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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 programing
 
needs of the AID mission inthe country; the expanded work had to be summarized
 

on site, inAID format, so that USAID/Honduras could submit on time to AID/
 
A compl. e countrywide vec-
Washington the complete program and budget request. 


tor control program, including organization, training, methodology, logistics,
 

and budget, had to be designed and detailed inthis report as a basis for the
 

new operation and with the understanding that experience and training inbasic
 

mosquito control are virtually non-existent inHonduras.
 

This attempt to provide a safe, efficient, and cost-effective working plan
 

complicated long-term program, which would bc. implemented by people who,
for a 

although talented and dedicated, have no background in the field, was necessarily
 

The team leader recognizes and accepts full responsibility for
time-consuming. 

the delayed submission of this report and apologizes for those gaps that may
 

still exist inthis proposal when it isimplemented.
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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 inmalaria eradication program manage
ment, much of it inLatin America, and 15 years invector control at all levels,
 
and Fred Roberts, a medicil entomologist with 15 years of experience invector
 
control program management and one of the designers of the PEA system.
 

Inasmuch as USAID had had no direct involvement inthe Government of
 
Honduras (GOH) malaria program since 1969, other than a short-term emergency
 
relief operation following a hurricane in1974, itwas 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 inan 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,1 
neither group was always able to spare the team the time itneeded for direct 
consultation. Undoubtedly, this wouldrnot have been the case under other" 4
 r
cumstances.
 

Observations and Findings
 

At this time, the VCD isoperating as though itwere 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
 
little has been acquired isfound among mid-level supervisory personnel--a
 
legacy of the former SNEM program, the National Malaria Eradication Service.
 
Unfortunately, vector control techniques, 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 isnot only counterproductive; italso 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 iofthe .in-country.s taffAID 
should. provide, to the VCD: the maximum .assistance :possibl e, ibut :that, thii iassis
tance must be selected, andchanneled carefully, 



Recommendations
 

1. A full-time technical adviser to the director of the VCD
 
should be provided for at least two, and preferably four,
 
years. This man should be a professional entomologist, be
 
reasonably proficient inSpanish, and have wide experience
 
inU.S.-type integrated vector control programs. He should
 
be knowledgeable inthe 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, inChapter III.)
 

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

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.
 

4. A Honduran 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. Inaddition,
 
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..
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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

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. 	preparation of an IEE on said project;
 

c. 	fieldtesting of the AID malaria control Programmatit Environ
.mental Assessment (PEA); and,
 

d. 	an estimated four-'to six-week period, as necessary, to attain
 
these ends.
 

re-
On arrival in Tegucigalpa, initial discussions with USAID personnel 

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
 

above description). Furthermore, it had to be expanded further to include the
 
following:
 

e. a rapid evaluation of the existing GOH program to determine the
 
extent of the problem, existing resources, and the methods being
 
applled;
 

f. determination of whether U.S. assistance is required and, if so t:
 
the most effective role AID can play in providing such assistance;
and,m
 

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.
 



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 inHonduras
 

Official campaigns to control malaria or other vectors of human disease
 
inHonduras 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 inselected areas through 1948. At that time, available chemical
 
weapons were limited to oil and Paris Green larvicides. Greater reliance wvas
 
placed on two more permanent control methods: draining and filling vector 
sources. Some of the lined trunk drains that were constructed in C'olo.eca 
during this campaign are still ingood coidition and functioning. ,Iiterest
ingly, both the VCD officials who pointed them out to the team and a local news
paper editor, who stopped to see what was happening, mentioned and Cave full 
credit to the joint U.S./GOH agency responsible for their construction.)
 

In1949, PAHO, UNICEF, and the GOH, through SCISP, signed a multilateral
 
agreement by which'the country began a combined malaria control and Aedes 
aegypti eradication program based on household spraying with DnT ancf-Me'admini
stration of anti-malaria drugs. Partial coverage was achieved ineach of the 
succeeding years through 1955.
 

In 1956, the GOH legally created the National Malaria Eradication Service
 
(SNIM), a semi-autonomous, vertically-organized agency under SCISP administrative
 
control. PAHO 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 1951, 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. Intheory, 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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Infact, for a number of reasons covered elsewhere in this report, the
 
1961 objective was never raached. Some areas were passed to consolidation in
 
1963 and 1964; some of these returned to attack and others advanced to consoli
dation in1965. Mass drug prophylaxis was attempted in sorrie 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 inAID grant funding inthe years 1963-1965.
 

In1964, a three-year 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), itwas already obvious that the funds
 
would be insufficient. The three-year program finally began in1967. An in
crease in the loan was approved in 1968. An external evaluation in1969 indi
cated that, nationwide, the malaria situation was, ifanything, 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 insecticide supply ran out in1974, spraying was
 
stopped, and malaria rates began to rise again. Hurricane Fifi hit the north
 
coast that year and AID provided some iniecticides as an emergency-relief
 
measure. When this supply ran out in 1975, 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.
 

In1978, 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, infact, for every
 
case reported in 1978, four additional cases went unreported. Ifthis istrue,
 
there must have been nearly 175,000 cases in1978, 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 SNE4 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 dengue virus has been moving northward
 
through Central America. From its slow, steady progress, itis,apparently,
 
being spread by overlapping host and vector populations and isnot "leap
 
frogging" (being transmitted by infected humans asthey travel long distances
 



Table 1
 

MALARIA RATES FOR HONDURAS*
 
1958 1978
 

Year Cases Cases/100.000 Inhabitants
 

1958 16,850 921.7 

1959 14,650 776.4 

1960 6,303 323.2 

1961 5,796 306.2 

1962 6,750 446.7 

1963 7,077 '349.7 
:196 ... 535.6': 

,196,4.. 6,66. ' 

'56,952 304.4 

1966 17, 172 724.8 

1967 .16,152, 660.6. 

'1968: 615,666i8.0' 

1969: "'29584, ,85 7 

1970 349537: 337.6 

1971 '48;586 '843.9" 

,1972, 18,651 694.2 

340.61973': :8,862) 


1974 7503 280.3 

1975 30,292., i;"10 

1976'. '48,804: 1,723.7" 

1977 39,414 , 353.4". 

1978" 34,606 01,00;1 

*VCD'19791 p'ogram submission to MOH.
 

*978 figures estimated by CDC/MOH epidemiological team
 
to reflect only 20% of actual cases.
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or transport accidentally infected vectors--methods of disease transmission that
 
always constitute a potential threat.) This wave-front, which isnow being
 
reported inMexican cities along the Texas border, caused a serious epidemic in
 
Honduras in1978. 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 aegypt in and around the 
urban centers. This operation, carried out by a"small unit inthe MOH, consisted 
mostly of ULV adulticiding and a minor amount of larviciding.
 

Thus, in 1978, the incidence of malaria inHonduras 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
lems not covered inthe 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 Dislon (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 programing a four-year oper
ation. The GOH has requested that AID assist the MOH informulating and funding
 
the latter program.
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II.:OBSERVATIONSAND 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, isgreat. There are various levels of endemicity of malaria in90.4 per
cent of the geographical area of the country; 87.4 percent of the population are
 
at risk. P.falciparum infections are particularly high inthe areas along the
 
northern Atlantic and southern Pacific coasts, indicating that transmission isvirtu
ally unchecked. As isusuallythe case with malaria, those most often and most
 
seriously infected are the rural poor, although inthe city of Choluteca sources
 
of Anopheles were observed also; these would readily support transmission to urban
 
areas as well.
 

Inthe 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 isof 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 inthis 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
 
isalmost total, largely as a result of overuse of the sprays inthe 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. Ithas been replaced by the Vector
 
Control Division inthe 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
 

vector
authority; and lacks many of the basic tools and supplies required for a 

control campaign.
 

Technical Aspects
 

Inthe 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 itcan no
 
longer support the disease. This method, which predates DDT by almost half a
 
century, isslower indemonstrating initial results; italso isopen-ended, unlike
 
the SNEM operation, which was scheduled as a one-time, eight-year project. Itis,
 
however, a proven method; the most striking examples of its effectiveness inthis
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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 (itneed
 
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 they transmit can be opened for economic
 
use. There isno reason why such an approach, properly applied and supplemented

by an efficient case-detection and treatment system, should not succeed in
 
Honduras.
 

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 ithas 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. Itisaccom
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 itrequires a study of
 
the specific situation. (For example, drainage of a swamp created by runoff from
 
rice culturing would be the indicated method, provided there was an outlet for the
 
water; however, farmers could hardly be expected to drain the rice field them
selves.)
 

Source reduction is the method of choice, where applicable, because itneeds
 
to be done only once per source; only minor maintenance infollowing years is
 
required.
 

Ifthe source itself cannot be eliminated or altered, the next best strategy

isto attack the larvae, when the mosquito population isstill concentrated and
 
has not begun to affect the human population. Ifthe 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 rathe-than the
 
larval density iscostly, 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 inCholuteca, where the sources are small, easily

accessible to spraymen, but almost impossible to inspect.)
 

The final line of attack isagainst the adult mosquito. This strategy isthe
 
least efficient, because the vector population has dispersed from the source and
 
a much greater territory must be treated inorder to control it. Its effective
ness isalso transitory, since large populations of vectors can fly into an area a
 
few hours after treatment. However, once adult mosquitoes appear innumbers in
 
populated areas, this is the only means of protection left, and itmay be the method
 
of choice against dengue and yellow fever vectors that emerge from a multitude of
 
small sources inurban areas. Modern ultra-low-volume (ULV) machines can be used
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efficiently to control adult mosquitoes, but thiy must be well calibrated and
 
correctly operated, which isnot currently the cise inHonduras. (See following
 
section on insecticide storage and use.)
 

As with larviciding, adulticiding should be applied inresponse to build-ups
 
in a vector population; itshould not be applied at scheduled cycles. A continu
ous census of adult vectors must be maintained inorder 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 incapturing mosquitoes.
 

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

Insecticide Storage and Use
 

DDT and propoxur water suspensions are still being used for household interior
 
wall spraying inthe Atlantic coast province, where the vectors are still suscep
tible to the chemicals. The VCD has long experience inthis 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 isan ample reserve of this material to cover program needs inthe 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 inany case.
 

Malathion, inthe form of ultra-low-volume mechanically-produced aerosol mist,
 
isthe chemical most widely used by the VCD for urban adulticiding treatments.
 
Correctly applied at controlled dosages and indroplets, this material presents
 
no hazard to humans. (See chapter on IEE and Apendices C-E.) However, inbulk,
 
the high (96 percent) concentrate used inULV application can be extremely hazard
ous ifhandled 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 islocated in a MOH hospital in Tegucigalpa.
 
(The exact amount was impossible to determine because of the manner inwhich the
 
barrels are stored; barrels of other insecticides are mixed inwith the supply.)
 
The barrel currently in use to fill the tanks of the ULV spray machines (LECOs)
 
ispositioned 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 isno 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 inuse. The soil under the barrel
 
tap issaturated from sptllage or leakage (there isa puddle of the insecticide
 
on the surface). (Apickup truck which had backed into the area to load
 
several drums of the insecticide bogged down inthe mud and had to be pushed out.)
 
The material isfreely accessible to hospital personnel, ambulatory patients,
 
and visitors.
 



-9-


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 inthe prepara
tion of malathion insecticides." VCD personnel had not noted the difference
 
and were using interchangeably material from bdrrels 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

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 inthe U.S., the material in the
 
barrels with a different marking isidentical.
 

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 isto
 
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 itdissipates, this cloud ismoved sideways by the
 
5 mph-lO mph wind to kill all flying mosquitoes inthe 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 inthe air.
 

Apparently, the malaria eradication technique of covering interior walls
 
with a residual-action insecticide, which will kill mosquitoes which repeatedly

rest upon it,isstill being used. The PATO adviser to the VCD has recommended
 
that the nozzles be turned 45 degrees to the right of the vehicle path so that
 
the insecticide isblown 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 isa truly thankless task at
 
4:00 a.m., and one which residents have refused to carry out.) The effect of
 
the wind isdisregarded. 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. Inpractice, the operators have insome
 
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 isdriven, 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 lost because the droplets coalesce
 
on the struck surfaces and run off. This wastes an even greater percentage of
 
the material, damages automobile paint, and introduces a human toxicity hazard
 
(see Exhibit B).
 

Epidemiology
 

Under the fomer SNEM, an efficient network of volunteer collaborators who
 
took blood samples of fever cases intheir 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 SNEM
 
operations ran down, the collaborator network deteriorated, and the measurement
 
of malaria rates suffered accordingly. The United States Public 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. Ithad 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 isideal in that it
 
permits complete concentration on the task at hand and isnot 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, programing, budgeting, I
 
and technical backstopplng is placed on the VCD. Operational responsibility
 
isgiven to the regional and area health offices and local health centers.
 

Intheory, the VCD's supply and transportresponsibilities should be delegated
 
to appropriate MOH administrative sections, and blood diagnosis to the 140H
 
Laboratory Division. Inpractice, this would almost double the workloads of
 
these personnel. It is planned to make the transition inthese areas gradually
 
over a number of years.
 



Exhibit B
 

Ultra Low Volume Aerial Application where aulomobiles,
trailers. trucks and pleasure boats are present I 

IMPORTANT NOTICE 

TO BE APPLIED ONLY BY TRAINED PERSONNEL OF PUBLICHEALTH ORGANIZATIONS. MOSCUITO ABATEMENT OISTRICTS ORPEST CONTROL OPERATORS. 

DIRIECTIONS FOR USE 

ADULT MOSOUITO CONTROL OVER CITIES. TOWNS. AND OTHER 

AREAS WHERE AUTOMOBILES. TRAILERS, TRUCKS AND PLEA. 

SURE BOATS ARE PRESENT: Aoply 2.6 to 3.0 Iluidounces of

CYTHION or MALATHION ULV oar acre. Aerial spraying should not
be atempteo when inewind ISat or above 10 mph or temperatures
are above 82"F. 

IMPORTANT-Undiluted Spray droplets ofCYTHION or MALATHION 

ULV will permanently damage vehicle paint finisnes unless the air.
cralt used tor in. ultra low volume application meets allof the $ae. 

cilications iisted below:
 
FIXED WING AIRCRAFT 
1. Aircraftis operated at150 mah ormore. 

2. There are no leaks in the ultra law volume spray system. 

3. 	Nozzles are placed on the boom at a 45' angle down and Into the

wind. 
 wind ' ::.• " 


4. Diaphragm check valves are used on all nozzles to Insure positive
cut-oel 01the spray. .• 


S.Dosage ofCYTHION or MALATHION ULV does not exceed 3 fluid 

ounces per acre. 


6. The spray system produces droplets of this product In the 50 to 60 mass medtan diameter MMOdmicron range. with no thanmore 
10% of the droplets exceeding 100 microns, as determined byreadings mace from microscope slides coaled with ORI.FILM* ot
TEFLONw. 

HEULCOPTER 
Equipment specifications 

1iS1.. Rotary nozzle equivlent to Beecomist Spray Head Asaembly 
Model No. 350 equipped with: 
a.adirect reading RPM tachometer or low RPM signal light readily . 

visible to operator; 
b.a stainless steel porous metal sleeve. 20: micron pore. size 

dynamically balanced to Ithe
nozzle; 

C,a diaphragm check valve as near to the rotary nozzle as posaibleto insure posittve cut offofIne spray: 
d.no zlo on-ol switch separate from mnin switch and pump

switch. 

2. Minimum no-loand nozzle speed of10,500 RPM. 

3. A continuous nonpulsating metered flow must be maintained by a 

variable speed metering pump equipped with*
 
a. a positive cut offvalve between tank and pump; 
b. a flow gauge or tachometer visible to operator: 
c. a pump on-otf switcn separate from main switch and nozzleswitch. 

4. Maximum flow rate o1 0.5 gallon per minute per nozzle. 

5. Rotary nozzle must be mounted behind and below the boom with

the sleeve direced toward the rear of the aircraft and parallel to

the ground ouring flignt. Nozzle must be positioned to minimize 

air turbulence and tI collection of CY1HION or MALATHION 

ULV Drcolets on mounting bruckels. feed lines, fittings, etc., or

*any part of the aircraft. 

Operating Procedures 
S.CYTHION or MALATHION ULV must Do prefiltered through a 10 

micron filter
priorto transfer intohelicopter lanK. A 50 mesh 
* stainless steel line strainer must ce installed in tn& pump feed line. 

7. Entire system. including tankir. bump. nozzle and filed lines, to be

used only foracplication cfCYTHION or MALATHION ULV.
 II 

8. Entire system must be inscected daily to insure that there are no 
leaks. 

9.Sleeve must be removed and cleaned immediately alter each use 
• by VaSning with hot ater and plowing dry from outside in with 


clean air.
 ':- "?:: .
 
10. Rotating nozzle muii be turned on and operating before turning 

on pump. For snul off. pump must be shut ftand, lines cleared
prior tostolpping nozzlerotation. " . 

"Trademarkof General Electric Company 
Registered Trademark of E. 1. duPont do Nemours & Co., in-.. 
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11. Dosage of CYTHION otMALATHION ULV aces not exceso 3 
fluid ounces per acre.

t2. The spray system must proouce aroplets *; CYTHION o, MALA-

THION ULV witn ) mass median diameter ltMOi jl less ;nn 50 
microns. with no more than 2.5-. of the dro2lets exceeding ItO 
microns, as determined ty readings mace frOm miCrOSCcop 21d1sCoaled with ORI-FLIM zrrEFt.ON. 

Ultra Low Volume Application 
NONTHERMALAEROSOLS
 

Applied by
 
GROUND EQUIPMENT
 

. IMPORTANT NOTICE
TO BE APPLIED ONLY BY TRAINED PERSONNEL OF PUBLIC
HEALTH ORGANIZATIONS. MOSCUITO ABATEMENT DISTRICTS
 

-'OR PEST CONTROL OPERATIONS. 

DIRECTIONS FOR USE 

Adult Mosquito Conlrol-For control of adult mosquitoes over a300-foot Swath with nonthermal aerosols of CYTHION or MALA. 
THION ULV using the following rates at tle inoicaled 'enicle 30c0s0: 
Vehicle Speed Flow Rate of MALATHION Maximum FlowRate per Hour Fluid Ounces per Minute Rate per Hour 

• " "I ': "".: " 1.02.0 tOto 2.14.3 fluidfluid ouncesounces 2 gallons, I gallon 

Adult Stable Fly Control-For controlled adult stable flies over a 3C0.foot swath withi noninermal aerosols of CYTHION or MALATHIONULV using the ultralow volume method, use Ine following flow rates 
at the indicated vehicle speeds: 

Vehicle Speed Flow Rate of MALATHION Maximum Flow 
Miles per Hour Fluid Ounces per Minute Rate per Hour 

2 ug

5 2.1fluid ounces I gallon 

ounces
4.3fluid .2 gglions
 

" . DROPLET SIZE 
The Mass Median Diameter (MMDI of the droplets should not axceed?'1 microns. The MMD isthe drop diameter wnicn divides the 
spray volume into two equal parts: i.e., 50% of the volume is In 
I. drop sizes below the MMD and 50% isabove the MMD. 

2. 	Spray droplets should not exceed 32 *microns in size. Three per
cent ofthe sPray droplets IS droplets out of 2001 can exceed 32
microns providing the MMO does not exceed 17 microns and nodroplets exceed a maximum of 48 microns. Lager Oroplels, whentransporedby natural aircurrents, impinge more readily on oOlecfs
 
in their pathway and will permanently damage automobile-type
paints. 

3. More than one-malf of the total spray mass must consist of drop
lets in the 6 to 18 micron range to achieve adequate dispersal ofinsecticide over a 300-foot swath. 

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

OPERATING EQUIPMENT 
Each Nontihermal Aerosol Generator used fordispersal of CYTHION 
or MALATHION ULV to control adult mosquitos must have minimum 
canability of produc:ng the oroplet spectrum described under DROP.LET SIZE. The initll- determination of Droplet size is made after the
unit is installed in a vehicle and prior to -isuse inmosquito control
operations. The.,unit should be rechecked as frequently as necessary
to insure trial croplet size is foreach oeratilon.proer maintained
Determination of Droplet size every two montns is usually sufficient if

the unit has oeen maintained in good operating condition. Equi;ment
 
manufacturer's instructions setting forthcleaning and maintenance of
tne unit must be followed. The unit must be inspected before each
 
operation to correct any leaks or obstructions in the spray system: to

detect whether the nozzle, hoses, or other paris are worn and need
 
replacement: to insure that the flow meter is properly calibrated: and
 
to determine that the Pressure recommended by the manufacturer is
being maintained. 

Flow Rall--must to regulated by accurate flow meter. 
-not greater than 1 gallon per hour at 5 mph or 2 gallons

per hour at 10 mph. 

Nozzle Direction-rear otthe vehicle. 
-upward at an angle of 45* or more. 

Vehldre Bpstil-,ot greater thaen 10 miles pot hour. 
V-.hut of spray equipment when vehiclerihouopr..
 

IMPORTANT-Spray droplets of undiluted CYTHION or MALATHION 
ULV will permanently damage automobile paint unless
all the conditions described and recommended in thislflll are met. 



Directions for Determining the droplet size of to %o:lain a reoresentative sdmile ct ins erosoi.i 

MALATHION Ultra Low Volume
 
nonihermal aerosols Ill.
Determination of CYTHION or 

MALATHION ULV Droplet Sizes 

A mlicroscooe with mechanical stage and an eyepiece micrometer arePerfmanen records of acthdroplet size deerminsllon mustbe kept uSed to determine the size of the individual aerosol oreooets. Prior tod made availab~le
to American Cyanamid upon request. taxing measurements. the divisions of the eyepiece micrcmeteran caibrled into microns mustby means of a stags micrometer. In t1e 

example represenled in Table I. droplets were measured 3t 4OOs
I. Preparation of Slides with DRI.FILM magnification. At that magnitication eacn division of ins eyepiece was
calibrated to equal 3.5 microns.
 
CYTHION or MALATHION ULV droplet sizes are determined by de
positing a samols of the on ar61sol 
 coated glass Siwe and measur- At least 200 drcplels should be measured. Usually this is easily acing the droplets under a nign-power microscope. Ordinary 3" x I' qemPlished on one slide. An accurate method is to measure alloro.
glass slide; must be coated with silicone (General Electric SC-87 lets that Pass through the micrometer scale as the slide is moved
DRI.FIL%) prior to sampling to prevent excessive spreading or ca- from one edge to the other bV using the mechanical stane. Measurealescence ofthe droplets. The slides are Donieo into a 10 percent solu* ments should not be taken along tne margins of tne slide. It s more

lion of DRI-FILM in toluene. drained "nd dried at acout 200*F. for c30
onvenient to measure in terms of the divisions at the eyepiece micro
minutes. alter whion they are dioped in acetone, allowed to dry and eter ann then ccnvert these divisions into microns.stared in a lightslide boa. Coating solution must be freshly prepared. The measurements converted into microns must then be corrected forDo not store coating solution because it will deteriorate. Slides are the amount of Spread that occurred on the slides. The CYTHION orlightly polished with a splt tissue belore using to remove any foreign MALATHION ULV spread factor forsilicone-coated slides is O.5partcles. Therefore. in Table I each division of the eyepiece actually equals 

1.75 microns (3.5 microns times the 0.5 spread factor).II. Depositio]n of!CYTHION or
MALATHION ULV Dro(]plets on Slides . The spread factor for TEFLON-coated slides is 0.69. The followingprocedure as given tarsilicone-coaled slides, would be the same for

TEFLON-coated slides once the value for each eyeaeceDroplets should be collected under ideal operating conditions to in. been determined. division has 
sure representative samplinq of droplets in the aerosol. A sample ofthe CYTHION or MALATHION ULV aerosol is deposited cn a slide by The measurements are tabulated and processed as in Table 1. Thewaving the slide as rapidly as possible perpendicular through the Maximum Diameter is calculated by converting the diameter of theaerosol cloud at a distance of 25 feet from tne Point of discharge. The largest droplet measured into microns. In Table 1, the largest dropletslide velocity may be increased by attaching it to a 3 or 4 toot stick by measured had a diameter of 19 eveoiece divisions. Therefore. themeans of a soring paper clip. At least two slides should be exposed Maximum Diameter is 33.3 microns (19x 1.75 = 33.3).
to insure an adequate sample. Store slides in a tignt slide box fortransfer to a location where measurements can be made. Avoid ex. To determine the Mass Median Diameter (MMD). the accumulatlvecessive heat during Iransit and store in a cool place until measure- percentages from the last column in Table I are plotted against thements can 0* made. eyepiece divisions (0)on arithmetic probability paper as in Fioure 1. 

Directly across from the 50 percent point onAlthougn label specifications require the aerosol nozzle to be angled the line is the mediandroplet size in eyepiece divisions which must be converted to miupward at 45' or more during operation, it is more convenient to posl. crone. In Figure 1. 9.2 eveoiece divisions times the conversion factorlion the nozzle parallel to ins ground fordroplet sampling. If this is of1.75 equals a Mass Median Diameter ]f16.1 microns. 

Figure 1. 
Percentaqe of the total volume of aerosol samples below each stated droplet size (from Table 1). The Mass Median Diameter Is determinedfrom the 50 percent point on the line. The Mass Median Diameter (MMD)= 9.2 divisions times 1.75 = 16.1 microns. 
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Exhibit C 
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Exhibit D 

ORGANIZATIONAL POSITION OF VECTOR CONTROL DIVISION
 

MINISTRY OF PUBLIC HEALTHI AND SOCIAL WELFARE 

PUBLIC HEALTH DEPARTME;T 

II 

VECTOR CONTROL REINLHEALTH HQ ADMINISTRATIVE 

(SANITARIAN III) DIVISION 
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!. . .,. , .,,~ - AREA HEALTH HQ 

(SANITARIAN 11) 
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LOCAL HEALTH CENTERS 

(VECTOR CONTROL AIDE) 
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Personnel and Training
 

The program's weakest area at this time is personnel and training. 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 little 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 responsibilities, 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. Fortunately, 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.



e traiing Vbe
courses have hdffp
 
' y-five aspirants started these' courses, but 

/ qitbeor ~oig o ork.•rThusm~ ony :69 of'h 
filled,irand 'the" trairing~n -Capability 'of these "-69 per'sons-,ar,,qe-t 6"b
 

One of: the reasontssforthsig ai rt atea
 

training were done In .the larger citieso, a endtthecolrgelyurban-dwellingstudent
".body was( not interested in.moving s p .... nry andsi~pl to 

: 
worki]rign, rura l1-area.. .'." *'Ia, 

Ninety-six1 ight motorcycles were purchased ;to'pro ideob'il tyio 0ACVs. 
with largdeteritories tocover',T These have' remiaInedd na ware-house,.becas 
none of th6 ACVs knows how'tooperate 'them.W"Alsoduring)te'tems"VisI150 
soldiers: were being trained .n house-spraying to provide a cycle:of coverage in 
the 'Atlantic coast regions, where thi ME methodistb,,works ;,Inorder-tO -train 
the,men inthis simple mechanical-technique;,which has been,.in-,user-in,Honduras: 
for years, it was necessary.to:bring' in a PAO adviser: from texi co;- He :had, to 1 
leave 'to attend to a more urgent problem: inanother-countryi. The•.course was. not
 
completed'
 

.;.
Equipment 


Except for the few uncalibrated ULV machines of the Aedes' gy program {j
 
and the remainder of the SNEM vehicle .fleet, manual sprayer-siandserology micro
scopes, the VCD isvirtually unequipped. Coastal islands,withhigh endemicity 
and large vector'populations are neglected because there isa lack of boats; Ca 
pickup trucks and Jeeps are inshort supply and poor condition; and entomological 
equipment isvirtually non-existent. There'appears to be'a-sufficient: supply of 
residual insecticides, but development of vector resistance could.render.these 
useless. The VCD has no drainage equipment and no equipment or supplies for FJ
collecting, rearing, and distributing vector parasites and predators. At-this
 
time, the need for and variety of equipment inthese categories are, unknown and
 
cannot be determined without further study of the situation.. ( 

.,.:.:-:, .:.. ::. -l.
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III. RECOMMENDATIONS !FORi VECTOR CONTROL. PROGRAM 



II. RECOMMENDATIONS FOR VECTOR CONTROL PROGRAM
 

1. A negative determination (acomplete Environmental Impact
 
Statement isnot required) should be reported inthe USAID/
 

Environmental
Honduras Malaria Control Project Initial 

Examination (IEE).
 

2. The Programmatic Environmental Assessment (PEA) of
 
Malaria Control Programs should be adopted, with the
 

standard method for
modifications noted, by AID as a 

making this determination. Appropriate AID personnel
 
should be trained in its use.
 

3. USAID should provide long-term (four-year) technical assisfulltance to VCD/Honduras that includes provision of a 

This will
time entomologist-adviser to the program. 


facilitate the reorganization and implementation of vector
 

control operations during the critical early years
 
(see Exhibit E,a recommended position description).
 

4. Short-term (a total of four months) technical assistance
 

should be provided by USAID for the purposes of organiz
series of vector control training courses
ing and teaching a 


for new staff of the VCD and of briefing existing MOH per

sonnel who will be assuming vector control responsibilities.
 

5. Short-term technical assistance shouldbe provided for
 

the purpose of preparing a country inventory of indigenous
 

potential parasites and predators of vectors.
 

local administrative
6. USAID should underwrite the cost of a 

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.
 

7. USAID should provide the following commodities: adulticiding,
 These
larviciding, and entomological equipment and supplies. 

commodities should be used initially in the personnel training
 

courses and then distributed throughout the country for use
 
A limited number of vehicles and boats should
inoperations. 


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.
 

8. Upper-level VCD personnel should receive out-of-country train

ing and have an opportunity to observe operating U.S. vector
 

-ontrol programs.
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Exhibit E
 

JOB 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.
 

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 inall 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 inpreparation of required AID programing and budgetary docu
ments, backstopping, and assisting short-term AID vector and/or malaria control
 
consultants.
 

The operating base will be located at VCD national headquarters in
 
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 inter
national organizations will be expected to resolve mutual problems.
 

Requirements
 

1. Degree(s) inentomology.
 

2. Experience invector control operations:and:training of
 
personnel.
 

3. Fluency inSpanish, or will ingness, and ability to learn.
 
the language before the assignment.,
 

4.'Ingood health and physically active:.
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Exhibit F
 

BUDGET SUMMARY
 
(4Years)
 

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
 
Determination (Technical Assistance) 245,000 166,000
 

Entomological Survey Equipment 27,100
 

Operational Equipment and Supplies 574,400 320,000
 

Subtotal $899,700 $625,540
 

TOTAL $1,525,240
 

Inadditlon to.these matching -categories,.MOH funding will. also cover all * 

payrolls, local procurement, etc... 

-22



TV".' FTFLB TFST OF PROGRAI4MATMC ENV IRONMENTAL ASSESSMENT, .
 



,IV. FIELD TEST OF PROGRAMMATIC ENVIRONMENTAL ASSESSMENT
 

Introduction
 

The Programmatic Environmental Assessment (PEA) of Malaria Control Programs
 
isauthored by Harvey I.Scudder and Fred C. Roberts under Contract Number
 
AID/SOD/PDC-C-0163, dated August 30, 1979. Itconsists of a one-volume manual
 
and a guidebook divided into four sections. The manual contains a series of
 
interrelated algorlth,,s supported by the guidebook, which provides resource
 
literature useful inmaking decizions inthe algorithms. The PEA is designed

for USAID mission staff to help them select the most effective methods of
 
malaria control with the least impa:t on the environment. Ifit is successful,
 
the PEA assists staff inselecting enough 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 in a "negative determination" inthe Initial
 
Environmental Examination (IEE).
 

The field test of the PEA was scheduled for Honduras following a positive
 
determination inan 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. Inlight of
 
these circumstances, and following discussions with the concerned officers in
 
the Honduras mission, itwas considered most practical to start the process again,
 
formulating a specific program and reissuing an !EE consistent with that program.
 

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

Testing Methods
 

The PEA was tested by three methods. First, itwas used as a supplemental
tool informulating the control methods to be used inthe Malaria Control Pro
gram. Second, itwas 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 section, AID/Honduras. " 

The PEA as a Tool to Select Control Methods
 

The selection of control methods'was, for the most part, based on the 
team's experience. The guidebook was extremely useful because it provided
specific and thorough-information on areas inwhich the team lacked experience 
or where supportive literature was useful. For example, a great'deal of useful 
information about natural and biological control of rice fields was found in the 
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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 inthe guidebook on the design and management
 
of reservoirs to prevent production of anophelines also proved to be valuable.
 

The guidebook was found to be lacking inthe areas of adulticiding and ultra
low-volume spray techniques. Also, some technical errors were found inthe
 
algorithms. Suggested corrections were written inthe 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 inWashington 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. Inthis 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 ihformation 
on insecticides and biological control agents. and on their impacts on thee"6nviron
ment.; 

... as a tool for an environmental review wasThe major, problem in using the PEA 
that it did not prescribe a clear method of documeniting the Aeisions- made in the 
algorithms. This was needed so that others could follow the logic.. 

