ware all
dead after u day and a half of fxposure
og loam. Tourth.s:ace larvae axposad
under comparable conditiens susvived
from 2 to 3 days. depending upon the
soi! moisture,

Darrow, 1443,

EDITE M. DARROW

Pupae exposed on soil to saturated air
in the laborators sarvived up to the time
for eclosion abour as weil as controis
kept in water. Survival, however. did
not indicate the full damaze dons to the
pupae betause the proportion able to
transiorm successfully ints adults was
only 33 to 72 per eent of the controls.
The length of the exposure time besond
12 hours did not have a demonstrable
cffect on this proporzion. Pupne which
were foreced to transiorm on the :ud
were, on the averaws, only 80 per cont as
sueeessful as those exposed for tie sawe
length of time on mud and thar trans-
ferred to water. Moisture content of she
soil on whick they were exposed was uot
observec o make a difarence iz the ore.
portion able to transform suceessiully,

Eggs had to be kep: moist for bettwean
0.2 and 0.3 of the ozl emuryonation
period in order for them to acquira a de-
gree of resistalice to desiceation. Egzs
incubated for this period survived 2
masimum of 54 hours a: a temperature
of 25 C and 63 per cent seiazive humid.
itv. When the egps wers dasiccatsd
under these conditions or intarvais less
than this. it was ‘found :ha: they had
censed development Zar the ilenssh of
time they were ont of water, When she
relative humidity was 100 per sen:. she
ezas eontinued in their deveinpment ai.
thousit onr of water and on 2 are suh.
siratum,
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MOSQUITO CONTROL IN RESERVOIRS BY WATER
LEVEL MANAGEMENT

GRICSDY S. CHRISTOPHER * ano NICHOLLS W. JOWDEN?

Water managzment. properly employed,
is the most potent singie measure that can
be applied toward con:rollmg mosquito
produciion frem 3 manmacde impoundage.
Water management for mesquito control
means the manipuiation of reservoir water
levels in such 2 maaner that the micro-
habitat normaliy favoradis for mosquito
production is sither destroved or the mos-
Guitoes are prevented {rom developing be-
yond their larval stage. Before attempting
to apply the principics of water manage-
ment lor the control of a particuiar species
of mosquito in a panicular raservoir, how-
ever, it is first nceessary that the primary
purposc. ot the rescrvoir and the water

unagemen:  probiems  associated  with
carrying out tdis primary purpose be
ciearly understood.

Dams are constructed and reservoirs
impounded tor any one of a wide variety
of reasons. Such reasons might includs
domestic or industrial water suppliss,
flood controi, irrigation. hvdroclectric
power, resrsation or navigation,'to men-
ion only a few. Som: r:s:rvoirs are
«ermed multi-purposs in that they ars zon-
structed and opuratad 19 serve two or mor-
principai interssts. The partizular pur-
Dose Or DuUTposes (0 Te servad by a2 ressr-
voir diczats within szrain fimuts (he gen-
eral tvpe of water mznagemen: scheduie
required to carry out its primary mission.

‘Water suppiv or irrigation reservoirs are
constructed to stors water guring deriods
of high sireamtiow te assure an ampie sup-
piy for use throughout the vear as nesded.

P Cinel, Malarie St
Health and Saien, Veaneaes Valier Authoriry,
Wilsn D, Aldusa, )

S0, River Contini lvm.l\. '\nmnn of Waer
Contel !" s, Tenneascs Vi .‘\uumrit\‘.
hrp\“ Sare, o

:xvmon of ..:-.l“ '&. ‘afety

fennessee Vi ut:m'l y
712 Edney nuudxrf' S
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The opcr:tion of such reservoirs is aimed,
in general, toward maintaining the reser-
voir water level at or as near full poal
clevation as possible csacistent, of course,
with supplying the demand for water. It
is usua.l) desirable. with respect to recrea.
tional reservoirs also, that near full pool
clevations prevail especially during seasons
when recreational activities are at their
peak. Spilling of excess water is of no
pacticular concern after the full pooi eleva.
tions have been reached. Spilling at eieva-
tions below full pool. however, may at
times be most undesirable.

On the atlier hand, a flood controi reser-
vair requires an apposiie type of aperation.

[ order to carry out its designed mission, .

there must be ample storage space avail-

able when needed to colleet and hold, at

ieast temporarily, flood flows in excess of
that whiicih can be saiely passed down-
stream.  Following such 2 fiond control
operation, the reservoir must be lowered
suffcieatly through regulated dischzrge 20
place it in rc:ndmcss again to t....ﬁoranl\'
store and reguiate the next ricod. Thus,
the operation of a focd control reservoir
is toward maintaining 3 minimum pool
eievation rather thaa 3 fuil pool.
Operation of = reservoir Cesigned ¢

serve !‘.3‘!"3;101 interests demands that a )
cerain channe! epth be maintained a: -

al! timcs. In addition. suficient water

must also be availabie to operate the navi- -
gation Jocks. Navigation reguirements, ..
s therefors, necessarily S -the mirimum |
reservoir drawdown elevation. Opsration ..

ot the reservoir at clevations above this

minimum is not of 100 much concesn to -
navigation as long as excessive tiow veloci- -

ties and too rapil rise and fall in sace

arz avoidal. These latter cousulcn.mns‘w

demand - easefui regulation of reservair:

discharges to preven: swift cum:mq. and
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~unduly - large - water level ~fuctuarions
- downstream from the dam or in certain
critical stretches of the reservoir,

Reservoir water management for hydro-
clectric power generauion may at times be
more cemplicated than these opezations
previously diseyssed. Theorstizaily, one
acre-foot of water throush one foor of
head is capabie of producing 1.025 kilo-
watt hours of elcetricity. Thus power
generation depends upon both the volume
of water and the head available. The
most efficient operation also damands that
all available water be passed through ths
turbines and not over the spiliway, Watsr
over the spillway is lost 10 power ganera.
tion and also wiil tend (o recucs the e5zc.
tive head ac the dam by raising the eisva
tion of the taiiwater ieval. Depending
upon many faciors too numerous and 00
compiicated to mention hers. it may be
beneficial from a power standpoint to op-
erate at times over 2 wider rangs of reser
voir water elevations than is normaliy
planned. In the face of an expected in.
crease in flows, for instance, it may be
advantageous to draw heaviiv on 2 raser-
voir through turbine use. The possibie
loss in efficiency from such an operation
which might resuic from 2 steadiiv de.
ereasing head mav be more thar overcome
by the abiiitv to store the impending Fows
for future use rathar than being forced to
waste water over the spifiway.

Consistent with other iniuencing {actors
such as climati: condtions, watar tempega-
tures and shoreiine topography, the tyne
of rescrvair water management foliowed
in anv given rescrvoir wil! determine the
prevalence and type or typss of mosqui.
toes occurring in that resesvoir. Mosquito
production in 3 reservoir mayv be con.
sidered, therefors. as an undesirable hy.
“product ohtained in the process of opesat-
ing the water leveis ef a1 reservoir to
accomplish its primary purpose. Buz, juse
as certain watsr mianagement practices can
create bialogicai conditions whizh {avor
mosquito propagation, the water itss)f can
also be empiaved in mos: inszances to limit
or completely climirate such mosquito-

° that each

‘producing sicuations.  Watsr mananement
-

“tools" such as weekly eveiical Aucruation
and seasona! recsssion have besn sucssss.
fully emploved on reservois ¢ losquito con-
trol programs for z number of vears.
Their cfiectivensss 206 sconomy kave besn
weil documented.  From ihe {oregoing
brief discussion of the »evesal types of re
servoirs, however, it shouid be apparent
individual reservoir prasents
specific problems with resnect (o the ap-
plication of watsr maragsmen: for mos-
quito zontrol. The degres of effectivensss
which can be achieved through such 2
Program on a particular raservoir wili de.
pend cniefly on the following factors:

(1) How weil the specife water marr
agement raquirsments for mosguito con
troi can be 1deatif2gd in advance.

{2) How closslv thess recurremants
can be incorporatsC into an ovesr-all reser.
voir water manzzemaat schecuie withous
materiaily incerisring with or adverseiy
affesting operations nscessary in carrviag
out the primary purposs cf the reservorr,

(3) The development i 3 svstzm of
commun.cauon wheredy thz day-to-cay
water manazement nesds for moeqQuito
control can he made known and :2n He
weizhed aiong with cther camsidszations
oy tncse rasponsidic for making Jacisions
concsrhing managsmen: of e resersoir
water levels, ‘

Much has besn said, wruten, and pun
usned dusag the past 22 vears won:
ths use made of water managanent v ths
Tennessez Valiey Authority i contraliing
the produciion of vizepreier susdrimaen.
luus mosguitoes en its svuem of re

voirs. The mianaser in which :he salicmt
waler maragermen: Jeatuses of L4 gnuc.

rimesula:us contzol ars iniegraied into ths
overal, TVA reservoir water managemen:
plan, however. :may ac: e <o wicsiv
xnawn or undesstood.

