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INSECTARY REARING

of Anopheles quadrimaculatus
By P. A. San. (R) M. H. Goodwin

Interest in insec-
tary rearing of Ano-
pheles has been stimu-
lated recently by in-
creased. research on
disease transmission.
Colonies maintained
in connection with
Malaria Control in
War Areas activities
supply Anopheles for
use in imported mala-
ria studies and toxi-
city investigations
on insecticides.
Other U. S. Public
Health Service Pro-
grams.employ insectary
reared specimens for
chemotherapy experi-
ments and in treat-
ment of general pare-
sis by malaria inocu-
In view of
the possibility of
Malaria Control inWar
- Areas personnel parti-
cipating in the esta-  ocssi
blishment of mosquito

lation.

insectaries, a brief review of insec-
tary rearing methods and an outline of
success ful operation procedures is
presented. We are indebted to the va-
rious laboratories from which informa-
tion regarding large-scale rearing
has been obtained, especially to Sani-
tarian (R) Martin D. Young and Robert
Burgess of the Malaria Investigations
Laboratory of the National Institute
.of Health at Columbia, S.C., and to
Major Stanley Carpenter and his asso-
ciates at the Fourth Service Command

Laboratory, Fort McPherson,AGeorgia,

‘Outdoor Insectary of Mark F. Boyd

where a majority of
the photographs were
taken.

The development of
suitable rearing me-
thods for Anopheles
quadrimaculatus has
been based, toa large
extent, upon trial and
error. The compara-
tive ease with which
existing colonies of
Anopheles are main-
tained gives no indi-
cation of the diffi-
culties which were
met and overcome dur-
ing the early stages
of establishing colo-
nies. Boyd and his
associates (1926,
1930, 1932, 1935,
1937) were pioneers
in large-scale insec-
tary rearing of Ano-
pheles species in
this country.

Methods described
here are related pri-

marily to Anopheles quadrimaculatus but
have been employed successfully, sometimes
with slight modification, to rearing other
Anopheles which occur in the United States.
The basic requirements for rearing any in-
sect are: =
1. Maintenance of physical environmen-
tal conditions which will permit
normal longevity and development of
all stages in the life cycle.
2. An adequate supply of nutritional
' material to insure proper develop-
ment and reproduction.
3. Conditions which permit mating.



OUTDOOR TYPE INSECTARIES

As might be expected, it is very diffi-

cult to simulate natural conditions in any
type of vivarium. In the case of ‘Anophe-
les the microclimate of the habitat is ex-
tremely important. It is impossible to
take into account all of the pertinent
variable factors in establishing a colony.
The important ones can only be known by
trying various methods under different
conditions. For instance, it was formerly
thought that a great deal of space was
necessary for mating of Anopheles. When
Boyd (1930) presented the first report of
successful cage rearing he employed a cage
8 feet square and 12 feet high. Qultiva-
tion had been unsuccessful in a.cage 8 feet
square and 7 feet high. After several
generations had been reared in the large
cage it was possible for the strain of
quadrimaculatus which had been under prop-
agation to be reared successfully in a
small cage about one meter cube. Most, if
not all, of the quadrimaculatus colonies
in this country have been derived from the
colony first established by Boyd. The in-
sectary developed in this work is an in-
teresting example of an outdoor type.

The places where this type is practical
are limited because of climatic conditions.
It cannot beused where extreme atmospheric
conditions occur. A colony kept out of
doors does not maintain a uniform rate of
production throughout the year unless heat
is provided during the cold months. In
Boyd’s insectary a constant temperature
water bath is used to hold the larvae
‘rearing pans. The water bath is large
enough to contain six circular cream pans
about 12 inches in diameter and 3 inches
deep. Heating and cooling units maintain
a temperature of 70°F. No special appara-
tus is provided for the maintenance of at-
mospheric temperature and humidity. The
screened sides of the cage are provided
with curtains which can be lowered to pre-
vent excessive dehydration and strong
breezes. The humidity inside is usually
fairly high, ‘but if necessary the floor
may be flooded to provide additional evap-
oration surface. In the cold months sup-
plemental heat is provided with electric
heaters. '

Outdoor Insectary or Summer Use

Between 3,000-and 5,000 adult mosquitoes
are kept in the cage, the larger number
being kept in the winter months when a
greater adult population is necessary to
furnish the desired number of ova. Adults
are allowed the freedom of the entire
cage and obtain blood from the insec-
tary attendant. The proportion of
sexes is about two males to each female.
An aquarium containing aquatic plants is
provided for oviposition. Eggs are col-
lected from the aquarium by skimming the
water surface with a cereal bowl and are
then transferred to the rearing pans in
the water bath. Larvae are reared in a
wheat infusion culture to which fresh

yeast is added daily.
Good results have been obtained with

this type of insectary in north Florida.
The same type has proved satisfactory for

‘seasonal work during the summer months in

more northern regions, when no attempt is
made to carry the colony through the cold
months. Qutdoor insectaries:which contain
no heating or cooling facilities have been
employed by the writer for oviposition
preference studies and for other experi-
mental procedures which were conducted
during the summer months, This type of
insectary probably more nearly simulates
natural conditions and has the advantage
of simplicity. It can be used when fluc-

_tuations in production are not important

and when large numbers of reared adults
are not necessary. But experimental work
involving Anopheles usually requires many



specimens. This necessitates carefully

controlled conditions which will maintain
as many factors as possible within the op-
timum ranges for development.