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

Critique of the PEA 

Dr. Hyslop found the algorithms confusing, too complex, and too complete. 
He felt that there should be some point inthe 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 inpreparing the IEE. Itappeared 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 itwould 
be avaluable 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 
with 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 
inmalaria control. Even if itcan be simplified, itmay 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 isnot necessarily a shortcoming of the PEA itself. Ifthe 
document isoversimplified, 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 fill existing gaps. (ULV, adulticiding, EPA label infor
mation on insecticides, irformation on Anopheles species).
 

3. The few minor adjustments to correct errors found inthe
 
algorithms should be made.
 

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

5. A cross-section of technical, administrative,.and'programming
 
personnel inthe missions shouldbe:trained inthe use:of
 
the document. Its acceptance by these persons should be
 
reviewed.
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Appendix A
 

LIST OF PERSONS CONTACTED
 

USAID/Tegucigalpa
 

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 Evaluation Officer'
 

GOH/Ministry of Health/Vector Control Division.,,
 

Arturo Maradiago, M.D., Chief, Aedesae~gypti Section
 

Carlos A..Pineda, M.D., Chief, VCD
 

Luis Rivera, M.D., Chief, Entomology Section
 

GOH/MOH/Other Divisions
 

Juan de Dios Paredes, M.D., Chief, Sanitary Region 11 

Juan de Leon Paz, M.D., Chief, Evaluation 

GOH/Ministry of Renewable Natural Resources
 

Gustaro A. Cruz D., Biologist, Wildlife Department
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Pan mricanI ,Heal th Organl a on (& T 

Alberto Amat :S., Engineer,, Adviser to VCD/Malaria
 

SCesar Lizarzaburu, ANRO/Mexico, :Training Consultant 
 7 

Other Agencies and Commercial Suppliers 
 . ., 

Robert Taylor, Chief,: Vector BiolOgy and.'Control;"Divirsion, 
Bureau of Tropical Diseases, Center for.Disease Control, Atlanta 

R. E. Deems, Director, Agricultural Research Division,
 
American Cyanamid Co. .
 

Richard J. Nielsson, Director, Latin Amerci/Far EaSt-Plant
 
Products Research and Development, American Cyanamid Co.
 

Howard Barker, President, Environmental Aviation Services, Inc.
 

William C. Suter, Export Agent, Loundes Engineering Co., Inc. (LECO)
 

Ben Rainville, Export Sales Manager, Wellcraft.Boats.
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.DOCUMENTATION',,AND,'CALLULATIONS'OF-F'QkESEEAB'LE.,EFFEC'TS',OF 'THE
 
PROJECT,'CO.MPONENT-ON. THE HUMAWENVIRONMENT, 



Appendix B
 

ADDENDUM I
 

DOCUMENTATION AND CALCULATIONS OF POSITIVE FORESEEABLE EFFECTS OF THE
 

PROJECT COMPONENT ON THE HUMAN ENVIRONMENT
 

Positive Effects
 

1. Prevention of more than 3,650,OOman-days of incapacitation per
 
year.
 

I
The 	populationof Honduras inmalarlous areas totaled 2,670,000 in
 
1977, representing 91 percent of the total population inthat year (Cox and 
Weissfan, 1977). 'The'current rate of malaria cannot be established because 
of the marked decrease insurveillance 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 appreciation of the magnitude of the incapacitation caused by mlatria 
can be gained by making the following assumptions: 

a. The estimate by malaria control specialists of.173,030 cases of
 
malaria in 1979is reasonable.
 

b. An estimated total of 138,424 cases went untreated (173,030 cases 

34,606 treated cases = 138,424). 

c. An untreated case of malaria would beexpected to incapacitate
 
an individual for 28 days in a year (assumtng an aVerage of 14'"days
 
in the initial attack and at-leastonerelapse of,14 days) (AID,
 
1977).
 

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
 
isa 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
 
level attained in the intensified efforts of 1973-1974, which means
 
the number of cases would be reduced to about 8,000/year (Ministry
 
ofPublic Health and Social Assistance, 1979).
 

f., 	The project would reduce days of incapacitation to 224,000 man-days 
per year (8,000 cases x 2 days incapacitation = 224,000 man-days of 
incapacitation (MDI) inone year). 
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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 level 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 MDI 

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
 
isexpected 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 ina
 
year isalso likely 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 inthe years beyond that of the initial.,
 
attack.
 

2. Creation of valuable human resources,,by training malaria:icontrol
 
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 methodologies,.physical control,
 
etc.). These trained individuals will become the foundation on whichran
 
effective long-term malaria control program can be built.
 

3. Prevention of the expansion of malaria or higher malaria rates
 
accompanying hydroelectric projects, irrigation,' or other water
related development.
 

At least one hydroelectric project is being planned for Honduras in
 
the near future. This would create a large reservoir in the area of El
 
Caj6n. Reservoirs of this kind can create extensive areas suitable as an
 
aquatic habitat foranopheline mosquitoes unless proper preventive measures
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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
 

some
components (predatory fish and insects) already known to exist in 

local rice fields.
 

4. 	Phasing out of interior wall spraying 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).
 

5. 	Reduction of existing risks of insecticide poisoning by upgrading
 
safety procedures used in the storing, handling, and'application
 
•of..insecticides used in the malaria control program,;
 

The program would train and equip the MinistrYto-store, mix, handle,
 

and 	apply insecticides in a safe manner by:'
 

A. Upgraling existing procedures for insecticide storage ana mixing: 

1. 	 Use of protective clothing (mask, gloves,. etc.) 

2. 	Equipment cleaning procedures
 

3. isposal techniques
 
4.-Restrcted accessto and contro. of insecticldework area.
 

5.Showerand hand-washing eq mt,
 

6.,-Emergency procedures 

7. 	Insecticide-testing procedures
 

'8.- Hazard characteristics of each insecticide and special handling
 
-..and.,;mixing requirements
 

9. 	Ingestion hazards.
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B. 	Upgrading existing larviciding and adulticiding proceduresL
 

1. 	 Use of protective clothing 

2. 	 Emergency procedures (field).: 

3. 	Label requirements (or special requirements)

4. 	Calibrationof application*equipment
 

5. 	 Pre-treatment sampling (larval densi ties""bibl'OgicaI contro1)1 

6. .Treatment decisions
 
7;- :P6: : n detecting. feld fail ies 

7., Pot-treatment sampling,: (dtctn- fil.falrs 

8.-	 Non-target cohsidei~itio s:* (drift hazards,.. etc,'). 

C.. 	 Informing medical staff to provide emergencycare to empioyees or 
cit'iz'ens as specified. mrec ae oepoeso 

D. Upgrading'ex"isting facilities (provide showers, hand-washing
 
facilities, limited access where required).
 

E. 	Conducting continued training and review.
 

F. Establishing baseline cholinesterase tests for employees.exposed
 
"
 to organophosphate insecticides and requiring routinetesting.
 

6. Reduction of disease and discomfort'in the human population-now
 

caused by biting and disease-transmitting insects.
 

The current p,ugram 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 cohabiting mosquitoes, as well as the
 
anophelines. The adulticiding by ULV would be expected to reducc numbers
 
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, yellow
 
fever, encephalitis, and chagas.
 

7.1 	Indirect effects by avoiding 3,650,000 man-days per year of
 
incapacitation due to malaria
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i-a.r Net annual income would increase.
 

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 ingeneral. 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 individual income and productivity.
 

b. Medical costs to society would be reduced (associated with 138,424
 
fewer cases of malaria).
 

Ifthe malaria programs were to treat detected cases of malaria
 
and ifthe number of cases predicted previously actually occurred
 
(138,424 cases), labor for diagnosis and treatment would be re
quired tocure this level of case load. Drugs, transportation,
 
and facilities would also be needed to support a radical cure
 
program. Also, ifthe individual chose to cure himself, he would
 
incur the costs associated with obtaining the drugs.
 

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

c. The demand on the general health delivery systems would be reduced.
 

Inthe 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 regional'
 
health care centers where malaria would be prevalent.
 

d. Productivity of the educational system would be increased by In
creasing teacher and student attendance.!
 

The Government of Honduras is now beginning a campaign to increase
 
its current literacy level. The current rate of literacy in Hon
duras.is reported at 42 percent (Ministry of Health and Social
 
Assistance, 1979). Since 47.9 percent of the population is 14
 
years or younger (AID/Honduras Mission, 1980) itcan be expected
 
that 47.9 percent of the 3,651,873 man-days of incapacitation 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.
 

http:duras.is
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ADDENDUM II
 

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 whereinterior 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
 
impinge upon ,irregular surfaces of small insects.
 

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
 
low 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 55 grams (Oral LD 50 = 1000
 
mg/kg; lethal dose of 55 kg person = 55 kgs x 1000 mg/kg = 550 mg/l00 mg/
 
1 g = 55 g). This potentially lethal dose, which would have to be ingested
 
to cause mortality, is dispersed by the previously described ULV methods
 
into a volume of approximately 1,070,000 ft3. (1oz/35g x 55g = 1.57 oz
 
lethal dose; 1.57 oz/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 height of 10', the volume would be distributed to (328)2 x 10 
:1,075,8401ft3.) ' 

-

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 lbs AI/acre. The insecticide is only
 
moderately toxic with an oral LD 50 of 1000 mg/kg to 1,650 mg/kg. The
 
Insecticide 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).
 

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 IIL
 

DOCUMENTATION OF FORESEEABLE EFFECTS,!OF THE PROPOSED,,
 
PROJECT COMPONENT ON ORGANISMS.INTHE 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). Iftis likely that one
 
or more species of these native fishes will possess the desirable character-'
 
istics to be utilized as useful biological control agents in the malaria
 
control program. Production of anopheline mosquitoes inmany 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 isincreased and, insome cases, an additional trophic
 
level isadded to the system.
 

Although the IEE isnot requesting clearance for these procedures 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.
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ADDENDUM IV
 

DOCUMENTATION OF FORESEEABLE EFFECTS OF THE PROPOSED
 
PROJECT COMPONENT ON ORGANISMS INTHE 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 arvicide (abate) and ULY adulticide,
 
(malathion) may reduce numbers of these predators.
 

Strict procedures are outlined in the mitigation measures toavoid
 
direct mortality to beneficial insects or disruption of natural biological]
 
control (see mitigation measures).
 

Both abate and malathion insecticides degrade in the environment with 
no evidence of bioaccumulation (AID, 1977). 
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Appendix C
 

Health Sector Project
 

IMPACT IDENTIFICATION AND EVALUATION FORM
 

CHECKLIST
 

Impact
 
'dentification 
andEvaluation1_
 

Impact Areas and Sub-areas: 

A.... LAND :USE. . 

1. Changi ng the character of:-the land- by:-':> ! '

a. Increasing the population,.,. . . . . . . . ,,N 

b. Extracting natural resources ..-.. .. "'- • " N 

c. Land clearing. .. . . , .. N 

d. Changing soil character. • . . . N 

2. Altering natural defenses. .... . . -.. . N 
. .3. Foreclosing important usesV. .. *a * N 

4. Jeopardizing man or his: works......... .
 

5. Other factors
 

!/Explanation of:Symbols ' N - No environmental impact 
L rittle environmental impact

M 
-
- ]Riirte environmental impact 

H - High environmental impact 
U - Unknown environmental impact 
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IMPACT IDENTIFICATION AND EVALUATION FORM
 

B. WATER QUALITY
 

1. Physical state of water ...... * . N 

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

3. Ecological balance . . . . . .. . L (see Part II)
 

4. Other factors
 

C. AtOSPHERIC
 
>*  :Ai r..addi ti::lvds ... N 

2 iISpollution. " .. . N 

3. Noise pollutivon.. .. . . ,\.,-. N..N 
4.' Other factors; 

D. NATURAL RESOURCES
 

1. Diversion, altered useo 'fwater.' ,o . .. L ,(see Part III) 

2. Irreversible,',..Inefficient .commitments. N 

3. Other factors
 

E. CULTURAL
 

16DO .... .0. - :. - .... . . . .-Al
1.. Atering physical symbols. ... .. . . N 
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IMPACT IDENTIFICATION AND EVALUATION FORM
 

E. CULTURAL (continued)
 

2. Dilution of cultural traditions . ...... . . . N 

3. Other factors
 

F. SOCIOECONOMIC
 
H (See Part III,
 

1. Changes ineconomic/employment patterns............. 1, 2, 7)
 

2. Changes inpopulation. . . . . . . .. , .. N 

3. Changes incultural patterns . ,. , . . N 

4. Other factors
 

Gii ii
 

G, HEALTH
 

1.hanginig a niatural, enironmet. . * _____ 

2. Eliminating an ecosystem elmnt . . . .. ,. N
 
3, other factors
 

ReducedMalariaRates .. H (see Part III-)
 

H. GENERAL 

1, International impact . ... , .: *>,.. . N 

2. Controversial impacts.. , , . . . . N 

3. Larger program impacts. , . . , .... N 



~ 2NATIENTIFICATION AND EVLUT
 

H EERAL (contnued)'
 

4. ,'Other factors., 

J4 

0-OTHER"POSSIBLE IMPACTS, (not--listed above) 

__ _ __ _ _ _ _ _ _ __ _ _ _ _ _ER 
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Part,I 

S':" :: INITIAL -NIONMENT L.EA IO 

Project Location:. . .. HONDURAS 

Project Title:, HEALTH SECTOR 
(522 0153) 

F.ni .$8.0 ' Miliop Total 

Fudn:6.0 Million Loan.,' 
2.io Grant'
 

FY 80 $4.34 Million
 
FY 81.-$3.66"Mi1ionIt i§0 983" ' 

4 Years,.198-1983
Life of the Project: 


Malaria Control Section
 
Prepared By: John Stivers
 

Consultanti,:APHA
 
Fred C. Roberts.."
 

Consultant, APHA
 

Lawrence J. Klassen
 
Assistant Capital
I' Development Officer
 

Date: June 5, 1980
1J' 
Threshold Decision:
 

a. Recommendation: 

.Negative Determination
 
(Full Environmental Impact Statement Not Required),"
 

b. Concurrence: 

, .DATE

oleson'M1ssionDiectors. USAID/Ho'ura1. ', . 

" " '*I .. 

I 
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Part II
 

DESCRIPTION OF THE PROJECT COMPONENT
 

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 ultra-low-volume (ULV)
 
spray equipment using malathion insecticide.
 

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

3. Cooperative planning efforts to prevent vector sourcesthat
 
might otherwise be created as a byproduct of development

projects (highways, hydroelectric projects, etc)
 

4. Recognition of existing natural control of the-vectorsand 
employment of methods to enhance natural control and toiin
troduce biological control. 

5. Physical modification or elimination of the aquaticsiources
 
of the anopheline vectors.
 

* An acceptable16velof malaria is considered to be that level of malaria 
that can be'effectively detected and-cured without detrimental impact-on
 
other health programs.
 



ce the m
Thegintegratedprogramodb would red igr. io t& t y edfo 
* o 'sing 1 inisectidides' (nubrs 

' 

srfnndiate employment shbrt~term" -methods ..

1adaove.- These- measures wouldbi supatd adpsilr lced,

byln-emmethd as:he.program evolves (nmbers 35aboVe),. ',Themin-" 

tegrated program would, be~expected eventually ,.to phaiseo'it,,thejtfeed.4'..,wall"spraying (DOT and Baygon)and" for the asszd.. programs, 

now being employed. " prophyla'.s 

The initial environmental analysis has been accomplished by.a procedure
 
titled the Programmatic Environmental Assessment of Malaria"ControlPrograms
 
(Scudder and Roberts, 1980). Two insecticides have been.reviewed by the
 
process: abate, to be used.as a larvicide, and ,Malathion, to be,used as a
 
ULV adulticide"-'As the vector[control: prog iamils further.developed, selected
 
chemical , biological, and physical, control methodologies will also require
 
environmental' review. 'At that time, an env ronmental deterination (posi
tive or negative) will be made by the field adviserusing the programmatic
 
assessment methods (see attached algorithms), which will be reviewed as re
quired.
 

'L "' 
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Part III
 

IDENTIFICATION AND EVALUATION OF
 
ENVIRONMENTAL IMPACT,
 

ReasonableForeseeable Effects of the Proposed Project Component on the
 
HumanEnvironment - Nature, Scope, and Magnitude
 

Positive Effects
 

proposedproject component, if successful 

positive impaction the human environment. The following is a'list of'posi
tive effects; scope'andmagnitude'are'described Where possible (seePart I
 
for'calculationsand documentation):
 

nThe will havea'substantial
 

1. The project component would prevent theloss of more than 3,640,000
 
man-days of incapacitation because of malaria.
 

2. The project component would create valuable'human resourcesby
 
training malaria control specialists to function as an integral
 
part of the general health delivery system.
 

3. The project component would prevent the creation of endemic foci,.
 
or higher malaria rates,that could accompany hydroelectric pro
jects, frrigation, or other water related developments.
 

4. The proposed project component would reduce risks associated with
 
insecticides and drugs by phasing out the household spraying (DDT
 
and Baygon) and mass drug prophylaxis now employed insome areas
 
of Honduras.
 

5. The project component would decrease the existing risks of insect
icide use by upgrading safety procedures used in the storing,
 
handling, and application of insecticides in malaria control efforts
 

6. The control of vectors of malaria by the proposed project component
 
would not only result ina reduction of malaria rates,'but should
 
also significantly reduce other vector-borne diseases and discomfort
 
inthe human population now caused by biting mosquitoes..
 

7. Numerous positive, indirect 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 would increase'as'a~result of avoidance of
 
incapacitation by malaria,, therebyincreasing general produc
tivity.
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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 I,
 

.easOnabl e Foreseable- Effects 'of teProposed !Project Component on 
",Orgaisms-intheiBi'osphere ..-

Positive Effects
 

1. Numerous aquatic habitats characterized by simple and truncated 
food webs and high production of anophel ine mosquitoes Will be 
diversified by the addition.of predatory fish indigenous' to 
Honduras. (See Part III.), 

Negative Effects
 

1. Application of malathion at ultra -low volume (ULV) to control
 
adult anopheline mosquitoes may reduce numbers of benefic.ial in-"'
 
sects (bees, adult dragon flies, hymenopteran parasites, insect
 
predators, etc.) (See Part IV.)
 

,
2. Applications of abate as a larval insecticide to control anopheline
 
larvae in the aquatic habitats may reduce levels of cohabiting in- : !
 

sect predators, causing disruption of natural control'., (see6
Part::'.,'

IV.) .
 

Mitigation; Measures-

1. Strict procedures will;be established in the project component to
 
Sensu e:that preventive measuresare taken before ULV is applied.
 

http:addition.of


S survey o6fthe target area to' detect:domesti c ora ric~u 
~beekeepi g facilitie6s. ">~r*~.~.~ 

b. 	 A survey of the target area' to determ ine th , eneral level f
 
beneficial and pest insects.,.
 

c. 	 Systematic warning to bee-keepers inthe target area to-pro
 
tect or~remov their b~e colonies.' 
 > 

d. 	Periodic.surveys..of indicator species1in the target area to
 
detect significant increases inpest insects "or decreases in
 
beneficial insects associated withthe application of ULV
 
malathion.
 

2. 	Training will be conducted andoperational procedures established
 
to enable operational personnel to-detect and measure the natural
 
control of anophelines that may.be provided by insect predators in
 
the larval sources. Inthis way, the operational personnel can
 
avoid applications of abate larvicide that might,disrupt signifi- f)
 
cant natural control being accomplished by insect predators. 	 ,
 

...................................... ....... ,.......,.... :........b
....... ... ... ... 

1 
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Part IV
 

RECOMMENDATION FOR ENVIRONMENTAL ACTION
 

A negative determination isrecommended 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
 

II. Targets: Anopheles quadrimaculatus_, An. crucians, An. freeborni,
 
An. albimanus, other mosquitoes.
 

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

sewage-settling tanks.
 

IV. 	Feasibility Factors:
 

A. Enhancement Methods: Used in conjunction with an insect growth
 
to 100% and enhances recycling
regulator, Altosid, enhances kill 


of-mermithids (Finney et al., 1977); control reduced in sites with
 

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

B. 	Stage inWHO Scheme: Completed Stage V (Laird, 1977).
 

C. 	Establishment Potential: Recycling possible (Levy et al., 1979).
 

D. 	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
 

Willis, 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 21OC-33°C.
 

43.8 	percent 66.7 percent parasitism
E. 	Level of Effectiveness: 
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,"
 F. 

Fairfax Biological Laboratory, Clinton Corners, New York (Laird,
 

1979).
 

G. Mass Rearinp Technology: In vivo rearing, six days; in vitro,
 

six weeks (Laird, 1977).
 



H. Application' ethods: Readi.ly. adaptable to current moSq'
 
controtechnoogy (Platzer, 1979 aerial or ground spray
 
systems usable (Levy et al., 1977,
 

I. 	Field Detection Techniques
 

J. 	Other: Product viability problems :remedied by.-Nutrilite
 
P-riucts, Inc., Lakeview, California (Laird, 1979).
 

V. Environmental Impacts:
 

Completed WHO five-stage scheme (Laird, 1977); specifically
parasitizes only mosquito larvae (Platzer,1979) :establshes
 
(Levy et al., 1979); virtually hostspecific'for mosquitoes (Levy

and Miller, 1977); non-pathogenic to rodents, fish, and aquatic

crustaceans; cases of association of mermithid larvae with man
inmouth, urinary passages and faeces, but none found intissues
of man (Brown, 1974).
 

VI. 	 Environmental Indicators
 

VII. References:
 

Brown, 1974; Finney et al., 1977; Laird, 1977; Laird, 1979; Levy

and Miller, 1977; Levy et al., 1979; Petersen, 1978; Platzer and
 
Stirling, 1978; Platzer, 1979; Washino and-Fukushima, 1978.
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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 anophelines.
 

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

IV. Feasibility Factors:
 

A. 	Enhancement Methods
 

B. 	Stage in WHO Scheme: No indications that tests have begun.
 

C. 	Establishment Potential: Potentiai for establishment high in
 
sources with favorable ecological parameters, will not establish
 
in presence of piscivorous fish (Bay, 1972).
 

D. Ecological Requirements: Requires relatively warm waters,
 
demonstrates high pollution tolerance (Bay, 1972).
 

E. 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 (Mallars and Fowler, 1970).
 

F. 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 obt&ined from commer
cial fish suppliers.
 

G. Mass-Rearing Technology: Reproductive rate surpasses Gambusia
 
(Mallars and Fowler, 1970), suggesting cultural methods similar
 
to Gambusia can be used.
 

H. 	Application Methods: Collecting, rearing, and stocking methddS
 
Would be similar to those of Gambusia (Sholdt et al., 1972).
 

I. Field Detection Techniques: Aquatic or dip nets, minnow seine
 
nets, and fish traps may be used (Sholdt, et al., 1972).
 

j8: 	 Other 



~May ;t- conipete native fishesjbut wil11.not establ ish itself,
'presence of.p scivo ay 17;ube N.ut 
.. polution pobl"ems thatareihwith Intemittent or permanent 
tolerable to .other fish.''' 

VI. Environmental Indicators:
 

Presence of non-piscivorous fishes occupying similar niche may
 
result incompetitive displacement.
 

VII. References:
 

Bay, 1974; Mallars and Fowler, 1970; Scholdt et al., 1972.
 

,.V-': . :'
..




kppenaxli 

BIBLIOGRAPHIES
 



I 

...... 
 ....
.......
..
.....


'Analysis of the Public Health Sector"inHonduras "U.S. 
 'Agency for-,
 
International Development, Honduras Mission, Tegucigalpa,

Honduras, C.A., 1980.
 

COX, Karen, M.and Julie Weissman. Honduras Health Sector Review.
Department of Health, EdUcation and Welfare, Public Health
U.S.
 

Service, Office of International Health, 1979.
 

.... -CRUZ DIAZ, Gustavo A. Personal Interview. Tegucigalpa, Honduras, C.A.9
General Management of Renewable Natural Resources, 1980. 

Environmental Impact Statement on the AID Pest Management Program (2Vols.).

Washington, D.C.: U.S. Agency for International Development,

Department of State, 1977.
 

."Information About the Programs of the Division of Epidemiology."
 
Tegucigalpa, Honduras, C.A.: Ministry of Public Health and
 
Social Assistance, 1979. (InSpanish)
 

MARTIN, Michael. A Bibliographic Analysis of the Freshwater Fishes of
 
Honduras. A doctoral dissertation presented in June 1972 to
 
University of Southern California, Los Angeles.
 

SCUDDER, Harvey I. and Fred C. Roberts. Programmatic Environmental Assess
ment of Malaria Control Programs (2Vols.). Washington, D.C.:

U.S. Agency for International Development, 1980.
 

G
44 



G-2 

CHATER 24.0 BIBLIOGRAPHY AND REF CMUO_

(From Programmatic Environmental Assessment Guidebook)
 

SECTION 24.1 - Literature excerpted: 

AID, Department of State, 1973. (Section 2.0)* 
AID policy on malaria programs. AIDTO Circular A 733 of July 3, .973. 
Agency for International Development, U.S. Department of S te,
 
Washington, D.C.* 6 p. (mimeo).
 

AID, Depaxtment of State, 1977a, (Sectic .-7, 11.50, 11.62, 
 11.646, 7 

116,11.90, 11.930(M. IL-22621.3)
EhvL-onmental impact statement on the AIDpest management program. 
Vol. I - EDvironmental impact statement. XXI + 369 p.; Va.. 2 

p dcgs" 381 po 3.*S Agency oc International Development,
 
Department of State, ashir4ton, D.C.'. (May 13, 1977).
 

AID, Department of State, 1977b. (Section 2.0(3), 
 .7,11.0, 11.62, 11.62: , 

11.63. 11.64S 1_ O.. ,g 7 
Asia Bureau malaria strategy study. Published for U.S. A.:.D. by Amer, 
Pub. Health Assoc., Washington, D.C. 93 p. + 8 annexes. (%'aper). 

A14CA, 1979. (Section 11.0);
 
AMCA policy statement 
 on mosquito control. In: AIN0A Newsletter 16: 
(inside cover page). (May 1979). Amer. Mosquito. Control Association, 
Fresno, CA. ii + 4 P. (Paper). 

Andres, Lloyd A.1 and Bennett, Fred D., 1975. (Section 11,626r, 11.6.46i) 
-Biological control of aquatic weeds. Annual Review of &tomology. 
201 31-46. Annual Reviews, Inc., Palo 41to, California. 

Arata, H.H., t977. * (Section 1i.641) 
The developing role of icrobiological agents invector control.
Ekperientia /(i) 1 125-130. 

* Location of excerpt in a section of the Guidebook. Undorlinir.- re;rozeL.z 
an actual copy; where more than one excerpt is used in a section, the
 
number of excerpts is shown as ( - ). 
-

http:116,11.90


G-3
 

.Axtel, Richard C., 1979. (11.10) 
Principles of integrated pest management- (IFM) in relation tc mosquito 

control. Mosquito News U (4) 709-718. 

8agur, J.D.1 Thompson, John R.1 Stephens, Cene; and Woods, Barbara L°, 1977.
(24..o) 
Impacts of mosquito control practices. Report F S/OBS/76-22. A
 

bibliography. Biological Services Program, Fish & Wildlife Service,
 

U.S. Department of the Interior. V + 97 p. (Paper). 

Balling, Steven S. Stoehr, Tacy; and Resh, Vincent H., 1979. (1i.627) 

Species composition and abundance of fishes in ditched and unditched 

areas of a San Francisco Bay salt marsh. Proc. &Papers, 47th Annua. 
Conference. California Mosquito & Vector Control Assoc. (January 1979). 

P. 88-89. 

Bay, Ernest C., 1972. (11.646) 

Mosquito fish - a controversial friend to mosquito control. Pest 

Control 40 (12): 32-33. (December 1972). 

Bays 	E.C., 1974. (11.642) 

Predator - prey relationships among aquatic insects. Ann. Revidw 
of Etomology Ili 441-453. Annual Reviews, Cnc., Palo Alto, Caliornia. 

Bazelon, ravid L., 1979. 10.) 

Risk and responsibility.. Science 205 (44,03): 277-286. (20 July 197,). 

Belkin, John 'r., 1954. (7-09.3.6) 

Simple larval and adult mosquito indexes for routine mosquito contro. 

operations. Mosquito News 14 (3)1 127-131. 

Biological Control Committee, California, ,osquito Control Association, 19"?. 

Status of Biocontrol in Medical EtoiMlogy. Bio Briefa-Lb 3 
California Mosquito Control As'dociatiorj Inc. 

Bishop,.L,9&7
Edeci (136q hof-' 11.937)DD.OsPrtII 


'±~ects of D .moqui.o larviciding on wildlife. Part III. The 
-effects on the plankton population of routine larviciding with DDT. 
U.S. 	Public Health Reports 62 (33): 1263-1268. 7 fig. 



G-4
 

prowT, A.W.A., 1974. (11.6LL63 ) 

The safety of biological agents for aithropod control. WHO Chronicle, 

281 26t-294. 

Bro.,, A.W.A,, 1978@ (ti.936, ti .937) 

Ecology of pesticides. 525 p. John Wiley & Sons, Wiley-Tnterscience, 

New York. 

Buckley, Paul A.; and Buckley, Francine G., iyyo hevised. (I ,
: "" I1.6273T-


Guidelines for protection and management of colonia.ly nesting water

birds. (Monograph). North Atlantic Regional', Office, National Park 

Service, Zoston, Mass. VI + 55. 

Case, Ted J. and Washino, Robert K., 1978 .(i.936) 

Efe'cts of the growth regulator methoprene on,Culex tarsalis and 

non-target organisms in California rice fields. Mosquito News 38 (2): 

191-196. 

Cmse, Ted J.; snd Washino, Robert K., 1979. (11.647) 

Flat.orm control of mosquito laxvae in rice fields. Science 20 ("'4.5)1 

l412-14. 

Chapman, haold m., 4974. 

Biological control of mosquito larvae. Ai;u.ual*Review of Entomology, 

19, 33-59. Annual Reviews, Inc; Palo Alto r.nlaforn! 

Chapman, H.C., 1978. (.4 

What mosquito control 'districts might iant to 'iow about biologi' 

control. osquito News L8 -(4)".459-461' 

T., .CMxistopher, Gigsby.S.; and Bowden, Nicholls 1,957. (i626C) I

Mosquito control in reservoird .....by.sater level.miAfement Mosquito ; 

e'273-277. (December 1957).
 

Clark, L.R., 197u.
 

Analysis of pest situations through the life systems ,ap-Toach. 

P.45-57, In: Robb, RL.I and Cutllie, F.E. (Editors), 1970.
 

Concopts -oil pest management. 1Poceedinis of Conference, Mrch 25-27,
 

1970 at North C.orlina.State -University. Raleigh, N.,. Ui + 242 p.
 
* (Paper)., 

http:colonia.ly


Courtenay, Walter R., Jr.i Sahln, Harry F.; M.ley, Woodard W., "I and 
Herrba, avid J.,r 

:Exotic fishes in fresh .;d 1%,ckish waters of lorida. Biol. 

Conservation o (4): 292-':2, 

Factors in the eliminatioh e- th immatuze stages.of Anovhqles 
ouadrimaculatul say in a water level fluctuation cycle .. Amer. Jour. 
of Hygiene, 5.(2)t 207-235.
 

Darsie, Rich.rd F., Jr.; and Springer, Paul F., 1957. (11.626C, £1.62 .H) 
Three-year investigation of mosquito breeding in natural and 
impounded tie! marshes in Delawire. Bull. No. 3_0 (Technical). 
University of :elaware, Ag. cExp Sta., Newrark, Delaware. 65 p. 

Biological contcls i xasites and rredators. P. 285-297, in, 
National Resegach Countil National Academy of Sciences, 1972, 
pest control -stralegil for the future. (Symposium held April 
14-t6, 1971), 110 AS, as1.rington, D.C. VII + 376 p. 

Irbckson Arnold 3.,'i97, (ILL36, 11.737) 
lefectS of DDT mosqUito laVicl d:ng \6n vildlike, ?art I. ta'e6ts 
of otbtine airplane ldiovididi - n bird' and ammal populatioI,, 

U 6 Pblic IHealth Reports gt2 • -o2. 

EVidrOhental 4m'act A essmen., Princiles and appiications, 

Academic Press, ,1te, York,', 395 p. 

1.V'iihtj 1"? LdUiset and van ad Bosch#. Robert, 1977. ( t2, 11,- (a),:U,626Pj 11.634, 11.917) 119126 g:" 

A sOtide book on integrated pest managetento Report on research gant 

by Office of Education, O'fich of Environmental Education, DHEW, to' 

hterdfational Center for Integrated and Biological Control, University 
of California, Berkeley: 392 p. (Paper).
 

Fontaine, Russell E.1 and Schaefer, Charles H., 1978. (21.0) 
Integrated pest ranagement research: mosquito control. Califoraiia
 

Agriculture 3. (2): 29-31. (February 1978). 

http:stages.of


G-6
 

Efunk, Anthony M.; and Sjogren, Robert D., 1978. (11.936) 
Effect Uf temephos and chiorpyrifos on crustacea. Mosq. News 18 (1):
138-9. 

Frank, Peter A., 1972. 	 (11.9!6, 11.937)
 
-H erbicidal residues in aquatic environments. P. 135-148, in: 
Gould, Robert F. (Editor), 1972. Fate of organic.pesticides in
 
the aquatic environment. Division of Pesticide Chemistry Symposium, 
American Chemical Society, March 29-31, 1971. Advances in Chemistry,
 

series III.- ACS, Washington, D.C. VIII +-280p. 