The TVA pian {or the deveiopmen: of
the naturai resourzes of the Tennessee
River Valley zalied for the construction of
3 series of dams (o .impound the main
river from 3 point near Paducah, Ken.
tucky, to Knosvilie. Ternssses, 3 distance
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of some 630 river miles. In addition,
reservairs were also to be constructed on
the principal tributary streams. The plan
was unique in many respects. The con.
cept of operating a multi.purpose reservoir
was rclauvely new in the early thirties and
there was no precedent for operating so
large a system of such reservoirs, nine of
which would form 2 ceatinuous chain in
the main Teanesses River. The reservoirs
were to serve the primary purposes of
flood controi, navigation. and power. Su-
pesimposed upon the water management
proalems presented by these primary con.
siderations was the nced to control malaria
transmission in the areas contiguous to
these reservoirs. This meant the use of
water management to contiol the produc.
uion of .l. quadrimacnlatus mosquitoes in
the rescrvoirs.

Fighe years clapsed betweer the im-*

pounding of Whezier, the Arst main river
reservoir constructed by TVA, and Ken-
tucky Reservoir, the last link in the main
river chain. These years were spent in
identifying the water management needs
of each program interest and attzmpting
to reconciie requirements which at frsc
appeared to be somewhst conficting at
times. Recommencations by each program
integest ware studied by what is now the
TV A Division of Water Canzrol Pla aing

in the light of over-all needs and ¢ Dbenerits,

always giving priority to the main statu.
tory obic:zivcs. Temporary schzculss of
water managemsnt operations wers set up
as each reservoir wae compicted and im-
pounded. It was oiten nscessary curing
this period, however, to make degartures
in the planned management to iaciiitate
construction o" the dams. Pesiodic con-
tacts made in the beginning of TVA reser.
voir operations were expanded so that by
1942 direct lings of cormmunication be-
tween the maiaria comtrol staf and the
water sontrol pianning siaff nad bLeen es
tblished  adminsirively  wathin TVA,
This pernutied the :n-m-da\'
malaria coniroi to be considersd along
with the nesds of the primary programs.

Also, the cfiect on ...:.:.::a comrox of any

nesds aof

proposed  temporary departures  from

scheduled operations could be discussed.

In February 1945, from the experience

gained dunng these construction years,

TVA officially adopted the Multiple-Pur-
pose Rescrvoir Operations water manage-
ment charts which are stll in use today,
Each reservoir has its own individual

charactesistics which are reflected in its
operation chart. The chart for Pickwick

Rescrvoir, however, contains the main fea.
tures which are typical of the water man-
agement schedules followed by TVA on

1is main river reservoirs.

The minimum fiat pool level was set by
navigation requirements to assure at leass
a nine-{foot navigabie channel at all times
for river transportation. From studies of
rainfall, runoff. flond frequencies und his-
1orics. it was determined that major basin
wide lloads in the Tennessee Valley aceur
chicis -in the winter and ecarly spring
months._ Major doods on the main river
have been limited almost exciusively to the
months of December through .April with
the highest frequency in March. To pro-
vide flood storage space during this po-
tential food pcnoc Pickwick Reservoir is
held from 5 to 4 fes: below normal full
pocl eclevacion from December to mid-
March, Storage space below normai fuil
pool ia the other main river reservoirs
ranges from 3 minimum of 2 fest id
Guatezsvilie to a maximum oi = 7.5 feet in
Chickamauga. The gcﬁra.zon of power
is not mater lel\ affeztad by this operation
since the effective nead at all dams but
Keatucky remains approximately the same
exczpt during actual ficod control oper
tions. The head at Kentucky Dam is 5

2t less since it is lowermos: in the reser.
voir chain. This low water during the
wintze is heipful 1o malaria control in that
it attenuates the growth of subinerge
aquatics in the reservoirs. The exact date
te hegin flling the reservairs in the spring

_is determined by present and nrmpcmve

streamfow canditions with the aid of cur-
rent weather lorscasts and longer range
weather outiooks. The ideal time to initi.
ats alling is after the last danger of fiood



. Mosquiro. ?

Nzws.... . Vo 13, No. ¢

has passed but before the normal
rzins have appreciably

the Division of Water Control Planning
primarily on the .basis of Hoed con.
trol considerations ‘buz with the full
knowledge of the adverse effects delayed
filling mighe have on both -power and
malaria control. DPower is interested. of
course, in flling the resesvoirs whiie suff.
cient water is still availabic so as to have
the water for use during the low fow
season later in the year. Malaria control
desires a full pool beiore the growing sea-
son becomes weil advanced to prevent
growth of vegetation in the exposed por-
tion of the reservoir basin,

Upon filiing to full pool elevazion, a
flood surcharge is provided. This is a
malaria control operation, although some
minor benefits 10 navigation and power
may result.  The water is raisec above full
pool, by one foot or more whers practi-
cable, and returnec rapidly to sirand ac-
cumulations of drifz and Jotage upon the
reservoir margin above full pool slevation.
In eficer, this is 3 mechanical cleaniag
operation.

The constant pool phase which foliows
is extramely benesziai to malaria control as
a long-range marginal sizat growth con-
trol operation. Siaze 2 ample suppiy of
water is usually avaiiabie 2t this time for
power generation, this {ull pool prase of
the warer managemen: scheduie doss net
adversely alicce the powsr program.

Mosquito  preduction  at firse ogeuss
sporadicully. As produciion becomes more
generalized, weekly fuctuation cycles of
about onc foot in depth are initiated sim-
ultancously at the raques: of malaria con-
trol on all the main river reservoirs except
Kentucky. It 2akes about ten days to two
weeks to set this opzration in full mocion.
It is accomplished through a complax sys.
tem of shiiting power loads so that as one
reservoir is being crawn down. the one
immediately downstream is Alling.  As
long as no water is spilled in carrying out
this operation, cyclizal fiuctuation does not
adversely affect the power program since

spring .
) diminished. The -
desision to begin fliing is arrived at by .

the average head available at cach dam re-
mains essentially the same.

- The nest step in the TVA water man.
agement schedule is water level recession.
Recession provides excslient immediate .4.
quacrimecuiaius control by continually
drawing the watar below the marginal
band of vegetation 1nd thus mainaining a
clean shoreiine. Cominy as it does in the
latter part of the growing season. the

.chances for further invasion of significant

plant growth into the reservoir are les-
senzd.  Recession benesits power by mak.
ing water avaiiabie for generation without
substantia! change in eiective head during
the late summer and fall dry season when
river flows are normally lessening,  Aiso.
to reach the required fAood comtrol sisva.
tions by December. rezassion provicas for
the use of water previously stored. usualiy
without the necsssity of spiiling. Malana
controi taikss advantage of the jower |
ieveis in the {all to perform shor
provement and maintenancs operations.
Lasc year the Maiaria Contsal Bransh se.
§3n 2 joint study with the TVA Divisicn
of Power Operations to dezermine i: any
net gains to TV'A operations couid 5e
raalized through delayed resessicn. As 3
result, recession was deisved on Wars Ba;
and For: Loudoun Raservoirs on an ex-
perimental basis for two menths bevond
the present puide surve scheduies. The
resuits iooked good ané the =xp nt is
o be repeated this vear, From studies
on other reservoirs, hawever, possibls aver.
all gains Irom delaved recession do no:
appear promuising.

Last yaar aiso, TV A broadened the scape
of its mosquito coatro} program 15 include,
in certain limited situations, the contre. 9;
floodwater mosquitoes. Studier to dats ir-
dicate thst the overall water level mas.
agement sciedules now in use by TVA
are erective in sontroliing chsce mosqui-
tozs. It is the ocszsional nezsssary oevia.
tion from normai apsration that may be
signincant with respecy to ficodwarer mas.
quito procustion. The nesd for spesial
operations does occur from time to time
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F!atworm Control of Mosqulto Larvae m Rxce F nelds

' ~5Abslrac!.vW¢' dc'.u'rlln' some ﬂmwumu (sesnre it llu' ‘eerny Mesostoma that kill

foe lmm/mm larvae and-may uecount for the variability i the population demsitios af
: Culex tarsalis und Anopheies fresharni in rice Jiclds., When mosguito larvae hrush
‘ ammm these worms, the larvae umumlmn'l\' bevcome paralvzed and die. Wlu'n C.

