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PRETACE TO THE SECOND LDITION

Two nerraaTines 1 1948 of the first edition made 1t possible to cor-
rect some minor crrors Howerer, the rapid development of new tech-
miques of mosquito control m the past three years has made a thor-
ough revision and enlargement of Mosquito Control advisable, that it
may be more applicable to the requirements of our mhitary forces
now, and to the needs of occupational forces later on

In this revision we have ehminated obsolete material and obvious
errors, have modified some opimons, and have added whatever new
material appeared to us to be significant An appreciable enlarge-
ment of the book has resulted

The selection of new materal has been influenced to some extent
by our experience 1 teaching medical and samtary officers at the
Army Medieal Tield Service School at Carlisle Barrachs, Pennsyl-
vana, and Navv medical officers 1 the Short Courses i Tropical
Medicine and Samtation at the University of Califormia The require-
ments of eivilian workers have also been considered, except that time
was not available to bring up to date the data 1n Tables 4 and 5

An Appendix has been added on species :dentification and the use
of entomological heys, designed to enable persons without trammng
msystematic entomology to gain a fayr understanding of the methods
of Wdentification of mosqurtoes

A hist of vectors of mosquito-transmitted diseases other than mala-
ria has been substituted for the material formerly n AprENDIX B

Arpenpix A has been rearranged mn alphabetical order, has been
somewhat enlarged, and the latest nomenclature adopted A chart
presenting the more important malara vectors throughout the world,
grouped geographically and by typical breeding places, with appro-
priate control measures, has been added as Part IT of appeNDIX A

We arc indebted to the Office of Malaria Control in War Areas, of
the United States Public Health Service, at Atlanta, Georga, for Tig-
ures 10, 11, 25-27, 32, 61, 64, 65, and 70 and for Plates L, ITI, V-X1I,
to the National Malaria Society for Tigures 53-57, to Sir Maleolm
Watson for Iigures 49-52 and 8%, to the Rockefeller N'oundation for
Tigure 86 and to the Macmullan Company for Plate IV



n PREFACE TO THE SECOND EDITION

A very lengthy hist would be required to make acknowledgment of
our obligation to all who have helped us with critieisms, suggestions,
and miormation n mekmg this revision We hope that we have 1m-
proved the book sufficiently to menit their approval

Wiztian B Hrens

Harorp ¥ Gray
Berkeley, Califorma

March 15, 1944
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TuE 1MPORTANCE of mosquito control has come to‘ﬁ&rﬂgﬁb xecog-

mized 1n recent years, espeeially as 1ts public health and econome
values have become understood The work 1s now engaging the efforts
of a considerable number of men 1n all parts of the world Lngineers
and physicians, as well as entomologists, have entered the field, and
also an mereasing number of men who, although without techmeal
tramng, render effective service as members or as staff employces of
admumstrative boards or commissions

Thus bool has been written with the needs of these various groups
mmnd Ttisintended to be a practical handbook on mosquito abate-
ment, not a textbook on dramage engmeering or a technical mono-
graph on entomology It endeavors to present the fundamental prin-
aiples of mosquito control, emphasizing practical application, geo-
graphic variation, and ecological differences n sufficient detail to
indicate the man methods of attack on the problem Thoughtful,
observant, and ingenious men will adapt appropriate methods to the
conditions or devise new methods based on scientific prinerples

References to the hterature are intended to be representative
rather than exhaustive Much that 15 valuable 1s presented m scien-
tific journals to which access 1s dufficult 1f one 1s remote from the h-
brares of the great universities, and to attempt to cite all materal
of value would give an appearance of erudition without enhghtening
the reader However, we have assumed that anyone seriously engaged
m mosquito abatement will own or have access to a worlang hbrary
of the more important or useful texts and monographs on mosqurtoes,
especiaily on the mosquitoes of the region m which he 15 workmg
Suggestions of such texts and monographs are gien m APPEADIX £

In a democracy, public work must have public acceptance, ap-
proval, and support To be established successfully, not only must
the work be technically sound, practically efficient, and properly ad-
mimistered, but 1ts benefits must be appreciated and 1ts principal ob-
Jectives and methods understood by the commumty Failures in mos-
quito abatement can usunlly be traced to neglect of educational
measures for securing the understanding and cooperation of the
average citizen and taxpayer Ior that reason we have emphasized

.



v PREFACE TO THE FIRST EDITION

pubhc education, public relations, and admmistrative procedures m
planning, management, and finance Thirty years of experience have
taught us to Leep the commumty constantly 1n mind, the people for
whose benefit the worlk 1s done and on whose approval and coopera-
tion 1ts success so largely depends

To attempt to make acknowledgment to all on whom we have
drawn for facts, experience, and technical data would mean the
preparation of a catalogue of practically all workers mn ths field, for
we have freely used the research and experience of others mn testing,
supplementing, and extending our own research and experience Our
special thanks are offered to J A LePrince for criticism of the first
draft of the manuseript, to N X Rector, J A LePrince, and Fred
L Hayes for the use of photographs, to Robert B Van Etten for
considerable assistance m the writing of cuarTeR Vv, to Thomas H
G Artken for assistance 1n the preparation of bibhographies and ap-
pendices, and to Margaret A Prefontame for faithful and meticu-
lous care mn the preparation of the manuscript

Permission has kindly been granted by The Macmillan Company,
publishers of Medical Entomology, by W B Herms (3d ed , 1939),
and by G P Putnam’s Sons, publshers of Mosquito Control in
Panama, by J A LePrmce and A J Orensten (1916), to xepro
duce certan 1llustrations from those books

Although the book 15 designed primanily for the use of men en
gaged m practical mosquito abatement, we hope 1t will also be useful
to teachers of public health, sanitary engieermg, and appled ento-

mology
Wicuiam B Herms

Harorp F Gray
Berkeley, Califorma
June 6, 1940
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1NTRODUCTi0§}>

Mosaurro ABATEMENT 15 & development maunly of The! last_forty
jears Tts beginnings werc marhed by public indifference and scepti-
cism, even actual hostility, and by disagreement and controversy as
to methods and purposes among those dong the pronecr work To-
day, however, the efforts of many workers 1n entomology, engincer-
mg, public health, and medicine, as well as of men without speeial sci-
enbific traming who have been drawn mto the admnstration of mos-
quito abatement, have developed a body of practical experience and
scientific hnowledge which enables us to attaclk the problem with every
confidence of success

We may now definitely assert that at least in the temperate zones
mosquito borne disease can be practically ehminated, and personal
comfort aganst the attacks of mosquitoes assured, at a cost whch 1s
moderate and thoroughly justifiable There are a few areas of Iimited
extent m which there are actual exceptions to this statement There
are also a number of arcas i which there are apparent exceptions,
but we are convinced that usually such exceptions are due to lack of
shillful and thorough application of available knowledge

In tropical regions, 1t 1s also possible to assert, mosquito-trans-
mtted disease 1n limted areas under adequate control can be reduced
to a matter of minor significance, and physieal comfort mamntained
to a satisfactory degree, at an expense which 15 not prolubitine

On the basis of expertence® with Anopheles gaminae and Aedes
aegypty m Brazi, 1t 15 also possible to assert that with traned per-
sonnel, sufficrent equipment and materials, determination and time,
1t 15 possible to eradicate o particular species of mosquito within a
Limited geographucal area, and to do this at costs which may prove
to be lessin the long run than the contimued costs of suppressine (con-
trol) measures

We also behieve that m sub archic and hugh altitude regions satis-
factory control of pest mosquitoes m hmted areas may be obtained
at a fairly reasonable cost However, further study and expertment,
and actual practical trials are necessary before such success ean be



2 MOSQUITO CONTROL

assured The difficulties at present appear to be great, but mtelligent
appheation of knowledge to the problem should produce practical re-
sults of value

ORIGINS OF MOSQUITO CONTROL

The present ability successfully to combat mosquitoes has been
achieved only as a result of long effort and much study and experi-
ment, of trial and error, of success and farlure Very hittle was known,
even to scientists, concerning the biology and habits of mosquitoes
prior to about 1880 In 1879 Patrick Manson demonstrated the
agency of the mosquito 1n the transmission of filamasiz This dis-
covery turned the interest of research men to mosquitoes as vectors
of disease, and as & vesult the biology of these msects began to be
studied more mtensely In 1892 L. O Howard? of the United States
Bureau of Entomology suggested the apphcation of kerosene to
water for the purpose of hlling mosquito larvae and pupae He popu-
lanzed an old 1des, for an editoral® 1n the Philadelphia “Daily Ad-
vertiser” of August 29, 1793, suggested the use of o1l for this pur-
pose Little attention was paid to the 1dea until Ross, Grassi, Celh,
Manson, and others 1n 1897-99 proved Anopheles mosquitees to be
the transmittng agents of malara, and Reed, Carroll, Agramonte,
and Lazear 1n 1900 indicted Adedes aegypt as the vector of yellow
fever

Although Watson* m 1901 began his remarhably successful ma-
laria-mosquito control work mn Malaya, what really caught publc
attention was the work of Gorgas m stopping yellow fever in Havana
m 1901, and the subsequent work of Gorgas and LePrince m con
troling malara and yellow fever in the Panama Canal Zone By
means of mosquito abatement campagns, many cities mn tropeal
Amerca were gradually freed from yellow fever, with mcidental re-
ductions n the prevalence of malaria LePrmee and Orenstem wrote
the story of that work m 1916° and their book ahounds 1n useful -
formation, heen observation, and shrewd comment, much of 1t stll
valuable today

In 1901 appeared L O Howard’s treatise, Mosqurtoes How they
Iiwe, Homw they carry disease, How they may be classified, How they
may be destroyed, which was of great value in spreading popular m-



formation In 1002 control was begun at Ismalia on the Suez Canal,
and within a short time this fever spot lost its former unsavory repu-
tation In the same year appeared Ronald Ross’s small book, Mos-
quito Brigades and How to Orgamse Them, which gave practical
and worhable directions as to methods of mosquite abatement G M
Giles’s Handbool of the Gnats and Mosquitoes nlso appeared mn
1902

Public interest m the United States was stimulated by the appear-
ance of 3 B Smuth's report on the mosquitoes of New Jersey
1904, and by the beginnming of abatement work against the famous
Jersey mosquitoes The prompt suppression, by means of mosquito
abatement measures, of the 1905 New Orleans outbreak of yellow
fever still further increased popular interest in mosquito abatement

Salt marsh mosquito abatement on the Paafic Coast began at
Burlingame, Califorma, m 1905 ® In 1910, the writers of this book
performed the first malaria mosquito control work in an endemic arca
m the Umited States, at Penryn, Cahifornia " This demonstration that
malana could be controlled by mosquito abatement was followed by
stmlar work at Orowille and at Balersfield, California, in the same
year In1912 the first malana-mosquito control work on an irngation
district in the United States was performed by Thomas H Means® at
Los Molmos, Californa, with the advice of the wniters

E H Ross’s Reduction of Domestic Mosquitoes in 1911 called at-
tention to the nuisance phase of domestic mosquito breeding, as con-
trasted with disease prevention where vector species are present, and
offered practical plans for abatement under urban conditions, par-
ticularly 1in warm climates

In1913 H R Carter of the United States Public Health Service®
began malarie surveys m Vieguua and Notth Cerolne Tn 1014 o
federal appropriation of $16,000 was provided for malana mvests-
gations by the Public Health Service twenty-two surveys 1n seven
states and three malana control demonstrations were made 1 that
year In 1016 very successful demonstrations of malara mosquito
control were made by the Public Health Service in cooperation with
the International Health Board at Crossett’® in Arkansas The Umited
States Public Health Service did distingmished worl 1n this field
from 1914 to 1928 1t directly or cooperatisels conducted malaria sur-
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veys and mvestigations 1n 667 communities n twenty-four states, m-
cluding malaria-mosquito control 1n 848 commumties m seventeen
states

Mosaurro specIes

It 15 unfortunate that mn the minds of so many persons mosquito
control 1s simply a matter of squirting a little o1l here and there on
water Effective control 15 actually mghly complex i 1ts details, even
though 1ts main principles can be stated m a few relatively simple
generalizations The complexities of the problem are due m part to
the large number of known species of mosquitoes, which have marked
variation 1n preferences of breeding places, m feeding and pestifer-
ous habuts, 1n fight range, and 1n their relation to disease transmis-
sion There are at present more than 1400 described species mn the
world All are grouped, on the basis of anatomical structure, n the
family Culicidae, and for practical purposes are divided mnto four
tribes 1) the Culiam, 2) the Aedini, 8) the Anophelini, and 4) the
Megarhmm Ordmayily the Aedim are classified under the Cuhemn,
but because of therr special breeding habits and other strihing differ-
ences we'' prefer to set them apart as a distinctive group Figure 1
displays the four stages of metamorphosis of typical species of the
three more common tribes

In the adult Culicim, the palp: (pared appendages, one on each side of the
probosas) of the female are less than half as long as the proboscis, m the
male they are as long or longer the scutellum (the rear terminal plate, sub
hemispherieal in foram, on the upper side of the thorax) s trilobed, pulvill:
(pad-hike cushions between the claws on the feet) are present, the abdomen
15 usually blunt and the eggs are laid 1n clumps or rafts, usually on the water
surface

Figure 1 Morphological details and life ustories of three genera of mosqui-
toes Culex, Anopheles and dedes

Exzplanation of the abbremations An Pl anal plate An pron, anterior pronotal
setae, Anl Sdl, anal saddle (dorsal plate) Ant. antenna A T, antennal tuft Cmb
sc, comb seale, D Br dorsal brush D H H,, dorsal head hairs Hal haltere Hr
tft.,, siphon hair tuft ICH, wnner clypeal harr LAT lateral abdominal tuft
Mesemp.,, mesepumeral setae M., mesonotum (tergum,) O C H, outer clypeal har
Pal Hrs palmate or float hairs (tuft) Pec Sc, pecten scale Pn postnotum Po
pron posterior pronotal setac, Prea, prealar setac Proeps, proepisternal setae P
Spr., postspiracular setae Resp Trump respiratory trumpet Scl scutellum  Sp.,
spiracle St pl sternopleural setac V. Br ventral brush (From W B Herms
Medical Entomology 3d ed New York Macmllen 1939)
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Several speeres of the Culiein: are known to transmit disease Culex piptens
transmits a munute worm Dirofilaria immalis which eanses a disease known as

heartworm 1n dogs, cats, and various wild earnnores The tropieal disense
known as Bancroft & filariasis (with its assomated disease, ot sequel, elephan
hasis) 1s caused by minute worms (1 uchereria bancrofts), the adults of which
sre found 1n the Ivmphatic svstem of infected humans, and the larval worms in
the perspheral circulation, and 1s transmitted by many species of mosquitoes, of
which Culer quinguefasciafus (= fatigany) and fedes sentellaris (= variega
tus) are probably the prinaipal vectars

The siruses of eneephialitis are transmitted by several speeies of mosquitoes,
smong which Culer farsalis?? apparcntly plavs an important part in the trans
mssion of western equine virus, and Cules pripiens molestus’™ in the transmis
sion of the St Louis virus

As s group, howeyer, the Culicint are of importance chiefly as pests They in
clude more than 500 speaies classified under twenty gencra Culer pipiens
molestus the house or domestic mosquito 1n temperate chmates, and its close
telative Culex quinguefasciatus 1n the tropics and sub tropical regions, are
probably the best known and most ubiquitous members of this group

In the Acdin, the femsle palpr are short and the scutellum 1s trilobed as 1n
the Culicsm, but the abdomen of the female 13 pomnted, post spiracular bristles
are present pulwill are absent or hair hike, and the eggs are laid singly, sel-
dom on the water surface, usually upon ground which will later be flooded, or
upon surfaces above or adjacent to water

There are o1er 500 species 1n the tribe Aedim, in two principal genera, dedes
and Psorophora The genns Adedes whichis the more important, includes many
of the most formidable mosquito pests, such as the salt marsh group, the arctic
group, the flood water group, and the snow or boreal group Aedes aegypt:
which 15 domestic 1n habit and breeds 1n artificial contaimers of water 1n and
about human habitations 1n trapical and sub-tropical regions, 1s the most 1m-
portant disease vector of this genus, as 1t transmits yellow fever, dengue, and

b phalihs Aedes albopictus 13 an 1mportant vector of dengue Other
members of H\e genus dedes (also Haemogogus ete) transmit jungle yellow
fever 14 The western equne virus of encephahitis 13 transmitted by several
species of Aedes among them being Aedes migromaculis and the fresh water
form of dedes dorsalis 1®

The genus Psoropliora includes several species of pest mosquitoes commonty
known as gallinippers

The tribe Anophehin 13 distingmshed by long palpiin both sexes the scutel
lom 18 rounded, without lobes, there are no pulvilli the larvae do not have a
promumnent breathing tube, or siphon asin the Coliru and Aedimy and the eggys
are laid singly on the surface of the water

The tribe Anophelim §s dinided into three genera, Chagania Bironella and



6 MOSQUITO CONTROL

Anopheles The first two of these are ummportant The genus Anopheles com
prises about 160 species, and 1s of great interest because members of this
genus are the transmitters of malaria, one of the most important of all diseases
affecting man

Within single spectes of Anopheles, for ple Anophel. Lip 3
there are several sub species or vareties, which differ princrpally 1n breeding
preferences or food habuts, but have very shight anatomical differences, in fact,
the only clear differences may be m the male termmahia or the eggs This sub-
speafic differentiation adds to the lexity of the mosquito eontrol probl

The members of the tribe Megarhimm are tropical flower feeders which do
not suck blood, and are of no apparent economic or medical interest Some fifty
species are included in this group .

GENERAL PRINCIPLES OF MOSQUITO ABATEMENT

When we contemplate the great diversity in types of breeding
places, m food preferences, m flight habits, 1n ability to transmit dis-
ease, n economic effect, and m many other ways, among the many
species of mosquitoes, we begin to reahize the complewty of the prob-
lem of controlling these msects Generalized rules of thumb are here
not only madequate but they are definttely detrimental to successful
control Success m mosquito abatement depends upon exact knowl-
edge of the species of mosquitoes m the particular region to be placed
under control, of the habits of each particular species or sub-species,
and of the appropriate methods for the abatement of each spectes
Special attention should be directed to the use of naturalstic control
methods (see APPENDIX c, sub-head m) which aim to effect, at rela-
tively small cost, simple changes i environment to make 1t unswit-
able to the breeding of the particular species i that region In the
presence of a mosquito-transmitted disease a selective attach (Spe-
cies Samtation, CHAPTER XvII) agamst the vector species 1s of primary
importance, especially where hmited funds make 1t mpractical to at-
tempt a program for the abatement of all types of mosquit breeding

In some cases a grouping of local mosquito species mto ecologieal
associations based on breeding-place types may be a useful concept
m the practical appheation of control measures

The primary purpose of all mosquito abatement 1s to reduce or
mimmze the production of mosquitoes This 1s prmerpally a matter
of reducmg or elmmating the water m which mosquitoes breed, or
by approprate naturalistic methods rendering such water unsuitable
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for mosquite breeding If, after tins has been accomphished to the
greatest practical extent, there still remains some mosquito breeding,
then this residual production must be controlled by supplemental
measures, such s the application of oils, Paris green, or other larvi-
aides But the use of oils and larvicides for the destruction of the
aquatic stages of mosquito hife must always be looked upon as a sec-
ondary method of attach, the necessity for which should be reduced
to o mimmum by the primary methods of dranage, filling, constant
level flooding, controlled reflooding, and other methods heremafter
deseribed

Perfection of detail may not be as important as continuity of ef-
fort Lxcept mn a fon unusual cases, a sustamed attach, year after
year, will produce better ultimate results than an tense attack m
one year followed by comparatine neglect and maction

MosQUITO ABATEMENT AND DISEASF PRTVENTION

In the prevention of disense, one school of thought has held, so far
asmalania 1s concerned, that quininization 1s the prineipal preventive
measure and has neglected mosquito abatement or done 1t perfune-
torily os a secondary matter Perhaps the most extensive expertence
to date wath both mosquito abatement and medication 1s that of Sir
Malcolm Watson, who wrote® as follows

while drugs ean cure malana, no drug so far known can prevent 1n
feetion While there are hundreds of places in which malaria has been abolished
by the destruction of quitoes, there 1s no le of a place in the tropies
being freed from malaria by the means of drugs alone
In 1910 (R Ross, 1910) I published the following conclusions reached as
the result of practical experience on estates and elsewhere over a nomber of
vears

That quinine given regularly greatly reduces the sick and death rate
of those expased to malana

That doses of less than six grains daily are of Little value if the ma
laria be intense—say where the spleen rate1s 75 per cent or more

That when given in 10 grain doses on six days out of seven or in 20~
gramn doses when a coohe has fever, or 13 1n such bad health that he
does not feel inclined o wark between 20 and 80 per cent of those tak-
ing the drug will stsll be found with parasites 1n their peripheral blood

That the use of qumne can, therefore, never result in the abolition of
malaria, ar even mabe anv material reduction 1 the habilty to infec-
tion in a malarious Jocality
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Extensive expermments with the new drugs atebrin and plasmoqum hase
led to the same conclusions Not long ago some one wrote m the Lancet that
those of us who carried out ant: malara} work, had not realized the danger of
gametocytes, arculating in the blood, and the necessity of sterhizing the blood
by drugs The answer 1s that the part played by the gametocyte was fully re
alized, and that we tried and faled to sterilize the blood (Watson, 1911) and
so far no one has been more successful Indeed, most of thoge who have been
engaged in Malaya, India and Europe 1 the prevention of malaria by the de
struction of mosqmtoes are convinced that 1t 1s cheaper to prevent the disease
n most places by this method, than to cure the sich What s holding up the
work 15 not so much the lack of money as a want of knowledge of the buology of
the dangerous species of mosquitoes, and of a staff conversant with the tech
myue of mosquito control

Watson’s matured conclusions may be compared with Hachett’s"”
views, that to keep a population free from gametocytes by drug ad-
mnistration is a practical impossibility and that, where mosqurto con-
trol 1s feasible, mass treatment with drugs 1s not likely ever to be &
satisfactory substitute

In recent years the trend in the tropics has been toward more ef-
fective mosquito abatement, although m many areas it has been di-
rected only agamst either vector dnopheles or Aedes acgyptr It 1s
mteresting to note that Boyd,' as a result of experience m Brazil,
believes that m general malana control through anti-anophelme
work can be successfully carried on under tropical Brazil conditions,
at a cost that the local muntcipros ean well afford, except possibly in
areas of mtense local mfection and extreme natural difficulties

It may be a fair statement that in tropical areas under Ameriean,
and to a considerable extent also under Enghsh, mfluence emphasis
has been laid on mosquito abatement m the prevention of mosquito
transmitted diseases, whereas mn tropical areas subject to Itahan,
French, and Dutch mfluence, the emphasis has been on suppressive
medication, with mosquito abatement m a mmor role, or neglected
With the help of the Rochefeller Foundation, Italy gave considerable
attention to mosquito abatement, with good success, to some extent as
& result of the comparative work done 1n Sardima **

It 15 mteresting to note, m passing, that some tropical areas have been free
from mosquitoes until their mtroduction by man within historical times For
example, the Hawanans had no nahive word for mosquito Culez guinque
fasciatus was introduced nto the 1slands i 1826 at Tahama, Island of Mau,
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by the slup Wellington, from San Blas, Mexico,™ and Aedes speeies at some
later unascertamed date Itis easy to understand how Culez quinquefasciatus
becanse of 1ts habits, could be carried by the old smling slips 1n their open
water barrels With modern airplane transportation, the probalility of intro
duction of mosquito specics into new areas 13 increasingly possible

For many years now the abatement of mosquitoes which are dis-
ease vectors has been faarly widely recognized as important, and con-
sidered to be a legitimate and essential factor in the protection of the
public health But the control of what may be termed “pest” mos-
quitoes, 1n the interest of public comfort, and to guard against eco-
nome loss, has received less attention and public support, except m
comparatively fen areas, mostly i the United States The long-
known transmission of filariasis by mosquitoes (some 38 species have
been ineriminated) and recent developments 1n the epidemiology of
certamn virus diseases, especially encephalitis, which has been demon-
strated to be transmussible by several species of Aedes and Culex, rase
the question what species of mosquitoes are merely pests If several
of our pestiferous dedes specics are also carriers of diseases, where
can we draw the line between mosquito abatement for the protection
of the public health, and mosquito abatement for the promotion of
comfort or the prevention of economic loss, and 1s 1t necessary or ad-
wisable to draw so fine a line? Time and patience 1n research will be
necessary to unravel some of these complex questions, but the existing
problem may be concisely and we helieve reasonably summarized as
follows

Several species? of Culex Aedes and Culiseta (T heobaldia) mosqmtoes
transmit encephahitis from ammal to animal and from ammal to man

Tilanasis 15 transmutted by a wide vanety of mosquito species several of
which are important as pests

Wlle the eprdemiology of poliomyelitis (:nfantile paralysis) 13 not clearly
understood, the possibility that this disease 13 transmitted by insects (perhaps
mosquitoes) has been nenlher provcn nor disproven Some epidemiclogists have
suggested q as aleg method for the control of polio-
myeliis However, we have recently seen one eircumseribed and 1solated out-
break of pohomvelitis 1n wlich mosquitoes plaved no part

The problems of mosquito abatement today are principally  the ex-
tension of effective measures into all areas where they are necessary
for the henlth, comfort, and economic welfare of man, the develop-
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ment of greater efficiency in our methods of abatement so that the
best results will be achieved at the lowest cost possible, and the m
crease of public understanding of the principles, methods, and value
of the work We have made long strrdes 1n the last forty years—much
remans to be done
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II
IMPORTANCE OF MOSQUITOES

Fevw proPLE Who have not studied the mosquito problem have any
conception of 1ts importance, both 1n relation to health and as an eco
nomic factor m human existence Yet mosquitoes tahe their toll as
certamnly and as measurably as the pests affecting crops or domestic
ammals

In malarial areas the disease-transmitting mosquito exacts an m-
tial toll amounting to the value of the lives lost, the cost of medical
care, the loss of working time during 1llness, and the loss of working
efficiency durmng the prolonged period of lowered human witahty
"The secondary effects of malara, and to a less extent the annoyance
caused by anopheline mosquito prevalence, cause addrtional eco-
nomic damage n these areas by hindermg the conduct and develop-
ment of agriculture, of mdustry, and of busmness, and thereby limt-
g or depressing the value of property and the general prosperity
of the community

Explosive epidemcs of yellow fever or dengue, both mosquito-
transmitted diseases, cause sertous economic damage and disruption
of commumty life, as revealed by lstorical accounts of such epr-
demics

The disabihity and disfigurement caused by filariasis are important
factors m many tropical and sub-tropical regions

The outcome of wars and the conduct of campaigns have been pro-
foundly modified by malaria An entire Allied army was 1mmobilized
at Saloniha m 1917 by an extensive epidemic of malaria

Extensive economic damage to mfested communities may also be
caused by excessrve prevalence of various species of mosquitoes which
are not known vectors of disease Such species are generally desig-
nated as pest mosquitoes, to distmgush them from disease-vector
mosquitoes The econormic damage caused by pest mosquitoes affects
agriculture, mdustry, recreation, and property values approvimately
m proportion to the mtensity of the mfestation

COST OF MALARIA

Considered on a world-wide scale, malaria 1s one of the two or three
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most 1mportant of the diseases affecting man, and probably causes
the greatest economic damage of all human disenses Malaria ranks
high 1n the United States among the infectious diseases, particularly
m the southeastern states The 1938 report of the commttee on
population problems of the National Resources Commttee® pub
lished an estimate of 1,500,000 cascs in this country 1n 1932 when
the prevalence of malaria was at a low chb, and 2,700,000 cases m
1934 when 1ts prevalence was agher than 1t had been for years The
same report shows an estimate of onc death for every 600 cases of
malaria n this country Tlus 1s a low case fatality rate, but the dis-
ease 1s of serious social and economic importance i infected areas
not only because of 1ts prevalence but beeause of 1ts debilitating ef-
fects Dr H R Carter? estimated that for each death from malaria
there were at & mimmum from 2000 to 4000 sick days, and that the
loss of efficiency might be two or three times greater This estimate
was purcly an approvimation for average conditions in southeastern
United States, the loss for a particular area may vary widely from
any average estimate

The numerous estimates that have been made of the losses caused
by speafic mosquito borne diseases 1 various areas have for the most
part been based on assumptions and averages, and are not always
convinemng because they are after all mere approximations to the
probable losses Generally, the estimate has been based on & recorded
number of deaths from malaria an assumed average economic value
of human lfe, an assumed case-fatality ratio, an assumed percent-
age reduction 1n earmng power apphed to an assumed average earn-
g capacity, and an assumed price per acre of depreciation m value
on an assumed number of acres It 1s probable that only the assumed
number of acres would withstand eritical detasled analysis

Prabably the most brilhant and thorough study of economic loss
due to o mosquito-transmtted disease has been presented 1n a re-
marhable article by Colonel J A Sinton,® Director, Malara Survey
of India, on the cconomic and soc1al effects of malaria upon the people
of India The entire article1s worthy of intensive studs, asat presents
a wealth of facts and statistical matter, together with shrewd com-
ments thereon There 15 also a very complete and valuable bibhiogra-
Pl In lns conclusions Smton points out that n an ordinary yearn
Indin at least one hundred million persons suffer from, and one mil-
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The bridge was completed in less than the contract time, and the expends
tures for mosquito control proved to be a defimte economie gam for the con
tractor

The annual reports of the India Branch of the Ross Institute of Tropical
Hygiene are replete with detailed illustrations of the benefits of malaria con
trol on tea estates, yute mills, sugar factories, mines, and elsewhere, 1n varions
parts of India

One report from a jute mill 15 indicative This mill prior to 1934 furmshed
free supplies of quinine to 1ts employees Beginning in 1934 the mill carried on
mosquite control measures as advised by Dr G C Ramsay I'he mill manager
n 1941 reparted’ as follows

The precautions which have been taken to combat the ravages of ma
larza have been quite successful as can be witnessed by the healthier
workers now employed and the fact that labourers are not now migrating

en masse as was the rule previdus to malana prevention measures being

taken up The money which the Mills Company has spent on malaria
work has been a blessing to all buman beings m their emplov and I am
sure they have been fully recompensed for thewr outlay by recerving bet

ter production from the machines operated by people who have been re-

stored to health after many years of suffering I may mention that rec

ords of the mill show that 1n 1932 before recommendations were made to
carry out the ant: malaria work, the spleen index was 20 per cent, today
1t1s onlv 3 6 per cent

An even more notable result was reported® on a tea estate at Sylket, Assam
In 19381, before mosquite control, the malara cases were 125, and the spleen
rate was 74 per cent, in 1941 the malaria cases were 81, and the spleen rate was
7 per cent

One of the most effective control projects has been on a large group of tea
estates in northern India (personal communication from Sir Malcolm Watson)
Prior to commencing anti-malaria work m 1933, labor recruiting cost about Rs
25,000 per year At present no recruiting has to be done, and Indians on ad-
Jomng lands now ask permssion to live on these estates The malana control
work (ant: Anopheles) costs about Rs 5000 per year The cost of production
of tea has been reduced 1 12 annas per pound, with 2 gross saving on the whele
crop of about Rs 80,000 per annum Men s wages were mcreased from 4 to 5
annas per day, women s from 3 to 4 annas per day (Note one rupee == 16
annas, 1 anna = 12 pres In 1941, one rupee was equivalent to abont £0~1-6
Englsh or $0 32 American money )

The Ross Institute of Tropical Hygene (affiliated with the Lon~
don School of Hygiene and Tropical Medicine) 1s supported m large
part by contrihutions from industries and busmesses with tropical
properties or mterests It 1s obvious that these contributions would



INPORTANCE OT MOSQUITOES 17

not be cantinued y ear after year if the research, services, and teaching
of the Institute did not produce worthwhle results of econome ad-
antage to the donors

SUGGLSTIONS FOR LSTIMATING LCONOMIC LOSS

The economic loss m mosquito mfested commumties can, we be-
Deve, be estimated with sufficient accuracy for all practical purposes
However, a creditable statement even of rough estimates eannot be
made by mere guesswork, actually at requires a considerable inquiry
and a well-planned investigation made with the cooperation of indus-
trialists, merchants, physicians, public officials, and the public gen-
erally, and may call for a house-to-house canvass It should be suffi
aently thorough to perrmt the deduction of mtelligent approima-
tions, and should prefcrably be stated m terms of probable maxi-
mum and mmmum econiomic losses 5o as to exhibit the probable range
of costs of mosquitoes or of mosquito-transmtied disease

In estimating the economic damage done by mosquitoes, a distine-
tion should be made between losses caused by mosquito-transmitted
disease and losses which are not connected with disease In an area
which the mosquito 1s a known vector of disease, the analysis of eco-
nomic loss should include the follow ng 1tems

1 Value of lives lost
2 Cost of medical care and medicines
3 Labor losses
a) Loss of working time
b) Lessened effciency of labor
4 Property losses
2) Depreciated real estate
b) Losses on forced sales of property
¢) Depressed rentals
5 Loss of crops or other products of labor due to inability to work at
the proper time
6 Cost of moving 1n and out of infested areas

In an nfested area 1n which the mosquito 1s not a hnown vector of
disease, the 1tems ahot e numbered 8 to § mclusis e should be considered
n an analysis of economic loss and account should also be taken of
losses of revenue 1 summer resorts, hotels, golf clubs and other out-
door amusements, 1f any of these are established 1n the area
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The following comments and rllustrations may be helpful for se-
curmg general estimates of loss under the various items

Dearns

Varous studies have been made of the economic value of human
life, based on average per caprta ;ncome, average age of the popula-
tion, and average expectancy of hfe All three factors will vary m
different locahities The average mcome mn a particular area, for ex-
ample, may differ considerably from the national average It should
be possible to secure data for the local figure from the Bureau of In-
ternal Revenue m the Umted States, or its equivalent i other coun-
tries Of the three factors, the average age of the local population
may be the most difficult to obtamn, but probably can be approxi-
mated from census figures Insurance companies also should be able
to furnish data for the average age as well as for the average ex-
pectancy of hfe If figures for the three factors can be obtamed, the
estimated economic value of a human life m a given locality would
then be the average per capita annual mcome multiphed by the num-
ber of years of expectancy of life at that age which s the average
age of the population When such a figure 15 applied to a number of
deaths, fiom malara for example, 1t should be remembered that the
result will be only the roughest Lind of estimate

CoST OF MEDICAL CARE

The best type of estimate of economme loss from a disease i a par-
ticular locality 1s that based on a detailed house-to-house canvass of
the locahty, m which the pertment available facts are obtained and
analyzed One of us” had the opportumty to make such an mvestiga-
tion with respect to malaria n the Anderson-Cottonwood 1rmgation
district m Cahforma mn the winter of 1918-19 The economic loss
due to the cost of medical service and medicines m the various parts
of this dhstrict 15 gmven m Table 1

The malaria mncdence 1n one section of this district (town of An-
derson) was studied by S B Freeborn® m June 1919 His malaria
ndex made at that time 15 shown 1z Table 2

Tn view of the fact that the survey was made m June and that the
maximum malaria mtensity normally occurs i September m Cali-
forna, the madence figures obtamed by Freehorn corroborate very
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Tarrr 1 Malana costs in 1918, Anderson Cottonwood Irrigation District,
Shasta County, Califorma

Ander Ander Churn  Balls  Cotton- Cotton
son son Creck  Terry  wood  wood Entire
town  scction section section  town  sectfon  distrlct

Families 94 5 19 12 46 14 260
Persons 879 816 8 54 176 58 1081
Persons per family 403 421 516 48 88 414 418
Persons having ma
laria symptoms
in 1918 254 207 60 32 25 12 530
Fercentage having
malaria symp-
toms in 1918 670 G6.5 610 590 1490 200 515
Cost of medicines $ 50425 § 78675 $11700 $ 5200 $ 5650 $1400 148050
Per family 536 282 616 483 123 100 570
Cost of medical
service 85900 122000 7900 6900 10000 1200 1,839 00
rer family 883 1628 116 515 218 086 110
T abor loss* 94800 8684.00 21800 60 00 - - 491000
Per family 1010 4910 1148 500 - - 18.90
Cost of malarla in
1918 (for
three items
grven sbove) 181125 564075 41400 18100 15650 2600 8,229.50
Per family 1029 510 2150 1508 841 156 8170
Per person 479 17.80 423 285 089 045 7.66
Per person sick 764 2120 690 566 621 217 1405

* Labor loss is given for the wage-earning members of a family casual labor is not
included The wage base is $% a day

Tasre 2 Malana index, Anderson, Califorma, June 1919

Blood smears Histories Nomber

Per cent Per cent  taking

Neg Pox pos Neg  DPos pos quinine
Total examined 90 29 252 83 86 22 53
Adults 62 16 206 28 50 641 40
10-15 vears 18 10 357 3 25 803 10

Under 10 vears 10 8 230 2 1 856 3
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well the figures obtamed by Gray Itis mteresting 1n this connection
to note a history rate of from two to three times the parasite index
rate

LABOR LoOssFs

Loss of working tume 15 an important 1tem m estimatng the eco-
romic damage by mosqurtoes, particularly 1n malarial areas Figures
for ths 1tem m our study mn & Califorma distriet are mcluded m
Table 1 By arrangement with employers, records of absence on ac
count of malana can usually be obtained, but i some cases only a
house-to-house canvass will furmsh the necessary data

In studymng the effect of malaria on tenant labor m Lowsiana, the Umted
States Department of Agriculture found a lost time of 1066 days 1n 74 famn
ies from May to October, 1918 Cotton mills in North Carolina have reported
from 40 per eent to 60 per cent loss in efficiency wn mull hands during the fonr
months of high malaria incidence The hospital records of railroads® ° m
southeastern United States indicate that about one-third of the hospital cases
are due to malama, a considerable part of this being found m the construction
and maintenance gangs which may be temporarily stationed, with little protec-
tion, 1 areas of considerable 4nopheles prevalence

On large construction work executed 1n potentially malatial areas contrac-
tors today will usually make considerable effort to prevent malaria among therr
workmen, for a r ble labor eff 18 1 to the prosecu
tron of the work

The experience of the Umted Fruit Company i Central America has been
particularly mmpressive Their reports indicste that earnmgs of laborers per
man-month have been mereased about one third during a three year program
of malaria control and eamp sanitation

Labor losses among casual laborers are not easily ascertamed un-
der rural conditions, smee casual farm labor shifts rapidly from
place to place according to the crops As casual laborers are fre-
quently not housed at all, or housed m dwellings poorly protected
agawmst mosqurtoes, they are exposed freely to mfechon, and usually
contract malaria, or are remfected, within a short time after enter-
mg a malarial region Estimates of ths loss could be obtamned if each
employer of casual labor were ashed at the beginning of a season to
Leep a record of the number of man-days lost on account of malaria
If a record 15 also hept of the total man-days of such labor, a per-
centage of lost time, as well as the total Tost time, could be obtamed
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In areas where salt-marsh mosquitoes are abundant, all forms of
outdoor labor, both agricultural and industrial, are rendered less ef-
ficient because of time lost 1n combating swarms of biting msects One
company, for example, m making time studies on outside welding
operations, reported that approumately tlurty per cent of time was
lost where mosquitoes were especially presalent

The presence of mght-biting domestic species (for example, Culex
pupiens molestus), 1f numerous, will have some effect on labor effi-
ciency by causing loss of sleep The amount of such loss 1n labor effi-
ciency 1s not determunable, but may be appreciable

PROPERTY LOSSES

Depreciation of property values, in terms of money, probably ex-
eceds all other losses combined due to mosquitoes or mosquito trans-
mtted disease Its estimation 1s difficult, and can at best be only an
approximation based on the judgment of men particularly well -
formed on local real estate values It may run from only a smail per-
centage m slightly affected regions, to fifty per cent or perhaps even
more 1n severely affected areas In making estimates, 1t would be ad-
visable to separate urban from rural areas, as the percentage depre-
ciation may be rather different 1n the two types of area The depre-
cation will be the present fair sale price of property subtracted
from the probable normal price of property 1f mosquitoes and mos-
gquito-borne disease are ehminated

A very dlluminating illustration™ of the benefits of mosquito con-
trol was gnen by R I' Engle, president of the Ocean County (New
Jersey) Mosquito Extermination Commussion He showed that as-
sessed valuations of property mn New Jersey, in the fifteen-vear period
from 1916 to 1930, mcreased by roughly five hundred and fifty five
mlhon dollars more mn the areas where mosquito control work was ear-
ried out, than 1t mcreased n unprotected areas Such an 1Mustration
15 ot least lughly suggestive even 1f a eareful analysis of his figures
should prove them to be not strictly comparable

Continued malaria, especially malignant tertian (aest: o autum-
nal) malana, will cause some residents m malarial regions to sell out
and remove to a non malarial region Sales of property under such
conditions are almost mvariably made at a loss of ten to fifty per cent
of the purchase price of the property
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People who might otherwise purchase land for homes, farms, or
mdustry will be to some extent deterred from domg so by the Ppres-
ence of malaria, or by the excessive prevalence of mosquitoes, espe
cally the salt-marsh varieties Local real estate agents can usually
give a rough estimate of the amount of commussions on possible sales
lost

Estimates of lost rental on vacant property can be readily made n
any region How much of such vacancy 15 an excess above & normal
vacancy m a healthy commumity of a sumilar type can be estimated,
and the difference charged to malanal economie loss Tn addition,
rentals themselves are depressed on account of malaria

Loss or croes

Losses due to mabihty to handle perishable crops at the proper
time are not readily ascertamed, except by actual mvestigation of
specific cases In genersl, the loss 1s indirect, m that 1t 1s'necessary to
ture additional men to handle the crop so as to avoid the loss It s
probably a significant 1tem of economic loss, but difficult to estimate

SUMMER RFMOVALS

In mtensely malarial or mosquito-ridden communities, families
which can do so will frequently remove from the district durmg the
worst malarial or mosquito-mfested months Such removals represent
an expense to the famly and an economic loss to the commumty It
can be ascertamed on detaled ingumiry, but cannot readily be esti-
mated

SUMMER RESORTS, GOLF CLUBS, ETC

Most people on pleasure trips and vacations will leave hotels,
beaches, and summer camps, 1f mosquitoes are numerous, and they
will warn others about the discomfort of such places This represents
a cash loss to summer business, which can be measured fairly accu-
rately We have seen personally, or had brought to our attention by
rehable observers, numerous llustrations of such losses, and present
here two cases

Noble M Stover, superintendent of the Three Cities Masquito Abatement

Dastrict, San Mateo County, Cabiforma, during a visit m the state of Washing
ton 1n the summer of 1930, gave mosqusto abatement advice to 2 hotel where he
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had spent a bad mght battling the pests A brief inspection in the viemity of the
hotel diselosed 1n an adjacent pee wee golf course several ornamental ponds
prolifically breeding mosquito larvae and pupae Several months later the man
ager of the hotel in a letter of thanks advised Mr Stover that the mosquitoes
had disappenred entirelv after oiling the ponds, and that the hotel, which had
been only half occupred and was on the verge of bankruptey, had since greatly
ncreased 1ts occupaney Tor the expenditure of a few gallons of kerosene, a
half million dollar enterprise had been saved from failure

The other illustration came under our personal observation in 1933 Byron
1ot Springs, a well known health resort in Cahifornia, was suffering from a
pest of mosquitoes, and a serious loss of revenue 1 consequence An inquiry
zddressed to the University of California resulted 1n our sending an exper:
enced man to the resort to abate the mosquitoes He found!? that the cxcess
water from the various springs formed a marsh which was most prolific in its
output of Culer piprens molestus 1n addition, there were numerous containers
of water about the premises contributing their quota of mosquitoes The marsh
was dramed and the surplus water conducted 1n & ditch to an alkah flat on
which the salt content of any standing water would be too lugh to permit mos-
quito breeding Residual water was oiled until 1t dried up Permanent ponds
were stockhed with fish (Gambusia affinis), and the water contamers about the
place erther emptied or treated with larvicide A few hundred dollars spent
on drunage and oiling promptly stopped a loss to the proprietors, and n ad
dition contributed greatly to the comfort of the patients at the resort

These two illustrations could be multiphed almost mdefimtely with
examples ranging from a very mmor cconorme loss to a total loss on
a considerable investment

‘There 13 no question that outdoor amusements also suffer mate-
1] losses from mvasions of mosquitoes As an example, the recerpts
of the Oakland (Cahfornia) mumeipal golf hinks were markedly re
duced i the summer of 1929, as a result of a severe infestation of
salt marsh mosquitoes (Aedes dorsalis) Table 3 gives the monthly
recerpts of the inks for the years 1928-31 It will be observed that
the receipts mcreased m 1928 to 1930, and began to decrease 1 1931
as a result of the depression However, the months of June, July,
and August (the months of grentest prevalence of Aedes dorsalis 1n
this region) show a distinet picture of reduced attendance In 1928
and m 1930 there were average crops of Aedes dorsalis, but 1929
®as a year of great output Judging from the hatch of undrained
marshes i the southern part of Alameda County, 1931 was also a
Year of large output, but by that time the mosquito abatement dis-
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Tanre 8 Monthly receipts of Oakland, California, mumeipal golf conrse i
1929, a year of great mosquito prevalence, compared with receipts
of preceding and subsequent years

Month 1928 1929 1930 1931
January $ 2,221 50 $ 2,254 75 $ 2,688 00 $ 3,85150
February 2,658 75 3,166 75 8,397 50 3,735 75
March 2,607 75 2,570 25 3,839 00 4,640 75
Apnl 2,659 75 3,204 50 3,428 50 4,311 75
May 8,974 00 5,051 50 4,351 25 38,209 00
June 8,225 00 8,865 50 5,002 75 4,925 75
July 4,041 50 2,830 00 5,151 50 4,615 75
August 4,203 75 2,923 25 4,983 50 5,617 00
September 8,485 65 8,692 00 5,558 50 4,875 75
October 2,548 50 8,631 25 4,130 75 8,745 50
November 2,038 50 2,603 75 2,804 00 8,062 25
December 2,260 75 2,980 25 3,910 25 1,542 25
Total $35,869 40 $38,863 75 $49,245 50 $48,735 00
June
July } $11,680 90 $ 9,445 25 $15,693 50 $15,108 50
Aungust

trict had succeeded 1 dramming the marshes affectmg Oakland The
dsstrict did not begm dramage operations until September 1930,
100 late to have any effect on the mosquito output for that year An-
other 1tem of mterest 15 the small receipts n March 1929 March s
the month of migration of dedes squamiger, and & particularly se-
vere flight occurred 1n March 1929, adversely affectmg the attend-
ance m the latter half of the month
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LAWS AND AGENCIES FOR MOSQUITO ABATEMENT

Ir mosquiTo control 1s to be successful, some organzation must be
made responsible and be equipped with the necessary authonity and
means It 15 possible to use existing palitical orgamzations for this
purpose, but the practical difficulties are at times considerable, as
few existmg pohtical entities mateh 1n their boundaries the mosquito-
mfested areas which should be treated as umts For that reason dif-
ferent types of orgamizations have been established by laws m van
ous states

New Jersey was faced with a practically state-wide mosquito prob-
lem, which required eoordmation as & whole for effective control The
state could have solved the problem by establishing a state depart-
ment of mosquito abatement, the cost of which would have been de
frayed by a state-wide tax Instead, New Jersey elected to make 1t
compulsory for each county to establish a mosquito abatement or-
ganization, and to defray the costs by county taxation Coordmation
was provided by mahking an appomtive state official an ex-officio
member of the commission m each county, with contro) over the hind
and amount of work to be done

In Cabifornia, 1n contrast, the mosquito problem 1s localized 1n cer
tamn areas and 1s not state-wide, therefore the orgamzation of such
dhstriets 1s optional The districts do not necessarily correspond with
counties as units, they may include a part of a county or contignous
parts of two o1 more counties There 15 no compulsory state coordr-
nation and control and as a result many areas m which mosqurtoes
are a considerable musance have no orgamzation for abatement, to
therr own detrument and the annoyance of adjacent areas, also some
districts have been orgamzed which are so small and which have such
restricted funds as to be rather meffective 1 their operations

SPECIAL DISTRICT AND COUNTY AGENCIES

The general types of mosquito abatement agencies organtzed along
county and district hnes can be aflustrated by brief descriptions of

the enabling acts 1n several states
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THE NF% JERSEY LAW
New Jersey, so far as we are mformed, Wwas the first of the United
States to set up a scparate and distinet governmental umt for the
control of mosquitoes As early as 1904 (Chapter 119, Laws of
1904), New Jersey decreed that water in which mosquito larvae breed
wns a public nwisance abatable by the loenl boards of health, and that
if abatement was not performed by the property owner upon due no-
tice, then the abatement could be performed by the local board of
health, and the cost made recoverable by an action of debt agamst the
offending o ner
Ttus procedure, following the old accepted legal formula for the
abatement of nwisances, overloohed entirely the time element which 1s
50 1mportant 1n mosquito control Other governmental mechanisms
and mcthods had to be devised wiich would be more workable and
efficient than procedures under the pubhic nusance formula By
Chapter 184, Laws of 1906, New Jersey made 1t the duty of the di-
rector of the state experiment station, through an assistant appomted
by him, to examine all the salt marsh aress sithin the state, to mdi-
cate on a map the mosquito breeding marshes, and to prepare an esti~
mate of the cost of abatement It was also made his duty, on request
of any local board of health, to locate and report upon, with a map,
fresh-water mosquito breeding places within the jurisdiction of the
local board The method of abatement still continued under the nui-
sance formula, except that provision was made that 1f, i the case of
salt-marsh mosquito breeding, the owner did not comply on due no-
tice, or 1f 1t was deemed mnexpedient by the local board of health to
depend upon comphance by the property owner, then the cost of
abatement could be defrayed by the mumicipality or county if local
funds were available, or sf not available application for funds could
be made to the director of the state experiment station
If 1t appeared to the director that it was mn the public interest to
do &0, he could, out of the money appropriated annually by the state
legislature for the purpose (not exceeding an aggregate total for all
vears of $350,000), proceed to abate mosquito breeding 1n infested
areas under the direct supervision of some peron appomted for the
purpose by the local board of health Provision nas mide also for the
state and the local government umit jowntly to defray the cost of
abatement
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As procedure under the 1906 act proved to be too cumbersome, a
law was passed (Chapter 104, Laws of 1912, later amended 1 vari-
ous ways) providing for the orgamzation of county mosquito exter-
mination commissions It was made the duty of the state supreme
court justice presiding over the courts m any county to appomt six
persons as commussioners who serve without salary The director of
the state experiment station was made ex-officio & member of each
county mosquito exterrmnation commission, and later (1915) the
state director of health was made an ex-officio member The commis-
s10ns were given power to employ asswistants and to take necessary
steps to elimmate mosquito breeding places within themr county

By Chapter 142, Laws of 1927, the scope of the law was further
modified to abate fresh-water as well as salt-marsh mosquito breed-
mg, and the director of the state experiment station was given
power on hus own mitiative to mstitute and defray the cost of abate-
ment of mosquito breeding places found withm munteipalities The
$350,000 limt of expenditures was removed, and the mosquito ex-
termmation coramssions were given the same powers as health offi-
cials, m respect to mosquito abatement Two excellent provisions
were added to the 1927 amendment In one the director of the state
expermment station 1s required to carry on mvestigations mto life-
histories, habits, and methods of control of mosquitoes, m the other
he 1s directed to spread information as to methods of mosquito abate-
ment among the people of the state

The county commussions yearly present to the director of the state
experiment station a detailed estimate of the amount of money re-
quired for mosqmte abatement work mn their counties for the ensuing
calendar year, together with a plan of work and the methods to be
used The director of the state expernment station can approve,
modify, or alter these estimates, and when approved by im 1t be-
comes mandatory upon the board of “chosen freeholders” of each
county to mclude the approved amount of money m the annual tax
levy Certam limitations upon the tas are set, as follows

Tax rate per $100
Total assessed valuation of county of assessed valuation
Less than $25,000,000 10 0 cents
$25,000,000 to $50,000,000 5 0 cents

Over $50,000,000 2 5 cents
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The money so rased by taxation 1s pard by the board of frecholders
to the extermination commussion from time to fime as required, upon
written demand of the commussion

Thable 4 (page 30) gives data as to budget appropriations, gross
and unit, of the New Jersey districts in 1932

THE CALIFORNIA LAW

Under the California act (adopted m 1915, extensively amended
m 1937 and 1941, and affected by the Districts Investigation Act of
1933) any conbiguous territory, within one or more counties, may be
orgamzed upon a petition, signed by restdent voters m the proposed
district equal 1n number to at least ten per cent of the votes for gover-
nor at the last election

After filmg the petition, a report must be prepared by a com-
petent person, showing the public necessity of the proposed district,
estimating 1ts probable annual costs, and setting forth the name and
address of each taxpayer in the proposed district, hus assessed valua-
tion, and lus probable tax A notice of the time and place of hearing
on the petition must then be mailed to each taxpayer, in addition to
a pubhished notice

The cost of these prelimunaries 1s covered by a bond executed by
the proponents of the district If the district 1s formed, the organiza-
tion costs are pard by the Bosrd of Supervisors, if 1t fails, they are
pud by the bondsmen

Upon a public hearmng, the board of supervisors of the county m
which the proposed district s sibanted then determines whether the
public interest requires the formation of a mosquito abatement dis-
trict, and if 1t so determines, 1t by resolution orgamzes the district,
fixes ats boundaries, and determines 1ts name

The act provides for the annexation of contiguous terntory upon
a ten per cent petition and a hearing before the board of trustees
of the district The procedure 1s simple and requires no review or
control by any other public bodv, except that if there be any incor-
porated municipality or any part of a municipality within the pro-
posed district, the aty counel thereof must by resolution approve
the inclusion within the district

The district when formed 15 governed by a board of trustees If
thercareno mcorporated mumeipahties mithin the distnet, the county
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board of supervisors appornts five trustees, who serve for two-year
terms If any mcorporated mumeapalities are within the district, the
eity council of each appomnts one trustee, and the board of super-
visors any remamder to make up five, if there are four or more mu-
merpalities, the board of supervisors appoints only one

The trustees serve without salary, though any expenses mcurred
on account of official business of the district are refunded to them
The secretary of the board may be paid such compensation as 15 de-
termined by the board, but few districts have pad their secretarses
This requirement that the trustees serve without salary has been one
of the best features of the act, as 1t has removed any temptation to
mere politicians, and has attracted a lugh type of crtizen who wil
serve ns commumty out of pubhe sprtt

The board of trustees manages the affairs of the district, employs
the personnel, and fixes the annual budget It sends the budget to the
board of supervisors, which must levy a special tax (not exceedng
fifteen cents on each one hundred dollars of assessed valuntion 1 the
district) suffictent to raise the amount set 1 the budget The money
so rased by taxation 1s collected by the county tax collector with the
general county taxes, and by him paid to the county treasurer, who
holds 1t m & trust fund, from which expenditures of the district are
defrayed upon drafts drawn by the board of trustees of the district

In addition to the twenty-five districts organized under the Mos-
quito Abatement District Act, two districts for the abatement of mos-
quitees have been orgamzed under the Pest Abatement District Act
of 1987 The procedure of orgamzation 1s symlar but 13 less elabo-
rate, and the orgamzation costs are much Jess to the proponents, m
that the report and bond are not reqmred The petitioners for the
district must designate the particular pest to be abated The trustees
of the district are under closer financial control by the board of super-
visors than are the trustees of the mosquito abatement districts

Table 5 gives the budget appropriations, gross and umt, of the
California districts for 1932-83 A companson of the operating
costs of the New Jersey districts with those of the Califorma dis-
tricts (Tables 4 and 5) discloses several interesting facts of general
appheation As might be expected, districts i different regions ex-
Jubit wide variations m umt costs and m tax rates The New Jersey
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districts mahe a better showing from a tas rate viewpoint than the
California districts, due to differing conditions The New Jersey dis

tricts have a much larger rate base of valuation, only two Cahforma
districts exceed the lowest valuation of any New Jersey district Pre-
sumably, also, the New Jersey districts have been cstablished longer,
and have long since completed most of the large imtial expenses of
marsh dramage which many of the smaller and younger Cahfornia
districts have not yet done On a population basis, as would be ex-
pected from the considerably denser population 1n New Jersey, the
New Jersey districts show a lower per capita cost, and the California
districts a lower cost per square mule of area These variations in umt
costs and tax rates need to be interpreted i the hight of the local con-
ditions 1n each district, and may not be used as guides to probable ex-
penditures elsenhere without such mterpretation

CRITICAL PROVISIONS OF STATE LAWS

The New Jersey law has worked well over the thirty-two years it
has been extant Part of the reason for its success has undoubtedly
been the fact that all the districts have been subject to centralized
direction and shilled technical advice through the director of the
state expermment station This judicious combination of local auton-
omy with state coordmnation and research has made for effictent and
shillful management and strong local mterest, without acquinng the
deadening effect of bureaucratic centralization Destructive political
interference has also been mmimized, though 1t 15 not humanly pos-
sible, regardless of the form of orgamzation, entirely 4o avod pohtr-
cal mfluence upon any governmental body 1n a democracy The poh-
ticians overlook no jobs, no matter how small, nor how devious the
ways required to place their adherents in them

The mechanism of tax lcvying adopted in New Jersey may 1 some
other states rest on doubtful legal foundations, in that the tax 1s a
mandatory, levy, proposed by & non-elective commussion, approved
by an appomntine admmistrative official, and presented to the elective
tax-levying body with no provision for amendment or rejection by
the electine board whnch actually ymposes the tax A somenhat sim
lar provision oceurs 1n the Cahiforna act, under which the boards of
trustees of the districts (which are appointive and not elective) pro-
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pose annually to the board of supervisors a sum of money required
for distriet purposes durmng the ensuing fiscal year, which sum the
board of supervisors 1s required to rase by a special tax levy, within
& maximum hmit of fifteen cents on each one hundred dollars of as
sessed valuation

Such exercise of the taxing power by appomtive and non-elected
boards or commussions has been construed in various ways by various
courts Possibly the decision as to constitutionality will depend on
whether the state was organized first, all local powers bemg derived
from the state, or whether the state was origmally a confederation
of smaller local units As 1t concerns mosquito abatement districts
specifically, there do not appear to be any judicial decisions extant
The numerous decisions concernmg special wmprovement districts,
such as dramage districts, 1rrigation districts, water districts, fire
districts, and the like, seem m general to recogmze the power of the
legislature to delegate the taxing power to these districts in such man-
ner as appears expedient and desirable, provided no provision of the
state constitution 1s violated

The purpose of making the tax requests of the mosquito abate-
ment districts mandatory upon the locsl taxing authority undoubt-
edly has been to mimmze political pressure upon the trustees of the
districts Whoever determimes the amount of money to be spent also
can determine who shall be employed, and the nature and extent of
the work done If the boards of supervisors controlled the amount of
the tax, they would have control over the districts, without respon-
sibility, and leave to the district trustees merely responsibility shorn
of actual power

Where 1t appears to be desirable to govern mosquito abatement
districts by appomtive, non-pohtical boards of trustees with manda-
tory taxing powers, the law should be most carefully drawn n order
that there may be no legal difficulty over the exereise of such power
The best legal counsel should be consulted m preparmg the draft of
the legislative act

Ths provision of a mandatory tax proposed by s non-elective
board, mn spite of criticism m some mstances, has worked well
practice It has not resulted 1 excessive taxation, and the appowntne
hoards appear to have been at least as responsive to pubhc demands
for restramnt 1 taxation as any elective agencies of government
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The New Jersey act sets forth the powers of the mosquito exterm-
nation commussions as follows

1 ach such commission shall have the power to ehminate all breeding places
of mosqmtoes within the county wheremn it 13 appointed, and to do and per
form all acts and to carry out sll plans which in their opinton and judgment
may be necessary and proper for the climnation of breeding places of mos
quitoes, or which may tend to exterminate mosquitoes within smd countv

By the powers conferred under the Calforma act (1941), the dis-
trict board may

-

Take all necessary or proper steps for the extcrmmation of mosquitoes, flies,
or other insccts exther in the district or 1n territory not in the district but so
situated with respect to the district that mosquitoes, flies, or other insects
{rom such territory migrate 1nto the district
Subject to the paramount control of the county or eity 1n which they exist,
abate as nusances all stagnant pools of water and other breeding places for
mosquitoes, flics, or other 1nsects either 1n the district or in terntory not in
the district but so situated with respect to the district that mosquitoes, flies,
or other insects from such terntory migrate into the district
Purchase such supplies and matenals, employ such personnel and contract
for such services as may be necessary or proper 1n furtherance of the objects
of thus chapter
If necessary and proper, 1n the furtherance of the objects of this chapter,
build, construct, repatr, and mamtam necessary dikes, levees, cuts, canals
or ditches upon any land, and acquire by purchase, condemnation, or by
other lawful means, 1n the name of the district, any lands, rights of way,
easements, property, or material necessary for any of those purposes
Make contracts to indemmfy or compensate any owner of land or other
property for any mjury or damage necessanly caused by the use or taking
of property for dikes, lev ees, cuts, canals, or ditches
Enter upon without hindrance any lands, within or without the district, for
the purpose of inspection to ascertain whether breeding places of mosqui
toes, flies, or other insects exist upon such Jands, or to abate public nmsances
in aecordance with thus article or to ascertain 1f notices to abate the breed
mg of mosquitoes flies, or other insects upon such lands have been complied
with, or to treat with o1l or other larvicidal material anv breeding places of
mosqutoes, flies, or other wnsects upon such lands
Sell or lease anv land, rights of way, easements, property, or material ac-
quized by the district
Do any and all things necessary or incident to the powers granted by, and to
carry out the objects specified 1n, this chapter
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Both the New Jersey and Califorma acts provide that i addition
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to certan specified dutres and powers, the districts have the duty anc
power to perform such acts as are necessary and medent to the re
quirements of mosquito abatement Such language 1s vague and m
defimte, and may be interpreted narrowly or broadly accordmng tc
the disposition of attorneys or judges One essential power 15 omttec
from the New Jersey act which should be specifically mcluded 1n every
mosquito abatement law This 1s the power of duly appomted and
authorized employees of mosquito abatement districts to mnspect af
reasonable times, without mterference or obstruction, any premises
withm the district for the purpose of ascertaiming whether mosquite
breeding exists upon any property As this power of mspection 1
absolutely fundamental to successful mosquito control, 1t should b
mecluded 1 any mosquito abatement act 1n specific terms

Another power appears to he highly desirable, namely permission
to perform mosquito control work outside the district boundaries on
lands breeding mosqurtoes which may mgrate mto the district Many
districts have to do work outside their boundaries 1n order to protect
their own 1nhabitants adequately, 1n some cases this 1s strictly alle-
gal, and 1f done must be performed through subterfuge or camou-
flage

A further desirable provision, added to the Cahfornia Iaw m 1941,
makes 1t & misdemeanor for anyone to damage or tamper with any
works for mosquito abatement, or to mterfere with any work of the
districts

THE UTAH LAW

The Utah mosquito abatement law (Chapter 90, Laws of Utah
1923, amended 1931) 1s one of the best and simplest state laws on
this subject It follows the general outhne of the Califorma law, but
with less mere verbiage A 1989 amendment permits the Utah dis-
triets to perform control work outside district boundarzes when neces-
sary to protect the people within the district

THE ILLINOIS LAW

The Illinois mosquito abatement district act (adopted m 1927)
provides for the orgamzation of mosqurto abatement districts upon &
petation of five per cent of the legal voters within the proposed dis-
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trict ‘The petition 1s addressed to the judge of the county court, who
upon a hearing held within twenty days after the petition 1s filed
with the county clerk determines whether the public henlth and wel-
fare require the formation of such a district He also determimes the
boundaries of the proposed district

If the decision of the county judge 1s favorable, he calls an election
upon the question, to be held within thirty days after the entry of lus
deaision upon the records of the county court If a majonty of the
qualified voters present and voting vote affirmatively, the district be-
comes orgamzed as & body corporate and politic Withun ten days
after such orgamzation the county judge appomts a board of trus-
tees of the district, consisting of five members, of whom one 1s elected
by the board of trustees as 1ts treasurer and handles the district
funds There 15 apparently no provsion for bonding the treasurer

The Ilhnos act has the pecubar feature of requiring, for orgam-
zation of a distrct, not only a public hearing before the county
Judge and s determmation of the public necessity of such a dis-
trict, but also an election If an election 1s to be held, the heanng be-
fore the judge would seem to be legally superfluous There 1s no rea-
son that judges’ findings concerning such things as necessity and
comvenience 1m matters of public health and welfare should be “con-
clusive and not subject to revies ” Under the Ilinos act venal
Judges could use the mosquito abatement districts, through control
of appomtments to strengthen their political orgamzation Such ap-
pontments would have no relation to economy or efficiency 1n the ac-
tual abatement of mosquitoes

THE REODE ISLAND LAW

The 1934 General Assembly of Rhode Island passed an act by
which any local commumty may call to the attention of the state
commussioner of agriculture the presence of mosquitoes 1 numbers
suflicient to constitute a public nuisance Thereupon the commis-
sioner investigates and prepares plans for abatement, which plans
are presented to the govermng body of the local commumty for ap-
proval or modification When finally approved by the commissioner
and the local goverming body, the commussioner provides trained en-
gmeering and entomological supervision, and the Iocal commumty
the labar, equipment, and material, within a tax limit of one-tenth
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of one cent on each dollar of assessed valuation State expenditure 15
Limted to twenty per cent of the total cost

In 1942, owmng to labor shortage and other factors, the local com
munrties declmed to continue responsibiity and funds for mam-
tenance, the legislature did not provide mantenance appropristions,
and therefore mamntenance on dramage projects practically ceased,
with resulting mosquito annoyance *

THE MISSISSIPPI LAW

The Mississippr mosquito abatement law became effective m April
1928, and was limited to the abatement of mosquito breeding m the
countzes along the Gulf of Mexico and the Mississippt River It pro
vides for the usual board or commission, of three members, with the
state health officer an ex-officio member Appomtment of the comms-
sion 15 made by the county board of supervisors, and 1s permissive
and not mandatery Two or more counties may combine to employ
the same personnel to carry on the work Fiancial control 1s n the
hands of the county supervisors who may appropriate annually not
more than fifteen cents on each $100 of nssessed valuation m coun
ties having an assessed valuation of less than $20,600,00G, o1 not
more than ten cents on each $100 m counties having more than $20,-
000,000 assessed valuation

Each commission annually submts to the state health officer and
the board of supervisors a plan of operations and estimate of cost

The law supplements the control measures agamst Anophelcs mos-
quitoes (which are presumed to be undertaken by the county health
departments 1 malarial areas) and 15 directed primanly agamst
non-vector pest mosquitoes

THE FI ORIDA LAW

The Florida law provides for the county as the unit for mosquito
abatement districts (called “anti-mosquito districts™ in Chapter
185770, Acts of 1929) The districts are organized on an election
called by petition of ten per cent of the resident freeholders of the
county In counties having more than 65,000 population, the board
of county commissioners acts as the board of {he district, counties
of less than 65,000 population, a separate board of three citizens
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may be established by election The only qualification for these three
commissioners, as stated m the act, 1s that they be “discreet ”

These ant mosquito commussioners serve without compensation,
but their actual expenses meurred m the conduct of their work are
defroyed by the district The state board of health has direct control
over the work of the various districts through the power of approval
of plans 1n each calendar year, and a representative of the board 1s
an ex-officio member of ench commssion By law the district expendi-
tures are hmited 1n counties of less than 65,000 population to not
Tess than $10,000 nor more than $20,000, and n counties of more
than 65,000 population to not less than $20,000 nor more than $50,-
000, s dctermined by the district commissioners Taxes are levied
by the tax assessor and state comptroller, and when paid to the
county treasurer are remitted by him to the commssioners of the dis-
trict The designation of maximum and mimmunm fixed sums for taxa-
tion 1s & vamance from the usual procedure of setting a maimum
tax rate

The district boards appear to have about the usual powers granted
to such boards 1n other states They are given, howeser, two powers
which we do not beheve should be granted One 1s the power to make
rules and regulations not mconsistent with law which may be neces-
sary 1n their opimon for the proper enforcement of the act, subject
to approval by the state board of health We believe that admimis
trative local boards of this type should not be given quasi-legislative
powers If rules and regulations are required supplementary to the
antr-trosgeite distniel ack, they should be of wniform and general ap~
plication, and promulgated by the state board of health The other
queshionable power 1s the right to borrow money mn anticipation of
tax receipts We believe that such power 1s so frequently abused that
1t 18 not 1n the public interest to permut governmental bodies to ex-
pend or contract for the expenditure of money unless the cash be
presently 1n hand to defray such expenses, except upon bond 1ssues

duls voted by the electorate

Tir ~1w york LAW

Mosquito extermmation commussions may be appointed mn any
county m New York State (not includmg New York City) Upon
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petition of 200 residents of the county, 1t 15 the duty of the county
Judge to convene an appomfting board consisting of the county clerl,
the county comptroller, and himself In countres contamnmg four or
more towns, however, the board of supervisors 1s the appomting board
There 15 no provision for a hearmg on public convemence or neces-
sity, nor for an election

The formation of the commission 1s mandatory, and m either case
the yudge or the board appomnts a county extermination commussion
consisting of four resident taxpayers of the county To these four
members are added the chairman of the board of supervisors and an
additional member appomnted by the state commissioner of health
The members of the commussion serve without salary, but therr ac-
tual official expenses are defrayed The terms of office are for four
years The commission may appomt a secretary at a salary fived by
1t with the approval of the county board of supervisors, and such
clerks, assistants, mspectors, and day laborers as may be necessary,
at compensations fixed by the board of supervisors

The commssion 1s directed to use every feasible and practicable
means for the extermmation of mosquitoes withm the county, and for
this purpose has the right to enter upon any Jands 1n the county to
drain or treat them, and 1s authorized to perform all other acts neces-
sary and proper for the ehmnation of mosquito breeding places,
provided that such measures shall not be mjurious to wild life Be-
fore entering upon any land, however, the commussion must publish
at least once a year, m a newspaper n the county, a general descrip
tion of the lands to be worked upon Property owners are given the
right of protest, and a public hearing thereon, but upon such hearing
the d of the e 1s final subject to claums for damage
subsequently adjudicated m court

The commussion annually on September first submis to the board
of supervisors and to the state commussioner of health a detatled esti-
mate of money required for the enswing year and a plan of the worh
to be done, the methods to be employed, and a deserrption of the
Jands, with the names of the owners, upon which the work 1s to be
done The board of supervisors has power to amend or alter these
estimadtes, plans, and methods, and when 1t finally approscs them it
includes 1 the county tax the approved sum for the use of the com-
rmisston, provided that in counties of Jess than forty milon dollars
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assessed valuation the tas rate shall not exceed ten cents on each
$100, and 1 counties having more than forty million dollars assessed
valuation, the tax shall not exceed three and three-fourths cents per
$100 The tax receipts are pard by the county treasurer to the treas-
urer of the commission, on the commission’s requisition

The commussion 1s required to submit an annual report of 1ts work
to the state commussioner of health and to the board of supervisors