Gehlbach, Frederick R., 1975. (10.0, 11.6271) 

Investigation, evaluation, and priority ranking of natural areasi 
Bio. Conserv, 8: 79-88i Biblioi 

Getberg, Eugene Ji1 and Graham, Jay Ea, 1978 	 ( , 1i (3) 
tlironmental assessment of malaria control project--Thailand. 
Agency for International Developiediti US 4 Deartment of Statei 
Washington, D.C. and Insect Control and Research, Baltimore, MD; 
(2tochure), iV + i06 p. 

Hiienj Herbert L.i Stepheis Shelley Cham-bets, Gilbert V6i and 'dOriidakfi 

Mffidtd of thi~e t~ttoleui hYdtddi~bdh fh~tiuitd Viididaii h " 
sdtface tension 6:t 4td.- agiid d6h ditain fiit,#ft 6afiii i 
Califfornla Vddtft Niii 20 (6)i ~~ 

ttfidts 'of iweed dfilttOl Oil th~ ii~±iiei ~da2~ ii i±6i 
Vddd C~iofeice, hdid jiiity 4 i 0 1i i~t S i.iiftO CA:. 

thiiet donttdlyiii~bilaei P. 1066-.3±6. ins.tational 
RAitLch douncii, Natiia Adidemy of Sciences, 1972, Pest Control 
tkittegies for the fUture. (Symposium held April 14-46, 197i)i 
NRC, NAS, Washingt6on, D.C. VII + 376 p. 

Hessi 	 A.D., and Kiker, CC,. 194i (1t.626C) 
ater level management for malaria control on impounded ,Iaters 
Jour. 	Nat. Malaria Society .1(3): 181-196i
 



G-7
 

Ipnoffo, C.?.; Biever, K.E.: Johnson, W.W.; Sanders, H.W.1 Chapman, H.C.;
Petersen, J.J. and Woodward, D.B., 1973. (Section 1i.6463E)
 

Susceptibility of aquatic vertebrates and invertebrates to the
 
infective stage of the mosquito nematode Reesimermis nielseni.
 

Mosquito News U: 599-602.
 

Ignoffo, C.M.; Petersen, J.J.! Chapman, H.C.; and Novotny, J.F., 1974.
 
(Section 11 .6;63E)
 

lack of susceptibility of mice and rats to the mosquito nematode
 
Reesimermis nielseni Tsai and Grundmannr Mosquito Nres ): 425-428. 

tntitute of Rural Environmental Health, Colorado State University, 1974. 

(Section 11.6271, 12.0) 

A study of mosquito prevention and control problems associated Wth 

steam modification projects. Inst. Ru.al -iv. Health, Colorado 
State University, Ft. Collins; and U.S. Water Resow'.ces Councili 

Wishington, D.C. III + 50 9. (Paper). 

Jeffety, Geoffrey. Mi, 1976. (Section 2;0) 

Ma~laria control in the twentieth centrityi Afieia J6.i 6 T S Medi 

Juii, Aindld 14.; and taidersi Hermnan 0., 19785 0d~ti6fii1ii 	6)
 
t6Adity of the tCR, didfeniioj to fr iiftik ifii itiid ifd 
tiihes. Mosquito 9ews (2)i .566 

Kiy, 	 bikij toreham:', P.':Lj; and Pdzh aD:, i979. Oddti6 
Apication of the i"feedih' index" cfiicebt to dtiid at Fndi;it 
h6At-feedin* pttetiis. MO~quit6 New 1 (i)i 6842i 

iitititi~ii iad 6the: genietic tdahn4iiques Pi t~iztcri lig 
HAtidfii Addi~dh ddu~ilj NAtioiii A46fy of Sciences~ i 7
 
Pit doitid1ttitegie6 f+t the utiie. (tymposium held A il i4i6,
 
io i), Rk NAt, Vithiiigtonj bdiC VII + -3760p.
 

Kiiidti tdwird J.i and Marshall Howard L., 1973 . (Section fti6l6c)
 
' tects of mosquito control ditchinr on estaurine ecosystems. 
Re#rt #81, Water Resources Research Institute of the University of 
orth Caroline, North Caroline State University, Raleight, N.C. 
V + 83 p, "26 Tab. 



G-8
 

Laird, M., 977. (Section 

Enemies and diseases of mosquitoes their natural population regulatory
 
signiricance in relation to pesticide use, and their future as market
able components of integrated control. Mosquito News 37 (3)' 331-339.
 

Legner, E.F., 1979a. (Section i.647) 
Advancements in the use of flatworms for biological mosquito control. 
Proceedings and Papers, cmVCA 47: 42-43. California Mosquito & Vector 
Control Association, Inc.
 

Levy, R.; Hertlein, B.C.i Petersen ,7.1 Doggett, D.W.; and Miller, Jr.,
T.., 1979. (Section 11.647)
 

Aerial application of Romanomermis culicivorax (Memithidaet Nemat-oda)
 
to control Anopheles and Culex mosquitoes in southwest Florida.e 
Mosquito News a9 (1)1 20-25. 

Miiasi James L.; and Jack R., 1970,Fowler, (Section ii,64i) 
Mosquito eating fishes in California. Entomiogy Ctmittee, California 
Mosquito Control Association, Thc, (Ciilw), 97 P6 (JuNue 1970), 

HdRijyj W.3.1 and Fir nk, PiA., i9o, (Section ii-,26G) 
Aquatic weeds .and their cddihrd,j d 6tfornia Agriculture 3. (5), 

kfets of Di.ilin oii -iss
afidititget in edily-spring Cuiex tarsalls 

HiU@ TAieshii a-nd Tak hi R 4i, 
 i97, (Section ii.,916) 
tfiect develdioenti iihibitbrt6 =fedta of ididate mosquito
 

Hit&,fkdli Tt~ uidhio Aiml 'Amid steer+# W66, (Section it,936)079. 


YAbitAt niid 0ood seledtir ty the 46tquitd fish Cambusia affinis.
 
Poc, diiCIfornia m0squito & Vector Control Assocb 47i 46-50. 

tNiti-.
fisddhig and TakahaShi, RM,, 1975. (Section 11.96) 
&fectd of the ICR, TH6040, on nontarget organisms when utilized as 
i a squito control agent, Moeq, Oews 11 (2)t 154-9. BIblio.
 



G-9
 

-Irhead-T-ho an, R.C., 1978. 
 (Section 11,936, 11.937)
 
Uttal and behaviars.1 impact of permethrin (NRDC 143) on selected
 
stresz za-oinvertebrates. Mosq. 38
News (2): 185-190.
 

I-lhern, Thc_== D., (itor), 1975. 
 (Section 7.0, 11.0, 11.50(3), 11.62(2), Il.626L 

11.917, 11.93OD)
A trainig =anual for California mosquito control agencies. (Revised 1975). 
Californli Mosquito Control Association Press, Visalia, California 
VT.+ (95 P.). (Paper-looseleaf). 

Mulla, Mir S.; and-Chaudhury, M.F.B., 1968. (Section 11.63, i.930D)
 
Release of new mosquito larvicides into water from granular formulations.
 
Proc. & Papers of the 36th Annual Conference, California Mosquito Control
 
Assodiation. P. 86-89.
 

Mulla, M.S.; La.wazeh, L.A. and Axelrod, H., 1970. (Section jL*91)
 
Activity of new mosquito 'larvicides against Culex and some nonta.rget
 
organisms. ?roc. & Papers, 37th Ann. Conference, California Mosquito
 
Control Assoc* (January 27-29, 1969). P. 81-88. 

MulIla, -MS'; :airszeh, H.A. Geib, A.F,! and Westlake, W.., 1969. (Section ii.-30D, 
Control of pasture Aedes mosquitoes by dripping larvicides into flowing 
water, with notes on residues in a pasture habitat. Jr. Econ. Eht. 62 (2):

365-.370,
 

Mulla, M.S,! !Iarrb-QojratiO H.A.a and Daurazeh, H.A., 978. (Section t!.916, 
11.37)


Toxiity of mosquito lar4ididal pyrethroids to four sPecies'"0f fxesh
water fisheas Envir, ait; Z -(3)s,428-430
 

ZMu2la, "OUT Sol "itorlandl A6' Lees1 destlake, o-Ellis; Dell-.Bert;j and St.-m'tJames, 1o73. (Section 11.936 11.937) 
Aquatic midge larvicides, their efficacy and residues.in water$ soil, 
and tfih in,, wam-t,ter lake. Znviron. ,nt'. 2 (1): 58-65. 

Mulla, Mix So and Teai, Shan-Ching, 1978, (Section 11,6463E) 
Fish Ify kill by hydra and planarip., Mosquito News )8 (i' 43-47. 

Newton, Micaeli and Norris, Logan A., 1976. (Section 11.6271)
 
Evaluaoir~g short- and long-term effects of herbicides on nontarge.
 
forest and range biota. Down to Earth 32 (3)t 18-25. 

http:residues.in


G-10
 

Pelzman, Ronald J., 1975. (11,646) 
California State Department of Fish and Came policy on the use of 

native and exotic fish as biological control agents. Proc. Calif. 

Mosquito Control Assoc. Y3: 49-50. 

Penfound, William T., 1942. 

The rebelion of plants 

2 (8): 261-268. 

to malaria cont

(11.626F) 

rol. Publiq Health Report 

Platzer, Edward G., .1979. (IL,( ) 
Biological control of mosquitoes with a Mermithid nematode. Mosquito4 

Research Highlights, Univ. California, Coop. Extension, Agricultural 

Sciences, Public Health, Berkeley, California. (October 1979),. 7'p. 

Rathbu=, Carlisle B., Jr., 1979. ( )
 

Insecticides for the control of mosquitoes and other Dipte.ra
 

Mosquito News U (1): 58-63i, 4 tab. 

Resh, Vincent H.; and Balling, Stevena.S.,. 1979. (11627) 

Ecological impact of mosquito recirculation ditches on San Francisco 

Bay Marshlands: preliminary considerations and experimental-design. 

Proc. & Papers, .47 Ann. Conference, California Mosquito & Vector, 

Control Assoc. (January 1979). P. 72-78. 

Robbins, William 3., 1972. (11.65)
 

Hormonal chemicals for invertebrate pest control. P. 172-196, in:
 

National Research Council, National Academy of Sciences; 1972,
 

Pest control strategies for the future. (Symposium held April 14-4i6,.
 

1971). NRC, NAS, Washington, DC. VII + 376 p,
 

Russell, Paul F.; West, Luther S.; and.Manwell, Reginald D., 1946.:(.3.6, ?.,t1;66, ri.t,626C, ll.626H, 11.6261, tl.626J) 

Practical malariology.. Division of Medieaa Sciences,. National Research 

Council. W.B. Saunders Co,, Philadelphia. "XIX + 684 P. Illus. 

Scudder, Harvey I.; and'Tarzwell, Clarence M.., 1950. (11.93t, 11.937) 
Effects of DDT mosquito larviciding on wildlife. IV, The effects on 
terrestrial insect population of routine larviciding by airplane. 

Pub+ Health Reports _ (3)sl 71-87. (DHEW' 

http:Dipte.ra


G-i11 

Se-vice, M.1., 1977. (11.6) 
Mortalities of the immature stages of species B of the Anopheles xambiae 

complex in Kenya: comparison between rice fields and temporary pools, 

-identification of predators, and effects of insecticidal spraying. 
Jr. Med. Eht. 12 (4-5): 535-55 

Sholdt,L..lancei Ehrhardt, Douglas A.; and Michael, Andrew G., 1972.-(11.646) 
A guide to the use of the mosquito fish, Cambusia affinis, for 

mosquito control. Environmental & Preventive Medicine Unit No, 2, 

U.S. 	 Navy, Norfolk, VA. iii +A8 p. (Paper). 

Smitht RaY F., 1978. (11.50)
 
Development of integated pest management in California. California
 

A iculture 12 (2): 5. (Feruary 1978).
 
Swift, J.E., (-ditor), 0971. 	 (1.91O0, 

Agicultural chemicals--harmony or discord for food, people and the 

environment. Symposium of February 16-L7, 1971 at Sacamento, CA.,. 

Division of Agr. Sciences, Univ. California. 151 p. (Pa per). 

TVA, £943. (_ .S5) 
No admittance. 'A bulletin on mosquito proofing for malar a control. 

Health & Safety Department, Tennessee Valley Authority, Chattanooga, 

Tennessee. 19 p. (Paper). 

TVA, 	 1947. (11,627) 
Malaria control on impounded water. Tennessee Valley Athority. U,S, 

DHEY, Public Health Service, 'Washington, D.C. 422 p 

Tarzwell, C.M., 1947." (t1.916, 11,937) 

The effects on surface organisms of the routine land applicaionI 
of DDT larvicides for mosquito control, , U*S. Public 1ealth Repores 

, 3 .25-554. 

Troical Disease Report, WO#, 1 .977 (jo, 5.o, 21.0) 
Report of the external review meeting on applied research in malaria. 
Geneva, 5-? December 1977. Tropical Disease Report/malaria/zxternal 
revidvh7./ . -UM. r.natm. 90. 



975 (Section, li 9i60 
Recommeded-classification of pesticides by. azazd, WHO' 

C. 

tie' i67 

atiiioEpemn' ttin U.S. Army, EDi~er. 1978 ('Section~ I1671 

Psliminary guide to-wetlands of the west coast states * 'Major 

assoCiations and communities identified. Tech. ep. #Y-78-4. 

tvironmental TAb., U.S. Army iineer, Waterways Exp. Sta., Vicksburg, 

Miss. 66 p.+ Appendices A-C. ( p.)' (Pper). 

Vesterdahl, Be.cky Brownt Washno, R-.K.; and Platzer',E.G., 1979. (Section it 

Ealy season application of Romanomermis culicivorax povides continuousi 

pa tial control of rice field mosquitoes. Proc. Cal. Mosquito Control 

Assoc. Zt 55 P. 

i 
l 

[.1 

Wright, J.W., 1971. (Section ti.90, 11.638)
The Wh roamme for the evaluation and testing of new insecticides. 

Bull. WHO 44I, 11-22. III: 

I '1 
-i[1 

"". '° i. ' ' 

... o-,," 


... ......++,,, ~~~~~~~~~.......... . ,.+;, ,,,.+.+ +++
 



A NOTE TO READERS
 

The following are 10 reprints of works i,]isted
 
iithe bibliography. They were selected because
 
they are directly applicable inHonduras and, .
 
are representative of the wealth of literature
 
available to the program.
 



ADVANCLE.NTS IN THE USE OF FLATWORMS FOR BIOLOGICAL MOSQUITO CONTROL 

-E. F. Lesgner
 
University of California
 

DNputtriet of'Entomoiogy. Riveande, California 9252l
 

ABSTRACT
 

Studla In an inCreasing number of localities with diverse cl mates
show te usefulness of flatworms for biologcal mosquito control. Ma 
producuon techniques are aeveloped for one species. Dugeuis dooto. 
cap/haL, (Woodworth). 

Flatworms (Platyhelminhes:Turbellaria) hold a unique po-
tential in the biological control of juvenile mosquitoes largely
because they can be mass produced easily (Legner and Tsai
1978), unlike oredacaous insects, some = be confined at high
densities without cannibalism. 

Flatworms have been shown experimentally to devastate 
laboratory mosquito cultures, killing far more larvae than they 
consume (Jen'ins 1964: Leaner and Metived 1972, 1974;Med. 
ved and L-gner 1974. 1. N. McDaniel, person.l communca. 
tion). Thney have been reported equally effective in natural 
habitats (Leaner znd Modved 1974. Yu and Leiner 1973).
Among those haoitats in which flatworms could be usefully 
deployed against mosquitoes are rice fields, roadside ditches,. 
water slouzgs, a.ncuitura. and construct:on drzln depr.ssions, 
catch basins, canal seepaces, treated sewage effl uents, and 
snowmelt and rainwater pools, 

Other attributes mraki these opn:=s especially amen-
"n-dormant'"winter" eggs or embryos (Borradaile and Potts 

JS8), their siow rate of disoersal whmch =auses them to be 
effective near :he place of treatment, and their effectiveness in 
shallow water with emerent vegetation (Yu and Legner
1976). 

The extraordinary regenerative capabilities of flatworms 
were known since the early ISCO's. some invest:gators consid, 
enrg them almost immortal under the eoge of a knife (Bron. 
sted 1969). Their abd ,y to devour mosquitoes among other 
prey was soon d.s:overed (Lischet:i 1919); and Stage and 
Yates (1939) reported :hat Dueesw riina (Girard) effectively 
consumed Cuie: and Aedes larvae. The ThrbeilaIa are nearly
all free-ivinz, non-caras-t: worms (Borradaile and Potts 1953. 
Kenk 1972). Amon; the six orders are spe-es that nave zreat 
potential as precators of mcscuitoes in freshwater habitats. 
Some genera :r, Ie order R'naodocoela suca as .icrostomum. 
retain nematoysts in their ectoaerm wnich are derived from 
Coelenterates on wrcn they have fed (Kepner and Barker-
1924). Such structures are useful in warding off predators, but 
also may be useful in ktlling mosquitoes. 

Recent studies on the cestructive capacity of Duteeia doro. 
Wcephala shoec. this species to be very effective against eggs,
larvae and pupae of Cule: peus Spe.ser. C:. pipien, quznue,
fusciatus Say. Ca. :tarsu Coquillett in California at the appl , 
cation rate of 25 mature worms / m, of water surace (Lecher
and Medved 1972. 1974; Medved and Lener 1974; Yu and 
Leper 1976). In Florid.a additional mosquitoes iled by this 

-edator were Anopheles qudrirmacuiau Say. Alt. crucians 
.,iederraiin, Clex nistepalput Theooald, Aede.. toeniorayn. 

chua (Wiedemann), Culex errodcu: (Dyar and Knab). Cz. 
jalinArius Coquillett. Aedes so/licitans (Walker), Psoropnora
confinnis (Lynch-Arribalzaga). and P. ciliaa (Fib.) (Levy and 
Miller 1978). Field studies with Vueuza tigrria to control 
feral Culer resruans The-bald and Cx. pipiens pinions L. -ere 
performed by L. Learned in North Dakota (L Learnec. per.
sonal communication), and several exceptionally potent spec.
ies of Vejossoma spp. were found in California rice :".lds 
(Collins and Washino !978, Case and Washino 197?1. In 
Mzine..fesostoma MacroProstatum Hyman offers good :cten. 
tial in the control of univoltine Aedes spp. (1. N. Mcbaniel. 
personal communication).. Over 757a control was achieved 
throu. ', inoculation of 3.6 eggr of this rhabdocoel turbeliaran: 
and once established, the worms continued to cycle witt the 
mosquitoes year after year! T'hey both hatched at the we 
time in early spring and tne worms produced ens and die. off 
at about the same time that the mosquitoes emerged. These 
worms normally had one generation per year. R. D. Sjic:en
(personal communication) -eoorts over 40 natural popuia:.ons
of Phaocata 'elata (Stringer) from ccnt:mi Minnesota. 'Aith 
some densities exceeding .002CO-ml mosquito dipper sam.:-s. 

Ecological Impact. -- Fatvorms are natural :omponen:s of 
aquatic :ommunities, and no record has been found o:" ---cir 
being considered pests in nature. However. extremeiy .. li 
application rates (exceeding :.o000im: of water surfacci of 
bures,, dorolocepnaiawe're found letha; to Tiiaot fish f,."in 
experimental indoor and outdoor aquaria (Mula an.; sal 
1978). T1he latter reccrt appears to have confused a est 
brooder iia* :dizii Gervas. with the mouth broocer 7. nas. 
sambica Peters, as the autors state that 7. ::flh were usec "on 
the 'n, dav after Ieavinz their parents' mouth catity" ,see 
I4gner !97i). In another study the abundance of natu:r :n
sact predators in exper:men:ai ponds was unaffected -. D. 
dorotoceonaia a.=hcations of 2! wo-ms,m- of water surf.ace 
(Legner 9Z7).4dthouc. it may be -xpected that ver. y:ung
fish fry -an be danaged cy hith aplicision rates of flatc"ms 
(Mulla and Tsai 1978). one would not expect the neec for 
such applcations in environments where such fish are a:un. 
dant. 

Adaptability. Flatworms are quite tolerant of var,':ng 
water qualities (Leiner, Tsai and Medved 1976). but are ad. 
versely affected by C1" concentrations exceeding 1500 -:m 
(Levy and Miller 1978b). Certain pesticides were foun to 
stimulate planarian reproductuon (Le y and Millier 1976a). One 
planattan, A. dorotocepha4. is hic.ly active under :em ra. 
tutes fluctuating between .0" and 24'C (3,redved and Ltzner 
1974). 

42 
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Mods of Attack.-- Some species of TurbelLaians also ap. 
paently paralyze their prey poor to ingesuon of body fluids 
(Case and Wshno 1979, Lener and Yu 197S). A sticky 
mucus prie d abundantly y ep hichiolands inthe head 
region serves as a "pseudomandibe" wich holds a mosquito 
long enough for toxins to exert an effec: (.Uner and Yu 
197S). Only soft body contnts of mosquitoes are consumed, 
the cuticle being dicar= ed; and al develoomental stages of 
mosquitoes are attaqked (L.ner and Yu 1975). Some micro-
turbeLlanans in nce fields are thought to produce very potent 
toxins which enable kil.ing of prey much larger than them-
selves (Collins and Washi.o 1978, Case and Washino 1979), 
thedir potency appearing unique (Coward and Piedilato 1972, 
Riser and Mslorse (eds.) 1974). 

Propagation... Culture techniques for flatworms have been 
avaiable for decades, with only small modifications required 
for mass propagauon. The density of the plananan, D. doroto. 
cephia was increed 88 times in 95 days through the 
development of a special biological filtration system using 
Elodea denst (Planchon) Capary (L-ener and TsWi 1978). 
Other procedures including the provision of various foods, 
host-predator densities. photopeods. etc. are avalable for 
mauimi ng plananan yields (Jnnines 1957: LeUne:, Tsaiand 
Medved 1976; McConneU 1967: Tsai and Lener 1977; Wulzen 
1923, 1924, 1927). Artem saina (L.) has been the best al. 
teiate food to mosquito larvae (Tsai and Legner 1977). 
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MAL\L CONTROL AND TO THE
A SUGGESTED APPROACH TO 

IN DIFFERENT EPIDEMIOLOGICMETHODOLOGY APPLICABLE 
BASED ON EXPERIENCESrTUATIONS, 

IN TIE AMERICAS' 

ndo 2
 
J.A. Nijer'Morro 

Most countries in the 4mericas affected by malaria now hate 
he achieved at i predictabletort tiintiwhere ,,ridscatigfiLrarLS 

of leserlimited tite; he-lt itis necesary to plan in terms 

objectives attainable in the pro.gramable future. This article 
desuribisa numbe, of the major changes needed to redirect the 

ataationj of .traaitivnalnalaria eradication programs toward 

these les ambatioui but critically importantgoals. 

Introduction 

All the countries in the Americas with 
have been engaged sincemalarious areas 

the late 1950s or early 1960s in malaria era. 

dication programs. Arcording to the reports 

proiided by tihcse provgrams. as of 31 De. 

cetober 1975 at eu ontaining 99 million 
of those inhabitingpe.ple (4..3 per cent 

were in tle.h,, ,ritinallv malarious areasi 
phs: areas with 45 otillioinmaintenance 


peiple i'1.7 per centiawere in the consolida. 

areas witi 61 million peo*-tion phase: and 
ara -ci ilin ettph 1i29.7 per cnt 

phase. 3 

Examining :he ceneral evolution of these 
progrants. it it ewvden: that the rapid pro. 

their early years slowed;rtss observed in 
and that the malariadiown in the late 1't0. 

,itu.ai'm his remained p ctialiv itatio, 

the 
%l.11.1r,herht41Nt'. I 
&'.it 

1l'.1;.r prrenf'hl'at 

%,%. i.vi-m iti in Sl 
l','ttt,1 ..4 Oll,'v: .ni. 

1974tor11:4 ;',:,.q 

2 4,i.1mitlii 

PeDettiu .. d 
"t'e t .t 

GJa.1lt.1m e ,'Ietint4-in 
I malt. t,.In-.I 1 itfli As a rrsa lt,"lnalaria programs are confruoa'. 

i%h .%.tt .attiit titllat 
eed to attack the most difficult areas a 


t1fitt'. . ril 

C4t1,11..1A10 
t N. t,'.r i.t-titlt 

s a 

lJ 

t, 'in. 

*li
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,t t-,Iita 

narv since 1970. advances in some areas 

being counterbalanced by setbacks in 

others. This evulution follows, perhaps 

with some delay, a pattern observed in other 

parts of the world. L. 1. Bruce.Chwatt. re. 
situation in

viewing the world malaria 

'J69, remarked that "the remaining one. 

quarter of our unfinished task will probably 

he more difficult than all that we have 

done before" 13). 

The reasons for this resurgence of ma. 

laria in manv areas have been analyzed in 

a numher of different studies (4, 5, 30, 14. 

include planning and strategic.6i. They 

rrors by the malaria eradication progranZ 
hiadequate appreciatiun of technical pr~b

hn.: citanges in socioeconomic thought 

over the last decade that have affected the 

.tneral outlo)k toward international assist. 
;It'; and changes in the focus of biomt-di. 

cal interest in the developed countries that 
have been reflected in the selection of 
health priorities by developing countries. 

the control of th disease in the face 3f 
d ti. prcgram prioritv. liack of adtr.ttiait" dluini hiig 

un. 
, Ute or continuous financial support, 

for profe, siot:alattractive career prospects 

2.3
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and technical malaria personnel-and 
hence a continuing decline in the numbers 
of such personnel. A vicious circle is thius 

being created in which lack of support pre. 
vents progress. lack of progress erodes con. 

fidence, and lack of confidence leads, to 

further lack of support. -

Obviously. these conditions apply in very 
different degrees to different countries' but 

it may be generally stated that 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 increasin-
problem. 

General Strategic Considerations 

The Governing Bodies of the Pan Ameri-
can Health Organization, which. have, fcl-
lowed this situation with great concern. 
asked the Meeting of Directors of the Ma. 

fini:l 'objece ther),igh* against ma. 
la'a;. riosCuirhcin h-ave areas where this 

objecdtire, nnc be achieved by a time. 

*imited program, and -w-vere it is nccessary 
to'laniin tcrs of lesn.'.nbirious goals. In 

.eneral, ,the priority of each. program 
snould be redefined in terms of the actual 

and potential p .blem chat the disease rep
resents in relation to other health problems 
andthie expected efficacy of the aa,ilable 
attack measures. Countries ave encouraged 
to reelxamine these matters in 'elation to 

their i, iplicadons for socioeronomic devel. 
uimen't and to include the antimalaria 
program within the health sector of their 
national development plans. 

The need for planning is obvious: it is 
also desirable to integrate all plans seeking 

to improve the quality of life into a general 
development plan for harmonious achieve. 
ment of objectives. Despite the"-alidity of 
this general principle, however, it is ofcen 

!aria Programs of the Americas. held iu necessary to adopt a pragmatic attitude and 

Quito in April 1975, to review the prohlcmi 
and make recommendations with regard to 

priorities and strategy. This meeting rec. 

,jiumended that tvountries in which malaria 

is an important actual or potential problem 
capable of hampering iocioeconomic dev.'!, 
apinent ,hould accord high priority to their 
antimalaria programs: that these programs 
ihould be included in the health sector of 
the national plan for socioeconomic devei. 
,pment: and that the programs should be 

provided with an adequate structure .nd 
tinancing. It also requested that the 

to start some desirable conrrol action in the 

absence of a properly balanced plan. which 
is very frequently difficult to prepare and 

especially to inpi'mernt. iven the uncon. 

trollable development drives prev;.lent in 

many developing countries. 
A similar pragmatic aci:ude should guide 

the decision about whether and when to in
tegrate existing malaria programs into the 
.rneral public health services, as recom
mended bv the sixteenth report o. the 
WHO Expert Committee on Malaria (I). 
Different countries have adopted widfelv: 

Govcrnmencs. PAHU WHO. an'i other in. varying attitudes toward this matter. It is, 

ternational and bilateral ugencies intensif'i 
i:htr retearch and im.,,fforts to prmnote 

prove !&,aining at all levels. Trheir recoin, 
mendations have heen endorsed by thr 
Directing Council of the Pan Americai 
lialth Organization. 

Overall. strate-irc,nqideratinns are being 
gauidud toy the principles that the Twenty. 
V,,eond World leailth ,.ssu:nibly adopted in 
1959.Though all the countries of the Amer. 
icas have reaffirmed that eradication is the 

perhaps too early to attempt to evaluate the 

results of their actions, but there are indi. 
cations that several countries are being suc. 
cessiul'intcombining. under the direction 
of the malaria proqram. the control of 
selected vector.borne diseases and other 

high.prinrity public health actions that re. 

quire an ,rganizatiou with deep rural pen
etration and an efficient, vertical, and cen. 
tralized administrative structure. The 'uc. 

tess of such combination depends on making 
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financial and personnel proviiions com-
mensurate with the increased activities 
assigned to the program. The iralaria 
organization may 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 cooperation. 

Tho Ten.Year Health Plan for the Amer-
icas agreed upon and adopted in 1972 serves 
as a framework for national health plans. 
The Plan's main general target for malaria 
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 areas inhabited by the remaining 16 
per cent of the population involve r "'hly 
heterogeneous sets of biocenoses that vary 
widely in their ecological, anthropoloSical, 
epidemiologic, and socioeconomic charac. 
teristics. In fact. the only common denom-
inator among these areas is that malaria 
transmission has persisted in each of them 
despite their inclusion for years in national 
malaria eradication programs. Therefore. 
it is being recogntized that changes are 
•ecessarv for sucI-,ssfitl hantiling of ma-
laria problems in these areas. either to in. 
prove the vpidemiolo%: c iituatiun or to 
avoid unnecessary waste. 

Tlhe Approach to Malaria Control 

Del"in'ng the Problem 

The new approach should start bvrede. 
fininq the malaria problem in terms of 
variables relevant to control policies. The 
traditional strategy for malaria eradica, 
tion -based on the use of an attack measure 
which wasconsidered to be cheap. effe ive. 
and safe-in.isted quite lo:gicaily on .. uri. 
tv. Therefore. the delimitation of rnala.'ious 
at,:As became more an exclusion of pro' -n 
nontnalarisus areas, no attempt breing made 
tt. tudv tie ,luajtita iv,•,itr:uut~on ithe 
probiem. This had the effect of actually 

PA1I0 IIIJLLITIN * ,il13, no. 1979 Nd/era,. 3. 

extending the treatment coverage to many climati 
malaria-free areas. since in most instances for exaJ 
mal.rious areas were delimited by includ, secicid'e 
ing -11 areas at or below the altitude of the tion of r 
highest known malarious locality. Cally i": 

In contrast, the new plans for action hay- tain ar_ 
to be based on combinations of various mena. As me 
sures that are seldom cheap. that are only good e "
partially effective, and that in some in. the prJ. 
stances may require special safety precau- develot 
tions or special training for effective use. grams (-
Under these circumstances, it is necessary dition 
to focus attention on identifying the actual. ministi 
ly malarious locality involved-and in a problem 
few instances, even the specific malarious problemv 
house. gories 

Study data from one American country vein. ii 
covering a three.vear period indicate that able too 
during that period only 7.5 per cent of the or operi
localities involved had been positive for time-lit 
malaria, and that only a considerably lower past 15 
percentage had been repeatedly positive cal to e
(./). Also. various studies of the typical ture. H 
malarious house show some characteristics need o,
that :uay serve as a basis for including spe. nical pr 
cific home improvement actions or guide. Also.' 
lines ia health education programs geared are co 
to comnunitv particip.tion. In particular. operatit 
a itud% done in Colombia 1:9). found that ships br 
maiaria-pOsitive houses tend"cd to t.small. tors. I' 
overrrowded. isolated. amid built in a rudi. lated L 
mentary manner with incnmt!ete walls, problem
Ent.moiogical observations in Central Failre 
\nerica have indicated that the mosquito this n0 

bite r'.te experienced ind:)ors by people in furher 
houses with incomplete wails is considerably lems. 
hi'.i!-r than the rate in hou.ses with c.m- exampl, 
plet.: walls. Aln 

.imilar considerations should be applied America 
to the transmission 'eason. The sea.oms was souther 
once tnvrtzght tobe irrelevant. iince it was malaria 
felt pnssible to apply attack measures with veloped 
whate-er frequency was need.d to maintain 1940s. 
tontinutous t'ffecti-.e action for tie whole don an, 
duration of the attack phase. Nonw that this viduals 
is nn longer true. it is ncce-:;arv to seek Out the distr 
.nd .Ace advantage of an %seasonal int.r- the int. 
rui:tinn or decline in transmission due to especial 
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c:.lim atic .,.. . .m e te r l g i a ,o o hr .f act~ s a ..;crops#T he €o un r i ~c z * ,i.1 

fur ,.,cxample:,the sasonal applicittion of ii.,, proble, arc r Sa driupti; la.. 

secticldes by'acrial spraying for the proter. 

tion of cotton or other crops which periodi. 
cally Interrupts malara transmission in ccr. 