“tarsalis lurvac are placed inside floating cages that excinde farwvorms (S0-microme-
tor mesh). there is a fourfold increase in their survival, Rice ficlds that have abundant

anasquito popnlations lack: faiwarms, Most sueh fiekds have only recently heen

“‘turned over (o rice prmlm'lum. suggesting that the fatworms have (/I”M'Il/l\' «Ils~
persing ta new ficlds but, once established, are able e overwinter mulumlrul mu\-
qmlm's fur Ilu' sun.u'quvllt vears of ree production, : C

'I'he densmes of larvae of Culex tur-
.ml:s and Anaphieles freehorni from one

. rice field. o another in the Sucramento

Valley (/) muy differ by two or threz or-

“ders’ of ‘magnitude (2). This pattern of

distribution is slightly bimodal. Most of

-the lields have few ur no mosquitees., but

a few felds virtually teem with larvae
13). Early investigators thought that tox.
ins produced by biue-gresn algue might
account for these differences. but resuits
from laboratory and field studies have
been ambiguous (4). Previously. we
found that the survival of lurval €. tar
saliy in screened cages in various rige
fields was directly related to the asbune.

“dance of mosquitoes in the fields at the

time of the experiment (3. 5). We have
now discovered that rice fields with jow
densities of mosquito larvae are heavily
populated with microscomic Ratwaormy
(many under | mm in lengtn) thut hill the
I.m'ae by meuns of a slimy toyic gecre-

“tion, These fatworms are able 1o penee

trate the 200-um mesh screeningthut we

. used in our carly field cuges. When we
- placed two flatworms in a 300-m| ..up.

“containing 20 second-instar larvae of €.

tarsalis and observed their activity under
. we noled
Cthat the larvae becume paralyzed 1ngid’
" and motionless) as soon s they cone-
.. tacted vae of the worms (Fig. D, Later,

3 stereuscopic microscape,

the worms might recontuct a parulyzed
larva and feed on it. but the worms killed
many more larvae than they ute, In fact,
all the lurvae were Killed within 2 hours.
Extensive feld sumpling and luburatu-

1-1412300.500 Copyngi ¢ 1979 AAAS

»_ste‘ ila.shino

ry ndenuﬁcauun revealed thut as many s
eight types (speciesh) of Ratworms may
be present in the rive figkds. The pre-
dominant lutwarm in these fields wits
found to be o Mesostoma species, it turs
belldrian in the order Rhabdocoeia 41,
Certain species in this order possess epie
dermal rhabdoids (rhabdites) that are
slightly " curved rods shorter thun  the
height of the epidermis (7). These ruds
are seereted by glund cells and are dis-
charged to the surtace as & Loxic Mucuus
sécretion’ that is repellent to predators
V). Although a few literuture citations
document the tonicity of same fatworm
seuretions. the extreme putency of the
rice ficld specics uppears unpru:denled
(7=¥1, ) : -

© We identilied 13 rice fields in Suu:r
Yubhit, und Sucrumento Counties that Bif
fered.in aguitic tauna, flora, und physe
ival attributes, und placed tour Boating
cages in each field t20), We stocked the
cages with 28 third-iastar Tarvae of ¢
tarsalis bred in the  luboratory, und
cuoped euch vage with a tight vrgundy
top. In two of the cages we piuced 0.2 ml
of Tetrumin (a commercial fish food used
suceessiully as lueval fixd in the labora.
torvh every alternate day: the lurvue 1n
the vther two cages ia ¢ich held recenved
no supplemental food and served as con-
trods. Each Jus the Jdead and lise furvac,
pupac. und adults were coun: L and the
dead unes were removed.

After 1 woel un average tover all
cages in afl Kelds) of $1 percent of the
larval mosquitoes had died in the Tetru-
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died in the control cages: In sume nce
fiekis. more than 40 percent of the larvue
died during the first Jay. In the laborato-
ry. third-instar mosquitoes can survive
without food for up to 3 days. so that

“\food limitanon in the field was not in-
= dicated. Nevertheless. using two felds in

Yuba County that had particularly low
- larval survival rates. we tested the effect
of altering various nutrient levels on lar-
val survival (Taole 1). .
In each of these two fieldswe placed
2 experimental and 6 control cages.
tach cags containing 25 third-instar lar-
vae of C. tursalis. Onge every alternate
day. the following reagents were added
to the experimental cages in each feld:
(i) 2.5 g of Envirotrol-F. a commercially
cultured dry bacteria formulation (//):
(ii) a water-soluble tablet containing as-
sorted vitamins (/2): (iii) 0.4 g of a plant
nutrient formulation containing 2 percant
total nitrogen. 9 percent phosphoric acid.
and 13 percent solubie potashy (/7): and
(iv) 1.0 g of caleium carbonate. The num-
ber of live and dead iarvae, pugae. and
adults were counted daily and the dead
ones were removed. None of these treat-
ments significantly affezted larval survive
al: the average mortlity in the experi-

conients of the cuges for Autworms. 3.
multaneously. we assessed muosquito
numbers in each ficld by sweeping 30
limes with an aquatic sweep net. Rice
fields were categorized.according to the

“number of mosquitoes collected in 30

sweeps: fields with five or fewer mus-
quitoes. fields with between 6 and 30
mosquitoes. and fields with more than 30
mosquitoes. All developmental stages

were cuunted tugether, We found that no.
rice field (N = |11) in which we found
Ratwarms in the baited Aouting cages
yielded more than five mosquitves per 30
sweeps. In the fields without flatworms
we collccted from seven ficlds less than
six mosquitves. from ecight ficlds be-
tweszn 6 and X0 mosquitoes. and from six
fields more thun 30 mosquitoes per 30
sweeps (/4). A x* contingency anaiysis

Tabie 1, The effect of selectied nutrients on the survivaltpercantage survival per week; of C.
tarsolis larvae (25 larvue per cage) in flouting cages. The compounds were placed twice cauy in

the cages in two rice fields with particularly low larval survival rates in eurlier experimests.

: Percentage Two standard Number

Treatment survival imeun) errors of cuges
Bacteria culture 8 7.4 6
Vitamins 14 4.0 [}
Calcium carbonate . ’ 13.8 h
Plant nutrients : AR [ B 9.0 PR
Controls* : ‘ 18 06 R ]

*No supplemental nulﬁctiis'prbyidc.d‘.“ v L

Tabie 2. Mean percentage survival per week for
cages placed in various rice fields that contained

28 larvae of C. tarsulis introduced into foating
fatworms. The cages hid windaws tha! -ere

screened with either a 200-um mesh organdy or a 50-um mesh plastic fabne. Only the witer

excluded the flatworms., . .

- - Cages with 200-um mesh

Cages with $0-um mesn

mental cages was betwesn 86 and 94 per- N N =t N e}
cent. whereas in the control cagss, the Field Pmm-dn — ;;m:;““——— '-—-_‘_,“;-‘-
average moriality was 8§ percant. . Rl e Lo
We then assessed the influence of flat- s(‘:;:;:;' : ’?,:::,m _ s“,'nr:;:,‘,l s?,ﬁ;::d
worms on mosquito mortality in. the - - - ' SRS
' field. Since the Aatworms ars abie 1o in- ,:; : o "g lll‘: L ;:' SRR ;;9 :
vade the 200-um openings in the Aoating gy T 1 T g TS
cages, we constructed new cages with g2 : - 24 AT T R | P ey
windows of only $0-um mesh. In sachof BS e RS ST 9.5 . R N TN
six rice fislds that previousiy had low iar-* B9 : S D p 4.6 ECOEREC IRy |
Grandmean - .= |2 o R T

val survival rates (and contained fat.
worms). we placed thres $0-um mesh
cages and six 200-xm mash cagss. As be-
fore, 25 third-instar larvae of C. rarsalis
were introduced into each sage and
every day for | week we counied the
number of live and dead larvas, pupae.
and adults and removed all the dead.

In every fieid we found that larval sur-
vival in the 50-um mesh cagss sigaifl-
cantly increased (Tabie 2). Owerall.
about a fourfold increase in weekly sur.
vival was achieved. However, the sur-
vival rate in these $0-um mesh cages
(about 46 percent per week) was sub-
stantiaily lower than the rate we had
measured in the 200-um zages in some -
other rice fields (about 90 to 9¢ percent.