The provisions of the act by which 1t 1s necessary to hst and pub-
bish all properties upon which nork 1s proposed to be done during the
enswing year, with the names of the owners and descriptions of the
work to be done, appear to us to be an unnceessary and burdensome
procedure resulting in excessive overhead cost One of the things we
have learned from experience 15 the comparative unpredictabihity of
mosquito breeding (especially of Culex pipiens), and the folly of too
rigid o plan of procedure Such a provision lacks the necessary flexi-
bility for effectne mosquito abatement, and mn our opmnion would
tend to produce a legal formahsm which would suppress mitiative,
adaptability, and resourcefulness on the part of the orgamzation

The New York nct differs fundamentally from the laws m other
states, n that the county board of supervisors 1s for all practical
purposes absolutely supreme 1n power over expenditures, persannel,
and procedure In actual fact the county mosquito extermimation
commissions have no real authority Under the conditions laxd down
by the New York law we see no reason whatsoeser for the existence
of such commissions All procedures would be far simpler if the com-
missions were elimmated and the nominal powers now granted to the
commussions were given bach to the board of supervisors, who could
then carry on the work through a superintendent and subordinate
staff as direct employees of the boards of supervisors A prosvision
could be mcluded by which the state commussioner of health would
have pover to review all plans, procedures, and budgets, so as to
assure competent technieal supervision of all work

COUNTIES A4S MOSQUITO ABATEMENT 4GENCIES
Theorehuﬂl) , there 13 no necessity for a separate and distinct
governmental umt created for the sole or prinaipal purpose of mos-
quito abatement In recent years such special agencies or districts
have been enticized by persons unacquainted with past conditions, as
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pebition of 200 residents of the county, 1t 15 the duty of the county
Judge to convene an appomting board consisting of the county clerk,
the county comptroller, and himself In counties contamng four or
more towns, however, the board of supervisors 1s the appointmng board
There 15 no provision for a heaning on public convenience or neces
sity, nor for an election

The formation of the commission 1s mandatory, and 1n erther case
the Judge or the board appomtis a county extermmation commussion
consisting of four resident tazpayers of the county To these four
members are added the chairman of the board of supervisors and an
additional member appomnted by the state commissioner of health
"The members of the commssion serve without salary, but therr ac-
tual official expenses are defrayed The terms of office are for four
years The commission may appomt a secretary at a salary fixed by
1t with the approval of the county board of supervisors, and such
clerks, assistants, mspectors, and day laborers as may be necessary,
at compensations fixed by the board of supervisors

The commssion 15 directed to use every feasible and practicable
means for the extermmation of mosquitoes within the county, and for
this purpose has the right to enter upon any lands 1n the county to
dram or treat them, and 1s authorzed to perform all other acts neces-
sary and proper for the elmnation of mosquito breeding places,
provided that such measures shall not be mjurious to wild hife Be
fore entermg upon any land, however, the commission must publish
af Jeast once a year, 1 a newspaper m the county, a general descrip-
t1on of the lands to be worked upon Property owners are given the
right of protest, and a public hearing thereon, but upon such hearing
the decision of the commssion 1s final, subject to claims for damage
subsequently adjudicated in court

The commusston annually on September first submits to the board
of supervisors and to the state commissioner of health a detailed esti-
mate of money required for the ensmng year and a plan of the work
to be done, the methods to be employed, and a description of the
lands, with the names of the owners, upon which the work 1s to be
done The board of supervisors has power to amend or alter these
estimates, plans, and methods, and when 1t finally approves them 1t
includes m the county tax the approved sum for the use of the com-
mssion provided that m counties of less than forty million dollars
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assessed valuation the tax rate shall not exceed ten cents on each
$100, and m countics having more than forty million dollars assessed
aluation, the tax shall not exceed three and three-fourths cents per
$100 The tax recaipts are paid by the county treasurer to the treas-
urer of the commission, on the commission’s requisition

"The commussion 1s required to subrmit an annuai report of 1ts work
to the state commissioner of health and to the board of supervisors

The provisions of the act by which 1t 15 necessary to list and pub-
hish all properties upon whieh norh 15 proposed to be done during the
ensuing year, with the names of the owners and deserniptions of the
work to be done, appenr to us to be an unnecessary and burdensome
procedure resulting 1n excessive overhead cost One of the things we
have learned from experience 1s the comparative unpredictanhty of
mosquito breeding (especially of Culea pipiens), and the folly of too
ngid a plan of procedure Such a provision lacks the necessary flexi-
bility for effectine mosquito abatement, and 1 our opinion would
tend to produce a legal formalism which would suppress mitstive,
adaptability, and resourcefulness on the part of the orgamzation

The New York act differs fundamentally from the laws m other
states, in that the county board of supervisors 1s for all practical
purposes absolutely supreme m power over expenditures, personnel,
and procedure In actual fact the county mosquito extermination
commussions have no real authority Under the conditions laid down
by the New York Jaw we sec no reason whatsoever for the existence
of such commissions All procedures would he far smpler 1f the com-
mussions were eliminated and the nominal powers now granted to the
commussions were given bach to the board of supervisors, who could
then carry on the work through a superintendent and subordinate
staff as direct employces of the boards of supervisors A provision
could be meluded by which the state commssioner of health would
have poner to review all plans, procedures, and budgets, so as to
assure competent techmeal supervision of all work

COUNIILS AS MOSQUITO ABATEMENT AGLMNCIES
Theoretically, there 1s no necessity for a separate and distinct
governmental unit created for the sole or principal purpose of mos-
quito abiatement In recent jears such special agencies or dstricts
have been enticized by persons unacquainted with past conditions, as
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petition of 200 residents of the county, 1t 1s the duty of the county
Judge to convene an appomting board consisting of the county clerk,
the county comptroller, and himself In counties containmg four or
more towns, however, the board of supervisors 1s the appemting board
There 15 no provision for a hearmg on public convemence or neces
s1ty, nor for an election

The formation of the commission 15 mandatory, and m either case
the judge or the board apponts a county extermmation commission
consisting of four resident taxpayers of the county To these four
members are added the charman of the board of supervisors and an
additional meraber appomted by the state commssioner of health
The members of the commssion serve without salary, but therr ac
tual official expenses are defrayed The terms of office are for four
years 'The commssion may appomnt a secretary at a salary fixed by
1t with the approval of the county board of supervisors, and such
clerks, assistants, mspectors, and day laborers as may be necessary,
at compensations fixed by the board of supervisors

The commussion 15 directed to use every feasible and practicable
means for the exterrmnation of mosquitoes within the county, and for
this purpose has the right to enter upon any lands m the county to
drun or treat them, and 1s authorized {o perform all other acts neces
sary and proper for the ehmmation of mosquito breeding places,
provided that such measures shall not be mjurious to wild life Be-
fore entering upon any land, however the commssion must publish
at least once a year, 1n a nevwspaper m the county, a general descrip
tion of the lands to be worked upon Property owners are given the
right of protest, and a public hearmg thereon, but upon such hearmg
the decision of the commssion 15 final, subject to claims for damage
subsequently adjudicated m court

The commission annuaily on September first submts fo the board
of supervisors and to the state commissioner of health & detailed estt
mate of money required for the ensumg year and o plan of the worh
to be done, the methods to be employed, and a description of the
Tands, with the names of the owners, upon which the wark s to be
done The board of supervisors has power to amend or alter these
estimates, plans, and methods, and when 1t finally approves them 1t
includes m the county tax the approved sum for the use of the com-
nussion, provided that i counties of less than forty million dollars
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assessed valuation the tax rate shall not exceed ten cents on each
$100, and m counties havmg more than forty million dallars assessed
valuation, the tax shall not exceed three and three-fourths eents per
$100 The tax receipts are paid by the county trensurer to the treas
urer of the commission, on the commission’s requisthion

The commussion 1s required to submit an annual report of 1ts work
to the state commssioner of health and to the board of supervisors

The provisions of the act by which 1t 15 necessary to hst and pub-
Lish all properties upon s hich work 15 proposed to be done during the
ensumg Year, with the names of the owners and descriptions of the
work to be done, appear to us to be an unnecessary and burdensome
precedure resulting mn excessive overhead cost One of the things we
have learned from experience 1s the comparative unpredictability of
mosquito breeding (especially of Culex piprens), and the folly of too
nmd a plan of procedure Such a provision Inchs the necessary flexi-
bility for effectne mosquito abatement, and 1 our opiion would
tend to produce a legal formahsm which would suppress mitiatise,
adaptability, and resoureefulness on the part of the organization

The New York act differs fundamentally from the laws in other
states, m that the county board of supervisors 1s for all practical
purposes absolutely supreme m power over expenditures, personnel,
and procedure In actual fact the county mosquito extermmation
commissions have no real authority Under the conditions laid down
by the New York law we sce no reason whatsoever for the existence
of such commssions A1l procedures would be far simpler 1f the com-

were el ted and the 1 powers now granted to the

commissions were given back to the board of supervisors, who could
then carry on the work through a superintendent and subordinate
stafl as direct employees of the boards of supervisors A prosision
could be meluded by which the state commussioner of health would
hase power to rewies all plans, procedures, and budgets, so as to
assure competent technieal supersision of all work

COUNTIrS AS MOSQUITO ABATFMENT AGFACIFS
Theoretically, there 15 no necessity for a separate and distinet
governmental umt created for the sole or prinaipal purpose of mos
quito abatement In recent years such speeinl agencies or ditricts
hase been enticized by persons unacquamnted with past conditions, as

yd
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being unnecessary duplications in government They may be dupli-
cations, but apparently they are m practice the only means by which
results can be obtaned under the cxsting political organization

The great practical difficulty m getting county officials to act can
only be appreciated by those who were active m mosquito abatement
worh m 1ts early days m the United States The ignorance the re-
sistance to change, the unwillimgness to do anything for the pubhe
health, at times even the venality of many county officials can hardly
be believed unless actually encountered Exceptions to this statement
have occurred, but on the whole this situation today 15 not very
greatly changed

It should be axiomatic that 1t 1s a primary duty of county health
departments to carry out effective anti-mosqurto measures n every
area where a mosquito-transmmtted disease 1s endemic or may become
epidemic Unfortunately, this 1s by no means the usual case, and m
many cases where 1t now 1s true 1t has only been brought about by
mtervention 1n one or more forms by the state health departments or
by the United States Public Health Service or by the Rockefeller
Foundation operating through its International Health Diviston

‘When 1t comes to the matter of pest mosquito control, without any
question of malaria or other mosquito-borne diseases being mvolved,
the county officials are usuaily even more indifferent Rural people
are accustomed to msect pests, and with them a few mosquitoes more
or less are a matter of no great importance They are mured to a cer-
tam amount of discomfort and will merely grumble somewhat 1f mos-
quitoes are especially prevalent seldom will the idea that anythmg
can be done about 1t cross their minds

Even 1f the 1dea does occur to them, their conservatism, or mertia,
1s very apt to prevent any effective action Here agam there are nu-
merous exceptions, but when we realize how much of our rural area
would be beautiful and desirable 1f 1t were not for unnecessary un-
sanitary concitions (of which mosquito prevalence s only a smgle
1tem) we cannot but wonder why such backwardness continues under
cvilized conditions

Another practical difficulty may occur m countres which have m-
corporated mumeipakities within their boundaries, and which mam-
tain separite health departments, one m the county and one each
of the mumeipalities In such eases, the municipalities usually exer-
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ase exclusiye health yumsdietion within their corporate limts, leaving
to the county health department practically exclusive jurisdiction
i the unincorporated areas Where there 1s no umfied control and
direction, mosquito abatement may be made impossible of successful
prosecution Mosquitoes (especially the salt-marsh vareties) have &
complete indifference to pohitical boundary lines, and their migrations
cannot be mfluenced by an ordimance -

There 1s no reason why the mumeipalities could not arrange with
the county government to tahe over the abatement of mosquitoes
within their boundaries In some states proviston 1s made, by law, for
the jomnt exercise of common powers by two or more governmental
agencies, and vahd contracts may be made whereby one ageney will
perform certain services for several other agencies In practice, how-
ever, tius 1s seldom done Itis possible, also, for two or more counties
to cooperate 1n the control of a jornt mosquito problem, but ths ike-
wise 1s seldom done

Although there may be political difficulties 1n the way of cffective
county-wide mosquito abatement by counties which mnclude meor-
porated mumerpahities within their boundaries, nevertheless some very
good mosgquito abatement has been done by counties 1n their unincor-
porated areas In some southern states mosquito abatement work m
the rural areas, under the direct supervision of the county, has re-
sulted 1n marked reduction 1n prevalence of malaria

COUNTY HEALTH DEPARTMFNTS AS ABATEMFNT ACENCIES

In the great majority of counties excellent mosquito abatement
worh could be done 1if the county health department were properly
orgamzed and directed and had on 1ts staff at least one adequately
tramned sanitary engineer Too frequently, however, the job of county
health officer 1s held by some physician as a political smecure, he has
no nterest 1 public health, and no specific traming for it, and his
principal work consists in giving medical treatment to the county -
digents, as a side1ssue to hns private medieal practice Samtary states-
manship cannot be expected from such men

On the other hand, the county health department headed by a full-
time health officer with specific public health traiming ean and fre-
quently does melude mosquito abatement work mn ats program The
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limutation here, however, 1s that such departments are likely to con-
fine therr mosquito abaterent measures to the species which are vee
tors of diseases such as malaria and dengue, and to 1gnore the specres
which have no demonstrated relation to communicable disease This
15 strictly logical and correct so far as the prevention of commum
cable disease 15 the primary function of the health department and 1s
the first consideration 1n 1ts mosquito abatement program But mos-
quito damage does not stop with health, 1t also affects the pubhe
welfare, comfort, and economic prosperity While we recogmze the
general validity of the precise public health viewpomt that nmsances
which have no direct relationship to disease should not be a function
of the health department, nevertheless we feel that at least 1n county
health departments this nice distinction may well be abandoned m
the mterest of the general welfare No other department of county
government 15 avalable to handle the mosquito nwsance unless a
mosquito abatement district can be orgamzed for the purpose Fur-
thermore, as very few people can make any distinction between the
vector species and non-vector species, any campaign which attempts
to abate only the vectors and ignores the non-disease-carrymng types
may become rather discredited 1n public opimon because mosquitoes
are still prevalent 1n spite of an antr-mosquite campaign

There have been, 1t 1s true, strange exceptions to the previous
statement For example, we are mformed that the Fair Osks Dis-
trnet, m Sacramento County, Calfornia, discontinued operahions
after malaria had been extirpated from the district The citizens of
this district admitted that eubicine mosquitoes were still present, but
were prepared to endure their presence m preference to raising even
the moderate amount of taxes required When they got nd of en-
demic malara they were satisfied In this case, these people were m-
telligent enough to distinguish between publc health and public com-
fort, but their standards of ecomfort were not hugh

We are of the opmion that health departments m the future may
not be able to 1gnore the mosquitoes which have heretofore been con-
sidered to be merely pests As previously stated recent studies have
meriminated certain Aedes and Culex species as vectors of encepha-
litis We therefore are compelled to merease our list of vector spectes
of mosquitoes of which health departments must take cogmzance, sofme
of which have heretofore been regarded as merely pests
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Municrpalities can, and frequently do, successfully abate mosquito
breeding within their corporate Immits Where the principal or only
mosquito species 1s Aedes acgypts or a stmilar species of himited flight
range, the mumiaipality 1s a satisfactory umit for mosquito abate-
ment But where the mosquito problem 1s :n part an mvasion of salt-
marsh mosquitoes from breeding places some distance outside the
municzpal bmits, the aity government 18 legally handicapped, and
some other ageney must be mvoked

Mumicipal health departments are usually better organized and
directed than county health departments, especially as regards sam-
tation, and can as a rule handle local fresh-water breeding, espe-
cally with the cooperation of the street or sewer department In the
larger cities special men can be detaled to this work

It 15 possible to have the mosquito abatement work performed by
municipal departments other than the health department If thereis
a separate dcpnrtment of samitation, as 18 sometimes the case, mos-
quito abatement could be carried on by it The street department
might also do the work, but 1t would seem more logical to place
mosquito abaterent under the sanitation division of the health de-
partment, or the department of samtation 1f that 15 a separate de-
partment The health department possesses the legal authonty of
mspection of private premises, which 1s essential to mosquito abate-
ment The street department authority 1s imited to public streets,
and 1t 1s doubtful 1f such authority could be stretched to cover entry
and mspection of private premises

STATE AGENCIES IN MOSQUITO ABATEMENT

With certam exceptions, mosquito abatement at least mn temper-
ate chimates 1s a local problem The exceptions are not numerous and
are restricted prineipally to areas with migrating species of salt~
marsh or flood water mosquitoes Mosquito abatement, 1n its direct
application at least, has therefore been commonly a function of local
government, rather than a state or national function, and this seems
logical We have heard on several occastons the criticism that mos-
quito abatement should be state-wide, directed and financed by the
state government, but in that opimion we cannot agree, except as 1t
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hc health, and sanitary engineermg m the state umversity could be
brought mto such a course of mstruction with excellent results

Fmancial supervision by the state, if free from purely political
considerations, would also appear to be desirable It would prevent
to a considerable degree excessive or unwise local expenditures on the
one hand, and local parsimony, which would result i meffective worl,
on the other It would also make possible long-time financial plan
nmng i districts having an extensive drainage problem

In New Jersey, as previously stated, the county mosquito exterm
nation commissions are under direct state supervision by the director
of the state experiment station, who has the power to approve and
modify the county budgets, and supervise and direct the work done.
This type of supervision has worked well It has one advantage, m
that the supervision 1s technical rather than pohitical The New Jer
sey law also makes the state health officer, as well as the director of
the state experiment station, a member ex-officio of all the county
commusstons, where his advice and mfluence can be of benefit, and the
cooperation of the state health authorities assured

STATE UNIVERSITY PARTICIPATION

In some states, the mitiative m mosquito abatement work has been
taken by some department of the state university, or by the college
of agriculture For example, the imtial work demonstrating the prac
trcability of mosquito abatement 1n Califorma, both for salt-marsh
mosquitoes and for anophelies, was done by members of the facully
of the College of Agriculture of the University of Califorma, and edu
cation of the public as o the necessity and benefits of mosquito abate-
ment was mtensively carried on by the university with the cooperation
of the state health department, until their efforts ultimately resulted
m the passage of the mosquito abatement district act

The Unmwersity of Calfornia also sponsors the annual conference
of mosquito abatement officials 1n the state (now the Califorma Mos
quito Control Association) which 1s of great educational value, and
has helped to build an esprit de corps among these men The proceedd-
ngs of the annual conferences have been published 1n mimeograpbe
form

The New Jersey Mosquito Extermmation Association, an ynoff

cial orgamization of mosquito abatement personnel m New Jerseys



LAWS AND AGENCIES 49

holds annual meetings in March The papers and discussions at these
mectmgs are of great value, and are published annually n printed
form

The Lastern Association of Mosquito Control Worlers, which
meets annually or oftener, publishes Mosquifo News, n quarterly
which contams arbicles and news 1tems of general interest to mosquito
control workers

FIDERAL AGENCILS

Three federal agencies m the Umted States, exclusive of the mili-
tary forees, concern themselves to some extent with mosquito abate-
ment

The Bureau of Entomology and Plant Quarantine n the Depart-
ment of Agriculture has generally confined its activities 1n this field
toresearch, and to extension work through the Iand-grant universities
and agnicultural colleges An exception to this hmitation of 1ts ac-
tnaties occurred duning the winter of 1933-34, when under the Civil
Works Admimnistration the bureau sponsored and directed mosquito
abatement work® m manjy of the states Prmncipally work of perma-
nent value, such as ditching, filing, and dyke construction, was un-
dertaken On Tebruary 15, 1934, this work was turned over to state
sponsoring bodies, such as state health departments or state ento-
mologmsts, unti] the conclusion of the emergency relief work 1n April
Though thys program was intended primarily as an emergency meas-
ure for the relief of unemployed persons, and though the projects
™ Inany cases were hastily improvised, with madequate engineering
Plﬂnnmg and entomological mvestigation, and suffered from govern-
mental red tape, confusion of authority, and constantly changing
rules and regulations, much good and useful work from a mosquito
sbatement, wiewpoint was accomplhished This work. was continued un-
der various rchief agencies until about 1941, but while some work was
well planned and directed, our mmpression of much of it was un-
favorable

The Bureau of Lntomology and Plant Quarantine has done most
commendable edueational work through its bulletins dealing with
mosquitoes Tts farmers’ bulletins on the subject have been widely

distributed and have contnbuted greatly to a public understanding
of the mosquito problem A former chief of the bureau, Dr L. O



50 MOSQUITO CONTROL

Howard, was one of the pioneers m ths field and did & great deal to
popularize exact knowledge about mosquitoes and their habits

The National Park Service carries on mosquito abatement work
m the various national parks Many of these parks are m high moun-
tamous regions where the prevailmg spectes of mosquitoes (Adedes)
are especially difficult to combat successfully In spite of the difficul-
ties, the National Park Service with the cooperation of the Umted
States Public Health Service has done a good yob of mosquite abate
ment, and has greatly mitigated one of the worst drawbacks to se-
rene enjoyment of these great vacation lands

The Public Health Service on 1ts own account has had a very dis-
tingwished experience m mosquito abatement work, both 1n practical
measures and 1n research It has been especally helpful in encourag-
g mosquito abatement work 1n the southern states where malara 15
or has been endemic Unfortunately, the service has not published a
record of 1ts accomphshments mn mosquito control in cooperation with
the various states

During the first World War (1916~18) this service, under the
designation of Extra-cantonment Samtation, performed a large
amount of mosquito control work m the viemity of military estab-
lishments In the present war, a division entitled Malaria Control m
War Areas (MCWA) 1s operating in a similar manner, and 1s -
cluding Aedes acgyptr control m addition to Anopheles control Valu-
able new techmeal mformation and practical procedures are bemg
developed by this diviston

The Public Health Service mamtaimns an office of malaria myesti-
gations, which 1s engaged 1 mosquto control studies meidental to
mvestigations 1nto the control of malaria The Service has had among
1ts personnel two men who have been outstanding 1n mosquito abate-
ment work, the late Dr H R Carter and Mr J A LePrince, both
have had a conspicuous part m the deselopment of mosquito contral

methods

NON-GOVERNMENTAL ORGANIZATIONS
Several types of non-governmental orgamzations will upon ocea-
sion take active steps for the abatement of mosquitoes In general,
however, such organirations usually take the lead 1n mtiating the
work and 1 demonstrating 1ts practicabihty and the value of 1ts re-
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sults, eventually turming the job over to some governmental agency
to carry on T'lhis has frequently occurred mn regions where the local
government was too “conservatie” to tahe up a “newfangled no-
tion” until pubhic opmion was so strongly 1 favor of the work that
the local goyernment was foreed to performat
In many commumties a local orgamzation such as the chamber of
commerce, or a service club, or a women’s club has taken the lead in
mitistmg a mosquito abatement campaign Such a club 1Ml endeavor
to finance the work by means of public subscription or by varous
money-raismg devices such as amateur theatrical performances, tag-
days, and the like This ean be done for the first year with moderate
success, but by the second year the financial returns from such meth
ods become small and will almost entirely farl m the third year Such
commumty campaigns should be undertaken only for the purpose of
demonstrating the practicability and desiralnhity of mosquito abate-
ment work, and with the intention of turming 1t over to the local gov-
ernment for continuance 1n subsequent years The eampaign should
be not only a practical demonstration but an education of public
opmion and a political drive upon the officials to compel them to take
up the work These three aspects should be kept in mind throughout,
or the real objective, which 15 an effective official continuance of the
campaign, will be missed
Mosquito abatement has also been imtiated and carried on ocea-
sionally by corporations with estensive land holdings, for their own
direct benefit In some cases, 1f the corporations did not do therr own
work, 1t would not be done at all, therefore they must dot as a mat-
ter of self-protection
Trequently corporations will do certain types of dramage or oil-
mg work on their properties as a measure of cooperation with var-
ous governmental agencies Usually, the public service corporations,
such as the rmlroads, eleetric hght and power companies, and water
compames, comply promptly and effectively with any reasonable re-
quest for abatement of mosquito breeding, either on their properties
or caused by conditions existing on their properties Occasionally
this cooperation 1s refused, but as a rule 1t 15 given cheerfully and
promptly, os a matter of good public policy and enlightened seli-
interest on the part of theutiity Our expersence with these companies
has becn so umformly satisfactory over a long period of years that
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we are mchned to think that where cooperation 1s refused there has
been some defect 1n the manner of presenting the request In other
cases corporations have been able to abate mosquitoes mith greater
efficiency and at less cost with their own employees than if the work
was performed by the local government Tlus 1s probably one of the
reasons why the United Frutt Company carries on such extensive
antr-mosquito worh on 1ts various tropical plantations

Another type of non-governmental orgamzation which engages n
mosquito abatement work 1s the endowed philanthropie orgamzation,
of which the Roclefeller Foundation 1s & conspicuous example The
International Health Division of this foundation has carried on both
practical mosquito abatement work and research in many malarial
districts of the United States and other countries In some cases it
has performed the work directly with 1ts own personnel and entirely
atats own cost, usually 1t has furnished skilled planming and direction
and shared the cost with the local government on a basis of gradually
decreasing appropriations until the local community has absorbed
the whole program Ths form of promoetion of mosquito abatement
work has been on the whole very successful and beneficial, and though
10 some cases the commumty may fail to continue on an efficient basis
after foundation support 1s waithdrawn, nevertheless a commumty 1m-
provement well worth the expense and effort has usually resulted

The brilhantly successful work performed by the Republic of Bra-
z1l m cooperation with the International Health Division i extirpat-
mg Anopheles gambiae from certain areas m Brazil* has been an out-
standing achievement 1n methods as well as m results

In addition, the work of several of the International Health Divi-
sion’s professional representatives n foreign (tropical) regions m
past years has developed mnformation which has been most valuable m
the conduct of the present war

Attention should also be called ta the work of the Ross Institute of
Tropical Hygiene (London) and 1ts vartous branches 1n the British
Empire Much of the work of the Institute 1s supported by contribu-
tions from mdustries and mmdividuals, particularly those having
tropical properties and nterests

The Malara Institute of India carries on research and demonstra-
tions on malaria and mosquito control, and has contributed much to
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our knowledge of the subject Its journal 1s an especially valuable
publieation

BIBLIOGRAPHY

1 Price, M H Mosquto control in Rhode Island for the year 1942  Mos
quito News, 8 10-12, March, 1948

2 Botsford, B C Ciml mosguito control in Connecticut in warlime Pro
80th Ann Mecting New Jersey Mosq Ext Assn, 1048, pp 77-78

8 Herms,W B Mosquto control :n Cahforma under the CWA Jour Econ
Ento, 28 1014-1029, October, 1934

4 Soper, I' L, and Wilson, D B Anopheles gambiae in Brazil, 1930 to
1940 New York The Rockefeller Foundation, 1913



v
PRELIMINARIES TO ABATEMENT PROCEDURES

Berore axy mosquito abatement 1s begun, 1t must be planned and
organwzed, the proper personnel engaged, and adeguate equipment
and supplies provided No matter how small the project, an adequate
prehminary survey plus & well-concerved plan of operations 1s essen
tial to success and economy The larger the project, the more im-
portant 1t 15 that the prelmmary work be well done

Mosquito abatement projects are quite frequently promoted by
laymen or by professional men such as engineers or physicians, who
have only a very general 1dea of abatement procedures They are
concerned about the prevalence of mosquitoes, want to get md of the
pests, and have heard that spraymng ol will ehmmate them So a
committee 13 appomted to look into the matter, it finds out what
laws, 1f any, are applicable, and from various sources, which seldom
furmsh mformation based on any extensive experience 1 mosquito
abatement worh, gets estimates of the approximate cost and perhaps
a general plan of procedure

Sometimes the state umversity or the state department of pubhe
health has a man on 1ts staff who has had some experience m mos-
quito abatement work But too often an entomologist or an engmeer
or & phystcian from such an agency 1s called m, whose hnowledge of
the work 15 more theoretical than practieal As his time 15 hmited,
usually only a day or 5o 1s spent 1 looking oser the local conditions,
and as a result the report rendered may be based on inadequate data
The advice may be free, which too frequently 1s worth just what s
pad fort

Under such conditions the resufts often are disappomting, or the
cost exceeds the optumstic prelimmary estimates Even where abate-
ment agencies have been orgamzed as a result of a public agitation
extending aver & period of years, the tendency 1s to spend much ef-
fort on public agitation, and very httle on obtamimg sound techmeal
advice and adequate plans and cost estimates

PRELIMINARY SURVEY AND REPORT

The services of an expert 1n mosquito abatement are most vajusble
1 the prelimmary stages for surveymng the district and planning the
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orgamzation The best available man should be secured and his fee
pwid cheerfully Usually a fund for orgamzation expenses has to be
raised by public subscription, from which the fee should be defrayed
Since much of the work can be done by subordinates, the total num
ber of days of the expert’s time 1s moderate

The prebmmary report should melude data and recommendations
on the following matters

1 The boundaries of the region which should be included within the
project

2 The population, area, and assessed valuation of the region

8 The species of mosquitoes mvolved, with a brief discussion of their
breeding habits

4 The location and extent of the principal breeding areas

5 Tentative suggestions as to the best method of control for each
principal breeding area

6 The amount and types of domestic mosquito breeding (such as
Cules piprens) withim the region, and measures for its abatement

7 The probable orgamzation that will be required, mncluding per
sonne] and equipment

8 R bly detatled prel

'y estimates of cost, both for per
manent work (incloding cap\tal outlays) and for regular maintenance,
and comparative costs for areas of sumilar si1ze and conditions

9 The economuc losses caused by mosquitoes n the area, and the eco-
nomic savings which should result from adeq ab

One of the purposes of this book 18 te supply mformation which,
combimed with the data obtamed 1 the field, can be used m the prepa-
ration of the report The detailed table of contents and index will be
helpful in locating speaific 1tems

STEPS TO BE TAKEN IN PRELIMINARY
ORGANIZATION IFORK

SELECTION OF PERSONNEL

As soon as the project 15 orgamzed, steps should be taken to ob-
tan the proper personnel The success of the work depends so greatly
on the traming and alihty of the personnel that more care and
thought should be given to this than to any other part of the problem

Boarp oF TrusTEES

If the work 13 to be supersised, especially as to polictes and fi-
nances, by a board or commission, the proponents of the project
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should make the proper representations to the appomting powe: or
powers 5o that only citzzens who are outstanding for their character
and alihty will be appomnted The quality of the oniginally appormted
board will set the example for future appomntments

It 15 adwisable to have the members of the board or commussion se-
lected 1n advance and to suggest their appomtment to the appont-
mg authority In making such a selection, 1t would be well to mclude
an outstanding physician or two, an attorney (one who practices avil
rather than crimmal law), and the best civil engmeer 1n the com-
mumty If there are m the locality umiversity men tramed m ento-
mology or m sanitary engineerimg, one of each should also be included
The remainder of the board should be successful businessmen or farm-
ers who have a deserved reputation for unselfish publie service

It 15 desirable that the board or commussion should serve without
compensation, except that any expenses incurred by them in the per-
formance of their duttes should be defrayed In general, a non-pay
appomtment will be accepted by a much higher type of eitizen than
one to which a compensation 1s attached In the latter case, there s
too much temptation for mere political appointees

EXECUTIVE OFFICER

The most important duty of the board or commussion 1s the selec
tion of the executive officer Upon his ability largely depends the
success of the project If possible, a man should be obtamed who has
at least the following qualifications 1) successful experience m mos-
qurto abatement work , ) admirustrative ability, 8) umversity tram-
mg m entomology and samtary engimeering, 4) good personality

Agencies m large districts should be able to obtam such men, but
m a small district they cannot as a rule afford to pay a sufficient salary
to attract a highly experienced man and must then engagea different
type—more a worhng foreman than an executive Asa rule, a recent
umversity graduate m samitary engineering, who has had some tramn-
1ng m medical entomology, would appear to be the best type for the
small project Such men usually will remam for but one or & few
years, to gam professional experzence, but they can be replaced

In recent years there has been a tendency to employ unnersxt);l-
tramed samtary engineers on mosquito abatement worh, for bot
avihan and mbtary projects, regardless of whether or not they have
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had any trumng n medieal entomology Unfortunately, m many
unnersibies the tramming of sanitary engincers 1s deficient 1n the bio-
Togeal sciences, and such graduates are apt to have too mechamistic a
viewpomnt for the most successful mosquito control work

The compensation for the executive officer will vary according to
the size of the project, the complexity and difficulty of the abate-
ment procedures, and the annual expenditures It will vary also to a
certam extent wath the competence of the executine officer In propor-
tion to the annual cxpenditures for the work, the following range of
annual salaries 1s suggested for the Umted States, based on the 1940
buying power of the United States dollar

Oser $100,000 per annum 26,000 to $10,000
Trom £50,000 to $100,000 per annum $5,000 to 98,000
From £25,000 to $,0,000 per annum $1,000 to $7,000
Trom $10,000 to $25,000 per annum $3,000 to $5,000
Less than $10,000 per annum $2,000 to $3,000

Projects with large areas (over 200 square miles), large populations
(over 250,000), or especially difficult problems of abatement should
tend toward the higher salanes, and projects small 1n area, or with
small populations, or simple problems should tend toward the smaller
salares Pay for trammed men assigned to foreign or tropical service
should be matenally ligher than the salares suggested for the Umted
States

In the first few years of work, the executive officer usually should
be employed on a full-time basis After the principal problems have
been solved and o smooth-running organization obtained, his employ-
ment on a part-time basis may sometimes be sufficient

In the large project, the executive officer 15 primanly an adminis-
trator, dirccting and coordinating the efforts of a staff of mspectors,
foremen, and laborers, supervising the performnnce of various con-
struction contracts, and handiing the financial matters e may hase
various technical assistants, such as entomologists and engineers,
especially in the early stages of the work He mill need elenical assist-
ance and should also have as an aid someone who can act as an edu-
cational publicist

The direction of large-scale mosquito abatement requires marked
ability as an executive as well as & unmique combination of thorough
knowledge of entomalogy, engmeermg, public health, and govern-
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ment No one man can completely fill these specifications, therefore
the executive officer will have to be supplemented by assistants who
are speciabsts in particular subjects For this reason the staff should
not be appointed until after the election of the exccutive officer 1s de-
cided and should then be piched with the idea of supplementing the
executive officer

It 15 interesting to observe that as far back as 1910 Ross' advised
that the staff for malaria-mosquito control projects should consist of
a malariologist (medrcal), an entomologist, a samtary engineer, and
a statistician

DIVISION FOREMEN

In large projects 1t 1s impossible for the executve officer to keep
m mmediate contact and direction with all the work It 1s necessary
to subdivide the area mto sections or divisions which can be handled
by one man and a crew of laborers This man may be called 2 fore
man or mspector, but regardless of title he must be directly respon-
sible for all work in his division or section He must be active, ener-
getic, interested 1n his work, and able to handle a erew of Iaborers on
ditching or othng work As he 1s m 1mmediate contact with the pub-
lic, he must have a pleasing personality and the ability to get along
with people He will require plenty of backbone plus self-restraint
and much patience He must be physically equal to sustained activity
1n the field, for the work 1s frequently arduous It 15 important that
these working foremen or mspectors be carefully selected, as they are
the basis and foundation of successful work Too much emphasts ean-
not be put on this pomnt

Salaries for the division mspector or foreman will vary with the
size of the division, the importance and difficulty of the work, and to
some extent also with the competence of the man The range should
run from not less than $2000 per annum mmmum to about $4000
PEX’ anniim maximum Specml cases may occur \V}lere sularles Olltslde
of this range vould be paid

These diviston mspectors or foremen should be retaued on salary
throughout the year, even though the mosquto breeding season 15
but seven or eght months long Thewr mtimate knowledge of every
part of their territory 1s ther greatest asset Constantly changing
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these men will destroy the cfficiency of mosquito abatement proce-
dures Good men seldom can be retnined on a job where they are lad
off for several months each year

In order to heep expenenced employ ees, 1t 18 advisable to allow rea-
sonable vacation pertods and sich leave, increasing with length of
service Also, where legally possible, there should be made available
to the men some form of retirement allowance (pension), and prob-
ably group hospital and medical insurance

LABoRrERs

Laoborers must be physically equal to the heavy work of ditching
and o1ling, and 1n addition must have a good grade of mtelligence It
will be found economical to pay a hugher rate than the usual wage
for laborers i order to obtan workmen who are better than average
mentally as well as physically A good labor gang 1s usually obtammed
only by weeding out the ones who prove unsuited to the work Gradu-
allv a crew can be built up which 1s very satisfactory, but this takes
time

If foremen or straw bosses are required, it 1s best to select them
from the labor gang by promoting the most capable men If they are
needed only temporanly, they can be returned to the status of la-
borer when the need for them as foremen has ecased Temporary
promotions should, however, be defimtely understood to be tempo-
rary, or morale will suffer

CLERICAL ASSISTANT

Large projects will require at least one full-time clerh-stenog-
rapher to take care of the office routine, the correspondence, and the
clenicsl work of handling service requests or complunts In small
projects the executine officer will usually have to handle all office
routine, possibly assisted by a part time stenographer Considerable
care should be exercised 1n the selection and tramning of a clerk, as
many complamts are recerned by telephone which must be handled
courteously and 1n a manner to inspire public confidence

In recent years, in the Umited States, the amount of clencal work
required has greatly mncreased, due to the burden imposed by federal
pryroll taxes, rahioming, prionties, questionnarres, and reports
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PROFESSIONAL ASSISTANTS

In large projects, also, especially 1f the area has a large urban
population, 1t 1s necessary and destrable to employ, either on part
fame or full time, an educational and publicity assistant so as to re-
lieve the executive of the detail work of newspaper pubhiaty and
perhaps also of some of the burden of specch-making

Various technical assistants, such as entomologists, engmeers, phy-
sie1ans, and attorneys, may also be required on large projects, esther
on whole time or part time These specialists should be selected be-
cause of their special fitness for the work they are to perform Therr
rates of pay will depend partly on the general scale of professional
compensation mn the region, and partly on the nature and extent of
their services In general, a professional man 1s employed on the basis
of & retamer fee plus a fixed sum for each day actually spent on the
work

It 18 never possible to select and put mto the field a staff that 1s
thoroughly satisfactory from the start Frequently the exact type of
man required 1s not obtamable There are also usually a number of
errors ;m judgment m the selection of the imtial personnel Those
first selected should be given careful trammmng m therr duties, and
watched closely untif 1t 18 certan that they can be depended upon
The unswitable ones can be weeded out and replaced, until an or-
ganization that 15 reliable and effieent 15 built up Thos 15 & most 1m-
portant duty of the executive offficer

PRACTICAL PREPARATIONS

In mosquito abatement 3t 13 sensible to undertahe 2 few prelm
nary procedures before beginning the actual attack on the mosquito
breeding places Maps of the area should be acquired and studied, a
budget set up, funds obtamned to defray the cost of the work, a sys-
tem of accounts mstalled with a correlated purchasing scheme and a
cost analys:s method , an office should be provided and also a depot or
warehouse to store and protect equipment and materals, and a sys-
tem of recording the work and reporting on 1t should be devised Ttis
raost advisable to give thought and careful attention to these neces
sary prelimmares, even 1n the face of pressure of public opmion to
make a quich start on direct attacks on the mosquitoes
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Mars
Thorough knowledge of the geography and topography of the
area 1s a very important 1tem As soon as the prehmmary staff has
been selected, 1t should begin to get acquainted with the terntory
Yor this purpose adequate maps are essential and should be available
at the earliest possible date
The ordinary county or local maps are of little use 1 mosquito
control work Usually all they show are roads, principal towns, major
streams, and property lines of the larger holdings I'requently they
are not up to date
The best maps for mosquito abatement work are aenal photo-
graphic maps, made on a seale of about 500 feet to the mch If such
maps are not avmlable, they should certamly be made at the start of
the work Properly prepared by a concern experienced m this work,
and made with careful ground control for the exact location of m-
portant pomts, they are accurate and far more complete than any
other type of map for this purpose Two other advantages are the
speed with which they can be obtaned, and their low cost as com-
pared with other metheds of mapping The cost will vary with the
size of the project, the distance from centers where such work 1s done,
and the extent of ground control work necessary
Acriel photogrraphic maps should be prepared to an exact standard
scale, so that the distances can be correctly measured thereon In gen-
eral, a scale of 500 feet to the inch will prove satisfactory A scale of
1000 fect to the mch 15 about the smallest hmit whach can be used
Larger scales than 500 feet to the nch are not required except pos-
sibly for hmuted areas of special importance Aerial photographic
contour maps are usually not needed and their cost 13 consderably
greater
If a snlt marsh arca 1s involved, the map should preferably be made
at the time of a low hide followng a monthly Ingh tide, as m this way
the breeding areas left by the monthly high tides will be more clearly
mdicated
Tull seale photographic reproductions of the onginal map on
eight by-ten mnch sheets may be put into ring binders and used con-
vemently in the field Lach shect should be numbered and sts location
shown on an accompany ing map whaeh should be an eight by-ten inch
reduced copy of the origmal map Usually the maps will also be of
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ages for the New Jersey districts were 9 5 cents per capita, $101 per
square mile, and 0 72 cents per $100 of assessed valuation But the
range for individual districts was very wide

Mazimum Mumum
Cost per person 22 6 cents 2 0 cents
Cost per square mile 2,120 dollars 4 dollars
Cost per $100 of assessed valuation 2 8 cents 0 38 cents
'

In Cahforma, in 1932, the averages were 19 cents per capita, $18
per square mile, and 2 5 cents per $100 of assessed valuation The
range was as follows

Mazimum Mmmum
Cost per person 1 10 dollars 6 8 cents
Cost per square mile 566 dollars 3 dollars
Cost per $100 of assessed valuation 12 cents 0 8 cents

In general, 1t may be sa:d that projects of large area and sparse
population will show low costs per square mile and high costs per
capita, compact projects with dense population will show low costs
per capita and high costs per square mle Primarily urban territory
will show low costs per $100 of assessed valuation and rural territory
will show high costs on the same base

The best form 1n which to make up the first budget will be to esti-
mate the items of expense, which may be convemently grouped as
follows

Salaries and J¥ ages Maintenance and Operation
1 Darector or superintendent 1 Motor vehicle supphes
2 Clerk-stenographer a Gasolme and o1l
3 Inspectors or foremen b Greasing, cleamng, ete
4 Laborers ¢ Tires and tubes
5 Special services d Miscellaneous
a Entomologists 2 Office supplies
b Engineers, surveyors, a Printing and stationery
draftsmen b Maps
¢ Educational and publicity ¢ Miscellaneous
experts 3 Miscellaneous supplies
d Physicians a Ol
e Attorneys b Larnicides
f Auditors ¢ Tools
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Maintenanceand Operation (cont ) Maintenanceand Operation (cont )
Miscellaneous supplies (cont ) e \Miscellaneous special

d Rubber boots scrvices

e Lumber 10 Insurance

f Mscellaneous a Warkmen s compensation
4 Commumeation msurance

n Telephone and telegraph b Automohle insurance

b Postage ¢ Othernsurance
5 Travel expense 11 Interest on borrowed money
6 Water, light, heat, and power 12 Retirement allowanee fund
’ Relgs Capital Outlay

a Garage

b Other 1 Passenger cars, motorcycles,
8 Repairs and replacements and trucks

a Automobiles and truchs 2 Launches and hoats
b Tixed equpment (tide 8 Power spraying equpment
gates, ete ) 4 Power excavating equipment
c. Office furmture and fixtures 5 Office furmture and equipment
d Miscellaneous 6 Culverts and tide gates
9 Speaal services and contracts 7 Pumping equipment
a Contracts on dramage and 8 Miscellaneous capital outlay
fills Cash Basis Fund

b Contracts on ploughing Conting

It 1s desirable that a reasonable allowance be made for unforescen
contingencies Also, if there 1s a poor correlation between the begin-
ning date of the fiscal year and the time when taxes are paid, it mall be
necessary tomclude in the budget & cash basis fund In some states the
fiscal year begms on July first, but the first installment of taxes s
not delinquent until December As a result, there 1s a space of five
months during which the tax revenue 1s neghgible To take care of
this situation, 1t 1s necessary to secure cash with which to carry on
operations between the beginning of the fiscal year and the time that
the first installment of taxes 1s pard This amount must be estimated
and added to the imtial budget and then carried over as an available
balance into the fund for the succeeding fiscal year I'or this period n
the first jear of operations, 1t may be necessary to borrow money
some manner and 1n that case an allowance for interest on borrowed
money should be included 1n the first budget 1he laws goverming ths
matter should be carefully ascertained and a thoroughly legal pro-

cedure followed
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It 1s very desirable that the origmal budget, at least, be Pprepared
under the supervision of someone who 15 expertenced m this work,
and that a definite budget form be adopted and adhered to Many
Jurisdictions have laws or regulations covermg the budgeting of ex-
penditures of local governments and these should be ascertaimed and
conformed to It may take a litle mgenuity to adapt an adequate
mosquito abatement classification of expenditures to the required
budget form

After the first year of operations budgets can be more mtelligently
and accurately prepared from the accounts of expenditures n previ-
ous years, especially if the accounts have been properly classified and
properly kept

FINANCES AND ACCOUNTING

A defimte financial and accounting procedure should be adopted
at the commencement of the work and scrupulously adhered to It s
desirable that a certified public accountant be employed to plan the
accounting system and to check the accounts perrodically Semi-
annual audits are usually satisfactory All agencies handling publie
funds should require at least an annual audit of themr accounts

The accounting system should be as simple as possible, so that it
can be handled with & mmmum of time and effort by the clerh under
the supervision of the executive officer, or by the executne officer
himself The system should show the executive officer the exact status
of all revenues and expenditures and the exact amount of the avail-
able cash balance at any tme The accounts must also, 1n many cases,
be reconciled with those of some public officer, such as the county
auditor or the county treasurer, and 1n some states are subject to re
view or control by a central state agency If the funds of the project
are m the custody of the county treasurer or of some state depart-
ment or official, frequent check of receipts and disbursements should
be made This should be done at least monthly, and 1n large projects

ably oftener

pr;?;ﬂe {he accounts must be orgamzed so as to comply with any
state or local regulations, therr primary purpose, of furmishing &
record of the cost of abatement work and a means of control for

keeping within the hmtations of the annual budget and current

cash, should be kept constantly m mind Successful abatement work
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depends not only on adequate measures taken i the field, but also on
careful financtal management which ensures that funds for such work
will aln ays be avalable when needed

Although 1t 15 easy to say that expenditures should be kept within
the budget allowances, 1t 15 not easily carried out unless there 15 o
definite plan of expenditure and unless the accounts will enable the
executine officer to know at all times where he 13 with reference to
such a plan For this reason rates of expenditure should be sct up
for the various 1tems Some items, such as msurance, are usually
paid m a lamp sum for an entire year (fire insurance ordinanly for
three years) These amounts are paid usually m the first month of
the fiseal year Other 1tems, especially of capital outlay, will also oc-
cur 1 Jump sums but not necessarily at defimte or regular times
Many of the remaimng items of expense, howeter, are furly constant
from month to month or vary with some degree of regulanty accord-
ing to scasonal conditions Requirements for o1l and larvicide are of
the latter type These expenditures can all be accounted for monthly
on a “rate of expenditure” sheet attached to the budget If an estr-
mate of receipts from antierpated taxes and other sources 1s set forth
monthly, the proper rate of expenditure can be calculated to keep
withm the budget and to mmintamn adequate operations Also the
total amount required for the cash basis fund can be calculated This
“rate of expenditure” sheet, with the budget, will form a satisfactory
financial plan of the worl It should not be departed from except for
compelling reasons

Special districts may require special drafts or warrants for any
payment out of the funds of the dstrict. The state or local laws per-
taming to these should be determimed and carefully conformed to

Puncuasme

Before any work 1s begun, a routine procedure for handhng all
purchases should be established, and printed order forms prepared
In some municipalities and counties all purchasing 1s done by the aity
or county purchasing agent, 1n winch case the forms and procedure
required by mumeipal or county law or regulations must be con-
formed to In special districts which do their own purchasing direct,
1t1s advisable to conform as closely as possible to the forms and pro-
cedure 1 use by the purchasing agency of the county It 13 also



68 MOSQUITO CONTROL

desirable to keep m touch with the county purchasing agent as he
can be of considerable assistance m obtaming lower prices or better
quality of materials

A central purchasing agency usually issues purchase orders direct
to vendors upon requisitions prepared by a department head A mos-
quito abatement district domg 1ts onn purchasing will usually not
require & requsition form

If the project does 1ts own purchasing, the executive officer will
usually have to be the purchasing agent The routme clerical work
can be handled by the clerk m the larger projects, but the executive
officer should mamtam a close supervision over all purchases

A purchase order form should be made w tnpheate, the ongnsd
gomg to the vendor, a duplicate gomg to a numerical file, and the
tripheate bemg attached with mvoices to the copy of the draft or
warrant paying for the purchase Where there 1s a central purchas
mg department, the purchase order 1s made m quadrupheate, the
fourth copy gomg to the department making the requisition

All orders should be carefully worded and the information should
be complete and precise so that there can be no question as to ex-
actly what 1s beng ordered If the material 1s ordered from a cata-
logue, the page and 1tem number should be given If matertal of &
special composition 1s ordered, such as larvicide, precise specifications
as to 1ts characteristics should be attached to the order

Local laws or regulations should be consulted and followed as to
requirements 1 the matter of obtammng bids Usually on purchases
exceeding a certan maximum amount (often $500) 1t 15 necessary
to advertise for bids But even when bids are not required, prices
should be obtained, wherever possible, from several different vendors
on all items except mmor purchases

In projects mcluding several commumities, 1t 15 not desirable to
confine all purchases to the principal commercial center, even 1f lower
prices are obtamable there It 1s & good pohiey to spread at least
mnor purchases over all parts of the area—it helps to make friends
of the merchants Records should be kept of vendors and thewr prices,
at least on all articles likely to be purchased frequently Card rec-
ords may be used for this purpose

Some materials, such as gasolne, lubricating oils, and spray o1l
may be most satisfactonly purchased on an annual contract for the
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estimated requirements of the project Materials such as shovels and
other minor 1tems mav be purchased in quantity equal to require-
ments for s1x months or a year, and 1ssued to the field forces as needed
Quantity purchases, howeser, should be made only of matenals or
supplies which do not deteriorate and only 1n case they can be safely
and economeally stored Discounts on quantity orders may often be
obtamed and also discounts for prompt payment of bills Every ef-
fort should be made to take advantage of such discounts In a large
district they may amount to an appreciable saving cach year

RerorTs

Before any work 1s begun, a form of daily report on all work
should be devised The function of a daily report 15 to give sucenct
mformation as to what was done, what quantities of labor and ma-
terals were used, and what collateral expenses, such as transporta-
tion, were chargeable to the work The report form must not be so
complex that 1ts making 15 & burden It should be adapted to the
various classes of work and should show precisely the quantity of
each type of work and its direct cost 1n labor and materials However,
1t must be sufficiently simple so that the mspectors or foremen can
make 1t up daily wmithout excessive clerical work Unless the normal
tendencies of bureaucrats and efficiency experts 1n this last respect
are curbed, the field men will degenerate mto mere report makers and
abatement work will suffer

Pages 70 and 71 (Figure 2) show the face and back of a form of
daily report which has been 1n use for several years and has been
quite satisfactory The white orginal goes to the central office and a
sellow copy 1s retamned by the foreman

Tigures 8, 4, and 5, wath the accompany ing instructions on the re-
verse of Figure 8, are report forms developed by the Umted States
Public Health Service for the use of mspectors working on Aedes
acgypt: control projects, nnd are presented as examples of the type of
reports useful in recording detaled information procured on system-
atic mspection work Somenhat sumlar reports can be prepared for
recording corrections of mosquito breeding on this ty peof project

Trom the daily reports a compilation should be made for each
month and should be incorporated into & monthly report The com-
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The Inspector s Daily Report for Residential Areas shall be used by inspee
tors making routine house to house Inspections T'or purposes of this report a
residential avea is defined as a section devoted primarily to Individual housing
units

The term premise shall be defined for purposes of this report as any housing
unit plus its q ound Qccaslonal stores churches, filling stations,
ete, occurring within a predominantly residential arca shall be included on this
form Small apartment houses In residential areag shall thus be listed as one
premise A vacant lot regardless of size shall be recovded as one premise if ac-
tually searched for contalners by the Inspector A tourist court or trailer camp
shall be Listed 25 one premise

it les shall be into two gories: (1) Those containing water
called “possibles  and (2) those which are dry but which are “potential pos
sibles” because they will catch water in the event of raln Containers with water
shall be listed sbove the dashed line while potential possibles shall be histed be
low the dashed line

‘The Inspector should list only actual possible breeding contalners or potential
possible breeding contalners Containers with water which obviously will scon
be eliminated or emptied by the houscwife should not be Included The follow-
ing mre examples of containers with water which in general do not constitute &
breeding hazard and therefore should not be included as possibles

1 Regularly changed animal drinking pans

2 Regularlv changed flower vases

8 Buckets, tubs etc., with wash water which will be emptied as soon as the
washing has been completed

4 Pots pans etc., on stoves holding water to be used In cooking the day s meals

5 Regularly used toilets

Dry containers should not be included unless they are exposed so that they can
reasonably be expected to hold water after a raln

‘W hen more than ten containers in one classification are found they should be
recorded as 10+ Thus a pile containing fifty cans of which twenty contained
water would be listed as 10+ wet and 10+ dry

‘The number of containers breeding aegypts should be circled while the number
breeding eulex chould be squared Those breeding both should be enclosed by a
circle within & square Thus In the above example if three containers were breed
ing aegypts only and two breeding euler only the figures recorded would be

10+ 8 Again, If three cans were breeding aegypts only one breeding aegypti

2nd reler and btwe brecding ewler caly the figures recorded would be 16 +D8@‘

The major figure shown will always Include the secondary figures Thus if
there were nine tires all with water of which six were breeding aegypti the fig
ures would be recorded thus 9 @ the major fipure (9) Including the secondary
figure (@)

Under the columns titled “Premises I'ound Breeding” place 2 cirele for an
aegypls breeder found end a square for a culex breeder found.

Tigure 8 Report form for residential areas (back)
Instructions for use
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?xlatmn, to be systematic and umform, should be made on a speaial
orm

The monthly report should contam a narratnve of mportant or
Interesting matters of mosquito abatement during the month, tabu
lations of the quantrties of the varous kinds of work performed, their
mdrvidual gross and umt costs, and a statement of expendrtures for
the month classified according to the budget segregations In some
cases 1t may also be desirable to include the receipts from taxes and
other sources and the available cash balance at the end of this month

While a copy of the monthly report should be sent to the news
papers, the editors will seldom take the trouble to read it carefully
and prepare an adequate newspaper story on 1t Occasionally the
papers will draw unwarranted conclusions from a technical statement
of fact or, lacking interpretations, may distort the real meaming of
various rtems Therefore 1t 1s desirable that the executive officer or
someone farmhar with pubheity methods prepare newspaper stores
outlmmg the salient features of the report If there are several news-
papers 1t 15 desirable to vary the write-up for each paper

From the monthly reports should be compiled an annual report
Regardless of how the fiscal year 1s timed, the annual report should
be made for the calendar year for countries m the north temperate
zone In the south temperate zone a report year ending June 30 may
prove more suitable, that date corresponding chmatically to Decem
ber 81 1n the north temperate zone The report year should corre-
spond at least approvimately with the mosquito breeding vear so as
to mnclude each annual season as a umt for report purposes

Statistical materal in the annual report, while 1t should be com-
plete, should be placed at the end of the report The body of the re-
port should be a narrative of the more important events and accom
plishments during the year, mtroduced by a few pithy paragraphs
m which the meat of the report is condensed n an nteresting and
striking manner It mustbe remembered that few people, except those
technically mterested, will study an annual report Most persons wil
read the first page or two1f 1t 1s interestingly written, merely glance
at the remainmng pages, and balk entirely at tables of quantities and

costs
From tme to time special reports should be made on distinct phases
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of the work, on cach contract job, and on unusual outbreaks or fhghts
of mosquitoes

THE PROJFCT OFFICE

All except the very smallest projects will require a central office
for the conduct of business Very large projects may require branch
offices as well

It 15 essential that the office be properly equipped and orgamzed
for the efficient conduct of business It should be plamn and without
frills, but adequate One or more deshs as needed, a table, a draftng
board, chairs, filmg cabinets for records, and a storage cabmet for
office supplics are usual equipment and may frequently be purchased
secondhand A typewniter and adding machine are also necessary but
should usually be purchased new, though reburlt machines may be
satisfactory

A small duplicating machine, such as a “Ditto,” 15 very desirable
for getting out copies of reports, notices, and circular letters If very
much work of this hand 15 done, & mimeograph mav be desirable,
though as a rule 1f mimeographing 1s required 1t will be better to cut
the stencils 1 the office and have the printing done by a local mimeo-
graphing firm

Maps of the pro)ect should be mounted on boards, for which ply-
wood 18 very satisfactory though cheaper boards will do

DEPOTS OR WARLHOUSES

Mosquito abatement agencies will almost always require some hind
of depot or place for Leeping equpment nnd materials used wn the
work In some cases space can be obtamed m evisting facilitres oper-
ated by the county or aity, but i most cases it will be necessary to
rent or ncquire some form of depot

At the beginming of work 1t wll probably be advisable to rent space
at some convement and reasonably cent:al pont, but 1f the project
15 of any s1ze and permanence, land should be purchased within a few
years and the necessary facilities constructed or mstalled In the
larger projects, especially if the work 1s distonalized, several depots
may be advisable

A lot fifty by one hundred feet 1s usually ample On 1t should be
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constructed & combined garage, warehouse, small shop, and office If
one truch only 1s to be garaged, a floor space of eighteen by twenty
four feet net mnside dimensions wall be found sufficient If additional
automotive equipment 1s to he housed, the dimensions should be -
creased accordmgly

It 1s desirable to provide m this bmlding a shower bath with water
heater, & tollet, wash basm, and lockers for the comfort of the men

An underground steel tank for o1l storage at each depot 15 advis-
able, as the savings on quantity purchases of o1l will usually defray
the cost of the tank and pump 1n & few years For a similar reason a
steel underground storage tank and pump for gasolme 1s also ad
viseble To ensure reasonable service Iife, underground steel tanhs
should be given an outstde prime coat of pure red lead mn o1l plus two
heavy coats of a good coal-tar protective pamnt

Capacities of the o1l tank should range from about 3000 to 6000
gallons, accordmg to o1l marketing practices in the particnlar area
The o1l compamies should first be consulted as to the umt delvery
quantities at which price discounts are available In some cases depots
should be located on ranlroad sidmgs to tahe advantage of tank car
delivery prices

If heavy equipment, such as power cranes, caterpillars, power
sprayers, and the like, are owned, protective sheds should be con-
structed for such equipment

The depot grounds should be fenced, preferably with an dustrial
type wire mesh fence, 1f sufficient money 1s available The grounds
and structures should be kept clean and m order, the burddmg well
panted, and a reasonable effort made to have the depot look ship-
shape at all times

BIBLIOGRAPHY
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Y
LDUCATION OI' THL TURBIIC

It meur be expected that n community suffering from mosquitoes
would rush to take advantage of any workable proposal that would
abate the nwsance Yet experience has shown that even in communi-
ties where malaria 1s rampant a great denl of promotion 15 required
to get the residents to back a mosquito abatement program

In order to orgamze mosquito abatement work you must convince
the people of o commumity 1) that the mosquitoes conshitute o health
menace or a considerable handieap to the comfort and development
of the commumity , 2) that 1t 1s worth while to spend money to remove
this menace or handicap, 8) that the mosquito nuisance ean be satis-
factorily controlled, and 4) that the cost of abohishing the mosquito
will be reasonable It takes a great deal of publicaty, m one form or
another, first fo convince the people on these four ponts, and then to
get them to act on thetr convictions Even after a mosquito abate-
ment project has been established and 1s 1 operation, 1t 1s still very
important to continue to mform and educate the public

In the first place, o mosquito 15 just a mosqutto so far as the aver-
age resident 1s concerned He 1s not able to distinguish between mos-
quitoes that come from a distant marsh and those that are breeding
n his nexghbor’s garden pond or 1n hus own ran barrel, nor does he
careto In this attitude the average resident 1s ght If the taxpayers
furnish money for the control of mosquitocs, all mosquitoes, as far as
possible, should be effectnely controlled, both the migratory Aedes
species and the local or domestic species, under normal urban or rural
conditions

There may be an occasional abatement project so small that work-
ers are able to inspect every resident’s yard every weeh during the
mosquito season However, 1n the case of most mosquito ahatement
projects there 1s a large arca to be controlled and only & small force
to do the worl Under these eircumstances it 1s essential to teach the
public how to avord raising mosquitoes, 1n order to prevent the breed-

ing of a great many n collections of water on residential and bus:
Tess premses
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A second pomt 1s this the bulk of mosquito abatement work 1s done
by governmental agencies which are supported by taxation As tax-
payers who foot the bill, the residents of & district are entitled to
Lnow why and how their money 15 being spent

Let the residents of your district know ahout the work you are con
stantly domg—the regular ollmg of creek beds, dairy draimns, sewer
catch basms, and other mosquito breeding places, the clearmg of
ditches 1n dramed swamps and marshes, and all the rest of the many
phases of mosquito control Keeping the public informed as to what 15
actually being done wall avert a great deal of uninformed criticism

Any governmental agency, even one engaged m such a technical
field as mosquito abatement, 13 to a greater or less degree subject to
political pressure and influence You will be 1n a better posttion to do
on efficient job 1f you have the support of the general public To
gam and hold that support calls for a defimte program of educahion
and publerty

A business man desiring to sell a product or a service relies heavily
on paid advertising, 1n magazines and newspapers, on hillboards, and
over the radia Qavernmental agencies ordinarily do not employ pad
advertising as a means of publhiaity, though there 1s no logical reason
why they should not do so Possibly they feel that they would be
criticized for spendmmg pubhie funds on advertismg designed to heep
them 1n their jobs In some cases there are legal prolubrtions agamst
advertisimng

The prmeipal means of public education open to mosquito abate-
ment agenetes are 1) newspaper pubhaity, £) speeches, mcluding
radio talks and the use of motion prctures or shdes, 3) exhibits, 4)
mformative pamphlets, 5) house-to-house mspections, and 6) tours
of mspection Many of these forms of public education are tied in to
gether A speech will probably accompany the showing of a motion
picture or lantern shdes Explanatory pamphlets will be distributed
at an exiubit and during & house-to-house mspection The report of
a speech, of an extubat, or of a tour of mspection should be given to
the local newspapers

Al these means of publicity may be employed both while endeavor-

Ing to orgamize a mosquito abatement project and after the PT"J“:
18 1 operation Naturally, the objectives are different In the firs
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case you will be arousing the public to take direct action—to organ-
1ze an abatement project—vwhile 1n the latter case you wish primanly
to report progress and to mamtam public interest

The mosquito abatement superintendent ordinarily must be a com-
bmation of engineer, entomologist, public health authority, and ex-
ccutive It 15 perhaps piling things on too much to expect him to be
a newspaper man, public speaker, and adverhising expert as well
Consequently an abatement project able to stand the expense can
employ a publiaity director to advantage, at least for part-time
worh Such a man should be able to deal with the public more easily
and effectively than can the supermtendent His cmployment also
will enable the superintendent to concentrate on the task at hand—
controlling mosquitoes—without bemng diverted by the need for pub-
liaity wnting and speech making

This discussion must be considered only as a suggestive outlme of
methods of educating the public as to the need for mosquito abate-
ment and for its continuance on an cffective basis If the project 13
small and located m a rural area most of the residents of the district
will know of the work from personal contact with the workmen This
does not mean that there 1s no use for news stories, speeches to or-
gamzations, and other means of pubhieity That 1s always necessarv
However, each project will have its own peculiar sctup and ats own
problems and must work out 1ts own vanations of the methods sug
gested

Nrwsparer PuBLICITY

Lverything done by the abatement project and ats employ ces that
affects and will interest a considerable number of residents of the dis-
trict 1s legtimate news and should be written and given to the news-
papers for publication as a news 1tem

When endeavormg to establish a mosquito abatement project lo-
cal editors should be adwised of each step mn the progress of the cam
pugn Astory about the selection of a committee to promote the proy-
ect, the raising of funds, the announcement of a speech to be made at
& service elub or at an open mecting, and the report of such a speech,
will ordinarily be printed—unless, of course, the nenspaper publisher
15 defimtely opposed to the work or mistahenly believes that any su -
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gestion of the necessity of mosquito abatement 15 bad pubhaty for
the commumty Such editors may be encountered, though they are
very few compared with the number thirty yeais ago

When an expert 15 employed to make an eshimate of the work nec-
essary m the proposed abatement project, hus report should be given
to the local papers Pronmment atizens favorable to the plan should
be ashed to mahe statements to the papers When some eivic or socal
orgamzation endorses the campaign, see that notice of the endorse-
ment 18 given to the paper If a newspaper can be persuaded to cam-
pagn actively for mosquito abatement, grve the editor the story of
how mosquitoes have been ehminated m other parts of the country,
and provide lim with information to be used 1n arheles or editorals
explaming the advantages to be gamed by ridding the commumty of
these pests

Continue to mamtam cordial relations with the press after the proj-
ect has been established Imitrally the papers may come to the super-
mtendent for news Later the supermtendent (or lus publieity man)
will have to go to them

The following things are obviously news employment of a super-
mtendent, setting of the budget or appropriations for abatement
work, hinng of laborers, letting of contracts, purchase of equip-
ment, mitiation and completion of a dramage project These things
are also news speeches ahout mosquito abatement, a tour of nspec-
tion of work n progress or completed , an exhibit of abatement work.,
paxts of the supermntendent’s monthly report

Beyond the 1tems mentioned above 15 a wide field of feature articles
and human mterest matertal Included in the human mterest group
are such stems as location of what the general pubhe would consider
unusual breeding places, such as sewer catch basins or a flooded base-
ment, discovery of a type of mosquite rare 1n the viemty, explana-
tion of the rehef enjoyed by residents of some section as mosquito
sbatement begms to show results, speaial features of abatement work
such as otling of manholes and sewer catch basins, breaking down
dams built by children across ereeks where such dams stop the flow
sufficrently to breed mosquitoes, appeals to residents to remove or
correet bachyard and garden mosquito breeding places, announce-
rent that the abatement agency will supply, free of charge, mosquite
fish (Gambusia) for ornamental garden ponds, and so on
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If possible, persunde the local papers to run occastonal 1llustrated
articles (stones of considerable length on the general style of a maga-
zine article) explmning the various means of abating mosquitoes, the
transmussion of disease by mosquitoes, what work has been done, how
the public can cooperate, and why mosquito abatement 15 desirable
Some papers do not go n for this style of article, 1n such cases 1t
may be possible to get across the same nformation, although more
briefly, 1n an editorl

The stories should be mailed or preferably handed personally to
the newspaper editor or to reporter friends Be sure of these things
that the story will be of mterest to a considerable number of the
paper’s readers (if you are digging ditches near both Newberg and
Centerville, feature what 1s going on near Newberg 1n your story for
the Newberg paper) , that the story 1s written m language which
can be understood by the average reader who 13 neither engincer nor
entomologist, and that your lead, the opening sentence, will arouse
the interest of the man casually perusing his paper

This last point 15 of particular mmportance 1 the case of human
interest stories Teature the unusual angles of the story Tor exam-
ple, don’t write an item this way

Mosquito abatement district employees are engaged todav 1n oiling
stagnant ponds in ereck beds running through Centerville and 1n clear
ing the creek of underbrush This work will kill off myriads of embryo
mosquitoes now n the larval form but which would shortly emerge as
adult mosquitoes on the wing and ready to Lute

Not too bad, but this 15 better

VW hen lxuntmg mosquitoes take an axe along, aduises J P Smith,
district f Sraith and three laborers today
are mhng stegnant ponds in creek beds running through Centerwille, to
kall mullions of mosquito  wrigglers before thev emerge as adult mos
quitoes on the wing and ready to bite
An o1l sprav gun brings death to the wngglers The axe 1s useful
1n cutting through underbrush to reach the mosquito breeding pools

Either story may be printed, but the first 15 not so likely to attract
attention The second story 1s not only more likely to be read but
may 1nterest newspaper subscribers sufficzently so that they will read
the next item they sce under a “mosquito” headlme
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Where possible, mterest an editor tahing pictures of some phase
of abatement work When a newspaper sends out o salaried camera-
man his picture wall usually reach print Howeser, if an editor ean
not be so persuaded, take your own photographs Arrange a scene
showimg some form of actity (don’t take a still Lfe preture of a
ditch, however beautiful to your eyes that ditch may be} , 1f feasible,
Place a pretty girlin the picture, avoid darh backgrounds, getevery
thing you want m the picture as close together as possible, and take
the photograph as close up as you ean The best of such pictures
may be pubhshed

Mosqutto abatement agencies located i metropolitan aress can
use to good advantage what are known as commumty or advertismg
newspapers These are usually weekly papers, frequently distibuted
without cost to residents of a particular section of a ity The com
mumty newspaper editor 1s anxious to gather interesting news stems
and, because of therr local appeal, these papers are closely read

One word of warnmg be sure that every item you offer an editor
for publication presents factual information that should be of inter-
est to a considerable number of lus paper’s readers Then you wil
gain the willing cooperation of the editor becanse you xill be helping
his newspaper to give its readers all the news

SPEECHES

Service clubs, busmess men’s clubs, women’s clubs, schools, boy
scout and girl scout troops, m fact any group that holds a meeting
offers & possible audience for a talk on mosquito abatement

Slides or motion prctures, particularly the latter, add mterest to
a talk, m the opmion of most club program charrmen and audiences,
so that money spent for one or the other may be considered well spent
The pictures should show not only hon mosquitoes breed, but what
the Iocal orgamization 15 domg to abate the pests The cost of takung
a few hundred feet of film 15 reasonable

A number of excellent films, prepared for the purpose of trammg
personnel 1n mosquito control work, have been prepared by the United
States Army, Umted States Navy, United States Public Heul’tth
Service, and by commercial firms (e g, Disney) Eventually prints
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of such films may become available to ervilians for either educational
or traning purposcs

Most orgamzations will be willing to listen to a talk by the pub-
lhieity director Some orgamizations may nsist on hearing the super-
intendent or a prominent trustee or other official And some large
orgamzations may not be mtcrested i mosquite abatement unless
the subject 15 brought up inadentally during a talk by some prom-
nent speaker on a broader subject such as public health These larger
groups, howexer, usually have sections interested in some particular
ficld of study A civic betterment section or a public health scction,
for example, would probnbly welcome a talk on mosquito abatement

An announcement by letter that o mosquito abatement agency has
a film and 15 willing to display 1t will probably draw n few responses
Usually 1t will be necessary to look up club program chairmen, school
principals, and scontmasters and sell them the idea of a mosquito
abatement program

The public schoels provide a valunble field for cducational talks,
as school children are quite likely to act on a sound suggestion and
really do something about preventing mosquito breeding around their
homes The studs of msects 1s part of the curriculum of nenrly every
grammar school, jumar ngh school, and lngh school, and teachers are
usually glad to get an outside speaker on the subject of mosquitoes

Aanv radio stations and sometimes radio advertisers feature a
regular period devoted to lectures on local government or civie af-
farrs Prepare a talk and submt st to such a station or advertiser If
the talk 15 mterestingly prepared you will probably get on the mr