Honduras,.and Nicaragua, 
Because DDT wa losinM 

civeness in 'hese countri 
ot 

e 
ec* 

co 

.4ve. 

ase. 
.ary 

.: al. 

tain areas (20). 
As mentioned above, it is possible to find 

good examples in the Americas of most of 

the problems tha. have impeded normal 

development of malaria eradication pro. 
grams .22, 23).Here, as elsewhere, the tra. 

ditional distinction between financial, ad. 
ministrative. operational. and technical 

plemenicd between, .t65and y a970",by a 

drug administration: and, as drug coverage 

progressively lost (or in many places never 

attained) effective levels. suchicoverage was 

supplantedaifter 1970 b.Vindo0r' spraying 
with propoxur. The high cost of this latter 

insecticide forced the malaria programs to 
restrict its use to the areas of highest DDT 

a 
U:,.. 

problems is becoming less relevant because 
problems belonging to these different cate-
ories often appear in combination. In this 

resistance, and even to limit attack measures 

altogether to the areas of most intense trans. 
mission.' 

t., vein, if particular programs have been un- All treatments, with one or the other in. 

.at 
;he 

or 

able to obtain the financial. administratie. 

or operational facilities needed to achieve 

tiuhe.limited malaria eradication during the 

secticide, followed the total coverage prin. 

c;ples mentioned above, and the operations 

in question achieved a high degree of effi. 

.l 

j- er 

6v:e 
:..al 

past 15 years or more, it does not seem logii, 
cal to expect they can do so in the near fu. 

ture. Hence such programs are as much in 

ciency. As a result, in 1973 the four coun. 

tries, taken !s a single unit, enjoyed the low
est malari. tncidence in their recorded his

tict need of a new approach as those with tee"i- tory. Nevertheless. propoxur selection pres

[I ~c'nical 

;uaii, 

tri3 
U 

.e ill 
I 

problems. 
Also. as ageneral ruie technical problems 

are closely assuciated with financial and 

operational ones as a result of interre'latin' 
ships between manv of their causatie .cr. 
turs. In prposing solutions. thcne intcerre. 

laced 'actors-not merely the tech.iical 
problems involved-should he consideted. 
Failure to take cognizance of the need for 

this new attitude has led ill the past :a 

further complication of the technical prob. 
lems. l"*:e foilowing provides a load 

sure in the treated' areas was sufficiently 
high to promote rapid development of 

prupoxur resistance. This was detected first 

in Nicaragua and El Salvador in 1971, 

thereafter in most of the,:entral aacd eastern 
coastal plains of El .i.tlvador. and later in 

Guatemala (1973), other areas of Nicaragua 
(1974). and Honduras (1975). 

Obviously. the rapidity with which this 

resistance lveloped vas tiue to the high 
level of protection afforded mosquitues by 
the propnxurresistant gene: to that genes 

: 
i 

4 

.' ,ad 
. a:, 
was 

-..-itn 
""tain 
.. ,ie 

this 
ot 

example: 
.long much ,.f the portion of the Centr:d 

zrierican Pacific C.ast stretching froin 

,outhern Mexico to Costa Rica. the ,ain 
malaria vec:or. .nopheies albiuanui. de. 
veloped resistance to DDT in the early 
160s. The mosquito's geographic distribu-
tin and the percieintac of resistant inii-

viluals in the population correlated with 

the distrihution vt~ cotton cultivation aid 

mode oi inheritance: to the previous selec. 

tion thr,)ugh agriculturai sprayings with 
parathion. other or;anophosphorus com. 
pounds, and (in a few instances) other car. 

banmicwhich cause a certain level of cross. 
resistance to propoxur: and to the hiqh level 
of coverage afforded the protected areas. 
Thii development or resistance. c6nibined 
with the persistence of le,els of lrans. 

mission in untreated ar.as arnd intense 

i 

'/ 

*r 

4 

[' :Iter. 
=c to 

the int.niity of inmrticide applicatinn-
-.spcciallv acrial spravings-umd to protrct 

population movenents.' thrnuihouti the 
countries involved. led 'to a resligence of 

i 

*- -'=*_::.=-'"--" 



-- -- --

IV 

.-*.,.' 

A 


.q . .. 


.ini 

ria-aresurgence th 19'F5 briati, tfilt;4,oijbtain4,4 
e a..rt't I est iew,, s ; i ,iiirim v'tnl.,xrerorded; ,'-d tit,lv er;inh ca lloll'r 

ll~ ben, defets becdinie part dluiljr apar en= **csrCasonabe tc-.aume that application uia
 
popox ur. represeund' a ood t hnlcal lici"s1;'.mdes nopr 'd -1" 


:-i ti.n to t"e'problem fo theCngarea's 
 eovra e -in tirms of the.c"mcandarea
 
larla radie
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Sirn.ramb of Central .- nericarec 
 r ded Programs of nontime limited:eradicationits uav, and that, if it could have heenap- I the ris aretrying u•mainta n
 
Wpedas part of a (imphetie and properly :surveillance systern based on a, widely.: dis.
.' , . . . ...carrieI out malaria eradicationi...'ogram'-.rg , . " trierbm..... fn netwo,,.. w .f 7pa-sie,,*a.',~..ac--e ecwar....b.. e,'* e •'ection 
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Or. on the other hand. if it had been ubed "m'ntid6;v periodic, prevnlnce surveys i 

ur focal and seasonal treatments, aspart of area where changes in rates of transmission 

a properly planned control proram, selec. .Me expected. as a consequence of either 

tion of resiitant strains 
 night ha've pro" c.',tatrol measuris or otherl circumstaices. 
ceecimd at a slower pace. A ;urdittg tci the natu e of the ,'otrl

The foregoing rxampic illustrates the stratcgy. these surveys may or may not hedangers involved in undereitimatin' the direcred at soecific age.croups. anti may orneed to plan control programs on the basis oaf :;-, lnt he complemented bv other wlua,. 
their own merits and their relevance to the :'iz ,.tihu is inrh as entmoloigical soutdiesproblems involved. " - or lc-olog. surveys. 
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t . (. -. there may be good indications, and perhaps:epi dmioioi, nomolC
 
t .pontancous definton, ofthese levels f anti oe onom f 

Course, hatever these~levels nay be, he a ad
 
;w en. 
 .,will be subject tochange as other problems. rn rmation.'of, ,
 

approachsolution or ~anrz ctio,,oprograncontrol feasiblhtyimrn, intoaconrol program. as1 to b carlied'utof " . -.proves. . wihonsideabl ,n e o toarea- i
 
h i. to monitor variations in incidence, 

- i in c

Within this context. it would be necessary avoid or minimizetthie 1pidmemilog c risks 
in the involved in discondnuing cereain opera,
 

manner that this is accomplished by use of tions, but also tavoid wasting human,

r.adication endemo.epidemic indices. so that 
 there administrative, and operational'resources.~intain a would be a warning system to call for action Actual methodological choices should
,i dely dis- should these levels be surpassed. This based on. the guidelines 

be
 
set by the WHO. .ection warning system should be complemented by Expert Committee on Malaria- (34), the cap in 
 the study of other factors that are relevant WHIO Interregional Conference on Malariacomple- to the local epidemiology of malaria, and Control (36), the specific technical manuals> .. rveyS in that may provide, effective warnings of on larval control operations and personal:smisin periodic epidemic waves-factors such as and community protection against malariaf either the "malaria epidemic index" (13). the (33, 35). as well as on new developments instanceS' paraquinquenal cycle" 6, 10). or other mosquito control (14, 21, 37). Careful con

control meteorological. entomouiical, or parasito, sideration should also be given to possible
j vynot be logical variables that should be studied in 
 harmful consequences that particular antid mav or order to arrive at a better predictive epi- malaria actions may have on man and the ?r evalua. drilg.environmentII al studies In practical terms, these considerations (13).In accord with the foregoing strategy rec. 
are most applicable to areas with unstable ommendations, the malaria programs of the 
malaria, as are most of thu malarious areas Americas are being reoriented (23) toward 
found in the Americas, where there is some the establishment of flexible local strategies, Jdetree of correlation between intensifica in which all available methods are consid.liillulig
lht' tion if the control effort and reduced in. ercd'and used, whenever applicable, in an I ,*Y 

.rated. or cidence. In the areas with stable malairia, approach that is becoming known as "inte.jiven the prevalent in rurMt trnoical Africa. most grai control.nd health attempts at limitedc control oL ni-ria For some years indoor residual sprayingn a priori transmission may be.futile. with DDT will continue to be the method of 

. 'tol-......
 widest applicability, and integrated controlSbv i si v programs will still depend on this methodry ot" the Choice of .lethods for the control of most of the rural malaria.,

nk coun. 
 It is expected, nevertheless, that coveragearia inci. As mentioned above, the first choices to may be reduced in both time and area.
the pro. be made in a 
control progran are which In the presence of DDT resistance, it isjiling to areas or lccalities. and which sectors of the necessary to ascertain the operational im: • .,.,nsElida- * population. vill require specific action. plications' of this resistance under
 

, :nit'fined These are often difficult matters to decide. epiemiologic conditions. For example. '
 
partitcularly when most areas hav-
 been along the Pacific Coast of Central America 

-'-urirg for under inse"'tcide protection for years and and Mexico thehlistorv of malaria controllow level the choices have to be basedJ prtlbhle on estimation and the evolution of resistanceisuggest that,of potential risks. Furthermore, they re. even up to a point where40tlo5pr cent ofauvailable quire setting up criteria in order to select the . fL13nar.'u population was resistant
um')tauces 
 action priorities vis-a-vis a constellation of DDT still attain¢,'useful malaia control. 

...... DDT.,still 
7? . i 
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the increase in the frequency of a:ivul, ti~n,.d pro.nams. They are also heing used a6kn 
tural insecticdc praving led to a break to help cope with some ucertrrencev of urban malan, 
down of malaria control ia Central Ameri- miaria in Brazil, Me:ico, and Nicarag.;a. 	 th 

.re-
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7.~. '' ~. ~ *APPROAC11TO NIALARIA CONTROL~J 

- ,ie education t alllevels of the cohmunity has provide some:informationi 

ging I o';play a decisive role. 'Past experience tiven.. . 

I'/ J :shows that whenit has been'expectd that -,Amongother things,'.the planning and 
health

-attitudes 
,ducation' efforts Would change the

of 'the pOopulation in a short time, 
operion of th.s.kin. of
deeper epidemiologic, knowledg 

.
_Al is 

\ i" I these efforts have often failed. Cooperation generally availableatprent.,,,andthere . 

..'sof , may nevertheless be expected for specific 7oreR astronger sea prfsional and 

Ctsto short-term projects with obvious advantage, t ~ r nel. Moreover, many: n. 

I-'atrol such as drainage or other source.reduction solved problems -are involved in the opera
4L'Ofii orojects, and through them an effort to tion of an integrated control program. 
i - convey a better understanding of the ma. Therefore. personnel at all levels should be 

J laria problem to the population may be of a higher caliber than those required for 

mple.' attempted. . .ht.n application of a single technique, and such 

p= 'ray* " 
"n 

It is obvious that any selective use of 
antimalaria measures should be guided by 

personnel may be difficult to obtain. 
Very high iriority should thus be given 

.used a knowledge of the local epidemiology of to the training and retraining of the pro
.. rban malaria, because it may be expected that fessional staff, in order that the emphasis 

gua. the more detailed this knowledge the more turn away from the managerial ability 

ia in effective the measures and the less the looked for almost exclusively in training 

:mtn-
amount of wasted effort. This has been 
recognized since the early days of malario. 

staff for eradication programs, and should 
turn again to the scientific study of the -. 

,nbu- logy, when the great variability of epide. biodynamics of malaria (1). 

.Iir- miologic conditions was being discovered: Since 1976, training courses have been or 
Sal. but it was also realized at the same time are in the process of being established in 

(' -.h is that to acquire detailed local knowledge re- the Americas following the recommenda

,'sthat quired considerable effort and expense, as tions of the WHO Consultation Group on 

well as highly sophisticated technical per. Training of Malaria Staff t]2). These in

,C in sonnel. elude one and in the future possibly more 

*i'the courses of instruction leading to a master's 

drugs 
t ror The Future Outlook 

degree in public health with specialization 
in malaria and other parasitic diseases, 

4 

.- rale studies on the feasibility of establishing 
wion As already mentioned, sone progress is courses leading to a master's degree in 

t, f',cl still being made toward malaria eradica- medical entomology with similar speciali
.dica- tion. and the goals of the Ten-Year Plan zation, and orientation seminars on inte

f :;.".vs. for the Americas are still considered realis- grated mosquito control for engineers. 

.t4 tic. Nevertheless, progress in r oblem areas It seems inevitable that the present trend 
v~asure isdependent on better utilization of avail, involving deterioration of the epidemiologic 

::ntral able resources, which implies that consider' situation will continue in the so-called 
i e.led 
•ti . In 

able changes in approach will be needed in 
order to implement selective integrated 

problem areas until effective control pro-
.,rams-can be fully implemented, and even 

' 

:falcl. control programs capable of achieving this then very swift progress should not be ex. 
an more efficient resource use. The efficacy of petted. . . .... 

Brazil. such a program is not in doubt, but itsfea- ,Hopes for significant progress toward era. 

mane. sibility in tropical rural areas has to be dication in'those areas now depend on'the 
shown. PAHO is studying the possibilities developmetttof more e'fective.control mea

11iwitah 
. fur carrying out a demonstration project to 

study the feasibility of the approach and to 
sures and. therefore, nn the results, of..re-
search.1t is also true. huwever: that basic 

, 

' 

..A4
 

A' 



NATICtThis matenai my 'o proticted)y opyriSi Vw (Title 17, U.$.Code) . ' 

in 

research of past years 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-
plied field research in theAmericas, PAHO/ 
WHO is engaged in several types of 
activities. Among other things, it is en-
couraging. coordinating, and collaborating 
with the Region's malaria programs to 
undertake epidemiologic and operational 
research seeking answers to their problems. 
The Organization is also setting up inter, 

SUMMARY (1) Brut 

hIO/H 13. lLTI!3. 17 

country field research projects to study 
problems of interesr to various countries
such as the studyof multiple .4. albimanus 
resistance in Central America and evalua- (1) Alr 
tion of possible control measures: studies on spirit ofi
 
malaria immunization and new antima- symposi 
laria drugs, using first animal models and 1972. 

eventually clinical trials, in Colombia and (2) Aynr, 

Panama: studies on the epidemiology of leiorbir 
ch!oroqu;ne resistance; and studies on the acetychol; 
cytogenectics of the species of the subgenus 297, 1973. 
Nyssorhynchus and possible genetic control (3) Ayt: 
measures applicable to them. In addition. delos prj 

en las Al~
PAHO/WHO is promoting 6'asic and 51, 1976. 
applied research by outside institutions in (4)Br 
areas of special interest for the solution of cussion 
field problems. bald6n. L,-

Recrudsc. 
Scientifi ,Halth
 
pp. -sI 

litgeneral. most countries of the Americas 
affttedl bv malaria now have areas where era-
dication cannot he achieved by a time-limited 
program and where it is necessary to plan in 
terms of less ambitious goals. Accordingly. the 
malaria progranis of the Americas are being re-
orint,,d toward fi-sibi local strat.'gies employ-
Ing ill available - thls, where applicablh. in 

the approach known as "integrated control." In 
gvnt-ral. this reorie.atisn involves substantial 
changes in the metiotls used to define malarious 
areas, conluct Lpielmiologic surveillance, in. 

.'stig-
local ,'.ilitisns, and take advantaige of 
those tonditiins. 

Overall. it is expected that for some years 
indoor residual spraying with DOT will con-
tinu- t) be -he method of widest applicability. 
but it will be neces.sary to develop methods, for 
its selective use. Naturally. should there he 
DDT resistance, it is necessary to ascertain the 
laical operational implications of this resistance. 
It should also be noted that where resistance 
occurs, the choice of replacement insecticides is 
quite limited. All the substitutes are consider-
ably inure ixpensive than DOT anti resistance 
to all of them has tended to develop rather 
quickl) in the few areas where they have heen 
used. with the strategy of total coverage, as pas. 

at the crcs 

1012, 191 
(6) Ga, 

West Indie 
Malanolo.sible solutions to the problem' of DDT resist. 1949. ppI( G.ance. 

Other available control measures include inama.r 
ultra-low-volume application of insecticides. MdHyt 
classical source.reduction methods. larvicidal (8) 
operations, introduction of larvivorous fish. laria: Ch 
hetalth education, and use of animalaria AMf Trt, 
drugs. It general, it is clear that any selective (9) Gab 
use or antimalaria measures should be guided el a3o29 
by a knowledge of the local epidemiology of Venezuet 
malaria. 1972a. I 

Lnoking to the foiure. it is evident that the (10) G,' 
'planning and implementing of int-gratril con. In: Semii 
trailprograms will require a dreper epidem,., d*ti-nce 
logic knowledge than is generally available at tificPu, 
present, and therefore a stronge-r staff of profes. Organizas 
iunal and technoical personnel. Very high (11) Ga 
priority should thus he given to training and Morrondj 
r,-ttaininguf the professional staff. In addition. agricuhu 
hopes for sigrnifiont progress toward eradica. control. B 
tion inthe in-called problem areas now depend 1972. 
on the development of more effective control (12)G 

measures anti. therefore. upon research. More carbamat1 

haic research is needed, but perhaps more im- Ipt 
portant is increased applied field research, so 4lit):797 
that full use mav be made of the results of G1(5):797.: 
ecent research for the development of better 1ri. Chi 

mean of malaria control. E;im HCh. 
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WORLD.CONGRESS ON ENViRONMENTAL SANIrATION
 
IN DEVELOPMENT PLANNING
 

The Ministry of Health and Welfare of Mexico and the World 
hlealth Or.ganization will sponsor a Congress in Mexico City from 
12.15 Nuvember 1979. for the purpose of presenting 5cientific and 
technical information on thr interaction between health and the 
development prncess. as wrll isexchanging experiences related to the 
multidisciplinary organizational. coaiceptual. anti methodoiogic issues 
in social and economic development and environmental health. 

The information to be provited will assist professionals in both 
the health and development sectors to incorporate environmental 
health objectives in national development planning, with emphasis . 
on practical national experience that could be applied elsewhere. 

rhe Congress is open to all countries and should be of %pecial 
interest to professionals engaged ta economic analysis and funding of 
development projects. to those resp,)nsible for the design and imple.
mentation of development projects. and to scientists and educators 
concerned with research and training in this are;a. 

Additional infermation may be obtained from: Congreso NIundial 
sobre Saneamiento Ambiental en la Planificaci6n del Desarrullo. 
Secretarla General. Atenida Chapultepec Xo.V84. 130 Piso. Mxico. .. [
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EAILLY SEASON API'LICATIO N OF IW.II, h\, IiMIIS CL'LI(:1IW'ZA1X 

?ROVIDES CONTINUOUS PARTIAL CONTROL OF RICE FIELD MOSQUITOES
 

Becky Brown Westcrdall', R. K. Wushino' and E. G. Platzcr
 

University of California
 

ABSTRACT. 

An early seson appurcation of postparasites of the mosqui- lay e*'s in the rice field environment. Preparasites hltching 
to parasitic nematode. Rumanutnernis cliciuorax demon. from these eggs provided continuous partial control of arval 
strafed that the nematodes could mature to adults, mate and Anophels fraLeborni-and Culex tarsaoLs throu biout the rice 

growing season. Control of An. freeborni was comparable to 
that obtained in the past by direct applications of preparasites 

Depzrment ofEntomology. Davis. Caliornia 95616. and exceeded that previously achieved for .Cx. tarsalis. Infec. 
DiNpartmtnt of Nematlogy. 2236 Life Sicnces. Riverside. CaL- tion was observed up to 20 feet from the original point of 

fornia 92521. appUcation. 
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preparasites or the mosqualu nematodeRumnnomvnl lcuilcniurux
Ross and Smith("R,fl-uo.,u n'Lnseg Tsai and Grundmann. au=., part.ir. was made in 3 ponds via helicop.4at the rate of"ca. .629m: of ater surfacetoocontnil natural poipulations of .Anopneiu
quadnmiwruagtta Sa.. in. rnrua, Wiedcmanr.
a.d Gade= ',aoww ;Dvar and Knabi lIrvac.
Mean lreel of parasitism of 32.4. 66.7 and 

Ctintrel of natural p-pulati)n., (rmos.cquitti larvae with a pathogtnc agent
applied by air ha. not been dem,,|mirated.
Hotever. Lcv. et al. (19771 reported en-couraing results in tests using a lhcliop, 
ter .piv s'stt.m tu deliver th,. tit)%quitimnumatuxie Romanivnrrnu cultn.,,rax Rosand Smith. Tests were conducted at
grotnd level with a Bell 47C; hieiipter
qtiippecl with a Simples.x Io profile

aerial slprat sv.lefm having a b,.ii. ritted 
witi "'*r.'JetN nozzles at 25 psi 4incl no ad.verve ervcts on oreparsite ini'e.c.it y itr 
remin:iiile de~elupintit %%er- detic .
I'Ila:x. ..,,,iu s..esh tih.e u~e fl,,tet,,,.d

thn .zrial spray svstem fur the 'liitnza.
di,,n
o|"R. cuthrn'nrax in mosquit,,control 

AERIAL APPLICATION OF ROMA.AOM ERMIS
J,CU C'IV1'OR,'X (01ERITHIDAE:NE.M\TO DA)TO
CONTROL"NOPHELES AND,CULEX MOSQUITOES INS... SOUTHWEST FLORIDA
RLVY'. B.C HERTL '.J.j. PEToENS. D. W.DOGG rr'AND?. U.MLLER.JR.' 

ABSTRACT' An experimental releae r u
 

.
 ...
tlDistrctwere used as the sites fur the tests 
(Fig. I).The pistis contained rain and
stancimrit._), 
*'.in ( i. e,,,,(.,,nr,,iD%i sot.'.O). 

,round water 10.3.0.6 r deepsa .d
%o:etatcin ,tatiered throtichout but 
IL '' FIfs .i"j:339h1)A. Fun~i'.L-| : ..,cta c ...prtiaril,"a around the ed,A Gulf. (Cas1,.iAIIA uanlf' 91e...arh s..,..ah'aii........ 'Pre.tecancnt .ainpling
r C t.".Lau..anj, shiied large,,l.." "")uautins of larvae and pupae of-An. 

'19790 

43.Sf ,fthe Ist-4th instar Anoeie spp. and39.2. 40.0. and 33.3% of lsc-4th insar larvaeof Cz. etkus from 3 punds. respectivelv
were obtained. 

The aenal sp-av tests indicated that a heli.copter equipped with a Simplex low profilespray ,viem toath Tt.eJctl spryv nozzes can be an effesit.e means of disseminating the pre.parasuit stasre fR,ruii4enoin musquacun.
trl speratiuns. 

"'hcsuwceptibility or larvae of.4upheiejquadrimaru/ai,., Say. An. crucianl 
Wiedemann anti Culex Trrat€ew t Dvar andKnab) to fieid parasitism by preparastes
of R. culin'orax applied by cunventionail 
compressed air hand spraver hai beendem,,nstrated by Petrsen and Willis(1972: 1974j. We are now reponng on
the aerial applicatin ot'preparasites oifR.ruiarscworax via hclwiupter to contru! fieldpopulations uf larvae. 

MTHODS AND ATEI.LAIS 
At. O
 

'Tiee semioLrmanent 'pnnds (30.3 x15.2 x 0.3-1.0 n deep, .unstru.ted
1976 at the Lee .CuntMosquito Cuntrol 

in 

http:MLLER.JR
http:ini'e.c.it
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, and An. crucian (1-30 per most immediately upon additions of thedip with a pint dipper) and lower popula-lions 	 preparasites to the helicopter spray "ank"sof C:. ralleus (0-5 per dipl. and apparently w'reNumerous insect predators (water scorp. not thoroughly
ions back swimmers. water scavenger 

mixed in the Ca. 296 liters of well water inthe tanks prior to spraving.beetles. predacious 	 However.diving beetles. preparasitesdragonflies. striders, 	 taken in post-spra, sample3water whirligigbeedes. Cainuhia spp. and tadooles) were 	 were thoroughly mixed from typicalhelicopter agttion during aerial applica.present in each pond. "rtion.Pre-treatment analyses of the ponds 
Preparasites from the helicopter

indicated that the water was low in salinity 	
were bioassaved in 400 mi glass beakerscontaining 300 ml RO water and 20 hosts(1.0-7.3 mg/I andCl-) conductivity. (3 replications). Preparasites sprayed into(I17-163 AMhos/cM). and therefore was -the enameled pans during the aerial testssuitable for R. cdicivor. The water tern.peature of the ponds 	

were transferred to 1.000 ml giass beak.was 30' C at the ers containing ROlime of aerial appiication. 	 water for bioassa. (Itrial of 20 and 100 hosts for ponds I andTwenty to 24 hr prior to applicaton 12cultures containing eggs of R. cudicrorx 
3. respe.veiyj..
 

were f looded with ta. 
A 30:1 preparasite to host ratio was
00 ml of waterpurifed by 	 used in tee bioassays and mosquito hostsreverse osmosis (ROi .ltra. were fed ground rabbit chow daily andtion to induce egg hatching. Volumetricdeterminations of the preparasite pooula. 	

maintained at ca. 20" C (ambient). Per.centage parasitism of. unq c..tion in the water from the combined cul. 	 larvae was usedlures indicated that Ca. 	
as the criterion to deter.11.250.000 infec,live stage nernatodes 	 mine the effects of the pond water andwere availablethe tests. for spray application of inf'ecivitv of pre.

Bioassays to parasitic R. cu&i.ora= Infectivity was de.determine infectivity of termined withunsprayed and sprayed preparsites in 	
a compound microscope

unfiltered well water and water from the 
and by emergence of postparasites. Lar.vac determined3 ponds were conducted in 400 ml glass 	 to be negative for

beakers containing 300 	 nematode parasitism with the compoundml of the testwaters and 20 1st instar larvae of Cx. quin. 
microscope were confirmed by dissection.A Bell 470 heii.opter equipped with a9wfa-sciatui per container (3 replications,water type). In addition. one 13 
Simpiex low profile aeria spray system


enameled pan was filled with ca. 
x 30 cm fitted with 12 Teejet 
 spray nozzles1.000 ml (FioodJetof RO water and placed at the south end 

Tip No. TK20: was used forthe aerialof each of ponds 	 application of preparasitesI and 3 to catch pre-parasites sprayed during the aerial appli. 
(Levy et al. 1977. Heiicopter sorav tanks


cation (Fig l.aj. Preparasites %erefilled with ca. 296 lite.-s of unfiltered

through the helicopter spra, 

sprayed 	 well water (conductivit. 720system at ( mhoscm
 
ground level before and after the aerial 

25'C) while tne rotor blades here op.
erational. Thenspray tests were 	 7.6 liters of RO hateralso bioassa-.ed in ROwater. Volumetric determination of the 
coptaiing preparasites were added di.
number of preparasites sprayed into the 
recdy into the spray tanks. The spray svs.
enameled pans in ponds I and 3 was de. 	
tern was calibrated to spray 9.5 liters'min.nozzletermined 	 or I i4.0 litersmin at 25 psi.to be ca. 0.25 per ml or about250 pr.parasites per 340 cm- pan (4 rep. 
Preparasitic nematodes were ca. 30 hr oldlicatins): preparasites collected from the 
when sprayed.

Preparasites %%ere applied from thehelicopter before and after the aerial ap.pli0taun averaged 	 helicopter at the rate of ca. 2.923.3 13ca. 13 and 31 ml. re. 	 perspecii-eiv. Preparasites in pre.test 	
pond at 32 kmph and at 2.3-3.0 m ab )e.

sample were 
the 	 the ground. Thesprayed at ground level al-	 ponds were sprayedconsecutively in a series of north in soush 

http:bioassa-.ed
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and south to north spray passes. A west toeast wind of ca. 
tial ni-iber of prparasites were lost be.10 kmph was recorded

during the aerial application. About 25 
cause of drift dunn; the aerial appiica.
tion. Based on the preparasite dosage andliters of water containing preparasites (ca, water surface area31 preparasites/ml) could not-be sprayed 

per pond. each pondwas consideredand remained in the tanks and dump sec. 
a replicate ever. though

the number of mosquito larvae per pondtion of the Simplex system after the varied.ponds were treated (Levy et a. 1I477). Each. pond was sampled 24 and 48 hrA iozal dosage rate of ca. 4.629 pre. post-treatmentparasites and the percentageper m= per pond was deter. parasitism by larval instar was determinedmined from the average number of pre-parasites (as previously described). to evaluate theper. ml of water recovered in effectiveness of the aerial application ofenameled pans during aerial application preparasitic R. Cuiiczo;a(i.e. 0.25 preparasites per ml). A substan. ag2ainst
Anopnidu spp. and C. franci.s. 

I E.' -""_ .' ma ,..- - -'- "'- - --- *-

. -- .-. -. 

. -. _.,%..-. : ,,-- -.-.--- --

Ph.%-" . ... -, ----- , ',. ' ;' ;. ... -. --. . 

.4-4 - .- - ." , .,
 

W. .-. ... .,,- , . .-.. 
•...
, ,. L.,, 


U... ,... . - ,- . -. ,, .-  - . :-. 

Figure 1.Lxpenmngail sites iPesni 1-31 used for aral application of R.t'uLicorssnnlnrplacement of enamel.d pans iai u,,l to catch preparasites atsouth end of ponds I and 3. 

.1 
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R .ULTS AND DISCUSSION 
Data collected from bioassay of un.

sprayed and helicopter sprayed prepara-
sites of R. cuzd'+*ora in water from the 3sources indicated that there were no sig-
niflcant differences in infectivity to Cx.quiwfaciaw larvae when preparsites 
were sprayed through the Simplex system
compared with unsprayed preparasites in
RO water (Levy et al. 1977). However. a10-12% reduction in infectivity was ob-served when unsprayed preparasites were
exposed to mosquito larvae in unfiltered
well water (Table 1). In addition, allposzparasites obtained from exposure of
hosts to the sprayed and unspraved pre.parasites in the various water types
showed no observable morphological andbehavioral differences when compared topostparasites recovered from the RO con-

ools (Table 1). 

'The bioassay data indicated that little 
or no inhibitory effects on the infectivity


and development of R.cui ,ore couldbe expected as a result of the heficopter
spray sy.stem or preparasite exposure towater in the 3 ponds. However, possible
inhibition of the infectiit, of prepara.
sites exposed for 24 hr to unfiltered wellwater used in the spray tanks was ob.
served. No effects were apparent in
nematodes held in tanks for 30-43 minand reared in RO water, a condition
similar to ponds. 

Aerial application of preparasites of R. 
-jorax to control mixed popuiations
of larvae of.ivij quadnimacuIa and An.cmuians in the 3 ponds resulted in meanparasitism ranging from 43.8-66.7Tr 
(Table 2). The mean parasitsm of all 402.Anophd, spp. larvae sampled 24 and 46
hr post-treatment from the 3 ponds was53.77c (100. 50.3. 59.5. and 43.4%
parasitism of 2-1st. 117-2nd. 196-3rd.
and 87-4th instar larvae. respective!vi.

F-ncapsulation and meianijaion of the
nematode Aas observed in several 3rdand 4th instar Anopheies spp. larvae andindicated a certain de=r:e of phvsloiog.
ical resistance to this neMaode Pe.ersen
and Willis 1974). It should be noted that

the majority of the Anoares spp. larvae
examined 
 24 and 48 hr post-treatment
were infected with more tnan one R.
cui ,cor=.Multiple parasitism may nave
 
resulted in some early hos: death prior to
sampling. In addition. 1005 postparasite 
emergence was observed from 25
.no.peie spp. larvae parasitized i, theponds by R.oi".:orax and indicated :he
potential for nematode recvcing in this 
type of habitat. 

Th-e parasitism of larvae of Czr. aa
resulting from aerial'appiication of :re.
parasites of R. c€.=,orc ispresented inTable 3. A mean oarasius,. of 41.9% wasobserved in the 86 Cz. e -ueu larvaeexamined from the 3 ponds. i.e. 50, 3..9. 

Table 1.Biuassauv of infectivitv of prrparasiuc ,Ra'nor,,u eia.ras to Is,-instar larvae ofCidn 'ui 
 at,,-aa as a function of water oualitv and sorav a*oi:'a:rnn. 

Water Type PreParasges
Tested Tested 

RO Lnspraea
Well Unspraved
Ponds 1-3 Unspraved
RO 
 Spra.ed'

RO Spraved"
RO 
 Sprayed' 

Percentage oit;araiste emerT.ncefrom inleced 4th istar !arvae 
(No. lar.ae sa,'oled, 

Preparastes in %ell water sprayed from heihcnpzer at ground leve:test and added to beakers containing R0 %atef. 

Percentage ;arasitism 

No. !arvae sa.nvicdr 


88..3 i6p,
78.3 (60,
90.0 160)
93.5 a.i. 
86.6 (131

15.0 (201 

100 129,
 
100 130%
 
100 (30i
 

100 (50 
ini buciets pri aeral 

Preparasites in .ellwater sOraced"from heico.-er at ;round level into buckets alter zenal testand added to beakers con:ainin; RO water.Preparasnes in well water sprayed from helicopter into enameled pans containing RO water 
test 

dunng aeral applicauon. 
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Table 2. Parasitism ofAnopdsn spp. larvae resulting from ae'rial apolicatinn of preparauges nfRumarmer 1,,ultwovaz at a dnsage rate of 4.629 nematodevrm:. 