" per week). B

Could those mosauito-rizh fields with
high larval survival rates lazk fatworms?
To assess the presence or absence of.
flatworms, we plazed three 200-um mesh
cages in each of 32 rice’ fields and placed
20 third-instdr larvae of C. rarsalis in

21 DECEMBER 19 -

Fig. 1. Photograph (x . -~
48) of a latworm (Me- -
snsioma sp.) from a ..
Califormia  rice field
Nilling a Culex tarsahs
mosquito larva. (Pho-

10 by ) K. Clark, ..
University - of Califor.
nia, Davis.)




o NSNS results reveuied that the acgii
tive associatiun between flatwurme and
mosquitues could nut be caplained by
chance alone [x*12) = (1.3, P < .0S8].
The seven rice fields that lacked flut-
worms but still vielded few (less than six)
mosquitoes either had been stocked with
the mosquito fish Gumbusia affinis or
were cool-water fields with a summer
midday temperature usuaily below 21°C
u).

Our data show that rice fields with
larpe numbers of Aatworms produce few
mosquiloes. even if the fields contain
warm water and are not stocked with
Gumausia, and that in the laboratory the
flatworms are directly responsible for the
death of larvae of C. tarsalis. Exclusion
of the flatworms by the floating field
cages causes a fourfold ingrease in larval
survival but survival under these condi-
tions is still lower than that in other fields -
that lack flatworms altogether. Perhaps
in fields infested with-fiatwarms the toxin
is able to diffuse into the Aoating cages in
sufficient guantities to adversely affect
the mosquito larvae. An aiternative ex-
- planation is that some other micro-
organism in flatworm-infested fieids may .
also be detrimen:al to mosquitoes but
may lack virulence under our laboratory
conditions (). . .

Also puzzling is the question of why
some rice fields support datworms and
others do not. Most of the fieids in this
study that had inordinate numbers of
mosguitces and lacked Satworms were
fields that had just besn turnsu over to
rice produstion. Typically, {armers in
the Sacramento Vailey will rotate rice 10
safflower or some other srop evary 3 to §
years. Perhaps flatworms have difficulty
dispersing (0 new rice fieids but unce es.
tablished they arz able 10 overwinter and
control mosquitoss for the successive
years the field is in rice. Furner study
should reveal the validity of this hypoth.
esis.

TeD J. Cask
Deparunent of Bivingy,
University of Calitorniu, San Divga,
La Jolla 92093 '

' RORERT K. WasHINO
Depariment of Entomalagy,
University of Califirnia, Davis, -

Duvis 95616
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The Aoating emergence cages w ere constructed:

fram l-galion size plasuic ouckets with urgandy
screen windows (aoproximale mesh size 200
um) on the sides and bnttoms. Three fishing
babbers were piaced near the top lo keep ine
Suckets afloat.

H. Avuianie frum Merdel Latwrsiunes, Corsl
Streum, i,

13, Avuiluble from Aguanum Phurmucevicais,
Perbusie. Pu. Fuch labiet contuns (30 mg
of thamne, (.10 mg of nrsilavia, 2.0 mg
of nscin. 0.20 mg of pyrdoxine, 1,50 mg of
paniuchenic acid. 0.00% mg of brtin, 0.20 mg of
fuhe acid, 0.02% mg of aspantic acid, 0.02¢ mg W
glutamic acid. 0.03 mg of cnuiine. amd 0.02 mg of
insitol.

13. Aguurium plant food. Aquanum Pharmuceutic
cals, Perkaue. Pu.

14, As an independent check on Aatwurm wcour.

renve. micro-nce field ecusysieme uere made

by filling 1-gallon plastic aquariumas wiih sol. ale
gae. macroohvtic planty. und unsieved water
samples from each of the fields. A 300-mi plasug
cup with J00kum mesh winduws was fludted an
cach wyuanum. Fifteen thirdsinstar ( tarsaie
were placed 1n ¢ach cup and the presence or are
sence af faiworms 1n [Ae cup was noted aifter |
week. In all but I of the 12 heids these Iwo
methands gave the same resuits cunvermng the
presence or ansence of Aatworms. For tn¢ teo
fiekds for which the results differcd. Aatwormy
were (aund in the field but not 1n the laborstury

ayuanums. .
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WATER LEVEL MANAGEMENT FOR MALARIA
CONTROL ON IMPOUNDED WATERS

By A. D. Hzss® and C. C. Kzxan®*

INTRODUCTION

Water teve: riuctuaton ror malaria control has been used on
impounded waters in the Southeastern United States for over a
quarter of a cencury. Seromauis: (1935) and Hinman (1938) have
presented 2 resume of the developmert of this measure and have
discussed its early application on the reservoirs of the Tennessee
Valley Authority. Later, Hinman (1941 has given a general dis-
cussion of the management of water for maladia control and has
summarized the experiences with water level fucuation on the
Tennessee Valley reservoirs through the season of 1940. It is the
purpose of the prasent paper to discuss the water level management
practices in current use on the impoundments of the Tennesses
Valley Authority, with particular reference to new developments
which have taken place since 1540,

Normal seasonal changes in water elevations have repeatedly
been observed to play an important part in controlling the production
of Anopheles quadrimacularus in limesink ponds and simi?ar' nacural

odies of water (Hinman, 1938; Taylor, 1940). For this reason,
the authors of the prosent paper classify water level managemen: as
a naturalistic control measurs, considering it 2 deliberate extension
and intensification of a form of natural contro), .

Water level management for malaria conrrol is effective
through the creaticn and maintenance of clean water conditions
which are unsuitable for the preduction of malaria mosquitoes; thus,
it is merely a practical application of the well-known maxim that a
clean water surface will not produce Anovheles auadrimaculazus.

The recendy established correlation berween Anopheles quad-
rimaculazus production and the amount of intersection line™ pro-
duced by litzoral vegetation {Hess and Hall, 1933; Rozeboom and
Hess, 1943) provides a means for the precise measurement of ano-
pheline prodiction potentials and thus advances the knowledge of
the relazionship of this production to physical conditions of the water

"Helth and Safery Deparament, Tennessee Valley Autboricy, Wilshn M, AL
bama, Submitted Ozzober 29, 1943, o S B
*This is the intersection of air, plang, and water,
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urface. The knowledge of this relationship provides for a better
dnderstanding and more intellicent application of water level man-
agement for malaria control. Thus, it would appear that the effee-
tveness of a schedule of water level management in controlling ano-
pheline production is mainly dependent upon the estent to which
it reduces the amount of intersection line in the problem areas at
appropriate intervals during the mosquito breeding season. Since
plants or plant remains are almost endrely responsible for the crea-
tion of intetsection line in natural bresding arees of Anopheles guad-
rimaculagus, it follows that a knowledge of the water relationships
of littoral plants is of paramount importance in applying this method
of mosquito control. The reladon of plants to the production of
malaria mosquitoes on the Authority’s impounded waters is discussed
in detail in a manuscripe now being pregared for publication by the

Biology Section of the Health and Safecy Deparmment. :

Accessory Measures

The successful utilization of water level management for ma-
laria control is not solely dependent upon the proper manipulation
of water elevations, but depends also upon the carryving out of cer-
tain accessory measures. These accessory measures may pe outlined
as follows: : o
1. Proper Reservoir Preparation

A. Reservoir Clearance

B. Marginal Drainage N

C. Final Reconditioning of the Zone of Fluctuation
2. Wintertime Impoundage TS
3. Shoreline Maintenance =

A. Annual Shoreline Conditioning -

B. Aquatic Growth Control -

C. Marginal Grazing

D. Drainage Mamtenance
4. Permanent Shoreline Improvement © -

All of the above accessory measures except permanent shore-
line’ ir _covement have been adequately discussed by previous
authe”, (Kiker and Stwromquist. 1939; Hinman, 1941), and a pre-
lim{ iry account of the use of permanent shoreline improvement
measures is given in a paper recently prepared by Bishop and Gart-
rell (1943). The remainder of the present pape will therefore be
limited to a discussion of water level management for malaria conerol

on the reservoirs of the Tennessee Valley Authority. :
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Water Level Management

There has been a tendency to think of water level manage-
ment for malaria control merely as water level fluctuation; howevez,
recent developmanzs have shown that under certain conditions the
maintenance of a relatively constant pool level may constitute an
equally important phase of an effective schedule of water level con-
trol. The most suitable schedule of water level management for
malaria control on a particular reservoir is dependent upon the type
of reservoir and the way in which it is used. On the impoundages
of the Tennesses Valley Authority, the. following three types of
schedules are in current use: (1) Seasonal recsssion alone; (2
Cyclical fluctuation alone; and, (3) A combination schedule for
main river reservoirs. Since the later type schedule involves the
combined utilization of all the common phases of water level man-
agement, it will ke discussed First. :