When tall ing to school clnldren emphasize the matter of coopera-
tion with the mosquito abatement agency by finding and elimmating
mosquito breeding places Busiess men will be more mterested 1n an
exposition of the cost of mosquite abatement and the economic values
derned from it A social sertice club will be attracted by the relation
of mosquitoes to public health The speech must be directed to the
natural terests of the audience

Remember that most people assinnlate new 1deas with difficults
Don’t tall more than half an hour, mal ¢ a fer tmportant pownts,
and mal ¢ them very clearly, speal slowcly clearly and n nmple

words, under no crrcumstances use techntcal terms if they can be
avorded
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ExHiniTs

Opportunity for effective use of an exhibit will probably come only
after a mosquito abatement Pproject 1s m operation Just what 1s to
be shown by an exhibit depends on how much money 1s available,
what type of abatement work 1s of greatest tmportance locally, and
where and how the exhubit 1s to be displayed

One thing that alnays attracts attention 15 a jar or bowl of mos-
quito eggs, larvae, and pupie The best eshibit 15 a large flat-sided
museurn jar with the top covered with cloth so that emerging adults
will be retamed If mosquito fish arc used to curtail mosquito breed-
g, exmbit the Gambusia next to the jar of larvae

If dramage 1s the principal task, a model marsh llustratmg vani-
ous types of dramage would be appropriate A working model, for
example a salt marsh with rising and falling tidewater, 1s most effec
tive—anything that moves attracts attention If, however, the proy-
ect 1s prineipally concerned-with home-grown fresh-water mosquitoes,
a backyard scene with a ran barrel, horse trough, tm cans, and hly
pond 1n evidence, mai hed with signs pointing out these typical breed
g places, will make an excellent object lesson, especially if each
breeding place contamns a few mosquito larvae Models may be made
by any firm engaged mn that type of work, or you may find 1t more
satisfactory and less expensive to build your own

If malara 1s important m the commumty, a diagram showmg the
Lfe cycle of the plasmodium of malmia will be mteresting (see
Herms, Medical Entomology, 8d ed , New York, Macmillan, 1939,
page 201) Somewhat sumlar diagrams can be made for other mos-
quito-transmutted diseases

A panel of photographs depicting features of the work will attract
attention The photos should be enlarged to at least 5 by 8 1nches
(preferably larger) and well spaced Charts showing annual costs
of mosquito abatement per capita, per square mile, and per $100
assessed valuation m the local district and n other districts will be of
nterest «

Such pubhc gatherings as flower shows, county famrs, and “open
house” at the city hall or county court house offer opportunities for
a mosquito abatement exhit Public schools furmish locations f(;r
displaying the exhibit Local merchants may be persuaded to devote
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some space 1 their windows to a mosquito abatement exhibit m con-
nection with a envic beautification or clean up drive

A well-designed exlubit attracts attention and offers the further
advantage that interested citizens can be buttonholed and told all
about the work

INFORMATIVF I AMPHLETS

A brief nformatnne pamphlet or leaflet, topped with a striking
heading and written 1n an interesting manner, 15 & most useful -
strument for public education Such pamphlets should be distributed
during house-to-house mspections, at exhibits, and after pubhic meet~
mngs where mosquito abatement has been discussed Copres should
be carried by ficld men engaged n searching for and abating local
mosquito breeding places and distributed to persons they encounter
1n that work The pamphlet, by acting as a sort of calling card, will
also lend support to the employ ee’s request for permission to inspect
someone’s property

The pamphlet should tell 1) why mosquitoes are undesirable—
this 1s particularly important where malara 1s prevalent, 2) how
to svaid breeding mosquitoes, 8) whom to call on for relief when
annoycd by mosquitoes, and 4) what, in general, the mosquito abate-
ment agency 1s doing to cimmate mosquitoes

A striling heading 1s important to ensure that the pamphlet will
not immediately find 1ts way into the wastebashet This eventual end
will be further delayed 1if the leaflet’s contents are wntten n such a
manner that the reader’s mterest 15 caplured at the start, and he 25
mduced to read the leaflet all the way through because of sustamned
terest

Once again the particular condibions existing on a project will de-
termne in part yust how the pamphlet will read On pages 91-96 1
a form of leaflet which has been successfully used mn a district having
principally salt marsh and non malarial fresh water mosquitoes In
a malanal area, the leaflet should be modified so that the essential
facts as to malaria transmission by mosquitoes are featured Other
changes should be made according to local requirements as to mos-
quito species and conditions
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DistricT INSPECTIONS

While a house-to-house mspection 15 primanly an attempt to lo-
cate and ehminate mosquito breeding places, 1t offers one of the best
opportumties for educational work Inspectors should be sent from
door to door to examme each prece of property for possible mosquito
breeding places Wherever anyone 1s home the mspector should ex
plan the purpose of s visit and grve brief mformation as to how
mosqurto breeding may be prevented Whether the occupant 1s at home
or not, the mspector should leave a pamphlet which tells how to avoid
breedimg mosquitoes and grves a general idea of the purpose and
work of the local district

An excellent 1dea, though one which m practice has proven un
expectedly diffieult, 1s to take a group of newspapermen, service club
executives, or promment leaders resident 1n the region for an auto
tour to view particular phases of the work under way or completed

The obvious virtue of a tow of nspection, at least on a project
where extensive dramage has been required, 1s that 1t brings home
clearly the real size of the tash at hand Mention that jou have
dramed 1000, 5000, or even 10,000 acres of swampland means hitle
or nothing to most people But take a eity man out mto the country,
get um out of the car, make him walk a mile or so across a marsh,
and then assure him that he hasn’t even begun to see what has been
done, and he will be thoroughly convinced that mosquito abatement
15 not merely a simple job of spraymng a little ol here and there

ADVERTISING IN THEATERS

In the smaller commumties 1t will usually be possible to get the
proprietor of the local theater to run a few mosquito lantern shdes
along with the local advertising shdes These slides may be prthy sen
tences calling for public cooperation mn ehmmating mosguito breed-
1ng places, or warning people of the danger of mosquitoes as carrers
of disease They may also be pictures of work bemg done, with ex-
planatory titles on the shdes

EssAY CONTESTS
One certam way to arouse considerable public 1nt!
abatement 15 to have an essay compebition among thy

erest 1n mosquito
¢ school children
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of the commumty The subject of the essay may be the mosquito, 1ts
Lfe lustory and halats, or methods of mosquito abatement, or the
damage malaria or other mosquito transmitted disease does to a com-
mumty Small cash prizes may be offered for the best essays The
prizes should be donated by some prominent citizen or preferably by
an organization like the chamber of commeree, the farm bureau, or a
fraternal society

The presentation of the prizes should be made with considerable
ceremony m as public a manner as possible The essay contest should
also have considerable newspaper publicity and the winning essays
should be published Such a contest requires considerable work but 13
well worth winle for the pubhe interest 1t arouses

UsEC OF THE TELCPHONE

The tclephone can be an excellent tool for mcreasing the effecttve-
ness of control measures and for building public good will

Telephone service should be hsted at least twice n the directory,
once under the name of the orgamzation, and once under some cap-
tion beginning with the word Mosquito, for example Mosquito
Abatement Disirict If there 1s a general histing of county or aty de-
partments, 1t should be histed also under such heading, 1f an official
agency

"The obyect of such extra histings 1s to mahe 1t easy for any citizen
to make a complaint or request assistance Tew people wall go to any
great cffort to report the presence of mosquitoes and if they cannot
find easily the number 1n the telephone book they will grumble and
say that the mosquito men are mefficient or neghgent in their work
As they wall Jook either under the aity or county offices, or for the
word mosquito the hsting should appear at least 1n both places

In talung telephone complaints, cven 1f wrasaibly and forcefully
presented, every effort should be made to impress upon the complain-
ant that lns cooperation in giving the mformation 1s welcomed and
sppreciated He should be thanked for it s name, telephone num-
ber, and address should be taken, and as soon as possible he should
be informed what breeding was discorered, and what was done about
1t He should also be asked to report in a few davsf the infestation
does not stop and also 1f hie 15 bothered at any ttme i the future If
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the abatement work 15 promptly and effectively done, the complain
ant wall become a friend and advocate of the work

It 15 probably desrable that the term service request,’ or some
stmular term, be used place of the term complamnt

The telephone can also be very useful m recerving reports from
field men and giving them directions This 15 especially true in large
ctties during the acte breeding season By having the field men call
the office several times a day, 1t 1s possible to give them new com
plamnts which w1ll esther save transportation expense or give quicher
service The promptness of service m particular will call forth puble
approval

It 15 obvious that all relations with the public via the telephone
should be conducted m courteous language and mn a pleasant tone of
voice The expenditure of thought and effort on this 1tem will yield
surprising dividends 1n pubhe good will

PuBLic RELATIONS

Mosquito abatement 1s professional work of tremendous value to a
mosquito-mfested commumty Unfortunately, to some people (par
ticularly to newcomers m a commumty who perhaps never exper
enced the extreme annoyance mflicted by mosquitoes) the 1dea of an
agency engaged m getting id of mosquitoes may be ridiculous Your
educational work must overcome this impression Newspaper publie-
ity releases, speeches, and other forms of public education should be
made as mteresting as 1s possible and hept non-techniesl Howeser,
avord any freak publicity stunts that may make mosquito control 2P
pear to be something humorous

It 15 important that all mosquito abatement worhers heep 1n mind
that they represent the abatement project to all persons with whom
they come m contact Discourteous employees will quekly undo t}}:e
good that a program of education and publicrty will accomplzad
Conversely, a group of employees who are courteous, reasonable, Lmt
helpful m ther dealings with the pubhic are of the greatest assis
ance 1 maintammg'satisfactory puble relations
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Mosquitoes are Unnecessary

You don t have to suffer annoyance from rntating and sometimes dangerous
mosquitoes  Maost of the mosquitoes that formerly infested Alameda County are
under control now ‘Those that you find today probably are breeding in your
neighborhood With your help these remaming pests can be subdued

How to Avoid Mosquitoes

1 Get nd of all standing water on your
premises Remove or dump tin cans buckets
barrels jars vases gourds and any other re
ceptacles that wl hold water Reparr leaky
plumbing and stopped up eaves drains

2 Be sure that your ornamental girden
pond 1s stocked with goldfish or mosquite i h
(Enther of these fish will eat any mosquito
eggs that are deposited in the pond } Mosquito
fish can be <ccured from the Mosquito Abatement District without charge

3 kil mosquito larvae in water that cannot be removed (for example scep
age from pnngs flooded basements water
tanks and wells) by covenng the water wath
a light film of fly spray or kerosene

4 Advise the Mosquito Abatement Dis
trict at once when you are bothered with mos
quitoes  Phone GLencourt 4544 or write the
District at the New Court House Oakland
A trained employee will be sent to locate and
abate the mosquito breeding

The Alameda County Mosquito Abatement District controls mosquito breed
ing on 12000 acres of marshland along several hundred miles of creekbed 1n
1060 sewer catch banns and 1 a great many other callections of standin,
water Your covperation 15 needed to wipe out backyard mosquite breeding
\losquitoes are smart They prefer ludden or partly concealed standing water in
which to lay their eggs  Spare yourself annoyance by regularly waking a carcful

I'hSpec!\On of your premt ¢s to make sure that 30U are ROt TaIINg mosquitoes at
hiome

Alameda County Mosquito Abatement District
New Cotrr House Oanranp Trereptone GLencourt 4544



How Mosquitoes Breed

The several species of mosquitoes 'that must be combated bere have dsfferent
habits  Some bite in the daytime, some bite only at mght Some fiy for many
mules others travel no farther than they must to find someone to bite  Tiwo laca!
spectes breed mn salt water on tidal marshes, the remaining types develop 1 fresh
water

However, all species have this in common MOSQUITOES BREED
ONLY IN STANDING WATER They never breed 1n grass shrubbery or
vines, although the adult flying mosquitoes frequently rest there

EGG RAF
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Lafe History of the House Mosquito

The common house mosquito Culex piprens 15 today the most prevalertlt
species This sect bites at dusk and after dark It 15 the mosquito that gets mnto
your house where 1ts song 1s almost as annoying as 1ts brte

Out of the eggs
Culex piptens lays several hundred eggs at 2 ume 1n rafts

hatch the larvae popularly called “wngglers ” These turn o pupae fm{‘rll
which the adult winged mosquito emerges Only the female mosquito bites
warm weather, the process from egg to adult takes only seven to ten days

Mosquito Abatement Pays Dividends

ble Many otherwise
People will not live where mosquitees make life musera
highly L}i)esuable sections of Alameda County used to be nfested with mmqultf:cst
Alameda County residents formed the Mosquito Abatement District to cor
this situation o s o
a:

ow that most of the mosquutoes are subdued the East Bay to
enc1§g an unhandicapped expansion of home bulding which 15 bringng wi
ncrersed population and added payrolls that benefit the entire commumty

oyment of golf
oved public health opportumty for full use and en; ]
cou:::sprtenmspcourts, swimmmng pools, and all ether ourdoor rccrcz\émr;::ll éac\a :1
ties, an,d increased labor efficiency are among other advantages produced by
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efficient program of mosquito control -
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How Alameda County is Kept
Free of Mosquitoes

e

Alxmeda Counts s present relatively mosquito free candition 1s not acaidental
1t 15 due to work that 1s being done constantly by the Alameda County Mosquito
Abatement Dictrict 1 s 1s an agency of the government made up of the cities of
Oukland, Berleley Alameda, Piedmont Emeryville San Lewndro and Hayward
and Eden and Weshington townships

Nine out of ten mosquitoes that used to annoy residents of the District were
of two particularly vicious species that develop 1n salt water on tidal marshes
along the shores of the bay  These marsh mosquitaes are mgratory  Hordes of
them uced to leave the marshes and fly inland throughout the District, traveling
from 10 to 50 mules and biing those they encountered on their fights Many
<ections of Alameda County used to be <o badly infested with these migratory
incects during summer and fall months that residents hardly dared to step out
of doors

Today you will rarely <ee a march mosquito 1n the East Bay This 1s because
the Mosquito Abatement District has drained more than 12 000 acres of mosquito
breeding marsh—an area greater than the combined areas of Berkeley Emery
ville and Piedmont  Continuous maintenance of dramage systems 1s required to
Leep the marsh mosquitoes subdued Each year District employees must clean
out st marsh grass weeds and junk
from more than 120 mules of dran
ditch repair levees and nide gates and
perform other mamntenance work

Light ails and larviades applied
with spray guns are the princpal
weapons aganst the several spectes of
fresh water mosquitoes found locally
In the aities motorcycle equipment 15
uced to o1l water standing i more
than 10 000 sew er catch basins (where
gutter water runs into the sewers)
3700 public utihty underground
street vaults ( man holes ) several
hundred rmles of creekbed roadside
ditch and dairy drains and more
than 3009 ces pools and septic tanks
are among other fresh water mosquito
breeding places that mut be con

Motoreycle Equipment Is Used
to O 10000 Catch Bauns trolled by regular oiling



How Mosquitoes Breed

The séveral species of mosquitoes that must be combared here have different
habits  Some bite 1n the daytime, some bite only at might Some fly for many
rmles, others travel no farther than they must to find someone to bite  Two local
spectes breed in salt water on tidal marshes the remaimng types develop in fresh
water

However all species have this 1n common MOSQUITOES BREED
ONLY IN STANDING WATER They never breed in grass, shrubbery or
vies although the adult flying mosquitoes frequently rest there

EGG RAFT

ADULT EMERGING
FROM PUPA

LARVA
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Life History of the House Mosquito

The common house mosquito, Culex pipiens 15 today the most prevalent
species This msect bites at dusk and after dark It 1s the mosquito that gets nto
your house where 1ts song 15 almost as annoying as its bite

t of the egg>
Culex piprens lays several hundred eggs at 2 ime n rafts Ou

hatch the larvae popularly called wngglers These turn mto pupla): frolr:
which the adult winged mosquito emerges Only the female mosquito bites
warm weather the process from egg to adult takes only seven to ten days

Mosguito Abatement Pays Dividends

People will not live where mosquitoes make hife muserable M:xy:]y uthz::;s:
highly desirable sections of Alameda County used to be mfested wat mtt;sqcomct
Alameda County residents formed the Mosquito Abatement District
this situation

Now that most of the mosquitoes are subdued the East Bay today 1s ::5:!:[
encing an unhandicapped expansion of home building which 1> brmlgllnn‘%y
increased population and added payrolls that benefit the entire comm

1f

Improved public health, opportumty for full use and cn)oymtex;‘tm;)ffagﬁl

courses tennis courts swimming pools and all other outdoor rccrzadlu e by an
ties and mncreased labor efficiency are among other adsantages pro

efficient program of mosquito control -



How Alameda County is Kept
Free of Mosquitoes

]

Alameda County « present relatively mosquite free condition 1s not acadental
It 1< due to work that 1 being done conctantly by the Alimeda County Mosquito
Abaternent Di trict T his 1s a0 2gency of the government made up of the aities of
O.kland Betheley Alameda Piedmont Emerysille San Leandro and Huyward,
and Eden and W actungzton townchips

Nine out of ten motquitees that uced to annoy residents of the Dictrict were
of two particularly vicous <peces that develop 1n =alt water on tidal marshes
along the chores of the bay  These march mosquitoes are migratory  Hordes of
them v od 10 lene the marches and 8y nland throuphout the District traveling
from 10 to 50 miles and biting those they encountered on their fights Many
<ections of Alamedr County uced to be <o badly infested with these migratory
sncecte during <ummet and fall months that residents hardly dared to step out
of doors

‘Todvy you will rarely <«ee a mar<h mosqurto in the East Bay This 15 becruce
the Mo quito Abatement District has drained more than 12 000 1cres of mosquito
breeding march—an area greater than the combined 1reas of Berkeley Emery
wille and Piedmont  Continuous maintenance of dramage systems 15 required to
Leep the marsh mosquitoes subdued  Fach year District employecs must clean
out silt marsh grass weeds and junk
from more than 120 miles of drain
ditch repair levees and tide gates and
perform other maintenance work

Light ols and larvicides applied
with spray guns are the pnncpal
weapons against the several species of
fresh water mosquitoes found locally
In the cities motoreycle equipment 18
used to a1l water standing 1n more
than 10 000 sew er catch basins {where
gutter water runs into the sewers)
3700 public utility underground
street vaults { man holes ), several
hundred mules of creckbed roadside
ditch and dary drans and more
than 3000 cesspools and septic tanks
are among other fresh water mosquito
Motoreyde Equpment 1t Used breeding places that must be con
to O:l 10000 Catch Basins trolled by regular ailing

s -




Do You Know?

‘MOSQUITO FISH eat mosquito eggs and “wngeglers and thus will keep
your garden pond from becoming 2 mosquito breeding place but the fish will not
Ieap into the air to catch mosquitoes that happen to be flying by If your pond 15
already stocked with goldfish you do not need “mosquito fish,” as both do the
same job  You do not have to feed * mosquito fish

CLUBS AND ORGANIZATIONS may arrange to hear an interesting talk
on mosquitoes and mosquito control by phonng or wnting the Mosqurto Abate
ment District A two reel motion picture of the District’s work 15 also available
for groups of 100 or more

HOW LONG A MOSQUITO LIVES varies according to the spectes and to
what luck the msect has in noiding sudden death at the hands of its natural
enemies ncluding man  However, in Alameda County under normal conditions
the several species of fresh water mosquitoes appear to live about one to two
weeks, while the marsh mosquitoes live from two to four weeks

EDEN TOWNSHIP residents who are being bothered with mosquitoes or who
want “mosquito fish ’ should advise District Foreman L P Mapes of 139 “B’
Street, Hayward, phone Hayward 1046 In WASHINGTON TOWNSHIP,
advise Dustrict Foreman Roland Bendel at Decoto, phone Niles 128 W

ALL OF ALAMEDA COUNTY, with the exception of the aity of Albany,
and Murray and Pleasanton Townships, 1> within the Alameda County Mosquito
Abatement District The District has an area of 320 square miles (including
approxamately 60 square miles of marsh) and an estimated population of 460 000

TAXATION PROVIDES FUNDS for the mosquite control work done in
Alameda County Except for the first year of operation (1931), when much
original heavy construction had to be done, the Mosquito Abatement District tax
has never exceeded lc per $100 assessed valuation This has amounted on the
average ta from 1/300th to 1/600th part of the total city and county tax rates

THERE ARE 24 mosquito abatement districts m Cabformia  Nine districts are
1n countes adjacent to San Francisco Bay

NO DISEASES ARE KNOWN to be carned by mosquitacs encountered tn
Alameda County although the hordes of mosquitoes present before control oper
ations began occastonally made some persons 1ll from the mildly poisonous effects
of numerous mosquito bites Malara carrymg species never were aumerous 11

this ity and the few formerly present have been virtually wiped out

GREECE, ALBANIA ARGENTINA, and CHINA are among fomfg!;
countries \:/hlch have sent engueers to Alameda County to study the successiu
mosquito control methods emploved here
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MOSQUITOES IN ALAMEDA COUNTY

HOW TO DISTINGUISH THE PRINCIPAL SPECIES OF

)
A X v R
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s eP] Y| xS 38 |E8%
Sl S8 $R ¥l RYLALNY
o3 v 3 J N 3 % M NERY
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— Brewrish | Dark
COLOR iar Gray | Erown | Brown ,‘;'mf; gray
Brack sk | Far Frosherfoul | fresh waker | Stody Chearn
BREEDING | watr  sont| wateron | materin | swaros Tresh wabs fresh watr
PLACES |merstesor| art comtarers | dary
s cmfelds | marshos |cosspons ex] draps erc | £S5 pools
BITING Day and | Day end oght Night | Night Aght
HABITS dusk dusk and dusk | arxt dusk | and dusk
FLIGHT | 101030 | 705350 | Rbour Abour Reoul | Ferhaps
RANGE mrfes mules | 1000 feer | ena ik | ore rule | one mile
POSITION Body a;
WHEN Body +s pyaralle/ fo|surface aistorc
BITING anglete
Lard 1n Lot 1n Lad n dadin Lard i Lend
£GCS or on or on clumps | clumps | clumps singly
marsh marsh on water | on waler | on wafer | on waker
mud mud turface | surface surfoce surface
Body lies
LARVAE Body hangs hepa down aflangle to sdrface /,’:’:",/:c',
surface
LARVAL Feed of
FEEDING Boltam feededs water
HABITS surface
PUPARE Look Yrhe fat cprmmas
Long- as
FALPI Shokt Jess than [s fendth of probbscrs lfong as
probosess
WINGS Nof spotted Spottedy Spatted
Stightly | Oistinctty White
LEGS white white banded
bandeq | banded
ABDOIIEN | Foenled | Fonted | Blunt | Blunt | Blunt
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Insects Sometimes Mistaken for
Mosquitoes

In general, of the insect doesn't bte, 3t 15n’t 2 mosquito

Chief among local msects which look hke q are the Ch d
gnats or mudges  Mhidges sometimes are so that they completely cover
screen doors and windows Fortunately, they cannot bite, and they :‘lo not carr
any disease  There 15 no practical way known to control gnats !

Probogc s
(B ter)
The mosquito Midges have no
i biting nstrument
sharp lance-like | I ushy
) ant nnae (feelers)

prgbohscésbwnh Il on the head of &

whi

ich 1t bites mtdge also help to
\ distinguish 1t from

MOSQUITO GNAT (Chironomudae )
(Culex pipiens) Harmless Can not bite

Water surface

Mosquito larvae
obligingly come
the water

Snstlarvae
hroug]
surface to get air eathe 1)
and c; £1)ls and remsain

d can be =
= at the bottom
pogoned it o M e
‘when they
e reainog e,

winged msects
I
Mosquito Larvae Gnat Larvae __‘j

Complete drunage would halt the breeding of gnats but this 15 impractreal
because they breed in lakes reservorrs flood waters, and even 1n moving streams
Restdents can kil adult gnats a therr homes with fly spray

Tipulidae, popularly known as crane flies mosquito hauwks and sometimes
as ‘daddy long legs’ are also oc ily ken for Tipulidae
are large and slow moving and are entirely harmless

The Mosquito Abatemient District has only a small force of employees and
must devote all of 1t efforts to the control of mosquitoes The District cannot
take care of gnats, bees, yellowjackets, fleas ants, termutes spiders or moths
Please advise the District at once when you are vothered with mosquitoes—but
please make sure they are mosquitoes

Frourg 8 LEAFLET FOR PUBLIC INFORMATION (PAGE 6)




V1
TINDING MOSQUITO BRFEDING PIACES

Tur ruspAMENTAL requisite of mosquito abatement 1s the elimina-
tion, or at lenst the reduction, of mosquito production Thns entmls
prmanily the prevention of mosquito breedmg by chmnation of
breeding places or by alteration of ecologneal conditions <o ns to make
such places unswitable for breeding, and secondanly the destruction
of mosquito larvae and pupac Before erther the primary or sccond-
ary mms can be accomphished 3t 18 necessary to locate the places
which contmin the aquatic devclopmental stages of these nseets
There are four stages in the development or metamerphosis of mos-
quitoes the eggs, the larae or “wrigglers,” the pupae, and the
adults The larvac and pupac must have water for thar develop-
ment, and therefore these two stages are the points of greatest vul-
nerabiity: Tmding the breeding places 1s thus the first step mn the
attach upon any and all kinds of mosquitoes

BRIIDING PLACES PFCUIIAR TO SPFCIFS

Tinding the breeding places 1s greatly faeihtated by the identifi
cation of the speaies which are prevalent 1n a region or the cause of &
specific complaint The various species choose different ty pes of breed~
ing places which may be broadly grouped in ecological associations,'
though within such groupings there may be marhed varmtions A
sound basis of entomological knowledge, not only of species :dentifi-
cation but also of the biology and ecology of mosquitoes, 1s most help-
ful to a mosquito “detective

In an area which has been under control or observation for some
time, so that the species of local mosquitoes are well known, the 1den-
tity of a particular culprit and the probable location of 1ts breeding
place can often be inferred from the wording of complaints that come
to o mosquito abatement office The usual complaint runs almost 1n
stereoty ped form It 1s etther “The mosquitoes are simply terrible—
T ean’t get a wink of sleep,” or “The mosquitoes are stmply terrible—
I can’t water the lawn (or work n the garden) without getting bit-
ten by thousands of the pests»



98 MOSQUITO CONTROL

The experienced entomologist at once recognizes that almost cer
tamly two distinct species are mvolved m these complamts One 15
evidently a mght-flying, domestic, fresh-water breeding mosquito,
such as Culex pipiens, C quinquefascuatus, or a mosquifo of simlar
biting habits The other 15 a day-brting mosquito, most probably one
of the salt-marsh group 1f withm reasonable fhght distance of a bay
or estuary, otherwise some species of fresh-water breeding, day it
g mosquito, such as dedes vexans When the species 15 known, the
type of breeding place which must be looked for 15 also known withn
certam Limits If 1t 1s certan that a salt-marsh mosqurto, such as
Aedes dorsalis or A sollicitans, 1s the species complamed of, it 1s ob
viously useless to search for 1ts breeding place m fresh-water con-
tainers or lily ponds in the immediate vietmty In such a case the salt
marshes m the direction of the then or recently prevailing winds must
be searched, though even that may be a useless gesture af that fume
An examination of captured salt-marsh mosquitoes may yeld some
clue If they are well clothed with wing seales, they have probably
come from near-by marshes, but if the wing scales are scanty for that
species, the msect has probably had a Jong, hard journey from distant
marshes Thirty or forty miles 1s not an uncommon range (see Fig
ure 9) for some species of salt-marsh mosquitoes, especially dedes
squamuger, some faghts of over fifty miles have been observed, prob
ably the longest flight? that has been properly documented 15 that of
a swarm of Aedes sollicitans which reached the steamer Cristobal
Colon whule 110 mules off Cape Hatteras on September 11, 1927

On the other hand, 1if 1t 1s a mght-biting, indoor mosquito that 1s
complamed of, 1t 15 probably one of the fresh-water breeding, do
mestic types, and the source of breeding 1s probably m the near v1
cmty, usually, though not necessarily, withm a few hundred feet
However, here a hnowledge of the spectes of mosquito will save time
and effort 1 locatmg the breeding place If 1t 1s Culex pipiens we
would look for local lily ponds, buckets, barrels, tin cans, cesspools,
street vaults, catch basins, and similar collections of water But it
Aedes varipalpus, ususlly a day biter, look for water-filled holes
m trees which are their natural breeding places

In searching for the breeding places of the eommon fresh W}!:’t;%(ll‘
species, care should be taken not to be misled by certain mdelﬁ' ; ; :
notions as to the fught range of mosquitoes It s commonly sad tha
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98 MOSQUITO CONTROL

The expertenced entomologist at once recognizes that almost cer
tamly two distinct species are mvolved mn these complaints One 15
evidently & mght-flying, domestie, fresh-water breeding mosquito,
such as Culex pipiens, C quinquefasciatus, or a mosquito of symlar
biting habits The other 1s & day-biting mosquito, most probably one
of the salt-marsh group if within reasonable fight distance of a bay
or estuary, otherwise some species of fresh-water breeding, day-bit
ng mosquito, such as dedes vexans When the species 15 kngwa, the
type of breeding place which must be looked for 1s also known within
certamn Imrts If 1t 15 certain that a salt-marsh mosquito, such as
Aedes dorsabs or 4 solliestans, 18 the species complamed of, 1t 15 ob
viously useless to search for 1ts breedng place m fresh-water con
tamers or hly ponds i the immediate viemity In such a case the salt
marshes in the direction of the then or recently prevailmg winds must
be searched, though even that may be a useless gesture at that tirme
An exammation of captured salt-marsh mosquitoes may yield some
clue If they are well clothed with wing scales, they have probably
come from near-by marshes, but 1f the wing scales are scanty for that
species, the mnsect has probably had a long, hard journey from distant
marshes Thurty or forty miles 1s not an uncommon range (see Fig-
ure 9) for some species of salt-marsh mosquitoes, especially dedes
squamiger, some flights of over fifty mles have been observed, prob-
ably the longest flight? that has been properly documented 1s that of
a swarm of dedes sollwcrtans which veached the steamer Crustobal
Colon while 110 miles off Cape Hatteras on September 11, 1927

On the other hand, if 1t 15 & mght-biting, 1ndoor mosquito that 15
complamed of, 1t 15 probably one of the fresh-water breedmg, do
mestic types, and the source of breeding 15 probably 1n the near vi-
amty, usually, though not necessarily, within a few hundred feet
However, here a knowledge of the species of mosquito will save time
and effort m locatimg the breeding place Xf it 15 Culex pipiens we
would look for local hily ponds, buckets, barrels, tin cans, cesspools,
street vaults, catch basins, and smlar collections of water But 1f it 15
Aedes warpalpus, usually o day biter, look for water-filled holes
m trees which are thewr natural breeding places

Tu searchng for the breedmg places of the common fresh-w:f;;‘
species, care should be tahen not to be musled by certamn wxdel_g ; ; :
notions as to the flight range of mosqumtoes Itis commonly said thal
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FINDING MOSQUITO BREEDING PLACLS 101

tion to the migratory habits of certan species For example, Anophe-
les maculipenms frecborn, m California, goes on a dispersal flight
twice a year, 1 the spring (about February 20) and in the autumn
(earhy October), when 1t apparently disperses radially for many miles
from the breeding places ® Under such condrtions 1t would be foohsh
{o confine mspections to the close viemty of the place where the mos-
quitoes are found

Under some arcumstances 1t would be entirely useless to look for
the breeding places of a particular mosquito at the time the com-
plamnt 15 recened For example, dedes communis or A ntrudens
adults caught 1n August would indieate the futility of seeking ther
breeding place at that tume, as these speaies are smgle brooded and
are hatched 1n the spring No larvae or pupac of either species could
be found at that time of the year

Obwiously, m view of the foregoing, a knowledge of the species of
mosquitoes myolved 1n & complaint 1s necessary for two reasons a)
to ensure effective abatement, b) to prevent useless worl. and expense
1 abatement

In prehminary mvestigations of a region 1 which mosquito abate~
ment 15 proposed, 1t 1s also necessary that the several species of preva-
lent mosquitoes must be determined Upon the species depends to
a great extent the types of abatement procedures which will be
adopted, the area which must be ineluded for effective work, and the
cost of the work The species present, considered m relation to their
environment, may also determine whether a generahzed attack on all
species of mosqutoes will be attempted or efforts himited to one or
a few species of greatest importance (species samitation)

CAPTURING MOSQUITOES FOR SPECIES IDENTIFICATION

In searching for adult mosquitoes for species determination, a few
smple rules should be observed Both male and femalc specimens
should be collected During the day few adult mosquitoes are active
and so must be found 1 their Inding places Generally most species
will be found i dark, cool, and moist places, under bridges 1n rural
arcas, and under houses and in basements and cellars 1n towns
‘Within houses, the adults may usually be found Inding belund pie-
tures, 1n draperies, closets, and the like In rural areas, the outdoor
privy 15 a favorte luding place for mosquitoes An electrie flashlight









Tigure 12 Searching-for mosquito larvae mn stream side pools
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FINDING MOSQUITO BRELDING PLACES 103

mation as to the mosquito species present n an area, their travel
habits, and other dats
In searching for adult mosquitoces, the simplest procedure 13 to
look for them m natural roosting or uding places durmng the day The
haluts of each species will determine shere they will be found, for ex-
ample, Haemogogus capricornu retires to palm tops duning the day
But the usual day time refuges are under small bridges, 1n culverts, in
heavy shrubbery, or m barns, pigpens, and houses, cellars, closets,
and the Iike Traps can be made to simulate such natural roosting
places Inverted barrels, hegs,” or boxes, properly placed, will act as
traps for such species as Anopheles quadrimaculatus
Magoon® m Jamaca, G C Payne mn Harti, and W C Iarle m
Puerto Rico made use of portable stable traps, which presumably can
be expected to attract relatively more of the zoophilous species than
of the anthropoplulous species In some cases m Africa trap houses
have been used, with hiving natives as the bat Metz® m 1918-19 m
Florda, obsery ing that Anopheles were strongly attracted by swine,
experimented with portable pigpen traps, and found that their use
apparently greatly reduced the numbers of Anopheles (4 quad-
nimaculatus and { erucuns) mn near by buldings Like Metz, we
also found that covered pigpens m the viemity of houses are excel-
lent mosquito-catcling stations, and will usually present numerous
specimens of all the mosquito species mn that locality, especrally the
anophehines
Large anumals, such as horses and cows, can frequently be used as
colleching posts, usmng a suching tube or a chloroform tube as a catch-
mg device Simlarly, & man remaning stationary may also be used
asa collection point Howener, some form of hight trap has been gen-
erally used as an artificnl attractant and catchmg device
Durmg the early days of construction of the Panama Canal, Le-
Prince made use of mosquito traps to assist in determining prevalent
Species of mosquitoes and 1n studying their habats and to supplement
hand catching control work 1n barracks and houses
LePrince’s ohservations are of nterest m many ways He noticed
that culicine mosquitoes would be attracted to strong hghts such as
electric ares, but that the Isthman anophelines found strong lights
epulsive He found, by trial with an experimental house at Coroza),"
that merease or decrease of electric ight mn buildings apparently
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made little difference 1 the number of anophelines entermg,
hights were mecreased, the culicines entermg mcreased, 1f a bu
was empty, with or wathout hights, only an occasional Anoghei
tered, hut when one or two men slept m the bulding the 4no
crowded through small opemings mto the building and bt the
whether the bmlding was hghted or not

In expermenting with traps LePrmce (loc cit, p 216)
that traps must be attached to windows on the lee side of buil
to catch anophelines, and that 1f two screened buildings, one occ
and one vacant, were furmshed with traps, no Anopheles entert
traps attached to the vacant building

These observations of LePrince can be easily confirmed by s
experiments, and by observation of mosquitoes We have founc
Anopheles maculipenmis freeborn: 15 deterred from attacking
strong hight, but will attack freely after dark, both mdoors anc
doors, exther m a subdued hight or m the dark Within houses (
puprens will usually not attack m strongly highted rooms, at any
of the might, but will attack promptly when the hghts are ¢
guwished It 15 & matter of common observation that most dede:
cies are pnmanly erepuscular (twilight) and daytime biters,
seldom attack m complete darkness

Obviously, therefore, the reactions to hight of the various ge
and to some extent species, of mosqurtaes vary considerably, and
greatly affect quantitatre catches by hight traps Intensity and.
of light may also make appreciable differences as attractants o
pellants of mosquitoes

Headlee™ found that both the intensity and the frequency of 1
ant energy (light) have a marked effect on the attraction or re
ston of mosquitoes On comparative tests with several types of I
usmg a 25-watt frosted electric globe as a base, he found the el
attractive power of different colored hghts, corrected to the ¢
basts of radiant energy, was as follows

White 16
Red 61
Green yellow 1238

Blue 216
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Headlee’s experiments apparently took no cogmzance of mereased
or decrensed mtensity of colored hights i relation to relative attrac-
tion for each light, and gave no analysis of cffect upon widely vary-
g species of mosquitoes

Nuttall,! experimenting with unilluminated boxes Imed with col-
ored cloth nnd usmg Anopheles maculipenius, found a decaded pref-
erence for dark blue as compared with greens, ycllows, reds, and
white But LePrince (personnl commumcation), workmg with
Anopheles quadrimaculatus, found no color preference for roosting
surfaces

One of us (W B 1 ) has for many jyears conducted experiments
on the effect of monochromatic hights upon many types of msects,
mncluding a few species of mosquitoes (for example, Aedes dorsalis)
These experiments are still under way, but they mdicate not only
decided species preference for certain colors of light, but also that a
color which will relatively attract one species will relatively repel an-
other species

Combining these various observations and admitting that there are
great gaps n our information as to both the hight reactions of most
species of mosquitoes and other stimult which attract or repel them,
we scem to be justified 1n concluding that the use of light traps, which
has in recent years been widespread as a method of sampling mos-
quito populations in an area and determming relative prevalence of

sarious species, may give mformation that 1s erroneous or ade-
quate It 15 possible that hght traps would attract a relatuely large
proportion of the dedes species in an area, and a relatively small
number of Culex and Anopheles

In an endeavor to mcrease the attractne and catehing capaaity of
light traps, several devices have been used In 1928 Herms and Bur-
gess™ developed a ight trap with a suction fan, to increase the catch
of strongly phototropic positive gnats [Chaobors astictopus (== C
lacustrus)] Recently 1t has been determuned that ¢ irbon dioxide 1s an
attractant to mosquitoes, and Reeves and Hammon®® constructed &
trap successfully using earbon dioxide (dry 1ce), a hight, and a fan
The entire equipment, however, 1s rather cumbersome

The type of hight trap which has been most widely used 1n the
United States 1s known as the New Jersey hight teap ™ ¥ 17 38 1n some
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localities the users of these traps appear to be well satisfied with ther
performance, others, such as Huffaker,® 2 Hart,® Mulrennan,® and
Huffaker and Back,” have called attention to relatne discrepanctes
betw een the numbers of various species caught by the hght traps and
the probable relatie numbers of the several species as determmed by
other methods The studies of Huffaker and Brck® are partieularly
mformative They conclude that

A consideration of the empirical data as well as purely theoretical concepts
has convinced the writers that the New Jersey mosquito trap does not catch 2
representatrve sample of a mixed mosqmto population Different species may
be attracted i different degrees, depending upon the prevailing conditions and
the spectes

Both Mulrennan® and Bradley? call attention to the madequacy
of light traps 1n measuring the density of Anopheles quadrimaculatus,
and Jones® calls attention to the discrepancies between 4 quad-
rimaculatus production and the catches of this species m hight traps

The placement of mosquito traps will change their effectiveness in
capturmg mosquitoes There 1s still much to be learned about trap
placement, particularly with reference to capture of different spectes,
and as mdices or gmdes to the location of production pomnts In gen
eral, traps should be placed m sheltered locations, protected agamst
wind, they should be several feet above ground and away from com-
petmg lights, such as street hights, they should also be protected
aganst bemng tampered with by curious or malicrous persons, and
should be coenveniently accessible

The mghtly catches mn traps must be collected daily and marhed
for 1dentification, the trap serviced and a new collecting bag or box
placed, and the catch brought to the laboratory Herean entomologist
first separates the mosquitoes from other msects (usually the mos-
quitoes are a small mmnority of the total catch) , then the mosquxtn]es
are separated mto groups, such as dedes, Culex, Anopheles, Psorop ;
ora, and so forth, and finally separated mto spectes, counted, an
reizr:fx?nber of mosquito abatement agencies have used traps as &
rueans of gauging the relative prevalence of mosquitoes during a Set:
son or from year to year If all other conditions remamned const;l;
traps might grea relative picture of the prevalence of some species,
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but the other variables such as temperature, wind, humdity, and so
forth, arc not constant and therefore the results of such comparisons
should not be too literally depended upon

Covell * lists and describes a number of different types of mos-
quito traps, ranging from very simple to rather complex devices,
most of which have been used m the tropics

CAPTURING MOSQUITO LARYAE,

Mosquito larvac and pupac are searched for not only to deter-
mine the production places of mosquitoes, so that control measures
may be appled to them, but also to determine the breedg places of
the mportant species 1n cases where a selective attack (species sani-
tation) 1s to be made upon a disease vector or pest Inspections are
also made to determine the effectrs eness of control measures, and col-
lections are made for purposes of 1dentafication and classification

Inspections and collections may be general, to lacate all types of
breeding, or specific, to locate only the breeding places of a particular
species agnunst which sclective control 15 to be applied For either
type, a reasonable knowledge of the breeding habits of mosquitoes 15
necessary

Inspections for and collections of mosquito larvae should be made
thoroughly and systematically, and properly recorded on forms, pref-
erably on a simgle card or sheet for each collection pomt The pont
should be accurately located on an mspection map by serial number
or other destgnation, the correspondmg numbcr being placed on the
record and on the sample collected Also to be recorded are the type
of breeding place (swamp, pool, pond, hoofprint, stream, tree hole,
bromeliad) , presence or absence of sunlight, whether water 1s fresh
or brackish, presence of floatage, emergent vegetation, and the hlke,
weather conditions aserage number of larvae per dip, and any other
pertinent information

If field 1dentifications are made at the time of collection, these
should also be entered on the record form

In making larval inspections and collections 1n & new area 1t 15 de-
sirable first to size up the lay of the land and pick out the locations
wherebreeding water most probably occurs Upon reaching the breed-
ing water, there should not be too much hurry tostart collecting specs-
mens, the water surface should be observed to locate areas where
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larvae appear to be most numerous and easy to get at, and
mune roughly what types (such as anophelines or culicmes)
ent and whether the species segregate or mtermingle The
mental conditions should be recorded and then the actual
made

A common white enamel dipper, having a top diameter
four to s1x mnches, and a depth of two to three inches, with ;
handle, 1s the most useful tool for collecting larvae and 1
wood extension handle three to four feet long 1s helpful in
places which are difficult to get at, but the dipper can ord:
used without the handle A small kitchen stramer made of f
gauze 15 occasionally a helpful tool

It 15 frequently necessary to put on rubber boots and wade
an area mn order to obtam representative collections

Two types of dips may be used 1) a sweepmg motion
dipper held at an angle and with the hip just below the water
2) plungmng the dipper directly down mto the water, and ¢
withdrawing 1t Each must be done quickly, and a httle pr
necessary to get good results

If there 15 much surface floatage, algae mats, or floating
plants, these should be removed or brushed aside before attem
dip (note dnopheles larvae may be found m algae mats)
presence of reeds, tules, rice, and other emergent vegetation
be necessary to push the growths aside, pull them out, or ¢
down to furmsh a clear area for dippmg In some shallo
muddying the water by stirrng up the bottom may help mn
the larvae to stand out more visibly against the muddy wate
ground and to come to the surface more promptly

1f the lnrvae and pupae are frightened to the bottom by -
tread or a shadow cast on the surface, 1t w1l be necessary
quetly for a few moments after gething 1nto position, until 1
turn to the water surface, before making a dip

Tn collecting from tree holes esther a glass tube mth a rubb
aspirator on the end, or a length of rubber tabing (one-for
three-eighths nch internal diameter) operated as a siphon,
used to get the water and larvae out of the holes A pail s oft
£ul m such cases, as we have siphoned over five gallons out ¢

tree holes
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In collecting from bromeliads,® 1t may be better to cut the plant
from the tree, lower 1t 1n a vertical position to the ground, using
rope, and then mvert it earefully over a tub to collect the water and
larvae

In collecting for Mansoma which attaches itself to hollow stemmed
grasses below the water surface, 1t wall be neeessary to dig up or pull
up such grasses and place them m a pail or tub of water m order to
senrch for the larvae

As the breedmg places are found they ean be marked for future ref-
erence, or for the control umts, either by a conspieuously pamnted
tall stake or by a tall stake with a colored flag When the control work
15 npphed, o different colored stake or flag may be substituted

When the catch 1s obtaned 1t may be examined 1n the dipper, and
the larvae approuimately 1dentified If the catch 1s to be sent to a
lahoratory for identification, large debris should be removed, the dip-
per tapped sharply to drive the larvae to the bottom, the upper water
poured off earefully, and the remmimng water math the larvae trans-
ferred to the collection bottle Another method 1s to use an ordinary
medicine dropper, with the narrow pomt cut off to enlarge the open-
mg, the sharp edges should be rounded by fusing 1n a flame

If the water 1s very foul or muddy, 1t may be poured through a
small strainer, the dipper refilled with clean water, the stramer placed
therem, and the larvae allowed to swim off

Tor sending samples of larae and pupae to the laboratory, ordi-
nary wide-mouthed exght-ounce bottles fitted with screw caps or
corks are satisfactory Special shpping bottles with a short length
of glass tube through the cork, projecting both mside and outside,
have been used successfully Sample bottles should be hept upright m
Partitioned fiber or wood boxes for transportation In hot weather 1t
13 better to ship them on 1ce 1n a metal container such as a small auto-
mohnle sce chest

Collections of larvae and pupse may be carried on over a large
area if a general survey 15 being made, or may be confired to a hmited
aren1f a control project to protect only a defimte locahty 1snvolved
They may be a part of an mtial survey to determine what species
are present and where they breed, or they may be a part of control
surveys to check on the progress and effectrveness of the abatement
work
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reservorr in their viemity, they will attribute all thewr mosquitoes to
such places, which on mspection may be found to be entirely free
from mosquito breeding As a rule, the opmnions expressed by the
average citizen are of small value and should be tested and confirmed
or rejected on the basts of facts Xven the statement that they are
bothered and bitten by mosqurtoes 1s at times erroneous or even will
fully wrong, though the latter 1s rare In some cases people who see
small swarms of gnats or midges will report them as mosquitoes Oc
castonally persons will report annoyance from mosquitoes when there
are none present, for the purpose of obtammg, 1f possible, the cor
rection of some unsamtary condition m the viermty which has no re-
lation to mosquito breedmyg

In some cases people may grossly exaggerate the number of mos
quitoes present, with the 1dea probably of getting more or quicher
attention from the official ;n charge of mosquito abatement Some
people are supersensttive and will magnify one mosquito nto a whole
fleet of imagnary gallintppers Also an occasional practical joker
will be encountered who will make a complaint merely because the
whole 1dea seems humorous to nm

On the other hand, people will frequently be found who will either
mmumze the presence of mosquitoes, even of & severe ifestation, or
deny their presence entirely These are of two types, as a rule the
imsensitive person who does not notice the presence of msects, or the
person who conceals the matter from ignorance or from fear of prose
cution or from fear of the animosity of neighbors In all cases the m
spector should endeavor to develop the facts from his own mvestiga
tion and observation

While 1t 1s no doubt true that a natural detective sense 1s more
thoroughly deseloped 1t some men than m others, and that they be-
come more proficient than others m locatmg mosquito breeding
places, nevertheless excellent and effectrve work can be done by any
one who will take the pains to do a thorough and complete job of m
spection Many cases have come to our attention where good results
were not secured stmply because of lack of thoroughness Too fre
quently the obvious thing 1s taken as the breeding place when 1t 15
really only a muner pomt For example, on a complaint, a ram barrel
and o lily pond may be found breeding mosquitoes and accepted as the
cause of the complaint, when actually a concealed cesspaol may be the
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source of the greatest number of mosquitoes in the viemity Two ex-
amples wlich occurred m Oakland, Cahforma, may be cted

In the first case, complaints were received from an apartment house near
the center of the city that mosquitoes were very bad at ught The region was
inspected and two hily ponds, a few tin cans, and a sewer catch basin were
found breeding The people were told that the mosquitocs had been abated
and that the trouble would probablv stop In a few days, however, more com
plunts were recenned and another mspection made, but nothing new was
located I'rom then on for a week or more the complants beeame frequent
and bitter, and much cntieism of the pet of the insp s was
voiced. Other inspectors were brought in who went over the area carefully
and independently but could find nothing new of suficient 1mportance to pro
duce the really great infestation It was then necessary for the engineer of
the district to review carefully all the facts and evidence on the ground and,
by process of logical deduction from the number of adults found and the d
rechion of the prevaling winds, to narrow the locahity of the breeding place
down to a racius of perhaps fiftv feet Withun that radius st was evident that
there must be a derable surface of led water, which was finally
discovered 1n & room under & building walled 1n and floored over so as to be

pletely led, although leaving ample cracks and crevices for the

and exit of mosq The water came from a natural spring The

water surface 1n this room was twenty by thirty feet m surface dimensions,

and about four feet deep Culex piprens were breeding 1n vast numbers The
water was immediately oiled and the infestation cleared up promptly

In the other case, 1t required about two months of 1nspections and constant
remnspections to clear up an infestation 1n a small residential area, durmg
which period the residents did not regard the ability of the abatement forces
very highly A series of abandoned wells and some wet basements were ulti-
mately found to be breeding Culez piprens More thorough inspection in the
beginmng would have produced results more quickly, but the inspectors as
well ag the residents were deceived by some obvious breeding places

We also know of a number of cases where infestations of Culer pipiens mo-
lestus have persisted 1n concealed breeding places for several years in spite of
intensive searches for the source In one case it was seven years before a for-
gotten underground cesspool was finally found

Probably the most difficult breeding places to locate are those ye-
sulting from a broken or clogged sewer or drain under an old build-
g, particularly 1f the lower floor of the bulding 1s near ground
level and there 1s two feet or less clearance between the ground sur-
face and the bottom of the floor joists A number of such cases have
come to our attention, sometimes 1t has talen several weeks of inten-
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sive search to Jocate the breeding place Usually such breeding places
can be located only by tearing up some of the floor hoards

It 15 usual practice, when a mosquito breeding place 15 found, to
show 1t to the occupant of the premises and inform him (or her) how
to prevent future breeding Often thns 15 all that 1s required to pre
vent a repetition But m a great many cases, exther throngh careless
ness, ndifference, or 1gnorance, breeding will reoccur

FoLLOW-UP INSPECTIONRS

Successful control work therefore demands that occasional follow-
up mspections be made to prevent a recurrence of the trouble This
15 the weakest pont i most mosquito abatement projects as funds
are frequently madequate for thorough remnspections Complamts
and the location of new or not heretofore discovered breeding places
take most of the energies of the available personnel, so that remspec-
tion tends to be neglected

The proper handling of remspections requires some form of office
system which will make 1t possible to systemize the work so that a
considerable number of places can be covered m munmmum time and
with the least travel For this purpose, crties can be divided wmto sec
trons The premises to be mspected within such sections can be spotted
on & map and the mspector then routed for the least amount of iravel
The mformation for the mspector may be placed exther on cards, ar-
ranged m the order to be exarmmned, or on & route sheet
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VII
ABATEMENT METHODS GENERAL PRINCIPLES

I~ TuE selection and application of abatement methods, a few prin-
aples and practical considerations deserse special attention

LFrECTIVENESS AND ECONOMY

Principles basic to all abatement work are 1) that mosquite pro-
duction shall be elimmated as completely as 15 possible under the ex-
1sting conditions and 2) that primary methods of abatement such as
dramage or naturalistic control shall be used to the fullest extent
possible, 1 preference to secondary measures such as oiling These
are the 1deals which should be aimed at Situations will be encoun-
tered 1n whuch they cannot be attained practically or within reasonable
cost limits, and under such circumstances some form of compromse
must be resorted to, but the fundamental aim of effective control of
mosquite production and emphasis on primary abatement measures
should never be lost sight of

Tt 15 to be noted particularly that the chamnation of mosquito pro-
duction 1s the fundamental requsite of mosquito abatement We can-
not emphasize this too strongly, and even at the nish of repetition we
will reiterate and re-emphasize 1t throughout this book There are
certain situations of minor importance where measures for the de-
struction of adult mosquitoes are useful 1n the anti-mosquito cam-
paygn, but they are limited usually to tropical situations and military
campaigns Prevention of mosquito breeding, on the other hand, or
the destruction of the larval forms of the mosquito 1f 1t 1s not prac-
ticable or possible to ehminate mosquito breeding places, 1s of major
mmportance m the abatement campaign

If, as 15 usually the case, more than one method of abatement 1s
effectively apphcable, the method of choice will be that which 1s most
economieal Assume, for instance, two metheds, one of wlich can be
expected to effect mnety five per cent reduction of mosquito breed-
ing at an annual charge of four dollars per acre of breeding area,
and another which can be expected to effect ninety per cent reduc-
tion ata yearly cost of two and a half dollars per acre If the five per
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cent difference 1n mosquito output will not cause an appreciable dif
ference i erther disease transmission or personal comfort, the second
method should be chosen But remember always that the mosqutoes
you fail to destroy cause the public to complam

In general, 1t may be stated as axiomatic that in nrban areas m
the temperate zone complete abatement of all species of mosquitoes
should be the asm The people who pay taxes for mosquite abate-
ment expect results and excuses do not allay the msery of dengue or
the irritation caused by mosquito bites and disturbed sleep Com
plete eradication 1s probably mmpossible even under urban conditions
because the average person’s carelessness crentes new breeding places
faster than any reasonable abatement force can locate them

If disease prevention 15 the primary purpose, as 1t must be 1n areas
mfested by disease-carrymg mosquitoes, then the abatement meas
ures must be directed first against those species which are disease
vectors and the mitial aim should be to reduce their numbers below
the pomt where they can be effective 1n transmitting the disease For
any mosquito-transmtted disease m a particular region there 15 an
approximate number of vector mosquitoes per capita above which
the disease will be endemic and below which 1t will dechine to merely
oceasional cases Ross! indicated this years ago and we believe that
the basis of his argument 15 still vahd However Anopheles density of
1tself 15 not the sole criterion, for as Williams® and others have pomnted
out, the living haluts of the people 1 a region wall modify the Anoph
eles density per capita which 1s necessary to maintam an endemi
malara For example, in a region where all houses are well screened
1t 15 almost certam that a much greater number of vector Anopheles
per capita will be necessary to mamntam an endemic malaria than ma
region of unscreened homes In general, the same prmeiple will apply
to otheF mosquito-transmtted diseases Depending upon living condi
tions and climate, there will be 1n any region some hmting number of
vectors per capita below which yellow fever or dengue cannot become
epidemic and filariasis cannot mamtam itself endemeally

While there may be room for considerable speculation as to the ap
proximate number of vectors per capita necessary to mamtam an
endemic mosquito-transmitted disease, there can be hittle doubt that
1t must be ap appreciable number For malaria, Ross suggested—on
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a caleulation of the pmhnbmt)’ of one mosquito biting an nfective
malansa case, hiving two weehs or more thereafter, and then biting a
susceptible person—that at least forty dnopheles females per capita
would be necessary to muntam an endeme malama Others who have
studied the problem, while not giving specific indices, are agreed that
many Anophcles per capita are required

Ross’s 1den of a vector human numerieal relationship below which
endemic malaria cannot be muntamed has had partial confirmation
recently m the studies of Russell and Rao® on the prevalence of ma-
laria and Anopheles culicifacies 1n adjacent areas i the Tanjore
district, Madras, India Since the mtreduction of a new irmgation
system 1n 1933, malaria has been endemic in the newly irrgated area,
the spleen mndex rising to an average of about 40 per cent, with rates
of 80 per cent 1 some villages

The old Tanjore delta near by has been irmgated for centures, and
Anopheles culicifacies 1s present, yet surveys m this area yielded no
positive blood smears and the spleen rate was normal, indicating Iit-
tle or no malaria, as contrasted with the adjacent newly irrigated
area By making standardized per man-hour collections of Anopheles
cultctfacies i dwellings 1n both areas, 1t was found that the density of
the vector was three to four times greater i the newly irngated area,
which 1s lughly malarious, than i the old irrgated delta, where ma-
lana 1s practically absent

As other conditions are substantially the same m the two areas, 1t
appears to be very probable that the density of the vector, in relation
to the number of humans, 1s the critical factor 1n momtaing an en-
demic malaria Above that enitical density malara will become and
remam endermic, and with a lagh density may become epidemc, below
that critical density malaria will cease to be endemic and will ulti-
mately die out, except possibly for sporadic cases

What that critical density, or ratio of vectors to humans, 1s will
probably not be o constant numencal ratio, but will vary according
to chimate, housing, nutrition, medical care, and other factors charac-
teristic of the region and ats people

1t appears to be obvious that this general reasoning apphes equally
nell to other mosquito-transmitied diseases such as yellow fever,
dengue, and filaniasis ¢ 1s only necessary that the number of vectors
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be greatly reduced over a reasonably long period of time, even though
the vector species 1s not extirpated, to cause such diseases to disappear
m the controlled area

Furthermore, 1t explains why a “continuity of modest effort” may
succeed m the control of an 1nsect-transmitted disease, when one or
two seasons of intensive work, followed by neglect, may fail to accom
plish permanent results

After the vector species has been reduced below that mosquito per
person ratio at which 2 mosquito-transmitted disease can be effec
tively mamtamed, there still remams the question of comfort and how
much shall be paid to attam 1t That can be solved only for each par
trcular area by a study of local conditions The price that will be
paxd for disease prevention 1s one thing, what will be pad for com
fort 15 another Too frequently, we believe, the standards of comfort
are not high

Among native peoples in the tropics, the discomfort caused by
mosquitoes and other msect pests 15 accepted as a matter of too httle
consequence to warrant the effort required to ehmimate pest mos
quitoes On the other hand, a community m the process of real estate
development will willingly pay a considerable sum for rehef from
pest mosquitoes for the reason that mosquito prevalence plays havoe
with sales of real estate

ADAPTING ABATEMENT MEASURES TO MOSQUITO SPECIES AND BREED
ING HABITS

The abatement method must be suited to the species of mosquitoes
mvolved Dramage 1s not appheable, as a rule, to the control of
Culex piprens or Aedes aegypte House-to-house nspections for fo-
cal breeding places are of no use m combating dedes sollcitans or
Aedes squamger These statements are obvious to a tramed ento
mologist, but are not evident to persons without at least an elemen-
tary entomological traming ;

Tt mey even be necessary to distingmsh between sub-species ot
mosquitoes and, when funds are limited, to adjust the abatemen
mensures o a selective control of the sub-spectes which 1s a disease
vector and relatively to neglect control of the sub-species which does
not transmit disease effectively This situation oceurs in many areas
where Anopheles maculipennts 1s the vector of malaria
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Hachett, Martm, and Missiroh,* and Hachett® ® have shown that
m Durope there are several sub specics or saricties of Anopheles
maculipenms that are practieally distinguishable only by character-
1sties seen 1n the eggs It 13 possible that we are presented here with
the beginming of an evolutionary differentiation mn species which has
so far progressed n anatomical features only 1n the egg stage but
which n time may progress further to distinet anatomreal differences
m the larvae and adults The differentiation has also progressed
physiologically in the adults to the pomt where some of the sub-species
have apparently acquired habits or food preferences which interfere
with their ability to act as vectors of malaria Possibly this may be
due to the development of zoophilism (that 1s, the preference for
ammal blood rather than human bloed) The whole subject has tre-
mendously mteresting speculative possibihities and writings on the
subject may be read with profit From a practical standpomnt differ-
entiation serves to explain the relative absence of malaria 1n some
regions of comparative abundance of Anopheles maculipennis, the
unusual seasonal distribution of malaria m other regions, and the
comparatiely high mecidence of malarta m some regions where
Anopheles maculipennis 1s not abundant

Trom the standpont of control of mosquito breeding per se, the
racial variation of Anopheles maculipennis 15 usually of shight sig-
nificance to the man 1n charge of abatement procedures He seldom
has time to collect larvae, hatch them out, allow them to breed, and
then examme the eggs These necessary preliminaries should be car-
ried out by a special technical staff to determime 1f possible the areas
producing vector and non-vector varieties The greatest efforts
would then be concentrated 1n the areas producing vector varteties
However as mosqurto abatement measures should consider comfort
as well as disease prevention, the abatement of non-vector varicties
should be carned on concurrently unless restricted funds prevent

This subject 15 a phase of species samtation, which 13 discussed
more fully 1n cHAPTER \v 1

Particular attention must be paid to the breeding seasons of the
mosquitoes prevalent in the region Lack of timeliness 1n the appl-
cation of abatement measures 1s frequently the cause of failure to
achieve successful mosquito abatement Several instances have oc-
curred where considerable expense for mosquito abatement has been
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be greatly reduced over a reasonably long pertod of time, even though
the vector species 13 not extirpated, to cause such diseases to disappear
in the controlled area

Farthermore, 1t explams why a “continutty of modest effort” may
succeed 1n the control of an nsect-transmitted disease, when one or
two seasons of mtensive work, followed by neglect, may fail to aceom
plish permanent results

After the vector species has been reduced below that mosquito per
person ratio at which a mosquito-transmtted disease can be effec-
trvely maintamed, there still remains the question of comfort and how
much shall be paid to attamn 1t That can be solved only for each par
ticular area by a study of local conditions The price that wil be
paid for disease prevention 1s one thing, what will be paid for com
fort 1s another Too frequently, we beheve, the standards of comfort
are not high

Among native peoples m the tropics, the discomfort caused by
mosqurtoes and other msect pests 1s accepted as a matter of too little
consequence to warrant the effort required to elinmate pest mos
quitoes On the other hand, a commumity 1n the process of real estate
development will wallingly pay a considerable sum for relief from
pest mosquutoes for the reason that mosquito prevalence plays havoe
with sales of real estate

ADAPTING ABATEMENT MEASURES TO MOSQUITO SPECIES AND BREED
ING HABITS

"The abatement method must be surted to the species of mosquitoes
mvolved Drainage 1s not applicable, as a rule, to the control of
Culex prprens or Aedes aegypt: House-to-house inspections for Io
cal breeding places are of no use n combatmg Aedes sollicitans or
Aedes squamger These statements are obvious to a tramned ento
mologist, but are not evident to persons without at least an elemen
tary entomological tramin,

;{ may eveﬁ be necessa%y to distinguish between sub spectes 0:
mosquitoes and, when funds are hmited, to adjust the abatemen
measures to a selective control of the sub-species which 15 2 dxs;ase
vector and relatively to neglect control of the sub-species which does
not transmit disease effectively This situation occurs mn many aress
where Anopheles maculipenms 15 the vector of malara
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Hachett, Martim, and Missiroh,! and Hackett® ® have shown that
n Europe there are several sub speaes or varicties of Anopheles
maculipenms that are practically distingwishable only by character-
1sties seen m the egps It 1s possible that we are presented here with
the beginming of an evolutionary differentiation n specics which has
so far progressed in anatomical features only 1n the egg stage but
which 1n time may progress further to distinet anatomical differences
m the larvae and adults The differentintion has also progressed
physiologieally 1n the adults to the point swhere some of the sub-species
have apparently acquired habits or food preferences which mterfere
with their ability to act as vectors of malaria Posuibly this may be
due to the development of zoophiism (that 1s, the preference for
animal blood rather than human blood) The whole subject has tre-
mendously mteresting speculative possibihities and writings on the
subject may be read with profit From a practical standpont differ-
entiation serves to explamn the relative absence of malana n some
regions of comparative abundance of Anopheles maculipennis, the
unusual seasonal distribution of malana m other regions, and the
comparatively high mecidence of malaria n some regions where
Anopheles maculipennis 1s not abundant

T'rom the standpomt of control of mosquito breeding per se, the
racial variation of Anopheles maculipenms 15 usually of shght sig-
nificance to the man mn charge of abatement procedures He seldom
has ime to collect larvae, hatch them out, allow them to breed, and
then examme the eggs These necessary preliminaries should be car-
ried out by a special technical staff to determme if possible the areas
producing vector and non-vector varieties The greatest efforts
would then be concentrated m the areas producing vector vareties
However as mosquito abatement measures should consider comfort
as well as disease prevention, the abatement of non-vector varieties
should be carried on concurrently unless restricted funds prevent

Tins subject 15 a phase of specics samtation, which 1s discussed
more fully tn cCHAPTER AvIT

Particular attention must be pawd to the breeding seasons of the
mosquitoes prevalent i the region Lack of timelmess 1n the apph-
cation of abatement measures 1s frequently the cause of failure to
achiese suceessful mosquito abatement Several instances have oc-
curred where considerable expcnse for mosquito abatement has been
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be greatly reduced over a reasonably long pertod of time, even though
the vector species 1s not extirpated, to cause such diseases to disappear
1m the controlled area

Furthermore, 1t explams why 2 “continwity of modest effort” may
suceeed 1m the control of an nsect-transmmtted disease, when one or
two seasons of mtensive work, followed by neglect, may fail to accom
plish permanent results

After the vector species has been reduced below that mosquito per
person ratio at which a mosquito-transmitted disease can be effec-
tively mamtained, there still remains the question of comfort and how
much shall be paid to attan 1t That can be solved only for each par
ticular area by a study of local conditions The price that will be
pad for disease prevention 1s one thing, what will be pad for com
fort 1s another Too frequently, we believe, the standards of comfort
are not hugh

Among native peoples 1n the tropics, the discomfort caused by
mosquitoes and other msect pests 1s accepted as a matter of too little
consequence to warrant the effort required to elimmate pest mos
qutoes On the other hand, a commumity m the process of real estate
development will willingly pay a considerable sum for relief from
pest mosquitoes for the reason that mosquito prevalence plays havoc
with sales of real estate

ADAPTING ABATEMENT MEASURES TO MOSQUITO SPECIES AND BREED
ING HABITS

The abatement method must be suited to the species of mosquttoes
mvolved Dramnage 1s not applicable, as a rule, to the control of
Culex pipiens or dedes aegyptt House-to-house mspecttons for Io
cal breeding places are of no use 1n combatimg Aedes sollcrtans o
Aedes squamager These statements are obvious to a tramed ento
mologist, but are not evident to persons without at least an elemen
tary entomologieal tramming ¢

It may even be necessary to distingwish between sub species 0t
mosquitoes and, when funds are hnuted, to adjyust the abatemen
measures o a selective control of the sub-species which 15 a disease
vector and relatively to neglect control of the sub-species which does
not transmut disease effectively This situation occurs 1n many areas
where Anopheles maculipenms 15 the vector of malarie
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Hachett, Martim, and Missirol,* and Hachett® ® have shown that
n Europe there are several sub-specics or vareties of dnopheles
macultpenms that are practically distinguishable only by character-
1sties seen 1 the eggrs It 1s posaible that we are presented here with
the begmning of an evolutionary differentiation in species which has
so far progressed n anatomical features only 1n the egg stage but
wineh m time may progress further to distinet anatomical differences
m the larvae and adults The differentiation has also progressed
physiologieally 1 the adults to the pomnt where some of the sub species
have npparently acquired habits or food preferences which interfere
with their ability to act as vectors of malarin Possibly tlus may be
due to the development of zoophilism (that 1s, the preference for
ammal blood rather than human blood) The whole subject has tre-
mendously imteresting speculative possibilities and writings on the
subject may be read with profit From a practical standpoint duffer-
entiation serves to explam the relative absence of malaria m some
regions of comparative abundance of Anopheles maculipenns, the
unusual seasonal distribution of malaria 1 other regions, and the
comparatinely Ingh mncidence of malara m some regions where
Anopheles maculipenms 1s not abundant

Trom the standpomt of control of mosquito breeding per se, the
racial varation of Anopheles maculipenns 1s ususlly of shght sig-
mficance to the man 1n charge of abatement procedures He seldom
has time to collect larvae, hatch them out, allow them to breed, and
then exammne the eggs These necessary prelimmaries should be ear-
ried out by a special techmical staff to determine 1f possible the arcas
producing vector and non-vector varieties The greatest efforts
would then be concentrated 1n the areas producing vector vareties
However as mosquito abatement measures should consider comfort
as well as disease prevention, the abatement of non-vector varieties
should be carried on concurrently unless restricted funds prevent

This subject 15 a phase of species samtation, which 13 discussed
more fully 1n crAPTER XV

Particular attention must be paid to the breeding seasons of the
mosquitoes prevalent in the region Lack of timelmess in the appl-
cation of abatement measures 1s frequently the cause of failure to
achieve successful mosquito abatement Several mstances have oc-
curred where considerable expense for mosquito abatement has been
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mcurred after a smgle-brooded species emerged, resulting m a com
plete waste of money and no abatement whatever

A common remark made to mosquito abatement officials by well
meamng but uninformed citizens along about J uly of each year 15 “
suppose you are gething very busy now lilling mosquitoes » Actu
ally, if the men had not been busy during the winter months and
tensively busy during the spring months, the mosquitoes would be sa
far ahead of them that they could never eatch up with the pests ushl
the next winter For example, 1n mid-coastal Califorma Aedes squa
muger larvae begin to appear m1amn water on the salt marshes durmg
January From then until about the end of February every effort 13
made to dramn anay as much of the larvae-contammg water as pos
sible and to supplement by pumping in cases where the grades are
very flat The first ten days in March are devoted to orling to kill any
larvae remammg As the annual brood of Aedes squamiger emerges
usually about March tenth, 1t 1s obvious that control of this species m
the San Francisco Bay region would be entirely meffective unless
begun n January and completed prior to March tenth

Other examples of single-brooded mosquitoes are dedes cinereus,
A4 stomulans, 4 excrucians, 4 commumns, and 4 flavescens Usually
these species are mhabitants of areas having short breedmg seasons
because of latitude (for example, Alaska and northern Canada), or
because of high altitude (for example, dedes hexodontus), though
some species (for example, dedes cwncreus) are apparently smgle
brooded even under temperate conditions Aedes vexans may have
only a single brood m the spring in the central valleys of Califorma
on account of the absence of summer ranfall, but m New York
State 1t usually has two broods, spring and autumn In New Jersey
and 1 Xllinos, 1f the ramfall occurs at the proper times, this speaes
apparently may produce more than two broods per season

Somie spectes m certamn localities will breed throughout the yeat
Culex pymens, for example, may breed through the winter mn pro-
tected places such as underground street vaults of the telephone comt
pantes, m all regions where continuous subfreezing weather does no
occur In western United States wherever severe freezing does not
oceur, Culex tarsals may breed throughout the wmter In Cahfornis
1t breeds throughout the year, faroring especially the foul water m
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dary dramns Under most subtropieal and tropical conditions mos-
quito breeding 1s continuous or pmctlcnlly continuous

PRACTICAL CONSIDI RATIONS CONCFRNINC I'QUIPMFNT AND LABOR

In the application of abatement methods, the practieal question
arises whether particular 1tems of equipment should be purchased or
rented The answer depends largely on local conditions In general,
transportation equipment such as hight trucks for general duty and
a mmmum of excavating tools, hand sprayers, and the like may be
purchased at the start and added to as required Tank trucks, power
sprayers, and excavators had best be rented 1n most cases, or the
worh they are to do performed by contract In any ease, the following
cautions should be emphasized