LARGE SCALE REARING UNDER CONTROLLED

CONDITIONS

The following account outlines proce-
dures for large-scale rearing. Methods
described have been obtained from the lit-
erature, from personal visits to a majori-
ty of insectaries in operation in this
country, and from personal experience in
insectary rearing. An attempt has been
made to indicate all of the basic require-
ments for successful rearing and to avoid
unessential, more elaborate or complicated
procedures or equipment, which may be de-
sirable under ideal circumstances.

SIZE AND*PHYSICAL EQUIPMENT

The insectary is preferably housed in
an inside insulated room. Facilities are
necessary for automatic control of atmos-
pheric temperature and humidity. Several
types of commercial air-conditioning equip-
ment are available for this purpose. It
is desirable to have separate temperature
control and humidifying apparatus so that
temperature and humidity may be controlled
independently of each other. Much more
precise control is possible with this ar-
rangement. Heaters should be electric.
Thermostatically controlled steam radia-
tors may be employed but the range of op-
eration is much less critical than when

’a)g%
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Rearing Pans for Larvae

electric heaters are used. Humidifying
and cooling apparatus may be of any type,
provided it does not cause violent wind
movements. Some workers believe that if
adequate conditions of temperature are
maintained, specific control of humidity
is not important. They contend that the
large surface of water ordinarily exposed
in an insectary will provide enough evapo-
ration surface to keep the humidity suf-
ficiently high. Temperature should be
kept between 70 and 75°F. and relative hu-
midity should be about 80 per cent. A
maximum and a minimum thermometer, or pre-
ferably a recording hygrothermograph,
should be kept in the insectary so that a
close check may be had of atmospheric con-
ditions.

The size of the insectary will depend
upon the number of adults needed for ex-
perimental .uses. Adequate space must be
furnished for the storage of rearing pans
for larvae. About 400 eggs are placed in
each pan. Allowing for 25 per cent mor-
tality, 300 adul ts can be obtained from
one pan. Thus three or four pans of pu-
pae will be necessary each day to supply
1,000 adults. The maximum periods for de-
velopment of the various stages which can
be expected under satisfactory operating
conditions are as :follows:

Egg stage 2 to 3 days. First instar 3
to 5 days. Second instar 4 to 6 days.
Third instar 4 to 6 days. Fourth instar
5 to 7 days. Pupal stage 2 to .3 days.

b

Temperature and Humidity Control Equipment



Stock Colony Cage

Thus an average of 25 days is the longest
period of development to be anticipated.
To furnish 1,000 adults each day it is
then necessary to have a maximum of 75 to
90 pans containing larvae in the various
stages of development. The period of 25
days is rather long for complete develop-
ment and it is likely that this can be re-

duc&d in the operation of most insectaries.
Shelving or racks are most satisfactory

for holding the rearing pans. The pans
should be about 14 to 18 inches long, 10
inches wide and 1% to 2 inches deep. Rec-
tangular pans have proved most satisfacto~
ry but in some instances round pans about
12 inches in diameter and .3 to 4 inches
deep are preferred. The pans are placed
on the shelves and are not moved unneces-
sarily during the period of larval develop-
ment. Pans may be placed very close to-
gether an the shelves but the shelves
should be at least 10 inches apart to al-
low adequate room for inspection and feed-
ing. In addition to the shelves and rear-
ing pans the insectary should be provided
with a large sink and a work table. It
must also contain table space for holding
the stock colony and storage cages. In
some insectaries it has proved desirable
to isolate the stock cages in a separate
screened portion of the room. This is

very desirable to reduce the possibility
of mixing species when more than one spe-
cies of mosquito is reared in the same in-
sectary. -

The stock cages maybeof any convenient
size. It is desirable that at least five
cubic inches of space be provided for each
adult mosquito. Thus a cage 2 feet cube
would be capable of accommodating about
2700 mosquitoes. A colony of this size
should furnish between 1,500 and 2,000
eggs per day. Usually the proportion of
sexes is about equal but some workers be-
lieve that it is desirable to maintain a
preponderance of males in the stock cages
This, of course, involves additional manip-
ulation. The type of cage is not particu-
larly important. The usual type of screen-
ed insect cage having a screened side and
front with plywood covering the other sur-
faces is usually satisfactory. One quad-
rant of the front is equipped with a cloth
sleeve type opening to permit access to
the cage.