Water Level Schedule 6n Main River Reservoirs

The application of water level management for malaria control
on the nine main river reservoirs of the Tennessce Valley Authority
is complicated by the multipurpose use of these projects, namely, for
* navigation, flood contzol, and the generation of gycfroclec:ric’ power,

The controiled discharge of water is frequently desirable to afford
adequare depzhy for navigation below the lowermost dam, and the
maintenance of a nine-foot navigation channel on all main rver
reservoirs limits tne extent of seasonal recsssion; also, the obvious
desirability of reieasing water through the turbines to provide maxi-
mum generation of power places 2 practiczl limitazion upon the
scope of cyclical fluctuation. It has therefera been impracticabie to
- underzake the application of either of these measures alone, and 2
combination scheduie has had to be developed. In developing this
schedule, an azempt has been made to fit it as closely as possible to
the normal operaticn schedules of the reservoirs and to keep special
requests (0 a minimum. General observations over a period of vears
on the relative effectiveness of various types of water conzzol sched-
ules and detailed investigations of the watzr level relationships of
littoral planzs have made iz possible to gradually improve the pro-
gram of water level management for malariz control on main river
reservoizs. The cumently recommended schedule invoives the com-
bined use of flocd surcharae, maintenance of a relatively conszant
pool level, evelical flucruation, 2nd seasonal recession. The main
features of this scheduie are illusirated in Figure 1. Each of the
four phases of the schedule has its particular function, and thede are .
discussed separately iz the following paragraphs. ot
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to the normal maximum summertime elevation (See Fig. 1). This
resules in the strandage of the winter's accumulation of drift and
flotage and thereby prevents this material from creating 3 mosquito
breeding problem lacer in the season. Thus, the flood surcharge
phase is purely a prophylactic measure which aids in preventing the
development of suitable bresding conditions for Anopheles quadri-
maculozus. The annual shoreline conditioning program increases
the effectivensss of the use of the flood surcharge through the re-
moval of coppice and stifi-stemmed annuals which would collec:
drift and flctage off shore and thus prevent its strandage.

The flood surcharge may be effectively used anytime during the
late winter or spring when high precipitation and soream flows fre-
quenzly result in the temporary storage of water in this zone: how-
ever, it is desirable that the water not be maintained in the flood
surcharge zone for 2ny censiderable period after the beginning of
the spring growth period, which is usually around April 1 in"the
lower Valley. The prolonged storage of water in the fiood surcharge
zone during the growing season results in the killing of timber in
this uncleared zone. and this dead timber creates a continuing prob-
lem by 2dding to the accumulation of drifr and Flotage and through
the faliing of dead trees into the warter. Also, after the beginning of
the mosquito breeding season. which is usually between the 1st and
15th of May in the lower Valley, use of the uncleared flood sur-
charge zore for periods exceeding a week may result in uncontrol-
able production of Anopheles quadrimaculatus. Such objectionable
conditions do not result from the use of the flcod surcharge zons
during the winter season since there is no production of mosquitoes
duting this period and the dormant trees are not killed by parrial
inundation.

2. Maintenance of a Relatively Constant Pool Leve! During
Spring Grow:h Period v
The second phase of the main river schedule is the maintaining

of a relatively constant pool level at the normal maximum summer-

time elevaticn from the teginning of the early spring growth period
until the deginning of mocerate production of .Anopieles auadri-

maculatus {See Fig. 13, The importance of this measure has recent-
» been more fully teaiizad, and its incorporation into the water level
management program marks a significant advancement. The fune-
tion of this constant pool level phase is to prevent the invasion of
margina! vegetation into the zone of fluctuation, thus providing for
a clean shoreline when the water level is drawn down into.thq zone
bv cyclical {luctuatien and seasonal recession later in the scason: it

alse decreases the cost of the annual shoreline conditioning program.

¥
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by narrowing the band of mazginal growth and limiting the produe-
tion of coppice. In the Wilson Dam region, this phase usually begins
about April 1 and ends berween the middle of May and the first of
June. In the upsiream reservoirs, the: beginning may be delaved a
week or two, and the end may be delaved two to four wesks, mod-
erate production of Anopheles quudrimacnlatus frequently not be-
ginning on these reservoirs until the firs: par: of ]uﬂy. In order to
extend this phase and thus realize the maximum growth retarding
benefits, light production of Anopheles quadrimacnlatus during the
latter part of the period is controlled chroush the use of larvicides.
At this time of season, vegetation covers arc light and larvicides may
be applied with a maximum of effectiveness.

A fuller realization of the potentialities of the constan: pool
phase of water level management has resuited from derailed studias
of the water leve! relationships of the littoral plents normally associ-
ated with anopaeline production. Observations indizate that sesds
of the annual plants which grow in the zone of Hucrussion will not
germinate until they are dewatered and that woody spacies. such as
willow and buttonball, will remain dormant until the buds are ex-
posed to the air. The maintenance of a relazivelv constant poc! level
during the spring growth period thersfore rezazds the normal nhen-
ology of the species in the same manner 2s s Joce saason would. 2nd
species which normaily iniciace growth atout April | mav be held
dormant unti! June | or later, derending upen the daze when shev
are first dewatered. The delaved cerminaton of these species resuis
in greatly decreasing their total seasonal growth. For exampie, wil
low sturaps which initiate crowth the first part of April may produca
coppice over nine feet tail bv the end of the growing season. while
those held corman: un:il Tule 1 will be less than Ralf this tali.
Similar contrasts hold for herbaceous specics.

is information on the relation of scasonal water lavels to the
phenology of littoral plants indicazes the imnorzance of Lolding the .
water level at or above normial Bool during the entire spring growth
pericd. It now appears that even short perinds of drawdown mar
result in the germination of seeds of herbaceous species and the
sprouting of coppice which would othenvise be held ¢-rmant until
later in the season: furthermore. ance these planis ose their dar-
mancy, they will continue to grow even thouch the water is hrough:
back on them, particularly when rortions of the stems and iwaves
project above the water surface. Thus. everv effort should be made
to hoid the water as ncarly as possible 2: a constant pal level, and,
when variations are necessarv. thev should preferably be above nor-.
mal maximum pool rather than below.

In addition to is function in the malaria control program, the
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constant pool phase of water level management affords a real mutual

interest with wildlife conservation. Maintaining the normal maxi-

mum pool level during the spring growth period provides ideal
awning grounds for bass and other centrarchid fishes and insures
a the eggs will hatch and the voung fish get well started before the

water is drawn down. Thus, 2 malaria control measure i proving

l&;’g’nly bensficial to the fisheries management program of the Au-
ority.

3. Cryelical Fluctuation

The third phase of the main river schedule is the use of weekly
cvelical fluctuations without seasonal recession (See Fig. 1). Some
cyclical fluctuation occurs in the normal operation of the projects.
For cffective mosquito control, however, it is frequently nccessary
to augment the scope and regulate the frequency of the normal
fluctuations. This is dor:e by varving the loads or discharges at the
dams at regular intervals. Such regulation appears to be more foasi-
ble on a chain of interconnccted plants than would be the case where
only onc or two projects were involved. Cyclical fluctuation is initi-
ated at the begir.ning of moderate production of Anovheles quadri-
maculatus which, in the Wilson Dam region, is usualiy between the
middle of May and the fizst of June; it ends with the beginning of
heavy production of Anopheles quadrimaculatus which is usually
around July 1. The function of this phase is to bring the warer out
of the marginal band of vegetaticn once a week, thus eliminating the
intersection line and providing a clean shoreline which is non-

roductive of Anopieles quadrimaculatus. Recent studies by Roze-
goom and Hess (1943 indicate that it is through the creazion of
intersection line that plants provide adult Anopheles auadrimacuia-
tus with optimum condizions for ovipesitior and supply the larvae
with focd and protection from natural enemies such as Gambusia;
thus, the elimination of intersection line by means of the drawdown
in cyclical fluczuazion would appear to have a thrasfold effect against
Anopheles quadrimacularus aad its microkabicar by creating un-
favorable conditions for sviposition, interrupting the production of
food organisms, for the larvze, and exposing the larze to the preda-
tion of their natuzal enemies. Furthermore. some larvae and egas
are undoubtadiy stranded on shore and die from desiceation before
the water recurns. The rerurn of the water to normal pool level fol-
lowing the drawdewn completes the cvele of fluctuation. and this
reflooding serves to deley the invasion of marginal vegetation. Thus,
while the first two phases of the schedule of water level managdment