1 When in doubt, don t buy equipment—rent it

2 More errors are made i buving expensive equipment, for which
there 13 not enough use to justify its purchase, than almost any other
error in Judgment 1 this or similar work

23 Evenf 1t proves an error to rent rather than purchase equipment,
an mitial error in this regard is easily corrected without great loss

4 Evenf 1t appears at the start of work that some equipment pur-
chases may be yustified, conditions may change and Little use be had later
for such equipment—be conservative and cautious

In cnarTER Y11, page 254, a speaific instance 1s presented to mdicate a
method of determiming whether equipment should be purchased

Another important practical question 1s whether particular abate-
ment operations should be performed with Inborers employed by the
abatement agency, or performed by contract In gencral it will usu-
ally work out best to carry through the larger jobs by contract, par-
ticularly those which require heavy equpment such as floating
dredges or caterpillar mounted drag-lmes or clamshell excavators
and to do the smaller jobs, particularly those which can be done by
hand, with labor employed by the mosquite abatement agency

On some large jobs 1t may prove economical and satisfactory to
Ture the heavy equipment from an agency which rents drag-lnes,
power shovels, tractors, and the Iike, and to operate them with abate-
ment ageney employces But as a rule a contractor 1s better equipped
to handle large Jobs than is the mosquito abatement agency The
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contractor has the orgamzation and personnel expertenced m that
class of work and can usually do the job cheaper than, and as well
as, the district could and still earn a profit for himself

Some fairly large jobs can be done by hand labor, but the cost 1s
always prolbitive as compared with machme worh, and excavating
machipery can do the work much more rapidly than hand labor A
considerable amount of mosquito abatement dramage was done dur
mg the winter of 1933-84 m the United States by the Crvil Warls
Admmistration rehef employment program,” and was continued m
succeedmg years under federal work-rehef agencies These projects
were usually hand labor jobs, sometimes supplemented by machuses,
but most of them could have been done much more cheaply and quickly
by machinery under contract

Some types of work can only be accomplished by floating dredges
Such jobs can best be done by contract erther at a flat price or at a
price per cubie yard of excavation or of embankment Floating equip
ment can also be contracted for on a daily or hourly bass, in which
case 1t 15 not necessary to measure the quantity of excavation or em
bankment Contracts of tlns type are best made on the basis of a fixed
sum per hour of actual working time plus a flat sum for moving the
equipment to and from the job and with a penalty clause for exceed
mg the time set for completion In some jurisdictions a penalty for
excess time may not be 1mposed without offering a corresponding
bonus for completion prior to a certam date

The foregowng statements are 1ahd durmg norma) times when ade-
quate labor 1s available at reasonable rates "The effects of the present
war may mvahdate them, at least m part, and make 1t advisable to
use mereased quantities of mechanized equipment, regardless of ap
parent economies, if the work 1s to be done at all under labor short-
ages or excesstvely lngh wage rates

WILD-LIFE CONSERVATION AND MOSQUITO ABATEMENT

There 1s no necessary conflict between mosquito abatement and
wild-life conservation, and the trained biologists of guvemmental con
servation agenctes have had no difficulty m obtammg mutually satis-
factory programs with those mosquito abatement agenctes which are
directed by men with adequate biological tramng, especially those
with a thorough understanding of ecology
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It must be recognized that both the mosquito abatement movement
and the conseriation movement have been afflicted with persons, no
doubt sincere, who have had too scant a knowledge of their respective
fields Some mosquito abatement work through gross ignorance has
distinetly and unnecessanly damaged large areas which were of value
1 the preseryation of marsh and migratory birds or of ammals such
as mushrats Tar greater damage has been done by unnecessary and
even foolish agreultural schemes, by the expansion of industry and
of munteipahties, and by the rumn of littoral marshes through mas
sive pollution by sewage and mdustrial wastes

On the other hand, skilled mosquito abatement work which utilizes
to the maimum natural or biological control procedures not only
does not damage areas available to nater fowl, but in some cases has
actunlly mereased the avalabibty of such arcas J Ljell Clarke® n
Iihnois has been suceessful m {his work and many others could be
commended, for example, § L Crosthwait in Maryland, M H Price
m Rhode Island, and I" % Rush in Californmia

The method of controlled reflooding, explamed m cuarren 1%,
should be given far greater practical apphcation by mosquito abate-
ment agencies and greater advocacy and support by conservation
agencies Impounding of water on marshes at a constant level, with
water esrculation and fish control, 15 also a method acceptable to con-
servationists, as 15 the method of open marsh ditching® recommended
m CHAPTLR IX

In planmng and conducting mosquito abatement work under con-
ditions wluch may affect migratory irds or aquatic animals, the
mosquito abatement agencies should consult with the techmical per-
sonnel of the United States Bureau of Biclogical Survey and the
state fish and game commission, or similar bodies 1n other countres
There need be no difficulty n arranging mutually satisfactory pro-
grams by means of conferences between the technical personnel of the
conservation and abatement groups

All types of mosquito abatement projects do not coneern the con-
seriatiomsts Some have to do only with mosquito breeding 1n urban
areas m which wild-life conservation 1s not at all involved, and others
with agnicultural areas in which wild hfe consers ation 15 only slighthy

mvolved or in which the effects of mosquito abatement are mimor as
compared with the effects of agnicultural reclamation But there are
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mosquirto abatement projects, especially marsh projects i the nemty
of large centers of population, where unnecessary damage to wild
hfe can be caused by bunglmg and unshilled mosquito abatement
methods, or marsh areas remote from human habitations where mos
quito abatement may be entirely un ry and mdefensible on
economic as well as conservation grounds In such cases the conserva
tiomsts have a legitimate mierest and certamly m the latter cases &
paramount imterest

Mosguito abatement agencies which are conducting therr work on
a sound technical basis with due regard to conservation requirements
have a nght te protection from unwarranted attacks by some ele-
ments 1 the conservation movement Conferences and cooperation
with scientific conservation personnel will be of real assistance, but
at times direct pubheity may be necessary to combat malicrous or
distorted attacks It 15 advisable to t1y to forestall erticism by let
tmg 1t be known that wild-hfe conservation 1s bemng given adequate
attention, but this should preferably be done as an mncadental matter
1 connection with news reports of work accomphshed or planned 1t
15 usually inadvisable to press the matter as a mam ssue unless the
ahatement agency 15 under attack, to do so might start an argument
developmg more heat than hght

SUMMARY OF GENERAL PRINCIPLES
The general prineiples m the selection and applieation of abate-
ment methods may be summarized as follows

1 Adopt those measures or combmation of measures which, with due
regard to economy of operation, will be effective 1n ehminating mos
quito production as pletely as possible, place emph on primary
methods of abatement such as dramage, 1n preference to secondery
methods such as oiling,

2 Adapt the abatement measures to the species of mosquitoes and to
thesr particular breeding habits in the region

8 Adopt naturalistic and hological methods of control to the great

est extent possible,
4 Concentrate the principal abatement efforts on the vector spectes
of i\ 5, 1f quito tr: d disease prevails in the region,
5 But even when primary attention 18 given to disease prevention,
do not neglect the elimmation of pest mosquitoes, unless loca} conditions

clearly indicate otherwise,
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6 Confer with the techmcnl personnel of conservation agencies and
secure their cooperation 1n p hods of control which will con-
serve wild hife to the grcutest cxtent compatible with effective mosqmto
abatement,

7 Start larnicidal work early in the spring, with the first appearance
of larvac, try to be ahead of the mosquitocs,

8 At the end of the breeding season, intensify efforts in order to re
duce the last brood to & mimimum and to leave the smallest possible num
ber of over wintering adults or eggs to start next year s brood,

9 Use the wanter months for mamtenance work on drainage systems,
for construction of new drains and other permanent structures, for over
hauling equipment and getting 1t in shape for next season s campaign,
and for planmng the following vear s work,

10 Esxeraise restraint in the purchase of expensive equipment,

11 Usually do large construction jobs by contract,

12 Dervelop an effective staff orgamzation which will know 1ts spe
cres of mosquitoes, 1ts territory, and 1ts people, keep key men contmu
ously erployed throughout the venr and secure in their jobs, 1f neces
sary g fo n and mspectors to laborers duties during the
winter
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mosquito abatement projects, especially marsh projects m the viemty
of large centers of population, where unnecessary damage to wild
Ife can be caused by bunghng and unshilled mosquito abatement
methods, or marsh areas remote from human habitahons where mos
quito abatement may be entirely unnecessary and mdefensible on
economuc as well as conservabion grounds In such cases the conserva
tionists have a legitimate mterest and certamly m the latter cases a
paramount mterest

Mosquito abatement agencies which are conducting their work on
a sound techmcal basis with due regard to conservation requirements
have a right to protection from unwarranted attacks by some ele-
ments m the conservation movement Conferences and cooperation
with scientific conservation personnel will be of real assistance, but
at times direct publictty may be necessary to combat malictous or
distorted attacks It 15 advisable to try to forestall criticism by let
ting 1t be known that wild-hfe conservation 15 bemg given adequate
attention, but this should preferably be done as an inadental matter
m connection with news reports of work accomphshed or planned It
1s usually madvisable to press the matter as a mam 1ssue unless the
abatement agency 1s under attack, to do so might start an argument
developing more heat than hight

SUMMARY OF GFNERAL PRINCIPLYFS
The general prmeiples 1 the selection and apphieation of abate-
ment methods may be summanzed as follows

1 Adopt those measures or combination of measures which, with due
regard to economy of operation, will be effective 1 elmmating mos
quito production as pletely as possible, place empl on primary
methods of ahatement such as dranage, n preference to sccondary
metheds such as alling,

2 Adapt the abatement measures to the species of mosquitoes and to
thewr particular breeding habits m the region,

3 Adopt naturalistic and biological methods of control to the great

est extent possible,
4 Concentrate the principal abatement efforts on the vector spenies

of toes, 1f quito tr. tted disease prevails in the region,
g

E But even when primary attention 1s grven to disease prevention,

tion of pest unless local conditions

do not neglect the ¢l
clearly indicate otherwise,

q
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6 Confer with the technieal personnel of conservation agencies and
secure their cooperation 1n planmng methods of control which will eon
serve wild ifc to the greatest extent compatible with effective mosquito
abatement

7 Start larsicidal work early in the spring with the first appearance
of Inrvae try to be 2head of the mosquitoes

8 At the end of the breeding senson, intensify cfforts in order to re
duce the Jast brood to 8 minimum and to leave the smallest possible num
ber of over wintering adults or eggs to start next year s brood

9 Use the winter months for mmntenance work on drainage systems,
for construction of new drans and other permanent structures, for over
havling equipment and getting 1t in shape for next season s cxmpaign,
and for planning the following year s work,

10 Excrcise restraint in the purchase of expensue equipment,

11 Usually do Jarge construction jobs by contract,

12 Develop an effective staff argamzation which will know its spe
cies of mosquitoes, its terntory, and 1ts people, heep key men continu
cusly emploved throughout the venr and sccure in their jobs, if neces
sarv ing f and nspectors to laborers duties during the
winter
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VIII

DRAINAGE AND RECLAMATION OF FRESH
WATER MARSHES

A~y orEN water which 1s not subject to active movement (arrcula
tion or surface agitation) or which on receding leaves residual pools
may provide breeding places for mosquitoes "The elimmation of wide-
spread mosquito breeding water by dramage 1s n most cases the most
effective anti-mosquito measure since 1t robs the mosquite of 1ts
breeding place and thus affords the best possibiity of complete and
relatively permanent abatement

Apphlieations of oils and larvicides are essentially substitute or
auxiliary measures of temporary or seasonal value to be employed
when drainage 1s not practical or not completely effected The poss:
bilities of dramage should therefore be thoroughly explored m each
mstance and constantly Lept m mmnd 1 conducting an abatement
service

Fresh-water breeding areas (excluding from present consideration
water mn artificial contamers) present dramage problems essentially
distinct from those of salt marshes which are discussed m the follow
mg chapter Various types of fresh-water areas, such as those m del
tas, lake regions, yrmgation districts, valleys, and mountains, also
show fairly distinctive problems The principal factors of differentia
tion which affect the type and cost of abatement measures are 1)
extent of the water area, 2) slope or grade available for removal of
surface water, rangmng from no grade or negative grade m delta re-
gions to steep dechvities mm mountam regions, 3) soil conditions
varying from fine silts to hard rock, and 4) meteorological condt
tions, such as chmate, ramnfall, and temperature The problems of
dramage thus vary to a great extent with geographic regions and
geological structures

RIVER BOTTOM, DELTA, AND OVERFLOW LANDS
(]
River bottom, delta, and overflow lands may be grouped under tw

heads
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1 Lands which lic above the normal water level but below the flood
level
2 I ands which are practically at the normal water level

The first tvpe requires the construction of dramn ditches properls lo-
cated and of sufficient size to cause a rapid and complete run-off of
flood waters Usually natural dramage channels will be available,
which require only clearing and grading or possibly straighteming
and enlargement and which will provide economical main drainage
Lines Into these natural drainage courses the required drain ditches
will then be directed
Two difficultics, however, may be encountered 1) flood waters
contaming considerable quantities of silt may fill in the dramage
channels, 2) large floods may by scouring action destroy some or all
of the drains In either case the maintenance costs for dran ditches
would be excessive, and 1t would probably be an economy to construct
dyhes or levces which will erther prevent scouring by flood water or
will act as holding basins during and after floods so as to cause silt
deposition and the ultimate bwlding up of the ground level to the
elevation of the flood plane
Some rivers, such as the Mississippr and the Sacramento, actually
travel 1n a section of the valley floor which has been clevated above
the general valley level by deposition of silt during floods As a re-
sult there are troughs roughly paralleling the maimn stream on one or
both sides of the rver and at varying distances from it The land
slopes laterally from the river down to these troughs (called sloughs
or bayous) Their dramage may be an engineering tash of consider~
able magmitude Mosquito control n such regions generally must de-
pend on fish, proper attention bemng given to the opemng up of small
breeding areas to which the fish can have free access Extensive plant-
mg of Gambusia affinss should be tried, but the practical imitations
of these fish as stated 1n cuapTER 11 should be borne n mind, o1l or
larvicide may also be required on an extensive seale Probably access
to such regions will be best obtamed by small motor launches of hight
draft
The most economical and effective remedy can only be apphed
after the flood charactenstics of the river and the silt content of 1ts
flood waters have been ascertaned Tt may be advisable to use oiling
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methods for a few years until the area has been under observat
long enough to determine the best and most economca) permane
abatement procedure

On deltas and bottom lands which are practically at the norm
Jow-water level and which are not subject to tidal mfuences, pern
nent abatement can usually be effected only by reclamation of 1
territory by dykes and pumping This mvolves considerable expen
Frequently the capital outlay and the pumping costs cannot be
tified for mosquito abatement alone The financial justification
such projects then must lie in the agricultural value of the reclam
land As river bottoms are generally exceptionally fertile, the )
crease 1n vafue of the reclaimed land will almost mvariably far off:
the cost of reclamation

As & rule the cost of reclamation should be borne by the owners
the property who are benefited, but 1t would appear to be reasonst
for a public mosquito abatement agency to contribute a part of t
cost The amount contributed will vary with cireumstances, b
should not exceed the difference 1 annual expense of mosquito abat
ment measures on the property before and after feclamation capits
1zed at the normal rate of mterest

Reclammed bottom lands require a system of dramage ditches lea
mg to the pumping station Usually a mam dram 15 construck
around the property, mterior to the protecting dykes This dra
may be simply the borrow prt from which the material was obtame
for bulding the dyhe Such a pit must be made contnuous throug
aut and excavated with & uniform bottom grade sloping to the pump
Variations m yardage requirements for the dyhe should be cbtamne
by varymng the width but not the depth of the borrow pit This drar
or pit should mtercept and conduct to the pumps any seepage wats
from the adjacent wet lands Other main drams running through th
property are also required, primanly for agricultural dramage Int
such a system of maimn drans a series of smaller laterals should be cor
structed as yequired for the prevention of the accumulation of an
mosquito breeding water .

Such reclamation projects, especially 1f of any magmitude, shoul
be carried out under shilled engineering supervision and should b
mvestigated carefully before being undertaken Onpe of the mpor
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tant pomnts to be considered 1s the amount of soil shrinkage wiich
will result In pent and muck soils the shrinkage may be ten or more
fect over o period of several years,® and tlus drop n surface eleva-
tion must be allowed for 1n the design of the dyhes, the depth of the
drauns, and the selection of the type of pumping equipment

Reclamation work of this type 1s usuaily performed with floating
exenvating machmery using either drag hne or clamshell buckets
Land opernted machmery usunlly eannot be used owing to soft and
unstable ground The engineering detals are discussed 1n various
1ests, to which reference should be made 1f such a project 1s under
consideration *

Delta lands shich are subject to tidal fluctuations of several feet
can sometimes be reclnimed with dykes and automatic dranage gates
provided there 1s no danger of subsidence or shrinkage of the soil
after dranage This type of dramage 1s discussed 1n greater detail
n the next chapter, pages 174-183

Drain channels 1in river bottom land should be constructed with
carcful consideration of the nature of the soil, so as to heep the cost
of mamtenance at & mmmum Loose and sandy soils will require
flatter side slopes than clay soils to prevent stoppages due to bank
caving The bottom grades of the ditches must also be hept within
such himts as to prevent cutting by too hugh velocities of dram water
m the ditches Usually this 1s not & problem mn flat regions

The cross sectional dimcnsions of the drains should bear a proper
relation to the area dramed so as to avoid channel velocities so ligh
as to cause scour Gambusia affints should be planted freely in the
mamn dramns Pump suctions should be screened to prevent the fish
from bemng pumped out

LAKES AND LAKE REGIONS

Lakes 1n themselves are not necessarily mosquito breeders for the
reason that there 13 sufficient surface wazelet movement to discour-
age ovipositing and to prevent successful emergence of the adult
mosquto from the pupal stage Turthermore lakes usually have
sufficient fish hife to Leep the water free from mosquito larvae Many
lakes, however, have margmal challow areas and swampy ground,
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particularly at the upper or mlet end, which may be prolific breeders
Smaller Iakes also may be subject to variations m elevation of the
water surface of several feet, mn which case as the water level recedes
margmal pools may be left which are ideally adapted to mosquite
breeding Such cases usually can be effectively and cheaply dramed
by small ditches arranged according to topegraphy m such a nay as
to prevent the occurrence of 1solated pools or of swampy areas In
some cases filling i of low areas will prove the best method

In lake regions of former glacial activity the cost of drainage may
be relatively great owmg to the presence of boulders and coarse
gravels Specis] exeavation methods, mcluding the use of dynamte
for blasting boulders, may be required

Very shallow margims of lakes or reservomrs, especially 1f of any
considerable width, may produce growths of vegetahion or algee
which may permit mosquito breeding If these margms cannot be
either filled m or deepened sufficiently, oting will probably have to
be depended upon Usually the effectiveness of the ail can be m
creased by giving these shallow margins a treatment of copper sul
phate to Lill off the algae growths

VALLEY FLOORS AND PLAINS

Although the general mpression of extensive valleys and plamns 3
that of flatness, a detailed exammation shows that an appreciable
slope of the land surface exists Natural streams and dramage ways
are to be found throughout and the ground surface slopes laterally
toward these dramn ways In addition there 15 a general slope of the
entive area, such as the easterly down-grade of the Kansas-Nebrashe
plams and the southerly down-grade of the Sacramento Valley

Mosquito breeding swamps oceur naturally on such plams or vstl1
leys due to local flattenmng of the grades, in the viemity of ntxtul‘&;ts
springs, and at or near the pomnt where streams from adjacent Tl
debouch upon the valley

Where there 1s a local flatteming of grade, the dramage problem
1s ssmple 10 conception although m some cases considerable excava(;
tion may be requred A mam dram will have to be constru;tee
through the flat section with adequate grade to carry off the surfac
water, Iaterals should also be constructed according to the requires
ment of topography and sorl condition (see Figure 15)



Figure 14 Circumfercntial cut-off Tigure 15 Main drain and laterals
drains to intercept scepage water for simple swamp area

u?ecf/on A-A

Figure 16 Dramage of a swamp caused by a side hill seepage on a
lower impervious stratum
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If the swamp 15 the result of a seepage {see Figure 14), a central
mam dram with laterals 15 not usually effective In this case a system
of deep circumferential cut-off drams 1s required to intercept the
seepage water and conduct 1t around the wet area The drams must
be deep enough to catch the seepage water and the grade steep
enough to carry 1t off rapidly and so to prevent seepage through the
down-lull side of the dramn In some cases considerable ngenuty will
haxe to be exercised to get thorough dramnage The important thing
1s to Jocate the outcrop of comparatively impervious matersal under
lying the water-hearing stratum (see Figure 16) and to construct the
drain across the face of 1t 50 as to intercept the seepage ®

Where streams debouch from hulls on to a relatively flat plam or
valley there 1s sometimes a tendency for the water, particularly from
heavy rams or the spring run-off, to spread out over considerable
ares and to leave temporary pools which may breed mosquitoes Usu
ally these temporary pools can be more economcally controlled by
otling than by ditching In some cases, however, the spreading or
overflow may be sufficiently frequent to cause marshy areas, m which
case ditching will be most satisfactory The drams should lead back
mnto the stream at a lower level and will usually require considerable
mamtenance

The Kern River at Bakersfield, Cahifornia, 1s an example of a
type of stream which makes mosquito abatement extremely drfficult
This river debouches on to the flat valley floor after mamianing a
rapud flow through high mountamns and the foothulls, and floods se-
verely m years of above-normal precipitation A flood-way 15 pro
wided by means of lateral protective dyles, but mamtenance of
drams m the flood-way 1s practically unpossible and as & resulty
when the spring floods recede, vast numbers of Aedes verans breed
m pot-holes and lagoons A dense growth of brush also helps to make
any form of control work very difficult

RoOLLING AND HILLY UPLANDS
These regions have adequate grade for the carrymng off of surfﬂcj
waters and m general mosquito breeding areas are likely to be foun
only where there 15 some artificial obstruction to dramnage )
Railroad or highway embankments with improperly placed Ctl;e
verts are typical obstructions After long and sad experience



T'RESH WATER MARSHEFS 137

writers are convineed that 1t 1s only by acaident that either a ratl-
road enganeer or a highway engineer ever places a culvert properly
Usually 1t 1s set too Iugh so that a pool or swampy area forms on the
upper side of the embankment, oceasionally 1t 19 set too low so that
water remains in the culvert itself Mighway engincers have a shightly
better batting nverage in this respect than the locating engineers for
railronds, but there are plenty of wlustrations of improperly placed
highway culverts

Dr Carter of the United States Public Health Service 15 reported
to have said that for every dollar of road construction performed m
the southern United States twenty five to fifty cents of impairment
of the public health had been caused

The bottom of the culsert should conform closely to the general
ground surface gradient at the low point To determne this, & pro-
file should be taken along the bottom of the drawnage way or depres-
swon for at least fifty feet, preferably one hundred fect, heyond the
toes of the future embankment and the culvert elevation and grade
properly fitted to this profile (sce Digures 17 and 18)

Where ewisting culserts are mmproperly placed, officials of the
railroad or the lughway department should be intervies ed, the situa-
tion explaned to them, and a request made that the culvert be re-
placed at the proper point and to the proper elevation and grade If
the request 1s made in the mterest of the public, the railroads will al-
most invarably, m our experience, make the necessary changes and
do so m a very commendable spirit of cooperation The ighway de-
partments, on the other hand, are somewhat different 1f the head of
the mosquito abatement work has established friendly relations with
the heads of the lighway or road department, they will usually be
willing to make the change, but they are frequently handicapped
either by lach of spearfic funds for the purpose or by lack of speafic
authonty or by various forms of governmental red tape If friendly
relations have not been established, 1t 1s very often the case that such
requests will be recerved wath less than no enthusiasm In erther case
considerable maneuvering and pulling of political strings may be re-
quired ta get results

Hicu MOUNTAIN DISTRICTS

Most persons who have visited the lugh mountams 1n summer,
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especially the Sierra Nevadas and the Cascades m North Americs,
will remember the vicious and persistent attacks of swarms of mos
quitoes These are varions species of dedes hatched m meltm g snow
water from over-wintering eggs The numbers under some conditions
are astomshing

Over large parts of these mountamous areas mosquito abatement
will prove so duffieult and expensive as to be entirely mpracticable
In other regions substantal rehef may be obtamed at reasonable ex
pense, but complete freedom appears to be impossible Almost always
a summer camp in lngh mountain areas can be given reasonably good
protection by intensive and fimely control measures apphed to an
area within roughly a half mile radius of the camp

Control of the mountamn species of dedes depends largely on ol
ing and larvieiding  An oil of high spreading coefficient and of lugh
toxicity 18 necessary because of the low water temperature However,
1t will be found that & number of breeding areas can be erther ehm
nated or greatly reduced mn extent by dramage This 1s usually the
case on the mountain meadows where the rock 15 overlmd with some
depth of so1l But where the bed rock 1s at or very closc to the surface,
so that drilhing and blasting are required to put mn a ditch, it 15 prob
able that the capitalized cost of oiing will be considerably less than
the cost of ditching

S B Freehorn and others have found by practical experience
that the use of oil at the proper time 15 & defimite deterrent to the
deposttion of eggs by mountam fedes mosquitoes When all water
available for mosquito breeding purposes m a particular mountain
area 13 sprayed with a suitable o1l, whether mosguito larvae are then
present or not, hittle or no mosquito breeding will be found m such
pools the following year On the other hand, if only the pools 1n
which breeding occurs are otled, then n the next year breedmg wall
occur 1n the unoiled pools but not to any great extent in the pools
oiled m the preceding year Of course 1t 15 assumed that the oiling 15
thoroughly done, the httoral wet ground bemng sprayed as well as
the water surface If there are two or more spectes mvolved whose
breeding periods do not overlap, 1t 1s assumed that oil will agam be
applied to destroy and deter the later breeding species .

This procedure may not be effectrve for all species of boreal 4e e::
but 1t does suggest that the protec\tlon of resort areas in ngh moun
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tams can be obtamed economically by a complete oiling of afl avaul-
able podls every other year, with a small amount of mimg m the
mtermediate 3 ears to mop up the eseapes, oy ersights, and crrors

Dranage for control of dedes species m lugh mountam areas
should therefore be used only when 1t 15 more economical than olling
methods Tlns will often be the ease with springy or swamp areas in
mountan meadows, however, the vast number of pools on rochy
ground must be handled by other methods 1f at all

In some cases the rasing of the nater level of a lake by means of a
dam and control structures will flood out mosquito breeding marshes,
chimmate or greatly reduce the amount of Aedes breeding, and be a
substantial aid to fish and aguatic bird propagation *

Some mountun valleys are made by deposits of gravelly and
sandy detntus formed belund the termmal morans of receded gla-
ciers Yosemite Valley 1n California 1s typieal of such valleys They
are subject to flood overflons from their rivers durmg the spring
melt of snow The valley soils are usually quite porous, and as the
mver recedes the ground water drops rapidly and the pools dran
away quichly, but usually not quickly enough to prevent the success-
ful desclopment and hatching of large broods of certain Aedes mos-
quitoes This type of valley 1s usually long and narrow, and the
overflow pools are easily draned by comparatively short laterals di-
rect to the mver There 15 usually not an excessive amount of silt 1n
the flood water so that the maimntenance of such ditches 1s moderate
m cost.

IRKIGATION DISTRICTS

It 1s a strange commentary on human intelligence that most 1rm-
gation districts have been orgamzed, financed, and constructed with-
out any consideration of the problem of removing the inewitable
seepage and surplus irrigation water As a result, they have been
handicapped from the start by water-logged land with or without
alkali, a marked increase 1n malaria, a mosquito pest, or any combi-
nation of these conditions Practically all such districts have had
ultimately to nstall a dramage system, usually for agricultural rea-
sons but mn several cases for reasons of health The Los Molmos rri-
gation district, 1n California, performed the first anti malaria mos-
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quito work recorded on any irngation distriet in the United States,
m 1912 ® In some districts, for example the Mesilla Valley (Elephant
Butte) project in New Mexico, after agricultural dramage had been
mstalled, supplemental mosquito control measures had to be taken

There 15 & distinct difference between agricultural dramage and
mosquito abatement drainage as applied to irmgation distriets Since
agricultuial dramage 1s concerned merely with the problem of lower-
g the ground water level to a point where crops can be rased suc
cessfully, 1t usually consists of large, deep main drams with compara
tively few laterals Frequently considerable quantities of mosquito
breeding water remain, often 1 the dramns themselves Mosquito
abatement dramage requires small auxihary ditches to elimmate all
pools, and umform grades and smooth hottoms for the drains to keep
them free from mosquito breeding

On 1rrigated areas, m addition to the usual type of open dram or
1n lien thereof, pumped wells located at strategic points may be used
for dramnage These are especially useful where 1t 1s difficult to get
adequate grade to carry off the water Frequently such pumped
drainage water 1s turned mto the irrigation canals to augment the
supply

Where & hardpan lies close to the surface i a depression, seepage
water may collect and cause breeding If the hardpan 15 underlad
by a porous stratum, 1t 1s sometimes possible to dramn such an arez
by drillmg or digging a vertical drain through the hardpan to the
porous substratum and fillig the hole with gravel, crushed roch, or
other porous material In some cases a well, Tined with open jomt
rubble, may be advisable

The cost and difficulty of dramage on irrigation projects can be
materially reduced if the excessive use of water 1s curtailed and seep-
age from the rrigation ditches 1s reduced to a mimmum In some dis-
tricts the water 1s erther too valuable or so limited 1n quantity that
seepage and evaporation losses must be mnumzed In these dxsh‘(lici
the prmeipal ditches are hned with concrete and frequently the d

bution 1s by pipes
tnI: some dxztfltis the ditches leal very badly m the first few yeurz,
but eventually silt up and tighten so that seepage 1s not 1mp0r;ﬂ"1
The method of seepage control to be employed depends upon loca
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Tigure 19 Ponding bchind a rulrotd embankment, caused by an

wnproperly placed cuhvert

Tigure 20 Upper end of a
haphway culvert placed too
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sults 1n mosquito breeding
pools upstream from the
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Figure 21 A typical moun
tam meadow mosquito breed
g pool

Figure 22 Seepage water
from irngation accumulating
m a Jow area and causing
mosquito breeding
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<ol conitions, topography, and relatine cost Dach case must be
handled nccording to the conditions, and under competent engineer-
mg advice

The prevention of excessive use of water 1s a matter partly of ade-
quate regulation by the district and partly of education of the water
user m the best methods of applying irngation water Trequently
fields can be scen which are inadequately irnigated in the upper por-
tions and are waterlogged at the lower end The water at the lower
end of the ficld may stand for a sufficient length of time to produce
mosquitoes Oiling such water may damage crops, so that ditching to
remote the surplus 1s necessary  Such ditches should be shallow, just
deep enough to remose the surplus water on the surface without ab-
stracting any subsurface water

Russell® has discussed the effects of defective irngation m produe-
g malana The followng speaific causes are a rearrangement of his
tabulation

-

Absence or inadequacy of drainage canals and ditches, with the resulting

risen pround water levels (waterloggmng)

Unlined or imperfectly lined irngation eanals and ditches, with resulting

seepages

Undrained borrow pits, especially those with irregular bottoms, which fill

from seepage

Inadequately maintained canals and ditches, both 1rrigation and draimage,

with irregular cross section, sides or bottom growths of vegetation, and

obstructions, resulting 1n shallows or sluggsh currents

Defective regulating devices (sluice gates, ete ) which permit water to flow

when and where not wanted

Improper (careless) delivery of water, on to roadways, uncultivated fields,

ete

Absence of pl d or controlled distnib of 1rrg water on fields

allowing excess water to run to low areas

Cutting off and Jeaving sections of canals, which become mosquito breeders

Excessive quantities of flow in irrigation canals

10 Irnigation drops without dramn valves, causing ponding sbove retaiming
wall when canal 13 not 1n operation

13 Improperly designed constructed, or mamtmned lateral distribution de

s1ces and regulators, 10 which water remains ponded

Unprotected canals and ditches, allowing persons or animals to break down
banks

~
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as difficult but not impossible Careful levelling of the rice fields
nddition to beng good agncultural practice will be found to help
greatly i mosquito control measures The malana-transmitting spe-
cies can certanly be hept below the numbers necessary for effectine
transmission of the disease, the non malaral species can be kept
withim such limts that they are not a serious discomfort Iradication
of arther spectes may, however, under the usual conditions prove to
be impossible or impracticable within rensonable cost hmmts

T'reeborn,’ as a result of studies made in 1916-17 1 the rce fields
i the Sacramento Y alley (Cahfornia), found that about one-half of
the Anopheles mosquitoes bred i pools adjacent to the rice fields and
that they bred mn outside pools for two months or more before the
paddies were flooded and for another month after the water was
drauned from the paddies

Geger and Purdy™ 1n 1919 expressed thar experience as follows

1 Intermttent flooding as a control 13 probably not feanble, owing
to the additional cost of water and to the usual impossibility of the transfer of
larvae beyond fight distance

2 The preference shown by top feeding minnows for the deeper, flowing
water and their evident avoidance of the mdficld make them a doubtful con-
trol measure Nevertheless, they have & cd under exp 1 con
ditions what has been observed under field conditions in Arkansas, I cuisiana

and Califorma, that therr p means a derable red n mosq
larvae

Roadside ditches  top feeding usually show larvae very
few or absent The ditch, however, 13 not comparable to the rice field as an
environment because of great diff 0 area, i abund of obstructions
for fish, and 1 amount of hight

8 Oul of the various vareties used in these exp by drip can method

proved a failure The resuits obtaned when used with sawdust are such that
they offer future hopes for ultimate mosquito control 1n rice fields within rea

sonable flight dust. of and a corresponding reduction of iney

dence of malana

Purdy, referring to experience m Arhansas in 1918, expressed
the following conclusions

1 Both Culer and Anopheles mosquitoes breed in about equal proportions,

bemng moderately abundant both in rice fields and i outmde puddles and
ditches
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13 Insufficient bridges over canals, resulting 1n unauthorized crossimgs by
people, with resulting damage to banks
14 Miscellaneous minor defects, carelessness, etc

Rice rierps

Rice field areas are prolfic breeders of mosquitoes, and from the
nature of the case the problem of mosquito control would appear at
first glance to be practically unsolvable Here we have large bodues
of shallow warm water with dense vegetation, the water mav not be
dramed and the use of oils or Jarvicides 1s not permussible if there s
any danger of damage to the crop

A careful examination of the rice fields will show, however, that
the amount of mosquito breeding m the rice paddies proper may be
relatively small and the great bulk of the breeding occurs m adja
cent low areas filled with seepage water * Many of these prmapsl
breeding areas can be elimnated by a careful levelling of the ground
surface or by the construction of small drains The remamder can be
controlled by oiling or by applyng Paris green Where there 1s ap
preciable breeding m the paddies, 1t may occur prmeipally along the
edges of the dykes rather than m the mam part of the crop Such
breeding can be reduced by heeping the edges of the paddes free from
vegetation and by maintammg a circulation of water through them

The application of Pars green with most sand diluent should be
tried as a means of controlling larvae breeding within the paddies It
will not damage the crop® or adversely affect the use of fish Under
extremely difficult control condrtions these measures ean be supple
mented by stoching the paddies with fish In tlus case 1t will be neces
sary to have near by some extensive ponds switable to breeding the
fish mn large quantities so that they will be available each spring when
needed When the fields are dried up for harvesting the crop, the fish
will be fost unless special measures are taken to catch them and re
place them 1n permanent ponds for future use

It 15 possible that experimentation with new larvicides, such as
phenothiazine and dichloro-diphenyl-trichloroethane, may result m
more effective control of mosquite breeding m rice fields .

In Portugal® mtermittent flooding of rice fields has been made obli-

atory by law, as & means of malaria control

& Th?a7 cozltrol’ of mosquitoes 1n rice field areas may best pe described
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2 Mosquito breeding 15 about equally abundant 1n the mieror of the rrce
field and along the margins and leyees

4 Top feeding mmnows (Gambusia) placed m the rice fields at the Tate
of 1,400 per acre constitute a check but not a control, of mosquito produc-
ton, probably because these minnows prefer the more open water along
levees, and avord the darker mdfield

5 Oul soaked sawdust sown broadeast 1n the rice when plants are well grown
works no apparent injury to the crop and produces an oil film that kills practi
cally all Iarvae

Horsfall,”* studymng the mosquitoes of the rice area m Arhansss,
found that substantial control of Psorophora confinms and Psoroph
ora diseolor breeding 1n the paddies could be obtamned by planting
them to a crop such as soy beans durmg the non-rice season, plus a
thorough dishing and pulverizing of the surface soil prior to nee
plantmg Thorough cultivation of the ground surface bumes the
Psorophora eggs n the same manner as 1t does dedes eggs on re
clammed salt marshes

He also found that a miscible o1] (Dendrol) apphed to the breed
g water at the rate of four parts per mllon gave a one hundred
per cent kill of Psorophora larvae, but apparently did not affect
Anopheles larvae Tt did not damage the xice crop It 1s possible that
any emulsified petroleum o1l may act n a sumlar manner

Horsfall also found that Gambusia affims acted as a substantial
chech on the breeding of Anopheles quadrimaculatus m the rice fields,
but did not completely stop production

Changes 1 the physical character of the water mn the rice paddies
may effect a beneficial change m the species of mosquitoes which will
breed theremn For example, we have observed m Cahforna that m
rice fields where the soil 15 relatively porous and a considerable
amount of water 1s required for rice culture, Anopheles maculipennis
freeborms, a dangerous vector of malara, bred freely On the other
hand, m rice fields where the sorl 1s dense clay, 4 maculipenms free
bornt are erther absent or relatively few m numbers, the prevalent
mosquitoes bemg Culex tarsals and Anopheles pseudopunctyponnis
The latter species 15 not an effective vector of malaria in that region

In clay fields evaporation without appreciable seepage loss conce;:
trates the mimeral content of the water until toward the end of the
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seaem 1t e g nte efagme-t, a condition which 1s unsmted to the dan-
gereas Anophelee mac ihprems frecborm

H, theefore, the rce prddiesn Anopheles regons were more care
fulls prepared proor to plentmg and clay, bentomte, or similar ma-
tennl were ndded to poro 15 eml to reduec scepage losses, the breeding
of dangero 1< malaria sectors would be mimmized and the sav ngs n
waltr requrements would probnbly offsct the cost of remedial work
In other arers thie schene might not operate successfully, but it
should br possible to mal ¢ <ome change (naturalistic control) m the
ecologienl condition of the rice fields <o as to chmmate or mimmize
the production of the Incal dieense sectors

Robertron and Chang ¢ 1n studving the relation of rice eulture to
malann in the siomity of Shanghni, found that green manuring and
constant eultisation wineh muddied the water of the nice paddies, as
practiced sn the vicmty of Canton, tended to reduce the production
of dnopheles hwyrcanns snenss They also found less production m
paddies where the plants were transplanted from nursery beds than in
paddics where the reed was xown broadenst

The relation of rice culture to malarsa 1s quite varinble, due largely
to the breeding finbits of local Anopheles vectors In the Philippines
and in Malaya, for exnmple, malania 1s practically absent in the rice
arens, as the sectors 1n these regions (Anopheles minimus flavirostris
and A maculatus, respeetinely) are stream breeders In India and
China malaria 1n rice field areas 1s caused principally by dnopheles
Mimmus which breeds in runming streams and irrigation ditches, not
mthe nce paddics

MFPCHANICS OF DITCHING

I‘Qunxryr

I‘Xtt]udm‘l.; from consideration river bottom and delta lands, which
<an o3 a rule he dramned only by floating dredges, there are varous
means for excavating dramn ditches In general they melude the use
of the following different types of equipment
Tractor drawn plows and scrapers
Horse drawn plows and serapers
Hand tools

The power shovel
The power crane
Power trench excavators
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¢ con 1t 1c quite etegnant, a condition wiich 1s unswited to the dan-
geeo 1 Anophelee maculipennie frecborm

11, therefore the race paddies i Anopheles regions were more eare-
fullh prepared prior to planting, and clay, bentomte, or similar ma-
teninl were added to porous sml to reduce <cepage losses, the breeding
of dangerous malana vectors would be minimized and the savings m
water requirements vould probably offset the cost of remedial work
In other areas thie scheme mght not operate successfully, but 1t
should be possible to mal ¢ some change (naturalistic control) m the
ecologienl condition of the rice fields <o as to ehminate or mimmize
the productinn of the Iocal dicease vectors

Robertson and Chang,!* 1n studving the relation of rice culture to
malania m the viemity of Shangha, found that green manurmg and
constant eultination which muddied the water of the rice paddics, as
practsced 1n the sicimts of Canton, tended to reduce the production
of Anopheles hyreanus mnenws Thev nleo found less production
paddies wherc the plants were transplanted from nursery beds than m
paddies where the reed wne sown broadeast

The relation of rice culture to melarin 1s quite variable, duc largely
to the brecing hnlnts of loenl Anopheles sectors In the Phalippmes
and 1n Malayn, for example, malaria s practieally absent mn the rice
areas, as the vectors  these regions (Anopheles minimus flarrostris
end 4 maculatus, ruspectively) are stream breeders In India and
Cluna malaria 1n rice field arens 1s caused principally by Anopheles
minmuz, which breeds 1n running streams and irrigation ditches, not
i the rice paddies

MECHANICS OF DITCHING
Caursepg
lecludmg from consideration river bottom and delta lands, wlich
an as 4 rule be drained only by floating dredges, there are various
means for exeavating drain ditches In general they meclude the use
of the following dufferent ty pes of equipment
The power shoyel Tractor drawn plows and scrapers

The power crane Horse drawn plows and scrapers
Power trencl; excasators Hand tools
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The choice of means m a given mstance depends upon the total
quantity of excavation, the type of soil, and the cost of gettng
equipment on to the ground When only a small amount of ditching
1 required, horse-drawn plows and scrapers, followed by hand trim
mung, will invariably be much cheaper than power excavation Where
large quantities of excavation are required, power equipment will be
cheapest

As a general rule, the power crane with a drag-line buchet 1 the
most adaptable to the excavation of dram ditches of considerable
length It can be used on a wide range of soil conditions If the sur-
face 15 dry and firm but the bottom of the ditch wet or sloppy, &
crane with a clamshell buchet 15 preferable Power shovels as a rule
are not employed for dramn-ditch excavation, but a modification m
which the buchet 1s reversed on the stich and pulled toward the chas
515 15 sometimes used Rather elaborate trenching machincs are aval
able which will dig ditches with side slopes Trenching machmes
which dig narrow trenches with vertical sides are often not adapted
to the construction of mosquito control drains owimg to difficulties m
clearing the sticky mud out of the excavating buckets

For depth of a few feet tractors drawing plows and scrapers may
be used economically m many cases, if the ground 1s soft and the
dramns reasonably shallow a scraper alone may be sufficient Special
scrapers have been built for mosquito districts which have been quite
successful under these conditions, especially for small ditches

‘Where power machmery 1s not econormeal, horse-drawn plows snd
scrapers may be used, 1f the bottom 15 not very soft and wet Short
ditches of small dimensions can usually be dug best by hand by
means of pick and shovel Under some conditions long-handled spades
may be satisfactory but the square-pomt long-handled shovel 1s the
best all-round tool for ditching Mattacks may be found useful m
some soils

Dense vegetation often has to be cut down and cleared before ditch-
g can be performed with any speed or economy Heavy grass of
weeds may be cut with scythe, sichle, or machete Inopen fieldsa horsg‘
drawn hay mower, 1f available near by, may be economcal For brush,
either axes, brush hooks, or machete may be used The machete, how-
ever, 1s a dangerous tool m the hands of & man not accustomed to 1t
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Dense grass and some forms of brush may also be hilled by apply-
g stove distillates or diesel ouls, which are toxic to vegetation After
Jaling and drving, the vegetation can be burned, particularly if o
sprayer 15 used with distillate to augment the blaze Arsenienl weed
Tallers such as sodim arsemite or an acid solution of arsenious chlo-
nide mny be used where there 1s no danger that eattle or other herbiv-
orous ammals will be injured In any agricultural commumty the use
of arsenteal weed lallers should be avorded

Weed burners, constructed on somewhat the same prineiple as the
plumber’s blow torch and capable of throwing a blue flame two or
three feet long, ean be used for clearing dense vegetation, but the
general experence scems to be that they are more expensne than
other methods of clearing

Trees, stumps, boulders, and other obstructions ean be removed
easily by blasting

DiITcHING WITH EAPLOSIVES

Under some conditions drain ditches can be exeavated quickly and
economically by blasting *> Where an outlet must be obtained through
a roch formation or outerop, holes should be dnlled m the rock, with
pncumatic drills if available, otherwise by hand dnlls, and the rock
blasted out with appropriate explosives The depth and spacing of
holes, the tvpe of explosive, and the quantities per hole should be de-
termined by an experienced man, or approximated as nearly as pos-
sible by consulting a test or manufacturer’s handbook on explosives
As 1t 1s definitely dangerous for mexperienced persons to use explo-
sives, it will be good policy ta emplov an experienced man to direct
any blasting work 1n rack formations

In very wet, soft ground, ditches can be excayvated by dynamte ex-
ploded by the self-propagating system, and while the dangers mher-
ent m the handling of explosies, and particularly of detonating caps,
by mexperienced persons make 1t advisable to employ an experienced
man to direct the work, nevertheleds ditches can be excavated, using
this method, by nesperienced persons who are cautious and who care-
fully follow directions

The best avarlable tformation on ditching by explosives n wet
ground 1s contamed 1 the bulletin Blasting Ditches reuth Explosizes,
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prepared (1939) and distributed by E I du Pont de Nemours &
Co, Inc, Agnicultural Extension Division, Wilmmgton, Delaware,
U S A This bulletin can be obtaned also from the company’s branch
offices 1n the prineipal ettres of the United States, and m normal times
1 other countries

In water-saturated soil the shock of an exploding dynamite charge
will be transmitied sharply through the relatively mcompressible
water m the so1l and cause adjacent dynamite sticks to explode by the
concussion This 15 termed “self-propagation” of the blast In thys
manner, provided the spacing and loading of the holes are correct for
the soil condition and & correctly sensitive dynamite 15 used, only &
central charge of dynamite need be exploded by a fuse, the rest of the
charges up to certamn distance hmits will explode sumultaneously

If the holes are placed on hine for a ditch, 1t can be blasted out sec
tion by section 1n lengths according to soil conditions Usually 1t will
be found practicable to limt section lengths to about 800 lineal fect,
with 500 feet the maximum

Dynamte for ditching by the self-propagating methed should be a
50 per cent mtroglycerm dynamite particularly made for such work
The cartridges are usually eight mnches m length and one and one-
fourth mches 1n diameter, weigh about one-half pound each, and are
packed m fifty-pound boxes

Under wet so1l conditions one pound of dynamite will excavate from
about one-half cubic yard (heavy soil with moderate mowsture) to
about one and two-thirds cubic yards (very wet soft muck), with an
average of about one cubic yard per pound of dynamite

Knowing the size (cross-section) of ditch, the volume per Tineel
foot of ditch can be determuned 1f the side slope (usually about forty
five degrees) has been observed from a prelmnmary test blast T];e
proper spacing of holes and the number of sticks of dynamute per hol ;
can then be computed approximately, and 1f required can be modifie
accordmg to the results obtained m blasting the first section of dltclll

Comparatively narrow shallow ditches can be blasted with a sm% e
Iine of holes, normally spaced about eighteen mches apart for smge-
stick or two-stick loads, though greater spacing 15 often possxble
Wider ditches will require two or more hmes of holes and, accordmgt; f‘;
the weight of earth to be excavated, will require a varymng Wﬂtghﬁ;’e
dynamte per hole, with appropriate spacing From three to
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sticks per hole take usunlly a twenty four inch spacing of holes, sic
sticks three fect ten sticks, three and one half feet, and so on

The proper depth for placing charges can best be determined by
test blasts but n rough estimate 1s that the bottom of the charge
should be ahove the bottom of the ditch by a distance of about one-
quarter of the total depth of diteh Obsiously, the bottoms of a line of
stichs should be uniform, or an irregular diteh bottom will result

In exeavating and loading holes, the most efficient tool under nor-
mal conditions 15 the Ashley core punch bar (sce du Pont bulletin,
pp 12-13) Wood or steel bars, or augers, one and onc-half to two
mches 1 diameter, can be used, but are less efficient If larger holes
are required, o post-hole nuger should be used

In ditching through swamps it may be necessary to do some pre-
Lmmnary cleanng of overhanging trees whose branches mght cause
the blown-out dirt to drop back inte the ditch Stumps, trees, rocks, or
other obstructions on line can be removed erther beforehand by sepa-
rate blasts or simultancously wath the main blast by additional dyna-
mite properly placed under such obstructions

The cost of ditching with dynamite wall vary according to condi-
tions A ditch to dramn Round Pond near Newport, Arkansas, was
blasted 1n 1948 nt n cost of $3,674 The drtch was 18,650 fect long,
10 feet wide on top, 3 fect wide on the bottom, and 3 feet deep, and
dramned an aren of 200 acres (sce Monthly Report, MCWA,
USPUS, Scptember, 1943) On tlus basis the umt costs were
twenty cents per hineal foot, or twenty eight cents per cubic yard

LAY NG OUT DRAIN DITCHFS

Drans of any considerable size and yardage and all those to be ex-
cavated under contract should be carefully surveyed and cross sec-
tioned and the yardage accurately computed The usual surveymg
methods familiar to all engincers should be employed But for the
smaller mze ditcling that plays so large a part 1 most mosquita
abatement work, transit and Jevel are an unnccessary and expensive
refinement A few stakes, 500 feet or more of stout chalk line or
strong cotton cord for hine, and a hand level with a ten-foot board
marhed 1n feet and tenths are all that 15 required If o regular hand
level (packet s1ze) 15 not available, & carpenter’s level may be adapted
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Enough water 1n the bottom of the ditch to give a contmuous sur
face makes a perfect level

Naturally, the purpose i laymng out drams 1s to get effective
dramage at the least cost Where the general slope of the ground 1s
appreciable to the eye, 1t 15 usually a simple matter to follow the low
pomts to a place where the drainage water can be directed mnto some
natural water course or other place where there will be sufficient fall
to carry 1t off Laterals would then be run from the mam dramn by
the shortest drstance to connect low spots or wet areas to the mam
ditch The bottom of the mamn dram must be deep enough for the
laterals to reach all the low spots 1n the area to be draned The hand
level 1s very useful for determining these depths

MAINTENANCE OF DRAIN DITCHES

After the drain ditch 1s construeted, 1t must be mamtained m ef
fectrve working order Three main conditions making constant mam
tenance necessary are 1) growths of vegetation, 2) caving or
sloughing of banks, and 8) artificial obstructions

Under some conditions growth of vegetation m and adjacent to
drtches 15 not a problem, but as a rule ditches will require clewrmg
several times a year m order to Leep them free from obstructing
growths In tropical or semi-tropieal countries the problem of keep
ing dramns free from vegetation 15 most difficult and the source of
considerable expense While weed Lillers may be helpful under some
conditions, 1n most cases dependence must be had on hand Iabor m
cuttng down and diearing out growths The frequency of clesrmg
will depend of course on local soit and chimatie conditions and so the
annual cost will usually be difficult to estimate n advance

Caving or sloughing of ditch banks 15 apt to occur n new drtches
for the first year or two After that the banks usually become farrly
stable and little further trouble 1s encountered, unless cattle pastured
along the ditches break them down

Artificial obstructions are as a rule frequent only m the viemty of
public roads near a city or town It 1s surprsing the number of
people who will haul refuse away from therr homes out 1nto the cound
try and dump 1t Usually they will dump it i & ditch close to a !‘l;;l
and block the ditch completely or partially The ditch thereupon e
comes a mosquito producer



FRESH WATER MARSHES 153

T'requent mspection of dram ditches, say at least once every two
or three wecks during the breeding season, should be carried on, and
all obstructions to flow, whether natural or artificial, removed
promptly Durnng the winter all ditches should be gone over care-
fully and trimmed to grade and to the proper side slopes of banks,
so that at the beginning of the breeding senson all ditches will be m
first class order

Drreit Lining

Under some condrtions 1t may be desirable to Iine dram ditches™ or
at least to line the hottom portion of the drams The purpose may be
to maintain the ditch cross-section n ground that 1s unstable or easily
eroded, to prevent growths of vegetation in the ditch, or to reduce the
necessity and cost of mantenance

The himng of anti mosquito dranage ditches 1s nhot a new 1dea
J A LePrince used 1t 1n the Panama Canal Zone, and 1t has been
used more or less 1n the tropies™ and 1 Europe Ditches arc also being
lined 1n some of the southern states in the United States In the final
analysis, the general usefulness of ditch lining will depend upon rela-
tive cost the imtial and mamtenance cost of imng compared over a
period of years with the cost of mantaimng unlmed ditches, assuming
equal effectis eness of abatement of mosquito breeding

Dramn hning materials, especially for the bottom of the dramn, are
usually durable materials which will resist erosion Many types of ma-
tenials have been used, including wood, concrete, asphalt, ceramcs,
and stone The bottom lining (nvert) and side slope lining may be
esther bmlt 1n place or precast at & central plant and then wnstalled m
the drain  Precast umits are usually economical for drams of rela-
tively small eross sections They not only can be made rapidly at a
central plant with relatively unskilled labor, but they also can be
placed rapidly with a mimmum of shilled labor

As a rule precast umts are made m short lengths (three or four
feet) so that they can be easily placed by one or two men Short
lengths also have the advantage of flexibility 1n making curves in the
ahignment of the drain Tor long straight ditches 1t 1s practicable and
probably economieal to precast mverts and slabs, reinforced with

steel, i twelve-foot lengths, provided a small power crane 1s available
to place them
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For precast mnverts the shape® 1s usually the are of a circle, with
the depth about one-quarter of the top width The thickness s usually
about three inches The top widths are usually 1n even feet, from one
foot mmumum to about six feet maximum

For cement concrete hnings, whether precast or cast m place, s
well-graded coarse aggregate of hard, sound rack or gravel s re-
quired, with 2 maximum size of one inch Whilea 1 8 5 concrete mx
1s often speaified, this should be an approximation only The coarse
aggregate, sand and cement, should be proportioned carefully for
meximum density, and the water-cement ratio and the slump kept at
a point where a reasonably high-strength concrete 15 obtamed The
mmimum permussible crushing strength should be 2000 pounds per
square mch at the end of twenty-eight days, and 2500 pounds per
square mch 15 preferable The concrete should be very thoroughlv
tamped m placing, preferably with a vibratory tamper, to get max
mum density Curmg of concrete should also he controlled under
moist conditions for several days after casting

Where remnforced concrete 1s required, Iight steel mesh 1s generally
used

In addition to concrete, either precast or cast in place, dram linings
can be made of brich, clay tile, roch rubble, asphalt or wood

Wood linings are rather temporary, though if made of Port Or
ford cedar or redwood they will resist rot for many years Well creo
soted pme will also stand up for a few years

Faur success has been obtained mith asphalt inmg, using a well
graded aggregate and applymg the mix hot With comparatvely
sandy soils an asphalt emulsion can be appled to the soil in place,
worked well into the so1l, and then tamped and shaped to grade and
form, such g hnmg 1s comparatively cheap, but not necessarily
durable

Longitudmal half-sections or one-third sections of clay pipe can
be furnished by clay pipe manufacturers on special order, and 1f made
of extra strength material (lugh temperature vitrified) are quite
durable The ordinary clay pipe may be brittle and easily dnmageg
Vitrified pipe himngs usually cannot compete m cost with concrete
lmll[tllismgs may be made of burned brick or flat stones "They should be
set m a bed of mortar, and preferably plastered over with a one-
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Ihgure 28 Placing the concrete bottom himing for a dramage ditch

Ploteg aph by A H Re to

Tigure 29 Completed concrete limng of drain ditch bottom
with grouted brick side slopes
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fourth inch thick mortar surface Brick may be Iad flat, with one-
half inch jomts, and should be well sonhed 1n water before laymg
Stone nlso should be well wetted before Iaying Mortar should be made
of one part cement and three parts clean sand, with a little lime putty
to produce good worhability
The question whether brick or rock 1s to be used for dram limng
will depend not only upon the availability and cost of these materials,
but also upon the availability and wage rates of labor shilled or semi-
shilled 1n masonry work In general, men of Itahan, Spamsh, or
Pucblo Indian stock are often good natural masons, and where such
Iabor 1s avaifable at reasonnble wage scales, brich or stone hnings may
be cconomeal
In general, 3t will be advisable to heep velocities of flow m drains
above two feet per second to mnmmize any possible deposit of st In
large drains, shere a considerable rainy season flow occurs but there1s
only a small dry season flow, & small central section should be de-
pressed 1 the bottem to concentrate the dry season flow, with a
shghtly sloping berm on each side to give the total bottom width re-
quired for rminy season flows
Where it 1s desirable to ine the dram above the comparatively small
bottom section, flat slabs of conercte, either precast or cast 1n place,
may be used if fairly rapid velocities of flow are probable If the ve-
lacities will be relatively low, sodding the banks with a tough grass,
such as Bermuda, will generally be o sufficient protection
Where curves or changes in ditch alignment oceur, and at june-
tions of drans, 1t 1s usually necessary to provide some form of bank
lining, as well as bottom hining, to prevent erosion
Whether using precast or built-in-place linings, care must be taken
to have a firm, properly shaped subgrade carcfully graded before
placing the ming If muck or soft mud 1s encountered, 1t should be
removed and replaced wmith sand, gravel, or firm dirt In very wet sub-
so1l1t may be necessary to lny an underdrain of four-inch dram tile m
order to nsure a stable hmng
Side slopes for drains are usually about one vertical on two hon-
zontal, though in very firm soils one on one side slopes are somctimes
practicable But under some conditions the available top width of
channel (especially 1n towns) may be relatively small, so that to get
the necessary cross section area vertical side walls of stone or conercte
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are needed Under such conditions consideration should be gven b
replacmg the open dram with a concrete, vitrified clay, or cor
metal prpe 5 rigated

Bottom hnings should be provided with weep-holes at reasongble
mtervals according to conditions In some soils weep holes may be
needed every ten feet, i other soils only every 100 feet They should
be about one mnch 1n diameter, smaller holes may clog, and larger
holes may wash much sorl mto the dram and permit caving below the
lming Weep-holes should be placed just above cut-off walls tso to
three inches thick and having a depth about two mehes greater than
the drop 1n grade per 100 feet

For built-in-place Imings expanston Jomnts should be provided st
about 25-foot mtervals longitudinally For precast hnings expansion
Joints should be provided at about 100-foot mtervals as a maximun.

With precast mverts the upper and lower lips of the jomt® can be
cast mnto the section, using special forms for the purpose, and givmg
about a three-mch Iip For built-m-place lining the bond between the
upper and lower face of the sliding jomnt can be brohen by laymg 2
strip of tarred buillding paper on the lower lip before pouring the
upper section, a groove, about a half-nch wide, left between the
abutting ends of the top of the hning can then be filled with an elashe
jomting compound or specially prepared jomntmg maternal

In constructing hned ditches a template of the exact cross secho?
of the subgrade 1s necessary for good work m trimming the bottom and
sides before placing the himing, and for built-m-place limngs & ten
plate of the fimshed cross-section 15 necessary for good work 1f
strongly built, the fimshed template can also be used as & screed These
templates should have either a true horizontal cross-piece which can
be set level transversely m the ditch by a carpenter’s Tevel, or a true
central vertical axis which can be set with a plurnb bob

True grades may be set by placing stake tops on the center hin
the ditch, or by measuring down from a taut Line or wire set on Cl“;-s:
boards (batter boards) above the ditch at about fifty-foot mterva

e of

UnNDERGROUND DRAINAGE
Underground tile systems are used fo

lands and also of such areas as arrport

fields which require a surface free from rregula

r dramage of agncultuml
Janding flelds and athlehe
rities As 1t 13 €



FRESH WATER MARSHES 157

siderably more expensne than drawnage by open ditches, 1ts appliea-
tion 15 hmited to speeial cases not as a rule encountered 1 mosquito
abatement work Good practical descriptions of tile dramage systems
may be found 1n varnous engimcering tests on dramage

There are alternate measures which will more or less satisfactorly
take the place of underground tile drams, usunily at less imtral cost
Corrugnted metal pipe, perforated frequentls by small hales on the
under side, has been used 1n place of either clay or conerete pipe It
15 especally useful where the ground 15 very unstable and flexibility
15 required to withstand deformation 1n alignment and grade

Draimns made of wood, triangular m cross-section with weep-holes
bored ito the lower edges of the sloping sides every few inches, may
also be used If made of redwood or Port Orford cedar, such dramns
will hase many jears of useful hife, but if made of ordinary wood
such as pine, they may rot out n a few years unless heavily mpreg-
nated with creosote

Systems of narrow trenches filled to the surface with gravel or
crushed roch can be used satisfactorsly under some conditions, f the
gravel or rock can be obtaned cheaply Where brush or trecs nre
available, the so called “brush” or “pole” drains are relatively mex-
pensn e though less satisfactory The former are trenches partly filled
with coarse brush, the latter are made with slender, straight tree
limbs, saplings, bamboo, and the like, laying one pole on top of two,
five or mine other poles pyramided so as to leave channels between the
poles

Pole dramns should be made up n sections s1x to twelve feet m length,
the poles tied together with fiber, twine, or rope so as to mantain
them in proper relative position while being placed These sections
can be butted together end to end, laymng them much as dramn tile
would be laxd

Pole drawns can take the place of pipe drains where pipe 1s not aval-
able and subsoil drams are required quichly If made of bambao they
will probably last ten years or more, saphng drains will probably last
only two or three years

Pole drans, after baing assembled mn the ditch, should be covered
with gravel »f available, or otherwise surrounded and covered with
coarse brush, palm leaves, or simlar matcrial to minmize clogging
with mfiltrating dirt
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In permanent subsorl draws, junction boxes should be provided
Junctions m pipe lines An extra inch of drop m grade should be P
vided at each Junction In sandy soil, yunction boxes can be design
to act also as sand traps, made rectangular, one foot deep below 1
mvert, and with a length four times the width An opening to the s
face (manhole) should be provided for cleaning out Junction bo
and sand traps can be precast

Subsothing o marshy area with a “mole” drawn through the s
laterally from a main dramn will, 1n some types of soils, particula
clay soils, improve dramage greatly but ususlly only temporani
The mole 15 an elongated metal ellipsord, erther rigidly attached
a steel plate to a supporting frame, somewhat n the manner of a su
soil plow, or attached to the bottom of a rigid vertzeal cutter plate!
two or three steel chain inks to give the mole some degree of mos
ment laterally or vertieally

The mole 1s drawn through the subsoil by a track-laymg type
tractor With a mole nineteen 1nches long and six inches m diamete
these drains can be put 1n at a rate of about three mules per hour

R H Sammus® has had good success with a mole on the Nass
County marshes Even after ten years these dramns were still opers
mg, though therr diameter had been reduced from the origimnal s
mches to about two and one-half mches

Sumps

Comparatively small, shallow water marsh areas may be encow
tered where a long ditch to remove the surface water may be necessar,
The cost of such a ditch mn relation to the small ares dramed may t
excessive, and yet the constant larvieiding required by the marsh
also an expense and rather an annoyance

In such cases 1t may be possible to blast out or otherwise excaval
a central sump, dig & few short radiating ditches tot, concentrateth
surface water 1n the sump and the ditches, and stock them with fis!
Even if some Iarviading 15 required, the area 1s greatly reduced
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DRAINAGE AND RECLAMATION OF
SALT-WATER MARSHES

Sart MARSHEs along the shores of the ocean and 1ts various bays,
sounds, aud estuariesanclude all low lands affected by salt or brack
1sh water and subjected to tidal action The daily or sem durnal
Huctuation of the water elevation 1s the principal feature distinguish
ing these marshes from the mland or fresh-water marsh The tvpe of
vegetation 1s also very dfferent

The soil 1 salt marshes 1s usuelly a dense clay or very fine silt snd
15 almost always overlaid by a porous peaty top soil varymg i depth
from a few inches to many feet Tlus peaty top soil may be of con
siderable depth at the heads of bays 1f rivers of any size enter the bay,
but usually becomes thinner as the ocean 1» approached

In general, salt marshes while appearmg to be quite flat hate s
gradual slope between low tide level and the adjacent dry land The
tidel phenomena dvide these marshes mto two mam areas which
should be distmnguished for mosquito abatement In those areas which
are below the normal lugh tide Jevel (mean hugh water) and which
are subjected to daily tidal action, mosquito breeding seldom occurs
On the other hand, 1n areas which lie between the elevations of mean
lugh water and extreme high tides and which are only oceastonally
subjected to hides, there occurs pracucally all the breeding of ¥
marsh mosqurtoes

CONDITIONS AFFECTING ABATEMENT MEASURES

TIDAL PHENGMENA

Anyone who has salt marshes to contend with must famiharize im
self wath local tidal phenomena Tides vary m dufferent parts of the
world 1n both range and type * Three types are generally recognized
semi-drarnal, diurnal, and mmxed In addition, the so-called rreer 1ype
1s sometimes recognized, and a “wmd tide” 15 important certan

reglons
%n the semi-diurnal type of tide there are two lugh and two fow
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waters each day, the hugh waters being approsimately of the same
height and the shape of the graph of the two tides bemng similar In
the diurnal type one lngh water and one low water occur dmly In
the muxed ty pe two ngh waters and two low waters oceur duly, but
they are marhedly different m height and m the form of the tidal
graph Tiver hides show n modification of the ordinary tide due to
the outflow of the river, so that the rate of risc on the mcommng tide
15 more rapid than the rate of fall on the outgomg tide Tigure 83
(after Rude) exiubits these types of tides In some cases, as at Ma-
mla, P T, the diurnal tide may become a semi-drarnal tide for a few
davs dunng a month
Qn the Atlantic const of the United States prolonged strong cast-
erly winds will pile up water agunst the shore, at elevations appre-
cinbly abote the normal hide levels, for considerable pertods of time,
during which the usual idel fluctuations may be obliterated or greatly
reduced As a result shore marshes snd adjacent lowlands become
flooded for weehs at a time, and drainage systems are defeated m therr
expected effeet Under such conditions & diffuse mosquito breeding
usually occurs, and although the number of larvae per square foot
may appear to be low, the great area flooded results in a large total
output of mosquitoes, and may cause an apprecable pest
Along the I'lorida coasts a sumlar sstuation may be aggravated by
the presence of off-shore barrier reefs, which may operate to prevent
normal tidal action from dramming away such excessive tides, as well as
the ordmary high tides
Tides 1n bays or estuaries may be greatly modified by floods on the
tributary river system, especinlly 1f the ocean outlet 1s at all re-
stricted Under such conditions either the tidal elevations may be
temporanly increased, although undergomg fluctuations 1n normal
sequence, or n extreme cases the tidal cy cle may be completely obliter-
ated during the maximum flood period
Osing to the changing position of the moon 1n relation to the sun,
the heights and depths of the tides vary during the lunar month
‘When the sun, moon, and earth are 1n line (new moon), we have ugh
tides (spring tides) , when the moon 1s m quadrature, at nght angles
to the line between the earth and the sun, we have low tides (neap
tides) The so called spring tides, one or two of which occur each
month, fill the pools along the upper portions of the marshes, and 1n
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these pools oceur the prmcipal amounts of salt marsh mosquit
breeding
The time and heights of the normal tides 1n all prinaipal parts of
the world are predicted m advance by the Umted States Const and
Geodetic Survey and by sumlar agencies m other countries The in-
formation 15 published 1n various tide tables for the prineipal ports,
with correction factors for time and height for secondary ports and
places n the vieiity of the major ports Any mosquito abatement
agency wiich has a salt marsh breeding area within 1ts jurisdiction
will need to make frequent use of the annunl tide table for its area
The dates, fimes, and heights of the monthly highest tides are im-
portant in thewr bearing on the approximate tine of emergenee of &
new crop of salt-marsh mosquitoes It should be the mnvariable prac-
tice during the salt marsh mosquito breeding season to mspect all
known or suspected salt-marsh breeding areas, beginming about two
days after the lughest tide and completing the mspection within six
or seven days The wait of two days 13 for the purpose of giving the
larvac opportunity to develop to a sufficient mze to be easily seen
with the unaided eye Under fasorable conditions the time from egg
hatching to emergence 15 sometimes as short as exght days, therefore
the mspechion, with nccessary abatement measures, must be com-
pleted mithin that time 1f o flight 15 to be prevented
In marsh dramage work 1t 1s also necessary to know the dates,
times, and heights of both the nghest tides and the lowest tides The
higher tides, if they occur duning the day, will frequently make 1t
difficult or impossible to continue ditching or ditch mantenance work
n that case the work should be temporanty suspended and the men
assigned to work elsewhere In installing tide-gates or other struc-
tures on the marsh 1t 1s usually necessary to wait for a very low tide in
order to be able to do the work satisfactorily and at minimum cost
The extreme tidal heights are also of importance mn determining
the heights of dykes or levees In setting the height of dyhes allow-
ance must be made for the exceptional lugh tides known as storm
tides, resulting from the combined effect of spring tides and lugh
winds which tend to pile up the water on shore Ruver floods entering
bays at the time of spring tides Wil also raise the lugh tide level
Visible evidence of the height of these extreme tides should be
looked for 1n each locality After the elevation of the extreme tides
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has been determimed, an additional heyght or freeboard for the dykes
should be determined, which will be dependent on the probable wave
height Wave height 1s roughly dependent on the reach or length of
water surface exposed to wind action The formula generally used to
determme wave height 15

H=15/R+ (25 ~ VR)

H 15 the wave hexght m feet, and R the reach m miles m the longest
straight line from the dyke which may be drawn on the water surface
of the bay or harbor The formula does not apply to exposed ocean
shore line,, for such situations the yudgment of men famibar with the
coast should be obtained

TYPES OF SALT MARSHES

Salt marshes are of two general types ocean shore marshes and
bay or estuary marshes Dependmg upon the general character of
the coast line, the ocean shore marshes will be esther narrow, hmited
m area, and 1solated, or extensive 1 area and more or less continy
ous On the Pacific coast of North and South Amersca, for example,
ocean shore marshes are few and of small extent owmg to the com
paratively abrupt rise of the land from low water to a range of
coastal hlls or chffs Along the Atlantic coast, however, the cont
nental shelf has a very shght rise for many wmuiles mland and the
marshes are extensive

Ocean shore marshes present no essential difference from bay
marshes, so far as control measures are concerned except that, owing
to much greater wave action, dramage outlets are more difficult to
maintam, and special attention must be grven to prevent wave ero-
sion of dylkes, if dyhes are required Special outlet structures or 8¢
cessortes to the common types of outlets are usually necessary, and
far more mamntenance 1s required on ocean front than on bay or estu
ary outlets

Bay marshes are built up primanly by the silt content of the bay
water deposited under shallow water conditions This silt content 15
very finely divided, and as 2 result the marsh materal consists of 2
mud or clay which 1s relatively dense and impermeable The silt 15
obtamed from the flood waters of the principal rrver or rvers entel
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has been determmed, an additional height or freeboard for the dyhes
should be determned, which will be dependent on the probable wave
height Wave height 1s roughly dependent on the reach or length of
water surface exposed to wind action The formula generally used to
determine wave height 1s