OBTAINING ORIGINAL STOCK

Eggs for starting the colony are most
conveniently obtained from one already es-
tablished. This is much simpler than ob-
taining eggs' from wild-caught specimens,
and the initial phases of rearing are more
likely to succeed. Many strains of Anoph-
eles species are very difficult to domes-
ticate. A. quadrimaculatus may usually be
obtained from existing colonies without
difficulty, but other Anopheles species
must usually be obtained from wild-caught
specimens.

The eggs obtained for starting the col-
ony are put in rearing pans and treated in
the manner described subsequently. Adults
which emerge are transferred to the stock
It is desirable that at
least 1,000 adult specimens be placed in
the stock colony cage for starting the
colony.

If the original eggs are to be obtained
from wild-caught specimens the following
procedure should be followed: Females from:
collections are placed in lantern globe
type cages and held over an oviposition
bowl of the type described later. Not
more than 25 adul ts should be put in one

colony cage.



Mosquitoes Feeding on Rabbit

cage. The globe cage should be placed di-
rectly over the oviposition bowl. A large
cage should not be used as it is sometimes
difficult to obtain eggs from wild-caught
specimens held in a large cage when the
eggs must be oviposited in a small con-
tainer. It is advisable to give the cap-
tured mosquitoes an opportunity to feed on
a laboratory animal before being placed
over the oviposition bowl. A majority of
the eggs obtainable will be oviposited
within 3 or 4 days.

CARE OF ADULTS IN STOCK COLONY
Females in the colony obtain blood from
a laboratory animal, usually a rabbit.
The back of the animal is clipped to per-
mit mosquitoes easy access to the skin.
The animal is strapped to a retaining

board and placed inside the cage for a
period of one to two hours every day. Zo-

ophilism is obtained without undue diffi-
culty in most cases. It is advisable that
human feeding not be given to the stock
colony as the insects are sometimes re-
luctant after this to take animal blood.
Honey or 10 per cent glucose solution pro-
vides food for males and supplemental food
for females. This may be placed on cotton
pads or is preferably furnished in watch
glasses which are covered with pieces of
screen to prevent mosquitoes from becoming
entangled in the solution. It is also ad-
visable that a large piecEfgf cotton satu-

Egg Bowl with Filter Paper Cone = Left
rated with water be kept inside the cage
to provide additional moisture for the in-
sects. About enough cotton to fill a 100
ml. beaker is sufficient. The beaker with
the moist cotton is placed on the floor of
the cage. The water and feeding solution
should be renewed daily to prevent the
formation of mold.

Dead insects should be removed from the
cage each day and enough pupae placed in
the cage to replace the number which died.
It is well to keep the stock cage out of
bright light.

OBTAINING AND MANIPULATING EGGS

Fggs are obtained by folding a piece of
filter paper about six to eight inches in
diameter in the shape of a cone and placing
this inside a bowl or evaborating dish
about four inches in diameter. The con-
tainer is filled with water and placed in-
side the stock cage. The following morn-
ing the container and fil ter paper are re-
moved from the cage. Any adult mosquitoes
trapped in the egg masses are removed,
taking care to remove ‘as few ova with them
as possible. It is essential that these
dead insects be removed as a mass of fun-
gus may develop around them. A hole is
punched through the apex of the cone of
filter paper which is then lifted slowly
from the container. The water runs out
through the cone and the eggs are left
sticking to the filter paper. After the



Eggs in Filter Paper Cone
filter paper is unfolded, segments con-
taining the desired numbers of eggs can be
cut of f with scissors. If it is desired
to store the entire collection of eggs the
whole piece of filter paper may be placed
in a large covered petri dish and held in
the refrigerator at about 40°F. If the
filter paper remains moist the eggs will
be viable for several weeks. Eggs may be
shipped by placing a segment of the filter
paper containing the desired number of
eggs in a tightly stoppered glass bottle
the inside of which has been thoroughly
moistened by filling the bottle with water

Eggs Floating within Waxed PaperARing

and emptying. The glass container should
be shipped inside of a metal container
with packing.

Eggs are transferred to the rearing pans
by floating them off the segments of fil-
ter paper into water in the rearing pans.
The eggs transferred to the rearing pans
are placed inside a cork or waxed paper
ring which is floated on the water. This
ring retains the eggs and prevents their
being stranded on the sides of the pan.
About 400 eggs are placed in each pan. In
handling the eggs, care should be taken to

prevent drying. If the filter paper shows

any signs of drying which is especially
noticeable ‘around the edges, a few drops
of water should be added with a pipette.
If it is necessary to manipulate the eggs

Removing Egg Shells _
a camel’s hair artist’'s brush should be
used. Although tap water in many locali-
ties is suitable for use in insectaries,
it is much better practice to use distill-
ed water exclusively.