- On main river reservoirs are dizeczed entirely at the mosquito habitat,
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' the third phase, cvclical flucruation, is diracted against both the
- habitat and the mosquitces.
. The moderate production of Anopheles quadrimaculatus which
marks the beginning of the use 6f cyclical fluctuation is the rasul:
of the invasion of 2 narrow band of vegezation into the ugper limit
of the zone of fluctuarion. If fairly constant pool levais have been
maintained during the spring growth period. this band of vegetation
will extend only into the water a few inches at the time cvelical
fluctuation i initated. Theretore, although it is zenerally agreed
that the fluctuation cycle should have an “amplitude of about one
foot, cycles of considerably less extant may be effective eazly in the
season. For chis reason. it is the policy not to make a special reques:
for a full foot cycle of fluctuation until feld observations indicate
at marginal vegezation has invaded far enough to make it advisable
to use this full amount in order to” insure adequate control of
Anaplicles quadrimaenlatus production. In the use of cyelizal fue-
tuation, it may not be necessary to compiztely withdraw e water
from all marginal plants in order 0 obain effective resulss. Most of
the leafy emersen: species produce leaves only at or above the water
-surface, and. if the water Jeve] drops down around the bare stems.
most of the intersection line is eliminazed, Obviously, evelica! flue.
tuation is relacively ineffective in floazing-maz ¢r ‘floating-leavad
types of vege:ation since these tymes rise and fal] wits ok nging
water levels and thus maintain their intessecsion “ajues. Some plants
of these tvpes have appeared in TVA reservoirs and kave necessizates
the application of special control mezsures. Aremprs ¢ eradiczta
these spezies have. in general. proven impracticzbie: however, mea-
sures intnded merelv to reswric: the species within manageadie
limits have prevénted their spreacing sufficientiv to offer 3 serious
problem.

4. Combined Seasonal Resession and C velical Fiuctuasion

The fourth phase of watgg leve! management for main river
reservoirs is the combining of a seasonal recession of approxinately
one-tenth foot per week with the teguiar weekly cvele of Sustuation
(See Fig. 13; thus. each week the wares level is dropoed one foor,
but is brough: back orly ninc-tenths of a foot, In the iower Vailey,
the nced for initizting seasonal recession usualiy hegins about Juiv 1.
when noma!l sezsanal increases in the mosquito population and :he
continued invasion of marzinal plants result in the beminning of
heavy production of Avapheles anndrimacniamns, It is signif:cans tha:
this date coinzides with the aporoximate nermal beginning of draw-
ing on the main river reservoiss for the development of power 2nd to
provide 2 water suppiy for navigation. This seasonal recession serves
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to insure that at the low level of the weekly fluctuation cvele the
water will be drawn far enough out of the advancing band of margi-
nal vegetation to insure adequate control of Anopheles quadrimacula-
tus production. Although the rate of plant invasion obviously varies
with a number of factors, 2 tenth of a foot recession per week is
generally sufficient to kesp well ahead of it. It is importent that
seasonal recession should not be in excess of the aount nesded to
insure adequate mosquito control since such excessive recession re-
sults in increased plan: invasion,,thus broadening the zone from
which growth will have to be removed in the fall shoreline condi-
tioning operazions. The total amount of seasonal recassion is. of
course. greatly decreased by the incorporation of the ¢nnstant nool
level phase in the water level management schedule. In general. it
appears that two fee: of seasonal recession is ample which. combined
with one foor available for cvelical fluctuation. would aive an overall
recession of chree feet below the normal pool level. The importance
of minimized recession is greatest during the first part of the reces-
sion period: sharper recession after about the First past of Sentember
is not seriously objectionable sincz most marginal plants put on very
liztle erowth afzer this date. : '
The need for specialiv controlled water levels for malaria con-
trol on the main river reservoirs ends ahout October 1, at which time
the breeding of Anopheies ancdrimacnlatus is practically terminated.
The use of stored water for the development of nower mav continue
on throuch the normally drv fall perind. -Advantace is taken of this
normally low wzter period to cemplete the marginal growth removal
operatiors of the annual shorcline conditioning program. No special
‘requests are made for controlled water elevations during the winter.

General Conments on the Main River Schedule

From the preceding discussion. it will be ohserved that the
major recene improvemen:s in the schedule of water leve! manage-
ment for malaria control on main river reservoirs are the increased
emchasis on the use and extended duration of 2 relatively constant
pool level phase and the minimizing of seasonal recession. These
phases of the schedule emphesize the importance of water level
management in conuolling the mosquito habitat in addition :0 its
direc: action against the mosquizoes. The effects of water level
management tend 0 be cumuiative: a proper seasona! schedule will
kill manv semi-aquatics and stumps and stubble of woody species
and will thus resul: in 2 much improved shoreline condition for che
following vear: converselv, an improper schedule wilb rsule in an
extension of these species and an increased problein during the fol-
lawing vear. o ' ‘
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a water level schedule which was a reasonable approximation of the
desired schedule outlined above. The resulting increase in the effec-
tiveness of mosquito control and decreased cost of larvicidal treat-
ment and shoreline conditioning is evident from the data presented.
The unfavorable water levels on the Guntersville and \ heeler Res-
ervoirs during the 1942 season are typical of the emeraencies which
develop as a result of the extremes of river flow. Such emergencies
are met in the most practicable manner to minimize the degre: and
length of Anopheles quadrimacrlasys production. Larvicidal appli-
cation is intensified and an efforc is made to obtain the most favor-
able compromise on water Jevel management: this might be increased
scope of periodic fluctuation or a more rapid recession. depending
upon the pazticular problems presented in the individual reservoir.

Seasonal Recession on Storase Beservoirs

Seasonal recession without cvelical fluctuation is used princi-
pally on the Authority’s storage reservoirs. In addition to the nine
main river reservoirs, the Authoritv has twelve completed storage
reservoirs on the trihuzary streams and four others are to be completed
at a future date. Althcuch cower peneration is usually incorporated
into these proiecss. their princinal function is to store water during
the spring riinv pericds which is used to maintain stream flows to
downstream reservzirs during the dry weather meriod which usually
prevails during the simmer and fll. The resulting drawdown dur-
ing the summer and 7all usuallv eveeeds 20 feer and is frequently
as much as 40 or 50 feet or more. Thus. the normal cperation of the
storage resenvoirs usuallv provides satisfactory mosquite controal be-
cause the summer drawdows keeps the shoreline we!l ahead of the
encraaching band of marzinal vareration. resulting in a clean water
surface relacively free fom anopheline production. The generally
steep shorelines and larer season on the siorage reservoirs also con-
tribuze to the eass of sraviding adequate mesauits conmol. As on
the main river reservoizs. heldine the water Jevels relativelv constant
during the spring growth perind and delaving the bezinning of sea-
sonal recession increases the effectiveness of the water leve! recsssion

“in.coatrelling Ancriteles auadrimaculatus production: however,
these measures are mat 2s impoartant as they arc-on the main river

reservoirs becausz of tha ereatly insreased ranze of seasonal recession.
The s:crace i ;
: r malaria conimal in that thev permic
betzer reaulasion ¢f doa-'ns:;eam reservoirs where the mose serious
- situations developed as a result of either ex:remo hich or low ‘river .-
flows. necessitating d ~arcure from recommended water leve] sched- -