H=15/R+ (25 — ¥R)

H 1s the wave height 1n feet, and R the reach m mules in the longest
straight line from the dyke which may be drawn on the water surface
of the bay or harbor The formula does not apply to exposed ocean
shore line, for such situations the judgment of men familiar with the
coast should be obtamned

Ty PES OF SALT MARSHES

Salt maxshes are of two general types ocean shore marshes and
bay or estuary marshes Depending upon the general character of
the coast line, the ocean shore marshes will be erther narrow, hmited
m area, and 1solated, or extensive in area and more or less contmu
ous On the Pacfic coast of North and South America, for example,
ocean shore marshes are few and of small extent owmg to the com
paratively abrupt mise of the land from low water to o range of
coastal hlls or chiffs Along the Atlantic coast, however, the contt
nental shelf has a very shght rise for many miles mland and the
marshes are extensive

Ocean shore marshes present no essential difference from bay
marshes, so far as cont1ol measures are concerned, except that, owmng
to much greater wave action, dramage outlets are more difficult to
mamtain, and special attention must be given to prevent wave ero
sion of dykes, if dykes are required Special outlet structures or &¢
cessories to the common types of outlets are usually necessary, and
far more maintenance 1s required on ocean front than on bay or estu
ary outlets

Bay marshes are bwlt up primarily by the silt content of the bay
water depostted under shallow water conditions This silt contentf 15
very finely divided, and as - result the marsh material consists of 2
mud or clay wlich 1s relatively dense and mpermeable The silt 1s
obtamed from the flood waters of the principal river or rivers enter-
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Figure 36 Laborers excay ating a dramn ditch across a salt marsh
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eyt of rWennling Inver of eon= er sarde material and fine silts
I £oeh formats me Jot 4l dra mape 1r'n ditches 18 noticeable, and
drmditedre cm b epee 3 at wadee imtereale

Murhies 1m the s ¢f 1 rge mivees that have traversed exten-
s fintanlleve ond an e upp 1 portiamc of the bavs into wlich
rorhirivess flaw uearTly wil) € i ¢ of erneaiderable depths of peat or
mel amtereperred wath g}t The peat depaste are nsunlls found on
e Jewprd alore 5 4he ol up tules and rushes wlich are
the mayor comhtnert edement of prat foat at or near the nater
Farface nnd nre affecte d hy the vind sa well na b the water currents
Anthe ditunice fyom the moth of the nver irereases, the amount of
peat depo ed Becomes Jerr o that 1f the length of the bay 15 suffi
arnt the dinrncter of the suntsh deponta mny change from primanly
pentneny the nowth of the tiver to primanls or exclusively ailt near
the oceay

The dramng ¢ o1 secdnmation of peat mapshes presents two prob
lems thrndng e and fire hzard 1or mosquito abatement purposes
s de irable that the water kevel be lowered only enough to pull the
®aler out of the hreedine arcts and the dense vegetation Turther
lm\(‘rmg of the g round water kel s a positive disadvantage i that
shrm\ng( will oceur, and ultimately pumping will have to be resorted
o at considerab)e ¢ apense Lowering of the ground water level also
w1l expose dry prat to the danger of fire A peat ground fire can
only be extingruinhied by flooding though small peat fires can be put
out by exear ating a tranch down to wet material all around the burn-
ing aren and then pumping water onto the peat, at the same time
d‘Hgmg up the peat to permit the water to penetrateit Iiresin peat

hes ean be put out enly by pumping water onto the burning por-
tion, at the same tume digging into and turmng up the burning peat
to that the water penetrates into the burning mass

The abstraction of water from marsh soils, and consolidation duc in
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part to drymg out of organic matter in such souls, will usually result
m some shrinkage and lowering of the general ground level This
shrinkage m some cases 1s sufficient to make 1t 1mposstble to continue
the dramage by gravity and resort must be had to pumping, some
times at considerable expense where extensive areas are dramed It
will always be very desirable to make a study of probable marsh
shrinhage before a reclamation project 1s undertaken, to determme
whether pumping will eventually be required and, if so, whether the
cost of pumping 15 justifiable In many cases the economres of the
sttuation may mdicate that open marsh dramage 15 preferable to
reclamation It 1s reported that at some places along the Atlantic
coast the use of reclamation for mosquito control has been disadvan
tageous because of shrinkage and the lowering of the marsh level

In clay marshes, reclamation may cause the marsh mud to crack
as 1t dries out This cracking 15 a form of shrinkage Under some
circumstances the crachs may be several feet m depth and contam
water at the bottom which will produce mosquitoes These cracks are
dufficult to locate 1f covered with vegetation and 1t 1s always difficult
and expensive to o1l them Such crached breedimg marsh can best be
controlled by plowing so as to break up the surface and fill mn the
crachs After the mitial plowmg, an occasional dishing should be
sufficient to keep the eracks filled

Initial plowing will cost from five to ten dollars per acre, and sub-
sequent dishing perhaps half as much As cracked ground can hardly
be otled for less than about four dollars per acre, and not very effec-
tively oiled at that, and as several oilings will be required each year
the economy of plowing and disking 15 obvious

MARSH VEGETATION

Salt marshes are usually easily recogmized by thewr location and
by therr distinctive vegetation On the Pacific coast, for example, the
pickleweed, Salicorma ambigua, 15 the typreal salt-marsh growthi
For all practical purposes 1t 1s & correct statement that breeding ©
Aedes dorsalis, dedes squamiger, and Aedes taenmorhyncus occurs o0
the Pacific coast only m association with the Salicorma The ngﬂ;2
of this marsh vegetation 15 1n many places so thich and matted th?
1t 15 1mpossible to obtamn any effective percentage of kil of mosqullo
larvae by oiling methods Under such conditions, dramage 15 not only
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more cconemicnl than ehng but 1s the onlv effectine abatement
meneure

J B Smuth states? that on the New Jersey marshes the sedges
(Carcx speeres) are Jowest in clevation the three square grass (Soir-
pus americanus) 1< intermediate, and the <alt meadow grass (Spar-
tina pafens) and the black grass (Juneus gerards) grow on the higher
ground The intermedinte three=quare grass 1s typreal of mosquito
breeding On the Conneeticut marshes Distichlis marttima 1s charac-
{enstie of mosquito breedmg

Where the growth of marsh vegetation 1s very thick, it 1s a decided
handieap fo thorough mspection work and makes progress across the
marsh difficult and frequently dangerous YWhere dense vegetation
obscures eracks, holes, and small sloughs, the workmen are tn danger
of spraaned ankles, wrenched backs, or even broken legs A man pack
ing a hnapsack sprayer with fise gallons of o1l may be panfully 1n
Jured by falling 1nto & concealed crack Knowledge of tins danger
causes the men to walk slowly and cautiously on marsh having densc
segetation so that the work 13 slowed down appreciably

It wall be found advisable, therefore, to burn off evcessive marsh
vegetation during the late autumn or winter according to chimatie
conditions Usually 1t will be found helpful to use ol in knapsack
sprayers to assist the fire in spots which burn with difficulty, but if o
dry day with a moderate wind 1s selected httle ol will be required ex-
cept in starting the fire The usual precautions aganst fire damage
to adjacent property should be taken If there are any structures
(mcluding fences) on the marsh, & clear area should be eut around
them before the prinaipal fire 15 started Another caution mnrshes
should be burned at a time when there wilt be & mimmum of damage
to wild Iife Under some conditions, 1f wild hife on the marsh s to be
preseried, 1t should not be burned at all

Owing to the habit of the salt marsh mosquitoes to lay thar eggs
m the mud adjacent to and under the marsh vegetation, it would
seem that burning the marshes would destroy the eggs We have
found, however, no appreciable reduction in the amount of hatch after
a marsh has been burned Lven after several burnings the hatch ap-
pears to be Just as numerous as ever

Aside from the marshes affected by the daily tides, there are often
adjacent marshes, usually shightly lagher i clevation, which are
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flooded only during the spring run-off or winter rams In
Franaisco Bay region such marshes are the typical breeding ¢
Adedes squamiger, which has one annual brood 1n that region
mg m early January and emerging usually i md-March

Shore marshes which are affected by both tidal action and
flow from the land must be considered from the standpomt of
tion of certan species of Anopheles, as well as pest species o
Under these conditions a brackish marsh water may result
Mediterranean area this 1s favorable to the breeding of the
melara vectors, Anopheles sacharovt and Anopheles labr
labranchize On the Bengal, Burma, and Malaya coasts, ani
Netherlands Indies slands, Anophcles sundarcus 1s an mport:
tor breeding m brackish water Dylkes and gates which will er
clude salt water, or which will keep the marsh flooded with sal
will help to drive out such dangerous vectors

There are two principal methods of marsh dramage oper
dramage and reclamation

In open marsh dramage, the marsh 1s opened up by ditche
free ebb and flow of the daily tides so that no portion of the
has any standing water 1n which mosquitoes may develop Tt
of dramage 1s best adapted to comparatively narrow marst
which the length of any individual dramn from outlet to the
end of any branch does not exceed about 2000 feet It 1s als
preferred m ground which will probably crach or shrmk b
dramed dry But where extensive aress are to be drewmed W‘{
volve very Jong dram ditches or where an agricultural or mc
use will result from drying out the marsh, then reclamation !
preferred

In the reclamation type of marsh drammage, the area 15 surr
on the shore or low sides by a dyke The dyke 1s prerced at
more places by an outlet structure which permuts water beht
dyhe to run out at low tides, but which prevents any return
hgh tides Switable dram ditches are excavated to conduct W
the outlet structures These ditches are normally larger m:
sions and more widely spaced than the ditches used m open
dramnage

The disadvantages of the reclamation type of dramage 2
cost of mantenance of the dyhes and outlet structures, an '
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which mav be emmaderable under some conditions the possible erack
mg of the ground resulting in mosquito breeding which ean be con
trolied suceessfully onlv by plowmg and dking, or posaible shrmnk-
age which lowers the land to <uch an extent that pumpmg wil be
neerssary The advantages of the reclamation type of dramage are
That on large mar hes 115 frequentls less expensine and more effee-
tive than open march dramage, and 1t mayv permit the reclumed
marsh to be uced for agnicultural or industnial purposes

OPF» MARSH DR4INACF

Two mam fypes of open marsh dranage have been recogmized
the poo) connectmg sy stem and the paraBlel-dram svstem Inthe fivst,
ditches are run on the shortest hines to dram the indinidual pools on
the marshes In the cccond, approximately parallel ditches are dug
across the march, spreed at nearly equal distances

Qur experience has led us to abandon Loth svstems in favor of n
method which we believe to be mare economical and effective and
which mayv be briefly deseribed as follows Low areas contuning
water standmg under dense vegetation, which are the most prolific
breeding areas, are first located and roughly outlined Wood laths
ma be used ns marker< for this purpose The main sloughs and their
branchies are also followed out, trimmed, and cleared out, especially
1f concealed or obscured, and any obstructions to flow theremn are re-
moved In general, 1t will be found economieal to utihize existing
sloughs and their branches as the mains of the drminage svstem Loop
bends mav be shortened by cutting across any narrow nechs After
the sloughs arc located and cleared, ditehes are then dug on the short-
est ine from the low overgrown areas and large poals to the nearest
men or branch slaugh If the ditch passes 1 the vieimity of a pool,
1t may be diverted shightly from a straight hine to pass through the
pool, or else a branch or stub ditch 15 connected to 1t, dependmg on
which requires the least ditch If no slough or ats branch 1s available,
a mam ditch following 1n general the low areas, with laterals as re-
quired, 15 constructed to all major low spots and pools

In laving out these ditches, minor pools and damp areas are at
first neglected, until after the principsl dramns are put in After the
next monthly ligh tide occurs the area 15 agan examined and any
areas which have not dramned properly are draned by small ditches
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flooded only durmg the spring run-off or winter rams In the Sag
Franasco Bay region such marshes are the typical breedmg places of
Aedes squamiger, which has one annual brood 1 that region, hatch
mg m early January and emerging usually 1 mid-March

Shore marshes which are affected by both txdal action and stresm
flow from the land must be considered from the standpant of produc-
tion of certawn species of dnopheles, as well as pest species of dedes
Under these conditions a brackish marsh water may result In the
Mediterranean area this 1s favorable to the breeding of the efficient
malaria vectors, Anopheles sacharom and Anopheles labranchue
labranchiae On the Bengal, Burma, and Malaya coasts, and m the
Netherlands Indies 1slands, dnopheles sundacus 1s an important vee
tor breeding m brachish water Dylkes and gates which will exther ex
clude salt water, or which will heep the marsh flooded with salt water,
will help to drise out such dangerous vectors

There are two prmepal methods of marsh dramage open marsh
dramage and reclamation

In open marsh dramnage, the marsh 1s opened up by ditches to the
free ebb and flow of the daily tides so that no portion of the marsh
has any standing water m which mosquitoes may develop This tvpe
of dramage 15 best adapted to comparatively narrow marshes, for
which the length of any mdinidual dram from outlet to the upper
end of any branch does not exceed about 2000 feet It 15 also tobe
preferred 1n ground which will probably crach or shrmh badly 1f
dramed dry But where extensive areas are fo be dramed which m
volve very long dram ditches or where an agricultural or ndustral
use will result from drymg out the marsh, then reclamation 1s to be
preferred e

In the reclamation type of marsh dramage, the area 1s surroun
on the shore or low sides by a dyke The dyhe 15 perced at one oF
more places by an outlet structure which permits water belund ﬂ?:
dyke to run out at low tides, but which prevents any return ﬂow:
ugh tides Switable drain ditches are excavated to conduct water tj
the outlet structures These ditches are normally larger m d‘me"l
stons and more widely spaced than the ditches used m open marst
dramage

The disadvantages of the reclamation type of drams,
cost of mamtenance of the dyhes and outlet structures,

ge are the
an outlay



SALT-WATER MARSHES 169

which may be considerable under some conditions, the possible erack-
g of the ground, resulting m mosquito breeding which can be con-
trolled suceessfully only by plowing and dishing, or possible shrink-
age which lowers the land to such an extent that pumping will be
necessary The adsvantages of the reclamation type of dramnage are
that on large marshes 1t 15 frequently less expensive and more cffec-
tive than open marsh dramage, and 1t may permit the reclaimed
marsh to be used for agricultural or industrinl purposes

OPEN MARSH DRAINAGE

Two mam types of open marsh dramage hase been recogmzed
the pool-conneching sy stem and the parallel draw system In the first,
ditches arc run on the shortest hnes to dran the mdividual pools on
the marshes In the sccond, approximately parallel ditches are dug
across the marsh, spaced at nearly equal distances

Our experience has led us'to abandon both systems 1 favor of a
method which we believe to be more economecal and effective and
which may be brefly described as follows Low arens contaning
water standing under dense vegetation, which are the most prolific
breedmg areas, are first located and roughly outlined YWood laths
may be used as marhers for this purpose The main sloughs and their
branches are also followed out, trimmed, and cleared out, especially
if concealed or obscured, snd any obstructions to flow therein are re-
moved In general, it will be found economical to utihize existing
sloughs and their branches as the mains of the dramnage system Loop
bends may be shortened by cutting across any narrow necks After
the sloughs arelocated and clearcd, ditches are then dug on the short-
est ine from the low overgrown areas and large poals to the nearest
mamn or branch slough If the ditch passes m the viemity of a pool,
1t may be diverted shghtlsy from a straight line to pass through the
pool, or clse a branch or stub diteh 15 conneeted to 1t, depending on
wlich requires the least ditch If no slough or its branch 1s avarlable,
a mamn ditch followmg n general the low areas, with laterals as re-
quired, 15 constructed to all major low spots and poals

In laying out these ditches, minor pools and damp areas are at
first neglected, until after the prinapal drams are put in After the
next monthly Ingh tide oceurs the area 1s again examined and any
areas which have not drained properly are dramned by small ditches
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Frequently 1t wall be found that the main drams have made a number
of projected mmnor ditches unnecessary, because of lateral dramage
through the porous top soil of the marsh

The spacing and posthion of dram ditches are appreciably nflu
enced by the porosity of the marsh soil, especially of the top layer
which 15 frequently peaty 1n character Even where the principal
marsh soil 15 o dense blue clay, the surface may be a layer of rather
porous, partially decomposed vegetable matter together with the
matted roots of marsh grasses This layer will vary m depth froma
few nches to a foot or more The depth of this top porous layer, to-
gether with the depth of the dram ditch, controls the amount of lateral
dramage effect exerted by the ditch In general the thicker the porous
top layer and the deeper the ditch, the wider will be the strip drawmed
by the ditch However, the top layer 15 seldom uniform mn thickness or
m porosity ovel any considerable aren, so that the width of lateral
dramnage obtainable on one marsh cannot be used safely for determn
mg the spacing of drams m another marsh which may appear to be
very sumlar

The depth of the dramn ditches will be controlled by the elevation
of mean Jow tide at the particular marsh m question 1f the tide 1s
dwrnal or semi-diarnal in character Wath a tide of mrxed character,
the elevation of mean lower low water will be the lowest available depth
for a dram The bottom of the ditch may be approximately one foot
lower than this elevation 1n order to provide the cross-sectional area
necessary for the hdal flow

If the rate of rise of the marsh surface toward the adjoming igh
land 15 relatively shght, m other words, 1f the marsh surface 1s very
flat, the depth of the main drams may be kept at a constant Tevel
throughout so as to obtam all possible depth of drams throughout
the marsh The hydraulic gradient required to get an outflow of
dranage water will then be obtamed automatically by a drop m the
water surface along the line of the ditch Laterals should enter such
a ditch at sufficient depth to dram the area they reach

If the marsh has an appreciable general rise m surface to the "3
jacent high ground, then the bottom of the mam diteh a»thxldgt 1};
constructed on a grade which will give mmmmum excavation and ,
leave enough depth to dram all parts of the marsh A surveyza;
pocket hand level, used 1n conjunction with a ten-foot stadia
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marhed 1 feet and tenths, 15 very useful 1n setting grades and eleva-
tions on marsh ditches Unless a marsh 1s extensive, the regular sur-
veyor’s level 1s seldom necessary for setting ditch grades except when
a contract 15 mvolved
In general, we behieve that the method of open marsh dranage
herein outhined obtams dranage fully as effectively as either the
pool connecting or the parallel ditch system and at a lower cost It
does not appreciably change the ecological balance of the marsh and
m some cases, due to the improved water circulation, has been bene-
ficial to aquatic wald hife It 1s, however, only suitable for work done
by project employees, or by excavating machmnery owned or rented
by the mosquito abatement agency Tt 1s not well adapted to contract
work, except when the contract calls only for the excavation of the
main drains, leaving small laterals to be constructed by hired labor
The type of ditch required for open marsh dramage differs from
the type best suited to upland dramage In general a relatively deep
and narrow ditch 1s best for marsh dranage and vertical banks are
permssible 1n some marsh sails In fact, owing to the effect of tidal
flow, the marsh ditches may have their banks considerably undercut
and yet remaim stable and free from caving Our practice in general
has been to construct hand-dug ditches with vertical banks and then
on subsequent mamtenance work to bevel the upper portion of the
ditch banks on a forty-five degree slope for a depth of about one
foot Frequently, when maintenance work has not been hept up, some
of these ditches will be found to be completely grown over with marsh
grasses but still functioning perfectly Such neglect 1s not advised,
however, as a mmor blockage may not be easily seen Turthermore,
such a ditch 1s dangerous to meautious persons crossing the marsh
and even to laborers or inspectors employed on the work
Although a number of patented spades or ditching tools have been
developed for hand ditching on salt marshes, our experence leads
us to beleve that the best all round tool for marsh ditching 1s the
long handled square-pomt shovel, the hind that was recommended 1n
the preceding chapter for fresh water marshes It 13 obtamable any-
where, 1t 15 cheap, and any laborer knows how to handle 1t The
round pomnt shovel 1s entirely unsusted to this work The igh-grade
alloy steel shovels have not proved as satisfactory as the cheaper
clulled steel shovels, as their life on the Job 15 not sufficiently longer
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to justify their much hugher cost Workmen should be provided with
ten-inch flat mll files for Leeping the shovel edge sharp In mamte-
nance of hand-dug ditches, the hoe and the seven-tine ptchfork are
useful adjuncts to the square-pomt shovel

Workmen on salt-marsh dramage will require rubber hip boots on
the work The best type of boot for this work 15 cut longer on the
outside than on the inside and the fabric of the upper portion should
be close woven and non-stretching Square cut tops and stretchable
uppers are inconvenient to the workmen, as much of the work 1s done
with the tops partly turned down If the boot worn has a stretchable
top time 15 lost because the workman must pause frequently to pull
the boot top up Only the better grades of boots will stand up under
salt-water conditions Cheap boots are unsatisfactory and expensive
In order to prevent excessive cutting of the sole of the boot, the upper
edge of the shovel may be widened to about one-half inch by brazng
or welding onto 1t a steel strip After welding, the upper edges should
be ground shightly to remove any sharp corners or edges

Hand excavation of any counsiderable length of ditch larger m
cross-section than three feet wade and three feet deep usually 13 not
economical Excavation machmery which 1s adapted to marsh dram
age cannot successfully excavate a width smaller than about three
feet Therefore there 1s 2 pomnt at whnch hand ditching becomes more
expensive than machine ditching, which must be determmed for each
partieular job The controlling factors are

1 The enlue yards of excavahion three feet or more an width,

Cost per cubic yard of hand excavation as compared with machine
excavation,

3 Cost of moving excavating machmery onto the ground, and off again,
4 Time available for the job

To illustrate the effect of these factors and the method of analy-
815, Jet us assume two cases of marsh excavation, wiich for clearness
of 1llustration are shghtly modified from actual projects under our
direction

©

Project A
862 acres
14,700 feet

by machine 11,100 e yds
Quantity of excavation by hand 8,025 co vds

Area
Length of drains
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Cost of job by machine work
Excavation, 11,100 cu yds at 15¢
Engwmerring, supervision, transportation, & over
head, 20%
Moving equpment to and from job

Total
Cost of job by hand work
Lxcavation, 8,325 cu vds at 50¢

Engincering, supervision, transportation, & over
head, 505

Total

Daffercnee 1n favor of machine work

Project B
Area
Length of dramns
by machine
Quantitv of excavation {by hand

Cost of job by machine work
Exeavation, 1,086 cu yds at 15¢
Engmeenng, supernsion, transportation, & over-
head, 20%
Moving equipment to and from job

Total
Cost of 30b by hand work
Excavation, 724 cu vds at 50¢

Engincening, supervision, transportation & over-
head, 50%

Total

Difference 1n favor of hand work

$1,665

333
400

$2,308

$4,162

2,081
$6,243

$3,815

56 acres
1,186 feet
1,086 cu yds

724 cu yda

$ 163

32
400

$ 595

$ 362

181

$ 543

$ 52

173

In Project B the hand-dug ditches could have a bottom width of two feet,
but the machine-dug ditches require a minimum bottom width of three feet
In Project A part of the hand dug ditches could have a bottom width of two
feet, but the remainder, because of storm run off quantities, require bottom
widths of from three to four feet The quantities of excavation differ, there-
fore, between hiand and machine excavation the latter requiring the greater

yardage.

The considerably greater percentage charged for engineering tranaporta



172 MOSQUITO CONTROL

to Justify thewr much higher cost Workmen should be provided with
ten-mch flat mill files for Leeping the shovel edge sharp In mmmte
nance of hand-dug ditches, the hoe and the seven-tine ptchfork are
useful ad juncts to the square-pomt shovel

Workmen on salt-marsh dramage will require rubber hip boots on
the work The best type of boot for this work 15 cut longer on the
outside than on the mside and the fabric of the upper portion should
be close woven and non-stretching Square cut tops and stretchable
uppers are mnconventent to the workmen, as much of the work 1s done
with the tops partly turned down If the boot worn has a stretchable
top tmme 1s lost because the workman must pause frequently to pull
the boot top up Only the better grades of boots will stand up under
salt-water conditions Cheap boots are unsatisfactory and expensive
In order to prevent excessive cutting of the sole of the boot, the upper
edge of the shovel may be widened to about one-half mch by brazing
or welding onto 1t a steel strip After welding, the upper edges should
be ground shghtly to remove any sharp corners or edges

Hand excavation of any considerable length of ditch larger m
cross-section than three feet wide and three feet deep usually 1s not
ecoromical Excavation machmery which 1s adapted to marsh dram
age cannot successfully excavate a width smaller than about three
feet Therefore there 15 a pownt at which hand ditching becomes more
expensive than machme ditching, which must be determined for each
particular job The controlling factors are

1 The cubic yards of excavation three feet or more m width,

2 Cost per cubic yard of hand excavation ag compared with machwe
excavation,

3 Cost of moving excavating machmery onto the ground, and off agaits

4 Time available for the job

To illustrate the effect of these factors and the method of analy-
515, let us assume two cases of marsh excavation, which for clearness
of 1llustration are shghtly modified from actual projects under our
direction

Progect A
Area 362 acres

Length of draimns 14,700 feet .
by machine 11,100 cu yds
Quantity of excavation by hand 6,925 co 78
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Cost of job by machine work

Lxcavation, 11,100 cu yds at 15¢ $1,665
Engineering, supervision, transportation, & over-
head, 205% 333
Moving equipment to and from job 400
Total $2,308
Cost of job by hand work
Excavation, 8,325 cu vds at 50¢ $1,162
Eng g, supervision, portation, & over
head, 5056 2,081
Total $6,243
Difference i favor of machine work $3,845
Project B
Area 56 acres
Length of dramns 1,136 feet
by machmne 1,086 cu yds
Quantity of excavation by hand w24 cu vds
Cost of job by machine work
Exeavation, 1,086 cu yds at 15¢ $ 163
Engineering, supervision, transportation, & over
head, 20% 32
Moving equpment to and from job 400
Total $ 505
Cost of job by hand work
Excavation, 724 cu vds at 50¢ $ 862
Engineering, supervision, transportation, & over-
head, 50% 181
Total $ 543
Difference in favor of hand work § 52

In Project B the hand-dug ditches could have a bottom width of twa feet,
but the machine dug ditches require a Tarmimum bottom width of three feet
In Project A part of the hand dug ditches could have & bottom width of two
feet, but the remainder, because of storm run off quantities, require hottom
widths of from three to four feet The quantiies of excavation differ, there-

fore between hand and machine excasvation, the latter requining the greater
vardage

The derably greater p ge charged for engineenng transporta
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to justify ther much higher cost Workmen should be provided
ten~mch flat mll files for Leeping the shovel edge sharp Inma
nance of hand-dug ditches, the hoe and the seven-tine prichforl
useful adjuncts to the square-powmnt shovel

Workmen on salt-marsh dramage will require rubber hip bool
the work The hest type of boot for this work 1s cut longer or
autside than on the mside and the fabric of the upper portion sh
be close woven and non-stretching Square cut tops and stretct
uppers are mconvenient to the worhmen, as much of the work 15
with the tops partly turned down If the boot worn has a stretct
top time 1s lost because the workman must pause frequently to
the boot top up Only the better grades of boots will stand up u
salt-water conditions Cheap boots are unsatisfactory and expen
In order to prevent excessive cutting of the sole of the boot, the w
edge of the shovel may be widened to about one-half mch by bra
or welding onto 1t a steel strip After welding, the upper edges sh
be ground shghtly to remove any sharp corners or edges

Hand excavation of any considerable length of ditch large
cross-section than three feet wide and three feet deep usually 1
economical Excavation machmery which 1s adapted to marsh d
age cannot successfully excavate a width smaller than sbout t
feet Therefore there 15 a pomnt at which hand ditching becomes 1
expenstve than machine ditching, which must be determned for
particular job The controlling factors are

1 The cubic yards of excavation three feet or more in width,

2 Cost per cubie yard of hand excavation as compared with maclhi
excavation,

3 Cost of moving excavating machnery onto the ground, and off agait

4 Time available for the job

To llustrate the effect of these factors and the method of an
s1s, Jet us assume two cases of marsh excavation, which for clear
of 1llustration are shghtly modified from actual projects under
direction

Project A

Area 862 acres

Length of drams 14,700 feet .
by machine 11,100 cu yos
Quantity of excavation by hand g2 cu v
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Cost of job by machine work

Excavation, 11,100 cu yds at 15¢ $1,665
Fngineering, supervision, transporfation, & over-
head, 20% 333
Moving equipment to and {rom job 400
Total $2,598
Cost of job by hand work
Lxcavation, 8,325 cu vds at 50¢ 31,162
Engineening, supervision, transportation, & over
head, 5050 2,081
Total $6,213
Difference 1n favor of machine work $3,845
Project B
Area 56 acres
Length of drams 1,136 feet
bv machine 1,086 cn yds
Quantity of excavation by hand w24 cn vds
Cost of job bv machine work
Execavation, 1 086 cu yds at 15¢ $ 163
Engmeenug, supervision, transportation, & over-
head, 20% 32
Maoving equipment to and from yob 400
Total $ 595
Cost of j0b by hand work
Excavation, 724 cu yds at 50¢ 3 862
Engineering, supervision, transportation & over-
head, 50% 181
Total 3 543
Difference i favor of hand work $ 52

In Project B the hand-dng ditches counld have a bottom width of two feet,
but the machine dug ditches require a minimum bottom width of three feet
In Project A part of the hiand dug ditches could have a bottom width of two
feet, but the remainder, becanse of storm run off quantities, require bottom
widths of from three to four feet The quantities of excavation differ, there-
fore between hand and machine excavation the latter requiring the greater
vardage

The considerably greater percentage charged for engineenng transporta
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to justify their much higher cost Workmen should be provided with
ten-mch flat mill files for Leeping the shovel edge sharp In mamte-
nance of hand-dug ditches, the hoe and the seven-tine prtchfork are
useful adyuncts to the square-pomt shovel

Workmen on salt-marsh dramage will require rubber hup boots on
the work The best type of boot for this work 15 cut longer on the
outside than on the mside and the fabric of the upper portion should
be close woven and non-stretching Square cut tops and stretchable
uppers are mnconvenent to the workmen, as much of the work 1s done
with the tops partly turned down If the boot worn has g stretchable
top time 15 lost because the worhman must pause frequently to pull
the boot top up Only the better grades of boots will stand up under
salt-water conditions Cheap boots are unsatisfactory and expensie
In order to prevent excessive cutting of the sole of the boot, the upper
edge of the shovel may be widened to about one-half inch by brazmg
or welding onto 1t a steel strip After welding, the upper edges should
be ground shghtly to remove any sharp corners or edges

Hand excavation of any considerable length of ditch larger m
cross-section than three feet wide and three feet deep usually 1s not
economical Excavation machmery which 1s adapted to marsh dramn
age cannot successfully excavate a width smaller than about three
feet Therefore there 1s a point at which hand ditching becomes more
expenstve than machine ditchimg, which must be determmmned for each
particular job The controling factors are

1 The cubic yards of excavation three feet or more in width,

Cost per cubic yard of hand excavation as compared with machie
excavation,

3 Cost of moving excavating machinery onto the ground, and off agamn,
4 Time available for the job

[N

To dlustrate the effect of these factors and the method of analy
s1s, let us assume two cases of marsh excavation, which for clearness
of 1llustration are shghtly modified from actual projects under our
drrection

Progect A
Area 862 acres

Length of drams 14,700 feet
by machime 11,100 cu yds
Quantity of excavation {by hand §.825 cu ¥ ds
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Cast of Job bv mactune work

Excavation, 11,100 cu yds at 15¢ $1,665
Engmeering, supervision, transportation, & over
head, 20% 333
Moving equipment to and from job 400
Total $2,808
Cost of yob by hand work
Lxeavation, 8,825 cu vds at 50¢ $1,162
Engmeenng, superssion, transportation, & over
head, 50% 2,081
Total $6,243
Dafference 1n fasor of machime work $3,815
Project B
Area 56 acres
Length of drams 1,136 feet
by machine 1,086 cu yds
ntit
Quantity of excavation by hand 721 cn yds
Cost of job by machine work
Excavation, 1,086 cu yds at 15¢ $ 163
Engineenng supervision, transportation, & over-
head, 26% 32
Moving equpment to and from job 400
Total $ 595
Cost of job by hand work
Excavation, 724 cu yds at 50¢ $ 362
Engineenng, superwision, transportation, & over-
head, 50% 181
Total $ 543
Difference 1n favor of hand work $ 52

In Project B the hand-dug ditches could have a bottom width of two feet,
but the machime dug ditches requre 2 mmmum bottom width of three feet
In Project A part of the hand dug ditches could have a bottom w:dth of two
feet, but the remninder, becanse of storm run off quantities, require bottom
widths of from threc to four feet The quantities of excavation differ, there-

fore between hand and machine excavation the latter requiring the greater
yardage
The d

Bl . "
y greater pi g d for eng t P
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tion, supervision, and overhead on hand excavated Jobs 15 1n part due to the
time element, hand work taking from two to three times as long as machine
work It also includes the eost of shovels, rubber boots, and sumtlar 1tems
The cost of moving the excavating machunery to and from the work mclades
frexght charges and travel tune to and from the equpment storage depot On
1solated projects at a coniderable distance from a railroad it mught be much
greater than the amount stated

It 1s obvious from an exammation of these figures that there 1s 2
certam size of project below which machine excavation 1s more costly
than hand excavation This must be determmed for esch locality at
the time of the work according to umt costs then prevaiing

‘Where time 15 an essentisl factor m the drainage project, machimne
excavation may be required m spite of its greater cost 1f the time
necessary to get the equipment to the job 1s not too great

If fabor 1s diffieult to obtain, questions of relative cost may become
comparatively ummportant, and power equipment must be used to get
the work done In recent years, with labor scarcity and very high
wage rates, the tendency has been toward mncreased use of power
equipment by mosquito control agencies Small (one-fourth cubic
yard) cranes with excavating buchets, power-driven ditch-cleamng
machimes, and self-propelled power sprayers have heen especally
favored

RECLAMATION

A reclamation project for mosquito abatement consists essentially
of the enclosure of a tract of marsh by a dyke or levee, the mstalla
t1on of one or more outlet structures, and the excavation of drams to
conduct surplus water to these ontlets

CONSTRUCTION OF DYKLFS

The dykes and the main drawns are constructed by excavatmg ma”
chinery, mmor ditches may be dug by hand Dependmng upon the
character of the ground, erther floating equtpment or tractor-mounted
land equipment may be used or & combimation of the two types The
outlet structures will be either dramage gates or pumps, depending
on topography, ramfall, flood water, or tidal elevations, and also on
probable subsidence of the soil after dramage
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Fgure 38 Tvpieal salt marsh in natural condition, showing mosquito
breeding pools Drun ditches are being excavated
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Tigure 39 Thpical salt marsh after ditclung at low tide
showing the former pools empticd
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The dimensions of the dyhe will vary according to the character
of the marsh material and the probable height of waves It will sel-
dom be possible to mahe marsh mud stand to any height greater than
about six fect with a side slope of more than one vertical on three hon-
zontal Usually & berm will be necessary In exposed locations and on
long dy kes, the top width of the dyhe should be sufficient to permut a
roadnay along the top so that trucks can have access to all portions
of the dyhe m case repairs are necessary The natural ground sur-
face on which the dy ke rests should be scarified by the dredge buclet
50 ns to make a good bond between the dyhe and the marsh surface,
thus preventing seepage along the line of contact In some soils a cut-
off trench must also be dug

The borrow-pit from which the matenial for the dyke 1s obtamed
should be located on the mnside of the dyke, and a sufficient space
should be left between the toe of the dyke and the edge of the hor-
row-pit 5o as to avoid a slump n the sides of the borrow-pit which
might result from the pressure of the wet dyhe matertal The bor-
row-pit should be continuous and of umiform depth so that 1t can be
used as the main drain ditch in the dranage system

DRAINAGE OUTLETS

Dramage outlets are structures designed to permmt the outflow of
water when the water level inside the dyke 1s higher than the water
level outside and to prevent the mflow of water when the water level
outside the dy ke 1s higher than the water level nside The structures
may be either automatic 1n operation, or operated by hand or power
(nen-automatic) or a combination of the two

The types of outlet structures vary according to the quantity of
outflow water, so1l conditions, the headroom or depth available, and
the relative costs of materials In general they are of the following
types of construction all metal, all wood, metal gates with conerete
or wood abutments, wood gates wath concrete abutments No general
rules may be laid down as to the best and most economieal materials
The local cost of matenials constructed i place and the probable hife
of the structure under local conditions must be analyzed for each lo-
cality Local experience with each type of material 1s the best guide
as toats durababity

The most permanent ty pe of construction 1s the cast-iron gate and



T —————————————RSSETUU

219 opp puv 359410 3LP JO UOHOW PITAENL 03 WULTUI TP PINBLY

FTLL HOIH
IBIT [PUD LIIAND SO LUOHLOT— 42BN IS Of JouUnYD A0

MOYSY DG EUIIUPAILL  2)o1f b1y
welg _ LY ITATINO LD PO ApyootppeuCrnp 0830l — \1

Y SIDLS SO
2024405 oY AT 4O wolfods -sS04D

wyeIg

A IINZT FOIL HOIH

FarLL MOT7
UIAET PUD JINND SO EQ\QQ.J\ 4RO PO Of JIUUDYD \u\\hbu
b, >4
wrnag | LHIFNTND i oo ot Y ¥
'
sl SO .v
POBYAING

BYAG SO UOI29S-S5040)
wWI7EG

FHAC A0 SOL




SAI T-\WWATLR MARSHLS 177

frame set i an abutment of reinforced concrete Tor large outlets on
firm ground this 15 probably the best type of structure, although its
mitiad cost 15 relatively Ingh In soft unstable ground it must be sup-
ported on ]’)llCS preferably also of remforced conerete though wood
pihing may be used 1f the pales are cut off below the level of lower low
water to svoud attack by marmne borers

Wood structures decay at the water Iine, and in some exposures
are rapudly destroyed by marine borers unless heavily cicosoted by
pressure impregnation I arge dramage siructures may be con-
structed of untreated wood 1if there 1s no danger of destruction or
damage by Teredo or Limnoria If marme borers are present, creo-
soted timber must be used or, better still, metal and concrete Small
dranage structures may also be constructed of wood, subject to the
foregomg precaution, but for openings requiring a three foot di-
ameter or Jess 1t 1s our experience that the all metal automatic tide
gate, such as the Calco model No 100 automatic drammage gate, 1s
the most snhsfz\etor) and economical The hfe of wood structures
not made of creosoted lumber will be materally lengthened by giv-
g them a good coating of ereosote pamnt We have found Colum-
bian Wood Preservative very satisfactory for this purpose and eco-
nomical As a first coat, 1t should be warmed and then cut with fifty
per cent of distillate All wood surfaces m contact with wood should
be given a heavy coat of undiluted preservative before jommng

Metal hinges on wood flap gates are never satisfactory Such gates
should be suspended on galvanized wrought 1ron pipe, one and one-
half to two and one-half mmches 1n diameter, by galvamzed wrought
1ron or bronze U-bolts Galvanized steel pipe and bolts ean be used
but they will require more frequent replacement On wood strue-
tures, nails should be galvamzed and then dipped 1n creosote or as-
Phalt pamt just before drn g Use the heaviest nails that the wood
w1l take wathout sphtting

Concrete, unless 1t 15 carefully proportioned for maximum density
and thoroughly compacted 1n placing, tends to disintegrate on ex-
bosure {o salt water High frequeney vibratory tampers are advised
n placing conerete exposed ta sea water

Pure ron culs erts, such as Armco 1ron, should not be used of a
thickness less than tw elve gauge on salt-marsh exposures Tor sizes
twenty four inches or larger, ten or eight gauge should be used
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frame set 1n an abutment of remnforced concrete For large outlets on
firm ground this 15 probably the best type of structure, although 1ts
mtial cost 15 relatively hugh In soft unstable ground it must be sup
ported on piles preferably also of reinforced conerete, though wood
piling may be used if the piles are cut off below the level of lower low
water to moid attack by marine borers

Wood structures decay at the water hine, and 1n some exposures
are rapudly destroyed by marine borers unless heavily ercosoted by
pressure impreghation Targe dramage structures may be con-
structed of untreated wood 1f there 15 no danger of destruction or
damage by Teredo or Ltmnorie If marme borers are present, creo-
soted timber must be used or, better still, metal and concrete Small
dramage structures may also be constructed of wood, subject to the
foregomng precaution, but for opemngs requirmg o three foot di-
ameter or less 1t 1s our experience that the all metal automatic tide
gate, such as the Calco model No 100 automatic dramnage gate, 1s
the most satisfactory and cconomical The hfe of wood structures
not made of creosoted lumber will be matenally lengthened by gn-
g them a good coating of creosote pant We have found Colum-
bian Wood Preservative very satisfactory for this purpose and eco-
nomteal As a first coat, 1t should be warmed and then cut with fifty
per cent of distillate All wood surfaces 1n contact with wood should
begnena heavy coat of undiluted preserative before Jomng

Metal hinges on wood flap gates are never satisfactors Such gates
should be suspended on galianized wrought 1ron pipe, one and one-
half to two and one-half mches m drameter, by galvamzed wrought
1ron or bronze U-bolts Galvamized steel pipe and bolts can be used
but they wall require more frequent replacement On wood struc-
tures, nails should be gatvamzed and then dipped 1 creosote or as-
phalt pamt just before drining Use the heaviest narls that the wood
will take wathout sphtting

Concrete, unless 1t 1 carefully proportioned for maximum densits
and thoroughly compacted 1 placing, tends to disintegrate on ex-
Posure to salt water High frequency vibratory tampers are adsed
m placing conerete exposed to sea water

Pure yron culverts, such as Armeo 1ron, should not be used of a
tuckness less than twehe gauge on s dt-marsh exposures Tor sizes
twenty four inches or larger, ten or exght gauge should be used






Figure 43 Large dranage gates set i concrete ¢l annel to | ass flood water
Entrance yortex to twenty one inch ¢ Ivert removing resid 1al
water 15 seen at left

Ligur 13 Corny Aot 11 tal culvert (11 rtn s v b Lamet £) beng, co
sir (ded wath voole tulklead Ixfore be | filed w t! carth
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as o gurde, the maximum run off can be computed, using a reasonable
run off factor according to the character of the country

On many marshes only the preaipitation on the marsh itself or o
small adjacent area needs to be provided for In that case the outlet
structures will be sunple and of comparatively small size It 15 not
necessary to drain off all precipitation 1n one day under conditions
obtaimng n temperate cimates It 1s sufficient to get at all removed
withim a few days, provided the period 1n which the water 1s being re-
moved 15 less than the time interval between egg hatcling and adult
emergence Under tropical conditions with a ramy season, provision
must be made to dramn away all run off water under the local condi-
tions of ramnfall frequency For example, 1f the rainfall records show
that two inches of ramn per dny can be expected to fall for four suc-
cessive days, the outlets must be able to take care of the run off re-
sulting from eight mehes of ramnfall in four days, and to remove 2t
all im not more than ane or two additional days

1f a flood flow from adjacent ligh lands with an extensive dram-
age area debouches upon and spreads over a marsh which has been
reclanned by dyhes and tide gates, 1t may be best to separate the flood
outlet and mosquito dramage functions The floods will have to be
passed through large-area flood gates, which may be set at a higher
sill dlevation than necessary for mosquito dramage A comparatively
small culvert and tide gate set at the elevation of lower low water will
then be sufficient to remove the residunl water after the flood has
Passed through the flood gates

It 1s difficult to Leep large flood gates tight agamst leakage at
hagh tide, whereas the smaller gates, particularly the eircular metal
Botes twenty four inches or less in dameter, leak very Lttle unless
some floating debris becomes lodged between the flap and its seat
The flood gates should therefore be set at as lugh an elevation of the
bottom 51l as can be pcrm\tted and the smaller mosquito dramnage
gates can be set at as low an elevation as 1» necessary to remove the
residunl water In climates with hitle or no ranfall durning the mos
Quito breeding senson, the flood gates can be bolted tight or pached
to prevent leakage duning the drv season and unbolted or their pach~
g removed during the rainy season

A good deal of Judgment and ingenwty will have to be exercised
10 get the best combimation of flood gates and mosquito drairage
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gates under some conditions The Physical characterstics
marsh should be carefully studied before deading on the d
the outlet structures and, as previously mdicated, their detip
be based on good yudgment rather thag on refined mathematy
putations For example, a twenty-four mch culvert with tide
usually ample 1 size to remove residual water from 1000
marsh after the flood water has passed through flood gates w:
clevation is two feet gher than the mvert of the culvert

The type of tide to some extent controls the amount of i
day durmg which outflow from the marsh may occur Witha
or semi-diurnal type of tide there may be nearly twelve hours
day durmng which the outside water level 1s below the mean el
of the marsh, and outflow 1s posssble With mised type tide
may be periods of several days m which higher low water 1s b
below the mean elevation of the marsh, so that the only effech
flow 15 imited to a period of about five hours per day near the
of lower low water These tumes of effective outflow, and the 1
water levels at these times, must be talen into consideration 1
puting the areas of flood gates and mosquto drainage gates

It 15 very undesirable to attempt to locate an cutlet struct
an exposed shore erther on a bay or the ocean as waves an
combne to block them with s1lt or sand Outlets should prefers
located on large natural sloughs near the powt where they
1mto the bay or ocean In such locations any danger of silting »
mized However, when any considerable area of marsh 1s cut of
tidal flow by dykes, there 15 an mmportant reduction m the volu
tidal prism passing up and down such natural sloughs on eact
Thus reduction 1n the volume of the tidal prism will cause me
less silting of the slough which must be taken account of i m
possible to control the silting of the slough by narrowing ih;
nel to mamtam depth. A few low wing walls of three by e1g
tongue-and-groove sheet piling will often accomphsh this pur
In other cases the slough may sit up somewhat each summer
scour ont m the sprmg when flood run-offs occur In a few ::]5
may be necessary to dredge the outlet channel every few ye#
der to mamtam a suffictent depth for dm;nag;

d to the action of wind and wa

DyLi;;P ::Z very apt to be breached 1 certam places

ve along bay
Ser
ocean f
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methods may be used to prevent this VWing walls of piles and heavy
timber sheeting set at nght angles to the line of the dyke ctn be used
1o deflect currents nearly parallel to the shore and to break up wave
action unless the prevaling winds are dead on to the dyhe Riprap-
ping with large stone or pieces of broken concrete pavement or side-
walk may also be used 1f avarlable

One of the cheapest forms of riprap for dykes 13 wrecked or
serapped automobile bodies These are usually obtainable at wrech-
ing yards i any Jarge aity, at no other cost than the haulage They
can be scattered along the exposed face and toe of the dyke Where
the crosion 1s severe, they must be closely pached and should extend
ten to twenty feet or even more beyond the toe of the dyke These
automobile bodies perform two functions they tend to break up waves
before strihing the dvhe material, and to hold sand and ailt and so
build up the shore line They will eventually rust away, thin sheets
rotting out mn a few years, but can be replaced cheaply

Espeainlly sexere exposures, which cannot be protected adequately
by wing walls or niprap, should be handled as an engincening prob-
lem under techmeal adsice In general, from a mosquito abatement
viewpoint, 1t would seem inadwisable to attempt to use dykes in such
aircumstances, as open marsh dranage will usually be much cheaper
m both construction and maintenance cost and equally effective

Tt may be nccessary 1n some cases to heep the length of the outlet
through a dyhe within rather short imits 1n other cases, for example
through dykes with verv flat mde slopes, a long culsert through the
entire bottom width of the dyhe mas be relatively expensive Tither
condition may be met by & short culvert with bulkheads or head walls
at ether end Head walls may be less 1n height than the dyke, are
usunlly constructed of concrete, and are supported on piles 1f the
ground 1s soft or unstable Bulkheads are of approximately the same
height of the dvhe and are tied together by steel rods or twisted eable
to take the thrust of the earth fill between the faces \ lang bulkhead
may need additional support or shiffening by erdirary piles dn
at intervals along cach face Ytood bullheads are usually buslt
heavy sheet piling, supported by heavy walers to which the tie rod
cables are attached

Under sone conditioss flosting debris may camse cuns de
trouble by getting urder il e gate seats and cavaing leale



182 MOSQUITO CONTROL

gates near roads or otherwise accessible may be tampered with by
vandals or mquisitive visitars To prevent thas, 1t may be desirable to
mstall heavy protecting screens at the ends of the culvert, especially
at the gate end Such screens may be made of heavy wires (four
gauge) welded to angle 1ron frames and set 1n heavy wooden support-
mg walls which cannot be easily broken The screen frames should be
removable but should be protected against unauthorized removal by
means of a protective upper stringer or plankmg bolted to the struc-
ture so that the screen cannot be tampered with easily

EXCAVATING MACHINERY

The same general types of excavating machinery may be used for
salt-marsh drainage as for fresh-water swamp dramage (See crar-
TER VI )

For construction of new drams the power crane with a drag-lme
buchet 1s generaily the most useful equipment and 1t can usually be
used also for dyke construction, though n general a clamshell bucket
15 more efficient for the latter For dramn mamtenance the clamshell
bucket 1s more effective For greatest flexibility of operation a power
crane should have particularly wide crawler treads and mterchange-
able clamshell and drag-line buckets As a rule, a floating barge
with clamshell bucket 1s best adapted to dyke construction on salt
marsh After the dyke1s constructed and the dranage gates mstalled,
the dram ditches may be excavated with a crawler-mounted drag-lme,
working on wood mats These mats usually consist of three layers of
diagonally placed three-by-eight mch planks, or heavier timber for
the largest equipment, heavily spihed or bolted together The mats
will run about six to ten feet in width and from fifteen to twenty-five
feet m Jength, depending on the size and weight of the equipment and
the softness of the ground Each end of each mat has a loop of steel
cable by means of which the mat can be picked up by the crane and
dragged forward as the machme progresses

Dram ditches cannot be escavated m soft salt marshes by tractors
and plows as the ground will not support the tractor After such
marsh has been at least partislly drained and dried out by the major
dram ditches, tractors and plows may be used m many cases for
constructing the minor ditches However, certam areas may remaint
400 soft for machmery, and the mmor ditches mn such ground must



SAI T-WATER MARSHES 183

be dug by hand I'requently such ditching can be done during the
winter by shilled Jaborers who have become useful to the organmzation
but who would otherwise be 1aid off

ATAINTENANCE OF DRAINS

The same general prinerples of mantenance of dramn ditches as
were set forth 1 cmartrr vin for fresh water dramage are appl-
cable to salt-marsh dramage Burning of marsh vegetation has also
been discussed 1n that chapter

CONTROLLFD RFFLOODING

A relatinely new method of mosquito control which has great prom-
1se of uscfulness 13 a controlled flooding and reflooding of mosquito-
producing marshes Ttis a peculianity of many of the salt marsh dedes
mosquitoes, and of many fresh water fedes also, that all eggs do not
hatch on any one wctting, and that some eggs do not hatch until there
have been many suceessive wettings and drvings It s therefore theo-
retically possible ultimately to hateh out all mosquito eggs 1 & sec-
tion of reclmed marsh by flooding the marsh at the monthly hugh
tude, holding the water on the marsh for several days until a erop of
larvac appenrs, and then draiming the marsh rapidly before the larsae
can dexclop nto adults The marsh is then allowed to remain dry until
a subsequent monthly lugh tide when the process 1s repeated As no
adults have emerged, no new eggs are deposited By successine wet-
tings and dryings all eggs should be hatched eventually without any
additions of new eggs

I' W Rush,* superintendent of the Solano County (California)
Mosquito Abatement District, by suecessive floodings and dramings
practically ehiminated {edes dorsalis breedig on thousands of acres
of marsh on Suisun Bay, so that these marshes can be flooded or dried
out at the will of the owner without hatching anv appreciable num
bers of mosquitoes Trom seven to ten successive floodings and dram-
mgs were necessary to accomplish a practical el miration of hatel able
eggs His experience was probably the most exten 1ve and successful
with this method of control but we have had success with it on certain

marshes on San Franciseo Bav Wehave al o four d that repeated ofl-
mg (shch Lalled the larvae and prevented 1 deposit of rew eggy)
practically elunmated within abo st six vears allmosqasto Latelrgon
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salt marshes behind dykes which had madequate dranage structures
and were subject to flooding m winter

A modification of the method of controlled reflooding and redramn-
mg has been used by the Matadero Mosqurto Abatement District?
near Palo Alto, California This 1s o form of flood control on dyked
marshes subject to mundation from ran water run-off from the adja-
cent terran In this method the flood water 15 held up to a level suff
ctent to give boating depth throughout the marsh, and mamtamed at
that level, as nearly as possible, by operation of the outlet gates
Docks are constructed at conventent pomts accessible by truch, at
which the boat can be loaded The entire ares 1s then otled by a power
sprayer mounted mn the boat

This modification 15 appheable where the avalable hydrauhe
grades are msufficient to remove the flood water completely, so that
considerable areas of residual water are left after the flood waters
subs:de, into which the mosquito larvae would concentrate and be diffi-
cult to get at By raising the water level and mamtammg a lugh level,
the larvae are more vulnerable to attack by boat-transported power
sprayers The overall cost of this method should be compared with the
overall cost of pumping out the residual water by the use of portable
pumps, to determine 1ts relative economy

The rapidity with which controlled reflooding can be carried out
depends upon the availability of large volumes of water for floodmg
With tidal water available the control cycle may be completed within
one or two years, where ramfall 1s required for flooding 1t wiif de-
pend on the caprice of the weather

Successful use of the method also depends upon adequate strue-
tures for the rapid removal of water after 1t has remained on the
ground long enough (two or three days) to hatch out all the eggs
which will hatch on that wetting The entire amount of retained water
then must be removed within two or three days and the larvae swept
out mto open water where they will perish, be eaten by natural ene-
mes, or prevented by rough water from emerging as adult mosquitoes
It 1s advisable, 1f not essential, to o1l any residual water which con-
tains larvae or pupae after the redraming has been fimshed

After a marsh has been cleaned of eggs by this method, 1t 13 stal
necessary to heep 1t under observation so that a remfestation wll
not be butlt up by the escape of adult mosquitoes m small restdual
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arens on that marsh, or by reseeding from adults hatched on near by
marshes

We believe that this method of control 15 deserving of far wider
appheation than it has had, and that it will effect appreciable econo
Imies m mosquito control It <hould also be possible to make use of this
method for the control and eventual ehmmation of flood water spe-
cies, such as {edes vexans, by varous modifications according to the
speeics of mosquito and the ty pe of terramn involved

1t 15 mteresting to note that some Aedes eggs are capable of sur
siung n a dry state for a considerable length of time N M Stover,
supenmtendent of the Three Cities Mosquito Abatement Distract
(San Mateo County, Cahfornia), reported to us the case of a marsh,
1n a controlled area, which had been dry for about ten years and was
then acaidentally flooded Thereupon the output of Aedes dorsalis was
as large as normal

The process of hatching dedes eggs has been elucidated by Gullin,®
Recves,” and others Apparently a reduction in the dissolved oxygen
confent of the water in which the eggs are immersed 13 the actual
hatching stimulus, and mere wetting does not cause hatching This
expluns the sudden hatching of eggs of flood water Acdes species,
such as Aedes texans and Acdes lateralis, in a few davs after the floods
havesubsided The decomposition ef the accumulated vegetable mat-
ter 1 the residual pools lowers the dissolsed oxygen content of the
pool water, eausing hatelung Tlus hatelnng will not occur m water of
Iigh oxygen content during flood stages of the river

COASTANT LEI FL FLOODING IWITH CIRCULATION
Under certam conditions 1t 1s desirable or necessarv to heep a
marsh flooded, for example, 1f the marsh 15 & duck club preserve
Reasonably satisfactory mosquito abatement can be mamntained of the
following requirements are met

1 The water level1s maintained at a constant elevation
2 The marsh is hept well stoched with Gambusus or otker larvieidal fish
3 The fish hiave mocess 4o 81l parts of the marsh

4+ The water 1s hept in crreulation

These requirements can be met by enclos ng £} e ares w1t} na dvke
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and furmishing a sufhcient supply of water mn any one of several ways
Fresh-water ponds can be Lept fresh erther by a diversion from a
stream, or by pumping from a well In either case there must be an
excess of mflon water over the evaporation and percolation losses,
otherwise m time the saline content of the pond water will mcrease
until 1t 15 quite braclkish or even salty

Ponds on tide water can obtam arculation by holding the water
height at about mean tide elevation by means of weirs at the mlet and
outlet structures An mlet structure, consisting of a weir and a cul-
vert with automatic tide gate, reversed so as to permit mflow at high
tide but no outflow at low tide, should be installed at & point on the
dyle furthest upstream with relation to the tidal flow The outlet
structure, also consisting of a weir, a culvert through the dyke, and
an automatic tide gate, should be mstalled at approximately the op
postte end or side of the marsh, nearest to the downstream side with
reference to the tidal flow The outlet tide gate should permt the
discharge of surplus water at low tide, while preventing inflow at
high tide

The marsh area should then be adequately ditched so that fish can
have access to all parts of the flooded area There must be no 1solated
areas mto which the fish cannot readily penetrate The inlet and out-
let structures must also be provided with well-bwilt screens (quarter-
inch mesh), which should preferably be in duplicate on removable
frames so that they can be easily removed for inspection and repair
The flooded area should then be stoched with Gambusiwa affinss or other
larviaadal fish If the water 1s brackish or salt, Gambusia which have
been adapted to brachish water should be planted 1f they are obtain-
ahle

On the first flooding of such an area exther larvicrde or o1l should be
used to abate the first (and usually very large) hatching of mosquito
larvae Thereafter the constant level of the water, plus the activities of
the fish, should prevent further development of mosquitoes

The success of this type of mosquito control depends on keeping
the mlet and cutlet structures and their screens m good working or-
der, the area well stoched with Gambusia or other equally effective
larvicidal fish, and the marsh 1 such condition that the fish always
have free access to all parts of the flooded area
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d furnishing a sufficient supply of water 1n any one of several ways
resh-water ponds can be kept fresh either by a drversion from a
ream, or by pumping from a well In either case there must be an
cess of mflow water over the evaporation and percolation losses,
herwise 1 time the saline content of the pond water will increase
w1l 1t 15 quite brackish or even salty

Ponds on tide water can obtam crculation by holding the water
1ght at about mean tide elevation by means of weirs at the mlet and
1tlet structures An inlet structure, consisting of a weir and a cul
rt w1th automatic tide gate, reversed so as to permit inflow ut high
de but no outflow at low tide, should be imstalled at a poimnt on the
ghe furthest upstream with relation to the tidal flow The outlet
ructure, also consisting of a werr, a culvert through the dyke, and
1 automatic tide gate, should be installed at approximately the op
osite end or side of the marsh, nearest to the downstream side with
ference to the tidal flow The outlet tide gate should permt the
scharge of surplus water at low tide, while preventng mflow at
gh tide

The marsh area should then be adequately ditched so that fish can
wve access to all parts of the flooded area There must be no 1solated
reas mto which the fish cannot readily penetrate The inlet and out
t structures must also be provided with well-built screens (quarter
ch mesh), which should preferably be 1n duplicate on removable
-ames so that they can be easily removed for mspection and repair
he flooded ares should then be stocked with Gambusta affinss or other
rvicidal fish If the water 1s brackish or salt, Gambusia which have
een adapted to brackish water should be planted 1f they are obtam
ble

On the first flooding of such an area erther larviaide or o1 should be
sed to abate the first (and usually very large) hatching of mosquito
irvae Thereafter the constant level of the water, plus the activities of
1e fish, should prevent further development of mosquitoes

The success of this type of mosquito control depends on heeping
1e mlet and outlet structures and thesr screens m good working or-
er, the area well stoched with Gambusia or other egually effective
irvicidal fish, and the marsh 1 such condition that the fish always
ave free access to all parts of the flooded area
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and furmshing a sufficient supply of water m any one of several ways
Fresh-water pouds can be Lept fresh either by a diversion from a
stream, or by pumping from a well In erther case there must be an
excess of inflow water over the ev aporation and percolation losses,
othernise 1 time the salne content of the pond water will merease
until 1t 1s quite brackish or even salty

Ponds on tide water can obtam eirculation by holding the water
height at 2hout mean tide elevation by means of weirs at the mlet and
outlet structures An inlet structure, consishing of & weir and a cul-
vert with automatic tide gate, reversed so as to permit mflow nt high
tide but no gutflow at low tide, should be mstalled at a pomt on the
dyke furthest upstream with relation to the tidal flow The outlet
structure, also consisting of & weir, & culvert through the dyke, and
an automatic tide gate, shauld be installed at approximately the op
postte end or side of the marsh, nearest to the downstream side with
reference to the tidal flow The outlet tide gate should permt the
discharge of surplus water at low tide, while preventing mflow at
high tide

The marsh ares should then be adequately ditched so that fish can
have access to all parts of the flooded area There must be no 1solated
areas mto which the fish cannot readily penetrate The inlet and out
fet structures must also be provided with well-built screens (quarter-
mch mesh), which should preferably be in duplicate on removable
frames so that they can be easily removed for inspection and repaxr
The flooded ares should then be stoched with Gambusia affinis or other
larviadal fish Jf the water 1s brackish or salt, Gambusia which have
been adapted to brackish water should be planted 1f they are obtam-
able

On the first flooding of such an area either larvieide or o1l should be
used to abate the first (and usually very large) hatching of mosquito
larvae Thereafter the constant level of the water, plus the activities of
the fish, should prevent further development of mosquitoes

The success of this type of mosquito control depends on heepmg
the mlet and outlet structures and their screens m good workmg or-
der the area well stocked with Gambuswa or other equally effective
larvicaidal fish, and the marsh m such condition that the fish always
have free access to all parts of the flooded area



el

N

&«

«

<

-3

SALT-WATER MARSHES 187

BIBI IOGRAPHY

Rode, G T Tides and their enginecring aspects Tr Am Soe C E, 02
606-71G, 1928

Smith, J B The New Jersey salt marsh and its improvement New
Jersey Agr Exp Sta Bulletin 207, November 14, 1907

Connecticut Agr Exp Sta Bulletin 178, July, 1912

Rush, I' W Reflooding and redrmimng salt marshes for mosquito control
Pro 9th Ann Conf Mosq Abt Offaals in Calif , 1038, pp 60-62

Mapes, G % A method of sbating salt marsh mosqmtoes Mosquito
News, 8 28-80, March, 1943

Gjullin, C M, Hegarty, C P, and Bollen, W B The necesaity of a low
oxygen content for the hatching of Aedes mosquito eggs  Jour Cell and
Comp Physiol, 17 193-202, Apnl, 1941

Reeves, W C  Research with Aedes varipalpus (Coq ), the Pacific Coast
tree-hole mosquito  Pro 11th Ann Conf Calif Mosq Control Assn,
1940, pp 89-43



X
FILLING, PUMPING, AND FLUSHING

¥ ADDITION to naturalistic methods and control by dramage, there
e three abatement measures of first importance, directed agamst the
roduction of mosquitoes 1) filling or ) pumpng out wet areas,
1d 8) flushing small streams or channels

ILLING SMALL WET AREAS
In any mosquito abatement project there will always be found cer-
mn low wet areas which cannot be economrcally dramed by ditches
because of lack of elevation cannot be dramed at all Usually these
‘eas are comparatively small, many are simply small holes of s few
mdred square feet Obviously 1t would be lughly expensive to dig
veral hundred feet of deep ditch to dram an 1solated hole of, say,
‘ty square feet The terest on the cost of such a ditch nught easily
ceed the annual cost of oling the hole However, oiling 1s 2 proce-
wre which should be avoided whenever reasonably possible and so
me other means should be used to handle such cases

If the hole or pond 1s permanently filled with clean water, it may
s stoched with larvicadal fish But frequently such holes become foul
- unswited to fish hfe and with the disappearance of the fish may
eed mosquitoes

The best and most satisfactory method of handling such areas 1s

cure them permanently by filing m level with the surrounding
rram If the hole 1s small this may be done by hand shoveling,
les of intermediate size may be filled with a horse-drawn scraper tf
ere1s a hugh spot close by from which fill can be obtamed

In some cases 1t may be necessary to haul fill matersal, but m those
ses the cost wall mount, possibly to an excessive expense However,

the vicimty of cities, especially during an active construction sea-
n, free fill may be obtained 1f the haul 1s not too long by arrangmg
th bulding contractors to dump exeav ated materal 1 the areas to

flled Low areas i or near cibies can, also, sometimes be filled with
Lbish, street sweepings, and the ihe In such cases earth should be
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used as the final cover, as a rubbish fill may have numerous voids con-
taiming water

In constructing dramage ditches with power equipment, 1t will
usually be found possible to fill low areas close by the ditch with the
matenal excavated at no additional expense This should always be
Lept in mind and carried out

SANITARY FILL

Munieipal garbage and refuse have been used successfully by van-
ous cities as & fill material for breeding marshes The ehmination of
mosquite breeding 1s 1 such cases a by-product of a garbage dis-
posal method, usuu\r) deseribed ns o samtary 6ill, or the fill and cover
method The garbage fills are covered with & layer of earth so as to
reduce the fly and rat nmsance which would be extreme if the garbage
were not well and promptly covered The ety of Berheley, Cal-
forma, has for a number of yecars used the santtary fill as a garbage
disposal method, and 1n doing so has reclaimed more than thirty-five
acres of mosquito breedmg marsh along the waterfront

Hrypravric FiLL

The most permanent fill for salt marshes 1s that made by hydrau-
lic dredges, but the cost 1s usually prolbitive The dredges suck
mud and sand from the bottom of the adjacent bay and pump the
mud and water mixture through a pipe to a discharge pont on the
marsh The discharge pomt 1s shufted from time to time to keep the
fill near the desired surface elevation The water may or may not be
retamed by alow djle to settle out fine mud

At fifteen cents per cubic yard, which 1s about as low as medium
size projects are Likely to be priced for average ground in normal
times, such fill would cost about $720 per acre for three feet depth
of fill With very soft mud the price may run as low as exght cents
per cubic yard But even at this price the cost 15 unjustifiable for
mosquito abatement Howexer, when harber or channel improvements
are being made by hydraulie dredging and aress are needed for the
hisposal of the exeavated mud, 1t may be possible to arrange with the
dredging contractor and with the owners of adyacent marshes to have
the excavated mud deposited on the breeding marshes without cost to
the district or at a price not exceeding the annual cost of mam-



190 MOSQUITO CONTROL

tenance of drainage for that marsh, capitalized at the prevailing rate
of mterest

Puxeive

Pumping becomes necessary under several conditions on reclama-
tion or drainage projects The first, obviously, 15 when the general
land level of the dramed area 1s at or below the low water level of the
adjacent river or bay The second 1s when a dramed area, especially
m peat or much souls, has shrunk or subsided below the adjacent
water level Other cases may also occur m which the capitalized an-
nual cost of pumping 15 less than the construction cost plus capi-
talized mamtenance cost on an expensive outlet dram ditch

Major pumping projects are matters which should be 1n charge of
hydraulic engneers shilled 1n the field of drainage pumpmg Special
types of pumps for large quantrties of water at Jow heads have been
designed, which are best adapted to reclamation projects, but so many
variables enter mto the problem that engneering talent m that par-
ticular field should be called upon for advice

PORTABLE PUMPS

Aside from projects which mvolve the mstallation of a fixed pump-
mg plant, cases may oceur where portable pumping umts will be use-
ful For example, a low area which 1s filled only by winter or spring
rams and for which an expensive dramnage ditch would otherwise be
required can be handled economically by pumpimng after the spring
rams Other cases are low areas temporanily filled by aceidental water,
such as water from a broken water mam or the backing up of a
clogged sewer In cities, also, when underground street vaults of the
varous public utiities, especially the telephone company, fill up with
water, & portable pump can be used, and 1 rural districts, when
water accumulates behind highway and railroad culverts placed at too

high an elevation
Three general types of portable pumps are available

1 A small putap operated by a gasolme motor and portable by two men
2 A small centrifugal pump mounted on the front of the auta truck,

and driven direct by the truck s engme
3 Alarger type of pump (up to six or more inches diameter discharge)

mounted on a tratler
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Figure 4, Portable centrifugal pump (three inch diameter discharge)
driven by gasoline engine It 15 useful in pumping out
low areas which do not drain readily
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Yizure 46 Small centrifu al pump (cne and one half inches)
pumping out a small marsh



Figure 17 A gate to 1mpour
water for flushing a diteh

Photograph by 7 A LePrince
Photogroph bv J A LePrincy

Tigure #8 Removal and de
struction of mosquito laryae and
matted algae mn a ditech by
flushing
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Thebert tvpe of portable pump ean only be determined by study-
e the requirements of a parbicular praject On some projects a
fuly Jarge pump mav be needed on others  small pump will be
tiquate Agam, on some projects the pump, mounted on n truck or
ttraler, can be hauled o the areas which need to be pumped out,
mother projeets the pomnts at which pumping 15 required arc acces
tHeonly on foot

We have had farr suceess with a two meh centrifugal pump di-
rclv conneeted to n two ey hinder two cycle outboard type gasolme
wgoe It pumps about 10,000 gallons per hour agamst a five foot
besd Outside of the natural “cussedness” of a tno-cyele engine, it
basbeen reasonably satisfartory over n wide range of conditrons Care
mast be taken to keep fine debris in the marsh water from clogging
the foot valye stramer, and espeenlly the strawmer on the prpe to the
water jackets on the engrine evhnders, or an expensive repatr hill
may result Thg pump, with ten feet of two and one half mnch suction
hoseand sy enty fect of two inch discharge hose, and fittings, cost (in
1933) 8181 Tt 1 casily earried by two men

Te have had better success with a three mch contractor’s type
mp, or trash, pump, which does not clog easily, 15 self-priming,
4, as the engine 1s arr-cooled, avoids trouble from the clogging of
#rtiners on the water cooling system The four-cy cle gasoline engine
2k 2 decrded advantage oy or the two evcle This pump, mounted
e frame with tyo pneumatic tire wheels, can be handled by two
TED even gy ey rough ground without too much diffieulty, and on soft
13 ean e o ed by laying wood planks for a runway It cost (m
1938) §44¢ complete with suction and discharge piping

tractors? Pumps can be obtamed 1n a considerable range of
Tihes, sizes, and capacities, with both guso\me engme and electric
‘:’m and with sewaral types of mounting for conventence {:10:;";‘3
H:lm tecording to the requirements of a construchion jo t:

% PUmps may be mounted erther on shids or on o frame w1
%0 Wheels Pumps five inches or larger mn size (the size rating 3s the
{::‘[‘::r of the discharge pipe) are usually mounted on four-wheel

“"“‘lf&cturers give tables showing the capacity of pumps fo(;‘
210us heg g (n feet) agmnst which the water 15 to be pumped, an
S8 Tequest gy give mformation concerming gasoline consumption or
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wattage at different heads and capacities The three mch pump we
are usmg at present uses aboat three-fourths gallon of gasoline per
hour, pumping about £2,000 gallons per hour agamst a head of about
twenty feet

Because the water to be pumped may contamn 4 large amount of
mud and trash, portable contractors’ pumps have impellers with rela-
tively wide passages and ave ruggedly built to withstand hard use and
even abuse, a factor which 1s more important for this type of service
than high hydrauhe efficiency

The Untted States Public Health Service? 1n 1943 dramed a marsh
a#ear Macon, Georgia, where gravity dramage was mpossible, by
means of a tvo-inch portable centrifugal pump Approsimately three
acres were unwatered in eght hours The benefits were a 95 per cent
reduction m mspection time, and the practical ehmmation of a major
breeding place of Anopheles guadrimaculatus Prior to pumping, an
average of twenty-seven pounds of mixed dust (about two and one-
half pounds of Paris green) and s1x man-hours were required for larvi-
cding  after pumping, less then one pound of dust and only a few
mutes of time were required for each mspeetion

FLUSHING SMALL STREANS

Under some conditions the mtermittent discharge of relatively
Iarge volumes of water (flushing) 1 a useful and successful method
for the control of mosquito breeding m mmnor streams and channels
Some vectors of malaria are typical stream breeders, such as Anophe-
Ios maculatus m Malaya The larvae of this species are equipped with
special hooks which enable them to hold on to the sides and bottom of
running stresms This spectes, and also Anopheles mmimus end
Anopheles fluvatiis, which breed m runming water, as well as such
species as Anopheles super pictus, Anopheles culicifacies, Culiseta in-
cudens, and other species which typically breed n stream-bed pools,
can be esther stranded, or destroyed by the wall of water developed by
the flush, or transported beyond the himuts of the protected zone, or
carried mta a lower stream section unsuited to therr development or
contawnng their natural enemies

In many cases the simple act of transporting the larvae by the
flush beyond and outside the protected area suffices for local disease



Tigure 49 A wooden tilting
bucket, counterweighted, for au
tomatic flushing of small streams
Bucket 1 rawsed position, accu
mulating flush water behind dam

Cou texy Sty Malcolm 1! atson

tesy § al olm {8 atsom

Fiaure 30 A wooden tlung
bucket counterwer lted for au
tomatic flushing of small streams
Bucket 1n lowered position dis
charging fush water



Tigure 51 A concrete dam with de
Villiers type siphon, dischargmg
water automatically to flush a drasm

pls
Covirtesy S » Maleolm 1L atson

Tigure 52 A small earth dam with o1l drum culvert outlet and
hand operated wooden gate, for stream flushing
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control, even 1f the larvae are not killed If simple transportation of
larvac outside o protected zone 1s all that 1s necessary, the volume of
the flush need not be great provided 1t gives sufficient vanation 1
the strenm flow to flush out a}l pools and eddies The varation
flow sbove the flushing structure also appears to have a marhed ef-
fect m reducing mosquito breeding The destruction of larvac eaused
by the flush 1s not wecll understood but may be the result of the dy-
namc effect of the water disrupting their bodies, or perhaps the re-
sult of battering them against solid objects in thestream bed In many
situntions stranding of the larvae above the normal flow level may be
an mmportant factor in their destruction
Flushing devices may be operated crther manuelly or automats-
cally , where practicable, automatic flushing 1s preferable Essentially,
a flushing device consists of a dam or wer across the stream, to ac-
cumulate a relatively large amount of the flow during a period of a
few hours or days, plus a discharge gate or apparatus which ean very
rapidly discharge the accumulated water 1n a large volume traveling
down the stream at Iugh vcloaity After discharge the device must be
closed by hand, or must automatically reset itsclf, so as to begin the
accumulation of water for the next flush The quantity and rate of
flush should be regulated so as not to cause property damage along
the stream or channel Signs should be posted to warn persons passing
along the stream The steeper the gradient of the stream bed and the
larger the volume of flushing water, the further downstream will be
the distance this control measure will be effective
The quantity stored above the dam, and the rate of discharge,
should also be so regulated on strcams or channels in alluvial or other
crodible soils that the flush does not exceed the quantity carried by
the stream under normal flood conditions The purpose here s to avoid
excessive erosion of stream banks
If an automatic flushing device 1s used, 1t 15 desirable to place in
the dam a manually operated sluice gate, which may be used for three
purposes 1) to flush out silt and gravel accumulations above the
dam, which may reduce the available storage quantits or even mnter-
fere wmith the operation of automatic discharge devices, 2) to pass at
least a part of the excess flow during floods, 8) to discharge what
water 15 available above the dam at times of very low flows when 1n-
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steel ml drum, with one erd cut oat and inverted to form the bell ard
with metal pipe for water discharge and vacio= relrace (Figrre 51)
Macdonald® descloped & emall automatic ciphon fabricated of re

mforced concrele sections at a central dept and d *rl e to the
{en ectates in Cevlom at 2 pnce of twents Gve rupees Each ap’ n
discharges about 475 imperial gallons prr m nate, the brigh® of dam
bring abo st three fcet Several siptons ean brmstall dimtle e e
dam to increase the quantity of flush where necessary Vengle apton
with a reservoir eapaats of 3000 gallme bac been feund €17c et ta
deanse o stream bed tvo feet wide on a very fat o] pe for frem ere

half Lo three-quarters of a ymle m dictance
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feet hend dischinrped abnut three end om0 01 foes pom et 1
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about four times the discharge capacity of the Macdonald type si-
phons were better adapted to their condrtions They also found 1t nec-
essary to control by oiling the breeding which occurred m the reser-
vorr above the dam The followmg equations for esimating the quan-
ity and vates of flush required for a stream bed are based on thewr
findmgs

\
Let  Q == rate of flushing in stream bed mn cubic feet per
second
W = width of stream bed 1n feet
D = depth of flow (average) 1n feet
V = veloaity of flow, 1n feet per second, required to
control mosquito breeding
C = average rate of discharge of one siphon i cubie
feet per second
M = number of siphons
K = available quantity, in cubic feet, of water stored
1 reservorr above the dam
T == total time of flush
Then Q = WDV
Q=CM

Te=m =

Note 1cubie foot per second = 448 U § gallons per minute
= 874 unpenal gallons per minute
1 cubic foot =748 U S gallons
= 6.23 rmperial gallons
1imperial gallon =12 U 8 gallons

The veloctty of flow, V, m the stream bed will depend on the aver-
age longitudimal slope of the stream bed and 1ts roughness, as pri-
mary factors, and also upon the quantity of flush and the shape of
the cross-sechion of the stream bed In general Ramsay and Anderson
found a velocity of one mule per hour (88 feet per mmute, or 1 47
feet per second) to be the mmmum effective rate of flush, lugher
velocrties probably will be found to be more effective

In computing the velocities of flow m a stream bed channel, the
simpler Mannmg formula 1s to be preferred to other more complex
formulae Itis

1486
V=3 BESH

Q=AV
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Discaarce Lever (DL)

Seatine Lever (L)

VERTICAL SECTION

V.= Volume of entrapped air at seal- V,= Volume of entrapped air at time

g time of discharge
P, = Pressure of entrapped air at seal P, = Pressure of entrapped air at time
ing time = P P of discharge (in lbs /5q in)

Ay A; A, = Cross sectional area of siphon or pipes at designated points
h =Head of water upon entrapped air 1 inches
T = Depth of water from sealing line to level in upper lumb, in inches

433
P,=P,— (h X TZ—) (wt of 1 columnn of water = 4331bs /sq )
P, =147~ 036h

147V,
P, V,=P,V, V= :

147 — 036h

47V, Ve
=V —V =2V e =V, -
Contraction of awe s s~ 127~ 0adh 7 T pozoh

V. = Volume of water displaced by air 1n lower limb and vent =h(A, — A,)
V.= Y\ olume of ar displaced by water in upper inb =V, — (V, —~ V,} =h(A, —
Ay) = (Vo= Vi)

h(A;— Ay ~ (Vi
h(A =AY = (V= V)
A, As
Y _
1 — 0025h
Ay \

f
1— 0025h)

T=V,—-(A)=
D=h--T
h(A,—A)) -V, —

D=h—

Courtesy Natsona] Maloria Socrety

Figure 55 Formulae and computations for use with
Legwen-Howard automatic siphons
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Conrtesy National Malaria Socrety

Tigure 56 Measurements for several sizes of

Legwen Howard avtomatie siphons




VERTICAL WEIR

TITTY

SIPHON INSTALLATION IN EXISTING SPILLWAY
(VERTICAL SECTION)

WEIR WITH
SLOPING SIDES

SIPHON INSTALLATION IN EXISTING SPILLWAY
(VERTICAL SECTION)

Conrtesy National Molorsa Socsety

Tigure 57 Methods of mstalling Legwen Howard automatic siphons in
existing dams or weirs
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The increase in discharge rates 1s apparently about GO per cent.