Percentage parasitsm by instar 
P.nd Hr Post. (Nn. larvae sampled,N.. Treatment First Second -1aird Fuumn Combined Instar
1 24 100(i) 43.53) 48.4(31) 30.0(10) 44.665148 --- 0) -.- 0 79.0(!91 -40)Combined 79.0(09)lOOtI) 43.5(23p 60.0(501 30.02. 24 101 32.4(84)100(I) 75.0(28) 61.9142) 73.0i41 68.073148 --- (0) 33.33) 70.6(17) 50.0t4)Combined 62.5(24)I0011) 71.0(31) 64.4(59)5 24 62.3(8) 66.7(991---(0) 44.3361 60.43) 31..t33M 4b.2(14 1)48 -0) 25.9(27i 42.9(34) 35.3 17,Combined - 35.9(78136.3631 54.0871 37.7(691 43.3(219) 

55.4. and 0% parasitism of the 4-1st. eveniy distributed around the vegetative48-2nd. 31-3rd. and 3-4th instar larvae, edges of cahrespectivelv. pond. Since preparasitesLide multiple parasitism are believed to swim onl'was a few feet fromnoted in larvae of this speces. Two their point of introduction unpublished4th insmr Cz. ,rrcirew larvae were found data). numerous preparasites spraved into have encapsulated and metanized R. the centrai .oruons of each oond orobeulici.orox parasites, thus indicating ably did not encounter hosts. In addition.possible physiological resistance to P. preparasites we,.,e ca. 30 hrr'udicmra or limited resistance due to sprayed and IG-I.7 of the 
old when 

weakened or nematodesdamaged parasites dying were assumedafter entcring the host. 
to have list their infectivity

(Petersen 1976I. Some predation of in*Although the preparasie dosage per fected mosquito hostsm can also be ex.appears high when considring the pected to have occurred.total percentage parasitism, one m-st It is important to determine the mostconsider the type of parasite application efficient and ef'ective means of disas well as the physical features of the test semianting ,. ,cueo x preparasites ii.e.•ires in relation to the orientation of para. ground or aeral spr',,ing; in the various-ites and hosts. Preparasites were evenly
listributed over the 464 

types of fresh w:,cr mosquito habitats. Inm: of water sur- the sitestest utilized in this study it isace of each pond: however. theAnuphries expected that-pp. and Ca. rrMiucUS larvae were 
the dosage per m: couldun. have been reduced by as much as 505 if 

rable 3. Paraiitism .f Cuiex ,.mrena iarv;'e resuitnz frm aer:ai atl-ittmns n"preparasites ofRoiuvnnpu-. riewnorcz a: adusate rate of 4..52'2nemaidev.i 

Percentage parasimsm b%mnstar'ond lit Pis- IN.. larvae samoie,No. Treatment 'First Second Thtrd Fourth Combined insrars 
24 0(I) 39.1(23) 66 7t9) --- 0' 45.3(33148 -- 0 36.4111) 23.014, 013,Combined 0(0) 7.18138.234 53.S1131 0,35 39.2(51)24 .- 0) -40n 30.0(2)
4NA0) -0 50.42)3.31 -101 -WO)Combined -0 33.30,33.131 30.(-21 -- d0, 40.G.SI24 66.7(31 57.11, 66.7I5) -- 01 64.01251.16 -0O) ) r 0(l, -0 0(3Combhined M87:3) 36.31111 6:23.36i -.0, 53. 3 01~ 
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the preparasites were applied with a con. 
%'etnonalcompressed air sprayer aroundthe veretative edges of each pond where
umpling indicated the mosquito larvae 
were concentrated. F,irther. problems
associated with drift diring aerial sprav.
inglwould have been greaty reduced oreven eliminated. However. the potential
for recycling that this nematode has ex-

bibited in certain habit2ts (Petersen and
Wlls 1975) mayjustify the higher dosage 
rotes when apolv:ng preparasites of R. 
cuiivora.x by helicopter over large areas.Examinarjon of samples of Ano' tes spp. and Cz. erraticw larvae obtained 8weeks post-treatment revealed no para-
site actiiCv and therefore indicated that
natral recycling of R. cuixrCVOor. had notoccurred in the test sues during this pc-nod. Eight weeks post-treatment, pond 2 was dry and the water in ponds 1 and 3
wad recdd fro the tatern iedpe
had receded from the veze,,ative perime.
ter where the infected larvae were oriI.naily sampled: larvae at this time were 

riori evenly distributed in the central 

portions of the 2 
 ponds. 1his expectedthat postparasite emergence from the
Anopheles and Cuirx hosts and subsequent
nematode egg laving occurred in the soil 
around the vegetative portons of eC0
pond. Eleven soil samples per site o.
tamined with a standard soil core from
these areas and flooded with RO water 

for 24 hr indicated no preparasite activity 
at this time. 

Test results suggest that a helicopter
having a Simplex low profile aerial spray
system equipped with TeejeA spray noz
zies can be an effective means of dcis
serninaung preparasites of R. cuticivoraxagainst natural populatiotis of An. quad. 
r Lu c u-cias and Cx. emat,,'m,du. An. 
larvae, as well as other species of mos
quitoes in certain fresh water habitats. 

Lkgraftr Cierd 
Lew-. R.. J. A. Cornell and T. W. Miller. Jr.1977. Appicauoa ofamermithid parasie of

mosquitoes with an aerial spr-av system.
Mosquito News 37:312-316. 

Petersen. 1. ..1975. Penetration and develop.
ment of tne mermsthid nematode Ptenne-.
mis iusten, in eighteen species of mosquitoes.3 "J..ematol. 7:07-210.Petersen. J. J. and 0. I,.Willis. 1972. Results ofpreliminarv field acplicmuons of Rernu.'ms
ruiarm (Mermithidae:Nematodal to control 
mosquito larvae. Mosquito. Sew 32:312
316. 

Petersen. J.J.and 0. R.Willis. 1974. Expen.
mental rleame of a mermithid nematoae to
control .nomnetis mosquitoes in Louisiana.Mosquito News 34.316-319.

Petersen. J.J. and 0. I Willis. 1973. F',tab.lishment and recycling of a merntithid 
nematode for the control of larval mos. 
quitoes. Mosquiio News 35:526-332. 



INTRODUCTION 

The use of fish for mosqu'ito control. 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 larivorous 
lish 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 costly, shorter-lasting and, owing to 
the evolution of resistant mosquito strains, less 
effective (Bay, 1967a). 

In an annotated bibliography, Gerberich and 
Laird (1968) list 686 papers dealing with the use of 
fish for mosquito control. W'hile over 200 different 
fish species are mentioned, 279, or 41%, of the 
references cited deal partly or entirely with only 
one species: the mosquito fish, Gambusia affinis. 
The southeast Asian .Panchax group and the 
common. guppy, Lebistes reticulatus, are the 
closest runners-up, accounting for S.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 fnct, one of the most widely disseminated 
of any biocontrol agent. From an immediate and 
practical standpoint., mosquito fish offer great 
potential as an adjunct to chemicais for mosquito 
control. It is on this species, therefore, that we 
focus our attention, 

The development of a mosquito fish program 
should, 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 involved in 
mosquito control. Assistance with the program can 
be obtained from 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 importation of certain 
fish species, it is mandatory that the state Fish and 
Game Commission or their military representative 
be contacted when interstate shinment of 

G rbusia is contemplated. Additional advice may
alo be obtained from the U. S. Fish and Wildlife 
Service and most state universities. 

HISTORY 

Baird and Girard first described Gambusia affinis 
in 1854. However, it was not until the early 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 Honolulu in 
1905 by Mr. -Uvin Seale. The fish flourished and 
by 1907 they had already established a record of 
being exremely effective mosquito predators 
(Rockefeller Foundation, 1924; K'umholz, 1948).
In 1913, Seale (1917) transporr.d 24 Gambusia in 
a glass jar in his stateroom from Hawaii to the 
Philippine Islands where they also thrived and 
reproduced in large numbers. From the Phippines,
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, Georga 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 most widespread uses of a biological 
control agent in the -medical entomology field. 
Italy imported Gambusia from Spain in 1922 and 
from this Italian stock, distribu:ion was soon 
extended to countries throughout Europe
including Yugoslavia and the USSR (Transcaucasia 
Region) in 1921. Algeria and Corsica in 1926. and 
Greece in 192S. From Corsica. mosquito fish were 
imported to Egypt and then to Cyprus, Sy"ia and 
the Sudan. Finally, through :he suppor of the 
Rockepller 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 yellow fever control-efforts in Key West, 
Florida, Gambusia were used successfully in place
of oil for the control of Aedes aegypti in cister-s 
(LeVan, 1941). 

Gambusia affinis also received widespread 
distribution and use in mala.tia control. In the 
United States, Hildebrand (1921) reported that the 
use of mosquito fish during 1920 malaria control 
campaigns was responsible for producing more 
-permanent results in many southern states at a 



reduced cost, It Is also of interest that during this 
time the Health Department ir, Richmond, 
V~rginia, 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. 
Army Malaria Control Units utilized Gambusia in 
the Pacific to control anopheiine breeding in wells 
and cisterns (K-nholz, 1948; Simmons. 1949). 
More recently, Tabibzadeh, et al., (1970), reported 
the extensive use of Gambusia in Iran for malaria 
c'ontrol. .!z.=W.: 

' 

., -.,:.... 

. (Hoy 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 are 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 denotes "n6thing".
Thus, it is said, "to fish 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 be 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.characteristic of mosoulto 
fish. At birh, and for some time afterward, the 
anal fin of both sexes is similar. However. sexual 
dimorphism is later exhibited as the fin becomes 
small 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 

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 to Krumholz (1948), female Gfambusia 
attain greater lengths th. i males since they 
continue to grow until death. Males, however, Vow 
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 or olive green. In many 
cases, there is a dark, transverse bar across the eye. 
Female Gambusia and guppies are similar in 
appearance, but Gambu'sia can be distinguished by 
the rows of tiny black dots on the dorsal and 
caudal fins (Figure 1); a characteristic found 
-lacking in guppies. Another good fieid 
characteristic is that in female Garnbusia. the f--s 
ray of the dorsal fin is posterior to that of the anl: 
fin, while in the guppy they .are almost in direc: 
Line with 'one another. 

Two subspecies of Gambusia affinis occur tha: 
are essentially identical irr color, form, size and 
habits: Gambusia affinis affinis and Gambusia 
affinis holbrooki. The two can be separated by the 
fact that G. a. holbrooki has eight rays in the 
dorsal fin while G. a. affinis has only seven. A 
velvet black spotting or blotching may be presen: 
in either subspecies. Such individuals are no: 
different species, but are merely showing a 
melanis:ic or pigmented expression such as occu:s 
in " narbled mollies", a fish well known to ropic--" 
fish hobbyists. This phenomenon is rarely seen :. 
females but may occasionally occur in :he males. 

Distribution 

Because of its use for mosquito contro.. 
Gambusia affinis probably has the widest ranie c. 
any fresh water fish. It is found in nearly all of 6he 

warmer regions of the worid and has been success. 
fully established in areas where relatively severe 
cold weather occurs, such as Utah iRees. 19G. 
and 1945J. 4lichigan (Krurmho!:. 1944), Albert:. 
Canada (Mai[, 1954) and the USSR (Krumho;:. 
1944). In the U. S., Innes (1971) divides .,he 
distribution of Gambusia affinis between the two 
subspecies. The range of the eastern subspecies, G. 
affinis holbrooki, is given as Delaware to Flond. 
and Alabama, whereas the western subspecies. G. 
affinis affinis, ranges from Alabana to Illinois and 
south to the Texas coastal region. In Alabama, the 
two subspecies reportedly meet and the' 
distinctive features are lost. It is likely that th:s. 
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s'-nomenon occurs elsewhere as Gambusia is 
found in Arizona, California, 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 fresh 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 I inch in depth.

Although essentially a warm water fish,
Gambusia can tolerate a wide range of 
temperatures. Hildebrand (1925) reported

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 

Illinois (Krxmholz, 1944), and Manitoba. Canada 
(Smith, 1960). It should 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 L,.. Gambusia can inhabit areas 
seriously deficient in d'ssolved oxygen for short 
periods of time without apoarent stress. This 
ability is at:ributed by Lewis (1970) to a mor-
phological adaptation of the fish to oxygen
depletion. Specifically. their dorsally oriented 
mouths and flattened 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, stiuted for occupying habitats subject to 
periodic oxygen depletion such as in sewage
lagoons. 

Feeding Behavior 

Gambusia feed on a number of aquatic
organisms including mosquitoes. They are, in fact, 
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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 
Uambusia studied also consumed some olant tissue
consisting mostly of algae. In determining what 
organisms will be taken as food by Gambusia it
would appear that availabilit, is more important
than choice. Studies in Alabama by Hess and 
Tarzwell (1942)" demonstrated, for. insance, that 
when mcsquito 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 occurred soon after daylight with a 
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 Texas. Gambusia 
searches for food at or near the water surface, but 
will search the bottom if food is scarce elsewhere. 

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 later instars and 
even greater predilection for pupae has been 
reported by a number of investigators (Hess and 
Tarzwell, 1942; Mulla and Isaak, 1961; Ha-r.ngton 
and Harrington, 1961). 

The voracious appetite Gambusia have for
 
mosquitoes has been reported on severa 
occasions. 
Hildebrand (1921) observed one la.e femaje to eat
 
225 larvae and pupae within a 1 hour period. In
 
another instance, a pair of half grown Gambusia 
consumed over 5.000 larvae in 11 weeks (Seale,
1917). All sizes and ages of Gambusia readily feed 
o rAosquito larvae, and even fry" only a few hours 
old will attack young instars./Gambusia are also 
cannibalistic and will prey on their own young if 
given the opportunity. 
- .... 
Reproduction 

Oviparous or egg-laying fish generally produce
thousands or millions of unprotected eggs, butrelatively few sur.ive. Gambusia which are 
ovoviviparous (livebeare:s), give birth to smaller 



Mimber, 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 oairs are 
not formed as in many egg-layers. The fertilized 
eggs hatch within the body cavity of the female 
and the young fie folded with head and tail 
meeting. They are delivered in this form at birth;
either one or two at a time. Almost immediately,
they s aighten 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 (K.rumholz, 1948).

A gravid or sexually mature female is easily
recognized by the distended abdomen and a lar-e, 
black triang-iar area in front of the anal fin known 
as the "gravid spot" (Figure' 1). This characteristic 
is due to black Dig ment in the peritoneuxn (a thin 
membrane which lines the abdoxninal wall and 
various ora-ans) which shows throuch the distended 
abdominal wall of the pregnant female. The 
pigner.ted area is also found in immature females, 
but iL reaches its maximum size just before the 
lfemale gives birth. 
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Figure,1. Gambusia affinis. 

The average gestation period in Gambusia is 23 
to 24 days (Kzumholz, 1948), but varies with 
temperature. and possibly with other factors. 
Parturition, or the time required for a single brood 
to be borr,, will take about 30 to 60 minutes 
(Krumholz, 1948). On the average, three to four 
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 (Hoy
and Reed, 1970), alrhough broods of 300 or more 
may occasionally be encountered. Overlapping of 
broods does not occur and only a single brood of 
developing embryos are present in the ovary at any 
one time. Therefore, the female will have broods 
throughout the summer at intervals of 3 to 6 
weeks, the length of the breeding seasoc, varying
with the latitude and climate (Hildebrand, 192:).

.According to Hildebrand (1921), the breeding 
season in the southeastern U. S. begins in May and 
ends in September or October, while in Flonda 
(Key West), it occurs all year round, although
gravid females are less numerous during the winter 
months. Hubbs (1971) reports that femnale 
Gambusia are reproductive from March through 
September in Texas. in Ulinois, Krumholz (1948)
found that females present at the onset of summer 
were virgins born the preceding fall, which becane 
gravid for the first time at an ag.e of S to ".0 
months. However, female offspring of the fi-st, ,-.d 
possibly second, generations became gravid at an 
age of 4 to 6 weeks. Hubbs (1971) made simiiar 
observations in Texas. 

According to Krumhoiz (1948), mosquito fish 
may live for 4 to 5 years in aouaria. but -e:y
seldom survive more than 2 veas in the wild..As a 
general rule, both males and females were found :odie the same summer in which they reached 
maturity. However. the ma.,mum life spa. was 
found in females which did not become ma: e 
until their second summer. These fish liberated 
their series of broods 2nd died at an age of 15 
months. 

EFFECTIVENESS 

The effectiveness of Gambusia as a mosqu::o 

predator has been well documented over a penod 
,of 70 years. Characteristics which have contributed 
to this effectiveness include the following: I)
flattened heads and protrusible mouths wi:-h 
enable the fish to readily prey on surface feed:ng
larvae and pupae: (2) small size which enables them 
to inhabit shallow waters and penetrate dense
vegetation growth where larvae and pupae hide: (31 
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ovoiviparous reproduction which does not require 
specialized substrates for oviposition as in many 
ea-layers; (4) high fecundity, 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 occur when an 
overabundance of fish causes an active search for 
prey, even in heavily vegetated areas (Hildebrand, 
1921). According to Hildebrand (1925), the degree 
of control obtained will be dependent upon the 
density of the fish population. When population 
numbers are small, a compar tively larger number 
of'mosquito larvae will escape than when mosquito 
fish are in abundance, and the competition for 
food correspondingly greater. This is paricularly 
true when adequate hiding places exist for larvae 
and pupae. The existence of natural enemies which 
prey ,onGambusia 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 effectiveness 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 adequate control. This 
is very evident when Gambusia and mosquito 
larvae are found living together in the same areas. 
'Asdiscussed by Barney and Anson (1921), it is 
necessary to modify the environment of such an 
aquatic situation in order to magnify the 
effectiveness of Gambusia as a larval predator. This 
can be accomplished by removing the vegetation, 
increasing the number of fish by stocking, 
providing places of refuge, or eliminating natural 
fish predators. 

In Michigan, Krumholz (194S) found in 
experiments over two summers that Gambusia 

were about 81% and 957 effective in cnnrolling 
anopheline breeding in ponds. In Georgia ponds 
and swamps, Hildebrand (1925) found mosquito 
fish to be responsible for a 50% and 807c average 
reduction in anopheline and culicine populations, 
respectively. The most effective control of both 
species was in artificial ponds while conM.ol was 
much less successful in several heavily vegetated 
swamps. Similar observations have been male by 
other authors, and it should be realized that 
ab. olute or 100% control cannot be expected in 
every situation. The fish may also be more 
effective under some circumstances than others. 

'The mosquito-like chironornid midge, while 
non-biting, is often an intolerable pest in certain 
areas. Like mosquitoes, the immature stares are 
aquatic and it might be expected that Garnbusia 
would also be effective in their control. Bay and 
Anderson (1966) concluded from studies in 
California, however, that mosquito fish had little 
or no value in the control of chironomids. 

HUSBANDRY
 

Mosquito fish "husbandry". has become an 
accepted tern for the manipulation of fish for 
mosquito control (Fowler, 1972). In this guide, 
husbandry will include methods for co.iecting, 
transporting and stocking mosquito fish alcng with 
information on integrated control techniques. 

Collecting 

In order to establish a mosquito fish proc- for 
biological control, a system for mass collection is 
essential. There are basically two major s..les of 
collecting: active and passive. In active co".ecting. 
the fish are actually chased or surrounded in a 
physical manner, while in passive collectin.. a trap 
is used in which the fish captu.e themselves. The 
type of equipment used to accomplish ccliecting 
may include aquatic or dip nets. minnow se:ne nets 
and a number of different fish traps. in order to 
select the best method for each individual s::uation 
op Wcality, each of the methods and their 
advantages and disadvantages are dscussec below. 
'A review of the Biology section will indic::e those 
areas to investigate for sources of mosquito fish. 

The aquatic net, or dip net, (Figure 2cconsists 
of a small mesh hag on a'long wooden hani',e. It is 

'an inexpensive piece of equipment which :s used in 
active collecting by one man. .h1ile an aquatic net 
miht be useful in a small scale operation. iks use is 
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Figure 4. Poirel binnx traaparrangemenato 

channel the fish into the interior. Stains (1970)developed a similar box trap for use in sewa.e..,..
lagoons. Constructed of redwood rtwo by fours, it 

was rectangular in shape with dimensions of 3'.x 3 2-

..
 

X 10'. Two hardware cloth funnels were utilized ~. ,~


along with lateral weirs to channel the fish Lito the 7. 
-..

~ ~ ~ -
trap from either direction. T, .~The permanent box trap i well suited for large 

.,1: 

r.. V
 
activities requiring an extensive mosquito progna4m 
 :$ 
and having access to a permanent source for ..1collection. However, to fulfill the need for a less... " r ¢.'"•,.
permanent and more portable collection syse a ,..- ..- .
modified box trap4Fi.re 5) was designed which.
 
was lightweight. collapsibie and easily assembled in "•. " * .
i 
the field by one man (Ehrhard: and Shoidt 1972).

This poable trap is descrbed in detail in Figure 6. Positioning of porable box tra
 
Appendiix A in anticipation that it will be of use to 1.

activities not requiring permanent traps and haing submerged. Thebes: time for colloc'ior i4.

lnited s lorae facilities. 
 eauly.'mmrinq and late evening, periods wn-n th,.--

Because Gamnbusia is a shoaling species, best is peaked.feeding activity In' heavy popuiatans.results are achieved when the trap isset-parallel to. the numbers captured with: this box style, trap isand about 2 to 4 feet from, the shoreline (Figure phenomenal. Stains (1970i ro-ughly estimrated6). Obviously, the water level must at least be' as many as 100.000 fish w:r- collected: i a single
above the funnel entrances. Conversely it should day using his trap.
not be too far above the entrance holes, as. 
Gambuslia normally, swi, near the surface and ewill 
not enter the holes if the trap is too 'deeply 
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rransporning 

To collect , the necessary quantity of fish 
required for effective control, one of several 
trapping methods can be selected. Similarly, after 
capture, the fish may be transported in a number 
of opened or sealed containers such as garb ige cans 
and plastic- bags, repectively. Sweetman (1936)
recommended using 10 gallon lard tins for 
transporting 30 to 40 larger-sized fish. In Iran, 
Tabibzadeh, 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. Nakagawa and Ikeda (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, provded 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 
'allon plastic pail is usually adequate. Due to the 

-exceptional jumping ability of Gambusia a cover or 
screen may be required on open containers to 
reduce the loss of fish while in transit. 

Regardless of the type of container used, oxygen
pointed out by Lewis (1970), when Gambusia 

become overcrowded,at and mutualfish interference occursthe. surface each periodically loss 

contact with this oxygen source. Under these 
circumstances, the fish become less efficient in
using srface oxygen. Therefore, '.iigh mortality
results ver, quicklvy a the crtica level of 
overcrowding is reached. This is particularly true
during hot days when the fishes' requirement for 
oxygen is higher, but 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 miade of porous stone. The 
source of air can be any type of air compressor,
electric fuel pump or compressed air cylinder.
Tygon tubing is used to connect the di'fusers vith 
the source of air. When a stream of fine bubbles is 
released through the at:stone, 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 pazticulrly 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 ca:. 
be metered using a surgical clamp or an aquarium
air valve. Optimum aeration is a heavy stream o:" 
fine bubbles. Over-bubbling should be avoided 
because it creates heavy turbulence and little 
oxygen is dissolved. 

A compact system designed for aeration of fish 
bait has been used successfully for Gambusia 
transportation. The system, as shown in Figure 7. 
consists of a small air cylinder, metering valve, ai: 
stone and tubing. The cylinder can be charged with 
-air from a service station tire pump and when filled 
to capacity will deliver air to a container for 5 to T 
hours. 
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Figure 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 -. 
tropical fish ipporters for several years. In addition 
to being inexpensive and suitable for t-,-nsporting
fish long distances, plastic bags have advantage. 
over metal containers in that :hey: (1) do not rus: 
(2) prevent injury to fish bumpi'g into container 
walls; (3) protect against temperature changes; (4; 
are lightweight but durable; (5) are portabie; a.
(6) requ:re, little storue room. Also, the bags
readily facilitate water temperature equalization a: 
the stocking site by floatnn; them in the %ate: 
before releasing the fish (Miller, 1956).

The fish are placed in 5 to 20 gallon, heavy duty
plastic bags contained in styrofoam boxes (Figure
8), which provide good insulation agaiu: 
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temperature fluctuations. 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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twisted, bent andover fastened with a rubber 
band. When the lid of the box is in'Olace, the fish 
are ready for tarsporting to the stocling point.For added protection, it may be desirable to use a
cardboard box or ply-wood case to hold the
styrofoamn boxes during transit, 

The plastic bags and styrofoam boxes can oftenbe obtained frorr. lcal trooical fish dealers at 
minimum or no c-)s:. A small comoressed oxygren
cylinder (FSN 6505-122.1S11 is usually available
from a dispensary. 1: is irnporant that pure oxygen
be used in the plastic bags. instead of atmospheric
air. Nemoto (1957) found in studies with two
different fish species that sunival time was
increased by 20 to 70 hours when air was replaced
with pure oxyget nsae oties h
maximum holding time using the plastic bag
technique will usually be 2 to 3 days; however, the
bags must remnain 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, 

Regardless of the method of transportation, thefish should rot be artificially fed on the day prior
to, and during, actual transportation. Temporary 
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Figure 9. Adding oxygen. to plastic bags 

star-vation lowers metabolic discha.Tes (Ne mo to,
1957) and reduces the amount of reguraitared food
that can contribute to pollution. The fish also 
appear to become more' resistanit to tempoerature

.u.ctuations h' ijuries (';orr:,and .ndling at 1.' 
1960). Another critical fac".or to consider during.
transportation is water temperatuxe on hot days. In 
open containers, the addituon of block ice mnay be
useful. However, the amount of ice used shotld be
controlledfso that the temperatture remains within.
4 to 5 degrees of the water from whi*ch the fish 
were taken. Sudden and drastic changes in. 
eprtr cause undue stress on the fish

producing mortality or predisposing them. to 
disease. 

Besides temperat ure, other factors which limit
the maximum numbers of fish that car be
transported. include: oxygen consumption.. carbon
dioxide production, excretion of nitrogenous
wastes and excess activity (Norris. et al., 1960). To 
control these factors, cherr ~cal agents capable ofinducing anesthesia or deep sedation in fishes have
been .studied and used by Fish and Game 
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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 transportation. 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, significantly more fish can be 
transported than without the use of anesthetics., ' 

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 most prooetarns 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 


* wishing to further investigate the subject should 
• 	 aview the paper by Bell (1964) which lists the 

properties and char-creristics- of several fish 
anesthetics in a useful chart form, in addition. to 

* the references cited above. Certain general 
anesthetics are extremely 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 pia'n: infested, too 
extensive or too temporary for them to reach 
control levels or where protection from natural 
enemies is not adequate (Bay, 1967a). Next, in 
areas where extremes in summer and winter' 
temperatures occ',ur, ponds with a minimum depth ... 
of 5 feet will be required for the fish to surve.... 
(Knumholz, 19-1S. Tabibzadeh, et al., 1970). 
Thirdly, Krumhol: (194S1 states that Gambu sia are 
capable of maintaining a popuiation in salt water 
and, in fact, they have been shown in the 
,'-boratory to withstand salinity over twice that of 

-a water (Ahuja, 1964). But. Harrington and 

Harrington (1961) consider them to be overvalued 

in their usefulness for the control of salt marsh 

mosquitoes, and there -slittle information available
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to the contrary. Their use in salt marsh areas 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 
e.dstence of game fish by feeding on their young 
fry (Myers, 1965). It is recommended, therefore, 
that those areas designated for sport fishing not be 
stocked if a possible decline in game fish will result 
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 goldfish (Myers, 1965). 
Personnel with state Fish and Game Commissions 
or the U. S. Fish and Wildlife Serice .are probably 
best qualified to assess the ecological situation and 
specify areas which can safely be 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 unpleasant 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 row:h 
will be dependent upon water temperature. the 
availability of natural food, and che size and tota! 
numbers of 4ish to be accomodated. Prior to 
stocking, the elimination of predaceous fish and 
other natural enemies of Gambusia may on rare 
occasions'be necessary. Obviously, the killing of 
fish for any reason can have serious.repercussions if 
accomplished improperly or without good 
justification. Therefore, coordination of such a 
project must again be made through the command. 
the activities' fish and wildlife representative. and 
appropriate medical department and public works 
personnel. Recommendations and approval for an 
appropriate chemical should be obtained from the 
cognizant Naval Facilities Engineering Command 
Applied Biologist. 



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 protectio6 available to 
the mosquito population. Overstocking is usually 
not a critical factor.- Therefore, when 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 females per acre when applied early in the 
season. In Louisiana, Craven and Steelman (1968) 
achieved 967 control of mosquito larvae 
populations in flobded rice fields stocked at rates 
of one half fish per square foot of water surface. 
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 te.rnperature of the water in the container 
and that of the stocking si-e should be equalized, 
particularly if a difference of more than 4 to 5 
degrees F. exists. This can be accomplished by 
floating the container in the water or gradually 
adding water from the stocking site to that of the 
container. 

Nakagawa and Ikeda (1969) reported on two 
methods utilizing helicopters 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 aircraft 
hovered from site to site. In another case. the fish 
were placed in a spray tank from which the spray 
system had been removed. The fish were dispelled 
from the aircraft by opening the main valve or the 
tank. In California. 1 gallon plastic bags were filled 
with water, approximately 200 fish, 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 to provide effective control 
will depend on the number stocked initially. When 
minimum numbers are planted (i. e., 100 to 300 
females per acre), a period of 30 to 60 days may be 
required before the population reaches an effective 
level. It is, therefore, advisable to stock as early in 
the season as possible such as in April or M.ay. 
After. stocking, the population' may reproduce at 
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phenomenal rates. Fowler (1964) reported -hat 
within 30 days, 4,000 to 8,000 fish were obtatned 
from rice fields initially stocked with 200 matu.re 
females. Russell (1970) estimated that a tota of 
1.5 million fish were removed over a 3 yer period 
from one pond initially stocked with 2,000 
Gambusia. 
Integrated Control 

The management of pest populations throu'h 
the use of integrated control techniques has 
received increased attention in the past few years. 
The term "integrated control" is usually defL.ed as 
the use of chemical, biological, and physical 
control measures either in sequence or 
simultaneously against a pest population. !n a 
nosquito fish program, the central theme consists 
,f using chemicals, namely larvicides and 
herbicides, to augment the biological con"rol 
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 and, become 
fully effective (Bay, 1967b). Herbicides, on the 
other hand, serve -to control dense vege:.ason 
where mosquitoes see Nrefuge from the predatory 
Gambusia. 

Obviously, the choice of insecticide is c.-ica. 
since a selective material is required which wiL: kill 
the mosquitoes but spare the fish population. A'.t 
field dosages, Lewallen (1959) found Th-et. 
Guthion, malathion and parathion to produce high 
mortalities in mosquito fish. Similarly. chlor.-ane. 
endrin, heptachlor, Thiodan, toxaphene, ann, 
dieldrin and isodrin were found to be ha:ardcus to 

Gdmbusia (Mulla, 1963). Compounds found :o be 
relatively safe against mosquito fish at moscuito 
larviciding rates include: Abate (Hamon. '_.'0); 
fenthion (Mulla and Isaak, 1961; Paterson an: von 
Windeguth, 1964; Nakagawa. and Ikeda, :969); 
naled *(Lwallen, 1959; Mulla, et al., 1-'63); 
Dursban (Ferguson, et al., 1966); merhyl para:hion 
(Mulla, et al., 1963); and FLIT MLO (Welsh, 
1972). Diesel fuel will probably not kill fish a: low 
rates but it may have some repellent az::on. 
Hildebrand (1921) suggests that diesel fuel is 
disagreeable to the fish and may destroy some of 
their food. Also of interest is the reported 
resistance or tolerance of mosquito fish to a 
number of the organochlorine insecticides (Boyd 
and Ferguson, 1964a, 1964b; Hanron, 1970). 

Hildebrand (1921, 1925) felt aquatic plant.s with 
slightly submerged leaves or with a dense network 
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rTheeve possible",it-is recommended that the

ve-tation be removed mechanicallv. If.however, a 
herbicide is required then a number of factorssi'ms, 1972)must be considered: (1) if the plants 
are growing in the shallow edges or margins, or on 
the hank above the water line: (2) if the water is 
freeflowing as ina canal or static as in a pond; 
(3) if the vegetation is a grass or a broadleaf and if. 
it is submerged or immersed: (4) if the herbicide 
will be compatible with the aquatic animal life- and 
(5) if the treated water will be usedfor drinking by
livestock, wildlife or humans. General guidelines
for aquatic weed control are contained in 
Agricultural Handbook No. 332 (U.S. Department

f Ariculture, 1969) and NAVFAC Manual 
MO-314 (U.S. Department of Defense, 1970). 
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"when and where necessary. Chemicals .ill not:I 
required if. the fish are. keeping the* mosquito
population uinder control or'adequate vegetation is,"'
unavailable for the mosquitoes to find reuge. 