' reservoirs serve 3 most usefu! nurpese in the water
ievel manzgement progrom
A ;
~-maiaria problems evist. Eaclier, same of the most serious, tegporary
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~ules. The increase in the number of storzge reservoirs has decreased
.- the number and intensity of suck unfavorable situations.
. The chief difficulties experinced in utilizing seasoral recession
for malaria control on storage reservoirs are caused by unseasonal
rains which may necessitate bringing the water levels back up into
the marginal vegetation during the mosquito breeding season. Such
-a sityation is made even worse if a spring drought has made it im-
~possible to £ill the reservoir during the sprine growth period. resul-
ng in a heavy invasion of marginal vegetation which creates ideal
‘breeding conditions for Anopheles quadrimacz:iazus when the water
is brought into it later in the season. If the summer rise of water
into the marginal vegeration is rapid and it is followed within 2 week
or ten days by a rapid drawdown into a clean shoreline agair. no
serious production of .Anovheics quadrimaculatus will result: for ex-
ample, Hiwasses Reserveir was brought to the maximum elevazion
during the peak of the mosquito breedira sezson in July 1943, and
rapidly lowered 2gzin without anv discernible increase in anopheline
produczion. However, if the water remains at 2 constant or gradually
rising level in the marginal vegetation for an extended period. heavy
production of Anopheles quadrimaculatus may result, calling for in-
tensive 2pplication of larvicidal measures. The contras: between the
effects of seasona! recsssion and seasonal progression of water levels
on storage reservoiss is well illustrated in Figure 3. -
Although seasoral recession has in the past been used mainly
on the Authoriry's storage reservoirs. it apnears that it will be neces-
sary to use this tvpe of water level management on the new Kenwuzky
Reservoir, the last and largest of the Authority's main river reservoirs
which is scheduled for impoundmen: during 1944, The immense
size of this reservair {185 miles long with a useful storage of over
four and a half million acre feet and 2 normal surface arca of
158,000 acres «will make it impossible to apple any reauiar schedule
of eyclical fiuctuation, and chicf reliance will therefare have 0 be
placed on the use of a seasonhl ®cession of some five feet. Although
this amount of recession is much less than that commoniyv employved
on storage reservoirs, recen: inforination indicazes that it may be
adequate, particularly if it follows 2 spring flood surcharge and a
pericd of relatively constant normal maximum pool elevation during
the spring growth period. :

Cyclical Fluctuation Alone

.~ As has previousiv been pointed out. the requirements of power
“and navigation generally limit the amplitude of cyclical flucruacion
~on the Authotity’s main river reservoirs and thus preclude the use
“of this measure alone in a water level management program. How-
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managemen:. During the 1943 scason this reservoir was operated
on a schedule of cyclical fluctuation of one and one-half to two feer
amplitude wich satisfactory results, as illustrated in Figure 4. By way
of comparison, this graph shows also the results of g schedule com-
bining seasonal recession with periodic fluctuation during the season
of 1937 and the very difficult, expensive, and ineffective control
encountered during 1935 when it was necessary to maintain the
ake at constant level to facilitate construction at \Wheeler Dam.

Opportuaity is taken here to express appreciation for the co-
operation which has been exhibited by various departments in the
Authority in executing a successful program of water level manage.
ment for malaria control. Special appreciation is due chose. of ie
Water Control Planning Department who are in immediate charge
of planning the regulation of the river system for the overal] best
interest of these multipurpose projects. Theirs is a Herculean task.
Suffice it to say that uring the past season of 1943 in the face of
wartime power demands, accelerated construction activities, and a
multitude of ocher jesser demands, thers was provided thé most suc-
cesstul ovarall program of water leve] management for malaria con-
trol which has vet been experienced on the reservoirs of the Tennes.
see Valley Authoricy.

SUMMARY

A review is given of the use of water level management for ma-
laria control on the reservoirs of the Tennessee V aliey Authority,
particulariy with reference to new developments which have taken
place sincs 1940, Accessory measures for water leve] management
are briefly outlined, including reservoir Dreparation, wintertime im-
pouncage, shoreline maintenance, and permanent shoreline jm-
provement: howeve:,P the main portion of the paper is devoted 10 a
detiled discussion of actual water level management schedules.

It is pointed ouz that thres types of water level management
are in use on the Authoricy's reservoizs, namely, (1) Seasonal recas..
sion alone, {2} Cyclical fluctuation alone, and (3) A combined
schedule for use on the main tiver reservoizs. Chief ateention is -
given o this latter type since it is the one used on the reservoirs
which offer the greazas: prodiems in malariz control. It is stated char
the most imporzane new developments in water jevel management
for maiasia conzzol ¢ main river reservoirs are the incorporation of
a relatively constan: poal ovel phase and the limiting of seasona)
recession o e zmount NeCessaTy for cumrsnt moscuito control.

ese new Jevelosmen:s have resujred mainiv from observations
and investigations on the relation of water level management to the
reservoirs consists of four phases, each with its own particular fune. -
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parasitic members. One such group of great importance is the superfamily
Mermithoidca whose members are obligatory parasites of invertebrates (mainly
insects). Within this nematode group, a substintial number of mermithid

. Species have been discovered as parasites of mosquitoes. Dr. J. J. Petersen,
3 USDA scientist at Lake Charles, Louisiana, has discovered several of these
species, develcped mass rearing techniques and. field testing procedures for
mosquito parasitic mermithids. One mermithid found parasitizing Louisiana
mosquitoes, Aomomomermis culicivoras, has received the most attantion as a
potential biolegical control agent of larval mosquitoes because of the easa of
mass-rearing, ready adaptability to current mosquito contro! technology, and
a wide host range.

We initiated further studies on the feasibility of using R. culicivorex as :
a‘biocontrol agent in California for larval mosquitoes in 1973. ‘Approximately
one hal? of our research support was provided during the past six years by the
Special State Funds-for Mosquito Research.  During this time, two doctoral =
dissertations (Ors.Becky Jo Brown, 1978 ‘and Or. Steven P, Schmidt, 1979)

and two major undergraduate research projects (David S. Hughes, 1976, and
Leslie L. MacKenzie-Graham, 1978) were completed in addition to other pre-.
fessional and technical reports. o ' o T e

RESZARCI OBJECTIVES

R. culicivoraz has great potential for natural reguiation of ‘mosquito’ popula-

- tions, and there is an urgent need for information on the ecology of this™
Mmermithid so it as well as other mermithids can be ‘exploited for ‘biological

- control with maximum efficiency. To attain this goal, we have studied the

effects of physical and biological environmental factors on A." cuiicivoraz .

_during its life cycle. In addition, the mass-rearing procedures have récéiVe¢"

intensive study so dptimal yields of highly active parasites will be available °

for field application. Coo e

TEE PARASITE AND ITS LIFE BISTORY

The life cycle of 7. culicivorzz involves only one host. a larval ‘mosaquito; 7
The preparasitic (infective) larvae attack the mosquito larvae and penetrate
into the body cavity via the cuticle (Fig. 1). The parasitic stages are”
found in the head, thorax, and abdomen of the larval mosquito during the early
stages of the infection and later move into the thorax of the host. Heavy =
infections of 25 or more larvae overwhelm the mosquito larva within two days.

In light infections, the mosauito larvae die 6 to 8 days postinfection at

27 C when the parasitic larvae emerge from the host to complete their gaveiop=
mental cycle in the bottom sediment of the mosquito pool. nere the mermithids
mate and the females produce eggs which are deposited in the bottom sediments.
When mzintained at 27 C,. preparasitic larvae hitch from the eggs in appreximately
three weeks and swim actively in search of the hosts.

SMALL SCALZ [M4SS-BZARING

R. culictvora= is maintained in Cule= piriens. Our facility produces 50,000
mosquitoes per week for experimental use and, currently, we are infecting
43,000 mosquitoes per week. The mosGuitoes are fed finely ground rabtit

food and brewer's yeast, After emergence from the mosquito, postparasitic
nematodes are allowed to mature in aluminum pans which contain clean, sterile
sand covered to a depth of |1 to 2 ¢h with water. The cultures are stored at
room temperature for approximately 3 weeks. Then the water is carefully de-
canted and the excess water is removed vy blotting with paper towels. The
cultures are stored at room temperature for & to LS weeks before use,
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Preparasitic larvae are obtained by flooding the cultures with dechlarinated
tap water. Maximum hatch usually ocecurs within 12 hours and each cul turs
yields approximately 2 million larvae. In general, we have found that an
infection ratio of 2.2:1 (2. culicivora=z:C. pipiens) gives the best yield of
nematodes for maintenance of cultures (Table 1).

TABLE I. Modified procedures for rearing Romancmermis culicivorae= in Cule=
pipiens at 27 C.

.

Time (days) o . Procedure

0 (Friday) . Dechlorinate tapwater in each rearing oan.
Add 20 egg rafts (1,300 C=. pipiens
larvae) to each pan. Add 80 mg mosquito
food to each pan. Add 2,800 preparasites
(hatched within 8 hours) to each pan.