Legwen has also (personal communication) modificd s siphon to
work on a mummum head of as little as one inch, by replacing the
regular priming vent with another at a higher elevation connected
through the cover of the siphon mto the throat In this manner very
small flows can be used to nctuate the siphon without leakage or flow-
through He has also used the siphon successfully to fluctuate the
water lesel m small impoundments breeding Anopheles quadrimacu-
latus

Cochrane and Newbold® hate used an automatic siphon to control
stream bed breeding of dnopheles argyritarsus m Grenada, and ap-
pear to have developed improvements 1 design which reduce entry
losses and guve o better discharge through the throat of the siphon

Automatic flushing devices eannot be depended upon to operate
contmuously and effectively unless they are inspected at reasonably
{requent intervals, to sce that the priming and sealing vents are clear,
that debrs 1s hept away from the mlet opening, and that the equip-
ment 1s not tampered with by curious or maheious persons

Besides its use in Malaya, Ceylon, and the Philippine Islands, flush-
ing has been used successfully 1 the Netherlands East Indies, Ben-
gal, and Palestine, and 1t 1s bemyg extended to new areas The earliest
users of this method were apparently J A LePrinee? at Panama and
Sir Ronald Ross™ at Ismahia LePrince used hand operated gates im-
provised out of waste materals avarlable from construction work
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OILS AND LARVICIDES

Prrrorruxt oiLs and appropriate larvieides are essential but defi-
mtely auxiliary and emergency means m mosquito control Their sec-
ondary place m a well conducted abatement project has been predi-
cated m presious chapters and deserves spectal emmphasts in the discus-
sion here, particularly as thar usefulness 1s so often misunderstood
or overrated It is unfortunate that in the minds of so many people
mosquito abatement has become synonymous with oiing It 1s even
more unfortunate that abatement agencies often resort to oils when
primary control mensures would be not only more effective but in the
Yong run less expensive
In any use of oils or larvicides the prineiple should never be for-
gotten that the primary job of abatement 1s to ehiminate the breeding
places of mosquitoes or to reduce the number and extent of therr
breeding places as far as possible within reasonable cost ‘The correct
use of any o1l or larvicide for the destruction of mosquito larvae and
pupae 1s to employ 1t as an adjunct or supplement to the primary
measures for the ehmmation of mosquito breeding places, as & tem-
porary method pending the installation of primary measures, as an
emergency measure following floods or other unusual conditions, as
the only available method in a few mstances where primary measures
such as dramage are not appheable (for example, impounding reser-
vorrs) , and 1n the relatively few cases where the capitalized annual
cost of olling or larvicidmg 1s considerably less than the cost of pri-
mary control measures
Witlin the linmtation of the foregoing prineiples, the use of ails
and larviaides should Le considered with reference to the suwitability,
effectiveness, and relatine cost of 1) available o1ls and lanvicides (the
subject of tlus chapter), and 2) methods of application (duscussed
m the following chapter) Consideration of both 15 essential to sound
abatement procedure whenever oiling 15 necessary Precccupation
with the problems of the application of oils mav result 1n unjustif-

able expense and madequate abatement when the materrals u-ed are
not carcfully selected
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Four general types of materials have been used to il mosquite
larvae and pupae 1) oils, petroleum dersvatives princerpally, though
some attempt has been made to use various vegetable oils, 2) 1ngested
poisons, for example, Pars green, 8) water-soluble poisons, and 4)
emulstons contaimng toxie substances

For all these materials our present knowledge 15 mexact and too
purely empirical for a really satisfactory presentation of required
mformation Little 1s known as yet erther scienbifically or practically
concermng the exact effects of these various materials upon mosqmto
larvae and the methods by which they cause death What facts we
possess, though considerable m some phases, are separated, on the
ane hand, by wide gaps m essential mnformation and, on the other
hand, by extensive yungles of surmmse, snap judgment, mere belefs,
empiricism, and madequately analyzed observations Therefore what
we write 15 to be taken simply as a presentation of the facts as far as
they are available to us at the present tume, arranged and mterpreted
m accordance with our best judgment New mformation may later ma-
terally modify our 1deas

Since supphes of pyrethrum and of petroleum o1ls have become
scarce during the present war, 1t 15 necessary to hind new larviaidal
materials which can tahe their place effectively and economically Sev-
eral such materials are bemg tried, but adequate mformation con-
cermng field trials 15 not yet available 1n some cases

PETROLEUM OILS

When I O Howard! in 1892 published lus statement that Lero-
sene would hill mosquito larvae, he not only made avmlable a proce-
dure for the destruction of mosquitoes, but also started a cham of
1deas which have failed to recerse much critical analysis Ask am
otler m & mosquito abatement gang how an ol film on water Jalls
mosquito larvae and he will probably answer, “Why, the o1l cuts off
therr air and suffocates them, of course” And yet three simple ex-
periments which this otler could easily make would show that state-
ment to be exther mcorrect or at least decidedly doubtful

Take an ordinaty four ounce glass-stopper bottle, fll 1t completely up nte
the neck with clean, cold, well-aerated tap water Place two or three foll grown
mosquito larvae 10 the bottle and msert the glass stopper tn such a way that no
bubble of air remains nnder the stopper, so that the larvae cannot obtamn any
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ate through their breathing siphons Put the bottle in a cool, shaded place and
observe the larvae at half hourly intervals After several hours they will still
be alive and if placed in a refrigerator at 40° I' will probably be still alive
after twenty four hours When removed ta an open jar of water, they will pro-
ceed to pupate and emerge as normal mosquitoes

Tor the next experiment, place several mosquito larvac and pupae in an open
jar and pour o little of any Light petrolenm dernative (gasoline, kerosene, ot
stove o1l) on the water surface Aftcr the Iarvac have had several contacts of
their breathing siphons with the o1l film, float off or absorb the o1l film and re
move the larvae and pupae to a ar of clean water where they have free access
to the mir Within an hour the larvae and pupae will be either dead or mor:
bund

In the Iast experiment, substitute anv Jughly refined non volatile petroleam
ol such as med. 1 mineral oil, pr ding otherwise as in the second expen:
ment The larvae will probably die after many hours, but the pupae will surnive
perhaps for davs and a few may even succecd in emerging as adults

These three experiments indieate that deprivation of oxygen (suf-
focation) will ultimately hill mosquito larvae, but this s a relatively
slow and uncertan process, 1f the rate of metabolism of the larvae 1s
slowed down b) low temperatures, they can survive for many hours
by utibizing what oxygen 15 dissolved m the water The third experr-
ment indicates that deprivation of oxygen through a blocking or
pluggmg of the breathing siphon 1s probably of minor significance
What lalls the larvae nould appear to be some quahty of an appar-
ently paisonous nature in the lighter oils Turther experiments would
soon show that the lighter and more velatile the o1l (in general, and
with certam hmitations to be discussed later), the quicker and more
certamly the larvae would be hilled

In order that a reasonable hnowledge may be had of the best type
of o1l to use 1n mosquito abatement, at least four lLines of scientific
information are required, which must be evaluated 1n relation to each
other and to the practical objectives These are 1) chemical and
physical studies of the composition and propertees of oils, particu
larly petroleum and its constituents and derss atives, 2) entomologi-
cal studies, especially 1n insect physiology, on the effects of ols, par-
ticularly the varous petroleum frachions, upon mosquito lamae, ard
on the method by wlnch death 1s caused, 8) phusicochemcal studies
of the properties of ol filins on water surfaces, 4) analyses of costs
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CHEMICAL AND PRYSICAL PROPERTIES OF PETROLEUM OILS

Petroleum ails are extremely complex mixtures of various carbon
compounds, and crude petroleums vary widely m composition ac-
cording to the characteristics of the field from which they are derrved
The crude petroleum contains many of the members of the saturated
hydrocarbons of the aliphatic series, from CH,, (methane or marsh
gas) to C,-Hye and shight amounts of compounds of even hugher
molecular weight This series 15 frequently called the parafiin hydro
carbons In addition to the parafiin hydrocarbon series, petroleum
also contains certamn unsaturated, cyelic, and aromatic hydrocarbous
and compounds contaming nitrogen, oxygen, and sulphur

Petroleum 1s frequently classified as an asphalt-base o1l if the res
due after dishllation 1s rich 1n asphalt (a black, heavy heterogeneous
muxture of polymers of aromatic and aliphatic hydrocarbons and
their oxidation products) or as a paraffin-base o1l 1f the residue 13
relatively rich m the sohd hydrocarbons of the methane or parafiin
series and relatively low 1n asphaltic compounds There may be van-
ous gradations between these two general types of crudes

The variation m oils from different fields 1s quite marked Penn-
sylvania o1l 1s Iargely composed of compounds of the paraffin series
(C.H,.1,) and cyche compounds, oils from the Texas, Oklahoma,
Kansas, and Cabfornia fields contam various aromatic derivatives in
addition to the paraffin sertes, oils rich m naphthenes and their homo-
logues are found mn Russia

In the commercial preparation of a petroleum product such as
gasoline (distillation range 50° C to 225° C) the refimng process
removes most of the higher botling fractions, mcludmg the waxes and
asphalts, and also usually most of the benzene dernvatives and the
unsaturated hydrocarbons, together with the sulphur and mtrogen
components In other commercial grades such as diesel orl and stove
o1l (excluding refined Jubricating o1ls) mtermediate boiling fractions
are separated from the low-boilmg liquids and gases on the one hand
and the higher boting sohds on the other, but such compounds as
unseturated hydrocarbons and benzene derivatives, together with
sulphur and nitrogen compounds, may not be removed or may be only
parhally removed 1n the refinmg process Some of these compounds

(which may be considered as impurities) appear to have definite toxic



OILS AND LARVICIDFS 209

effcets upon mosquito larvac over and abov¢ the effects of the volatile
hydrocarbon fractions
Owing to the wide variation 1n the components of erude petroleums,
1t 18 not to be expected that ails distilled within the same temperature
range but derived from different source fields would have the same
effect or value as mosquito larvierdes Variations m the components
other than saturated hydrocarbons may make large differences m
toxicity, viscosity, spread, stabihity of ol film, and m cost, within the
same boilmg pomts It 15 therefore improbable that a speaification
drawn for mosquito abatement o1l dernved from Texas crudes could
be apphed without modifiention to such oils derned from Arabian
crudes Speaifications for mosquito-kalling o1, so far as the physical
characteristics of boihng range, visconity, and speafic gravity are
concerned, must be varied to accord with the characteristics of the
crude petroleum available m the area m which mosquito abatement
work 15 to be done Tor the same reason, speafications for toxiaty
and spreading cocfficient should also be modified to accord with the
characteristics of the available oils
The chemical and physieal properties of an oil will have a marked
effect on the stability of an o1l film on a water surface In the pres-
ence of certain types of compounds, an o1l ilm may break down rap-
1dly, coalesce mto globules, or split up into patches within a short
time Effectine oils should have a reasonable film stability, which 1s
a phenomencen to be distinguished from film persistence,, a thick coat-
g of non volatile, non-toxnic ol might be persistent, but 2 thin film
thereof might be unstable T'ilm persistence will be disenssed later
Murray’s work? to winch further reference will be made, tndicates
that to assure film stalulity mosquito abatement oils should have either
aery low or & very Ingh aromatie content, but should not contamn
aromatic compounds in proportions nearly, equal to the saturated
hydrocarbons, unless they are ligh bosling point aromaties, the oil
should consist of wadely oy erlapping cuts of a1ls, and should not con-
tan fatty neids or fats, especially 1f added as spreaders We have
not as vet been able to devise any satisfactory speaifieations for fitm
stability Our only method of determining 1t at present 13 empirical
and consists of spraving samples of the o1l in the field and obsery ng
the Lehavior of the a1l film over a period of several hours
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Speatfic gravity, which should be expressed as a direct nun
weight per volume ratio m relation to distilled water but whict
mercially 15 frequently expressed m Baume degrees (for ex:
27° B ), has been used m some cases as almost the sole eriter
a mosquito oaf Actually speafic gravity is of relatively hitle n
tance as a criterion for an o1} for mosquito abatement, 1ts prn
value 1n specifications 1s (m connection with wiscosity) to obtai
which will be readily sprayable at moderate pressures We have:
083 to 0 86 to be a satisfactory range of specific gravity

Viscosity 15 the resistance of an ol to flow when a force 15 1m
upon 1t, and 15 measured usually in seconds of trme at 100° F ¢
Saybolt Universal Viscosimeter which times the efffux of a de
quantity of the fluid through a short tube Ouls of high vise
(thck, heavy oils) would require considerable power applicatr
force them through spray nozzles and probably would not spre.
well as hghter oils of lower viscosity We have found a range «
to 43 Saybolt Universal at 100° F to he satisfactory for mos
ahatement o1l

TOAIC LFFECT OF OIL ON MOSQUITG LARVAL

Apparently Howard’s observations on the killing of mosquito
vae by kerosene did not begm to recerve any critical exammatior
t1l 1917, when Moore® showed that fostaity was associated with 1
tthty and suggested that the structure of insect respiratory or
was probably responsible for the mfluence of volatility upon the
1ty of volatile orgame compounds Takatsuby,* experimenting -
both light and heavy oils, showed that the cause of death was o
mechamesl suffocation from the stoppage of the breathing pores
found that the surface of the siphons and respiratory organs 1s «
ered by an epithehal membrane which has a special affimty for
troleum oils Tlis membrane 15 not stained by water solutrans of 4,
but 15 readily stained by petroleum solutions of dyes He also sho
that a thick layer of il was unnecessary to hill mosquito larvae

Frechorn and Atsatt,® by studymng the effect of colored petrole
oils on mosquto larvae, came to the conclusion that the volatile ¢
stituents of the ouls contamed the principles which produced the 1
mary Jethal effects that these effects are produced by the penet
tion of the volatile fractions (vapors) of the oils into the tracheae
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the Jarvae and pupae, that the toxiaity of an o1l 1s 1 direct propor-
tion 1o its volatility,, and that with heavy, muelatile ols (botling
pont greater than 250° C ) mechanical suffocation may have some
supplementary cffect They also tested various theories as to the effect
of o1l m lalling mosquitoes and found that 1) the wea that ol low-
ered the surface tenston of water so that Iarvae could not mamtam
themselves at the surface was meorrect, 2) direct suffocation nas of
ittle effect, ) powoning of Iar ae was not caused by tosic substances
dissolved from the onl by the water, 4) bloching of the tracheal tubes
by o1l, as suggested by Ross i 1902, may have some shght effect, but
1tis sccondary , and 5) o1l as a contact poson is of hittle effect as death
results before the a1l thoroughly penetrates the general tissues
Hacher” showed that & complete film of o1l was not necessary m

order to lall mosquito larvae, and that a momentary contact with a
film of toxic o1l was suffictent to cause death, even 1f the larvae were
then transferred to clean water Green’ showed that with Anopheles
Jarvaevery short periods of contact with volatile oils (gasohne twelve
seconds, herosene four minutes) were sufficient to cause death, that
mereased exposure beyvond that pomnt did not hasten death appre-
©ably, and that Culer larvae required s1x to exght times more contact
time to lall than Anopheles Hacker® found that solatile hvdrocarbons
condense as a film on the iming of the larval tracheac and produce a
pseudo-anacsthebic effect  tins film increases the absorption of meta-
bolic end products (acids and aleohols) which enhance the toxic ac-

tion to a total true annesthesia

Gansourg? tested the penciration of dye stamed oils into the re-

spiratory system of mosquito larvae and pupae and concluded that

hghler ails (botling ranges from 200° T' to 500° T ) Lilled by a di-
reet tode effect watlun tharty mnutes or less, and that oils of hugh
borling ranges (for example, Jubreating o1ls) caused a slower death

by suffocation, the rate of hilling bemng somewhat proportional to the

thuel ness of the ol film The breathing siphons of Culex larvae can

readily penctrate ol films of the tinckness usually appl ed on mos-

quito breeding water He also found that lanvae whose respiratory

siphons were filled with non-tosic heavy ol did net dev elop into pupae,

but that pupae whose breathing trumpets and even part of the thorax

were filled with non-toxic o1l could under certam conditions develop
into adults
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Corbett and Hodghm™ suggested that volatility 1m 1tself was not
of primary importance, but that toxicity and retention of toxiaty
over a period of time were the factors to be considered

A considerable hterature on the effect of oils upon mosquito lar-
vae has appeared from 1910 to the present, much of it madequate,
contradictory, or erroneous Even textbooks have been guilty of en
tirely wrong statements, for example, “The larvae are suffocated,
through inability to penetrate the film with therr breathing tubes *
The 1tems we have aited appear to us to be the most significant, up
to the work of Murray If the significant papers we have quoted had
been heeded by, or even hnown to, practical mosquito men, there
would have been fewer failures and less waste of effort and money
But to many of them o1l was o1], and even some of the experts were
mere empiricists m this phase of the work

Murray® proceeded to attack anew the problem how do larvae
die under o1l treatment? He succeeded 1 making mieroscopic studies
of the effect of unstamed ails on larvae, particularly Culez, whose
tracheal system 1s more easily observed The mner surface of the
trachene 1s composed of a material, perhaps waxy in character, which
15 wetted by o1l but not by water Almost any o1l or sumlar orgame
material causes these membranes to lose their metalhc appearance
and become transparent, and the presence of any kind of il m the
tracheae 15 ultimately fatal However, the survival time may ‘a1
widely from a fen mnutes to a week or more, depending on toxen!
and vartous other factors, such as differences m the amount of ¢
taken 1nto the tracheal system which will vary with the number ¢
times and the length of time the larva contacts the o1l film The nun
ber and length of contacts are 1n general smaller with oils of ght
toxieity, and therefore the most foxie oils (toxicity bemg considere
apart from volatihity) are not necessarily the best larvicidal anls Wit
Tughly volatile oils some larvae may even escape othng for a consider
able length of time, thus outhving larvae which have taken m a fate
quantity of a less volatile ol Murray found that penetration of th
tracheze at ordinary temperatures was accomplished most rapidly b;
ols of the middle bothing range (200° C to 800° C) He also dis
posed of the fallacy of “lastmg” quality of the o1l film, showmg the
the cause of effective mosquito control 15 not served by depending o
long persistence of o1l films m the presence of recurrent breeding
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G 1 Watson®™ has made sygmficant studies, only partially pub-
Tished, on the manner i which oils Jill mosquito larvae, and has de-
veloped useful techniques for observing the cffects He shows that
toxic oils entermng the tracheal system may kall by paralysis of the
sheletal muscles of larvac In addition, some toxic o1ls hall microscopie
orgamsms which are food for larvae, and in the case of surface feed-
ers this may result m starvation He alco showed that sf enough heavy
fractions of o1l enter the trachea, they may prevent molting or cause
suffocation With surface-feeding larvae, also, the heavy fraction of
an ail may so mat the mouth-brushes as to prevent feeding and cause
death by starvation Watson also emphasizes the need for toxicity and
good spreading qualities m an effective larviaidal o1l

TrsTING 011§ TOR TONICITY

Lxcept for an understanding of the lethal effects upon larvae and
thesr reaction to various types of o1l, 1t 13 not necessary 1n testing oils
for toxieity to distinguish between the cffects of volatile saturated
hydrocarbons and the toxic properties of unsaturated, cyche or aro-
matic hydrocarbon components of the ol Two practical methods of
testing are

1 The most logical test put sav ten larvae and five pupac 1n a tall glass
evhinder not over tiwo inches in diameter, filled with clean water practieslly
to the top Insert a glass tube to the bottom of the cvlinder and connect it by
rubber tubing to a source of water supply Adjacent to the cvlinder, place
several glass containers filled with clean water and a glass tube with a rub-
ber suction bulb on one end Timing the operation, with a stop-watch if ayail
able, put a film of the ofl to be tested onto the water surface in the eylinder
contaimng the larvae, with as hittle disturbance as possible After thirty sec-
onds, provided all larrae and pupae have been in contact with the o1, intro-
duce fresh water gently by the glass tube to float off the o1l finally absorb
the ol with blotting paper or simlar material and transfer the larvae and
pupae by means of the glass tube with suction bulb to the yar of clean water
They should then be Lept under observation to determine the time of death
Repeat the expenment, increasing the time of contsct by half minute incre-
ments up to a total contact time of fire minates If an o1l will not kill within
= total contact time of five minutes 1t 1s probably entter mscSictently toxic or
insufficiently volatile to be of use for mosquito abaterment {(Contact ime shoeld
not be confused with the elapsed time from contact to death Peasonstly toxic

oils will lull wathun one hour of elapsed time after 1utial contact with the el
film )
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2 Asmpler test, satisfactory for most purposes put say ten larvae and five
pupae m ordinary one-pint glass yars half lled with water, and apply a thin
surface film of the ol to be tested Record the time elapsed until all larvae and
Ppupae are dead

Death may be defined as the state when all movement has ceased and the
larvae or pupae fail to respond by reflex muscular movement to sharp taps
with a lead pencil on the side of the Jar The shorter the period of contact which
produces death m the first method, or the shorter the elapsed time to produce
death i the second method, the more effectively toxic, probably, 13 the o
tested

Murray' has shown that with oils of extreme volatihity or towiarty
the irritative effect on the larvae may be so great as to prevent an -
take of o1l into the tracheal system for some time, and so delay effec-
tive luiling, or even under natural conditions possibly may permit an
escape of some larvae from contact with the o Extreme toxieity or
volatility 1s therefore probably not desirable m a larvierdal o}

As an Hustration of the varation m toxieity of different oils,
Table 6 shows results we obtamned, using test No 2 with Culex far-
salss larvae and pupae agamst orl samples submitted on a call for bids

Tasre 6 Toxicity of ols for larvae

KIILING TIMF IN MINUTES
Trial A Trial B Tnal C Average

Stove O1l 84°B 46 40 40 42
Stove Ol 82°B £8 88 47 48
Kerosene No 1 58 80 43 47
Stove O1l No 4 50 44 50 48
Kerosene No 2 61 40 53 51
Stove il No & 61 53 50 58
Kerosene No 3 69 46 55 57
Stove O1l 27°B 7 43 64 61
Kerosene No 4 78 59 62 66

1t will be noted that all the stove oils had higher bothng ranges than
the herosene, but that the two hightest stove oils Jalled more qmekly
than any kerosene The most effective kerosene was apparently the
least refined, Judging from the odor and price The two hughly re-
fined kerosenes were about as slow 1 hilling action as the 27° B stove

ol
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Another simple cxperiment, which 1s rather enlightening, 15 to place several
{arvac and pupac in each of four jars of clean water, and apply thun films of the
following materials, one to a Jar

1 High gradc smokeless kerosene

2 A dicsel o1 or stove ol

8 herosene to which has been added five per cent of cresylic acid
4 DPyrethrum extract (fiy sprav) in kerosene solvent

Obscrve the bottles for a period of about fiftcen minutes, and thereafter at ten
tminute intervals The larvac 1n bottles 3 and 4 will probably be dead within
fifteen munutes, 1 bottle 2 they will probably be dead witlun forty minutes,
but the Iarvae in bottle 1 will probably survive for about an hour As the
volatihity of the keroscne in bottles 1, 3, and 4 is the same, the greater rapidity
with wiich death occurs 1n 8 and 4 must be attributed to the toxic effects of
cresvlic acd and pyrethrum, and simlar reasomng would indicate that toxic
impuritics 1n the less refined o1l in bottle 2 probably also accelerated death

PRI CAUTIONS RECARDING TOXICITY

Any o1l used 1n mosguito control should be non toxie to stock (cat
tle, horses, ete ), wild life, and nquatie ife, especially fish To safe-
guard crops it should also be non-toxic to vegetation, but when crops
do not need to be constdered a high toxieity to vegetation 1s a decrded
asset n hilling off growths that protect mosquito larvae from contact
with o}

In our experience, moderalely toxic and volatile oils, applied ade-
quately but n the minimum amounts to satisfy effectiveness and econ-
omy, do not have any deleterious effects upon fish, water birds, or
aquatic Ife in general On the other hand, heavy oils ignorantly ap-
plied 1m excessne quanbities are undoubtedly deleterious m therr
effcets Such bungling mefliciency should be condemned by mosquite
abatement agencies as well as by the consenationists

Some ty pes of o1ls may be toxic to the workmen applying them be-
cause of excessive quantities of phenalic or sirular substances 1 the
ol or may be affensive to use because of unpleasant odors Some ma-
terials we have experimented with hate had to be abandoned, though
otheruise excellent, because of the severely imtating effects on mu-
cous membranes (eyes, nose, and mouth) , others had persistent, per-

vasne odors which built up to a nauseating effect In tte effort to
protect themselves, workmen cannot or will not use such materials efi-
aenthy and they should not be expected to use them.
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SPREADING PROPERTIES OF OIL ON WATER SURFACES

The formation and characteristics of otl filn on water surfaces have
been mvestigated by many scientists, among whom may be particu-
larly mentioned Rayleigh, Langmurr, and Rideal Surface phe-
nomens, particularly where petroleum oils are 1nvolved, are extremely
complex and highly technical, and the bitcrature on the subject 1
voluminous From a practical standpomt, the recent work of Mur-
ray® and that of Gray and Bent are the most mmediately useful

The tendency of an ol to spread or not to spread on a water sur
face 15 determined by the three surface tenstons existing when a small
quantity of o1l 1s placed upon a relatively large water surface These
surface tensions are

1 The water-air surface tension, S,
2 The oil atr surface tension, 5,
8 The ol-water surface tension, Sop

These surface tensions are forees acting parallel to the three surfaces
of contact between water and air, o1l and air, and water and o1l, re-
spectively Expressed i terms of dynes per centimeter (dynes/cm )
they are the force components of the work necessary to overcome the
cohestve forces of the hquid when one square centimeter of new higmd
surface 1s made

The spreading coefficient, a measure of the capacity of an oil to
spread on a water surface, 1s expressed by the formula **

Spreading Ceefficient = Sy — (S, + Sow)

An examination of this equation shows that an o1l will tend to spread
only when the water-ar surface tension exceeds the sum of the orll-mr
and oil-water surface tensions, and that the smaller the sum of the
orl-air and oil-water surface tensions m relation to the water-air sur-
face tension, the greater will be the spread It s also seen that any-
thing which will reduce the water-air surface tension (such as certamn
dissolved or collordal substances mn water) will also reduce the spread-
oeficient of the o1l
mg’[‘che surface tension of pure water (72 dynes/em at 23° C)s

Tugher than the sum of the other two surface tenstons, and

generally face However,

s 5 result most otls tend to spread on a water sur



OILS AND LARVICIDES 217

water encountered 1n mosquito abatement work 1s not pure, it con-
tams a wide variety of dissolved or colloidal substances Such mate-
rials as fatty acids and their salts (soaps) and orgame matter (such
os sewage and vegetable extracts) are highly surface active, and
Tower the surface tension of water to a figure that 1s sometimes not
enough to spread the ol This phenomenon has been observed on
many occastons by mosquito abatement worhers, especrally on peaty
marshes and on marshes heavily polluted by sewage On the other
hand, certain dissolved salts, such as some chlordes, merease the
water surface tension and increase the spreading capacity of o1l

The surface tensions of otls vary somewhat accordmg to their com-
position Tor the petroleum dernatnes, their range 13 from 23
dynes/cm , for low bailing fractions such as gasoline, to about 80
dynes/cm , for Ingh boihing fractions such as diesel oils Other fac-
tors being equal, the oils of lower boing range may have better
spreading power than oils of ngher boiling range

The mterfacinl tension of the a1l water interface 1s subject to ex-
treme varation Murray? found that the usual range of the normal
products and by products of petroleum refineries either had no
spread (herosencs or white neutral o1ls) or had spreading coeffictents
of from 8§ to 20 dynes/em The special malaria o1l used in India had
a spreading cocfficient of about 25 dynes/em In general the more
highly punified the petroleum dernvatnve, the igher will be the value
of the ol water interfacial tension, and therefore the lower will he
the spreading coeflicent For example, the o1l water mterfacial ten-
sion of a lughly refined smoheless herosene 15 about 50 dynes/em , at
25° C, wlnle that of a cheaper, less Inghly refined grade of herosene
15 about 45 d}ncs/cm Thetr o1l air surface tensions are approxi-
mately the same at 26 dynes/cm The spreading coeffictents are
therefore respectinely —4 dines/em, and 41 dine/em, showing
that the more hughly refined Lerosenes will not spread at all and the
less refined herosenes wall spread but little This fact has been fre-
quenth observed 1 practical field trials and can be experimentally
confirmed by placing a drop of each tvpe of o1l on a water surface

The contrast 1s more pronounced betneen smokeless Lerosene ard
& light stove o1l having an interfacial tension of 83 dvnes/em ard &
spreading coefficient of 12 dynes /e or between smokeless Lerosere
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SPREADING PROPERTIES OF OIL ON WATER SURFACES

The formation and characteristics of o1] film on water surfaces have
been 1nvestigated by many scientists, among whom mey he partien
larly mentioned Rayleigh, Langmur, and Rideal Surface phe
nomena, particularly where petroleum oils are involved, are extremely
complex and highly techmcal, and the hterature on the subject 1
volummnous From a practical standpoint, the recent work of Mur
ray” and that of Gray and Bent™ are the most mmediately useful

The tendency of an o1l to spread or not to spread on a water sur
face 15 determmned by the three surface tensions existing when a small
quantity of oil 15 placed upon a relatively large water surface These
surface tensions are

1 The water arr surface tenston, Sy,
2 The oil-air surface tension, S,
8 The oil-water surface tension, Sy

These surface tensions are forces acting parallel to the three surfaces
of contact between water and aimr, oil and air, and water and o1, re-
spectively Expressed m terms of dynes per centimeter (dynes/cm)
they are the force components of the work necessary to overcome the
coheswve forces of the liquid when one square centimeter of new hquid
surface 1s made

The spreading coefficient, a measure of the capaaity of an ol fo
spread on a water surface, 1s expressed by the formula **

Spreading Coefficrent = 55 — (8, 4 Sow)

An esapnnation of this equation shows that an o1l will tend to spread
only when the water-nir surface tension exceeds the sum of the ol air
and oil-water surface tensions, and that the smaller the sum of the
oil-air and oil-water surface tensions n relation to the water-air sur-
face tension, the greater will be the spread It 15 also scen that any-
thing which will reduce the water-air surface tension (such as certam
dissolved or colloidal substances m water) will also reduce the spread-
coefficient of the o1
mgThe surface tension of pure water (72 dynes/cm at 25° C)ms
generally higher than the sum of the other two surface tensions, and
as a result most oils tend to spread on a water surface However,
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water encountered 1 mosquito abatement work 18 not pure, 1t con-
tams a wide varicty of dissolved or colloidal substances Such mate-
rinls as fatty acids and therr salts (soaps) and organic matter (such
as sewage and svegetable extracts) are nghly surface active, and
Jower the surface tension of water to a figure that 1s sometimes not
cnough to spread the ot Tlus phenomenon has been observed on
many occasions by mosquito abatement worhers, especially on peaty
marshes and on marshes heavily polluted by sewage On the other
hand, certain dissolved salts, such as some chlondes, merease the
water surface tension and inerease the spreading capacity of o1l
The surface tensions of o1ls vary somewhat according to their com-
postion  Tor the petroleum dernatines, their range 1s from 23
dynes/cm , for low-boihng fractions such as gasolme, to about 30
dynes/cm , for Ingh boiling fractions such as diesel oils Other fac-
tors being equal, the oils of Jower boiling range may have better
spreading power than oils of lugher boshing range
The mterfacial tension of the oil-water interface 1s subject to ex-
treme vanation Murray? found that the usual range of the normal
products and by-products of peiroleum refineries erther had no
spread (herosenes or white neutral oils) or had spreading coefficients
of from 8 to 20 dynes/cm The special malaria o1l used 1 India had
a spreading cocfficient of about 25 dynes/em In general the more
highly purified the petroleum derivative, the higher will be the value
of the oil-water interfacial tension, and therefore the lower will be
the spreading coefficient For example, the oil-water interfacial ten~
sion of a lughly refined smoheless Lerosene 1s about 50 dynes/cm , at
25° C, wlile that of a cheaper, less ghly refined grade of Lerosene
1s about 45 dynes/cm Their o1l air surface tensions are approxi-
mately the same at 26 dynes/em The spreading coefficients are
thercfore respectinely —4 dynes/em, and 41 dyne/em , showing
that the more lughly refined Lerosenes will not spread at all and the
less refined Lerosenes will spread but ittle This fact has been fre-
quently observed mn practical field trials and can be experimentally
confirmed by placing a drop of each type of o1l on a water surface
‘The contrast 1s more pronounced between smokeless Lerosene and
a hight stove o1l having an interfacial tension of 83 dynes/em and a
spreading coeflicient of 12 dynes/cm , or between smokeless Lerosene
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and a hight diesel ol having an mterfacial tension of 23 dynes/em
and a spreading coefficient of 20 dynes/cm The heavier diesel o1l 15
seen to have a better spreadng coeffictent than the hghter stove oil or
the still highter Lerosene (the specific gravities bemg respectively
about 0 85, 0 84, and 0 80) The enhancement of spreading power,
running contrary to speeific gravity and boilling range, 15 attribut
able to an mcreasing amount of certan impurities which are not re-
moved 1n the refining process These impurities are prinerpally aro-
matic petroleum components, unsaturated compounds, and polar
compounds such as organic acids or alcohols, which orient themselves
at the mterface and consequently lower the interfacial tension ¥

These observations give clues to possible developments along the
line of improving the spreading properties of petrolenm oils for mos-
quito abatement, erther by a straight-run refining process to produce
an o1l of the most favorable characterssties for this work, or by the
addition of aromatic, unsaturated or polar componerits to a low-cost
o1l to ncrease spreading capacity and toxieity Murray’s work,” the
second part of which was not available when much of our work on
this problem was performed, mdicates that crached spirt gum and
some of the products of sulphonation of petroleum are useful addi-
tions to oils for merease of spread, but that the addition of phenols
and higher alcohols 15 based on a fallacy, as the water-soluble com
ponents of such materials escape from the oil nto solution m the
water, thus causing a break-up of the o1l film

Table 7 from Gray and Bent!* illustrates the ranges of surface
tenston and spreading coefficient for various petroleum dernatives

Tasie 7 Spreading coefficents of oils

Surface Interfacial

tension tension  Spreadung

il dynes/em  dynesfem  coeffictent
Neutral white oil 818 566 -159
High grade kerosene 261 505 -486
Cheap grade kerosene 265 450 05
Laght stove o1l 273 829 118

High aromstic keroseme ex-

:.gract 805 229 186
Diesel o1l 292 231 197

Speaal mosquito oil 29 4 150 276
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(Boiled distilled water has a surface tension of 72 G dynes/em at
25° C ) The herosene extract shown m the table was the impurities-
containmg residuc obtamed on the final refiming of herosene As aby-
product 1t might be obtanable mn some areas at a sufficiently low
price to be economieal, especially as & base for o compounded larv:
adal ol The speeial mosquito o1l was a diesel o1l especially treated
by additionnl substances to incrense the spreading cocffieient

In June, 1939, we ran some spraying tests with a specinlly treated
ail having a reported spreading coefficrent of 84 “I'his ol covered the
water surface at the rate of 8 8 gallons per acre, 1t had a toxiaity to
mosquito larvae about equal to that of diesel o1l The o1l film, while
apparenty stable, was 1 our opimion too thin for practical field work

Tt 1s mteresting to note that the spreading coefhcient of an o1l de-
creases with an merease 1n temperature For example, diesel o1l which
had a spreading coefficient of 19 6 at 26° C was found to have a co-
efficient of 245 at 3° C, and 190 at 50° C Generally we have
thought that oils spread better on water mn warm weather than m
cold weather, but on the basis of field experiments with several types
of 011, 1n which the area covered corresponded quantitatively wath the
spreading coefficients, we are now inclined to beheve that our impres-
s1ons on temperature effect may be wrong It may be that spreading
coefficient 15 not the sole criterion of spread under practical applica~
tion of o1ls on water

Ginsburg'® studied various materials with reference to their effect
on the spreading capacity of oils He found that chemeals with hy-
droxyl (OH) 10ms, such as phenols, cresols, and xylenols, were most
effective n mereasing o1l spread For example, the addition of one
per cent of crude cresol (mmety-five per cent cresylic acid erystals)
increased the spreadmg of o1 one and one-half times, and also 1n-
creased the duration of the film

We have frequently ndded a cresylic aaid larvieide to stove ol and
diesel o1, primanily tp mcrease toxicaity, and have noticed a tempo-
rory mcrease 1n spread, associated with a lessened stability of the
ol film Since such additions ncrease the cost of the o, they must
be evaluated mn relation to inereased spread and toxicity, on the basis
of cost as applied to mosquito breeding areas

Tellton' has devised & number of simple tests for oils, among them
bemng an approximate test for spreading coefficient Castor oil, w}uc}x
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has a spreading coefficient of from 16 to 20 dynes/cra , can be used as
a rough standard

Set upright 10 a ring stand a clean glass funnel (six to eight 1nches top
diameter), connect the stem with a rubber tube, and clamp to » water faucet
Introduce water and allow 1t to overflow for a few moments until a clean water
surface 1s obtained, then turn off the water, clamp the tube, and remove a Lttle
water from the funnel by slight tilting, so that the surface 13 about one eighth
mch Jower than the rim Then take two clean glass rods, one i each hand, dip
one nto castor o1l and one into the o1l being tested Carefully place one drop of
each o1l simultancously on the water surface in the funnel, placing them near
the periphery but at diametrically opposite pomnts Obserse the spread of each
drop of otl by looking nearly horizontally along the water surface

If both oils cover nearly equal areas of water surface, their spreading cocff
cients are nearly the same. If the castor oil spreads over a larger area than the
tested oil, such ol has a spreading coefficient less than sbout 16 to 20 dynes/
cm , if the difference 1s great, the oil 1s unsatisfactory in spreading quality If,
however, the tested oil occupies more area of water surface than the castor o,
1t has a spreading coefficient greater than 16 to 20, and 1ts spreading quality 12
satisfactory

Feliton has also devised simple tests for toxiety, viscosity, and spe-
afic gravity of oils, and a simple test for toxiaity of Paris green

Cost ANALYSIS OF OILS

The physical and toxie charactersstics of a larvicidal ol will 1
themselves have a marhked effect on the cost of o1l as apphed to water
for the purpose of killmg larvae Failure to analyze these costs care-
fully 15 probably responsible for some of the decided vartations m
practice which can be observed, as well as for a marked lack of both
effectiveness and economy 1n the apphieation of o1l m some regions

Analyses of the cost of marsh olling done by hand sprayers, under
our direction, mdicate that the followmg appro<imate unit costs are
reasonably representative

Labor cost per gallon $o0 183

Transportation cost per gallon 0 02,

Lqupment charges, supervision, and miscellaneous matenals .
0 05!

per gallon (admumstrative overhead not meluded)

For purposes of comparon, we have measured the area covered by
one gallon of each of three types of oll, efficiently applied by expert
enced men on practically 1dentical water surfaces under comparable
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condhtrons, and have cheched the results by dupheate operations The
three types of ol were

1 A speanlly treated dicsel ol with a very hugh spreading cocficient
(SC 27) Requires six gallons per acre of water surface for complete
coverage with a umform, stable ol film Dehivered price $007% per
gallon

2 Diesel ot (Pacific Speetfication No 200) with a spreading coeffi-
cent of 19 Requres mine gallons per acre of water surface for com
plete coverage with a umform, stable o1l film Delivered price $0 05 per
gallon

3 A lubneating ol (S AE 40) with 6 per cent by volume of gaso~
line, made up to approximate the characteristies of waste crank case
o1l Spreading coeffcient not determined but probably negative Requires
at least twenty-one gallons per acre of water surface for at best an un
even, uncertain coverage with poor stability of o1l film Price assumed to
be $0 02 per gallon for crude material delivered, as this price is reported
tohave been obtained in some Jocalities

The approxmmate cost of application of each of these o1ls, per acre of
water surface, using the foregomg figures, 15 as follows

1 Cost Analysis for Spectal Osl

Ol 630074 $0 45
Labor 6x018 108
Transportation 6x0023 014
Equipment, ete 6x 0059 035
Total cost 3202
2 Cost Analysss for Diesel Oul
o3} 9x005 3045
Labor 9x018 162
Transportsation 9x0023 021
Equipment, etc 9x 0059 053
Total cost $2 81
3 Cost Anclysu for Waste Lubricating Odl
ol 21x002 €042
I abor 21x018x125% 472
Transportation 21x023 048
Equmpment, ete 21x0059 124
‘Total cost 2686

Bccal‘xse of the greater pressure required In spraying this ofl labor time

for spraying was hence the app factor of 125
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It 1s probable that m all-around work the cost comparison mght
not prove to be quite so favorable to the first ot, since in “spot oil
mg” as compared with “sheet atling” more nearly equal quantities of
the first two oils might be used But considerable vegetation or con
tammated water might make the comparison more favorable to the
first o1l The unfavorable comparison of the waste lubricating o1l
with the diesel o1l 15 not exaggerated, and under many circumstances
the comparative cost of the waste ol might be more unfavorable,
particularly m the presence of much vegetation If waste erank case
o1l cost nothing delivered to the sprayer, 1t would still be excessively
costly as apphed to mosquito breeding water

In practice, larger quantities of o1l than dicated will be required,
1) because of the absorptive effects of vegetation and soil and of
floatage, 2) because of orgamc contarmnants of swamp or marsh
water which reduce the spreading property of an o1, and ) because
of a certamn amount of wastage which cannot be entirely elmmated
But no matter what the variations in physical conditions of the area
sprayed with o1l, those oils of greater spreading properties and
higher toxicity will in general be more effective, the quantities of ol
applied will be roughly m mverse ratio to the spreading coeffictent,
and the total cost of application, properly analyzed, w1ll be found to
be at least roughly parallel to the cost analyses given

We cannot emphasize too strongly the fact that the price of oil
has no necessary relation to the cost of oling In our experience, the
cost of a1l 1s roughly from fifteen to twenty per cent of the cost of
oiling, when efficient o1ls are used, but as we have shown, the wrong
land of a1l even 1f obtamed free of cost, may still be excessively costly
and comparatively neffective for mosquito abatement

The methods of cost analysis here suggested are equally apph-
cable to the various larviaadal materials used m place of ol We have
s certain scepticism regarding the actual and comparative economy
of some larvicrdes, particularly pyrethrum larvicide, and to some ex-
tent Pars green, as they are reported as a rule only on the basis of
price of the materal, not on the basis of total cost as apphed For
the same reason, we question the economy of the use of bunler fuel 1],

as practiced n the Panama Canal Zone ¢ However, a crude o1l 1s oc-
casionally available which has fairly good characteristics and ean l:i
obtaned at a relatively low price, and applied at a Jow ov erall cost
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WasTr o1Ls

Many persons have had the 1dea that waste ols, such as waste
crank case a1l, could be used for mosquito abatement Such waste o1ls
can usually be obtained for nothing more than the cost of collection
Howeser, these oils are far from umform 1 characteristics, are low
m toxiaity, and usually have much grit or much which clogs spray
nozzles

YWaste crank case oils should be stramed to remove grt and should
be settled for several weeks to remove heavy residues The remainder
usually must be “cat” or thinned by some hghter petrolenm oil,
order to give1t good spreading characteristics and to mncrease its vola-
tile fraction

Given a heavy o1l and a ight o1, a simple method of calculating the pro-
portions of each to produce a mixture of predetermined Baume gravity 13 a3
follows

1 Express the specific granity of both ails, and of the desired mix-
ture, 1n Baume degrees
2 Wrte the gravities of each oil, one below the other, on the left
side of a square at the corners

8 Vinte the desired gravity of the mixture at the intersection of the
diagonals of the square
4 Sobtract the gravities on the diagonals from each other and place
the differences at the opposite ends of the diagonals, at the night hand
corners of the square These differences are proportional parts of the
two oils which are to be mixed
Lxample Given a waste crank case o1l of 21° B gravity and a distillate of
46° B granity, to obtain & mixture of 30° B grawty smx sixteen parts of the
crank case o1l with nine parts of the distillate

The use of waste crank case o1l imphes certamn storage and collect-
mg equipment The ol 1s collected from seattered garages and filling
stations at a fairly uniform rate through the year, but its use 15 gen-
erally confined to a period of about eght or nine months 1n the year
The use of crank ease a1l therefore requires collection equipment ta
gather the matenal, and storage tanls m which to accumulate & sur-
plus during the winter months and to blend the required mixture

Shelby County, Tennessee, has been using waste crank case ol for
several vears with apparent satisfachion at 2 reported cost of less
than two cents per gallon ® The Bergen County (New Jersey) Mos-
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quite Extermmation Commission has also used waste crank case ol for
several years,™ and has erected two 4500 gallon tanks for its storage

In view of the newer larviaidal materials now available and the
present knowledge of efficient ouls, we cannot consider the use of waste
crank case oils to be advantageous except m emergencies when better
materials are not available

SPECIFICATIONS FOR OILS

In preparmg specifications for o1l 1t may be desirable, n order to
assure reasonable uniformity of the product, to set up farrly narrow
lumts of range for speaific gravity and viscosity, and to control the
volatihty by specifying a defimte table of distillation temperatures
and percentage volume recoveries at such temperatures Such spec-
fications should be set up only after considerable expertence with lo-
cally available o1ls and after consultation with the chemists of the ml
companies

Specifications should not contam trade names or grade names for
ols, even 1f & particular o1l sold under a trade or grade name, such
as diesel, stove distillate, herosene extract, or the like, 1s exactly the
o1l wanted Commercial agreements, not always publicly announced,
between the o1l companies frequently require a standard price for
certamn grades i certamn trade areas, thus elimmating competitne
prices In speaifying o by physical properties a better competitiie
situation for the mosquito abatement agency, and probably hetter
prices, will be obtained 1f the prineipal stress 1s placed on spreading
coefficient, toxaty, and film stability and :f reasonable latitude 15
given for speaific gravity, viscosity, and boiling range

We have previously indicated that speafications for ol for mos-
quito abatement must take mto consderation the varations m the
charactenistics of the crude ol sources n the area mn which work 1s to
be done With tlus caution emphasized, we present the following ol
specifications which we believe will be found satisfactory under a wide
range of conditions It should be noticed that the prmcipal enitena
are toxieity to mosquito larvae and spreading capacity

01l furmshed shall be homogeneous and shall not separate mto fractions of

different d on prolonged ding, nor shall it deposit any sohid or serm
solid material on prolonged standing It shall be free from granular, flocculent,
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fibrous, or other material which mught cause clogmng of spray nozzles It shall
not be subject to change or deteroration by ovidation or otherwise on pro-
longed standing in tanks or containers

The o1l furmshed shali kill all the pupae and full grown larvae of mosquitoes
(Culex prpiens or Aedes dorsalis) in not to exceed one hour s time during which
the o1l 18 applied 55 a continuous film on clear water of normal dissalved oxygen
content contaimng such pupac and larvae Such test shall be miade s a one
quart glass mason jar contmmng ten Jatvae and five pupac immersed 1n one
pint of water, uncovered and exposed an full sunlight The killing time shall be
determined by the tume after appheation of the o1l (or o1l mixture) when all
larvae and pupre fail to respond by refiex muscular contractions or other ac
tivity to successi e sharp blows struck on the side of the container by an ords
nary lead penail

The o1l furmshed shall be & product resulting from the distillation or proe
essing of crude petroleum, and shail have physical characteristies Iying within
the following maximum and mimmum allowances

Speafic gravity (AP I)* 27-38
Viscosity B1-43
Savbolt Universal at 100° F
ASTM{Dsgs-36

Imtial botling point 165°-230° C
ASTM D 15828

Final beiling point Maz 800° F
ASTN D15§-28

Spreading coefficzent Mm 170

* American Petroleum Institute

1 The American Soc!eiy for Tesllng Materials designates standard methods
for testing ial dard specifieations for engmeering
materials which are deslgnnled by serial numbers indicating the year of adop-
tion by the last group of Bzures

The spreading coefficzent 15 hereby defined to be the surface tension, 1n air, of
distilled water, Jess the sum of the o1l air surface tenvion of the o1l or 1] mix
ture plus the o1l water (or o1l mixture—water) interfacial tension, all measured
1 dynes per centimeter at 25° C , by means of a duNoy tensiometer

Proposals to furmsh o1l shall be accompanied by a fifteen gallon sample
thereof Samples of o1l or o1} mixture shall be accompanied by & statement giv
ing the physical charactensties thereof, including the spreading coeflicient
Field tests of ol will include spreading abilty upon various tvpes of water
surfaces, spraying charactenstics, coninmity and stability of film, toxic effects
uponworkmen ammals, and vegetation and toxic effects upon mosquito lars ae

Ginsburg® suggests the following phy sieal characteristies for a sat-
isfactory larvicrdal el
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Type of ol Distillate fuel
Gravity (AP 1) 27-38

Flash 180° F or higher
Viscosity S U () 100° F 8540

QOdor Non offensive
Distillation 10% 430°-450° T

50% 510°-550° F
90% 6380° F or lugher

BotToM olLs

Samms® and others have experimented with ols of higher specific
gravity than water, which sink to the bottom and are apparently ef-
fective against bottom-feeding larvae He reports that paols treated
with these heavy o1ls have remamed free from larvae for considerable
periods

In a personal communication dated December 8, 1948, Sammis
states that heavy or (S/V) bottom o1l should preferably be emulsified
with Gardinol or some other emulsifier before sprayimng A farrly stable
emulsion 15 obtamed, which 1s diluted one to ten for spraymg On con-
tact with the water surface of the area sprayed, the emulsion first
spreads, and then the o1l begins to sk slowly to the bottom i the
form of droplets The o1l 15 reported by Sammus to kil Iarvae by -
gestion and by contact, and he states that C W Wilhamson mn Suf
folk County, New York, has obtained a sahsfactory kill on pupae
Sammis reports some iwregularity m the effectiveness of this oil, many
of the tests being very effective and others less effective

Witha1 20,000 dilution he obtained a 100 per cent hill in one and
one-half hours, which was as rapid and effective as a parallel test usmg
the New Jersey pyrethrum larvieide At a 1 50,000 dilution, & 78
per cent Lill on larvae was obtamed m one and one-half hours, and &
100 per cent kill i nineteen hours

The o1l had a somewhat toxic effect upon fish, and on vegetation it
was destructive to about the same degree as fuel o1l

The present price of S/V culicide ol 1s stated to be 25 cents per
gallon, and per spray gallon Sammus reports the cost to be $0 0275

OTHER LARVICIDES
There are many conditions under which oils are erther meffectne
or unsuitable, or other materials are more effective or less expensive
Numerous myvestigations have been made of varous substances which
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are touie to mosquito larvae, for the purpose of finding something
better and more economical than o1, or something that will be useful
where 01l cannot be successfully used On account of excessive cost or
other himitations, most of such materals have been climmated by
practical experience The materials discussed n the following sec-
tions are those which so far hasve been found to be practically useful,
and one material which has great apparent possible usefulness, though
not ndequately tested as yet under a wide varicty of conditions

CRES1LIC ACID

Crude cresyhe acid has several bothing fractions, just as has pe-
troleum o1l In the case of petroleum oil, 1t 15 the low boihing fractions
that are most toxic to mosguito larvae, but with crude cresylic acid
1t 15 the lugher boilmg pont fractions that are the most toxie We
have found that the fraction distilling below 195° C 1s but shightly
toxic to mosquito larvae and pupae i any reasonable concentrations,
whereas the fraction distilling between 225° and 250° C 1s toxic to
both larvae and pupae in dilutions as hagh as one to 40,000 The high
boiling fraction should be obtainable at low cost from concerns manu-
facturing Liquor cresolis comp U 8 P, the refined cresol which 1s
the base thereof being the fraction distilling between 195° C and
205° C

Tor use as & larvicide, the cresyhic acid (hagh boiling fraction)
must be emulsified m some way 5o as to be miscible in water Vanous
soaps and spreaders may be used for this purpose The origmal
Panama larvicide was made with a rosm soap as the emulsifyng
agent 200 pounds of powdered rosin with 80 pounds of caustic soda
were added ts 150 gallons of crude carbolie (cresylic) acid, with heat
and stirrng

The manufacture of such a matenal requires mechanically stirred
vats and distillation apparatus, and 1s best performed by manufac-
turing chemists who have the equipment In 1939 the material in 150
gallon Jots on the Pacific const cost about forty five cents per gallon
pachaged m fifty-five gallon drums The following are general speet-
fieations for 1ts manufacture

The base of the larmeide shall be that fraction of crude eresvlic aeid which
does not distill below 225° C, with which 1s thoroughly incorporated a smt
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able soap or spreader (Aind of soap or spreader may be specsfied of desu
The mixture shall be homogeneous, shall not separate upon prolonged st
1ng, and shall be free from gnt, fibrous, or gummy particles It shall be fr
flurd at all normal temperatures, and miseible 1 water and i kerosene
proportions When diluted with water 1 the proportion of one part of 1¢
cide to 100 parts or more of water, the emulsion shall be stable for a perio
at least thurty davs When diluted m the proportion of one part of larviud
80,000 parts of water, sxd dilution shall be 100 per cent effective m killing
larvae and pupae of mosquitees (Culez or Anopheles speces) smme:
therein, within a period of two hours

In addition to its use as a larvicide by itself, we have found
material to be a valuable addition to o1l m cases where a quick
(practically with one contact) 1s necessary, such as under very wn
conditions We also have found that it mereases somewhat the
prdity of spread of the o1l film, but decreases film stability shghtly

We have found cresyhic acid larvieide to be more effective than ¢
o1l for control of tree-hole mosquitoes (dedes varipalpus), and
logical grounds believe that 1t should be effective aganst Manso
mosquitoes (for example, Mansoma perturbans) the larvae of wh
attach themselves to aquatic plants and seldom come to the wa
surface

PYRETHRUM EXTRACTS AND LMULSIONS

Pyrethrum 1s the dried flowers of Clhirysanthemum cineraraefol
Tts essential principle is termed pyrethrin, whichis very toxic toma
forms of tmsect hfe, espectally masquitaes t batk the Jarval and ad
stages It has been extensively used as an msecticide

Prior to the present war, pyrethrum flowers were obtamed prine
pally from Japan, Africa, and Dalmatia At present, with the great
part of the supply cut off, most of the azailable pyrethrum 1 all
cated to the mihtary forces and Iittle 1s available except for the mo
essential crvilian uses Attempts are being made to produce 1t 1 &
cessthle regions where low-priced labor 1s available

Used m the form of a spray, 1t 1s very effective 1 enclosed spac
agamst adult mosquitoes, gnats, and flies Two types of sprays &
normally used One1s a petroleum fraction (Ingh-grade herosene or
clesmng solsent) to which may be added a portion of carbon tetrt
chloride to reduce the fire hazard
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The other 1s an acrosol, the pyrethrn bemng dispersed from a rap-
wlly evaporatmg hiqud such as Freon (dichlorodifiuoromethane) By
adding refined o1l of sesame as an actnator, the quantity of pyrethrin
can be reduced and effective hlling still obtamed The present quan-
tities are approximately as follows

Pyrethrm 08%to 10%
Ol of sesame 20%to 40%
Freon 9729 t0 95 2%

The Freon-py rethrin spray 1s dispensed from steel cylinders via an
atomizer nozzle and shut off valve As the I'reon 1s a low boithing pomnt
materinl, at ordinary temperatures 1t mamntains its pressure until the
entire content of the cylinder 1s discharged At present these cylinders
are avalable only for military use

Petroleum-py rethrin sprays can be either purchased from manu-
facturers under various trade names or made direct from pyrethrum
concentrates An cffective spray can be made by adding one part by
volume of Pyrocide 20 to from fourteen to nincteen parts of refined
Lerosene or cleaner’s solvent If it 15 advisable to minimize the inflam-
mability of the misturc, use seventeen parts of solvent and two parts
of carbon tetrachloride An essential ol of pleasant odor can be added
to mask the petroleum odor, 1f desired

Pyrethrum spray m a petroleum solvent can be used advanta-
geously as a larvicide 1 certain situations Tor example, ornamental
garden pools n which water plants are grown can be sprayed lightly
with pyrethrum extract to hall mosquito larvae, without appreciable
damage to the plants It can also be used to hll mosquito larvae in ont~
door swimming pools Apphed at mght, 1t will be gone by morming

and will not nterfere with the use of the pool In flowing springs where
mosquito larvae oceur, 1t can also be used effectively, kalling the larvae
and pupae before the film 1s removed by the overflowing water, and
not contammating the water A ease of this hind came to our attention
at By ron Hot Springs, Califorma, where Culex pipiens was breeding
profusely m flowing sulphur springs Pyrethrum can also be used m
some cases where there 1s a prejudice agamst the use of ol Tor ex-
ample, we frequent!y find mosquito breeding around hothouses used
for commercial growing of flowers The operators object to the use of
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esther ails or cresylic acid larviedes, but do not object to pyrethrum
sprays, which they use themselves to combat varous pests

Pyrethrins apparently oxidize 1n the presence of arr and sunhght
and should therefore be pachaged and stored n light-proof, tightly
closed contamers In water suspensions or emulsions, particularly »f
alhelwe, pyrethrins hydrolize rapdly, especally in sunbight, and lose
their toxiaity Spraymg emulstons of pyrethrum extract must there
fore be used on the day they are made or they are meffective as Jarm
crdes Concentrated emulsions, 1f hept packaged m hight-proof con-
tamers, can retamn their potency for several weeks

Apparently Ginsburg® was the first person to develop the prach
cal use of an emulsion of pyrethrum as s mosquite larvicide The pur-
pose of his myvestigations was to develop a material which would avoid
the disadvantages of o1l, and also be less expensive than o1l He pre-
pared an emulsion consistmg of herosene extract (one pound of py-
rethrum flowers per gallon of petroleum solvent) emulsified with
water and soap (s1xty-six per cent extract with thirty-four per cent
water contaimng three o five per cent of dry soap) This stock emul-
sion was diluted one to ten with water for the field spray Using more
than fifty gallons of the dilution per acre he obtamed 100 per cent
kall on salt marshes

Gansburg® reported 1 1935 on the use of new emulsifiers for
pyrethrum extract larviade These are sulphated higher aleohols
which, accordmg to Ginsburg, produce an emulsion which does not
break down 1n hard water or salt water, and make practically no m-
crease m cost of the emulsion One of the emulsifiers 15 sodum lauryl
sulphate [CH, (CH.)1,080;Na] which 1s sold under the trade name
of Gardinol by Procter and Gamble, and by E I Dupont de Ne-
mours & Co The other 1s sulphated butyl-diphenyl-phenol sold un-
der the trade name of dresket by the Monsanto Chemical Co The
formula originally given for preparmg the pyrethrum emulsion usmg
these spreaders 1s as follows

100 gallons pyrethrum extract (100 gallons kerosene contaning extrac

tive from 100 pounds flawers—at least mine tenths per cent py-

rethrins)
6 pounds Gardinol W A Concentrated

50 gallons water
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The emulsifier 1s first rixed with the water and violently agitated
m the mixmng tank Then the pyrethrum extract 1s run slowly m, with
violent agitation, plus yetting the misture under lugh pressure bacl
1nto the mung tank, until a thick, homogencous emulsion 1s obtaned
1t 15 then pachaged in steel barrels for field use Yor sprajing, one
part of emulsion 18 mxed with ten parts of water Care must be taken
to heep the diluted spray well mised by shakung the spray can occa-
sionally or by operating the paddle mn the tank of a power sprayer

R J Vanderwerker,” superintendent of the Umon County (New
Jersey) Mosquito Lxtermmation Commission, used (1935) the fol-
lowing modificatron of the Ginsburg formula

100 gallons fuel oil at 6% cents $ 650
6 gallons pyrethrum extract (15 pounds of flowers per gal
lon) at $3 50 2100
8 pounds Gardmnol W A paste at 27 cents 216
50 gallons water
Labor and equpment time 540
Total *35 06

Stock larviaide (156 gallons) at 2214 cents per gallon
Spray gallons (diluted 1 to 10) at 21/ cents per gallon

On this bass, the modified Ginsburg formula costs considerably less
than o1, assuming equal kalling efficiency, and about the same cost of
application

The formula generally used at present 1s

6 gallons ol kerosene or light o) {distillate)
1Y, quarts (40l oz or 1140 cc ) of 2% pvrethrum extract
8 gallons of water

6 ounces of emulsifier (Gardinol W A Concentrated, or equivalent
for fresh water work 24 fl 0z of 409 Liquid soap, or equivalent indry
soap powder, may be substituted)

To prepare the stock emulsion the emulsifier, 1f water soluble, 1s
added to the water and thoroughly mixed 1n the tank (power-operated
muxing equipment 1s necessary for satisfactory results) The pyreth-
rum extract 15 then mixed with the o1l and added slowly to the water
with violent agitation plus jetting back into the tank via the high-
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pressure pump Tlus 15 contmued until a homogeneous stock emul-
sion 1s abtamed Stoch emulsion should preferably be made fresh on
the morning of the day 1t 1s to be used

Before spraymg, the stock emulsion 1s diluted 1n the proportion of
one part stock to ten parts water This dilution 15 then sprayed at the
rate of about fifty gallons per acre If dilution 15 made from water
obtamed in the field, the water should be stramed to remove particles
which may clog the spray nozzles

Pyrethrum emulsion has received a fairly general acceptance as a
mosquito Jarvieide, parbicularly on the east coast of the Unted
States Clarhe™ 15 quite enthusastzc over tus results with pyrethrum
emulsion 1 the Des Plames Valley Mosquito Abatement District
(Ihnois) Rees i Utah, after an mitial unsatisfactory experence®
with this material, has recently® been using 1t within Salt Lake Caty,
and m situations where o1l would be objected fo, but o1l 1s still the
prinaipal larvicidal material used in that district

Qur experience with pyrethrum larvicide has been that under Cah-
forma conditions 1t cannot compete on a cost basis or mn effectiveness
with available petroleam oils All the California districts which have
used 1t have reached the same conclusion However, Robinson®® at Mo
desto used large quantities 1 the first year of work for the East Side
Mosqumito Abatement District, at conniderably greater cost than for
o1l, as a methad of overcoming an imtial pregudice by farmers to the
use of o11 For this purpose pyrethrum was highly successful, but
after the first year the more economical diesel 01l has been used almost
exclusively The advantages or disadvantages of pyrethrum larvieide
depend so much on local costs and condrtions that we suggest that each
agency determine for wtself the relative merits of thus formulg as com-
pared with o1l, after actual field irials of the material and after tabing
all costs nto consideration ’

Mosquito abatement agencies that have exther power spraymg
equipment or power mixmng equipment can manufacture ther own
pyrethrom emulsion, purchasing the pyrethrum concentrate, emuls-
fier, and o1l Agencies without such equipment can purchase the ma-
terial ready mixed ;n concentrated form, ready to dilute for spraymg,
from msectide manufacturers If considerable time may elapse
between manufacture of the emulsion concentrate and its use, the
pyrethrum concentrate should be Lept mn a separate contamer from



OILS AND LARVICIDES 238

the emulsion (o1l and saponifier) concentrate and not be mixed until
the spray 1s to be used