CARE OF LARVAE
After the eggs have hatched, usually in
two or three days, the empty shells are
removed by dabbing with small pieces of
cotton. After the eggs are removed the
ring which contains them is taken out of
the pan. It is ,necessary that the water
in the pan be fairly shallow, usuallynot
more than % inch deep. This is particu-
larly important with third and fourth in-
stars. Finely ground dog biscuits have
proved to be the most satisfactory



N —

Applying Food for Larvae

larval food for all instars. In some
laboratories pulverized brewer’s yeast
is used for the first and second in-
stars. Some workers prefer a mixture of
finely ground baby food and dog biscuit
for all stages. The use of brewer’s yeast
for the young instars and dog biscuits
alone for the latter stages probably gives
more, uniform results than other types of
food. This is applied sparingly to the
pans by shaking from an ordinary pepper
shaker. [t is better to feed several
times a day than to add an excess of food
at any one time. A good indication of the
amount of food to be added is the rate at
which it spreads over the surface. If the
first few particles sprinkled donot spread

over the surface at once, it is desirable

to postpone feeding until later.

There is usually little trouble with
scum forming on the pan’s surface. How-
ever, if this does occur, the pans should
be. filled with water and then siphoned off
to the proper level. After the pans have

.been in use for several days some sediment
‘accumulates on the bottom of the pans and

the water appears a dirty yellow color.
This does not interfere with the larval
development and requires no special atten-
tion. v

Care should be taken to keep enough wa-
ter in the pans but not to add so much
that the larvae cannot feed on the bottom,
If an excess of food is avoided it is un-
necessary to wash down the sides of the
pan or .handle the larvae in any way.

Fourth Stage Larvae Feeding

CARE OF PUPAE

After the larvae have pupated in the
rearing pans they are transferred to a
large bowl of clean water. The pupae are
not transferred directly to emergence con-
tainers since a large amount of food cul-
ture in the rearing pans would carry over
and a pellicle would form in the container
of non-feeding pupae. By transferring
them first to a bowl of clean water the
amount of material carried over from the
rearing pans is diluted. Pupae are trans-
ferred from the rearing pans with a wide
mouth pipette and are transferred from
this container to the emergence container
by the use of a small screened dipper.

The pupae should be placed either in
500 ml. beakers or biological specimen
dishes about 125 mm. in diameter. The
container of pupae is covered with a lan-

Transferring Pupae to Emergence Con,tainer



tern and globe type
cage until emergence
has occurred. The
globe type cages are
used even when the
pupae are placed in-
side the stock cage
to prevent oviposition
in the pupae container.

STORAGE OF ADULTS

Adult specimens
are most conveniently
stored in a cage of
the same type as the
stock cage and the
care of individuals
is the same if they
are held for apprecia-
ble lengths of time.
Of course, the blood
feeding is omitted
and no provision is
made for collecting
eggs. The specimens
are usually removed from the stock cage with
an ordinary -aspirator type collecting tube.
The storage-of specimens will, of course, be
determined by the use whichis to be made of
them. The globe type cage is satisfactory

Globe Type Emergence Cage

for holding 100 or
fewer specimens. For
infection studies
usually a few mosqui-
toes are placed in a
smaller. type cage.

CONCLUS IONS

The apparent sim-
plicity of the proce-
dures outlined above
is deceptive. In
maintaining an Anoph-
eles colony a routine
is developed which
requires constant
daily attention. Ne-
glect of seemingly
minor details will
result in retarding
development of the
insects or complete
destruction of the
colony. The impor-
tance of daily atten-
tion cannot be stressed too miuch. Many of
the failures in insectary rearing are di-
rectly attributable to inconsistent atten-
tion rather than inadequacy of methods or
equipment.

Small Container for Use in Malaria Transmission Studies



THE IMPORTANCE OF ADEQUATE
MALARIA CASE REPORTING |

It is an axiom of public health admi-
nistration that effective control of a
communicable disease must be predicated on
the knowledge of when, where, among whom,
and under what conditions the disease is
being transmitted.
that without such epidemiological informa-

It is clearly evident

tion, control procedures are apt to become
"shot-gun" in principle, rule of thumb in
application, expensive in execution and of
questionable efficiency.

In general, much of the information
concerning cases and deaths of malaria ori-
ginates with the practicing physician
through the reports he makes which are
usually required by law. It is suspected,
though by no means always demonstrated as
a fact, that in many traditionally mala-
rious areas numerous illnesses and deaths
which are not actually due to malaria are
reported as such. It is also recognized
that many cases and deaths of malaria re-
main unreported to health agencies. For
example, there are instances where it can
be shown that a greater number of deaths
than cases was reported from the same area
during the same period of time.