-—

- (Saturday) - Add 80 mg mosquito food to each pan.
2, . (Sunday) - . Ditto
3 '(Honday) . - Ditto
o _ Adjust pH of water in each pan to 4. 0 to
e 4.5 with L0% acetic acid. :
4 -(TueSday) Add 80 mg mosquito food to each pan.
5 (Wednesday) Ditto

) . Adjust pH .of water in each pan to k. 0 to
o 4.5 with 40% acetic acid. :

6. (Thursday) Add 80 mg mosquito food to each pan..
.7 (Friday) Collect infected mosquito larvae on 20 mesh sieve,

wash of f excess food, and place mosqunto
larvae in emergence con:alners.
Initiate new rearing cycle (see Day 0)

MOSQUITO INFECT "'VE.' STAGE

Most of our early studnes wer~ concenrrated on the bnolooy of the :n.ee 1ve

or preparasntnc stage of 3. culiciveras sunce this was the. stagce most readily
dispersed under field conditions. The primary goals were to develoo & therougi
knowledge of the optimal and limiting temperature, water. salnnnty and
.dissolved oxygen for this stage of the parasite. : .

Preparaslt-s were found to infect C. ::s:ens between 12 and 33 C with che
-optimum range for infectivity. between 21 and 33 C. Lower: temperatures de-
creased the percent |nfective but increased the time thenematodes remained
_infective. - ‘The.time required for host infection to occur increased as the
‘preparasttes aged at 15,21, and 27 C. , -

'An extens:ve study was. undertaken on. :he effec:s of salts commonly found

in fresh water on the infectivity of 3. culietverz=. In general, at least
50 percent of the preparasites were able to infect mosquitoes at. the median
"concentrations of these salts commonly found in fresh waters. However, less
. than half were infective at the maximum concentrations at which these salts
. were found in freshwater, Calcium, nitrates, nitrites, and phosphate were
Particularly. toxic for the preparas.tcs. However, it appeared the use of



R. culietvoras in most freshwater environments should be feasible unless
the salt content is elevated.

The usual levels of oxygen in the aquatic environment shculd not hinder the
use of this nematode. However, infectivity of preparisites is dependent

on adequate oxygen levels and the low oxygen concentration in polluted
waters (e.g. cemetery vases and sewage discharges) reduces the infectivity
drastically,

PARASITIC STAGE

The parasitic stage is critical in the life cycle. During this phase, the
parasite acquires all nutrients required for the developmental and reproduc-
tive activities of all other stages. The effect of a physical variable,
temperature, on the development of the parasitic stage was investigated as
well as the physioclogical and biochemical effects of parasitism on the host
environment,

The median daveloomental time of the parasntxc stage ranged from 28 to 6
days over a temperature range of 15 to 32 C. Optimal development occurred
at 20 to 32 C, a range that corresponds closely to the optimum for the
activity of the preparasites. Measurement of temperature effects allows
predictizin of the tima for the complete life cycle under natural condu:nons
through the use of heat unit calculations.

Major changes in the composition of the hemolymph in mosquito larvae oééufred
when infected witir 3. ruiiaivoraz. Protein content declined precupitously
and the carbohydrates-.were significantly reduced. Mo change in frae aminod
acids was derected. Parasitized larvae ware unable to produce imaginal discs
and thus could not pupate. This phenomenon appeared to be related to the
nutritional stress placed uoon the host by the nutritional and Ahysiclogical
demands of the parasitic stage in the hemocoel.

POST PARASITIC STAGS

Dufing the postparasat:c phaseé, the mermichid develops t6 thé aduli <tage-
and produces the edgs for the next cycle. Ouf investigations have beén

directed orimariiy at the effects of femperature on dévelnprental time and
the physiology af the postdarasites.

The tefiperature studies were peffarmed iA small autdocr ponds, WheA ambient
temperatures averaged 27 C, the preparasitic nematndes emeraed and infecied
sentine | moscuitnes 3 weeks afier posiparasites émérged from the. mosguito
host. Preparasites ate not found in inoéulated ponds when tha averaa-
ambient temperaturé fails t6 16 i6 18 €. Preparacires resume acrivity when

the éVéEaéé ambient temperaiufe is-equal in or greater than 20 C. =

Physnoloqucal studies on- the pastparasites have demonsrrated rhat this <tage
i§ either microaerabic af a facultaiive anaerche. Thic abservarion is baced
on oxygen uptake, developmental and enzymnlogical srudies.

IUPROITD MAS, i
Earlier attemprs ar improvina the mase rearing and invectiqarine rhe ecalaqical

physinlngy of the pc!tpatasiric Sraqes nf Dot Failead hacayce of a
fungal hyperparasite, ':temgefs g’ 4L whieh invaded and Lilled the
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*in Sutter County. 85% of sentinel anophelines were parasitized. In Colusa
County, 433 of the anophelines were infacted. The difference was due pri-
marily to the density of themore mature ruce in Colusa which prevented optimal
distribution of the parasites.

Recen: studies by Ors. B. J. Brown and R. Washino have indicated that inocula-
tion of nascent rice fields with postparasites constitute a more effective

way of introducing nematodes as biological control agents. In addition, the
nematodes can overwinter in rice fields subjected to normal crop practicas.

PREDATCRS

Observations of high populations of aquatic arthropods in rice fields prompted
a8 study on the potential of various aquatic arthropods as predators on two
non-parasitic phases in the life history of the mermithid, the preparasitic

or infective and postparasitic stages.

Preparasites were attacked by copepods, cladocerans, young gammarids, and
ostracods. Green hydra did not attack the preparasitas. Further studies

with copepods in one liter of water demonstrated that 20 copepods significantly
reduced infections of mosquitoes by the mermithid nematode and 53 copapods
reduced the infection level by 50%. These findings indicate that high densi-
ties of copepods in mosquito infested waters may interfere with mosquito
control by mermithid nematodes. However, it was observed that copepods were
effective predators on all instars of mosquito larvae and suggested that these
organisms play a 5ubstantnal role in natural control of mosquitoes.

Postparasites of 3. culicivoras were avidly consumed by diving beetles, gammarid:
dragonfly and damselfly naiads and small crayfish. Isopods attacked the
postparasites only after starvation and planarians did not feed on the

mermithid nematodes.

CONCLUSIONS AND RECOMMENDATIONS

A, culicivore= has good potential for anopheline contro! in Californta. Current
nnvestigatuons on the inoculation of rice fields with postparasites rather than
preparasites has yielded esncouraging results. The control of culicine specisas,
on the other hand, does not appear suitableé with this mermithid species and
investigation of other mermithids for culicine contro! should be initiated.

The improvements in mass rearing will lead to a more economical oroduc:ion of
nematodes for mass releases. Additional sttdNes on the biological requirements
of this species and others are mandatory if we ars to obtain the potential
biocontrol of mosquitoes offered by mermithid nematodes. Althouch substantial
potential has been attributed to the capabilities of mermithids for vector
control, much more time and investigation is required to realize this potential.
Although there is immense pressure for the immediate con:rol and suppression
of vector organisms; it is just not possible to develop biological control
organisms quickly without a substantial commitment of scientific man-vears

and funds. R. culieivorax has been under development for 10 years and with

the current level of interest and fundina it will probably reauire 10 more



years to obtain effective use of this or alternate organisms in biological
control of ector populations. In addition, we need a strong commitment from
aécncies to train personnel (technicians to higher administrative levels)
in the handling and use of biological control organisms.

T~
o) PRE-

PARASITICS
7-10 DAYS |
PARASITIC PHASE

=t

I

| EMERGENCE AND { 42 WEEKS a,-é’:;a
10ST DEATH—> — %,
- EGG LAYING

Diagrazmmazic 1ifa cycle of Romanomermis culicivorax. fThe egzs of she merr-
thid nemazodes are Found within the substrete of the mosquiss pooi. Uponm
hateiiing, the infective or preparzsitic siages swim ro she surface ¢ tne
mosguiso pool where early moscuitc irsscrs are penecrzied. The mermisncd
nematodes develor repidly <nm the body esvisy of the moscuiic lerve and

are ready o emerge and X1l ihe moscuito hcst afier ? o il days. After
emersence, the mermithids drzp te the subsirate ond mol: io *ha acul:s
stagcs. Witiin § io 4 weeks, egs laying is iniziqted, ans, cfrer sz

davciozmens, hordes of preparasiiic larvae emerge im search cf mosguite
hosts.
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The performance of these studies was greatly facilitated by the callabora-
"tion of Dr. R. Washino (UCD), Dr'. M. S. Mul9aM(UCR), and Mr. E. E. Kauf‘mar
(Sutter=Yuba MAD). DOr. 8. J. Brewn (UCO), Dr. S. P. Schmidr (Oklahsm su),
Mr. J. Imbriani, Mr. J. Eby, Mr. M. Stirling, Mr. D. S. Hughes, and Ms. L. &i.
MacKenzie-Graham all made unique contributions to our understanding of the
biology of this mermithid nematode. =~ = -
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