Other methods of improving or faciltatingu'integrated control'would be toconstruct drains ' 

leading to ponds stocked with'.fish and to thin or. 
remove vegetation with herbivorous or omnivorous 
fish,'such as carp. In Hawaii, Gambusia were used sl 
in combination with an algae.feeding fish. Tilapia
mossambica. As the. Tilapia multiplied, their 
feeding cleared surface algae enabling Gambusia to 
successfully attack mosquito larvae (Nakagawa and 
Hirst, 1959). This type of biotic activity has been 
termed "bio-synergistic" by Gerberich and Laird 
(1968). 
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APPENDIX A
 
CONSTRUCTION OF A PORTABLE BOX TRAP
 

The portable boxc 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 (1S inch)
hardware cloth was generally used for collecting large numbers of males an.d 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 easily passed through the screen. Appro.irnately four man hours 
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 measutrements of 35 1/4" X 55 112". All comers were joined 
using 2 1112" finishing nails and secured with polyvinyl resin white glue. The hardware cloth was trimmed to 
the proper dimensions and attached with a hand-operated stapler and 1/2" staples. 

The two trap ends, step B, 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 stips of 
hardware cloth were stapled in place over the double slats. 

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 placed Ln 
position upon the bottom piece. By taping the parts together with masking tape, the hook and eye latches' 
could be accuraely secured. Fourteen latches were used; two in each corner and six along the bottom. To 
hold the funnel and flat inserts in place, atotal of ten turn buttons were fastened to both sides of each trap 
end as shown in Figure 10, B. 

In step D, fou-r rectangular frames were constructed with outside measurements of 14 7/8" X 23 718". 
Two of the frames were fitted with hardware cloth to make the flat inserts. For each funnel insert, two 
triangles of hardware cloth 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 measurement of the 
rectangular frames, were stapied in place. Wax covered string was used to draw the sides together into a 
pyramid. The s:--ng was tied at the base of each corner and then woven upward through the hardware cloth 
using a chain sti::h. 

Diverging lateral weirs made of minnow seine nets were used to direct the fish into the trap. Two 4' X 
10' seine nets were cut in half for each end of the trap and fastened in place with 1/2" staples. Unlike 
hardware cloth weirs, the seine nets readily conformed to the contoured beds of collecting areas, were 
-easily installed, and reduced the bulk and weigh: of the trap. 

The trap wordezd equally well in shallow and deep water. Approximately 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 quicily instaling the flat inset: 
behind the funnel as the latter was pulled up through the interior, the fish could be removed with no 
interference from the protriding cones. In deep water, the funnel inserts were used in the upper openings
while the flat inserts closed off the lower. After the trap wal pilled close to shore, removal of the captured
fish was easily accomplished using a large tropical fish net. 
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Figure10. Specifications for construc~ion of a porable box trap 
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Vd.:ld in U. S. A. 
FACTORS IN THE ELIMINATION OF TIIE IMM[ATURE STAGESOF A.OP)TELES QUADRLIACULATUS SziY IN :I WATER

LEVEL FLUCTUATION CYCLE' 
BT 

EDITH X.DA.ROW: 
(Receired for pubUcajoU, ly uGth, 1949) 

INTRo6UCTION then lowered to the maximum summerThe development ofagement as water level man. pool levela measure in order toageopentasoadqmaure strand winter acfor the control ot cumulations of drift; (2)forthed constant poolontol ofphase, with the water maintained at theAnophe!:: qaadrimaculatusbreeding in 'njruisfhureean t corhnpouudecI water has resulted in more maimum slnimer elevat;on to disour.age gerninatio or sprouting of vcgeta.malaria vector ective control of this on in the rg l zone of fluctuaio;in the Southeastern (3) cyclical fluctuation, which beginsUnited States. It has been demon. with the breedin, .eason ofstrated byIiHes and ITHll -4. quadri(1943) ad wih teootrol the
Rozeboorn and hess (1944) that there is a early summer brecdiii; andpositive correlation (4) sea.between the sonal recession, inamont of intersection lint at the water 

which, in addition toweely fluctuationsuriace cycles, thereand the extent of Anopheles is agradual drawdownquadryagacidalait to keep the water outproduction. Water of the advancinu, band of marinal vege.Jcvc! nminagement for malaria control is tation.primarily concerned The first two phases of waterwith the reduction level manacement are measuresor elimination of this intersection line at 
for tim. 

appropriate iting intersection values in the impound.times and intervals. 
usual schedmle of water 

The ments, but cyclical fluctuation and sealevel, manage. sonal recessionment may destroy theon larva'smain river reservoirs includes either by drawing them out of the ve.ge4 pla.es (Hess and Kiker. 1944): (1) tation into the openan early spring surcharqe, during which water where theyare decimated by a lack of food and pro.,the water is raised to flood elevation and tection, or by strandinc them on shore
I romu tile Scliool of Hygiene and Public 

where death results iron, exposure toHealth of the dscainadohrzcos 
til latlah Joils Hopkins University and lnand Safety Division of the Tenne,. (1936) found that &s the water wa-q'Authority.see V :alle0y 

'Tile lowered in an experimemtal pnol.aior i3 conindebt.od to JDr.boom for his advice L. Z; Roze. centrhtions of larvae1. ad crii6sfls: to r. A. occirreci]ess, Mr. C. in sinai.W. Krus ad depressions with subsecrqicbn death of theMr. Brown larvae. Nwcw*rlnwki m t 1hoir . gtnioi , . - r 
ht th: ile draw.,I n.s.ie::deit ili,,h wur; nid to the nine Dr.Livinigsto a 1-:. l'1o.; he11 larvafor his ah'ice oi :lic Ile of 3ome of 
oj:1 1he IctatedlInrcin:he euluillm¢ut. Tie into the open watera.t.rn- is fur:h:*r in. predators coutld artck 

wiitce 
dvllud tn M.. thein played AL. %. Buchatnit and Mr. C. T. moeiGreeme of Ue t'.ited St:wes Nationli Musuo terdetu.
for ideutificaion n parthcof the srerin,,ns of Carabidae ,b e e .tion,;SO far, thereand Dulichopodidae reapectively, and to Mr. T, 

have been no do
13. lodgen of tailed studies tOthe Uuiversity of Rarnmos dterni~e e fate of 
iIICS~tiyiII' the Saldid t',e:::en. 

for tarre ',in a '.le'e] lvrawdown." Sometimes a fluetuation cycle proves to"207: A3t ,J.rly0 .. iP4m, %'or.. O : rr. =O7,_ .. , 
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be inefrective, and large numbers of ma-
ture larvac appear almost jinediately 
after' a dewtered shore is again in-
undated. Thissuggested the Iossibility 
thiiinder certain conlitions the larvae 
CRan survive on the mud for tie duration 
of a fluctuation eyele. 

In the formulation of a more success-
ful program of water level m~inagement, 
a knowledge of 'tie len.th of the time 
the eggs, larvae and pnpae of the mos. 
quito Canit on the shore undersurvive 
various climatic conditions should prove 
of great value. From observations that 
have lre:idy been made, it appears that 
the immature forms of anopheline nios-

.quitoes can stand a surprising amount 
of desiccation. A.nopheline eggs, which 
are the most resistant of the staes to 
desiccation, have been found by various 
investigators to remain viable for 2 to 
3 dais on a dry substratum under lab-
oratory conditions. On a moist sub-
stratum the eggs can withstand desicca-
tion much longer. Mayne (1926) re. 
ported that e.-s of A. quadrimacuta:hts 
exposed on drying mud hatched after as 
long as 16 days and those of A. 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 I'MLtn a Canal Zone 
which had bcet without s:andin water 
for at leasL 1 mondt produced larvnc of 
A. pu ifHae1 tio. -A.albil a. s, and A. 

ut Denne 
anld.Causy(1!4) folnd that a snall 
proportion of, the eggs of A., fgainbiae 
Could srvive-. up to ISdays in, drying 
u." 

oquasas~i wli'Splaced in waler. 

Inuh9sniulh as anonepline larvae are 
uuch' less resistant to desiccation than 

are the eggS. there have been fewer ob-

servations on their survival out of water. 
tephens and Christophers (1904) quote 
elli and Casagrande as having found 

Dar'ow, 1949. 

DARROW
 

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

Nickolsky (1125) observed that A. 
macuilpcIIis larvae in pools around 
Moscow could live on moist soil for a 
days when the weather was aloud:" and 
for 1 day when it was sunny. Imagos 
emerged, from the pupae aYven when the 
latter were siruded on the mud. 

Hill and Cambournac 2941%, while 
studying the effcct o! iutcrmittent irri
gation used for mosquito control in rice 
cultivation, found that larvae on soil 
with a 20 per cent moisture content 
could survi'e for only 2 hours out of 
doors in the shade but for 12 hours in 
the laboratory. They sugested :hat it 
was necessary only to reduce the niols. 
ture in the rice 5elds to the point where 
the sur.ace film was lost. as indicated by 
a lack of luster, since the mud becgal to 
lose its luster at 20 per cen: soii moisture 
content. 

In the laboratory Ialandadze. and 
Saatelova (M941. in a series of experi
mcnts on A1.ntncuipennis ,nar:iivrnnis 
and A. .aripcr. usiuc substrata of 
known moisture content for the expo. 

.u'c of t!. larvae. f'und that the third
anjd foiurh-sra'c larvae sturviveo% loucer 
Mall dil tih.l first Iw., s ,it-rS. The ;; 
oldes.t stages ot: ..e:.r;.cr survived 
from ', to 7 dlys oil substrata ot 3::.1 
per cent noisture content at room ten. 
peratures and 59 to 75"pcr ceit .relative 
humidity. On a dry substratum they 
survived only 35 minutes. 

The purpose of the present sudy was 
to determine the importance of ,uertain 

factors coverning the efectiveness of 
cyclical fluctuation of irater level for 
the control of the immature stages of 

http:e:.r;.cr
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* be ineffective, and large numbers of ma-
ture larvae appear almost immediately 
after a dewatered shore is again in. 
undated. This suggestcd the possibility 

'that'under certain conditions the larvae 
can survive on the mid for tle duration 
of a fluctuation cyele. 

In the formulation of a more suces-
ful program of water level management, 
a knowledge of 'the length of the time 
the eggs, larvae and pupae of the mos-
quito can survive on the shore under 
various climatic conditions should prove 
of great value. From observations that 
have already been made, it appears that 
the immature forms of anopheline ios-
quitoes can stand a surprising amount 
of desiccation. Anopheline eggs, which 
are the most resistant of the stages to 
desiccation, have been found by various 
investigators to remain viable for 2 to 
3 dais on a dry substratum under lab-
oratory conditions. On a moist sub-
stratum the eggs can withstand desicca-
tion much longer. Mayne (19260 re-
ported that eggs of A. quadrimacuaits 
exposed on drying mud hatched after as 
long as 16 days and those of A. crucians 
exposed in a similar manner hatched 
after 21 days. An even longer survival 
was reported by Stone and Reynolds 

(1930). They found that mud from 
seepage areas in the Panama Canal Zone 
which had been without standin- water 
for at least I mnnth produced larvae o, 
A. p netli viicida. A. albsi anu. and A. 
aquasalis when placed in water. Deane 
and Catise" (3943) found that a small 
proportion of the eggs of A. garnbiac 
could survive up to I. days in drying 
sand. 

uInasmuch as anonheline larvae are 
mzuch less resistant to desiccation than 
are th~e ers. there have been fewer ob-

servations on their survival out of water. 
Stcphens and Christophers (1904) quote 

Celli and Casagrande. as having found 

~ .19049. 

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 die. 

Nickolsky (1925) observed that A. 
inacidipcnis 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. Imagos 
emerged. from tie pupae even when the 
latter were stranded on the mud. 

Hill and Cambournac (1941), while 
studying the effect of intermittent irri
gation 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 laboratory. They suggested that it 
was necessary only to reduce the mois. 
ture in the rice fields to the point where 
the surface film was lost. as indicated by 
a lack of luster. since the mud began to 
lose its luster at 20 per cent soil moisture 
content. 

In the laboratory Kalandadze and 
Sagatelova (1945), in a series of experi. 
ments on A. maculipennis macidi.pnnis 
and A. clarigcr, using substrata of 
known moisture content for the expo. 
sure of the larvae. fNune that the third. 

4 nd fourth.stAc larvae survived loncer 
tham did tihe. fi,.t two staues. The :3 
oldest stages of A. c0aviger survived 
from 3 to 7 hvws oi substrata of 33.31 
per cent moisture content at room tern. 
peratures and 59 to 75-per cent relative 
humidity. On a dry substratum they 
survived only 35 minutes. 

The purpose of the present study was 
to determine the iportance of certain 

factors governing the effectiveness of 
cyclical fluctuation of water level for 
the control of the immature stages of 
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LJISCUSSu'.i 

in the schedule of water level manage, 
ment for the control of Anophcles quad-
rimacuatus in impounded waters, the 
third phase, i.e., cyclical 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, 75 per cent or more of the 
larvae are flushed out of marginal breed. 
ing areas with a moderate 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 
s essential to heavy breeding, may cause 
a higher percentage of .the larvae .d 
pupae to be stranded than was observed 
in the present study. For example, in 

, 10 

Linuou.,i. rr:a and from those rvP 
in aliefe L" a .hors oIsrii 
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urnb u 1humidit. 

Nuer of pupae ~G6 11130 1202Prcent sueceessjul of i74.C8: -.5. 0 0.7 60.p n;"I "end 

some preliminary studies about 92 per 
cent of the larvae were stranded in an 
experimental area with high intersection 
line, as cnmparcd with only about 3 per 
cent where the intersection line was 
eliminated. Another factor aflecting 
strandage is the raliidihy of water re. 
cession; wheia the experimental draw. 
down was the slowest, approximately 0.5 
!eet in 24 hours, abont a fourth of the 
,arvae 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 feet 
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 Valley 
impoundments a somewhat higher per. 
centage of the larvae and pupae are 
stranded than was observed in the ex. 
perimental pool. Because this stranded 
fraction may represent large numbers 
of potential adult mosquitoes, it is im. 
portant to understand the ecological 
factors affecting their survival. 

The most obvious factors to be consid. 
ered are the climatic ones of tempera. 
ture and humidity and the amount of 
water in the substratum upon which the 
aquatic stages are resting. Under nat. 
ural conditions larvae and pupae can
survive overnight strandaze, but during 

the day an .-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 after 45 hours. Even under lab. 
oratory conditions, with a soil moisture 
of from 2- to 27 per cent and a relative 

of 100 per cent. the fourth. 
stage larvae were a-Stost all dead atl the 

of 40 to 72 hours. Although pupae 
ee e jwere. better able to survive desiccation, 

....... and might give rise tn A1,,te while rest.*
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ing on mud, strandage also affected 
them adversely, so that about a fourth 
of those returned to water after 24 to 
36 hours of desiccation were unable to 
produce adults. . 

In the laboratory higher soil mois-
tures permitted significantly longer 
larval survival, but in the field the erect 
of this factor could not be measured. 
The consistency of the soil appeared to 
be of greater significance than its actual 
moisture content, which is not surpris-
ing, for in a mush3y substratum the 
larvae can sink down into the soil so 
that a larger area of its body is in con. 
tact with the wet soil and evtporaLion 
from the larva would be less. In a 
saturated atmosphere both in the labors. 
tory and in the field, larvae which had 
crawled away from the moist mud onto 
the tin of the exposurm apparatus were 
almost immediately desiccated, while 
their companions in the moist mud lived 
sometimes for days. Davies (1029) 
found that Collembola could not su-.ive 
exposure on a dry substratum even in a 
saturated atmosphere, but when the sub. 
stratum was moistened, t:ey survived 
until starvation killed the.m. Mosquito
larvae apparently are also able to ab. 
sorb moisture from the soil to a certain 
extent to replace that lost to the 
atmosphere, 

Temperature :4lected survival in the 
laboratory perhaps through increasinq 
the evaporatio, rnta. but ii the field soil 
temperatures could not be correlated 
with survival of larvae and pupae. 

Of all the climatic factors studied in 
the :field, positive correlation was ob- .. 

tained only with evaporation. which is 
especially significant in that it integrates 
effects of temperature, radiation, relative 
humidity and air movements, as well as 
the exposure time. To arrive at an esti. 
mate based upon evaporation of the thne 
required for effective kill of larvae and 

._ow, . 9409 
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pupae stranded along the shores of the 
iMn)Oidment.s, evaporatimns recorded 
by the Livingston spherical atmoincter 
in different kinds of weather in the AVII. 
son Dam arca were tabulated. The aver. 
age evaporation for S-hour midday 
periods during July, A-uaus; and Sop
tember in the experimental area an. the 
expected mortality for larvae and pupae 
as derived from ficures 4 a:nd 5. are sum
marized in table 17. 

From :his table it appears :ha, dur;in
clear weather. stranding fnr one .u!l day
is suf.i'ient to kill nearly .!l o. the lar. 
vac and a subns-antial nunmber of pupae.
In rainy weather i: would probably re
quire 2 days for complete kill. It is dur. 
in- this type of weather -hat the insec: 
predators might play a supplemental 
role in mouriito control. In zhe author's 
experiments species of Dniihnn-odidae 
and Saididue reduced the laravae by" as 

qpiuci a 21 per cent and the j'upat by 3S 
per cent within an S.hour period-in the 
middle of the dny. The predator effect 
would be greatly enhanced on well estab. 
lished shores by the *Presence of ants. 
which appear to he much mnere thorough 
in the destruction of stranded larvae 
than were fying insects. Although no 
observations were made of the removal 
of anopheline eggs by ants. it seems 
probable that these insects would be par
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ticularly vaiuable iuthe destruction of 
M, which are able to survive a corn-
plete Cy'cle of dowatering on a moist sub. 
stratum. 

The laboratory studies showed that 
eg;s of A. quadrimaculahts must con-
plete from two. to three-tenthts of the 
total embryouatiou period belora they
acquire the ability to resist desiccation. 
On damp mud or in a saturated atnios. 
phere, the embryo will continue to de-
velop, but us long as the cggs are not in "S per cent, re.pectively. by predators.oree water some of them. at least, will 
not hutch. Such c.,s have been ob. 
served to remain viable without hatching 
up to 6 days in a saturated atmosphere, 
but how much longer than this they
would remain alive is not known. 
Neither is itknown how long eggs could 
survive 'stranding in cracks in the 
grox-ud. where a hig humidity in the 
inicroclimate might permit embryona.
tion. but lack of froe water would pre. 
rent hatcHing. Such problems offer a 
most interesting field for f.uture i.vesti-
gations. At present there is increasin-
emphasis upon eradication of:disease-
benrin- insects. Eradication of some 
species may be possible only a-'ter there 
is a complete understanding of the fac. 
tots enabling the insect to survive in a 
mar.inal zone or duri_- tile off season.
Tit the li,-ht of the ob.ervariuns by StouC 
md lleynoldq (193.9). tile po.ibility of 
off-season survival in the eg,7 smate by
the unonieile :uo1pmlitocs shoui l bL iju-
vest igated to the !ullest extent. 

SL- .C AI co ,:s 

The object of this study was to deter. 
mine the n:.c.bharis:ns b wvieh control 
of .4nopicics q urdrinmacuiatsis ei.ected 
through water ievel rluctuation in irn. 
poundments. 
-In an' expe'rimental pool at a draw. 

down rate somewhat faster than is usual 
in the main reservoir sys-tem of ltbe Ten-

AND MOSQUITO BREEDING 

ulessee Valley Authority, 75 to 100 per
cent of the larvac mi'rated with the re. 
ccding waters. The numbers 'stranded 
appeared to be inversely proportional to
the rate of water lev. recession and di. 
rectly proportional to the intersection 
values in thc dcwatered area. All stages 
were equally susceptible to strabding.

Du:ring an S-hour period in the middle 
of the day. the mnralitics of the stranded 
larvae am] pupae were incrcmscd 21 and 

These predators were identified as be. 
oll-int to 3 species of Doliuhopodidae, 

one species of Saldidac and perhaps also 
a carabid beetle They were not active 
at night. 

The climatic effects on stranded 
fourt1i.stage larvae and pupae were 
mainly a function of water loss. Duringz
the night when the relative humidity,re
'mained at about 100 per cent, larval 
mortality amminted to about 11 per cent, 
while there was no mortality of the, 
pnpae. 

In the daytime the. mormality rate of 
stranded lar-vae and pupae protected 
froin predators was correlated most
closely with the evaporation rate. Ob
served 'mortalities in per cent were 
-lotted opposite the evaporation as mess. 
ur-d bv a Livin-sr.on atmnoincter on 
ai-tlzutic prohabiliry paper so that an
estimte of the evaporation necessary for 
effective kill of tim larvae and pupae
could be derived. Usin- the 00 per cent 
mortality point for an indication of e,.
fective kill, this proved to be 2S.5Cor the larvae and 33.4 ml 

ml 
.nr the pupae.

Soil moisture difreicn',. had no~damon. 
sctabie effect or. the mortality of the lar., 
rae for similar amounts of evapora:io.,
However. trampled soi siich was of a. 
soupy consistency enabled larvae to sur. 
rive more evaporation than did firm soil. 

Combined effects of exposure to both 
predators and climate for.S-hour periods 

http:Livin-sr.on
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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 condition.s observed 
for larval survival, aside from rainy-
weather, al! of the fourth.stage larvae 
died at the end of 48 hours of exposure.

In controlled laboratory studies first-
and four:thsLal- intrvae al pupae wcrcuil 
exposed on soil to saturated air. Be-
cause or the ticu.fliilIc c4aporation in 
the exposurechamber, significant differ, 
ences ill larval mortalitics coidi be at. 
tributed to dilrtecnucs in ,n.,sture con-
tent of the soil. Loam soil with a mois-
ture content of 214.7 per cent resulted in 
the death of half o1 the fourth.stae lar. 
vae in 37.2 hours. whereas it toe: only
27.5 hours for 50 per centpf them to die 
at 22.2 per cent soil moisture. 

The rea! effect of soil in prolon.ing
life of the larvae is due to the availabil. 
ity of the moisture present. This varies 
with the type as well as moisture con-
tent of the soil; hence sandy loam with a 
soil moisture of 15 per cent in these ex-

periments acted similarly in regard to 
larval mortality to lonni soil with a 
moisture content averau-inc 24.7 per
cent. An estimated half of the fourth. 

IAge Iatvi wrei'ci,.'ad il :l .: hairs ont 
the lom sisil and in 20.6 hotrs on the 
sandy loam. 

Saturated :ar w;Liore lethal at "ItC 
.l:cn that at 25 T.presvi:tabl 'because 

the hihther tcmiperatnro iincreacd diftu. 

Pupae exposed on soil to saturated air 
in the laboratory sairvived up to the time 
for eclosion about as wel as controis 
kept in water. Survival. however, did 
not indicate the ftull dama.e don! to the 
pupae because the proportion able to 
transform su'c!ssfully intn ndllts was 
only 55 to 72 per cent ofr the controls. 
Tht ICn6'th of the cxposu:'e time beyond
12 hours did not have a dcmonstrable 
cfrcct on this proportion. Pupae which 
were forced to transform on the mud 
were, on the averna,. only fl per (Ctas 
successful as those exposcd for tile same 
length of time on mud 	and the.: trans. 
ferred to water. 'oisture content of the 
soil on which they were exposed was sot 
observed to make a di.ference in the pro
portion able to :.trnsform succcssfuly. 

Eggs had to be kept moist for between 
0.2 and 0.3 of the total emb'oyona:ion
period in order for them to acquire a de. 
-ree oi resistance to desiccation. Ecas 
incubated for :is period survived a 
maximum of 54 hours a: a temperature 
of 25 C and 65 per cent re;a:ive t-umid. 
it.. When the e-s were desiccated 
under these conditions for inerva..4 .ess 
than this, it was found that they had 
cermed development for the ie'.c.h of 
tihe they were out of Wit,: :te 
:'clative humidity was 1C.rer ,zn:. to 
e--s nrinued in their deVeion:nct ai. 
lhiowL.h oilr of w.:tcr and oit A dr. -ulh. 
Cirntimi. 

sion of the wat:er anor and resulted iin1. 
an increase in evaporation.


Fi"st-stace larvae 
 wore 	 more suseep-
tible to lesivca:iun t.iin "'ere the fOIrt., 
stage larvae. A., 25 C in a saturated at. 
mosphere the first.sta.e larvae were alldead after a (ay" and a half of exposure 
on loam. Four:h.s:ace larvae exposed 
under comparable conditietis sur'ivcd 
from 2 to 3 days. dependin- upon the 
soil moisture. 

rarro', 1949.
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MOSQUITO CONTROL IN RESERVOIRS BY WATER
 
LEVEL MANAGEMENT
 

CGiCSOY S. CHRISTOPHER * AND NICHOLLS W. BOWDEN 2 

Water manag:ment. properly employed, Toe operation of such reservoirs is aimed,
is the most potent sincie measure that can in genera!, toward maintaining the reser
be applied toward controlling mosquito voir water level at or as near full pool
production from a ,':nmadeimpoundagc. elevation as possibie con:istent, oi course,
Water management ior mosquito control with supplyinCg the demand for water. It 
means the manipouiaion of reservoir water is usually desirable, with respect to recrca
levels in such a manner that the micro- tional reservoirs also, that near full pool
habitat normally iavorabie for mosquito elevations prevail especially during seasons 
production is either des:royed or tli- mos- when recreational activties are at their 
cuitoes are prevented from deveiooing be. pak. Spilling of excess water is oi no 
'and their larval stage. eiore attempting particular concern after the full pool eeva. 
to apply the principles ai water manage- tions have been reached. Spilling at cieva
met fur the control o; a particular species tions. below full pool. however, may at 
of mosquito ila .'.rticuar reservoir. how- times be most undesirable. 
ever, it isfirst ncccssarv that the primary On the roclcr hand.a flood controi rescr. 
purosc. of the rescrvoir and the water vnir requires an nppoitc type nf peration.
managemen: nrobiems associated with In order to carry out its dfesigned mission,
carrying out 'his primary purpose bic there must be amplc .torage s ace avail. 
cieariv understood. able when needed to collect and hold, at 

Dams are constructed and reservoirs keast temnorarily. flood flows in excess or 
impounded jor any one of a wide variety that which can be safely passed down. 
of reasons. Such reasons might include stream. Following such a flood control 
domestic or industrial water suonlis, operation, the reservoir must be lowered
Pood control, irrigation. hydroelectric suaciently :hrough rculated discharge to 
power, recreation or navigation,'to men. place it in readiness again to temporarily 
'on only a few. Some reservoirs are store and reguiate the next tiood. -Inus,

.ermed muki-purposa in that they are con- zhe operation or a nood control reservoir 
structed and opurated to ser-e two or ."ore is toward maintaiin a minimum pool 
principal interests. The caru -ular our. elevation rather :harn a iuil pool.
D or purMocs toZ ser,'eC by a reset. Operation of reservoir designed "o 
voir 'dic:te winhin ::rain liits the gen. serve navigation interests demands that a 
era! tyne or water manazemen: schedule cer:ain channe- deoth be maintained a: 
recuired to carry out iuprimary mission. all times. In addition. sufcicnt water. 

Water suppy or irrigation reservoirs are must also be available to operate the navi. 
constructed to store water during periods gation locks. Navigation recuirements,. 
of high s:reamow to assure an amopl sup. tr-refore. necessardy .x -the minimum, 
pk fur Ilse 01hroug hot the year as ned. reservoir drawdown elevation. Operation 

o the rescrvoir at elevations above this 
minimumn is not o- ioo much .conccrn to,

!.tMa: 
I t.:,ihI .uud ..:ir. ' r'¢: " ry ;\uihsrilv., tics and too rapid rise a 1id 'a',ill 

:ch,,'. c,:.*.ivi**inn af navigation as long as excessive now veloci, 

;:"..'.,...m.. .D ,,' are avoided. T1ic. latter eosideriois.,r.:,,,m,.: '" dmand rc.piltioh reccrvnirro-ure:'td oi 
t.r. "''.. . ..... discharges to preven: swift currcni and, ,Jvirion Of . h " v 

Qn~s LL L =07ULOty
712 Edney 3 u Ciidir. 
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unduly large water level fluctuations 
downstream from the dam or in certain 
critical stretches of the reservoir,

Reservoir water management for hydro.
electric power generation may at times be 
more cemplicated than those onerations
previously disclsscd. Theoreticailv, one 
acre-foot of watcr throu;'h one. foot of 
head is capable of producing t.o25 kilo. 
watt hours of ecctricity. Thus power
generation depends upon both the volume
of water and the head available. The 
most efficient oocrntion also demands that
all available water be passed through the
turbines and not over the soiliway. Water 
over the spillway is lost to power genera.
don and also wiil tend to reduce :he e.iee. 
tive head at the dam by raising the cie:'a,
don o; the mailwater level. Depending 
upon many ractors too numerous and :oo 
complicated to mention here. it may be
beneficial from a power scand.oint to op-
crate at times ove:r a wider range of reser,
voir water elevations than is normally 

crease in flows. for instance, i: may be 
advantageous to draw heavily a rest.-on 
voir through turbine use. The :ossibie 
!oss in efciencv from such an oDe.ation 
which might res'Mi. from a stead*iv de. 
crcasing head may be more tear overcome 
by the abiii.v to store the im:.en:n rows 
for future use rather thin being .orced to 
waste water Over the siwav. 

Consistent with o'her int'uencin: factors 
such as iinatii conditions. water terrpe.a,
tures and shoreline topoeraynv, the Ive 
of rescrvoir water mna'e:nnt tiolowcd 
in any given rescrvoir will determine the 
prevalence and type or cypes c;- mosqui. 
toes occurring in that reservoir. Mosquito
production in a reser:'oir may be con. 
sidered. therefore. as an undesirable by.
product obtained in.the process a: oncrat. 
ing the water leveis of a reservoir to 
accomplish its primary purpose. But. lust 
as certain water manacc-ment .,ra:tces can 
create biologicai conditions whi:h favor 
mosquito propagation. the water itself can 
also be empiiived in most instances to limit 
or completely eliminate such mosquito. 

planned. In the race of an Ixnecte- the ori.mar' zurzosec ac: teron' out 

producing situations. Water manancment 
"cools" such as weekiv cyclica! nuctu:tion 
and seasonal rece.ssion have be-n succe.ss. 
fully emoloved on reservoir mosquito con. 
trol programs for a number or years.
Their cffe:tiveness and economry have been
Weil documented. From zhe forcoing
brief discussion of the ec-al ,tCtes of' rc
servoirs. however, it shouid be'anpar-nt
that each individual reservoir tMrsCIIs 
specific problems with rcs.wcr to the a:
plicntion of water marai.e me,,: for mo's
quito control. The de:r-- of e^:c:iveness
which can be achieved through such a 
program on a particular reservoi: will de
pend chiefly on the followingt .actors: 

(I) How well :he soecificwater nan. 
agement reauir.-.ents for mosuito con 
trol can be identi.:d in advance. 

() How close!v these recutrements 
can ue incorporated into an over.all roset.
voir water man:eme.r: schecuie withou: 
materiaily inrerferi,-. w:th or adversey
aecring opera:ions necessary in car.vng 

;.
(3) The= develoonent".o z: a svs"". 

commun;,ation whereby :he cav.to.dav 
wa:er manazemn.-.t neecs for m'c-quito
control can be made known and :an be 
weighed aiong with o ner rosiderations 
by those responsible in ,a:inz ec-isions 
conde:'ttit, managcrnen: o.: reser'oir 
water leveis. 

M.uch has been said. wrre.. enk :,.t"
'ished dumlf::, the Past :c years .on::r.
tht:., mado at r '.:agmcnt i the
Tennessc. Valley ..\uthoritv it"conrlii,.C 
the productiun of ... cu,"o:,4.ir'..:a:':. 
la:r mosquitoes n ias sytcm at rese.
voirs. The manner in which :.. saknc 
watr.- manaemen.Jeaures of. .f. euad.
rimaaulu::*,controi are i:egr::e" into che 
over.a TVA reservoir wate- ma1;ernae en' 
plan. however. :-av no: Ie Co wice 
known or understood. 

The TVA pan ;'or *he deveiooen: of 
the natural resour:cs of the Teng1essee
River Valley calied for the construction or 
a series of dans to .imnound the main 
river from a point near Padueah. Ken. 
tucky. to Knoxville. Tcnnssc:. a distance 

http:succe.ss
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oi some 65o river miles. In addition, 
reservoirs were also to be constructed on 
the principal tributary streams. The plan 
was unique in many respects. The con. 
cep, of operating a multi.purpose reservoir 
was rc!ativeiy new in the early thirties and 
there was no precedent for operating so 
large a system of such reservoirs, nine of 
which would form a continuous chain in 
the main Tennessee River. The reservoirs 
were to serve the primary purposes o 
flood control, navigation, and power. Su-
perimposed upon the water management 
problems presented by these primary con-
siderations was the need to control malaria 
transmission in the areas contiguous to 
these reservoirs. This meant the use of 
water management to control the produc. 
Lion of .-1. auddrinlaciualus mosquitoes in 
the reservoirs. 

proposed temporary departures from 
scheduled operations could be discussed. 
In February i95, from the experience 
gained during these construction years, 
TVA oi~cially adopted the Multiple-Pur. 
pose Rescrvoir Operations water manage. 
ment charts which are still in use today. 
Each reservoir has its own individual 
characteristics which are reflected in its 
operation chart. The chart for Pickwick 
Rescrvoir, however, contains the main fea. 
cures which are typical oi the water man
agement schedules followed by TVA on 
iksmain river reservoirs. 