However, in spite of the obvious defi-
ciencies of malaria reporting, there has
been accumilated enough information during
the present century to establish certain
areas of the Southeastern United States as
malarious. On thebasis of these data,
large amounts of money and effort have
been expended on control of the disease.
Osing the same type of information, it can
be shown that the disease is steadily be-
coming less prevalent throughout the south-
east.

As a result, malaria has reached a
critical stage in its life history in this
country. In a sense, it may be said to
have reached, or at least is approaching,
a crossroad. We may hope that it will
continue to recede in prevalence, On the
other hand, as a result of the impetus
given by the presence of a great number of
carriers among returning servicemen, the
disease may again assume a place of pri-

mary public health importance. During the
next few years, therefore, more Precise
and accurate epidemiological information
concerning when, where, among whom, and
under what conditions malaria is occurring
becomes of considerable practical impor-
tance. :
If the disease continues to decline
with the impetus of current control mea-
sures, there is every theoretical reason
for believing that it is susceptible of
eradication in the sense of becoming no
longer of public health importance. This
theoretical goal, however, as a practical
achievement is predicated on an ability to
delineate accurately the specific foci in

"which transmission is taking place. The

MCWA program has demonstrated that vector
control, but not vector eradication, is
attainable in most of the!situations en-
countered. It is not feasible to extend
vector control to all areas of the South-
east because of its cost. It has been es-
timated that such extensive control would
require initially anoutlay of $200,000,000
and that such a program would achieve only
reduction in anopheline populations and not
eradication of the principal American
vector. For this reason, control efforts
must continue to be emphasized in those
areas where malaria is most frequently
transmi tted.

Whether malaria continues to decline
or reverses its present trend and tends to
become again an important public heal th
problem detracts little from the need for
more accurate information concerning the
exact areas of its trapsmission. In-
formation is required to base con-
trol efforts directed at wiping out
the remaining malarious feci, and
this information is vital to the prompt
recognition of areas where malaria
is beginning to assume public health impor-
tance so that control efforts may be start-
ed. Early institution of control measures
is always less expensive than similar ef-
forts made after the disease is well esta-
blished.



In either case, one of the most impor-
tant sources of epidemiological informa-
tion remains the reporting of cases and
.deaths by physicians. The factors which
govern the adequacy and accuracy of com-
municable disease reporting are too
numerous and diverse for consideration
here. Physicians generally consider it an
unpleasant, legally imposed chore to con-
tribute to a mass of dry statistics. Often
however, reporting ot communicable di-
seases is considerably better where
there is a service offered by the health
department as a result of such reporting.
For example, physicians might be more in-
terested in reporting future malaria if
they know that residual spraying of the
patient’s home would subsequently be car-

ried out by the health department.

MCWA personnel are in a position to
assist in the improvement of the collection
of epidemiological information about mala-
ria. Their contacts with professional and
lay people afford many opportunities for
service in this respect. It must always
be remenbered, :however, that reporting of
disease is a duty of the physician and
that this responsibility is to the duly
constituted local authorities. Any lax
person who intrudes in this relationship
is out of line ethically and may be con-
tributing to a disruption of relationships
which have been built up slowly over a
long period of time. However, MCWA person-
nel are not stepping out of line if they
ot fer their services to the local or state
health department and determine how they
may be useful in helping to better the re-
porting of malaria cases and deaths in the

area in which they are working.

The Medical Division of MCWA is parti-
cularly anxious to have its attention
called to any situation where facts sup-
port the belief that a carrier among demo-
bilized servicemen has been responsible
for an outbreak of malaria. MCWA field
personnel may be of considerable aid to

the Headquarters Office if, upon learning.

of such instances, they inform proper

local or state health agencies for refer- .

ral to Atlanta -- Medical Division, MCWA.
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LITERATURE REVIEW

Manual of Tropical Medicine by Colo-
nel Thomas T. Mackie, M.C., ‘A.U.S.;
Major George W. Hunter, III, Sn.C.;
A.U.S., Captain C. Brooke Worth, :M.C.
A.U.S., 1945

This book contains 727 pages and 287
illustrations (6 in color) and is publish-
ed by W. B. Saunders Company,  Philadelphia
& London, price $6.00.

The introduction to this manual states:

"This volume is one of a series develop-
ed under the auspices of the Division of
Medical Sciences of the National Research
Council to furnish the Medical Departments
of the United States Army and Navy with
compact presentations of necessary infor-
matjon in the field of military medicine."

The manual’s general usefulness and wide
scope is indicated in the Author’s Preface
where it is stated that the book was com-
piled for use not only formedical officers
in the armed forces but for physicians in
practice in the tropics, students entering
the fieldof tropical medicine, practition-
ers in the temperate zones treating re-
turned personnel, public health workers,
epidemiologists and parasitologists in the
field as well as in laboratories and
schools.