Tor shipment to the South Pacific on Navy contract we devised for
a manufacturer an improved method of making and pachaging py-
rethrum emulsion Frie gallons, less one pint, of » haghly concen-
trated sodum laury1 sulphate and herosene emulsion are placed n a
five-gallon can, one pimt of extra strength (30 1) pyrethrum con-
centrate 13 placed 1n n onc-pmt can T'wo five-gallon cans are placed
1n 8 wood box, & two by-two inch wood strip placed dingonally 6n top
of these cans, the one-pint pyrethrum cans lad flat on erther side of
the strip, and the top natled on When ready to be used, the pyreth-
um concentrate 18 added to the emulsion i the five-gallon ean, thor-
oughly shalen, and then diluted for sprayimg By this method the
larvicide can be shipped long distances and arrive with its toxieity un-
mpaired

Under some conditions 1t may be advisable to use an ant1 oxidant
(hydroquinone, pyrogallol, or the like) to retard deterioration of
p3 rethrum concentrates

The quantities of diluted (1 10 or more) spray emulsion which
will be required for adequate hlling of mosquito larvae and pupae
appear o vary widely aceording to conditions n the breeding water,
and are mfluenced also by the size of the o1l droplets™ m the emulsion
and the methed of application The material should be sprayed care-
fully so as to mmimze further dilution by heeping 1t 1 a relatively
thin laycr at the water surface The usual range of quantities appears
to be between forty and sixty spray gallons per acre of water surface

Eaursiriers

A wide vaniety of materials are now available as emulsifiers, but
the subject of emulsifiers 1s a complex one, and any person requiring
information or assistance concermng them 1s advised to consult a
competent chemst, particularly one with soap manufacturing exper-
ence Various cheap soaps, such as rosin soap or whale o1l soap, can be
used for emulsions for fresh-water sprayimng Various sulphonated
otls have been prepared wineh give more stable emulsions than soaps
In addition, there 1s a large number of complex orgame chemicals
which are excellent emulsifiers, especially m hard or brachish waters
which promptly break down soap emubions Some of these emulsifiers
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are water soluble (W S ), and are added to the water, others are ol
soluble (O S ) and are added to the o1l m makimg emulsions
PARIS GREEN

One of the most successful of all larvicides, when used agamst sur
face-feeding mosquito larvae (anophelines), 1s Paris green [copper
aceto-arsemite (CuHAsO; -+ 2CuC H;0,) T applied as a dust to the
water surface This material 1s especially suitable to aeroplane dust-
ng operations, but may also be dusted by hand or applied by ma
chine blowers The Paris green 1s diluted with road dust, hydrated
hime, powdered charcoal, powdered tale (soapstone), or other mert
finely powdered material It apparently acts as an mternal poisan,
the particles of Paris green being taken mto the digestive tract with
food materials

Paris green can also be used agamst bottom-feeding species, by
addmg 1t to moist sand and scattermng this sand m breeding pools
We have found this Paris green and sand mixture to be fairly effec-
tive 1n lalling the larvae of Culex and dedes species, but mosquito
pupae are unaffected simnce they do not feed For successful use it
should be apphed before pupation has occurred

Griffitts®? used Paris green diluted with most sand as a larviaide
agamnst bottom-feeding mosquito larvae Cook®™ used Paris green
diluted with minety-nine parts (by volume) of moist sand, and ob-
tamned excellent results m hilling Anopheles as well as Culer and
Aedes larvae Apparently the application with moist sand caused
sufficient Paris green parhicles to remam floating on the water sur-
face (having become detached from the sand graimns) and to be effec-
tive agamst Anopheles larvae a5 well as agamst the subsurface feed-
ers Cook applied the Pars green by hand, using successfully as low
as one-fifth pound of Paxis green per acre The sand should be morst
enough to make the Pars green stick to 1t, but not so most that 1t
will cale and not spread well when hand-cast Cook found a substan
tial saving with Paris green as compared with o1l

There are, however, certamn himtations to be put upon the fore-
gomg generalizations Russell and West™ found that Paris green
diluted with finely powdered charcoal would kill most of the larvae
of Culer quinquefasciatus as well as the larvae of Anopheles mos-
quitoes This 15 probably explanable by the fact that some species
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of mosquttoes which are normally bottom feeders will oceasionally, or
even frequently, feed at the surface, bending the abdominal segments
and rotating the head so as to brmg the mouth parts mn contact mith
the water surface while still mmintamming the breathing siphon at the
water surface We have noticed this frequently with Culex pipiens
and occasionally with other Culea species Such spectes as are nor-
mally bottom feeders but may occasionally feed at the surface wonld
be Milled at least i part by Pans green dust applied to the water
surface

Pans green 1s usually mixed with the diluent 1 varymg propor-
tions according to the method of apphication For hand seatterng,
one or two per cent of Pars green 18 mixed with the diluent, for hand-
operated blowers, 5§ per cent to 10 per cent, for powcr—opemted
blowers, 10 per cent to 15 per cent, for acroplane dusting, 25 per cent
to 50 per cent (Note 83 33 per cent 1s the usual misture )

It 1s probably a wise precaution to do & certain amount of experi-
menting to find the lowest percentage of Paris green which can be
used effectively, and the safe mimmum weight of Paris green per acre
of water surface Such experimenting, 1f done in the Iaboratory,
should be cheched by actual field tests

As %o the total quantity of Pars green to be applied, there 15 some
varance of opimion among users This variance 1s probably due to
differences in character of the areas treated, and sufficient expen-
menting should be done mn all cases to determine the mmmum effec-
tive dosage for a particular area and method Cook and Williams®
found about one pound of Paris green per acre necessary at Quantico
Buy, when apphied by aeroplane King and Bradley™ m Loussiana
{found one-half pound per acre sufficient with a safe margin Chalam®
1 India used from one-fourth pound to two pounds per acre on rice
fields, and as lngh as four pounds per acre where the water surface
was thickly eovered with water hyacinths Barber and Hayne? as
a result of their experiments m 1921, recommended about 0 43 ounce
avorrdupais to 1000 square feet, or about 117 pounds per acre
Haclett® recommends a iter (1250 grams) per 10,000 square me-
ters of water surface, which 1s equivalent to about 185 pounds per

acre

Commercial Pams green 1s not umiform i its composition and two

factars, the percentage of arseme and the fineness and umf, ormity of
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particle size of the material, seem to have a marked effect on its tox
leity to mosquito larvae The percentage of arsemc expressed as
As,0; should be not less than fifty per cent, apparently lgher per
centages of arsenic make the Paris green more toxic Pure Paris green
theoretically should contam 56 62 per cent of arsenic as As 0, Al
of the Paris green should pass a 200-mesh-per-mnch screen, and the
product 15 to be preferred which will leave a relatively small amount
that does not pass through a bolting cloth of 350 meshes per mch
Apparently Paris greens which have a deep green color are more toxic
than those of a paler or duller green color

There are now being marketed Paris greens specially prepared
for use as mosquito larvierdes Manufacturers’ claims should be sub-
Jected to practical field tests, and the various Paris greens available
m any Jocality should be subjected to controlled experiments on mos
quito larvae before makmg any extensive purchases

The Tennessee Valley Authority used 1 1943 the following speat
fications for Paris green

The Pars green must be of a fineness such that approximately 100% will
pass a 200 mesh sereen and approximately 85% pass a 300 mesh screen It
must contain 55% arsenous oxide with no more than 214% being soluble 1n
water The Parns green must be lethal to anopheline larvae when applied m
natural breeding areas and shall weigh not less than 75 pounds per cubic foot
Shipment must be made n light metal drums containng about 100 pounds of
Paris green

E L Bishop, M D, Director of Health of the Tennessee Valley
Authorsty, has written us (November 6, 1948) concerning the charac-
teristics of Paris green as related to toxiaity to larvae, and as affect-
ng the method of distribution, as follows

We apply our Pans green chiefly by awrplane although some of 1t 13 apphed
by hand dusters and boat dusters In writing up speafications for Pans green
for use 1n airplane dusting, we are faced with two conflicting factors In gen
eral, the finer the particle size, the more toxic will be the Paris green to
Anopheles larvae, however, when applying the matenal by airplane even shight
breezes will cause the dust to drift away from the treatment area 1f the par
ticles are too fine A number of years ago when the specifications now 1 use by
the TVA, the Army and Navy, the Public Health Service, ctc, were wntten,
most of the Paris green commeraially available was of a relatively large pﬁl:
ticle size, and the spearfications were, therefore, ded to msure that the
material would be sufficiently fine to be effective agawnst Anopheles Ia

rvae
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However, in recent years there has been a general tendency to decrease the
particle size in manufacturing Pans green for general agnenltural use in order
to 1ncresse ats toxicity As a result, most commercrally available Pans greens
now appear to be of such a fine particle size that 1t 13 difficult to obtain satisfac
tory distribution by mirplane because of the greatly increased dnft During the
past year, we have been conducting tests to arrve at & particle size specification
which would 1nsure the particles being small encugh to be ingested and effec-
tively toxic against the larvae, and yet large enough that they could be dis
tubuted by atrplane without excessive dnft These studies have wvolved
manly investigations on the mazimum size of partiecles which can be ingested
by the varous larval instars and the determimation of relative toxicities of dusts
of different particle size. From tlus, we have drawn up specifications for a
theoreticallv 1deal larviade for mirplane dusting and have submitted these
specifications to various insectimdal companies to sce how near they could ap-
proach them from a practical standpoint of manufacture Although, as we ex-
pected, 1t does not appear likely that we may be able to obtain a perfect Pans
green for airplane dusting from the standpoint of particle size, 1t does appear
that with shght modifi of the manufacturing process we may be able to
obtain a Pans green which is much more smitable than that ordinanly foand on
the market today % e have tentatively selected the followang speaification with
reference to particle size
At least 9590 shall pass a 200 mesh sereen and at least 8595 shall
pass a 825 mesh screen at least 75% shall consist of particles 20
microns or greater in diameter (all percentages are by weight)

It appears that this specafication or one very similar to 1t will not be dufficult
to meet from the manufacturer s standpoint and will greatly 1mprove the eff
ciency of our airplane dusting for the control of Anopheles quadrimaculatus

In using Pans green, mvestigations should be made as to the suit-
ability and cost of matenials locally avmlable as diluent dusts Theo-
retically the diluent should be very finely ground and reasonably uni-
form m sze, 1t should be mert and of low speaific gravity for hand-
casting or power-blowing Tor aeroplane application a dust diluent
of relatively high specific gravity may be desirable

The electric charge upon the particles of the diluent also has some
bearing on the choice of material Paris green has a weakly negative
charge Hydrated Lime has a positive charge, so that any tendency to
separate from Pars green under dispersed conditions mn the air will
be shight, whereas powdered talc has a negatnie charge, and therefore
the Paris green and the tale will tend to separate in the air Using aero-
planes, where 1t 15 desired that the dust be thrown down rapidly onte
the water surface, powdered tale may be preferred n spite of the nega-
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tive charge because 1ts greater density wall carry 1t and the Pams
green down rapidly, before appreciable separation has occurred Us
ing hand dusters, or mechanical dusters from boats, the posttively
charged and highter hydrated lime, which will give a longer “foat” or
“carry,” may be preferred

A wide varety of materials has been used as diluents for Paris
green Powdered talc or soapstone can be obtawmed finely ground toa
definite maxumum size, usually at a comparatively low price It1sm
ert, and msoluble m water Hydrated hme 1s available commereally
almost anywhere at a fairly low price, but 1t tends to pack or archm
blowers, will cahe on standing for long periods (especially m moist
climates), and may be unpleasant to use because of 1ts effects on the
shin and nasal passages It s shghtly soluble m water Common dust
has been used successfully, but 1t may not always be available m
quantity, and must be finely screened to remove all coarse particles
Finely ground charcoal 15 hght and floats well but 1s usually rather
costly as compared with other materials Tufa properly ground would
probably be a satisfactory dust, and 1n regions where loess deposits
are available good fine dust can probably be obtamed by loess
screening

In addition to application as a dust, Pars grecn may be appled n
hquud form as & spray Grant, Newman, and Wood* experimented
on colloidal Paris green as a larvicide It was found that Pars green
dissolved m concentrated ammonia (NH,OH) and then added to
large volumes of water produced a colloidal solution of considerable
toxierty to mosquito larvae

The maximum quantity of Pars green soluble in ammonia will
vary with the brand and will probably range i the neighborhood of
50 grams per 100 cubic centimeters In the experimental work a so
Intion of 20 grams to 100 cubic centimeters of concentrated ammo-
ma was used Five drops of this solution stirred mnto a hiter of water
gave a colloidal solubion contaming about 0125 gram Parns green
per liter, with & noticeable green color, from which the Paris green
settled out slowly, takimg more than & week for the greater part to be
preaipitated Using Culex aprealss lorvae m half-gailon glass jars,
the material i dilutions of 1 to 5,000,000 Lilled mn from nimneteen
hours to three days For practical purposes, the rate of application
would probably have to be mereased to 1 to 2,000,000 or perhaps 1
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to 1000,000 to get greater rapidity and certamty of lill, and to
allow o safety factor to care for rrregularities in field appheation
Studics as to toxieity to fish and water fowl should also be made For
conventence of appheation and reduction of Iabor costs, the highest
concentration which can be used m the spray and still mamtam col-
lowdal dispersion should also be determined This method appears to
have mteresting possibilitics under some conditions, and ta be worth
further expenimentation

Barber, Rice, and Mandekos* have tried a method of applying
Pans green without the use of & dust Ten grams of Pans green are
dispersed 1 20 cc of herosene, and this mixture 1s agitated with 250
solumes of water and then sprayed It can alsa be applied to pebbles,
which are thrown inte pools and ponds The kerosene brings the Pans
green to the surface of the water

Covell*” has presented an excellent summary of the methods of ap-
plying Pans green His book has a very good bibliography, and 15
especially valuable to mosquito control workers i tropical regions

DICHLORO-DIPHEN YL-TRICHLOROETHANE

A mater1al which appears to be a very powerful culieide 1s dichloro-
diphenyl trichloroethane, which was first synthesized!® n 1874 Tt has
the composition

2,2 -Iis (p chlorophenyl) 1,1, 1, trichloroeth

Tt was prepared by heating an anhydrous mixture of chloral and
chlorobenzene with concentrated sulphuric ad The product occurs
as matted needles which melt at 105° C Apparently it was ongimnally
hnown as the “Swiss insecticide,” and has recently been given the trade
name of Gesarol It1s also referred to by the abbreviation “DDT » In
1942 certam 1nsecticidal uses of this material were patented® (U S
patent 2,320,074, and British patent 547,874, both beng assigned
toR G Gegy A G, Basel, Smitzerland), the British patent bemg
for msectierdal compositions of the general formula R R CHCXXX,
m which R 15 an orgamie radical contaimng three carbon atoms, R’
contans five earbon atoms, and X 1s either chlorine or bromine

It 1s antiapated that this matenal, or some of 1ts derivatives or
modifications, may take the place of pyrethrum for the destruction
of both larvae ond adult mosqmtoes, except possibly 1n aerosol
sprays It apparently 1s toxic to mosquitoes an lugher dilutions than
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pyrethrins, 15 more stable and lasting m 1ts effects, and when made 1
quantity commercially should be less expensnve than pyrethrins Ade
quate studies of its toxieity to man, birds, fish, and other forms of
amimal hfe have not been published as yet, but 1t 15 apparently not
toxic to man m the dilutions used The patents clam that 1t 1s non-
rrtative to man m powdered form when mixed with finely diided
diluents

As a larvierde DDT may be substituted for Paris green n dusts,
dilutmg one part with about four parts of powdered talc, or wih
equal parts of caleium stearate Approximately the same quantity s
used as with Paris green (one-half pound to two pounds per acre of
actrve ingredient), but its effects apparently are more lasting It can
also be dissolved m acetone, from which solution 1t can be dispersed m
water and sprayed, appled 1n this manner 1t appears to be several
times more toxic than phenothiazine Dhssolved m herosene or pe
troleum distillate (2 5 per cent solution), 1t 1s hughly effective as a
larviide when apphed at the rate of 0 1 pound of Gesarol per scre ®
It can slso be dissolved 1 various solvents such as alcohols, or m
cellosolve (ethylene glycol monophenyl ether), and apphed to water
In our lahoratory, usmg a solution m ethyl alcohol of a small quantity
of DDT made m the laboratory, the following results were obtamed
with larvae and pupae of Culex tarsahs

Tascs 8 Effect of DDT on Culex tarsalis larvae and pupae

Dilution Number of Number of

(by weight) larvae pupae Eifect

1 to 1,000,000 50 - All killed 1n 25 minutes

1 to 6 000,000 50 10 All larvae lalled n less
than 12 hours
All pupae killed 1n less
than 36 hours

1 to 100,000,000 50 10 Al larvse killed m 12
hours
All pupae killed 1n 48
hours

0,000 50 10 5 larvae and 6 pupae
1 to 600,000, gtill Iieing after 48

hours
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In the only field test which we were able to mahe (December 7-9,
1948), a corner of a dramn breeding Culex tarsalis was cut off by a
small carth dam The area was six squaie feet, and the depth aver-
aged three mches Something over 800 larvae and 100 pupac were
trapped in this corner The water was shightly muddy and had a lngh
dissolsed orgame content DDT was applied to give & diluton of
about 1 to 100,000,000 At the end of twenty hours no larvae were
found at the water surface, very few of the pupae were hilled, though
mam were apparently 1n distress At the end of twenty-si< hours one
fourth mstar lara shll survved, and six pupae were still shive
Larvae and pupae (controls) m adjacent parts of the dramn were
normal

The residue effect of DDT 15 evidently appreciable Small glass
jors m which a 1 to 1,000,000 dilution of DDT had been used were
emptied, and fresh clean water, plus Jarvae and pupae, was added
‘The next morning ail larvae and pupac were dead These jars were
again emptied and refilled, with the same result

PHENOTRIAZINE

Phenothiazine*>—thiodiphenylamine or (CgH,) SNH—has been
used by the Umted States Public Health Service for the control of
mosquito breeding, espeaially Aedes aegyptr, m artificial contamners
It 1s 2 pale yellow-green powder, and 1s practically insoluble m water
It 1s relatively stable when Lept dry, but oxidizes slowly when ex-
posed to air and morsture In the quantities used agamst mosqurtoes 1t
18 non-toxie to warm blooded ammals and to plants, but will hill fish

For use as a larvicide, phenothiazine 1s mixed with a wetting agent
such as sodium lauryl sulphate or other dry powdered emulsifier Ap-~
proximately 10 per cent by weight of wetting agent and 90 per cent
phenotluazine 1s used Washing powders such as Dreft and Hi-Lo
have been used as wetting agents

Very small quantities of the phenothiazine mixture will suffice to
Leep water free from mosquito lars ae for several months T'rom two to
four grams per fifty gallons (onebarrel) 1s about the dosage used T'or
practical appheation this represents about one teaspoonful per bar-
rel Tor small pans or contamners a shght amount may be dusted out
of a salt shaker carnied by the mspector Another simple method of
apphication 15 to mix the phenotluazine and wetting agent with a
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glue of brown flake gelatin, pamt thus onto paper, and dry The p:
15 then cut mto small preces (about one inch square) One squa
sufficient to treat about one quart of water

There seems to be some difference 1 the toxicity of phenothia
under different water conditrons, and therefore at the start of op
tions with this larvierde 1ts effects i different concentrations shi
be determined by tests

In regions where there 15 much mosquito breeding m artificial
tamers phenothiazine appears to be a useful, effective, and relatt
cheop larviade Its use for preventing mosquito breeding 1n fic
vases m cemeteries 1s described at page 381

MISCELLANEOUS POISONS

Matheson and Hmman*' have experimented with borax (sod
borate) as a larvicide and report that 1t 1s effective 1n concentrat)
as low as 1 5 grams per liter of water They recommend 1t for 1
water barrels and cisterns, and believe 1t could be used m small pi
of water We also have found borax to have larvicidal propertues,
under most eircumstances where borax could be used have fou
cresylic acid larvieide effective and convement If an unchanged
pearance of the water 1s a desideratum and plant and anmal Iif
unmportant, borax may be used as a larviade

Nicotine sulphate and meotine have occasionally been used as m
quito larvieides We have tried Black leaf 40 at various tumes
fresh-water breeding but have not found 1t to possess sufficient me:
m comparson with erther stove o1l or cresylic acid larvicide, to )
tify its use Richardson and Shepard*® studied the toxicity of nu
tine and found that its toxic properties mereased with increasmg ¢
values, and that mcotine had greater towieity than meotine sulpha
apparently because of 1ts greater volatihity

A great many chemicals have been tried as mosquito larvieides bo
m the laboratory and m field expermments and the search for
materials continues Among new materals, which have been su
gested as larvicides and upon which more or less experimental wo
has been done, are calaum arsentte dust mrved with chalk, whi
arvenic and copper sulphate, chloropicrim, caleum cvanamde, a1
rice bran These have been briefly reported on by Bishopp and Smuth
1n therr summary of mosquito work throughout the % orld, which 2]
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pears each year and 15 one of the most valuable sources of informa-
tion and 1dens available to mosquito abatement officials In general,
the materals mentioned in this chapter are those that are practieally
appheable and economieal New materials are frequently presented
to mosquito abatement officials as exeellent larvieides by commercial
firms or by mere promoters, all such materials should be thoroughly
tested out on a basis of effectiveness and cost ns apphed mn the field
before use 1s made of them Esven when avatlable at no cost, they may
not be satisfactory for one or more reasons

Tor example, we expenimented with the exhausted residue of py-
rethrum flowers after the extraction of pyrethrum m the manufacture
of msect spray This materal 1s still laghly toxic to mosquito larvae,
but though 1t was avmlable to us without imtial cost 1ts final cost as
applied had no advantage over o1l as we had to accept 1t during the
winter months, haul 1t, and store 1t until the next spring or summer
Tts storage 1s vers hazardous on account of fire danger
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MLIHODS OF APPLICATION OT
OILS AND LARVICIDES

Wnrs o1L or other larvicide 15 necessary as an auxihary or emer-
geney control mensure, its application to o mosquito breeding place
should be considered with regard to the smtabihty, cflectiveness, and
relatine cost of the available methods and types of equipment The
method of appheation will depend upon the type of larviedal ma-
tenrinl selected for a mven job, and upon the type and extent of the
parhicular breeding place: Both of these varables must 1n turn be
related to the costs of application

In the discussion of these problems, it 15 assumed that the particu-
lar oil or larvierde to be apphed has been carefully selected and tested,
along the hines drawn 1 the preceding chapter, for its efficacy n
Jallng mosquito larvae and for its smtabihity to the given locality
and to the type of breeding place to be treated In this connection
and with special regard to the cost of appheation, attention 15 agamn
directed to the fact that a low price of larvicidal material does not
necessarily reduce the final cost of abatement Lven 1if, for example,
cranh case o1l can be obtamned free, the expense of handhing and ap-
plying 1t may make the final cost higher than the applied cost of an
cfficient purchased materal

In addition to the cost of the ol or larvieide, mcluding the ex-
pense of handling, preparation, dehvery, and storage, any method of
application must take into account the following

Labor cost

Cost of superi d and office head

Operating cost of equipment

Charge for the transportation of equip terials, and worl

Depreciation on equipment
Interest on equipment investment

The total amount of work to be done will also enter mnto canstderation,
for unless a fanrly large volume of work 1s required, 1t will usually
ot be profitable to mvest 1n expensive power equipment for the ap-
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Plication of o1ls or larvicides, or even to rent such equipment On the
other hand, under some circumstances such equipment (for example,
aeroplanes) offers the only means by which the work can be done st
all, m which case there 15 really no choice of method

HAND APPLICATION

TFor relatively small areas, or for numerous small and widely sepa
rated areas, hand apphcation of oils and larvieides 1s more conven
1ent and less expensive than the use of power equipment The cost of
short, irregular operation, the cost of transporting the equipment,
Tost time, and interest and depreciation on power equipment under
such circumstances more than offset the savings due to greater unt
efficiency of power equipment ¢

The simplest method of hand appheation of o1l 1s to pour 1t on the
water surface This 1s a slow and meffective method, and 1s wasteful
of o1l Hand spraying equipment 1s therefore almost universally used
Such equipment sprays the ol or larviaide m partly atomzed form,
resulting n & much better spread of the material It also reduces the
amount of walking time of the laborer by giving lum a radius of ten
to twenty feet over which the spray can be applied

Four man types of hand sprayers are used The first 1s & simple
contamer to which 1s attached a hand operated plunger working m &
metal cyhnder, so constructed that the air compressed on each strohe
1s driven at right angles across the upper end of a small metal tube
extending to the bottom of the o1l container This stream of awr draws
hqud from the container and atomizes it into  fine spray Such spray-
ers are of small size, and have a limited usefulness 1n mosqurto con
trol work They may be used m applyng pyrethrum spray to small
ornamental garden pools or for kiling adult mosquitoes m rooms,
cellars, or other enclosed places Stmple sprayers of two quarts’ ca-
pacity may also be useful in house-to-house 1nspections as they are
easily carried and permit immediate treatment of small breeding areas
without returning to the truck for the larger sprayers

The second type of hand sprayer 1s a closed metal cylinder of from
two and one-half to five gallons capaaity, fitted with a brass plunger
pump wich forces air mto the contamer until a strong pressure pt
bult up To the outlet pipe, which extends to the bottom of the con-
tamer, 1s attached a piece of flexible hose and a spray nozzle A short
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prece of metal pipe, usually a quarter imch in dinmeter and about two
feet long, 15 frequently attached to the flexible hose, and the spray
nozzle attached to the far end of this pipe In operation, the tank 1s
filled about three quarters full with oil or larvicide, the plunger 13
operated to produce the required mir pressure, and the sprayer 1s then
used until erther the hqud or the air pressure 1s exhausted Usually
several air purpings will be required before all the hiqud m one fill-
g s used Tlis type of sprayer 1s handy and portable, and 1s most
apphenble to small areas, or where dense brush makes st difficult for
workmen to gret through with hknapsack sprayers on their backs Many
of the cy inder sprajers are cheaply and hightly bwilt, and are dam-
aged eamly 1n mosgmito abatement work We have had the best re
sults with the Myers “Kwik fil” sprayer, which 1s sturdily built to
withstand hard usage
The thard and fourth types are knapsack sprayers The hiqud 1s
contained n metal cans of about five gallons capacity, carried on the
backs of workmen In one type of knapsack sprayer the hquid 1s fed
by gravity through a fiexible hose to a pump mechamsm which is held
m one hand and operated by the other, bemng alternately pushed out
and 1 to force the hquid through the spray nozzle The other type
has the pump sct m the container, and 1s operated by a lever estendmg
over one shoulder A flexible hose extends from the pump to a short
piece of quarter-mch prpe connected to a sprayer nozzle There s still
another type of knapsack sprayer which 15 operated by a diaphragm
pump 1n the bottom of the tank, but winch 1s not satisfactory for
oiling operations The rubber diaphragm will not stand up under the
action of oils, and when the tank 1s only partly full the handle mo-
tion 13 such that the tank will shuft and tend to cause sore backs on the
laborers
Tor general spraying in country clear of heavy brush we find the

knapsack sprayer with overhead handle the most satisfactors hand

equipment The prineipal defects 1n such sprayers are in the contamer
and m the hose The contamer 1s usually not constructed to present

spilling of the hiqmd over the backs of the workmen, and considerable

soreness and discomfort often result We have tried various protective

coats for the workmen, but 1n hot weather these will not be used The

best device for curing the difficulty 15 that dey eloped by the Dr Mor-

s district at Bakersfield, California, which consists of a galvanized
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metal can with & Ip nbout one and one-half mehes Ingh estending
around and above the top This lip prevents the spiiling of any hqud
over the backs of the workmen The bottom of the can should also be
protected by an additional remforeing 1ron strip about one mch wide,
brazed or welded on

The o1dmary hose supplied with these sprayers disitegrates rap
1dly under the action of oils and o1l emulsions, seldom lastmg more
than a few weeks m service It requires early replacement Hose made
with Neoprene or other oil-resistant synthetic rubber should be spec:
fied Well-made hose of this type will withstand o1l action for several
years if grven good care We have found that flexible metallic hose 1s
not satisfactory as the soldered jomts leak easily and require constant
repairs

Spray nozzles are at present both a problem and a gamble Our ob-
servations mdieate that the nozzles available at moderate price have
defects in the form of spray, m adjustability, or in other respects re-
sultng n waste of matertnl during spraying, or in mneffective or un
even application The standard “Bordeaux® nozzle, which 1s the best
avalable for general Jow-pressure spraymg, causes an apprecsble
loss of material due to & constant drip off the bottom of the nozzle
There 15 need for a better ty pe of moderate-priced spray nozzle for
this service Spray guns for high pressure (200 pounds per square
inch, or greater) are avalable, which are quite satisfactory

On flat arcas with short “carry” to reach the work, one man with
a knapsach sprayer can spray about five acres per day of exght hours
Long carries and dense vegetation will considerably reduce the
smount of ground that can be covered per day Under especally
difficult conditions as hittle as one-half an acre per day will be sprajed
The amount of area covered will also depend on the amount of actual
water surface tobesprayed An area with seattered isolated pools will
require less matertal and less labor time on sprajying but more Iabor
time on carry than an area which 1s nearly 100 per cent water surface

Liquid larvicides may be readily apphed by the cylindrical hand
sprayers Usually such larvicides are first diluted with water (about
one to ten) m the sprajer In treatng fire barrels and other water
vessels of moderate size, undiluted larvicide can be poured nto the
vessels and thoroughly stirred by a stick, but m genernl we find that
application by asprayerss most satisfactory, and that supplementary
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strrmg of diluted larvieide 1s unnecessary, as the material diffuses
reachly

Soluble <olids such ns borax can be applied by measuring out the
appropriate quantity and broadeasting 1t by hand, or smply add-
mg 1t by hand to water vessels and stirring 1t unti dissolved

HAND APPLICATION OT PARIS CRFTN

Paris green dusts can be apphied by hand broadensting Tt 13 nec-
essary to exereise precautions mn either hand easting or mechanieal
(blower) application of Parns green, to avord the danger of potson-
mg the laborers The hand-casting or blowing should be done with
the breeze, so that the material floats awav from the workman, the
men should be cautioned to heep their fingers and hands out of their
mouths, and after workimg with the material they should take a com-
plete soap and water shower bath It 1s also desirable that the work-
g clothes be washed frequently to present any accumulation of Pans
green Chalam, 1n Indin, reports that he has done considerable hand-
casting of Pans green dust, taking no other precaution than to keep
towmndward, and has suffered no 11l effects However, with men con-
stantly exposed to the materal the precautions set forth should be en-
foreed for safety Larle! reports that i hand casting Paris green in
Porto Rico several eases of arseme dermatitis have dey cloped

Soper and Wilson? report that in the Anopheles gambiae campaign
1 Brazil in 1940, 18 cases of arsenic poisoming resulted per 1000
Lograms of Pars greenused The cases were mostly dermatitis of the
hands and forearms, vesicles on the upper ip and nose, serotal ulcers,
and nose bleed They recommended dmly complete bathing, and eare-
ful cleaning of the finger nauls Those suffering from persistent or
severe eases of arsenic poisoning were transferred to other work, and
Promptly recovered

Hackett* estimates that one man can prepare and distribute the
0::‘; Breen over 2000 square meters (21,628 square feet or nearly
the “:f acre) of water surface per day Tle does not state whether
. 15by hand castig or by the usc of & small bellows blower, but 1t

oﬁf.e}?r;fto be by blowers "The stated coverage of shghtly less than

e :f A¢re per man per day appears to be very low, and on the

very ‘}t‘ would mndeate erther a low labor efficiency or a relatively

Bh cost of application of Paris green by hand methods Un-
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der fairly comparable condrtions, we would expect one man to apply
o1l to from three to five acres m an eight hour day, as contrasted with
a mere half-acre per day for Paris green

Soper and Wilson® in Brazil apphed Paris green by three methods
1) dry, 2) liqud, and 3) moist The dry method was used durmg the
dry season when dust or dry fine earth could be obtamned locally, the
hquid (wet) method was used durmg the ramy season, the most
method was used in the transitional pertod between seasons

For the dry method, one hilogram of dry dust, dry pulverized
earth, or even fine dry gravel was mixed thoroughly with ten grams
of Paris green, repeating the operation until a bucket was filled to
the five lalogram mark This micture was then scattered by hand
The duster was provided with a bucket, a small scoop for mixing, a
standard measure for ten grams of Paris green, and a supply of Pars
green

For the wet method, a stock mixture was made of Pans green and
herosene or diesel o1l at the rate of one gram of Paris green to 2 cc of
o1l This stock mixture 1s put up n vials holding 25 ce , which are car-
ried n a special type cartridge belt In the field the contents of one vial
1s mixed with five hiters of wate1 and sprayed from a cylindrical pres
sure sprayer Two liters of water, stramned through a stramer funnel,
are first placed in the sprayer, the Paris green added, and the mizture
thoroughly shaken, then the remaining three hters of water are added
and well shaken This mixture 1s then sprayed, taking care to keep
the hquid reasonably agitated

For the moist method, moist sand, small pebbles, or even coarse
dirt 15 moistened with the Pars green—oi1l mixture and seattered by
hand

In both the wet and the most methods the o1l helps to bring the
Paris green to the water surface

(Note for practical purposes liters and quarts are nterchange-
able—1 hter equals 1057 US quarts Also, 30 cc approumately
equals one flmd ounce )

Vartous types of hand blowers are available for applymg Pans
green dusts In general, the rotary type of blower 1s better than the
bellows type LePrince and Johnson* have developed a simple power
blower for dust, which can be operated by one man n a small boat
Usmng fifteen per cent Pars green 1n hydrated lime, a path at least
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595 fect wide can be dusted with this device 1n o moderate breeze If
mounted on & truch, 1t can be used for dusting water near roads

Kimg and Bradley® hate cxpenimented with the appheation of Paris
green dust by acroplane on the swamp lakes in Lomsiana Unfortu-
nately they did not report the costs, 1n neroplane time, and madental
labor ond expense Costs at Wilson Dam m Alabaraa 1n 1937 are given
on page 261

DuST APPLICATION BY MORTARS

Glasgow and Blair® have suggested the use of small mortars to ex-
plode charges of msectidal dusts (for instance, Pars green) for
mosquito control in mangros e swamps and othcr areas where access 13
difficult. Properly placed and fired at the rght time and under favor-
able wind conditions, dust clouds can be driven over considerable
areas

The experimental mortars were made of short mpples of four-inch
gos prpescrewed into a standard pipe cap The firing charge was three
ounces of nfle powder for three pounds of dust They suggest that
heavy paper mortars, which are expendable, could be devised

PoWER SPRAYING

Where any considerable area 15 to be sprayed, the use of power
sprayers will be found advantageous, provided the poser equpment
can be brought within reasonable reaching distance of the area to be
sprayed We have tried out power spraying on the Pacific Coast on
several occasions and have found 1t to be more economical, more ef-
fective, and much more rapid than hand spraying For example, an
area near Alvarado in Alameda County, Califorma, was sprayed by
knapsacl. sprayers in Scptember, 1951, and by o power sprayer m
September, 1932 The power equipment consisted of a truck mounted
triplex plunger pump driven by a gasohne engime It dehvered a1l at
300 pounds per square inch pressure to three-quarter ineh hose con-
nechions Two thousand feet of three-quarter mech ngh pressure hose
were furmshed

Careful records of cost were hept by Clarl,” and area, sprayed
were measured by planimeter from aenal photographic maps Usmng
hnapsack spravers in 1931, 88 8 acres were oiled at a total cost of
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$471, or $5 40 per acre Using a power sprayer in 1932, 85 acres
were sprayed at a total cost of $266, or $3 12 per acre

The very definite advantages of machme spraying are best shown by the fol
lowing tables of comparison

Machine Spraying Hand Spraying
Cost per acre $312 Cost per acre $540
Gals ol per acre 2214 Gals ol per acre 32
Man Hours per dere Man-Hours per Aere
Labor 86 Labor 50
Foreman 37 Foreman 72
Supt 87 Supt 37

Doane and Steel® used the same equipment at Palo Alto, Califor
nia, 1n 1932, and found that 1t cost from 2 7 cents to 8 cents per gal
lon to apply o1l with the power sprayer, as compared with a cost of
about 12 cents per gallon using knapsack sprayers The much greater
speed with which the power sprayer covered the area was an important
factor

Clark™ made an mvestigation to determine whether 1t would be more
economical to own power spraying equipment or to rent it as required
A power sprayer, with 2000 feet of high-pressure hose and fittings,
costing $698 m 1932, was selected for comparison The fived annual
charges on this equipment were as follows

Interest @ 5% $ 3500

Depreciation on hose and fittings—50% on $305 50 152 75
(Lafe of hose considered to be 2 years)

Depreciation on machme—20% on $392 00 7840
(Lafe of machine considered to be 5 years)

Repaurs for equpment—71%5% on $392 00 29 40

Total Fired Annual Charges $295 56

The daily operating costs were estimated to be

Operator $6 00
5 gals gasoline 90
2 gts ol 52
20 miles transportation @ 10¢ per mile 200

Total Dasly Cost of Onned Equipment $9 42
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The dmly rental charge for a similar machine was

Rental @ $1 50 per hour (including operator) %12 00
Transportation—20 miles per day @ 10¢ per mile 200
Total Daily Cost of Rented Equipment $1t 00

Clark” concluded as follows

Consequently, there 1s apy tlv a saving of $4 58 per day in favor of own
g a machine, assuming that the depreciation and repair charges on owned
equipment, and the rental charge on rented cquipment, remain the same as
stated

However, before anv actual saving 1s effected, the fived annual charges must
be met by the savings of the operation of an owned umt as compared with the
rental of equipment Therefore, the $295 55 fixed annual charges must be di-
sided by the daily saving of $1 58, giving as a result 65 days Hence 1t 1s appar
ent that 1f a distract has to il large marsh areas for more than 65 days i a year
1t would be ads 1sable to buy and operate its own outfit, but 1f less than 65 days
oing work per year 1s to be done, 1t would be more economical to rent a ma
chine from some commercial orchard sprayer

On the basis of our experience and 1mvestigations of power spraving of
marshes for mosquito abatement, we have drawn the following conclusions

1 Power spraving 15 much superior to hand oiling for large areas of
marsh, particularly if covered with much vegetation

2 Power spraving 1s cheaper 1n materials, labor and total cost than
hand spraying, over any considerable area of marsh

3 If a District has 70 days or more per year of extensive marsh oiling,
1t will probably prove more economical to purchase and own a power
spraying equipment of the type herein described, if not, rental of such
equipment will probably be more economical

The same general method of cost analysis 1s valid today, substi-
tutmg, however, present wage and interest rates and prices

Since 1941 we have used effectively and economically a Bean Or-
chard Sprayer, with a fifty gallon tank and a Van Pelt hose reel,
mounted on a trailer made from a Model A Ford frame and running
genr Complete with 900 feet of high-pressure hose, the equipment cost
¥696

One type of pump equipment winch appears to have possibulities,
but which we have not seen tried, 1s the small gear-tooth rotary Ingh-
Pressure pump This pump can be attached by a gear tran and
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clutch to any truch engme winch has a power take-off Such Pumps
will delrver two or three gallons per minute at ahout 250 to 800
pounds per square mch pressure The pump with gears, clutch, and
housing can be mstalled under the hood for about $75 Hose, nozzles
and fittmgs would be additional The power efficiency using the truck
engine to drive such a small pump would be very low, howerer

Some of the county mosquito extermmation commissions 1n New
Jersey use tanh truchs, some with considerable liquid capacity, the
trucks being equipped with special pumps for spraymg

The New York City health department has also developed and uses
successfully tank trucks combined with power spraying umts Obw
ously, large heavy tank trucks can operate successfully only where
hard surfaced roads or very firm, fairly level ground permits them to
get withm reasonable hose lengths of the breeding area

Extensive areas of shallow water a few mches to two or three feet
deep, standing upon soft ground or marsh, may present a very diffi
cult problem Permanent shallow floodmg should be handled by dram
age, but i certam types of terrain the backwater from floods cannot
be so controlled, and mosquito abatement may then be a serious and
expensive problem with ordinary equrpment Much of thus type of
flooding 1s too deep to wade m and too shallow to row a boat on Sev
eral ty pes of equipment have been devised for the purpose of penetra
tion through or travel across such areas Contractors and engmeers
worhing 1n extenstve swamps have developed an amphibian rig, witha
hoat hody and very large pneumatic tires, which can progress on hoth
land and water By nstalling o1l tanks and a high-pressure pump and
sprayers, this type of equipment can cover almost any type of flooded
area, otling 85 1t goes, and 15 not stopped or stuck by slougbs or pot-
holes It 15 also able to penetrate ordinary jungles of brush or other
vegetation The military amphibtous landmg barge would make an
excellent vemele for this type of work, if avarlable after the present
war

J L Clarke? has developed several types of mechamzed equrpment
for the rapid and economical application of spravs under difficult
ground conditions Large-tired (18% x 24) four-wheel-drive truchs
with power spraymg equipment are variously designated as “:’r:arsh
buggies,” “sheeter-eaters,” “swamp angels,” “puddle-jumpers, and
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“dmosaurs ® The “skeeter-eater” cost $4200 Clarke also uses a
pover barge for spraying He 1s enthusiastic concerming the per-
formance and economy of this mechamzed equipment n the Des
Plunes District in Ilhinoss
T L Hayes of Bakersficld, California, has developed tractor-ty pe
cquipment with trailers for shallow floodway oling His first machine
was mounted on very large pneumatic tires, with the trailer carrying
a 500 gallon o1l tank and the pump s sccond machine 1s powered
by & Caterpillar 85 tractor with twenty inch treads, the trailer also
being mounted on twenty inch tracklayer treads The trailer mounts
an 800 gallon o1l tank, pump, and spraying cquipment, and 1s pro-
vided with o stout railing to keep the workmen from being tossed off
the traler when progressing over rough ground An extra 160 fect
of hose1s carried on a reel, with which to reach places dfficult of access
These rigs operate successfully 1n a two foot depth of water and
with reasonable precaution seldom require help to get through They
arc used for olling the floodway of the Kern River after the floods, a
large area which produces immense crops of dedes verans and Culex
tarsalis The migs cover this area effectively within the time hmt
necessary to prevent flights of Aedes vexans, which 1n years of heavy
floods could not be successfully done by hand spraying methods If a
Peerless-Bean orchard spray gun with 185 pounds pressure 1s used,
one nezzle can o1l & windrow about 120 fect wide at two and one-half
miles per hour on reasonably open ground As two men are usually
worhed, one on each side of the trailer, a strip over 200 feet wide can
be cosered, which would be at a rate of about fifty-six acres per hour,
or 448 acres per day Time lost 1n travel to replenish the oif, difficult
ground, and other delays probably reduce the total area per day
somewhat below thns figure
The relative cost advantages of power spraving with mechamzed
equipment will vary Obviously, a comparatively large volume of
spraying worh 1s necessary to justify the mvestment cost of such
equipment, if cost alone 1s a controlling factor YWhere large volumes
of spraying of extensne areas are required, the question always oc-
curs, “Would not the cost of dramage, fill, or reclamation be less than
the capitalized cost of such spraying?” or “Could not naturalistic
controi measures be profitably substituted for sprayving® Of course,
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where wage rates are high a greater mechamzation will be _]us;nﬁed
than where wage rates are low, and where labor 15 very scarce, com
plete mechanization may be necessary Complete mechamzation may
also be necessary where the nature of the ground 1s such that men on
foot cannot cover the ares, and 1t may also be essential where there
are restricted time Iimits 1 which to destroy a mosquito hatch

APPLICATION OF OIL BY A WATER STREAM

One of the best methods of applymg o1l on a reservorr or other rela
trvely large body of water 1s to use a strong stream of water as the pro
pelling medwum

A small (one and one-half inch) gasoline-motor-driven centrifugal
pump may be mounted 1n a launch, taking 1ts suction from the reser
vorr water and discharging through a length of hose fitted with a
fire-type nozzle Oil 1s mtroduced by a small (one-half mch) pipe
from an o1} barre], connected to the pump suchion pipe, the rate of ol
feed being controlled by 2 valve mn the o1l feed pipe Such a pump can
throw the o1l-water mixture 100 feet or more, well beyond the range
of hand or pneumatic spray ers, especially agamst a wind The strong
water stream will also break up flontage masses and carry the al
through vegetation mto protected breeding places With the equip
ment described, the boat can be hept off shore n deep water, thus re
ducmg the possthility of propeller damage or of lost time from
grounding While the water pump can be connected to the engine of
power boat, 1t 15 recommended that for flesibility 1n operation the
pump have a separate engine For the same reason, power blowers for
Pars green, when mounted m boats, should have o separate engme di-
rectly connected to the rotary blower

COMPARATIVE COSTS OF APPLYING LARVICIDAL MATERIALS

It 15 unfortunate that adequate data on the comparative cost of
applymg oils, Paris green, and other larvicidal materials are not
avalable Apparently few mosquio abatement agencies attempt to
analyze the cost of such operations, and to break them down mto com
ponent parts on & logical bass of umt quantities of work performed,
s0 that valid comparisons of costs can be made

Umts of work performed would have to be generally accepted as &
basis of unit costs For swamps and marshes, the area m acres 15 prob-

>
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ably an acceptable base for measurement of work performed, but 1t 1s
difficult to define “area * Shall “arca® be limited strictly to water sur-
{nce only, or shall the entire marsh area be included? If the former,
how much effort 15 Justified 1n measuring the actual water surface
treated? Can an estimate of the percentage of marsh surface covered
by water be sufficientls close for reasonable unit cost estimates?

The measurement of some types of larviedal work 1s not readily
expressed on an area basts The umt base for rlatavely narrow ditches
or small strenm beds 1s more easily and perhaps more logically ex-
pressed as a length, though measurement of work on wide ditches and
stream beds can be expressed as anaren A good deal of larvieidal work
13 on o “spot” basss, for which neither aren nor length 1s adnptable as
a measure

After acceptable units of measurement of work are agreed upon,
there 1s still the problem of what items enter mto costs, and m what
terms they should be expresscd Labor should be expressed mn man-
hours, and power equipment in machine hours, as well as in terms of
money  There can be much vamation in the establishment of price
rates for machine time, and wages vary in different regions Mate-
rials should be recorded quantitatively in gallons, pounds, or cubic
feet, as well as m money cost, m order to evaluate price varations
Accessory costs, such as transportation and supervision, should also
be recorded and included, but these wmll vary widely unless a standard
accounting method 15 used

Until some comparable system of unit costs 15 adopted, 1t will not

be possible to evaluate claims, for example, that pyrethrum larvicide
18 cheaper than oil, or that Pans green 1s cheaper than either Itis
hoped that some organization conducting mosquito control operations
overa considerable and varied area, and using different ty pes of larv-
cidalmatenals, will undertahe a well-planned study of methods of col-
lecting, recording, and analy zing these costs, and of actual costs as
they work out under a vahd cost system Too many snap judgments
and possibly unwarranted claims have been and are being made 1n this
sector of mosquito control practice

APPINCATION BY AEROPLANF

Appheation of oils or dusts by aeroplane 1 practicable under cer-
tmin defimte conditions 1) when the ground 1s so soft that access on
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foot or by truchs 1s impossible or exceptionally difficult, 2) when the
areas to be treated are extensive and contmuous or practically con
tinuous, and 8) when 1t 1s important to obtan sufficient speed of ap-
plication to present the emergence and flight of mosquitoes from ex
tensrve breeding areas The last condition mght obtain, for example,
where a flood was followed by warm weather, resulting m an unusaal
abundance of larvae m the flooded area Ground transportation un
der such circumstances would be slow, difficult, and uncertam

The mechansm for applying oils from aeroplanes 1s vared In
New Jersey a simple pipe system attached to the tail of the plane has
been used, the o1l flowing by gravity from the mam tank to lateral
pipes at the tail of the plane Dependence for breaking up the ol
and distributing 1t was put on air turbulence in the rear of the plane

Another type of mechanism for applying hquids consists of two or
more rotating pumps set at the rear edges of the lower wings of the
plane, connected by shafts running forward to the front edges of
the wing to small wind-actuated propellers The forward motion of the
plane causes the propellers to turn, rotating the pumps which throw
the hqmd outward mn all directions mnto the shp stream The fineness
of spray can be regulated by the speed of rotation of the pumps and
by the size of openings m the pump In order to get ten to fifteen
gallons of o1l per acre (about the mmmum amount practical) rela
tively large pump passages are necessary The size of the feed pipe
from the supply tank to the pumps should be reasonably large, one
and one-half mch or even larger

‘We obtamed a very satisfactory distuibution of diesel ol on salt
marshes with an aeroplane so equipped The price of application was
twenty-five cents per gallon and the price of the o1l four and one-half
cents per gallon The cost on an area basis was roughly $4 30 per
acre, usig the oil at a rate of about fifteen gallons per acre on an
area of about one hundred acres Practically 100 per cent hill was
obtamed mn twenty-four hours

The usual apparatus for applymng dusts by aeroplane 1s a Ven-
tur: tube This 1s stmply a rectangular sheet metal tube, constricted
at the center and flared at each end, and placed below the fuselage of
the plane longitudmally to the direction of fhght The forward mo
t10n of the aeroplane m flight causes a lugh veloaity at the constricted
throat, at which pomt the dust 1s mtroduced into the air stream The
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great air turbulence m the rear expanding section plus the turbu-
fence of the shp stream of the plane causcs the dust to be well dis-
sermnated The Ventur: tube may also be used for the application of
tiquids The dust or iquid 1s carried m o hopper mounted near the cen
ter of balance of the acroplane, and the rate of discharge 1s controlled
by a shide vale or similar mechanism A rotating helix, paddle, or
other device m the hopper may be needed to prevent dusts from pack-
g or archuing m the threat of the hopper

The cost of acroplanc application of liquids and dusts 15 mfluenced
by the folloving factors

=

The length of run —Ilong lanes of fight In applying the materlal
are less expensive than short lanes, because less time Is lost in turn
1ng to start back on the ad)acent lane

2 Distance from the Ioading base to the place of application

Lond capacity of the plane—the larger the load the less time is lost
4 Special hazards

@

Aeroplane application 1s usually contracted for on the basis of a
price per gallon of liquid or per ton of dust A basic price for a so-
called standard run and distance ean usually be obtamed, subject to
modification aceording to local conditions For areas at a consider-
able distance from the home airport of the flying company, an extra
charge for travel to the Jocation of operations 1s usually made Un-
less the area to be treated 1s rather extensne (sny 5000 acres or more)
this item 15 apt to be a sigmificant part of the cost of acroplane ap-
plieation

Aecroplancs may also be contracted for on the basis of an hourly
charge for actual apphication time, another hourly rate for idle (non-
fiying, including loading) time, and a mileage charge for ferrymng or
transporting runs between the eperations base and the aren of applt-
cation

Kiker, Tairer, and Flanary  at Walson Dam in Alabama, 1 1937,
found the following quantities and costs on large-scale contract aero-
planc dusting for the Tennessee Valley Authority

Total dusting davs 72

Time aeroplane was flown 195 hours
Average fiying time per dusting day 214 hours
Cumulative total extent of dusting 73 000 acres

Total fiving cost £8 850
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Flying cost per hour $13
Amount of dust distributed per hour 1,300 pounds
Area dusted per hour 878 acreg
Amount of dust per acre per apphication 31/, pounds
Flymg cost per acre per application 11 cents
Doust cost per acre per application 26 cents
Total cost per acre per appheation 87 cents

In this work the Paris green was reported to have been applied at
the rate of about one pound per acre per application, after prelm
nary trials and chechs had mdicated that a rate of one-half pound
per acre per application gave a non-uniform and madequate control
of the breeding of Anopheles quadrimaculatus

These costs are reported to compare favorably with an estimated
cost of minety cents per acre per application using boats and hand
dusting How ever, both costs appear to be understated For example,
the aeroplane costs apparently do not include & pro-ratng of the
cost of three landng fields, or of the dust handhing, mwng, and trans
porting equipment, or depreciation, or the cost of technical supervi
sion, superintendence, and overhead If all costs properly chargeable
to the operations were mcluded, the true total cost per acre per ap
plication apparently would be considerably ngher

Where large-scale aeroplane dusting operations are to be under
taken, the following points should be given due consideration to 10
sure effectiveness and economy

1 The methods of purchasmg, handling, mixing, and transporting the
dust ingredients and mixed dust must be carefully studied m ad
vance Probably a central mixing depot, with warehouse, an airveyor
unloader, recerving bins, & motor powered mixer, and & bagging ma
chine, located on & railroad siding for carload lot shipments, will be
;:S;s green and the diluent should be purchased on competitise bids
under definite and rigid specifications Each lot of Paris green and
of diluent should be analyzed and tested for conformty to the speat
fications Variations m weight of the diluent should be taken into
account m prepanng the mixed dust, so as to obtain umform results

upon appheation
The mixed material should be bagged m fifty pound five ply mots
ture proof paper bags, and transported to the landing fields 1n trucks

[N

e

or barges s
Both non dustng flying time and non flving time should be reduce:
to the mmmum possible This may require the construction of a
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number of landing strips, with runways about 2000 feet long and
300 feet wide, strategically located so that the distance from load
ing field to the furthest point of appheation does not exceed five
miles a loading crew of about three men, with an easily moved
loading 1adder platform, and & dust warehouse

Flyng obstructions or hazards, such as fsolated trees or small groups
of trees along the dusting arca or near the landing fields, should be
removed 1f possible. Non removable flying hazards should be shown
on the plot s maps

Flving must usually be done early in the morning as soon as sufficient
Tight 18 avmlable for visibility, to avoid excessive wind drift In some
cases late afternoon calms may permit dusting

The should be specifically designed for ths type of serv
1wce (for example, crop dusting seroplines) with relatively thick,
high Lift aerfoil profiles, good load capacity, and great maneuver-
ability The dusting speed should be relatively low

The aeroplane should be provided with a Ventun type throat with
a slotted fecd of adyustable length, calibrated as to rate of discharge
at various lengths of slot, and operated from the pilot s seat The
Ventur: throat preferably should be adjustable in depth of throat
The dust load should be carried 1n a hopper of adequate capacity,
Pprobably 600 pounds or more, located as near as possible to the cen-
ter of gravity of the aeroplane Within the hinits of aeroplane ca
pacity and maneuverability, the greater the pay load the less the
Jost time 1n non-dusting flight and 1n releadmg The hopper should be
made absolutely dust tight To insure nmform deliverv of dust to the
Ventur throat, the hopper should have two agmtators, one close to
the throat, which may be driven by an 1mpeller located on the front
edge of either wing The interior of the hopper should have abso~
lutely smooth sides with no sudden changes in direction The hopper
should have a dust tight charging opeming at the top

The fuselage should be dust tight, especially the tail, to prevent dust
from coming into the rear portion and workin,, forward Pilots have
expenenced unplessant after effects {rom nhaling Pans green
dust 1

The width of strip or swath flown will depend upon conditions but
200 feet at a fiying height of twenty five to thirty feet appears to
be usual for average conditions Strips should be lapped shghtly to
insure thorough coverage W ith dense low vegetation the aeroplane
may be flown closer to gain the propeller turbulence effect in kick
ing the dust through the vegetation to the water surface

The effectiveness of dusting should be continually cheched by ex
posure in the psth of the aeroplane of dust particle shides (glass
shdes conted verv ightly with petrolatum or sunmlar material) by
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dipping before and after treatment to determine the relative num
bers of larvae, and by hand or trap catches of adult mosgmtees

18 It will be wise to arrange flying time and aeroplane and ground
equipment so that regular scheduled dusting can be completed n the
first three days of each week Tlhis leaves the Iast three days of each
week as a safety margim for adverse weather conditions, emergencies,
or for re-flymg where the tests show an unsatisfactory kil

14 Landing fields, warehouses, depoty, equpment (for mxing trans
porting, and loading dust), loading labor, ispection services, and
planning and supervisory personnel should be provided by the mos
quito abatement agency Aeroplane equipment snd pilots wmay be
furmshed by large q bat t ag but under most
conditions 1t will be cheaper and better to contract for flving sery
1ces with an established crop dusting concern, upon competitive
bids The advice of such concerns on many of the details of aero
plane application of dusts will be found to be very valuable

W C Murray and H Knutsen of the United States Pubhc Heal
Service (unpublished data made available to us), mn treating durn
1943 water-chestnut or water-caltrop (T'rapa natans) covered aze
m the Potomac River below Washington, D C, and a few ad)ace
marshes, applied by aeroplane 40,277 pounds of Paris green mrx
with 184,955 pounds of powdered sonpstone The total area dusts
accumulated to 32,536 acres, during an seroplane dusting time
2433/ hours

Thus represents an average dosage of 1 24 pounds of Pars gre
per acre,, the maximum rate of application was 1 52 pounds per acr
The ratio of Paris green to diluent was roughly one to three (40,277 -
175,972 = 23%) On a dusting-time basis, the rate of appliatic
was about 720 pounds of mived dust per hour The overall averas
plane flying time was about forty-five mmutes to 100 acres, which 1z
cluded some long runs to relatively distant marshes

The total cost of the worh, not including the commssioned persor
nel directing the work, was $36,278 80, divided as follows

Aeroplane costs $23,256 84

Matenials
Paris green at $21 80 per 100 1bs 8,780 39
Soapstone at $9 per ton 607 60
Labor 8,354 07
Inaidentals 280 00
Totsl $36,278 80

The unit cost was $1 12 per acre per appheation
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The type of acroplane used was a {wo-place Stearman biplane with
o hopper eapacity of 600 pounds Acroplane time was paid for at the
rates of $70 to $80 per hour of dusting time, and $8 per hour for
stand-by time, ferrymg mileage to points of application was charged
at the rate of 76 cents per mile

During the dusting, they experimented with a “sea sled” type of
boat, with an air propeller s the motive power, as a means of getting
about on water cotered with dense aquatic vegetation

OILED SAW DUST

Under some conditions, sawdust impregnated with o1l can be used
successfully where sprayed o1l does not seem to be cffective The saw-
dust should be soaked m a petroleum dernatne o, dramned free
from excess oil, and preferably held for several days before applica
tion This can be hand cast It scems to be most useful 1n crachs or
crevices not easily reached otherwise and also where a more continu-
ous film of o1l 1s necessary on account of difficulty mn getting to the
breeding places, or where vegetation impedes the spread of o1l Itis
also useful 1n the control of mosquite breeding 1n rice fields, and m
combating the mountamm Aedes species, the larvae of which appear as
the snow melts Oiled sawdust apphed just before the melting of the
snow, at ponts of known or probable breeding, retamns 1ts a1l until
the melt and then distributes an effective ol film on any water m which
these “snow” mosquitoes would breed

Yor continuous oiling, e1l-sonked sawdust ean be placed m a sach,
weighted down with a few rochs, and deposited 1n & ‘poal or stream
The ol will be gradually displaced by water and fed constantly to the
surface until exhausted

Drir cans

On sluggsh streams or canals where mosquito breeding may oceur
along the edges, 1t 1s sometimes adiantageous to mamntam a continu-
ous appheation of ol n small quantity This can be done by means
of a dnip can, which 1s simply a contamer to hold one or more day’s
supply of oil, and a feeding device which will drop a regular small
quantity of o1l onto the water Drip cans may be posted at the upper
end of sluggish streams or canals, and with the drip adjusted to the
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cides with noticeable odors, such as cresylic acid larvicide, may not
be used because the odor may be absorbed by some types of food We
remember one case of intense breeding under & bakery, caused bya
broken sewer dram, where we could not use larviaide on account of
the smell, and were afraid to use o1l on account of the fire hazard We
had to let the neighborhood complain for a week or more until the
dram was repaired and the water dried up

Oils should also be used with caution about gardens and garden
pools Ths 1s discussed m CHAPTF R xvI

USE OF ALGICIDES

Under some types of shallow water conditions the growth of van
ous types of algae (green shimes or moss) becomes so dense that not
only are the activities of fish impaired but applications of o1l become
meffective or only partly effectrve When this 1s found to be the case,
1t 15 advisable to apply an algieide such as copper sulphate to hill off
the organte growths The dosage required to hll the types of organ
1sms which give the mosquito man trouble 1s about two pounds per
mlhon gallons of water Dosages larger than three pounds per million
gallons should be avoided m ponds contaming fish, as they will kil
trout and less resistant species of fish —-

However, consideration may be given to the use of much larger
dosages of copper sulphate, either to Lill all vegetation, aquatic or
emergent, 1n mosquito breeding water, or to kil off for a considerable
pertod of time the orgamc food supply of mosquito larvae If the lat
ter result 1s obtamned, mosquito breeding, especially dnopheles breed
g, may be stopped or greatly dummished for varymg periods

Tn moderate sized pools the copper sulphate crystals may be hand
cast In larger bodies of water the copper sulphate 1s best apphed by
placing 1t 1n sacks and draggmg 1t, especially along the shallow areas,
untxl dissolved Usually several apphcations during a season will be
required :

For very large bodzes of water several devices have been developef
m water works practice for the rapid and economical appheation ;‘
copper sulphate In the Los Angeles Water Department, R 4
Goudey uses a power device for broadeasting granular copper su
phate, G E Arnold in the San Francisco Water Department uses &

spray of solution
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XIII
MOSQUITO CONTROL BY USE OF FISH

Cerrawy siEciss of fish are effective natural enemies of mosquito
larvae and pupae under appropriate conditions These are the sar
face feeders, the active and aggressive ty pes preying on small aquatie
amimal hfe Subject to certain lumtations, fish can frequently be used
with considerable success as supplements to basic mosquito control
measures

On salt and brackish marshes, the killifishes (Fundulus) on the
east coast of the United States, and the sticklebacks (Gasteroperus)
on the west coast, are natural enemies of mosquito larvae and pupae,
and few will be found n areas mto which these fish can freely pene-
trate There are probably other salt and brachish water species m
other parts of the world which are effective lnrva destroyers, provided
conditions on marshes are adjusted to their requirements The most
mportant factor 1s usually that of access by the fish to all mosquite
breeding areas on the marsh, but with some species an nterchange or
flow of water through tidal action may be necessary The former can
be obtamed by properly located ditches, the latter can be accom
plished by means of tide gates and weirs

A number of species of fish have been found useful as predators on
mosquito larvae 1n various parts of the world, and this problem has
5 yet been mvestigated only superfinally Adeguate study of andex
periment with native fishes whereser mosquitoes are a problem should
produce results of definite value m controlling mosquito breeding

Connor,! after expermmenting with different fish mn Fcuador, se-
lected the “chalaco” (Dormutator latrfrons) as the most satisfactory
native fish for use m water contamners These fish have been widely
transplanted with good results

John? concludes that i India Aplochedus limeatus 1s a surface-
feeding fish preymg on mosquito larsae and pupae by preference It
15 eapable of adapting 1tself to varied condrtions, and will thrive u;
deep wells, stagnant ponds, muddy pools, and even n small artificia

contamners of water ,
Job? found that in Bengal 4 plochedus panchax destroys allaquatic
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stages of anophelne as well as culicine mosqutoes 1n clean-weeded
railnay borrow pits, and that fish control in these borrow pits, includ-
mg replemshment when needed, costs about one tenth of the cost of
control by the use of Pars green

Aphanws (Lelnas) dispar has been reported to be usefulin destroy -
ing lamae n Abyssima and Aralna (Bahrem Island)

Probably the most widely used and best known larvicidal fish are
the top minnows of the Gambusia genus The two species most used
are Gambusia affimis and Gambusia holbrooks Gambusia affines sn
particular can be adapted to a wide range of chimatic, geographic,
and water conditions, ncluding brackish and salt water, and even
sewage It apparently can be transplanted successfully wmto any re-
mon where severe winter freezing does not oceur, and even under such
conditions ean survive m sclected locations It has been introduced
mto various parts of the world, even over great distances, for exam-
ple, from Fexas to the Hawanan Yslands and thence to the Philip-
pmes !