The minimum flat pool level was set by 
navigation rcquiremcnts to ass.ure at least 
a nine-foot navi:abie channel at all times 
for river transportation. From studies of 
rainfall. runoff, flond freqiicncics and his. 
tories, it was determined that maior basin 

Eight years clapsed between the i." widc floods in the Tcnncsst'c Valley occur 
pounding of N\hccler, the first main river 
reservoir constructed by TVA, and Ken-
tucky Reservoir, the last link in the main 
river chain. These years were spent in 
identiiying the water management needs 
of each program interest and attempting 
to reconcile requirements which at ,rst 
appeared to be somewhat conficting at 
times. Recommendations by each program 
interest were studied by what is now the 
TVA Division o.-Water Control Planning 
in the light of.over.all needs and benefits,. 
always giving priori.-: to the Main statu-
tory objectives. Temporary schedul.s of 
water management operations were set uo 
as each reservoir was compicted and in. 
pounded. ItWas oiten necessary curing 
this period, however, to make departures 
in the planned :r.anaeemcnt to 'acilitate 
construction of the dams. Periodic con-
tacts nadc in the ,eginning of TVA reset. 
voir operations were expanded so that by 
194- direct lines ot commun ication be' 
twcCn the malaria zontrol staff and the 
water control planning staff had ben e.-
taiiiisl:vd admi:nistraitivcy within TVA. 
This pcrmitted the da.'.bV'-aVy needs a, 
malaria control to he considered along 
with. the needs of :he primar' programs. 
Also, the cffect on malaria control of any 

chicflu in the winter and early spring 
months, Major foods on the main river 
have been limited almost exclusiveiv to the 
months of December through April with 
the highest frequency in Mtarch. To pro. 
vide flood stornge space during this po 
tential flood period, Pickwick Reservoir is 
held from 4 to 6 fee: below normal full 
poet elevation from December to mid. 
March. Storage space below normal .ull 
pool in the other main river reservoirs 
ranges from a minimum or a feet in 
Guntersvilie to a maximum of 7.q feet in 
Chickamauga. The genera:ion ot power 
:s not materially affec:ed bv this operation 
since the effective head at all dams but 
Kentucky remains approximateiv the same 
except during actual -lood control oera. 
tions. The head at Kentucky Dam is 
fe: less since it is lowermost in the reser. 
voir chain. This low%' duringwater the 
winter is helpiul to malaria control in that 
it attenuates the growtih of submerged 
aC1tuatics in the reservoirs. Thy exact date 
to begin m i the reservoirs in the spring 
is tieterinicd Iv irescnt and prospective 
streamflow conditions wit:hthe aid o cur
rent weathe-r "orecasts and longer ra,,: 
weather outiooks. The ideal time to init. 
.t: illing is after the la9t dalger of rlood 
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has passed 
rains have 
decision to 
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but before the normal spring :-the average head available at each dam re

the Division oi Water Control Planning
primarily on the .basis of Hood con. 
trol considerations 'but with the full 
kno,,ledge of the adverse effects delayed
filling might, have on both power and 
malaria control. Power is interested, of 
course, in filling the reservoirs while suf-
clent water is still avail.bie so as to have 
the water for use during the low flow 
season later in the year. Malaria control 
desires a full pool be;ore the growing sea-
son becomes well :dvanc d to orevent 
growth of vegetation in the exposed por.
ion of the reservoir basin, 

Upon' filling to ill pool elevation, a 
good surcharge is provided. This is a 
malaria control operation, although some
minor benefts to navigation and zower 
may result. The water is raised above ull 
pool, by one foot or more where oracti, 
cable, and returned raidly to strand ic.cumulations of drift and Sogace upon the 
reservoir margin above ul! pool elevation. 
In effetr, this is a mechanical cleaningoperation.

oeaions nt plnet
The conseant pool thase whi collows

is extremely bencial to maiaria control as 
a long-range marginal ::ant Crowt h con-

ar •-' 
water is usually avaiable at :his time .or 
trol operation. Since ample suooiv of

power generation. oool-.:s full ohase Ofthe water mana-eme:tt schedule does not 

adversely affcct the :power program. 


•osqjitoproditciiprducinnat irs,
Mosuit cursit 1ir:1 cqurs 

sporadically. As produc'on becomes 
more 
generalized, weekly, fluctuation cycles of 
about one foot in deth are initiated Sim-
ultaneously at the requst of malaria con-
trol on all the main river reservoirs except
Kentucky. It takes about ten days to to 
wveeks to set this operation in full motion. 
It is accomplished through a Complex sys-
tem of shiating power loads so that as one 
reservoir is being drawn down. the one 
immediately downstream is filling. As 
long as no water is stilled in carrying out 
this operation, cyclical fluctuation does not 
adversely affect the power program since 

appreciably diminished. The 
begin filling is arrived at by 

I mains esseniallv the same. 
The next step in the TVA water man. 

agement schedule is water level recession. 
Recession provides excellent immediate .4. 
quadrimrcuiatu, control by continually
drawing the water below the marinal 
band oi vegeation and thus maincaintn ' a 
clean shoreline. Comint as it does in :he 

"latter part of the gro-wing season. the 
chances for further invasion of igniiicant
plant growth into the reservoir are les
sened. Recession benefits oower by mak. 
ing water available ior generation without 
substantia! change in effective head during
the late summer and fall dry season when 
rivcr ,lows are normally lessening. Also. 
to reach the required Hood control eieva. 
tions by Decemoer. recession orovi.es ior 
the use wi water previously stored. usualiy
without the necessity or spiilin . Malar:a" 
control takes advantage of the lower lake 
ievcis in the 211 to perform shoreline ia. 
provement and maintenance operations.
Last year the Malaria Control Bran:'. be. 
gan a ioinc study with the TVA Division 
of Po'er Operations to determine it ainv 

gains to TVA ocrweations could b"
realized through delayed recession. As a
result, recession was deavecd on Wats Barand For: Loudou n servoi-s on an experimental b.asis for two months beyona 

hrrcsults lotoked good andr thi the tseinri:t. i 
to be reiea:.d this year. Frnm %tidies 
onal othergoins reservoirs. however. ptssihledoo no-er.-:t-m de*:.:vcu recssion 
a 
appcar promising. 

Last year also. TVA bro.dcned the scrt's 
of its mosquito control program -o include. 
in. certain limited situations, the corer oi 
floodwater mosoultoes. Studie, to date ir
dicate that the over.all water level ma..
agement schedules now in use by 'A 
are e'e:ctivc in cont.o.- : :-e mosoui
toes. It is :he oc:asional nr:essarv oevia. 
tion from norma operation that may be 
significant wih respect to ticodwae mo%. 
quito production. The need for special
operations does occur tofrom time time 
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'Flatworm Control 0o Mosquito Larvae inLRice Fields 

th "Mesostomul ia kill 
iIIuq itilarItaranl'- yar'uunlt i;/r pritipultietitu 

OlAbstract. Wr de..rihu. .s,,f' fiatilruits I.annr in' ]tisrO.' 
te varithlity i 1u" a/ritilis e/" 

Whenu i.qsuit, lurvar 
atdint.l"tese ittwlrls. filh latrat imnnadial.lib'ruitn ru 'raiid 
Culex tar alis aid Anopheles frecborni inri '.fieli.. i britsh 

and die. Wien C.
 
tarsaiis larart" lae
piircdhiideflutin, 't.u..that exclude tlaiwu'erns t.S0.icr,'aul
ter mesh there isaIirfuai incnase ill theirst 'ivul. Rict'r.fi.lds Illot liar. lbullitaiunf 
•mi.tquiilip pnipulaii. ots hau:k fluaitr.x. Mes .i'h ficidx hae'rti ,ly rrirttly be'en 
turic'41 oerr tipric' prudiartitu. t. that iIlteingcgtxtiagj falcitwrats hav' di/fitliv di.s
persiL it)ieaw.diels hill. incr slthlished.arthab.le ittrraril'ntr tanl ( :ntrl na.is
,a/iiilarsfier lite .ithscutltatl yars sf r.'relruictrthpit. 

,The densities of larvae of Clrx lair-
sails and Anapheles frr,'hri from one 
rice field to another inthe Sacramento 
Valley (/) may differ by two or three or. 


"ders of magnitude (2). This pattern or 

distribution is slightly bimodal. Most or 

the lields have few or no mosquitO es. but 

a few fields virtually teem with larvae 

0). Early investigators thought that tox. 

ins produced by blue.green algae might 

account for these differences, but resuits 

from laboratory and field studies have 

been ambiguous (4). Pieviously. we 


ry identification revealed that us many as 
eight types (species?) of fiatssormsnmty 
be present inthe ri'Lcicld.%. The pre
dominant latworm inthese fields was 
found to be a AMempsxIeeu.ta ,pecics.atur
hellarian in the order Rhaudocalu 051. 
Certain species in this order p ,es%epi. 
dermal rhabdoids trhabdites) that are 
slightly curved rods shorter than, the 
height of the epidermis (71. These ruds 
are secreted by gland cells and are di.
charged to the surface as a toxic mucous 
,,ecrefion that is repellent to predators 

found that the survival of larval C. itir.(,'). Although a fe% literature citations 
.ali.s in screened cages in various rice 
fields was directly related to the abun. 
dance of mosquitoes in the fields at the 
time of the experiment (3. . 1.We have 
no% discovered that rice ields with low 
densities of mosquito larvae are heavily 
populated with microscopic diatuorms 
Iman) under I mm in lengthi that kill the 
larvae by means of a slimy to'ic ecre. 
tion. These flatsorms are able to pernc-
trt the 200-Am mesh ,creeningthat sA 
used in our early field cages. WVhen tie 
placed two flatworms in a 300.ml cup 
containing 20 second-instar larvae of.c'. 
Iar.siai.s and oberved their activity under 
a stereoscopic microscope. sse noted 
that, the larvae became paralyzed irgid 
and motionless) as soon isthey con-
tacted one of the uorms W~ig. 11.LUter. 
the ,orms might recontact a paralyzed 
larva and feed on it. but the %orm%killed 
many more larvae than they ulc. In fact. 
all the lurae -Are killed s.ithin 2hours. 

-xtensive field sampling and laborato. 

1.1412S-500O Copynghi 4 I97V AAAS 

document the toxicity ofome ,attorm 
secretions. the extreme potency of the 
rice leidspecies appears unprecedented 
t7-i. 

We identificd 14 rice fields in Sutter. 
Yuha. and Sacramento 6iountie, that dir. 
fered.in aquatic fauna. l1ora. and ph%%-' 

i.:ai attributes. and placed four tiouting 
cauge in each field 1lit. %\%-,Iockcd the 
cages wsith "2.third-instar larvac ti ( 
iurwli. bred in the laboralory. and 
capped each cage with a tight organd.y 
top. In two ofthe cages %%c piaced 0.2 ml 
ufl'etramin (acommcr:ial fih food used 
successfully as larval food in the la ora
tor.i every alternatc day. the larsac in 
the other too c:iges ill each held re eiscd 
no ,upplemental food and %,'rsedas %oin
tris. Each da the dead and lite larsuc. 
pupa,. and adults s,ere covus 1.and the 
dead one%sLcre removed. 

After I ucck an average toer all 
cagc. in all hld,,l of .1I'r:cent uf the 
larval moluittvm had died inthe Tetra. 
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tild in the control cagesr In %ome rice 
kids. more than 60 percent of the larvae 
diad during the first day. In the laboraw-
ry. third-instar mosquitoes can survive 
without food for up to 3 days. so that 

" food limitation in the field was not in-
., dicated. Nevertheless. using two fields in 

Yuba County.that had particularly low 
larval survival rates, we tested the effect 
of altering various nutrient levels on lar-
val survival (Taole I). 

In each of these two fields'we placed
12 experimental and 6 control cages.
each cage containing .1 third-instar lar-vae of C. tursis. Once everyi alternate 

day. the following reagents were added 
to the experimental cages in each field: 
(i) 2.1 g of Envirotrol-F. a commercially 
cultured dry bacteria formulation (Il: 
(0) a water-soluble tablet containing as-
sorted vitamins (12): (ti 0.. g of a plant
nutrient formulation containing 2 percent 
total nitrogen. 9 percent phosphoric acid. 
and 13 percnt soluble potasr 113): and 
(iv) 1.0 gof calcium carbonate. The num
ber of live and dead larvae. pupae. anddults ee cuned dail an e eandadults were counted daily and the dead 
ones were removed. None of these treat-
merits si'niftantly affected larval surviv. 
al: the average mortality in the experi
mental cages was between 86 and 94 per-
cent. whereas in the control cages the 
average morality was 85 percent. 

We then assessed the influence of flat-
worms on mosquito mortality in' the 
field. Since the flatworms are able to in-
vade the 200-m openings in the floating 
cages, we constructed new cages with 
windows of only 50-Akm mesh. In each of 
six rice fields that previously had low lar-" 

contents of the cages ror liatworm%. a,-
multaneously. we w',ssed mosquito 
numbers in each field by sweeping 30 
times with an aquatic sweep net. Rice 
fields were categorized according to the 
number of mosquitoes collected in 30 
sweeps: fields with five or fewer mos. 
quitoes. fields with between 6 and 30 
mosquitoes. and fields with more than 30 
mosquitoes. All developmental stages 

were ctanted togcthr. Wc found trau it. 
rice field (N II ) in whigh we found 
Ratworms in the baited louting cages 
yielded more than live mosquitoes per 30 
sweeps. In the fields without flat' orms 
we collected from seven ficld. Ics%than 
six mosquitoes. from eight ficld. be. 
tween 6 and 30 mosquitoes, and from six 
fields more than 30 mosquitoes PC.30 
sweeps (14). A X- contingency analysis 

Table I. The effect of %electednutrients on the survivall(percentage survival per week, aMC.tarsuli.s larvae (2. larvae per cagel in floating cages. The compound!, were placed twiCe Qa.iv inthe cages in two rice fields with particularly low larval survival rates in earlier experiments. 

Percentage Two standard Numei 
Treatment survival ieTanw errors Of Cag' 

Bacteriaculture 8 
Vitamins 14Calcium carbonate . 6 
Plant nutrients t0
Controls* . 

-..... 

'No supplemnital nutrns preovided. 

Tbe
Table 2. Mean percentage survival per 'eek for
Cagles placed in various rice ields eat orntained
screened with either a 200-am mesh organdy or a SO-am mesh platic fabric. Only the ,diter 
excluded the ftatworms. -

Field --.. 

Nh 
--

-
--

(N 
{. 

. m 
- -

Percentage 
survival
(mean) 

Two 
standard 
errors 

Percentage 
survival
tmcanl 

T,, 
st.ard 

errors 

AlA3 
AI 

1313 
1 

1.411.4 
1.2 

393. 
15 

=0lt 7, 

a, 24 11.8 
B5 7 9.J 78 I 0 
19 14. 4.6 24 I11.2 

7.1 
24.0 6 
13.111 
9.0 

20.6 

. larvae ofC. tar.idi. intrduced into floating
diaiwurms. The cages had windows tma: -ere 

Grand mewn 12val survival rates (and contained flat.-______ ______1__.__ 46 ___6 
wormsi, we placed three 50-sm mesh 
cages and six 200-m mesh cages. As be-
fore. 23 third-i nstar larvae of C. , arialis 
were introduced into each cage and 
every day for I week %4ecounted the 
number of live and dead larvae. pupae. 
and adults and removed all the dead. 

In every field we found that larval sur
vival in the SQ-sm mesh cages si.nii .. 
cantly increased (Table 2). Overall. 
about afourfold increase in weekly sur-
vival was achieved. Ho.ever. the surv 
vival rate in these 50-m mesh cages 
(about 46 percent per week) was sub-
stantially lower than the rate we had 
measured in the 200-urm cages in some 
other rice fields labout 90 to 9S percent 
per week). 

Could those mosouito-rich fields with 
high larval survival rates lack Fiatworms? 
To assess the presence or absence of. 
Rtworms. we placed three 200@Am mesh 
cages in each of 32 rice' fieids and placed 
20 third.instir larvae of C. tarsa1ii in 
21 DECEMBER 1979 
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Fig. I. Photograph x 
481 ofa atworm Oi-, 

sp. from a i 
California rice fieldkillin; a Culex. rsPsmosquito larva. (Pho-
to by. J. K.. Clark' 
Universit) of Califor. 
nia Davis.i) 
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hii tflc usult% r th:i lh n Ctl- wo,itern eiLue anti si. L. NK II. 00u1 Mnklithaciiud flne o e- AWvutife L11twuunms. var 

and PAa,isad. maParw.relcwlveol('hi.Ahan. 1aule?|, III.fro Parmsew%.live association between fltuwtormo c dadA Gike. wm. IS. P.C€',uuaru Siullm.Awwiataic m ln rm nlldvo4uitues could nut be explained hy 	 A luor. 6.. 53 ( 1%0)1. Penuiti. Pa. F..chl iamoi visnluin% i." rngushosquices ld [ nut) be e Ps.< d.O .. 	 0. F. Womlsiorf and K. G. WhitenleH. .t-,ut. of ahmmne. rg of inesil;Ivl. mI0.111 '.it 
chmnce alone [)1.2. - 13.3. P < ml. 	 No.a 32. 34 (I1072i: R. K. Wauhmna. "K. G. of nacoan. 0.20 mg of pnradlsaine. I.0 trp ,fThe siven rice fields that lacked flut-	 Whiteeil. E. J. Sherman. M C. Kramer. R. J. i"llthenIC avid. 0.0011 mo to' bloit. .. 9 FROof 

MceKenna. ihid.. r 373: W. Ahmed. Rt. K. 0.025 ing of atipaniac iad. 0.02: mit i'falie AcaId. worms but still yielded few (less than six I W,.hino. P A. Gieka. Prom, Cialah.lhitiq plulam acid. 0.01 mi of cnattn. and 0.0 mil of 
r, ra X.95 W Pur.AAON. 190) C. inoiaial.mosquitoes either had been stocked with i,. U.S.iAU i, ruia eSr. Pub/l/i Halth 13. A riu m plant rood. Aquarium Pharinacgi

the mosquito fish Ga1ih..nsxia r:fifu.s or Bul. $v.a. 105 11924). cals. Perkasie. Pa. 
3. T. J. Cam and It. K. Washino. in-reparation. 14. As an *ndendent check on flalwotm iccur, 

were cool-water fields with a summer 4. I. w. Gerhardt. Pri.r. Cua. . 
ttr.iq,. (... ,.Ao rewe. micro-nce held fecu'v.lem wegre madle 

midday temperature usually below 21'C . 
- . 

ihud. I:0 i1 #.: jhid. by filing i-gallorn pla.gic aquarmUM 41V 119.31: 3. **.in%011.
2A. 47 (19.%1: R. Maihe-.on and E. H. Hinfmanf. par. macronohvic plants. and untieved ,aicr(3). 	 An,. J. HIvyR.3. II. 17a samples friom e o(no:79 (1921: mod. 19.0I: 	 sah filS. A 300.Nl plaiiac 
M. E. MacGregore. P,,,-,,u" 12. 3.11119.4194: cup with ..00-ur mesh winduw, %., flola-aedOur data shw that ric e fields 	 tnwith S.V. Amoinar. lhesas. Univemruy of California. each auiuanum. Fifteen lhlrd-.n, ar C iamflotlar:e numbers of flatworms produce few Rivemue i1199. were placed in each cup and the 'recence or armosquito. e ven i. the fields contain .	 T. J. Case and R. K. Wainino. Prrm. Caisf. senr, of ,lalworms in Itte cuo was noled afier IMs*4 . C,,uirila A .xi'. 44. 15 I197.i. week. In all hut : of the .32 neiJ, Inee mI 

warm water and are not stocked with 6. 	 F. H. Collins and R. K. Wa.%hinn. ihad. 44. mcthsvis pve the same resultl cln%:crnin; Inc
91 1197NI. 	 pretence ir ar-,vi:e of flatwims. For Inc twnGlisithiwuia. and .that in the laboratory the 7. L.-. HHyman. T;e Inveirheruire IMeraw-Hill. fields f(r which the result%differed. uw iorm 

fiatworns are directly responsible for the New York. 1951). vol. 2. wcrg found in the ield but not in the laor'a.oryaw d.luon S.J. Coward and J. W. Piedidato. J. Bir. Ps'. aquanum%.death of larvae of C. Iur.ii.s. Exclusion ral,. I. 5 (19731. 15. We than. he fullowing prsn, for their a%%ini.of the flatworms by the floating field V. R. A. Medved and E. F. LeIner. Eain'Wam. EA. ance: C. K. Fukashima. K. LuJrietia. M. F. 
omaar.3. 637 119741. 	 Feldlaufer. R. P. Meyer. T. MLKen.ic. R. 

cages causes a fourfold increase in larval 10. 	 The Moating emergence cages 'ere constructed Dunn. M. Lee. K. G. Whitc-tell. and Inc Clua
from I-gallon size plastic ouketts wilt organdv Mosquito Abatement Diinct. This Niarl taotsurvival but survival under these condi- scre windows 4itoproximaie mesh size N0O supported by a special University of Caliliarnimtions is still lower than that in other fields • ,ml on the sides and brittors. Three fishing Augmentation for Mosquito Control Research. 
bobbers were piaced near the top to keep thethat lack flatworms altogether. Perhaps buckets &&aot. 12Apri 1979: revised 19 June 1979 

in fields infested with-R4atworms the toxin 
is able to diffuse into the floating cages in 
sufficient quantities to adversely affect 
the mosquito larvae. An alternative ex
planation is that some other micro
organism in flatworm-infested fields may 
also be detrimental to mosquitoes but 
may lack virulence under our laboratory 
conditions U3). 

Also puzzling is the question of why 
some rice fields support flatuorms and 
others do not. Most of the fields in this 
study that had inordinate numbers of 
mosquitoes and lacked Ratworms were 
fields that had just been turneu over to 
rice production. Typically. farmers in 
the Sacramento Valley will rotate rice to 
safflower or some other crop every 3 to 5 
years. Perhaps f.atworms ha~e difficulty 
dispersing to new rice fields but once es
tablished they are able to overkinter and 
control mosquitoes for the successive 
years the field is in rice. Furner study 
should reveal the validity or this hypoth
esis. 
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WATER LEVEL MANAGEMENT FOR MALARIA
 
CONTROL ON IMPOUNDED WATERS
 

By A. D. Hiss and C. C. Ksza" 

INTRODUCTION 
Water !evei riucruamin ror malaria control has been usedimpounded waters in the Southeastern United States for 

on 
over aquarter of a century. Stomouis: (1935) and Hinman (1938) havepresented a resume of the development of this measure and havediscussed its early application on the reservoirs of the TennesseeValley Authority. Later, Hinman (1941) has given a general discussion of the management of water for malaria control and hassummarized the experiences wiih water level fluctuation on theTennessee Valley resernoirs through die season of 1940. Itis thepurpose of the present paper to discuss the water level managementpractices in current use on the impoundments of the TennesseeValley Authority, with particular re'erence to new developments

which have taken place since 1910.
Normal seasonal changes in water elevations have repeatedlybeen observed to play an important part in controlling the productionof Anovhetes qua.drinaculatusin limesink ponds ana similar' naturalbodies *of water (Hinman, 1938; Taylor, 1940). For this reason,the authors of the present paper classffv water level management asa naturaustic control measure, considering it a deliberate extension

and intensification of a form of naiural control.
Water level management for malaria control is effectivethrough the creation and maintenance of clean water conditionswhich are unsuiftale for the production of malaria mosquitoes; thus,itis merely apractical application of the well-known maxim that adean water surface will not.produc2 Anopheles auadrimacddus.
The recently established correlation -betwen 4norheLasrirnacul:usproduction and the 

"u" 
amount of intersection line"" produced by littoral vegetation -"Hess and Hall, 1 .943;Rozeboom.andHess, 1943) ,rovides a means for the precise measurement of anopheline production =otentials and thus advances the knowledge of 

the rela:ioship of this production to physical conditions of the water 
"Hmelh and Safeny Depar-cnr. Tnnese- Valley Authority, Wilsbn Sam.,ALa. 

bazm. Submitted Oc:obe- 29, 1943. 
This is the intersecon of air, plan, and waaer. 
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urface. The knowledge of this relationship provides for a better 
,1ndcrstanding and more intclligent apolication of water level man
agerncnt for malaria control. Thus, it would appear that the cffcc
tiveness of a schedule of water level management in controlling ano
pheline production is mainly dependent upon the extent to which
it reduces the amount of intersection line in the problem areas at 
appropriate intervals during the mosquito oreedin season. Since 
plants or plant remains are almost entirely responsiole for the crea
tion of intersection line in natural breeding areas of Anopheles quaa
rimacuacs, it follows that a knowledge of the wate- relationships
of littoral plants isor paramount importance in applying this method 
of mosquito control. The relation' of plants to the production or
malaria mosquitoes on the Authority's impounded waters is discussed 
in detail in a manuscript now being prep'ared for publication by the 
Biology Section of the Health and Safety DeparrmenL 

Accessory Measures 
The successful utilization of water level management for 'ma

laria control is not solely dependent u-pon the proper manipulation
of water elevations, but'denends also upon the cam'ing out or czr
tain accessorv me.sures. These accessozy measures may be oudined 
as follows: 

1. Proper Reservoir Preparation 
A. Reservoir Clearance 
B. Marginal Drainage
C. Final Reconditioning of the Zone of Fluctuation 

2. Wintertime Impoundage -, 

3. Shoreline Maintenance 
A. Annual Shoreline Conditioning
B. Aauatic Growth Control 
C. Marginal Grazing
D. Drainage NIagntenance 

4. Permanent Shoreline Improvement' 
All of the above accessorv measures except permanent shore

line' i, rovement have been' adequately disussed by ' rious 
authc'. "(Kiker and Stromquist. 193": Hinman, 1941),and a pre
lmi try account of the use or permanent shoreline improvement 
measures is given in a paper reccntly prepared by Bisho- and Gart
rell (1943). The remainder of the present paper will therefore be 
limited to a discussion of water level management for malaria control 
on the reservoirs of the Tennessee Valley A'uthori y. 
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Water Level Management 
There has been a tcndcnc' to think of water level manage

ment for malaria control merely as water level fluctuation; however,
recent developrments have shown that under certain conditions the
maintenance of a relatively constant pool level may constitute an
equally imnpor:ant phase of an effective schedule of i.ater level con

ol. The most suitable schedule of water level management for
malaria control on a particular reservoir isdependent uoon the type
of reservoir and the 'ay in which it is used.' On the im~oundages
of the Tennessee Valley Authority, the. following three types or
schedules are in current use: (I) Seasonal recession -alone; (2)
Cyclical fluctuation alone; and, (3) A combination schedule for
main river reservoirs. Since the latter type'schedule involves the 
combined utilization of all the common phases of water level man
agement, it will be discussed first. 

Water Level Schedule 6n Main River Reservoirs 
The application of watcr level manacemcnt for malarla control 

on the nine main river reservoirs of' the Tennessce Valley Authority
iscomplicated by the multipurpose use of these proccts, namely, for
navigation, flood control, and de generation of hvdroelectic power.
The conuoiled discharge of water is frequently desirable to afford
adequate de:... for navigation below the lowermost d'am, ard the 
maintenance of a nine-foot navication channel on all main river 
reservoirs limits the extent of seasonal recession; also, the obvious 
desirability or releasing water through the turbines to provide mnad
mum eeneraion of po:er places a practicai limitation upon the
scop)e of cclical flucuation. It has therefcre been imvraccabie to 
undertake the anplication of either of these measures alone, and a
combinaton schedule has had to be develoved. In developin his 
schedule, an a':ernpt 'as been made to fit it as closely as possigle to
the normal operaticn schedules or the reservoirs and to keeo svecial 
requests to a minimum... Genera! observations over a neriod'of'vears 
on the relative effec:iveness or various tvNes of water'con:rol s~hed
ules and detaied invesni2ations or the "water level relationships of 
littor piants have made it possible to gradually improve the pro
gram or water level ranagemcn for malaria control'on main river
reseroirs. The cu.-lent. recommended schcduie invoives the com
bined use of Liocd surcharcc, mnin:enancc of a relatively constant 
pool level. cy.lical fluctuation, an:d seasonal recession. The main 
features of' dis schedule are illust'ated in Figure 1. Each of the
four olhases of he schec.ule has its particular function, and tlese are 
discussed separately in the following paragraphs. 



184, National MalariaS-Ocienr 1J~rnal 

1. Spring Flood Surcharge 

Sometime d:.ing the late winter or early spring, it is desirable 
to bring the water level up to the maxinium elevation in the flood 
surcharge zone for a brief period, subsequently drawing it back down 
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to the normal maximum summertime elevation (See Fig. 1). This 
results in the scrandge of the winter's accumilation of drift and 
flotate and thereby prevents this material From creating a mosquito
breeding problem "'lacer in the season. Thus, the flood surcharge
phase ispurely a prophylactic measure which aids in preenting the 
development oE suitable breeding conditions for Anopheles qadri
vocudtus. The annual shoreline conditioning program increases 
the effecriveness of the use of the flood surcharge through the re
moval of coppice and sdff-stemmed annuals which would collect 
drift and floae off shore and thus prevent its strandage.

The flood surcharce may be effectivelv used anytime during the 
late winter or sp-ing wV;hen high precipitation and stream Flows Ere
quently result in .ht temporary storage of water in this zc;te: how
ever, it is desirable that the w%'ater not be maintained in the flood 
surcharge zone for any considerable period after the beginning of 
the spring growt.-h veriod, whcn is usually around April 1 in the 
lower .;allev. The prolonged storage or water in the Food surcharge 
zone during the -rowing season results in tme killing of timber in 
this uncleared zone. and this dead timber cretes a continui, prob
lem by adding to the accumulation of drift and flotage and through
the falling of dead trees into the water. Also. after the beginning of 
the mosquito breeding season, which is usually hctwccn thc 1st and 
15th of Ma in the lower Va!ley, use of the uncleared flood sur
charge zone f.or periods exceeding a week may result in uncontrol
able producrion of AnoI ees quadrimaculatus. Such ob'ec:ionaolh 
conditions do not result from the ,useof the food surcharge zone 
during the winter season since there is no production of moscuitoes 
duiing this period and the dormant trees are not killed by *partial 
inundation. 

2. 	 Maintenance of a.Relatively Constant Pool Lvel During 
Spring Grou'h Period 

The second phase Of the main river schedule is the maintaining
of a relatively constant pool level at the normal ma.'mum summer
time elevation from the beginning of the early spring growth period
until rhe 'becininr ofr' moderate production or .'Anoreles quadri
maculatus !See F.,. 1>.The imDortance of this measure has recent-
I'been more ,"lh reaiized. and its incorporation into the water level 
management prou.am marks a significant advancemcnrt. The func
tion of this const:nt ,ool level phase is to prcvent the invasion of 
marin-l vegettio.n into thu zone of fluctuation, thus providing for 
a clean shordline when th- water level isdrawn down into.thoz,7ne 
bv cvclical fluctuation and sensonal recession later in the season: it 
also decreases the cost of the annual shoreline conditioning program. 
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by nanowing the band of marginal growth and limiting the produc
tion of coppice. In the W"ilson Dam region, this phase usuall egins
about April I and ends between Lhe m-iddle of May and the first of 
June. In the upstream reservoirs, the, beginning may be delayed a 
week or two, and the end may be delayed two to four weeks, mod
erate production of Anovicles qmdrii;tacdMusfic uently nort be
ginning on thesc reservoirs until tile firs: vart of Julv. In order to 
exteid this phase and thus realize the maximurn'ro wth retarding
benefits, light production or'AnovIzeles q.,drimazvratus during the 
latter part or de period is controlicd throu,,h the use of larvicides. 
At this time of season, vcgctation covcrs arc light and lnrvicidcs m.av 
be applied with a maximum of effectiveness. 

A fuller realization of the potentialities of the ccnstant pool
phase of water level mnmement has resulted from dealed studies 
of the water level relationshins or tre littoral -lnts normal!v aFsoci
ated with anovheline rr6duc:ion. Observations indicate that seeds
of the annual plants which grow in the zone o,fluctu.ation wil. no:
germinate until they are dewatered and dat wood%' sec.es. such- as
willow and buttonball. will remain dormant until the buds 3.e ex
posed to the air. The maintenance or a rela~relv cons:ant poe1 lewvl 
during the spring growth period therefore retarCs the no,"Mal phen
ology'of the'svecies in the same manne,. ,s a l.-t"eason would. and 
species which normally ini:iaze prowth a'Cout Anril I ma- be held 
dormant unti! Tune 1 or later, dc'n"ding upon. :he date wnen hey 
are first dewatered. The delayed icrminration of t,ese s-e-ies resu::s 
in greatly decreasinc their toial seasonal g,,wth. For examvle. wil.low stumps which initiate Lrou, the First'nrt of Ari! may'produe 
coppice over nine feet tail by the end o the growing seson. e 
those held dormant until JulyI will be less than hal this tail. 
Similar contrasts hold for lherbaceous spccics.