In spite of the comprehensive subject
mat ter covering a wide variety of the
the
authors have succeeded in their avowed
purpose of presenting a "concise statement
of the most recent available and authori-
tative information concerning the more im-
portant tropical diseases.” They have not
attempted to supplement them. As a result
the material presented is concise, conve-
nient and compact.
lent charts, tables, and summaries as well
as numerous photographs illustrating patho-
logy "which are used wherever possible in
order to present the textual material in
succinct form." Little doubt is left in
the reader’s mind as to the value of this
work as an addition to his library.

--- Surg. Vernon B. Link

communicable diseases of the tropics,

There are many excel-



DIVISION NOTES

COOPERATIVE LARVICIDE STUDIES WITH TVA

Two Stearman PT-17 biplanes are be-
ing equipped for use on experimental lar-
vicidal studigs. These airplanes are sin-
gle engine, .medium power (220 h.p.) planes
and were formerly used by the Army as pri-
mary trainers.

An exhaust generator has been installed
in one plane for the distribution of DDT,
as a thermal aerosol.
sists of a 4% inch exhaust pipe, with a

This equipment con-

venturi discharge, mounted along one side
of the plane. Two jets are fitted for
discharging the DDT solution into the gen-
erator under' high pressure. The DDT solu-
tion is carried in a tank located in the
forward cockpit. The pressure is generat-
ed by a pump driven by a small propeller.
Control of the aerosol droplet size is ob-
tained by a pressure regulator and by vary-
ing the r.p.m. of the airplane engine.

The other plane is being equipped for
application of paris green and DDT as
dusts and will also carry equipment for
application of thermal aerosols. A
removable hopper of welded aluminum con-
struction is being designed to fit into
the forward cockpit. This hopper will
have about 10% cu. ft. tapacity. It will
be possible to remove the hopper quickly
and replace it with a tank for carrying
DDT in solution. This airplane will be
used as a stand-by to meet exigencies
which may arise on the regular MCWA larvi-
ciding program and it will also be used
for larvicidal experiments on rice fields.

GRAND CAYMAN MOSQUITO SURVEY

At the request of the Coast Guard,
survey wasmade by P. A. San. (R) Roy Fritz
of mosquito breeding conditions on Grand
Cayman Island, B.W.I. It was found that
the main cause of annoyance was the salt-
marsh pest mosquito, Aedes taeniorhynchus
‘Wied. Breeding areas were so extensive in
relation to the area to be protected that
general control measures were not practi--
cal. Consequently it was recommended that
personnel be protected by the use of ade-
qguate screening, IDT residual sprays, and
by.employing repellents when needed.

a
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CARTER LABORATORY NOTES

The Anopheline Larvicide Project reports
tests of DDT in various larvicidal forms.
Samples of technical DDT from eleven di f-
ferent sources were compared to each other
and to two samples of recrystallized DDT,
DDT paste, and two .commercial by-products
of DDT. 1In an effort to obtain uniform
and complete oil film twenty-two proprie-
tary materials weré tested for relative
spreading pressures.

A project has been set up to determine
the effects of the routine use of DDT as a
mosquito larvicide on fish and associated
aquatic organisms. Four types of work are
being conducted: (1) A .study of the
ef fects on fish; (2) A determination of
changes in the surface organisms; (3) In-
vestiggtions of the influence exerted on
plankton organisms; and (4) Studies of the
effects on bottom dwelling organisms.

Tests of residual sprays included re-
leases of insectary-reared "quads" in an
unoccupied room sprayed one year previous-
ly at 200 mg. DDT/sq.ft. The room showed
a 50 per cent knockdown of the less sus-
ceptible mosquitoes in two hours and 99
per cent mortality in five hours.

The Equipment Project reported comple-
tion of a new model power mixer for prepa-
ration of DDT-xylene-triton concentrate.

The Chemistry Projec¢t tested a number
of industrial solvents for percent solubi-
lity of DDT. Tests on the explosiveness
of xylene and of xylene-water emulsions
indicated that under conditions tested 2.5
ml. of liquid xylene will give an explo-
sive mixture when completely vaporized in
one cu. ft. of air.

Additional tests are under way using
mine safety appliances for measuring
concentrations of solvent vapors in terms
of percent of explosive limits under normal-
spraying conditions.

Tests of the specificity of anti-
sera used in determining blood meals
of mosquitoes showed pigeon, sparrow
and duck blood as positive when check-
sheep blood
antiserum;
with equine

ed with chicken antiserum;
was positive with bovine
and mule blood was positive
antiserum.



HEADQUARTERS NOTES

DDT-MALARIA FIELD STUDY

During April the first thick films for
the year were taken in an experimental
area where a test is to be made of the ef-
fectiveness of DDT residual spray in re-
ducing malaria incidence. This field study
is being conducted in cooperation with the
South Carolina State health department.
The area selected has shown a high parasi-
temia rate on previous surveys. It has
been divided into two parts - one-half
sprayed with DDT and the other half 1left
unsprayed as a check. The changes in par-
asitemia rates will be closely followed by
thick film surveys everytvonnoﬁths through-
out the experimental area. Further field
studies in the use of the complement-fixa-
tion test for malaria will also be under-
taken.

Entomological studies in the experimen-
tal area include precipitin tests to de-
termine the percentage of quadrimacul atus
having human blood meals and mosquito dis-
sections to determine the infection rate
among mosqﬁitoes in the sprayed and un-
sprayed areas.

MALARIA CONTROL IN IMPOUNDED WATERS

Arrangements have been completed by the
Division of Sanitary Engineering of the
Public Health Service for providing the
Corps of Engineers of the War Department
with consul tation on the potential malaria
problem at proposed water impoundments and
flood control reservoirs. Requests for
assistance will be directed to the Stream
Sanitation Office inCincinnati, Ohio which
in turn will request technical assistance
on malaria control from MCWA. The work
will be carried on in collaboration with
thte States. The agreement provides reim-
bursement by the Corps of Engineers to
cover costs of the malaria studies.

FOLLOW-UP OF MALARIA CASES WITH DDT
RESIDUAL SPRAY
As a partial solution to the problem of
malaria controd outside of the Extended
Program areas, a system of spot spraying
of premises where malaria cases occur was
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(R) Everett L. Bishop, Jr.,

proposed several months ago by Sr. Ent. (R)
G. H. Bradley at a meeting of representa-
tives of Extended Program States. The
Medical Division favors this proposal.
Follow-up of reported malaria cases might
well become routine procedure and would do
much to reduce the chances of transmission
of the disease. At least two States are
proceeding with this "spot spraying” plan;

PERSONNEL

Of ficers newly commi ssioned during April
include Asst. Eng. (R) Marvin B. Scherr,
assigned to Nashville, Tenn.; Asst. San.
(R) Howard B. Hollander, assigned to PHS
District 7; Asst. San. (R) Will S. DeLloacl
assigned to Savannah, Georgia; Asst. San.
assigned to
Savannah, ‘Georgia; and Asst. Eng. (R) Verdor.
L. Dix and Jr. Asst. Engs. (R) Vincent S.
Roggeveen and Wallace E. Frank, as yet un-
assigned. _

Transfers include P. A. San. (R) Leslie
D. Beadle from Parsons, Kansas to Denison,
Asst. San. (R) Charles E. Kohler
from Moncks Corner, S. C. to Dyersburg,
Tenn.; Asst. San. (R) Wilbur H. Duncan from
Atlanta, Georgia toPaducah, Kentucky; Asst
San. (R) Willis V. Mathis from Greenville,
Miss. to Savannah, Georgia; Asst. San. Eng.
(R) Russell G. Ludwig fromAtlanta, Georgia
to Savannah, Georgia; Asst. Eng. (R) Sam G,
Segal fromDyersburg, Tenn. to Herrin, Ill.,
and Asst. Eng. (R) E. F. Coffin from Nash-
ville, Tenn. to Jacksonville, Florida.

Texas;

CONSOLIDATION OF THE AEGYPTI PROGRAM

On April 9 the Aedes aegypti Division
was consolidated with the Engineering Div-
ision. San. Eng. (R) Francis Jacocks be-
comes head of the new Aegypti Section to
replace Sr. San. Eng. (R) Carl Schwob, who
is now on a special assignment with the
States Relations Division in Washington in
connection with the stream pollution pro-
gram. Hereafter, anti-aegypti operations
will be under the supervision of the En-
gineering Division, reports will be kept
by the Records and Statistics Unit,  ento-
mological investigations will be conducted.
by the Entomology Division, and educational
and training materials will be produced by
the Training and Education Division.: :