This information on the relation cf scasonal warer levels to the 
phcnologyv of littoral plants indicatcs the imnor:ance of Loldir: the 
water level at or above norrmal ,ool during the entire spring grohw
period. It now appears that even short periods of drawvdown may
result in the germination or seeds of herbaceous species and the 
sprouting o,coppice which would othenvise be held :rm'.nt until 
later in the season: furthermore. once these plaints lose their dr
mancV, thev will con:inue to -row even :1'ou-h the water is)r)u:.:
back on them. particularly %"1hen ror:ions of the sters and *:al'es 
proiect above the water su'rface. Thus. even"effort should be rrade 
to hold de water as ncarly as pos.sible :: a cn.s:an: pnoo! level, and.
when variations are necessary. thev- should preferaol be above nor-. 
mal maximum pool rather than below. 

In addition to its function in the malaria control program, the 
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constant pool phase of water level managcrment. affords a real mutual
interest with wildlife conservation. Maintaining the normal maxi
mum pool level during the spring growth period provides idealspawning grounds for bass and other centrarchid fishes and insures
tha: the eggs will hatch and the young fish get well started before the 
water is drawn down. Thus, a malaria control measure is proving
highly beneficial to d-e fisheries management program of le Au
thority. 

3. Cyclical Fluctuation 
The third phase of the main river schedule is the use of weekly

cyclical fluctuations without seasonal recession (See Fig. 1). Some
cyclical fluctuation occurs in the normal operation of the projects.
For effective mosquito control, however, it' is frequently nccessary 
to augment m scope and regulate the frequency of de normal 

flc~~t os.Ths i eby va.rving the loads'or 'discharges at the
dims at rgl intervals. Such rcgulzrion appears to be more fcasiblc ol a chain of intcrconncctcd plants th'n would be the ca.sc whcrc
only one or two proicc:s were involved. Cyclical fluctuation is initi
ated at the begr.nig of moderate production of Anopvleles quadri
mac1l4atns which, in the I'Vilson Dam rgion, isusuall bctwecn the
middle of .May and the f.st of June; it ends with the bcginning of
heavy production of Anopheles quadriniaculatuswhich is usually
around July 1. The function of this phase is to bring the water out
of the marginal band of vegematon once a week, thus eliminating theintersec:ion ine and p:oviding a clean shoreline which is non
productive of Anovheles a cdriuaularus. Recent studies bv Roze
boom and Hess 0194P indicate that it is through the crea:ion of
intersection line that plants provide adult Anophiles aqrrznacuia
ties with optimum condiions for oviposition and suplv the larvae 
wim food and ratection from natur'al enemies such Gambusia;as
thus, the elimi-rjon of in.tersec:ion line by means of the drawdow'n
in cyclical fluc:uaion would appear to havw a threefold effect against
Anopheles quainnacuilausand its mic.rohabitat by creating un
favorable conditions ior oviposition, interrptin the production of
food organisms, for the larvae, and exposing the larae to the preda
tion of their natural enemies. Furthermore. some larvae and e-s 
are undoubtecl strnnded on shore and die from desiccation bcore
the water returis. Th return of the water to normal pool lcvcl fol
lowine thc dr.wdcwn completes the cycle of fluctuation, and this
reflooiing .erves to dely the invasion of marginal vcgctation. Thus,
while the first two phases of the schedule of water level maAagIment 
on main river reservoirs are directed entirely at the mosquito habitat, 
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the third phase, cyclical fluctuation, is directed against both the
habitat and the mosquitoes.

The moderate production of Anophles quadrincuiatuswhichmarks the beginning of the use 6f cyclical fluctuation is the resultof the invasion of a narrow band of vegemtaion into the upper limitof the zone of fluctuation. If fairly constant oool leveis ive bee.maintained during the spring growth period, this band of vegeta:ionwill extend onl' into tle water a few incies at the time cvclicalfluctuation isinitiated. Therefore, although it is zenera!Iv agreedthat the fluctuation cycle should have an amplitude of about onefoot, cycles of considerablv less extent m,-. be effective earlh in theseason. For this reason. iJ'is the policy no: to make a special re;uestfor a full foot cycle of Fluctuation until field observations indicatethat marminal vegetation has invaded far enough to make it advisableto use this full amount in order to' insure adequate control ofAnoihcles qumtlrimnc-datits production. In the use of cvcical fluetuation. it may not be neccssary to comcrely wi tdrzw tile waterfrom all marCinai plants in order to obtain'effective results. Most ofthe leafy emer.,cnr species produce leaves only at or nbove the water.surface. and, if the water level drops down around r'he bare stems.most of the intersection line iseliminated. Obviousl, cci., l ,ucmation is re!atively ineffective in Foa:ing-ma: or Foatin -,ea'ed
types of vemetation since these n-es rise and Eal -with changinwater levels and ahus maintain 'eir intersection values. Some o""nz
of these wres have aoveared in 7T.A reservoirs and have ."ecessi:arcd
the atmlicrion cf secia! control measures. A::emrs :c er...,.te
dtese sp~ecies have. inaeneral. roven .ac: ,e: ho-ever, reasures intanded mnerci:" to restrict the spees within '-,,,,•.limits have preveedeir spre"ding suf"iciew~jv to orrer a se.ious 
problem. 

4. Combinted Scasonal Rcccssion and Cvc'i=* :,::ur
 
The fourth .,,mseof %vt%leve! management for mair. riverreservoirs is :he ccmbininc of a seasonal recession or amproximatekone-tenth foot per wcek with the regular weekly cycle of .luctuation(See Fig. I,; thus, each week the water level*is drooed one root.but is brough: back only nine-tenths of a foot. In therowe- V,'.ev.the need for initic:ing seasonal recession usuailv begins about 7.,h. I.wahen normal scasonm increases in the mosqui:o population an, :iecontinued invasion of inar.-,inil plants resdt in the bocmnin: Of ..
av 
 .. .. -Ui tiwhcs qutiirim nicant.s. It is signit-- .Cnho:this date coincides with the approximate no.al beginning oF drawing on the main dver rese-.,oirs for the development or power and toprovide a watei supply for naviga:ion. This seasonal recession serves 
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to insure that at the low level of the weekly fluctuation cvcle the 
water will bc drawn far cnough out of the advancing band of marmi
nol vegetation to insure adequate control of Anophel.'s quadrimacula
ws production. Althougch the rate of plant invasion obviously varies 
with a number of factors, a tenth of a foot recession per wvcek is 
generally sufficient to keep well ahead of it. It is important that 
seasonal recession should not be in excess of the 3,r.ount needed to 
insure adequate mosquito control since such cxcessivc recession re
sults in increased olant invasion,,thus broadeninq the zone from 
which growth will have to be removed in the fall'shore!ihle condi
tioning operadons. The total amount of seasonal recession is. of 
course, greatly decreased by the incorporation of the constant pool
level phase in the water level management schedule. In ,eneral, it 
appears that nvo feet of seasonal recession is amnle which.'combined 
with one foot available for cyclical fluctuation. ,.'ould cive an overall 
recession of three feet below the normal -odl level. The imDorrance 
of minimized recession is greatest durin the first par- of the reces
sion perod: shae.-r recession after abrut the first ra:r of Sprtember
is not seriously "obectonrablesince most marginal plants put on very 
little erowrh after this date. 

The need for snecialiv controlled water levels for malaria con
trol on the main river reservoirs ends about October 1, at which time 
the breeding of Anovhl'ies .77a,,dr-imelat.7,sisnractically terminated. 
The use of stored water for the development of power may continue 
on throuch the norm,.alv drv fill period. Advantce is takcn of this 
normally low weter neriod to complcte the marginal growth removal 
operations of die annual shore!inc'conditioning program. No special
requests are made for controlled water elevations during the winter. 

General Co,,:,,en s oi tle Main River Sch dle 
From the precccding discussion. it will be observed that the 

major recent improvements in the schedule of water leve! manage
ment for malaria control on main river reservoirs are the increased 
eminasis on Je use and extended duration of a relatively constant
pool level phase ,and 1-he minimizing oi seasonal recession. These 
Phases of he schedule eninlhcsize the importance or water level 

.no......ent .nco..ollin the mosqtu..o habitat in addltion to its 
direct action acains: the mosquiroes. The effects of water level 
manaeement tenJ :o be cumulative: a proner se.sonal schedule will 
kill m.nv semi aquaics and srumps and stubble of woodv species
and ill .... .mproved shoreline condition for :hesresul. in a much 
Following "car: conve.sey,• an improper schedule wv'l;, rauir in an 
extension of Aese an increased problem during the folspecies and 
'owing year. 
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An -eariple of the benefits of the above ty'e schedule is given
in'the data prescnted in Figure 2 for Guntersvile and Wheclier Fes
ervoits. During the 1942 season, bcth of these reservoirs e.verienced 
drawdowns during the spring growd period, while in 1943'each had 
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a water level schedule which w3S a reasonable approximation of thedesired schedule outlined above. The resulting increase in the effec.tiveness or mosquito control and decreased cost of larvicidal treatment and shoreline conditioning, is evident from the data presented.The unfavorable water levels on the Guntersville and W.'heeler Reservoirs during the 1942 season are typical of the emergencies whichdevelop as a result of the extremes of river flow. Such emergenciesare met in the most practicable manner to minimize the deerc: andlength of Anophdes q..,drimacidatus production. Larvicidal application is intensified and 2n effort is made to obtain the most favorable compromise on water level manaicment: this might be increased scope of periodic fluctuation or a more rapid recession. denendingupon the particular problems prescnted in the individual reservoir. 

Seasonal Recession on Stora. e ReserVoirs 
Seasonal recession without cyclical fluctuation is used principally on the Authoritv's storage reservoirs. In addition to the ninemain river ree.rvoirs, the Authorit- has twelvc completed storagereservoirs on the trinu:arv streams and four others are rn be completedat a Future care. Aldhoueh vower generation is usually incorporatedinto these proiects. :heir prin,-ipal function is to store water duringthe sprin rain% pericdc .lich is used to iainain streim Fows todow'htiream rese-voirs dunrnm the fw wather neriod which usuallynrevails du.ing the s-tmmer and fall. The resultine drawdown during the summer ind iciliusually eceeds 20 feet and is Frequentlyas much as 40 or 50 feet or more. Thus. the normal neraion of thestorage reservoirs u.ualv ,rovides satisfactory moscuiro control beciuse the summer drawdown keeps the shoreline %ell ahead of the

encroachinz band of marzinal ven'eration. resulting in a clean watersurface relatively frce .rorn ,nonheline production. The ccneralivsteep shorelines and !arer season on the storage reservoirs also contribute to the ease or pov.'dir adecuate mcsouito conmol. As onthe main river reser'oi-s. hcldin, the'water levels relatively constantdurinz the sprint growrh pcrind and de!avinq the bc-,innine of seasonal rece.;ion increases the cfrecnivenes; of the water level recessionin controIling A1:.-,':ees au.adrin,4culatus production: however,these measures ar .tas imnortrnt as they arc on the main riverrese'oir-s because rf the creatl" incrczscd ranee of seasonal recession.
The s:crae reser-oirs serve a .os: use-,ul nurpose inthe waterlevel man-,emen- .-.rnmrm for malar. con..1 in that' M it 

c:. recularion c oosrem rcs."voirs .incre tnie mo: seriousmaaria problems exist. Eariic.. sme oF thc most seriousteVpor:in.situations developed as a result of either extreme hich or low :Hverflows, necessitating det'arrure from recommended water level sched
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ules. The increase in the number of storage reservoirs has decreased 
the number and intensity of such unfavorable situations. 

I The chief dilfficulties experinnced in utilizing seasonal recession 
for malaria control on storage reservoirs are caused by unseasonal 
rains which may necessitate'brining the water levels back up into 
the marginal veet=ation during the mosquito breeding season. Such 

a is made stilatoneven worse if a spring drought has made itm
possible to fill the reservoir during the 'spina rowth period, result
ing in a heav- invasion of marcinal vete:arion which creates idea]
breedine conditions for Anopheles qv.uadrimac-,cr,:urswhen the water 
is brought into it ,-ter in the season. IFthe summer rise of water 
into the marinal vegeration israpid and it isFollowed wirhin a week 
or ten days by a rapid drawdown into a clean shoreline acain. no 
serious production of Anovheies q i7amn-cilatuswill result: for ex
ample, Hiwassee Reseroir was brouchr to the maximum elevation 
durine the peak or the mosquiro bree-dir.'season in July 1943, and 
rapidly lowered azain without any discernible increase in anonheline 
production. Hov,'ever, if the water remains at a constant or graduallv
rising level in the marginal vecetation for an extended period. heav
production of Anopheles quadrinwcdatusmay result, calling for in
tensive aoplication of larvicidal measures. The concast beneen the 
effects of seasonal recession and seasonal progression of water levels 
on storage reservoirs is well illustratec in Figure 3. 

.A"lthough seaonal recession has in the past been used mainly 
on the Aluthorft's storage reservoirs. it app:ears that it will be neces
sarV to use this type of water level minacemrcnt on the new Ientuckv 
Rese''oir, .he last and larest of the Authori,.s main river rese,'or's 
which is scheduled for i rnoundment during 1944. The immt.nse 
size or this reservoir (1,5 'miles long with ^userul storace or over 
four and a half million acre feet and a normal surface area of 
158.000 acres. xil! make it impossi e r apph' any rcu!irsche1Cdule' 
of cvclical fluctuation, and chic. reliancc w1ii th.-forc I-ave be 
placed on the use of aseasonhl cession of some fie feet. Althouch 
this amount of recession is much less than that commonly employed 
on storage reservoirs, recent information indicarcs that* it may be 
adequate. particu!arly if it Follows a spring flood surcharge and a 
period of relatively constant normal maximum pool eleia'ion during
the spring growth"period. 

Cyclical Fluctuation Alonc 

As has previous~v been pointed out, the requirements of power
and naviCation generally limit the amplitude of cyclical fluctuation 
on the .Authotirvs main river reservoirs and thus preclude the use 
of ihis measure alone in a water level management program. How
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ever, on Vilson Reservoir, which has &-c highest generating capacityand lowes: water storane ca3Mciv oF all the*main, rir rescrvoirs, ithas been found ssible to*obtain cyclical fluc:uation of one andone-half to two feet in impliude in connection with the nor'mall 
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management. During the 1943 season this reservoir was oneratedon a schedule of cyclical fluctuation of one and one-half to tvo feetarmplitude with satisfactory results, as illustrated in Figure 4. By wayof comparison, this graph" shows also the results of a schedule' combining seasonal recession with periodic fluctuation during the seasonof 1937 and the ver, difficult, cxensive, and ineffectivc controlencountered during. 1935 when it was necessary to maintain thelake at constant leveI to facilitate construction at W'Vheeler Dam.Opportunity is taken here to cxpress apprcciation for the co.operation which has been exhibited by various departments in theAuthority in executing a successful program of water level man aemeat for malaria control. Special appreciation is due those. of gieWater Control Planning Dcparrment who are in immediate chargeof planning the regulation of the river system For the overall bestinterest of these rnultipurpose projects. Theirs is a Herculean task.Suffice it to say that 8uring the season *astof 1943 in the face orwartime power demands, accelerated construction activities, andmultitude of other lesser demands, theri was provided the most suc-
a 

cessf'ul overall program of water level management for malaria control which has yet been experienced on the reservoirs of the Tennessee Valley Aurnoritv. 

SU1ARY
A review is given or the use of water level management for malaria control on the reservoirs of the Tennessee Valley Authorit,par,,cularv vduh reference to new developments whic have takenplace since 190. Accessory measures for water level managementare briefly outlincd, including reservoir preparation, wintertime impoundiI, snore.ine m.intenance, and permanent shorcljnc
pro%'emen:: h~owever, 
 the main portion of dhe paperi 

im
detailed discussion o'act,-al is devoted to awater level management schedules.It is pointed out. that three types of water levelare in use on .e manazamentAuhoriv 's reservoirs, namey,% I Seasonalsion alone, .2 recC.clical fluctuation alone, and t.3) A combinedschedule for ue on th'e main river resevoirs. Chiegiven to this latter "ype since it is the one attention isused on the reservoirswhich offer the greatest problems in malaria control, It is stared thatthe most imporzan, new developments in water fevel managementfor maarnai con:rol cn main river reservoirs area relatively conszan: , level phase 

the incor oand the 'i-min,, saonaorecession to me amount necessan, tor current moscuitoThese new deveo.mcn:s habe resulted mainv frm obser'aions 
ipntrol. 

and invesrig--'ons ofn foe relation of water level*managcment to thereservoirs cons;ss of four phases, each with its own particular func
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The editor,of the UC lsquito Research Highlights is.privileged to present.an, interest ing 
and informative article by Edward .G.Platzer on the mermithid nematode, Rcmannew., 3, 
uZicivorax, for mosquito control. 

'
Dr. Platzer is Associate Professor of Nematology and Biology at UC Riverside and has held
 an appointment as Associate Nerarologist in the University Experiment Station for the
 
past eigirt years.
 

fl 	 Although R. ouZc-.o-o- and other species of nematodes appear to have potential for mos
quito control when used in conjunction with other methods, yet, as Dr. Platzer is frank 
to say, there are still important gaps in the knowledge which remain to be investigated 
before one can know whether nematodes can be beneficially employed inmosquito conral4 operations. Dr. Plarzer's laboratory and fi'eld studies indicate that the nematode is 
amenable to mass production by individual local mosquito control agencies, using indi

'."genous mosquito species as host. With appropriate ;raining and minimal outlay in ecuip-
L men, a.mosqui to control district could conceivabIy rear sufficient nematodes'tc su =le

i-&',. ment other control measures in an integrated mosquito management programs. 

r"[ Dr. Platzer would welcome conments and questions on his article and is prepared to "rain
 
mosquito control agency personnel in methods of mass production on request. H'is adwress
 

*is:
 

fODepartm'ent
* 	 of Nematology and Biology 
2236 Life Sciences
 
University 0V California
 
Riverside, Ca. 502521
 

Additional copies oi this article are available on request.
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Parasitic members. 
 One such group of great importance is the superfamily
Me.rmlthoidea 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,
 
a USDA scientist at Lake Charles, Louisiana, has discovered several of these
 
species, developed mass rearing techniques and. field testing procedures for
 
mosquito parasitic mermithids. One mermithid found parasitizing Louisiana
 
mosquitoes, Rcr-ccm ..ms cuZ*ivor=, has received the most attention as a
 
potential bioloogical control agent of larval mosquitoes because'of the 
ease of

mass-rearing, ready adaptability to current mosquito control 
technology, and
 
a wide host range.
 

We ioitiated further studies on the feasibility of using R. cuZic v..-:_ 
as
 
a'biocontrol 
agent in California for larval mosquitoes in 1973. Approximately
 
one half of our research support was provided during 
the past six years by the

Special State Funds-for MosquitoResearch Du'rng-ths time, two doctoral
 
dissertations (Drs. BeckyJo'Brown, 1978;, and Dr. 
Steven P. Schmidt,"'1979)

and two major undergraduate research projects (David SHughes, 1976, 
and-

Leslie L. MacKenzie-Graham, 1978) were completed 
in addition. to other pro
 
fessionaland technical reports.,
 

RF2E"ARCR OMTECTrES
 

R. cuZic-vor_ has great potential for natural regulation of~mosquito'popula
tiOeis, and there is an 
urgent need for information on the ecology'Of this'-
mermithid 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 R. auiicvorc_
 
during its 
life cycle. 1h addition, the mass-rearing procedures have received'
 
intensive study so 6ptimal yields.of highly active parasites will 
be available
 
for field application.
 

TZE PARASIT$ AM :TS LI:E .3 TORY 

The life cycle of .. uZ-,'c or. involves only one host, a larval mos0ui tO 
 .
 
The preparasitic (infective) 
larvae attack the mosquito larvae and penetrate

into the body cavity via the cuticle (Fig. I). 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 mosouito larvae die 6 to 8 days postinfection at
 
27 C when the parasitic larvae emerge from the host 
to complete their develop
mental cycle in the bottom sediment or the mosquito pool. 'ere the mermithids
 
mate and the 
females produce eggs which are deposited' in the bottom sediments.
 
When mvintained at 27 C,. preparasitic larvae hItc 
 from the eggs in apprcximate'y

three weeks and swim actively in search Of the hosts.
 

SMA1LL SCALE '4SS-RrAP.Z?,G 

-
R. cuticivc.x is maintained in CuZcx pir'i ens. Our facility produces 50,000

mosquitoes per week for experimental use and, currently, we are infecting

43,000 mosquitoes per week. The mosquitoes are fed finely ground rabbit
 
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 I to 2 cm 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 uy blotting with paper- towels. The
 
cultures are stored at room 
temperature for 4 to 48 weeks before use.
 

http:yields.of


Preparasitic 
larvae are obtained by flooding the cultures with dechlo-,inated
 
cap water. Maximum hatch usually occurs within 
12 hours and each culture
 
yields approximately 2 million larvae. In general, we have found that an 
infection ratio of 2.2:1 (R.cZicior=:C. pipiens) gives the best yield-of
nematodes for maintenance of cultures (Table 1). 

TABLE i. Modified procedures for rearing Romanome nrn's cuZicvor'- in Cua.z 
pipiens at 27 C. 

Time (days) 	 Procedure
 

0 (Friday) Dechlorinate tapwater in each rearing oan.
 
Add 20 egg rafts (1,300 pi*ens
p. 

larvae) to each pan. Add 80 mg mosquito
 
food to eacn pan. Add 2,800 preparasites

(hatched within 8 hours) 	to each pan.


I (Saturday) Add 80 mg mosquito food to each pan.
 
2; (Sunday).. Ditto
 
3(onday) Ditto
 

Adjust pH of water in each pan to 4.0 to
 
4.5 with 400 acetic acid.
 

4(Tuesday) Add 80 mg mosquito food to each pan.
 
5 	(Wednesday) Ditto
 

... to 4.0 to
,Adjust pH -of water in each pan

Add with 40% acetic acid.
 

680 mg mosquito food to each pan.

7 (Friday) Collect Infected mosquito larvae on 20 mesh sieve,
 

wash off excess food, and place mosquito.
 
larvae in emergence cohntainers.
 
Initiate new rearing cycle (see Day 0)..
 

MOSQUITO $',PZCT.Z" STAGE
 

Most of our early studies were concentrated on the biology of the infective 
or preparasitic stage of R. cuZicivor,,c since this was the stage most readily
dispersed under field conditions. The primary goals were to develoo a thcrou.i 
knowledge of the optimal and limiting temperature, water salinity and 
.dissolved oxygen for this stage of the parasite. 
Preparasices were found to infect C. i-"i n between 12 and 33C with the 

optimum range for infectiv~ty between 21 and 33 C. Lower'temperatures de
creased the percent 
infective but increased the time thenematodes remained
 
infective. T e ime required for host infection 
to occur increased as the
 
preparastes'agedat 15, 	21, and 2? C.
 

An extensive study was undertaken on the effects of salts co.'rnonly found
 
in fresh water on the infectivity of R. cuZic &c.r--. In general, at least
 
50 percent of the preparasites were able to infect rosquitoes at. the median
 
concentrations of these salts commonly found in Fresh waters. 
Howev.r, 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 preparasitos. However, it appeared the use of
 



R. aoLk iVo'= inmost Freshwater environments should be feasible unless 
the salt content is elevated. 

The usual levels of oxygen in the aquatic environment shtould not hinder the
 
use of this nematode. However, infectivity of prepar3sites 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.
 

CTAGEPARASITIC 

The parasitic stage is critical in the lite 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 physiological and biochemica'l effects of parasitism on the host
 
environment.
 

The median developmental time of the parasitic stage ranged from 28 to 6
 
days over a temperature range of 15 to 32 C. Optimal dvelopmenr 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
 
predictikn of the time for the complete life cycle under natural conditions
 
through the use of heat unit calculations.
 

Major changes in the composition of the hemolymph in mosquito larvae octuPred 
when infected wi 61 R. t-utZiCiorn... Protein content declined precipitously 
and the carbohydrates.were significantly reduced. Nlo change in fee ihiiln6
 
acids was detected. Parasitized larvae were unable to produce iriiiii dlscs
 
and thus could not pupate. This phenomenon appeared to be related to the
 
nutritional stress placed uoon the host by the nutritional and Ohysioglicail
 
demands of the parasitic stage in the hemocoel.
 

During the postparasitic phase. the mermirhid develops rh the adult 4tie
 
and produces the eggs Vor the next cycle. OuP ihvesrigarions have beei
 
directed primaiily at the effects of frdfeature o6 develomilehral ti0 ~A
 
the physiology of the pOst~aeasites.
 

The teHOeaturt studies we~e Oeef6iPmed iA small Ourdoor 0nnd%. Wh*6 amliehr
 
temperatures averaged 27 C, the OpeaAisitic hemarnde% emeroed and inf.eeted 
sentincI moscuitoes 3 weeks anter pOsipa~a-ites 6mArged from the mosquito
hosto Preparasitdes ae hot found iA inoculated ponds when the average 
iObiteht tifef aturc falls to 16 to i8 C Pepara~ire% resume activity when 
the aVeag# aibient tefteraiure is-4duAl :o or greater than 20 C. 

Physiolog§ial studies on'the pctiitarasitec have detnnqrrated that this -rage
 
is either microaerOnbic nr a faculiAiive anaerohe. Thic nhervarinn is I-aced
 
on oxygen uotake, develOmeiitil and enzymoloqical studie%.
 

Earlier attempts ar lmprovinq the ma4 rearing and inve;tioarina the ecnlnqicAl 
physinlqy nfthe pr-parairie .raqic•'. ." faied d ; I.'r vi.. f . *hinv 1 r 
fungal hyperparas re. *.~:'~j!,:,which invad.-d and Lilled the 



-t4 a4 a.e Sfct ~ V %,h~'M~iU 
flt-i,fU I ure andltheas-fl,6':ts tit d f#f 

~ fdi 'ittee d efui~Mfngus we o ? ~~~l7Ud
inE #U~Adusm n -~'t4f ordah-AtN t I eriHd d4%~ii 46 0160, j' 

f~~~~~~~~hS .. onrlmauie.Cd notIi Uieraii 

were sUppres.ed. The disease l., inl aras!ie:
 
aAdjusted to a pH (Table 1). d!.5 


...geriiition Of rho fungat infectiveas controlledstages andy inifect~ionrearng neatnef~ Water 

After the defieiopment of this acidification irocedure (Table 1),.fuig l in
fecthions decreased preciptousiy and invest IgationS Of mass 
rearing Iiprove-
Afe h ddfaid iot~t TbtA Uoandi eeoment 

Ment and post- arasite physiology poceeded. lndeed,- thi.s 'Oded-e fbor
tungal prophylaxis will enable other laboratories and cc.meriai. fac;IIties
•to OedOoiogte .atmili.c.iopint -0a0idli,Five commercial
:LI substrates for sand provided by hureill-te, Veimiculite, and 

cellulose sponges were tested as substrates foe storing ostaraitic
nemarodes and eggs. Our usual Medium-coarese blow sand proVed t be suberior.

Further tests with a graded series of si 
ica ind showed that medium-fine
 
sand at 
a moisture content of 13.5* gave the best yield of pr;epatasitic

nematodes. . 

The feasibility of using R, e.-aZini :a as a control agent in mosqUiOt
prnducinq habitats inCalifornia was restd. 
Field resfk were conductfed in
 
artificial and natural ,ites against four speies of mosquithes. Infective
nematodes were disseminated at approximately 1000 per m2 surface area. All 
species of mosquiro larvae were infected and the percentage infectinn via. 
dependent on the mosquico subfamily and rest sire. Inmixed rio~quitn pooulari nanophelines were mnr s7usceptible to parasitism than duli.ines. 
Control of

mosquito larvae waq reduced in sites with dense vegptatinA or algal mfars. 

In 2 studies conducted in 30 m2 ponds at ? i -Oasis. u:' was found 
to
he less susceptible to infection by ," than wa" 4i:,i,7.- . 
,.'. aO~(., . "fl*]":3 was found to be about u,,cerihile undar Miaid eO~diofrildh# 

as was ,".. -;p,7,.* , '*.,. a-:d
Since many anopheline 
."?.a "r. are all hiqhly susceptible in 'the laboratry, the A?itMea o. 
thk difference in f ielId sutxrpt tiIIiy iknot known. w dUipect, iai thlt

'I differenie arises ihrough a div erigce iA larval IAbi, . AhcdtWT&i larvae

tend to ,,eadin6e time At the suffice ihaii larvae of u0inek r'H0 P 6 hs;' -- rr .
is Oeisonahle that ihfer on by pepaakie k o~al, ~~~ r),encca 

I- 2 eice Hild tril tohdkied du-mh th4i tU&" M;.i. 
jwik- h i I4ij iF 0 fhIFtt e.lfIi ii, bq P.~i; 

~ V 
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In Sutter County, 85% of sentinel anophelines were parasitized. InColusa
 
County, 430 of the anophelines were infected. The difference was due pri
marily to the density of themore mature rice in Colusa which prevented optimal
 
distribution of the parqsites.
 

Recent studies by Ors. B. J. Brown and R. Washino have indicated that inocula
tion of nascent rice fields with postparasites constitfte a more effective
 
way of introducing nematodes as biological control agents. In addition, the
 
nematodes can overwinter in rice fields subjected to normal crop practices.
 

PR 'DAMtCS 

Observations of high populations of aquatic arthropods in rice fields prompted
 
a study on the potential of various aquatic arthropods as predators on two
 
non-parasitic phases in the life hi'story 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 preparasites. Further studies
 
with copepods inone liter of water demonstrated that 20 copepods significantly

reduced infections of mosquitoes by the mermithid nematode and 53 copepods

reduced the infection level by 50%. These findings indicate that high densi
ties of copepods inmosquito infested waters may interfere with mosquito

control by mermithid nematodes. However, itwas observed that copepods were
 
effective predators on all instars of mosquito larvae and suggested that these
 
organisms play a substantial role innatural control of mosquitoes.
 

Postparasites of R. =alicivor. were avidly consumed by diving beetles, gamnaridl
dragonfly and damselfly naiads and small crayfish. Isopods attacked the
 
postparasites only after starvation and planarlans did not feed on the
 
mermithid nematodes.
 

R.,c:uliCivo. has good potential for anophellne control in California. Current 
investigations on the inoculation of rice fields with postparasites rather than
 
preparasites has yielded encouraging results. The control of culicine species,
 
on the other hand, does not appear suitable with this mermithid soecies and
 
investigation of other merrnithids for culicine control should be initiated.
 

The improvements inmass rearing will lead to a more economical roduc:ion of
 
nematodes for mass releases. Additional stidltes on the bio.logical requirements

of this species and others are mandatory ifwe are to obtain the potential

biocontrol of mosquitoes offered by mermithid nematodes. Although 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 control and suppression

of vector organisms, it isjust not possible to develop biological control
 
organisms quickly without a substantial commitment of scientific man-years

and funds. R. duticivor has been under development for 10 years'and with
 
the current level of interest and rundina irwill orobablv recuire 10 more
 



years to obtain effective use of this or alternate organisms In biological

control of ector populations. In addition, we need a strong comminitment 
from
 
agencies to train personnel (technicians to higher administrative levels)

in the handling and use of biological control organisms.
 

PRE-
PARASITICS
 

7-10 DAYS
 
PARASITIC PHASE 

KEMERGENCEAND / IWEEK 2 WEEKS3 
-0ST DEATH > 

EGG LAYING 

Dial-.r-.zic .ifa cqqcZ of Romanomemis culicivorax. The rg of :he me."
thid nema:odes are found within rhe subsrate of rhe mosoui:,- pool upohrztch:ing, the infective or prepar-asit: stas.es swim rio -he sur-face :f te 
mcsui:o -ooZ where ea2"Zzi moeuirc irs:ars ra pene r.ed. :he m.,i~hid
nemat.odes de'e or rcpidy in;he bodu ca-i= of -he mosuil- kc.'a ar 
are xvead zo emerce nd kiZZ the moscuito hcst :rter 7 :o 1C days. .4f:.or 
emnergence, rhe mermii~hids' drc -- the sus-at e and molIt c he ak.-',
stagcs. W,'° 4 "weeks, e iincc is iniziated, and, after i=hin 3 to 

dec.=.enr, hordes of .re"arasi....C eerge in search f s0hosts. 

COLL.3A.MR$ AVD STAFF 

The performance of these studies was greatly facilitated by the callabora
tion of Dr. R, Washino (UCO), Or. M. S. Mulla%(UCR), and Mr. E. E. auffinar.
 
(Sutter-Yuba MAO). Dr. 8. J. Brown 
(UCO), Dr. S. P. Schmidt (Oklah..a SU).

Mr, J. Imbriani, Mr. J. Eby, Mr. M. Stlrllng, Mr. D. S. Hughes, and Ms. L. L.
 
MacKenzie-Graham all made unique contributions to our understanding of 
the
 
biology of this mermithid nematode.,
 

Sincerely yours,.
 

Russell E. Fontaine
 
Coordinator of Mosquito Research
 
Entnmology.Extension
 
University or calorn;a
 
Davis, Ca. 95616
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