Table II

MCWA Expenditures "And, Liquidations By Major Items

March 1945
Continental Fercentage Puerto Percentage
U, S. of Total Rico of Total
.01 Personal Services $ 436,995.79 74.08 17,939.19 93.10
.02 Travel 23,630.22 4,00 100.75 .52
.03 Traensportation of Things 5,670.82 .96
.04 Communication Services 477.68 .08 4,55 .03
.05 Rents and Utilities 2,297.13 .39 —— e
.06 Printing end Binding 3,362.63* .56*
.07 Other Contractusl Services 2,914,148 5 4,00 .18
.08 Suprlies and Materials 8l4,513.52 14,32 1,149.85 5.96
.09 Equipment 36, 790.61 6.24 38.13 .21
Total : $ 589,927.71 100,00 19,266.47 100,00
*Represents a credit -
Expenses other then Personal Services 152,931.92 25.92 1,327.28 6.90
1
Table III
MCWA Personnel On Duty And Total Payroll
March 1945
Custodial
Commissioned Prof. & Sci. Sub-Prof. .(1) C. A, F. and Per Hour Total Percent of Total
State Yo. Pay Yo. Pay ¥o. Pey “¥o. Pay Fo. Pay Wo. Pay Fo. Pay
Alabama 4y | 1,140 2 327 23 1,969 2 324 53 4,353 84 | 83| 2.5 1,8
Arkansas 9 | 2,608 5 | 1,k 39 6,979 711,145 | 305 [ 33,530 365 | 45,683 | 11.22 10.
California y [1,03 | --- b5 i 851 3 ‘623 16 3,134 27 5,711 .83 1.26
Dist. of Columbia 1 333 | = i — — 1 233 | — — 2 566 .06 .12
Floride 9 2,672 6 | 1,874 43 7,483 711,21 148 18,843 213 32,143 6.56 7.07
Georgia 9 2,728 3 790 Lg 7,610 6 | 1,006 T4 9,559 10 | 21,693 4.3 u. i
Illinois L |1,163 1 202 — — 1 164 | — -— 6 1,529 .19 .34
Kentucky 4 | 1,046 2 547 7 1,152 3 4o 19 684 35 3,869 1.07 .86
Louisiana 11 | 3,158 y | 1,245 ¥ | 9,176 6| 1,060 | 262 | 31,670 330 | 46,309 [ 10.15 10.18
Maryland 1 248 { — — 2 385 21 L3 1 1,468 16 2,539 50 .56
Mississippi 8 2,308 6 | 1,k09 29 4,125 4 638 96 11,666 143 20,146 4.39 4. 43
Missouri 1 333 | - L—— 12 2,202 1 82 54 5,427 68 g,ouli| 2.09 1.77
North Carolina 6 |1,818 5 1,39; 8 1,445 Yy 732 | 137 | 17,2u8 160 | 22,777 | 4.92 5.00
Oklahoma, 4 |1,215 2 76 13 2,644 1 164 51 | 5,323 n 9,822 | 2.18 2.16
Oregon s ST et — 1 203 =i —_— = — 1 203 o4 .05
South Carolina 5 |1,601 6 | 1,820 36 7.374 & | 1,081 | 336 | LU2,189 391 | 54,155 | 12.03 11.90
Tennesses 4 | 1,188 2 638 11 2,072 3 58k 87 9, 107 | 13,951 | 3.29 3.07
Texae 8 2,288 4 | 1,316 50 1,767 9 | 1,381 210 | 25,342 281 38,094 [ g.64 8.37
Virginie 2 618 2 696 10 2,023 3 602 99 | 13,b89 116 | 17,428 | 3.57 3.83
AEDES AEGYPTI :
Alabama 1 285 | w— — 8 1,626 1 146 | — f— 10 2,057 .30 A5
Florida 1 160 | — -— 20 4,023 1 219 | -— — 22 L, ko2 .61 .97
Georgle == el s 5 1,079 -— e -— 5 1,079 .15 .2k
Louisiana 1 285 1 214 7 1,551 1 164 | —- -— 10 2,274 .30 R}
South Carolina 1 285 | -— — 7 1,298 1 164 | -— -— 9 1,747 .27 23
Texas y 11,140 1 153 30 5,334 2 311 Y 603 3] 7,541 | 1.27 1.
Hq. & Dist. (2) 71 |24,252 10 | 2,509 32 5,469 136" |23,204 1 5,084 290 | 60,518 | 8.92 13.31
Mobile Unite 7 | 2,2l 3 669 1 182 | 3 604 y 705 18 y Loy .56 .96
Puerto BRico 1 | 2,123 1 307 b 8o 5] 1,096 | 213 | 13,572 290 | 17,938 | 8.93 3.9%
Total 187 |58,432 66 [18,407 Yo7 86,862 221 |37,876 |2,280 |253,358 3,251 | 454,935 | 100,00 | 100.00
Percent of Total 5.75 | 12,84 | 2,03 | 4.05 | 15.29 19.09 | 6.80 | 8,33 (70.13 55469 100,00 | 100,00

(1) Includes Eantomological Inspectors .
(2) Includes Headquarters and District Offices, melaria survey, Imported Malaria Control, special investigations, and employees temporarily attached
to Headquarters pending assignment. to states
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SOUTH DAKOTA
{ ILLINOIS
CALIFORNIA

COLORADO

ARIZONA .

ANOPHELES BRADLEY! AND CRUCIANS s

INDIANA

KANSAS

LEGEND

ANOPHELES CRUCIANS

ANOPHELES CRUCIANS AND
ANOPHELES GEORGIANUS

-
NORTH DAKOTA
J
SOUTH DAKOTA
§. MISSOURI

NEVADA

NORTH CAROLINA

ALABAMA

LEGEND
ANOPHELES FRANGISCANUS

ANOPHELES PSEUDOPUNCTIPENNIS

ANOPHELINE DISTRIBUTION MAPS