GAMBUSIA AFFINIS

Gambusta affinis 1s viviparous (giving birth to iving young), and
does not require a special environment It will thrive 1 fairly warm
water, but dies rapidly under freezing conditions Because the adults
are carnivorous and eanmbalstic, 1t automatically regulates 1ts num-
bers according to the available food supply If natural food runs
short, the young are catcn until the number of fish 1s reduced to that
which can be mamntained under the particular environment

The female Gambusia affints 1s larger than the male Tully grown
under normal conditions 1t 15 about one and one-half to one and three-
quarters mches in length The male averages about one inch m length
when full gronn Occasional specimens are found exceeding these
lengths, and under some special conditions numeraus spectmens ex-
ceeding two mnches 1n length (female) may be taken The young at
lurth are about one quarter inch 1 length

In color the fish are olive green above and silvery on the sides and
abdomen Seen from above in natural ponds they appear blackish 1n
A museum jar with side highting their real color 1s more castly seen

The anal fin of the male gradually changes mto an elongate organ
of copulation, characteristic of many species of vivparous fish
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Crrrany seecies of fish are effectrve natural enemies of mosquito
larvae and pupae under appropriate conditions These are the sur
face feeders, the active and aggressive ty pes preymng on small aquatc
ammal hife Subject to certam hmtations, fish can frequently be used
with considerable success as supplements to basic mosquito control
measures

On salt and brachish marshes, the Mllifishes (Fundulus) on the
east coast of the Umted States, and the stichlebacks (Gasteroperus)
on the west const, are natural enemes of mosquito larvae and pupas
and few will be found m areas into which these fish can freely pene
trate There are probably other salt and brackish water species
other parts of the world which are effective larva destroyers, provided
conditions on marshes are adjusted to ther requirements The most
mmportant factor 1s usually that of access by the fish to all mosquito
breeding areas on the marsh, but with some species an interchange or
flow of water through t:dal achion may be necessary The former can
be obtamed by properly located ditches, the latter can be accom
plished by means of tide gates and weirs

A number of species of fish have been found useful as predators on
mosquito Jarvae m various parts of the world, and this problem has
as yet been imvestigated only superficially Adequate study of and ex
periment with natwve fishes wherever mosqurtoes are a problem should
produce results of defimte value m controling mosquito breeding

Connor,* after expermenting with different fish in Ecuador, se
lected the “chalaco” (Dormtator latifrons) as the most satisfactory
native fish for use m water contamers These fish have been widel
transplanted with good results

John? concludes that m India dplochedus hmeatus 1s a surface
feeding fish preymg on mosquito larvae and pupae by preference It
1s eapable of adapting 1tself to varied conditions, and wiil thrive !I;
deep wells stagnant ponds, muddy pools, and even m small arhifica

contatners of water e
Job? found that m Bengal 4 plocherlus panchax destroy s all aquatt
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stages of anophelne as well as culicine mosquitaes 1 clean weeded
ruluay borrow pats, and that fish control in these borrow pits, includ-
mg replemshment when needed, costs about one-tenth of the cost of
control by the use of Paris green

Aphantus (Lebias) dispar has been reported to be useful in destroy-
g lariae m Abyssima and Arabia (Bahrem Island)

Probably the most widely used and best known larviadal fish are
the top minnows of the Gambusta genus The two species most used
are Gambuswa affims and Gambusia holbrooky Gambusia affinis n
particular can be adapted to a wide range of cimatic, geographic,
and water conditions, including brackish and salt water, and even
sewage It apparently can be transplanted successfully mnto any re-
grion where severe winter freezing does not oceur, and even under such
conditions can survive i selected locations It has been mtroduced
mto various parts of the world, even over great distances, for exam-

ple, from Texas to the Hawauan Islands and thence to the Phalip-
pines 4

GAMBUSIA AFFINIS

Gambusia affints 1s viviparous (giving birth to iving young), and
does not require a spectal environment It will thrive i farrly warm
water, but dies rapidly under freezing conditions Because the adults
are carnivorous and canmbalstic, it automatically regulates its num-
bers according to the available food supply If natural food runs
short, the young are eaten until the number of fish 1s reduced to that
wlnch can be mamtaned under the particular environment

The female Gambusta affins 15 larger than the male Fully grown
under normal conditions 1t 15 about one and one half to one and three-
quarters inches m length The male averages about one mch n length
when full grown Ocensional specimens are found exceeding these
lengths, and under some special conditions numerous specimens ex-
ceeding two mches m length (female) may be taken The young at
birth are about one quarter meh length

In color the fish are olive green above and silvery on the sides and
abdomen Seen from above m natural ponds they appear blachish m
8 museum jar with side ightmg their real color 1s more easily seen
The anal fin of the male gradually changes into an elongate organ
of copulation, characterishe of many species of viviparous fish
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Grand females can be identified by a black spot on each sde o
abdomen 1n front of the vent As parturition nears, these 5pO;
crease in size and ultimately jom on the ventral surface at abor
time of giving birth

A female may have several broods a year, depending appar
on chimatic conditions and available food supply Under espe
favorable circumstances, the mcrease of Gambusia 1s astoms
Usnally the young are extruded singly, and the birth of a brood
take from an hour to perhaps a day A brood may contam fro
few as four or five to as many as fifty or perhaps sixty The fer
considerably outnumber the males The young Gambusia grow
1dly, under favorable conditrons reaching full size m three or
months

An 1dea of the appetite of Gambusia affims for mosquito la
can be readily obtained by keeping one full-grown female m a
seum jar of tap water for two days without food, and then mtro
g approximately half grown mosquite larvae in batches of te
half-hourly mtervals Usually the fish wall consume well over
larvae mn eight hours They are so voractous that small fish have’
observed to choke themselves to death trying to engorge larva
large as themselves

When Gambusia sre mtroduced mto a vessel contaming larva
various sizes and pupae, they attack the larvae first, and do not
tack the pupae until all the larvae are consumed VVhether this 1s
cause the larvae are more easily swallowed or because the pupae t
to rest quetly at the surface and so escape observation 1s not cert
Undoubtedly the value of Gambusia affints m mosquito abater
work hes principally m their habit of feeding mamly at the surf
Haldebrand® has observed that Anopheles larvae, as long as they
marned absolutely motionless at the surface, were not eaten Some
even “nosed” motionless larvae, apparently not detectmg that
were alive and edible The slightest movement by a larva 1s usu?
sufficient to cause 1t to be suapped up The larvae of Anophcles qui
rimaculatus sre usually motionless and do not attract the attention
top minnows as do the more active larvae of 4 maculipennis, Wh
may be one of the reasons why the use of this fish n the controt of {
former species 1s not so effective

The pubhe 15 apt to get some pecubar 1deas as to the function
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thesck sh They are commonly called “mosquito fish” and some ludi-
crous 1deas about their characteristics have had to be patiently ex-
plamed avay On numerous occasions we have had to msist that the
Gambusia does not have wings Some people have naively ashed that
a water bucket with a few fish i 1t be placed 1 their back yard, as
they have heard that the fish would cateh mosquitoes, which to them
meant only the winged adults

BRreEDING GAMBUSIA

As the Gambusia thrve best in moderately warm water, compara~
tively shallow breeding ponds are desirable About two feet of depth
m a sunny location 1n temperate climates (partly shaded mn hot ch-
mates) 15 very satisfactory Ponds that are shallower than this put
the young fish (vhich tend to heep near the bottom in the early weeks
of their cxistence) at a disadvantage i escaping the cannibalistic
attention of their parents, much deeper water remains too cold for
most rapid dexelopment

Breeding ponds should have considerable vegetation, both as a
source of food supply and as shelter for the younger fish If there1s
no natural vegetation, water plants should bk obtamed and planted
n the breeding pond It s also desirable to plant some green algae
i the pond If the growth becomes excessive the algae will have to
be rahed out several times a year The breeding pond water does not
hase to be changed unless badly fouled Water should be added to
artificial ponds as required to make up for evaporation and leakage
Natural ponds sre the best and most economieal for breeding Gam-
busia, provided they are accessible It should be possible to get within
a short distance of the breeding pond with a truck, and to get to the
water’s edge easily and safely on foot

Artifical ponds may be improvised from abandoned reservours, but
if nothing of that kind 15 avmlable, they ean be cheaply constructed
by excavating with o horse-drasm I'resno scraper A pond 100 feet
long by 50 feet wade, divided into two parts by a partition, should be
ample for breeding purposes for all but the largest districts If the
tarth 1s o heavy clay and the water supply 1s ample and cheap, the
pond need not be lined If the so1l 1s porous or water scarce or expen-
sive, either the bottom and sides should be treated with bentomte to
mimmize seepage, or the pond should be lined with about two-mnch
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thicknesses of cement conerete, preferably remforced with wire meh
(about twenty gauge wire spaced two mches on centers) to prevent
cracking Bentomte 1s a collordal clay which swells to many times 1ts
dry volume when wetted It may erther be well mixed with the upper
layers of earth and then rolled tight before admitting water, or, pret
erably, 2 two-mnch-thick layer should be placed, covered with sx
mches of earth, and then rolled or tamped firm Artificial ponds should
have dram plugs with outlets, so that they can be drained and cleaned
1f necessary

Usually 1t will be possible to have the mam breeding pond or ponds
only 1n the country, possibly at a considerable distance from popula
tion centers In that case 1t 1s desirable to have one or more distribu
tion ponds strategically located 1n the population centers Thee
ponds may be built of conerete, about ten feet long, five feet wide, and
two feet deep, and can usually be placed m & pubhc park and fenced
off, as people have a noticeable tendency to throw thimgs nto such
ponds, which then become foul very quickly The distribution ponds
can be stocked as needed from the mamn breeding pond and drawn
from as necessary for local distribution, thus saving the considerable
expense of frequent long trips to the mam breeding pond

Under most circumstances we have found 1t unnecessary to feed
'the fish artificially If feeding appears to be required, dog biscuit
brohen up mto small preces (but not granulated) has proved satisfac
tory They will also take stale bread which 13, however, deficient in
protemn and probably an msufficient food

Breeding ponds should be protected from natural enemes, of which
pehcans, cranes, and certain species of snakes seem to be the most
destructive A metworh of ordmary telephone wires spaced about
three feet apart, and set about three feet above the water surface, will
deter the birds from entermg the pond, a fence of close-woven ¥ure
mesh (twelve wires to the mch) about eighteen inches high will heep
out the snakes

TRANSPORTING AND DISTRIBUTING GAMBUSIA

Gambuswa affims can be transported ensily if certam precautions
are taken Preferably young, mmmature fish should be shipped, as
they stand transportation better than mature fish Gravid females do



Figure 66 Breeding ponds for Gambusia affinis on 2 private estate, being
inspected by delegates to a mosquito abatement conference

Tigure 6= A garden Il
pond 1s frequentiy a pro
lific mosquito breeder
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not stand long distance transportation, and should be chiminated from
any shipment We havetried shupping gravid females on an overmght
railroad journcy, but have had nearly a 100 per cent loss 1n transit,
wherens young fish under the same conditions eame through with less
than ten per cent loss
If 1t becomes necessary to transport Gambusia in hot weather, the
contruners should be 1ced 1f possible or wrapped with wet burlap, and
should be transported at might only Ten gallon mik cans make sat-
wsfactory shipping contamers The tops should be punched with many
holes for aur, and 1f possible the covers should be left off entirely dur-
ing the Journey If carried by truch, this can be done The nater level
wn the eans should be kept below the point where the top of the can
begns to narrow, m order to retain the maximum water-surface area
If carmed by truch, stops at mtervals of about an hour should be
made, part of the water poured out, any dead fish remosed, and fresh
water added 1n o fine spray so as to furmsh oxygen for the fish
If these precautions are taken, nbout 800 fish per ten gallon can
may be safely transported by truck on one-myght journeys m cool
weather Tor an hour’s trip as many as 500 fish per ten-gallon can
may be transported with a moderate loss For journeys on trains, or
for longer trips, not over 200 fish per can should be shipped, lessen~
g the number according to length of the trip and the temperature
Tor distribution on & mosquito abatement project (except for
stoching large natural ponds or streams) fifty or a hundred small
fish can be carried in o five-gallon wood barrel with a cover of bobbr-
net or other open cloth, and the fish withdrawn by a small Litchen
stramer with handle The cool wood barrel 1s preferred to a metal
contamer, especially where the fish are constantly carned on the
truck Tor large stoching operations the ten-gallon cans are more
sahisfactory
Where fish are a satisfactory tool m mosquito abatement work, we
beheve that the mosquito abatement project should breed and dis
tribute free withmn ats area as many Gambusia or appropnate lar-
vieidal fish as may be required for mosquito control purposes This
may be done by a special man or by the regular foreman, according
to Iocn] condrtions and requirements The fish should not be distrib-
uted ndiseriminately without investigation An employ ce should a
ways take the fish to the place where they are nanted, and find out
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rethrum extract effecttve m kalling larvae and pupae, without damag-
mg vegetation

Gambusut ean be used successfully for mosquito control in wells,
asterns, tanks for domestic water supply, barrels, and other clean,
sharp edged water contamers Ior this reason they can be used for
the control of Aedes acgypte in regions where water for domestic pur-
poses 15 collected or hept in barrels, ollas, or other vessels The fish
do not have any deleterious ¢ffeet upon drinking water mn such con-
tamers

GAMBUSIA IN SALT WATER AND SEWACE

A M Emerich, superintendent of the Napa County, Cahfornia,
Mosquito Abatement District, has been quite suceessful 1 planting
Gambuswa mn the brackish water of marshes adjacent to San Pablo
Bay We have found them thrniving m ponds with relatively Iarge
amounts of calclum, magnesium, and sulphur at Byron Hot Sprmgs,
Cahforma

If the fish are to be used in very salty or minerahized water, 1t would
appear to be advisable to place them first m braclash water for about
a week before putting them into the salt water

Lmerick has also adapted Gambusia so that they thrive in sewage
ponds which are practically devord of all dissolved oxygen Thelnrge
sewage ponds at Calistoga, California, which formerly were prolific
moasquito breeders, have in recent years been hept under excellent con-
trol by means of Gambusit affims winch were gradually adapted to
Ining and multuply g w raunierpal sewage

LIMITATIONS ON THE USE OF FISK

Although Gambusa, as well as surface-feeding fish m general,
have o useful place m mosquito control, 1t 15 necessary to recogmze
that they have imitations In the first place, all natural control meas-
ures reach a balance at some point, complete extirpation of the vie-
tims will result 1n starvation and extinction of the predators Nature
seldom over-controls except for short periods m bmited areas The
constant trend 1s toward the establishment of an equiibrium, some-
times precarious and easily upset, m the food supply of organisms
n ing 1 the same environment
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It 1s possible that the success of Gambusia 1n controlling mosquito
breeding upon itroduction mto new areas may be due 1n part at least
to the sudden upset m ecological balance resulting from therr mtro-
duction, after a period of years the balance may again be restored, n
part at least On the other hand, the recogmzed limitations of Gam-
buswa 1n the warmer chmates 10 America may be due m part to that
balance having been already achieved In the southeastern United
States Gambusia have not been as suceessful 1n mosquito control as n
Iialy and m Cabforma In the sloughs and bayous of the lower Mis-
sissipp: Valley Anopheles and Gambusta exast together and both de-
velop prolifically

Agawmst Anopheles quadrimaculatus surface-feedmg fish are handi-
capped, as floatage protects the larvae from discovery and destruc-
tion Considerable growth of algae, particularly Spirogyra, will also
protect mosquito larvae, especially dnopheles larvae, from destrue-
tion by fish We have seen T H G Auatken take a very few Anophe-
les maculipenius larvae from a green algae mass 1n a Gambusia breed-
mg pond i April, however, there was no enidence that any adults
succeeded m emerging later

Another difficulty with Gambuswa 1s that i some areas therr effi-
ciency varies with the season For example, J A LePrince informs us
that N H Rector finds that Gambus:a give excellent larval control
m Mississtpp1 in April, and poor control in August

It 15 possible that Gambuswz strams may vary m adaptabihity to
transplantation For example, T J Headlee reported that they failed
to survive m southern New Jersey, but J Lyle Clarke has success-
fully established them 1n the Des Plamnes Valley 1n northern Iinos, a
much colder chmate, D M Rees has established them mn Utah at
shout 5000 feet elesation and A M Emench has successfully
planted them on Puget Sound near the Canadian border

Recently Clarke® has indicated that about seventeen years ago

Gambusia had been found to successfully survive the rigorous winters
at Winnetka, Illinos, and this stram has been transplanted in the Des
Planes District and survived, whereas new importations mnto Illmois
from Flonda failed to survive the wanter It appears to be the opm-
10n of ichthyologrsts who have mvestigated the matter that the Win-
netha stram of fish 1s & mutant or “sport” which 15 adapted to survival
under severe winter conditions
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SUPPLEMENTARY PROTECTIVE MEASURES

Ix AppITION to such primary mosquito abatement measures as natu-
ralistic control and dramage, and the principal auxihary measures
such as oiling, larvicidmg, and the use of fish, there are several sup-
plementary measures which can be used with more or less success ac-
cording to local conditions These measures are mntended erther to
prevent access by adult mosquitoes to therr human victims or to de-
stroy mosquitaes which may have escaped the prmeipal abatement
measures They have a place of defimite value 1n anv campaign agaimst
a mosquito-transmitted disease, but they should not be used as substi-
tutes to primary attacks upon mosquite production pomts, except
under unusual conditions

SCREFNS

Adequate screens are an mportant adjunct m any campaign for
eradication of mosquito-transmtted disease and are essential to or-
dimary comfort in tropical and semi-tropical chimates, protecting the
occupants of dwellngs agamnst the discomfort or even danger of the
numerous msects of such areas

Two problems are usually obvious 1n respect to screemng The
more difficult of the two 1s the adequate screemng of existing houses,
especially of the poorer types Many of these houses, particularly
the average Negro shanty 1n the southern states, cannot be properly
mosquito-proofed without some reconstruction or changes On the
other hand, there 15 the problem of proper construction of new houses
to obtain maximum protection against msect mvasion, with reason-
able comfort m hot weather

Four fundamental ideas must be kept 1 mind and apphed m the
case of screenmng 1) the kind and size of screen must be suited to
the exposure or chmatic condition, 2) the screen must be protected
or remnforced where necessary aganst mechanical breakage due to
ordmary usage, 8) all apertures, except those effectively screened,
must be closed so as to prevent access by msects, 4) ventilation with
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screeming must be so good that the habitants wall not prefer in warm
weather to remaimn outdoors in the evening and at mght

The kind and size of screen to be used depend upon seversl fac-
tors Screen wire must be strong enough to resist the mechameal -
Jury that will occur in ordinary usage The size of aperture between
wires must be small enough to exclude the species of mosquitoes oc-
curring locally In some areas fourtecn meshes or spaces per inch each
way will be sufficient, but generally sixtcen meshes per mch 1s the
Inrgest size that can be depended upon to exclude mosquitoes, and
agamst Aedes acgypt: and a fen other small mosquitoes clghtcen
meshes per nch may be necessary

In speafying screen material the best criterion 1s the effective size
of opemng between wires This 18 governed by the number of wires
per mch, and the diameter of the wires An aperture size greater than
0 0475 mnch cannot be depended upon to keep out all mosquitoes

The standard size of wire used mn screens has a diameter of 0 009 to
0010 1inch Lxtra heavy wire has a diamejer of 0 015 inch Standard
sixteen mesh sereen made wath ware of 0 009 to 0 010 inch diameter
has an aperture size of about 0 0512 mch, and does not exclude many
Aedes and some Anopheles species Extra heavy sixteen mesh screen
made with wire of 0 015 inch diameter has an aperture of 0 0475 1nch
Standard eighteen-mesh screen made with wire of 0 009 t0 0 010 1nch
diameter has an aperture of about 0 0456 inch

In general, extra heavy sixtecn-mesh screen 15 to be preforred to
erghteen-mesh standard screen, as the difference 1n effective aperture
size (about 0 0019 1nch) 1s mappreciable, and the greater mechanical
strength of the larger wire size renders such screen less Iiable to me-
chanical breakage, or to deterioration under adverse atmospheric con-
ditions

The present United States Army specifications call for a maximum
aperture size of 0 0475 inch for wire screen, and nat over 005 inch
for stiff bobbmet (Note to exclude sand flies, Phlebotomus sp , the
maxmmum aperture size should be 0 0334 inch )

Several ts pes of wire screen arc available * Steel wire cloth may be
either painted or electrogalvamzed In the painted screen the fabric
3 run through a bath of paint after weaving, the surplus pamt blown
off, and the pamted fabric dried 1n 2 heated tower before reehing up
mto commereial rolls The effectveness of the paint contmg depends

ra
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primarily on the quality of the pamt used, but care m preparing the
wire for pamting (clean, bright wire 1s necessary for a satisfactory
paint film), the amount of pamnt film, and the method of application
are also important factors The pamt must be adherent to metal, must
retam considerable flexibility for a long period, and must be resistant
to weathermg The use of pamted screen cannot be recommended
In electrogalvamzing, the wire cloth 1s run through a galvamzing
bath with zinc electrodes The action of the electric current causes
zinc to pass from the electrodes and be deposited as a thin layer of
chemically pure zinc upon the wire cloth The care with which the
galvamzing process 1s carried out 18 lughly mportant i obtaimng
a good quality of screen, as the zme deposit must be very fine in gramn
and thoroughly adherent to the wire Coarse grain galvamzing rap-
1dly done on poorly prepared wire may look as well as fine gram gal-
vamzing on well prepared wire, but will be considerably less rust re-
sistant
Screen made of pre-galvanized wire 1s not recommended, as the
bending and scraping 1n the process of weaving cause mnute crachs
1n the zinc coating on the wire and some flahing, so that the wire 1s
very apt to rust, particularly at the mtersectrons
Pure copper wire 15 used for screens but it may be soft and lack-
g 1 resihence so that 1t 1s easily damaged mechamically In the
Panama Canal Zone® screen made from hard-drawn wire, 99 8 per
cent copper, 0 015 inch in diameter, sixteen meshes to the meh, has
proved to be most satisfactory m comparison with other screen ma-
terials A good screen 1s a bronze cloth made from a nmety per cent
copper—ten per cent tin wire which 1s resistant to corroston and more
resilient and stronger than pure copper A cloth made from man-
ganese-bronze wire should be mechanically strong and very resistant
to corrosion, but we have not seen 1t used for this purpose Monel
metal, a nickel-cobalt alloy, can also be obtained mn screens but its
comparatively excessive cost makes 1ts use imprachical except m cases
of unusually severe exposure The most promising outlook m wrre
screen materials would appear to be 1 some of the so-called stanless
steels, provided these can be produced at a reasonable cost
For most conditrons, a good grade of electrogalvemzed screen will
provesatisfactory Earle® in Porto Rico, where the exposure 1s rather
severe, found galvanized wire cloth satisfactory m the mterior of the
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1sland but found that bronze screen was required near the sea-coast
Bronze wire under severe sea const exposure will corrode and should
be painted with a transparent flexible enamel of the type used for
msulation of electrical wires or with a good grade of spar varnish, in
order to obtan maximum hfe mn such situntions

Wire screen 35 usually sold wholcsale n rolls 100 feet in length,
and 1n standard wmidths from eighteen to forty-eight mches, nereas-
ing by twoinches for each size

Inscct-proof screen, no matter what metal 1t 1s made of, cannot
withstand rough handling, and 1s subject to breakage as well as to
deterioration Mechanieal breakage 13 an important matter especially
on doors, which should be protected at the points where breakage 15
most apt to occur Two places recerve the hardest usage the lower
outer corner where the foot 1s applied 1n kiching the door open, and
the muddle edge 1n the region of the latch These two places should
be remforced with wood or sheet metal It 1s also desirable to use
screwed metal corner plates to reinforce the door corners, and a di-
agonal rod to prevent sag Doors made of Iamimated wood or five-ply
plywood, prepared with waterproof synthetic adhesives, are less apt
to warp than doors made of plain lumber All joints should be pamted
with one coat white lead 1n raw hnseed o1l before joining (except when
glued jomnts are used)

As window screens are not so hikely to be subjected to mechanieal
mjury, special protection 1s not usually required The wood frame
should be strongly constructed, preferably of lammated wood to pre-
vent warpmg

Ik 15 obvious that the wood frames of both door and window screens
should be well pamted, preferably with a priming coat of white lead
1n raw Imseed o1l after the frames are complete and before applying
the sereen, followed by one or two coats of & good grade of outside
paunt 1n selected color after the sereen 1s applied In Panama it has
been found that pamts containing zine set up a reaction with copper
screen, causing the screen to splhit at contacts with zine-pminted wood
trim Therefore only lead base paints should be used on trim m con-~
tact with copper screen For a sumilar reason galvamzed nauls should
not be used 1n contact with copper sereen nor should galvanized pro-
tective screen be allowed to come in contact with copper screen

The screens should be attached to the frames by being stretched
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primanly on the quality of the pamt used, but care m preparmng the
wire for pamting (clean, bright wire 1s necessary for & satisfactory
pamt film), the amount of pamt film, and the method of apphcation
are also mportant factors The pant must be adherent to metal, must
retain considerable flexibility for a long period, and must be resistant
to weathermg The use of painted sereen cannot be recommended

In electrogalvamzing, the wire cloth 1s run through a galvanizmg
bath with zinc electrodes The action of the electric current causes
zinc to pass from the electrodes and be deposited as a thm layer of
chemically pure zinc upon the wire cloth The care with which the
galvanizing process 15 carrted out 15 nghly mmportant i obtammg
a good quality of screen, as the zine depostt must be very fine m gram
and thoroughly adherent to the wire Coarse gram galvanizing rap
1dly done on poorly prepared wire may look as well as fine gram gal
vamzing on well prepared wire, but will be considerably less rust re-
sistant

Screen made of pre-galvanized wire 15 not recommended, as the
bending and scraping 1 the process of weaving cause mmute crachs
m the zine coating on the wire and some flaking, so that the wire s
very apt to rust, particularly at the mtersections

Pure copper wire 15 used for screens but 1t may be soft and lach
mg m resthence so that 1t 15 easily damaged mechameally In the
Panama Canal Zone® screen made from hard-drawn wire, 99 8 per
cent copper, 0 015 mch mn diameter, sisteen meshes to the mnch, has
proved to be most satisfactory m comparison with other screen ma
terials A good screen 1s a bronze cloth made from a minety per cent
copper—ten per cent tm wire which 1s resistant to corrosion and more
resihient and stronger than pure copper A cloth made from man
ganese-bronze wire should be mechanically strong and very resistant
to corrosion, but we have not seen 1t used for this purpose Monel
metal, a nichel-cobalt alloy, can also be obtamed in sereens but 1ts
comparatively excessive cost makes 1ts use impractical except m cases
of unusually severe exposure The most promsing outlook m wire
screen materials would appear to be 1 some of the so-called stainless
steels, provided these can be produced at a reasonable cost

For most conditions, & good grade of electrogalvanized screent wall
prove satisfactory Earle* m Porto Rico, where the exposure 1S rather
severe, found galvanized wire cloth satisfactory in the mterior of the
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1sland but found that bronze sercen was required near the sea-coast
Bronze wire under severe sea coast exposure will corrode and should
be printed with a transparent flexible enamel of the type used for
msulation of clectrical wares or with a good grade of spar varmish, m
order to obtain maximum hife in such situations

Wire screen 15 usually sold wholesale in rolls 100 feet 1 length,
and 1n standard widths from eightecn to forty eight inches, sncreas-
g by two inches for each size

Insect-proof screen, no matter what metal 1t 13 made of, cannot
withstand rough handling, and 1s subject to breakage as well as to
deterioration Mechameal breakage 1s an important matter especialiy
on doors, which should be protected at the ponts where breakage 1s
most apt to occur "T'wo places recerve the hardest usage the lower
outer corner where the foot 1s applied 1n kiching the door open, and
the mddle edge in the region of the latch These two places should
be remforced with wood or shect metal It 15 also desirable to use
screwed metal corner plates to remforce the door corners, and a di-
agonal rod to prevent sag Doors made of Iamimnated wood or five-ply
plywood, prepared with waterproof synthetic adhesives, are less apt
to warp than doors made of plain lumber All joints should be pamted
with one coat white lead 1n raw linseed o1l before Joming (except when
ghued jomts are used)

As window screens are not so likely to be subjected to mechamenl
mjury, special protection 1s not usually required The wood frame
should be strongly constructed, preferably of Jammated wood to pre-
vent warping

It 15 obvious that the wood frames of both door and window screens
should be well pamted, preferably with a priming coat of white lead
1 raw limseed ol after the frames are complete and before applying
the screen, followed by one or two coats of a good grade of outside
pamt m selected color after the sereen 1s applied In Panama it has
been found that paints contaming zine set up a reaction with copper
screen, causing the screen to spht at contacts with zinc-painted wood
trim Therefore only lead base paints should be nsed on trim in con-
tact with copper sereen Tor a ssmilar reason galvanized natls should
not be used in contact with copper screen nor should galsamzed pro-
tective screen be allowed to come 1n contact with copper <creen

The screens should be attached ta the frames by being stretched
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tightly and well tacked down before applying the covermg strips
"The latter must be well nailed Cover strips may be one-half nch half-
round 1if desired but preferably for greater strength should be about
one by one-fourth inch flats

The method of fitting screen doors and window screens 1s Just as
mmportant as the screen itself Too frequently a well made screen 15
perfectly useless because msects can pass freely around the edges of
the frame In order to insect-proof the screens, stops must be nailed
around the mside of the door or window casing so that when closed
the frames fit tightly i thewr casings Windows can be screened by
tacking screen on the outside of the window casmng and then apply-
g strips along the screen edges This 15 the cheapest method of
screemng windows but has the serious objection that the screen 1s not
removable

In addition to screening doors and windows 1t 1s important to close
all other openings m the house effectively, so that there 1s no aper-
ture, however small, through which msects may enter In an existing
dwellng this requires a careful mspection of the house to locate
cracks, crevices, knotholes, and the like, 1n floors, walls, and cetings
In the poorer class of dwellngs, having unlined walls or ceilings, such
small openings may be numerous Holes especially m floors are best
protected by nailing sheet metal over them So-called “tin” shingles
which may be obtained 1 bundles of 100 painted with one coat of
red lead, are very useful for this purpose but, if necessary, ordinary
tin cans, 1f clean and not rusted, can be cut with metal smps, flattened
out, and used for the same purpose For long separation cracks be-
tween boards, flat battens approximately two by three-eighths inches,
preferably painted with one coat of white lead 1n raw linseed o1l before
applying, can be nailed over the cracks For separation crachs mn cor-
ners, quarter-round wood one-half inch or larger, or square fillers one-
half inch or larger as required, may be nailed m to cover the cracks

Chirnneys and other vent flues should also be screened durmg the
mosquito season, but the screens should be removed from chimneys
when winter comes and the fireplaces or stoves are used frequently or
steadily, as the smoke rapidly corrodes any kind of screen material

Screenmng which materially mterferes with ventilation 1 warm or
hot chimates will defeat 1ts purpose, as the occupants of such a house
will erther remove the sereens or remove themselses outdoors m the
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cvening The most useful part of a screened house n a warm chmate
18 o large sereened porch located preferably on the north-casterly
side of the house (in the northern hemisphere), so that 1t will be on
the shady side from noon until sunset Lxcept for a base board about
twelve inches lugh and the necessary supporting timbers, the walls of
the screened porch should be all sereen to obtain the maximum venti-
Intion possible Also,1f possible, the porch should have screen on three
sides, 5o ns to permit any avatlable breeze to create air currents in the
porch The size of the porch should be the maumum reasonably pos-
sible within the means available In general, twelve feet long and seven
feet wide with a mimmum height to the roof of eight feet, should be
considered as the least dimensions for a screened porch It 19 desir
able also to have the parch roof oterhang from exghteen inches to two
feet for greater shade Exsting houses or cabins ns a rule can have
screened porehes built on to them, with a resulting great increase
the comfort of the occupants

In tropical regrons and in areas in the temperate zone where a
severe mosquito mfestation exists, 1t 1s practically essential that
screcnied vestibules be provided at all entrances to habitations The
vestibule may be small, say five feet long by four feet wide, and should
be provided with an outside screened door having an sutomatic spring
to close it A small sprayer with pyrethrum spray hept 1n the vesti-
bule can be used to hill any insects carried on the person into the
vestibule before entering the building

It 1s entirely possible to build mosquito-proof houses 1n tropical
and sem tropical regions at a cost but shghtly greater than un-
screened houses More care must be taken to avord mimor openings,
such as knotholes, cracks 1n plaster, or separation between boards
and adequate sereens must be provided Lumber should be first grade,
well seasoned, straight graned, and free from large hnots, chechs,
pitch pochets, and shrinkage cracks Dxterior boarding should be
tongue-and groove, lapped, or sphined Ilooring should be tongue-
and groove Door and window casing should be carefully framed and
sct so that there will be no possibihty of separation erachs through
which mosquitoes may gam access to the mterior of the house

The Cennessee department of public healtht ® &7 # 2 has done an
excellent piece of work m preparmg standard plans and specifica-
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tightly and well tacked down before applymg the covermng strips
The latter must be well naated Cover strips may be one-half inch haif
round if desired but preferably for greater strength should be about
one by one-fourth inch flats

The method of fitting screen doors and window screens 15 just as
important as the screen 1tself Too frequently a well made screen 15
perfectly useless because msects can pass freely around the edges of
the frame In order to mnsect-proof the screens, stops must be nailed
around the mside of the door or window casing so that when closed
the frames fit tightly i their casings Windows can be screened by
tacking screen on the outside of the window casing and then apply-
mg strips along the screen edges This 1s the cheapest method of
screeming windows but has the serious objection that the screen 1s not
removable

In addition to screening doors and windows 1t 15 important to close
all other openings 1n the house effectively, so that there 1s no aper
ture, however small, through which insects may enter In an existing
dwelling this requires a careful mspection of the house to locate
cracks, crevices, knotholes, and the like, m floors, walls, and cerlngs
In the poorer class of dwellings, having unbned walls or cetbings, such
small openings may be numerous Holes especially m floors are best
protected by nailing sheet metal over them So-called “tm” shingles
which may be obtamed 1n bundles of 100, pamted with one coat of
red lead, are very useful for this purpose but, 1f necessary, ordmary
tin cans, 1f clean and not rusted, can be cut with metal snips, flattened
out, and used for the same purpose For long separation crachs be-
tween boards, flat battens approximately two by three-exghths mches,
preferably pamted with one coat of white lead 1n raw linseed orl before
applying, can be nailed over the cracks For separation cracks mn cor
ners, quarter-round wood one-half mnch or larger, or square fillers one
half mch or larger as required, may be nailed 1n to cover the crachs

Chimneys and other vent flues should also be screened durmg the
mosquito season, but the screens should be removed from chimneys
when winter comes and the fireplaces or stoves are used frequently 0F
steadily, as the smole rapidly corrodes any kind of screen material

Screemng which materially interferes with ventilation mn warm or
hot chmates will defeat 1ts purpose, as the occupants of such a house
will esther remove the screens or remove themselves outdoors m the
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& The most useful part of a sercened house i a warm chmate
wwge sereened porch located preferably on the north-casterly
f the house (1n the northern hemisphere), so that 1t will be on
ady side from noon until sunset Except for a base board about
+ mches lugh and the necessary supporting timbers, the walls of
recned porch should be all sereen to obtain the maximum vents-
possible Also, 1f possible, the porch should have screen on three
s0 as to permit any asvailable breeze to create arr currents n the
The s1ze of the porch should be the maximum reasonably pos-
athin the means available In general, twelve feet long and seven
1de with a mimmum height to the roof of eight feet, should be
lered as the least dimensions for a screened porch It 1s desir-
Iso to have the porch roof overhang from exghteen inches to two
or greater shade Dxisting houses or cabins as a rule can have
ed porches bult on to them, with a resulting great mcrease m
mfort of the occupants
tropical regons and m arcas mn the temperate zone where a
» mosquito nfestation exists, 1t 15 practically essentinl that
ied vestibules be pronided at all entrances to habitations The
ule may be small, say five feet long by four feet wide, and should
wided with an outside screened door having an automatic spring
se 1t A small sprayer with pyrethrum spray kept in the vest:-
san be used to kil any msects carried on the person mnto the
ule before entering the bwilding
1s entirely possible to buld mesquito-proof houses m tropreal
emr-tropical regions at o cost but shghtly greater than un-
1ed houses More care must be taken to ave:rd mnor openings,
as knotholes, eracks 1n plaster, or separation between boards,
dequate screens must be provided Lumber should be first grade,
easoned, straght gramed, and free from large hnots, checks,
pochets, and shrinkage crachs Lxtertor boarding should be
e-and groove, lapped, or sphined Flooring should be tongue-
;roove Door and window casing should be carefully framed and
 that there will be no possibility of separation cracks through
. mosquitoes may gain access to the mterior of the house
e Tennessee department of public health ® ® 7 8 9 hog done an
lent piece of worh m preparing standard plans and spearfica-
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tightly and well tacked down before 2pplymng the covermg sty
Thelatter must be well narled Cover strips may be one-half wnch ha
round 1f desired but preferably for greater strength shauld be ahe
one by one-fourth mch flats

The method of fittng screen doors and wmdow screens 15 Just
wnportant as the screen iself Too frequently a well made screen
perfectly useless because msects can pass freely around the edges
the frame In order to snsect-proof the sereens, stops must be nasl
around the mside of the door or window casing so that when clos
the frames fit tightly m their casings Windows can be screened |
taching screen on the outside of the window casing and then appl
g strips along the screen edges This 1s the cheapest method
sereening windows but has the serious objection that the screen 1s n
removable

In addition to screening doors and windows 1t1s 1mportant to clo
all ather opengs m the house effectisely, so that there 1s no ape
ture, however small, through which insects may enter In an existn
dwellmg this requires a careful mspection of the house to loca
crachs, crevices, knotholes, and the Iike, 1n floors, walls, and cesling
In the poorer class of dwelhngs, having unhmed walls or cerlings, suc
smell openings may be numerous Holes especally 1n floors are be
protected by nailing sheet metal over them So-called “tm” shingl
which may be obtamed m bundles of 100, pamted with one coat ¢
red lead, are very useful for this purpose but, if necessary, ordmar
tin cans, if clean and not rusted, can be cut with metal spips, flattene
out, and used for the same purpose Tor long separation erachs b
tween boards, flat battens approxmately two by three-exghths mche
preferably pamted with one coat of white Jend 3n raw hnseed ol befox
applying, can be nailed over the eracks For separation erachs i col
ners, quarter-round wood one-half imch or larger, or square fillers one
half mch or larger as required, may be natled i to cover the crachs

Chimneys and other vent flues should also be screened durmg th
mosquito season, but the screens should be removed from clumney
when winter comes and the fireplaces or stoves are used frequently o
steadily, as the smoke rapidly corrodes any hand of screen matersal

Sereeung which matermlly mnterferes with venhilabion 1n warm o
hot ehimates will defeat 1ts purpose, as the occupants of such a hous
<l exthor vemove the screens or remove themselves outdoors m th
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evenmg The most useful part of a sereened house n a warm chimate
1s o large screened porch located preferably on the north-easterly
s:de of the house (in the northern hemisphere), so that 1t will be on
the shady side from noon until sunset Except for a base board about
twehe mehes ngh and the necessary supporting timbers, the walls of
the screened porch should be all sereen to obtain the maximum venti-
lation possible Also,1f possible, the porch should have screen on three
sides, 50 as to permit any avarlable breeze to create atr currents m the
porch The size of the porch should be the maimum reasonably pos-
sible wathm the means avaiinble In general, twelve feet long and seven
feet mide with & mimmum height to the roof of eight feet, should be
considered as the least dimensions for a screened porch It 1s desir
able also to have the porch roof overhang from eighteen inches to two
fect for greater shade Txisting houses or cabins as a rule can have
screened porches built on to them, with a resulting great mcrease m
the comfort of the occupants

In tropical regions and m areas m the temperate zone where o
sesere mosquito nfestation exsts, 1t 15 practically essential that
sereened vestibules be provided at all entrances to habitations The
vestibule may be small, say five feet long by four feet wide, and should
be provided with an outside sereened door having an automatic spring
to close 1t A small sprayer with pyrethrum spray kept in the vesti-
bule can be used to liil any msects carried on the person to the
vestibule before entering the building

It 1s entirely possible to bwild mosquito-proof houses m tropical
and sem tropical regions at a cost but shghtly greater than un-
screened houses More care must be taken to avord minor openings,
such as knotholes, crachs i plaster, or separation between boards,
and adequate screens must be provided Lumber should be first grade,
well sensoned, straight graned, and free from large hnots, checks,
pitch pockets, and shrinhage crachs Dxterior boarding should be
tongue-and groove, lapped, or splined Tloormg should be tongue-
and groove Door and window casing should be carefully framed and
set so that there will be no possibility of separation cracks through
which mosquitoes may gam access to the interior of the house

The Tennessee department of public healthé ® &7 2 hay done an
excellent prece of work 1n prepanng standard plans and speafica-
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tions for farm tenant houses whuich are mexpensive and yet well de-
signed and are mosquito-proof 1f given reasonable mamtenance As
most of the difficulties 1n mosquito-proofing ocenr m the homes of the
poorer farm tenants and farm laborers, these designs are good 1llus-
trations of the fact that satisfactory housing need not be expensive
housmng
In hot chimates, intelligent use should be made of available native
buillding materials Thuck (three feet) exterior walls of native stone,
or of adobe brick stabilized by mixing with 5 per cent emulsified as-
phalt, can produce a cool house, provided a double roof with ventilat-
mg ridge louvres 15 constructed Exterior walls on the sunny side of
the house should be protected from direct rays of the sun by verandahs
ten to fifteen feet wide Heat-reflecting materials such as aluminum
forl or aluminum paint will also appreciably reduce mterior tempera-
tures Room heights must be much greater than m temperate climates,
and if punkahs are to be swung from the ceiling, heights of about six-
teen feet may be advisable
The essential pomt m tropical housing 1s to provide cool, well-
ventilated, screened houses, so that the oceupants will not be tempted
to go outside to cool off The white man going to the tropics usually
has to unlearn practically everything he thinks he knows about hous-
g before he can be both comfortable and properly protected
In the final analysis, the value of screeming 1s dependent upon the
care with which 1t 15 mamntamed and on personal equations m the
peaple protected Even exceptional efforts to prevent malarial mfec-
tion by making screenmg as thorough as possible (as at the Panama
Canal Zone m 1937) may be found to be only partially effective,
smce people can be mfected outside the screened quarters
A supplementary measure which 1s always useful m that 1t tends
to discourage mosgquito prevalence to a considerable extent 15 the re-
moval of dense shrubbery and vines from the mmediate viemity of
houses, so as to reduce to a mnmum the avatlable day-time harbor-
age of the pests Accompanymg this measure should also be the re-
duction to & nummum of garden and lawn waterng, and the per-
formance of such work 1n the morning; not 1n the evening, so that
there will be & mummum of humidity about the house during the eve-
e heree These measures, while they will not elimmate mosquitoes,
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wall in many cases, especially i hot, dry chimates, make a noticeable
difference 1n the numbers of mosquitoes about & house and will con-
tnbute to the comfort of the occupants

BFp METS

Sleeping outdoors m regions where mosquitocs are prevalent re-
quires an effective bed net for reasonable comfort or protection from
infection Bed nets are also useful when 1t 1s necessary to sleep n un-
screened houses m mosquito-infested regions They should be of suffi-
cient size to hang well away from the bed, so that no portion of the
body will be likely to touch the net durmng sleep The top of the net
should be at least three feet above the bed A hight collapsible frame-
work to support the bed net 1s desirable The net should be reinforced
with cloth at all edges and corners, and strongly sewed, and the shurt
should be long enough to fall on the ground or floor with several
mches to spare, or to be adequately tucked in under the mattress

Tor sleeping on the ground, a bed net mine feet long and five feet
wide, wmith sides about five and one-half feet hagh, will give sufficient
space for comfort If a folding cot 1s used, the length of the sides
should be mereased about a foot Extra netting, and needles and
thread, should be carried to make repairs of the rents and holes which
will surely occur Adhesive tape 1s also useful for repairing bed nets
Bed net material should preferably be a stiff bobbinet with effective
apertures not over 0 05 mnch

MosaurTo REPELLENTS

Numerous substances have been used as mosquito repellents 1n re-
gions of severe infestations Few of them were of any appreciable ef-
fect, and none could be depended upon for more than a short time
Most of them were mixtures of o1l of citronella with various added n-
gredients such as camphor, eucalyptus o1, tar, o1l of cedar, or car-
bolie aerd

Recent rescarch® by the United States Department of Agriculture
and others has developed three new and fairly effective mosquito re-
pellents which can be apphed to the shin Dimethyl phthalate 13 the
material most effectrse against Adnopheles species, and 2 ethyl 8-
hexanedinol (“612”) 15 the material most effective agamnst Culer spe~
cies A third material, mdalone, 1s reported to be quite effectue
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agamst salt-marsh Aedes species These materials are Iiquids which
are applied to the exposed shin surfaces and to those parts of the
clothing which may be stretched tight agamst the shin (Lknees, but-
tocks, shoulders) Dimethyl phthalate and “612” are effective for as
long as four hours under sweating conditions, and for about twice as
long if not sweating profusely
"These new repellents are of very great value mn protectmg military
personnel against mfection with mosquito-transmitted diseases while
under combat conditions and on mght sentry duty, and will also be of
value m protecting civilians, such as construction crews, hunters,
fishermen, and campers 1 areas where there 1s a severe mosquito -
festation
Various repellent sprays applied to the environment have been used
to discourage mosquito attacks Grnsburg™ reports on 2 number of
tests usmg the New Jersey larvicide (pyrethrum-kerosene emulsion),
as a repellent 1n limited areas for a short period of time Using vari-
ous dilutions of the larvicide (from a concentrated solution down to
dilution of one to twelve), appreciable relief has been obtained at out-
door gatherings such as lawn parties, picnics, and the ke Several of
the New Jersey districts provide a spraying service for outdoor gath-
ermgs, charging the approximate cost The results are apparently
satisfactory The spray 1s appled just before the begmmng of the
function High pressures (at least 400 pounds per square inch) and
good atormzmg nozzles are necessary, and the adjacent area m the
windward direction should be sprayed, as well as the immediate area
to be protected Approximately fifty gallons per acre of 1 to 10 dilu-
tion 1s used It should be “fogged” well up mnto the air so as to cover
all vegetation, mcluding trees
It 1s probable that under tropical conditions the use of this spray-
mg techmque will not only result in greater comfort, but may lll off
mosquito breeding m trees and plants near the protected area, and
may help to reduce the meidence of mosquito-transmitted disease
The United States Public Health Service has tried 2 number of ma-
terials for outdoor repellent spraymng, and as of December 10, 1948
(personal communication from F L Knowles, Senior Biophysicist,
Memphus, Tennessee), has found that an emulsion of thanite gives the
best results The stock thamte emulston used was made according to

the following formula
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Thamte 55%0
herosenc 15%
B 1956 Emulsifier 10%
Water 20%

Tor sprayng, this stoch emulsion was diluted 1n the ratio of one part
of stock to thirteen parts water

Agunst Anopheles quadrimaculatus and Psorophora confinmis
very good protection was obtamned, but against salt marsh mosquitoes
only about 50 per cent protection was obtamed during the perod of
greatest biting mtensity

KILIING ADULT MOSQUITOES

Numerous sprays for hllng adult mosquitoes are marketed under
yarious irade names Practieally all of them are sunply pyrethrum
flowers extracted mn a petroleum solvent such as cleaner’s solvent or a
refined herosene The normal quantity of active ingredient 1s the py-
rethrum extracted from one to three pounds of the flowers per gallon
of solvent

When any appreciable amount of such spray 1s to be used, 1t 15 gen-
erally more economical to buy the extract as such, on a spearfication
calling for a defimte percentage (by weight) of pyrethrin per gallon
of a specified solvent Another method 1s to buy the standardized py-
rethrin concentrate (such as Pyrocide 20) and the solvent separately,
and make up the spray material as required A small amount of any
pleasant aromatic o1l can be added to mask the odor of the petraleum
solvent

Petroleum solvent—p) rethrum sprays, if adequately toxic, are use-
fulin lalling adult mosquitoes within houses ‘The room bemng sprayed
should be kept closed for one-half hour 1f possible so that the fumes
will have opportumty to kil all mosquitoes 1n 1t, but mosquitoes can
be successfully lalled even m thatched native huts 1f thorough spray-
ing 1s done With reasonably effective pyrethrum extract sprays
available, 1t seems to be a waste of time and effort to attempt to catch
or lall mosquitoes 1n houses by using swatters or other devices How-
ever, 1f effective sprays are not obtainable, or 1f for some reason a1t 1s
not possible to use them, 1t would appear to be a useful procedure
malarial regions to take considerable pams to hill all mosquitoes which
do succeed 1n getting past the screens and 1nto houses During the day
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they will be found harboring 1n protected places such as closets an
behind picture frames The skillful use of an ordinary fly-swatter w1
fall most 1f not all such mosquitoes Such & method, however 1s obv
ously one that usually cannot be performed by official mosquito abate
ment agencies, but must be left to the individual householder

Gorgas used the daly catching of engorged Anopheles females 1
tents near Miraflores Locks as & means of malaria control, and suc
ceeded m keeping the malara rate down to four per cent per month
which was the normal rate at that time (1908) for workmen sleepin;
1n screened quarters at camps where mosquito control work was prac
ticed In the same year at Diablo Hull, three miles from Panama, on
Negro boy was employed about one hour a day 1n catching adult mos
guitoes 1 the bunk cars of & railroad camp at the edge of a prolfi
Anopheles breeding swamp The malaria sick-rate among these labor-
ers was one forty-second of the malana sich-rate among the Unitec
States Marines quartered m a near-by well-screened barracks on a
hill top

Thorough applecation of pyrethrum sprays to kil adult mos-
quitoes will result m a very appreciable reduction m mosgmto-trans-
mutted disease The basic 1dea, of course, 1s to prevent any one mos-
qurto from getting m more than one bite, as she must first bite an 1n-
fected person before becoming mnfected herself Therefore m the
tropics the regular spraymng of the native quarters will be about as
mmportant m an adult mosquito destruction campagn as will be the
spraying of the quarters to be protected

Russell and Knipe,** De Meillon,* and Park Ross® have demon-
strated the disease-preventing effectiveness of adequate spraymg
methods Russell and Kmpe?® finally were able to report that by im-
proved techmques and equipment malaria could be greatly reduced
m Indian willages by once-n-week spraymng of native houses with a
mixture of one part Pyroaide 20 to mneteen parts herosene, at a
cost within the means of the villagers Park Ross found m South
Africa that definite reductions 1 melaria mnadence could be obtaned
by thorough spraymg to kil the vectors, Anopheles gambiae and
Anopheles funestus "

Soper and Wilson'? in Brazil used the followmg spray five parts
of Pyrocide 20 (contamning two grams of pyrethrm m each 10 cc ),
ten parts of carbon tetrachloride, and eighty-five parts of herosene or
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diesel o1] The carbon tetrachloride was added to minimze the fire haz-
ard The equipment used was a De Vilbiss type spray pistol with an
arr compressor, for hand spraying by single operators fifteen to
twenty pounds air pressure was furnished from a cylinder sprayer,
in towns a power driven compressor mounted on a cart furnished ar
at thirty-five to forty pounds pressure for several pistols smultane-
ously Houses were sprayed weekly, as an adjunct to the anti-larval
campaign agamst dnopheles gambiae Houses were hept closed for
ten mmnutes after spraying
A recent valuable development m spraying methods has been the
aerosol ¢y linders,’® which dispense py rethrin in the finely divided form
of an acrosol which 15 lughly toxic to adult mosquitoes, especially
closed quarters The spray mixture generally used 13 about one per
cent pyrethrin, £ to 4 per cent sesame o1l as an activator of the py-
rethrin, and 7 to 95 per cent of Freon (dichloro-diflusromethane)
The Freon mamtams 1ts vapor pressure until the cylinder content 1s
discharged At present these cylinders are available only for military
use
In addition to disinsecticizing houses and barrachs, the Freon-
pyrethrum cylinders are of value 1n military campaigns for hilling
and deterning mosquitoes in forward positions such as fox-holes, gun
emplacements, pill boses, shelters, and the hike
Attention should also be called to the effect of dichloro-drphenyl-
trichloroethane (DDT or Gesarol) in lilling adult mosquitoes which
ahrht upon surfaces sprayed with this inseciarde Dissolved wman ap-
propriate solvent and sprayed on walls and ceillgs, 1t remams ef-
fective for several weeks, all mosquitoes restmg upon the sprayed
surfaces dying after a few minutes’ contact In tropical remons this
spray should prove to be of very great value not only against mos-
quitoes, but probably against & number of 1nsects which are pests
When an epidemme of any mosquito transmtted disease occurs,
spraying to hall adult mosquitoes would be defimtely indicated Used
as the sole method of control 1t has appreciable value 1n limted areas
In an mtenswve campaign for the extirpation of a spectes 1t 1s also of
real value as an adjunct to antr-larval methods, when dealing with

comparatively domestic species such as dedes aegypts and Anopheles
gambae
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NATURAL ENEMIES OF ADULT MOSQUITOES

Several jears ago bats were enthusiastically promoted as a means
of destroymg mosquitoes Unfortunately, murticrpal bat roosts and
bat culture did not seem to work out as effectively as the proponents
had hoped Today little 1s heard about them as a mosquito abatement
weapon In fact, there seems to be some probabihty that the mos-
quitoes feed on the bats, as well as that the bats feed on the mos-
quitoes Doubtless bats do eat numbers of mosquitoes, as well as other
msects, but there 1s hitle or no evidence to show that they are a fac-
tor of any appreciable value 1n mosquito control This 1s probably
true also of whip-poor-wills, mght hawks, and other crepuscular -
sectivorous birds

DIVERTING MOSQUITOES FROM HUMANS TO ANIMALS

A measure which has a certain amount of usefulness n reducing
the tendency to attack by mosquitoes 1s to place the barns or quar-
ters of any domestic animals, particularly horses and cattle, between
the house and the known mosquito breeding areas There will be a
tendency for the mosquitoes in migrating from therr breeding places
to fill up on the blood of these anmals, especially 1f the mosquitoes
are zoophilous 1n their tastes, and to be httle mclined to proceed fur-
ther to the house and attack humans This procedure 1s apparently
well worth trying where farm animals are available

In the control of malaria the presence of farm ammals may have 2
marked effect :n mmmizing human malaria, where zoophilous types
of Anopheles are the principal spectes Some of the great outbreaks
of malaria after the World War (for instance in Russia) may have
been 1n part attributable to the economic disruption which resulted
1m o searcity of farm animals, causing zoophilous anophelines of ne-
cessity to resort to humans for blood meals

MOSQUITOES AND AEROPLANES
The transportation of mosquitoes by aeroplanes, esther by regular
transport planes on tropical routes or between tropreal and temperate
chmate areas, or by mlitary planes on wide rangmg campaigns, has
become a matter of concern to both ervilian and military authorities
The possihility of mtroducmg etther & new vector species mto a
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hitherto uninfested region or an infected vector mto a previously un-
infected area has been greatly mereased by the rapidity of air trans-
port, and the public health implications 1n the problem are of con
siderable importance

Certain types of mosquitoes have been ntroduced into 1solated
wslands (for example, Hawanan Islands) by slow moving sailing ships,
under conditions where continuous breeding during transportation
was possible But with acroplancs, only a few hours or days bemng re-
quired for extensiie trips, the mtroduction of a species wnto a new
region 15 a much greater possibihity The transport, by either a com-
meranl or military acroplane, of a fertthzed Anopheles maculypennis
female from California to the Hawauan Islands, where malaria 1s un-
Lnown, might ultimately become both a public health and an economic
disaster to the Islands The transport of an mfected Aedes acgypt
femnle from a South American airport to one of the southern cities in
the United States mught start an epidemc of yellow fever

The searching of aeroplanes for mosquitoes has shown that trans-
port of mesquitoes actually does occur Symes,” at Kisumu and
Nairob1 in Africa, searching 196 aeroplancs arrving from Sudan and
Tanganyiha, found seventy-two Anopheles and eghty-five Culez A
Ine Culiseta incidens male, transported from Alameda to Hono-
lutu on the Chipper trp of August 4, 1937,% produced a mild furor
among the Island health authorities when 1t was at first erroneously
wentified as an 4nopheles mosquito Griffitts™ found one male Aedes
acgyptr and twenty-uight cubicmes on 102 planes arrving at Miam
On the other hand, Hicks and Chand™ failed to catch any mosquitoes
1 106 planes arrnvng at Karachr Air Port (India) However, on
experimental lots shipped 1n cagcs to Amsterdam and return (about
9000 mles m mix days) there were two survivors out of thirty-six
Gniffitis> hberated stamed 4 acgyptrin aeroplanes at San Salvador
and recovered exght per cent alive after thirty hours on arrival at
Brownswille, from San Salvador to Mum (eighty hours, three mght
stops) six per cent survived T'rom Cristobal to Brownsville, a trip
requiring fifty-five hours with two might stops, 1610 Aedes aegypt:
were used on thirty trips and a tvwo per cent recovery made on ar-
rival On a ten hour journey from San Juan to Miam® about ten per
cent of stamed A aegypts were recovered on arrval

Tt was reported by da Silva® that between October 4, 1941, and
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March 81, 1942, over 90 per cent of the aeroplanes from Africa ar-
rving 1 Braz] carried arthropods, among them bemg Anopheles
gambiag, Aedes aegypty, and Glossina palpahs, the latter bemng the
tsetse fly which transmts trypanosomiasis (African sleeping sick-
ness)

Hicks and Chand® performed experiments which mdicate that
rapid changes i altitude have Litle 1f any effect upon mosquitoes,
but that changes m humidity may have an appreciable effect, andity
mcreasmg the mortality They studied the effect of pyrethrum ex-
tracts m killing mosquitoes 1 aeroplanes, and found 1t to be directly
proportional to the amount of pyrethrms n the spray especially for
mosqurtoes m places (for example, under seats) mto which a direct
spray cannot easily be shot They advise the use of pressure atomizers
of the type used m paimnt spraymng, as the hand sprayers are less uni-
form 1n appheation and are apt to spill large drops An mcrease m
contact time to fifteen mmutes under closed conditions gives an m-
creased percentage of kill

There are several objecttons to the use of petroleum solvent py-
rethrum sprays for dismsecticizing aeroplanes A high flash pomt
petroleum solvent may ultimatelv mcrease the fire hazard m fabries
as well as cause an oily film on metal surfaces, while a low flash point
solvent mcreases the fire or even explosion hazard at the time of ap-
plication Non-inflammable solvents such as carbon tetrachloride may
mtroduce toxic hazards to passengers Methyl alcohol, another com-
mon solvent for pyrethrum, also has disadvantageous toxic proper-
ties There 1s some possibility thet lngh concentrations of pyrethrins
may have some toxic effects on pilots and passengers Impenal Air-
ways succeeded in obtaning satisfactory results with an aqueous py-
rethrum spray The best spray at present available for this service
appears to be the Freon-pyrethrum aerosol in pressure cylnders It
would be advisable, also, to experiment with dichloro-diphenyl-tri-
chloroethane as a semi-permanent disinsecticizing agent

On some air routes (for stance, from Calforma to Haw ai)
planes and passengers have been sprayed en route, which would ap-
pear to have certamn dangerous aspects as well as bemg decidedly an-
noymg to passengers In general, 1t appears t0 be desirable to mim-
smize the amount of spray ing, which can be effected by the application

of & number of procedures, as follows
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1 The airport area and a zone of at least one half mile radius about the port
should be kept under an mlcnsne and effective program for the prevention or

hat to b

a of

2 Passengers in mosquito nrcus should leave and enter planes by means of
» special sereened, double door embarkation vestibule temporarily attached to
the plane

8 Acmplnncs should be mosquto proofcd to the greatest extent possible
AY P shonld be d, and other apertures closed Protected
areas within the plane, in or under wluch mosquitoes may hide, should be elimt
nated or reduced to a minimum Seams, pockets, or depressed places on exterior
surfaces of wings or fuselage, in which adult mosquitoes can adhere during
fhght, should also be eliminated

4 In mosquito areas, planes removed from hangars to be placed on flights
should be spraved thoroughly with an effective spray, and held under tightly
closed conditions for fifteen minutes before admitting passengers, crew, or load
Baggage and mail compartments should be sprayed after loading

5 Intropical regions, cffective sprays or aerosols should be used to destroy
adult mosquitoes 1n atrport stroctures, as a supplement to measures for the
prevention of mosquito breeding

6 Imspection services should be mamtaned at air fields for all aeroplanes
arnving from areas from which important foreign species may be transported

The problem of protecting flymg and ground crew personnel at
stations along air routes through tropical regions has been mterest-
ingly told by Coggeshall 2 Whatever was possible to control Anophe-
les gambrae ot these stations was done At first bed nets had to be used,
plus protective clothing, as quarters were built they were carefully
screened, and spraying of quarters daily, or even twice daily, was cax-
red on Particular attention was paid to spraying native quarters,
and wherever possible natise quarters were moved one-half mile or
more away from stations

Discovered Anopheles breeding places were either treated with
Pans green or oiled, and as soon as 1t could be attended to, dranage
for mosquito breeding areas was mstalled Mamtenance crews were
required to mahe the drains continuously effective

Quimine and atebrine were used, but comparisons at different sta-
tions showed defimtely that the mosquito control and protective mens-
ures were far more effective than drugs i preventing malaria, and in
addition contributed greatly to comfort and morale

In screening, eghteen-mesh bronze or monel metal cloth was used,
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and a mantenance man was required to heep the screening constantly
m effective condition

After these measures were m full effect mosquitoes were reduced al-
most to the vamishing point, even in the unscreened native compounds
The malaria naidence was reduced to only four cases m about 1600
men 1n September and October, 1942, at one station (Accra) , Whereas
about 40 per cent morhndity had occurred in the previous season

MOSQUITO CONTROL UNDER MILITAR}Y
ENVIRONMENT

The practice of environmental mosquite control as 1t affects fixed
military installations (mass protection) does not differ materially
from such practice under evil conditions Control operations appli-
cable to field conditions, howeser, require a high degree of protection
of the mdrvidual In erther case, control measures must be integrated
with Army or Navy practice and conform to the mihtary pomt of
view Dunham®™ pomts out that military samtation, which compre-
hends mosquito control, calls for knowledge of the orgamzation, op-
eration, and general mssion of the military estabhishment

Responsibility for mosquito control in the Umted States Army 1s
vested m the Commanding Officer, who depends on Medical and Sam-
tary Corps officers (under direction of the Surgeon) for mosqurto
surveys, recommendations, and supervision, on Quartermaster and
Engmeer Corps officers for supphes, equpment, and labor, and com-
monly on Engmneer Corps officers for prosecution of environmental
control measures

Army Regulations No 40-205 pertaming to Military Hygiene
and Samitation reads

The surgeon of each station or command 1s responsible for investigating the
prevalence, distributron, and significant habuts of those mosquitoes which may
be transmitting disease to the troops or affecting their efficiency, morale or com

fort
Trammng Cireular No 108 (W D, Sept 21,1943) states (Sec 2)

Responsibility for malara control —1It1s the responsibility of the unit c:m
mander to control malana within lus umt and his unit area (See AR 40~-205

and 40-210 ) It 1s the responsibility of erg surgeons to survey the
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malarin problem, to recommend needed for control, and to exeraise

techmical supersision over control measures (sce AR 40-205 and 40-210)
The Corps of Engieers 1s charged with the responsibility of mosquito control
work on real property (AR 100-80), and hence will carry out large scale pro-
grams of drainage, filling, and orling

Dunham®® further points out that in many mstances, because of the
technical nature of such procedures, the Medical Department exer-
ases direct and smmediate supervision over all antt mosquito work
Numerous highly tramned and thoroughly equipped umts hase been
activated withun the Medical Department of the Army and the Navy
during World War IT for purposcs of malaria-mosquito control

Although no comparable umts were mn existence during World
War I, 1t 15 of interest to note that one of us (Herms*") orgamzed
and operated a “malana dranage detachment” at that time under the
authority of the Surgeon, Port of Embarkation, Newport News, Vir-
gma This detachment consisted of about 300 Negro enhisted Sanitary
and Hospital Corps men and stevedores under the immediate com-
mand of seven wlite Medical and Samtary Corps officers Twelve
white Hospital Corps men were used as non-commisstoned officers and
mspectors The commssioned personnel on field duty consisted of an
experienced civil engineer, several physicians, and an entomologist
well trained and expersenced m medical entomology and parasitology

The detachment was brohen up into smaller units which were lo-
cated m the principal camps, each umt with 1ts onn mess and can-
icen Small emergency details were dispatched for malara dramage
duty at outlyng stations when needed Proper coordination and gen~
eral supertision of the vanous umts and detachments were maintamed
through the officer in charge of malarial drainage operations attached
to the Office of the Port Surgeon at headquarters In addition to the
usual dranage operations, an educational program was carried ont
particularly to impress line officers and their men with the mpor-
tance of mosquito control as 1t relates to the prevention of malaria and
other mosquito borne diseases Emphasis was placed on the personal
responsibility of the mdividual to protect himself against mosquito
bites by applymg mosquito repellents to hands and wrists and by
wearng head nets when operating at mght i hyperendemic areas
where larvicidal methods were not practical The daily collection and

destruction of adult mosquitoes m tents and barracks were stressed,
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and m addition, thirty grams of quinme were given bi-weekly Asa
result the malaria morbidity was only 5 3 per cent™ for soldiers oper-
ating among a highly malarial evilian population (90 per cent total
morbidity, and actually 100 per cent morbidity for eight families liv-
mg within a few yards of the camp)

The value of commercial fly sprays (pyrethrum extract m kero
sene) 1n the destruction of adult mosquitoes was pomnted out by
Schneider™ 1n 1937 He advised spraymg daily at exght o’clock at
might and early m the morning, “paymng espectal attention to dark
corners, latrines, behind and under toilet fixtures, ete Spray also
under the eaves, about doors, and twice a week agitate the clothes
which m these barrachs are hung on a rack suspended from the ceil-
mg, so that any mosquitoes which may have hidden there may be
destroyed ”

Simmons®® (Chief, Preventive Medicine Service, Office of the Sur-
geon General, United States Army) pomts out that the dispatch of
American troops to fight m tropical regions all over the world has
restored malana to 1ts former position as one of the Army’s most 1m-
portant disease hazards He states, “Only by the determined efforts
of thoroughly traned officers can we hope to outwit and outfight the
mosquito vectors of this disease ” As 15 so well put by Russell®* (Chuef,
Tropical Disease Control Section, Office of the Surgeon General, U S
Army), “The day of the amateur malariolog:st has passed Malaria
control 1s no longer simply pouring of o1l or of quinine pills from
bottles Constant attention 1s required to so many great and
small detauls relating to entomology, parasitology, civil engineering,
and medicine, that successful malaria control 1s rarely possible by
part time or casual treatment

These assertions by ligh medico-military authorities are supported
by facts gleaned from the hustory of World War I m Macedona
alone 80 per cent of 120,000 French troops were hospitalized because
of malaria, m the spring of 1918, 25,000 British solders were sent
home from Macedoma with chronic malama In fact whole armies,
British, French, and German, were rendered immobile for three years
1n Macedona, due to neglect or mability to control dnopheles super-
pictus, the vector n that area In the early stages of the New Gumea

and Solomon Islands campaigns of World War IT the disability rates
due to malara were very high With our present organization and
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methods for malaria control it should be possible for our mihitary
forces to operate hereafter 1 regions where malaria and other mos-
quito-borne diseases oceur, with a mumimum of disabihity from such
causes

ORGANIZATION FOR SALARIA CONTROL

World War II saw the orgamization of malana survey units and
malaria control units under the immediate admimstration of malari-
ologists directly supervised by the Surgeon Assistant malarologists
ard in making parasste, spleen, and mosquito surveys and in planning
control measures, and are particularly concerned with malana diser-
pline among the troops The personnel of the malarm survey umts
should include competent medical entomologists and parasitologists,
while the control umts should include engmeers fambiar with mos-
quito control operations and having adequate knowledge of appro-
priate larvieides and other chemieals

Malaria survey units have the folloning functions among others
1) malung surveys of mosquitoes (adults and larvae) in order to de-
termme the species, ther ineidence, seasonal distribution, biology,
and relation to malara, 2) making malaria parasite surveys among
troops and eivihians as required, 3) heeping surtable records and spot
maps, 4) mahing recommendations as to specific situations requiring
mosquito control, 5) checling on the ffectiveness of abatement meas-
ures applied by control units

HMalaria control umts are responsible for planming, carrymg out,
and supervising malana mosquito control measures 1 all phases It
would seem appropriate to detal two to four men n every mdividual
company (or other simlar unit) to carry out such ant1 malara meas-
ures as pertamn to the houscheeping of the umt

The survey Lffective mosquito control cannot be achieved unless
the breeding places, flight habuts, biting habits, and disease-carrying
potentialities of the various species indigenous to a given area are
known Such surteys, according to Russell,” may be of two types 1)
reconnaissance and ) basic The difference between the two typesis
1 the degree of thoroughness with which they are carried out For
reasons of mbtary urgency 1t 1s frequently not possible to make more
than a reconnaissance survey, but in base camps and at shore stations
1t 15 usually possible and advizable to mahe o detailed basic survey In
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erther case, m any area surveyed every type of mesquite-b
place should be sampled by the use of dippers or other devic
the larvae identified Collections of water m pools, ponds, (
streams, marshes, sht trenches, broken gourds, coconut she
cans, tree holes, and the like, should be systematically sampled
mosquitoes should be collected by means of suction tubes an,
devices wherever resting places may occur, as m natwe habii
barrachs, tents, stables, pigpens, and privies, and 1n outdoor «
such as tree holes, undercut banks of streams, sides of wells, anc
bridges The mosquitoes should be collected carefully and pr
m pill boxes with cotton wadding so as to facthiate accurate
scopic 1dentification Individual collections m pill boxes shou’
labels indicatmg date, Jocality, and whether collected 1n a stab:
pen, house, tree hole, or other lnding place

If the survey 1s a basic malaria survey, st becomes almost ce:
a true piece of research, since the cireumstances affecting mala
extremely varied, with its triple-linked chamn of man, parasi
mosquito, plus all the varied factors mfluencing this chan It
a spleen census, a parasite index based on blood smears (thx
thn) to ascertain prevalence of the different species of Plasmod
sparozoite rate m the salivary glands of mosquitoes, the oocy!
on the wall of the mdgut of mosquitoes, meteorological fa
Lnowledge of farming practices, such as 1rrigation and rice cu
and much other mformation pertammg to both ervil and mi
populations Such a survey becomes the appropriate tash of am
ologsst 1n the true sense

MILITARY MALARIA CONTROL

There are two basic miitary situations 1n which protection ag
malaria and other mosquito-transomtted diseases may be require
fixed mstallations, mcluding permanent and semi-permanent e
shore stations, and fields, such as mvolve mass proteciion and ¢
t10n to environmental measures, 2) field operations, requiring
vidual protectsve measures, cnvironmental measures being secor
or entirely neglected under combat conditions

Enuronmental measures consist of 1) selection of camp
with refurence to reasonable 1solation from native villages, rice
swamps, and other mosquito hazards, 2) screening (see thus €
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ter) , 3) naturalistic control methods (crarter xiu) , 4) deawmage,
fillng, slwemg, ete (cnarTERS VI, X, X) , and 5) use of larvicides
(cuartERs\,n) Itisparticularly important that officers in charge
of this program hase a complete hnowledge of specics samtation (see
CHAPTSR \VEI)

Indvndual measures consist of the use of 1) bed nets (this Chap-
ter), 2) repellents (this Chapter) , 8) protective clothing, 4) sup-
pressive treatment with quimine or atebrine Under field conditions
and parbicularly under combat situations mdividual methods are
espectally important

Malara discipline 15 defined by Russell™ as “a state of orderly and
effective conduct or action on the part of soldiers 1n respect to ma-
laria control It mmphes ability and readiness to practice malaria
control, as outlined, particularly the individual measures ”

MILITARY CONTROI OF OTHER MOSQUITO BORNE DISEASES

Military control of other mosquito borne diseases will require some
modification of the procedures outhned for malaria-mosquito con-
trol Modification of environmental measures 1s particularly neces-
sary beeause of the diffcrent breeding habits of the species mvolved
Measures directed toward urban yellow fever control must fit the
breeding habats of Aedes aegypts (see crarter xvir) Jungle yellow
fever requires still different measures because at least one of the
known vectors, Haemagogus capricornu, breeds mn trees high above
the ground In America and Africa the chief vector of dengue fever
(a virus infection) 1s dedes aegypts, hence the same environmental
control measures as tor yellow fever are applicable But in the Pacific
area the vector of dengue 1s dedes albopictus and requires modified
methods of control, dedes albopictus breeding also 1n collections of
water 1 jungle vegetation, and having & rural as well as an urban
(domestic) distribution (see ArPENDIX B)

Bancroft’s filaria (Wuchereria bancroftt), the cause of a danger-
ous filarasis 1n many tropical and subtropical regions (particularly
on many of theslands of the South Pacifie), 1s transmutted by n Jarge
number of species of mosquitoes, their importance depending upon the
particularly prevalent species in a given locaty Among the forty-
four vectors (see ArreNDIX B) Culex quinguefasciatus 1s especially
mmportant because 1t breeds abundantly over a wide area in all sorts
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erther case, m any area surveyed every type of mosquito-breeding
blace should be sampled by the use of dippers or other devices, and
the larvae 1dentified Collections of water m pools, ponds, ditches,
stre ums, marshes, sht trenches, brohen gourds, coconut shells, tin
cans, tree holes, and the like, should be systematically sampled Adult
mosquitoes should be collected by means of suction tubes and other
devices wherever resting places may oceur, as i native habitations,
harracks, fents, stables, prgpens, and privies, and m outdoor shelters
such as tree holes, undercut banks of streams, sides of wells, and under
bridges The mosquitoes should be collected carefully and protected
m pill boxes with cotton wadding so as to facihtate accurate micro-
scopic 1dentification Individual collections 1n pill boxes should bear
labels indicating date, Jocality, and whether collected 1n a stable, pig-
pen, house, tree hole, or other lnding place

If the survey 1s a basic malaria survey, 1t becomes almost certamly
a true piece of research, simce the circumstances affecting malaria are
extremely varied, with 1ts triple-linked cham of man, parasite, and
mosquito, plus all the varied factors mfluencing this chain It involves
2 spleen census, a parasite ndex based on blood smears (tlich and
thin) to ascertan prevalence of the different species of Plasmodia, the
sporozoite rate m the salivary glands of mosquitoes, the oocyte rate
on the wall of the mdgut of mosqmtoes, meteorologieal factors,
Lnowledge of farmmg practices, such as armgation and nee culture,
and rauch other wformation pertammg to both cvil and military
populations Such a survey becomes the appropriate task of a malan-
ologist m the true sense

MILITARY MALARIA CONTROL

There are two bastc military situations 1n which protection agamst
malara and other mosquito-transmmtted diseases may be required 1)
fixed mstallations, mcluding permanent and semi-permanent camps,
shore stations, and fields, such as mvolse mass protection and atten-
tion to environmental measures, 2) field operations, requirmg mdi-
vidual protective measures, environmental messures peing secondary
or entirely neglected under combat conditions

Envronmenial measures consist of 1) selection of camp sites
with reference to reasonable 1solation from native villages, rice fields,
swamps, and other mosquito hazards, @) screemng (see this Chap-
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ter) , 9) naturalisic control methods (cmararn wn), 4) dramnge,
filling, sluicing, ete (cnarTrRs vim, 1, 1), and 5) use of larvierdes
(crarrrrsag,an) Ttas parbicularly important that officers in charge
of this program have a complete hnowledge of species samtation (see
CHATTFR \v11)

Indidual measures consist of the use of 1) bed nets (this Chap-
ter), ) repellents (thns Chapter) , 8) protectne clotlung, 4) sup-
pressive treatment with quinine or atebrine Under field conditions
and particularly under combat situations idimidual methods are
espeanily important

Malaria discrpline 15 defined by Russell™ as “a state of orderly and
effcctive conduct or action on the part of soldiers in respect to ma-
larin control It smphes ability and readiness to practice malara
control, as outhned, particularly the individual measures

MILITARY CONTROL OF OTHIR MOSQUITO BORNE DISEASES

Military control of other mosquito borne discases will require some
modification of the procedures outhned for malaria mosquito con-
tral Modification of environmental measutes 1s particularly neces-
sary because of the different breeding habnts of the species mnvolved
Measures directed toward urban yellow fever control must fit the
breeding haluts of Aedes aegypts (sce cnarrer xvir) Jungle yellow
fever requires still different measurcs because at least one of the
Lnown vectors, Hacmagogus capricornt, breeds in trees high above
the ground In America and Africn the chief vector of dengue fever
(a virus mfection) 15 dedes acgypts, hence the same environmental
control measures as for yellow fever are applicable But mn the Paofic
area the vector of dengue 1s dedes albopictus and requires modified
methods of contral, dedes albopictus breeding also m collections of
water m Jungle vegetation, and having a rural as well as an urban
(domestic) distmbution (see APPENDIX B)

Bancroft’s filana (Wuchereria bancroftr), the cause of a danger-
ous filariasis ;n many tropieal and subtropical regions (particularly
onmany of theslands of the South Pacific), 1s transmitted by n large
number of species of mosquitoes, their importance depending upon the
particularly prevalent species in o given locality Among the forty-
four vectors (see aprrNDIx B) Culer quinquefasciatus 1s espeeally
important because 1t breeds abundantly over a wide area 1n all sorts
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of collections of fresh water Procedures outhned m crarrer xt are
applicable
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XV

SPECIAL FEATURES OF MOSQUITO CONTROL
IN URBAN AREAS

Crrrms, ESPRCIALLY the very large ones, often have a large p:
tion of mosquitoes which frequently cause mtense localized nus
The places m which mosquitoes can and do breed withm eihr
very numerous, and an expert mvestigation of only a few ho
the heart of busmess and mdustrial districts of almost any e
demonstrate a relatively astomishing amount of mosquto produ

The species of mosquitoes which breed 1n eities are principal
domestic types such as Culex piprens, Culexr quinquefascratu:
Aedes acgyptr, how ever, a number of species of other genera, s
Culiseta (Theobaldiy) and Psorophora, may be found where th
ditions are suitable for their development Man by s works pr
numerous opportumties for mosquito breeding, of which the
quitoes take prompt advantage Mosquito control under urban
ditions 15 2 constant battle agamnst human earelessness, ignorance
even mdifference

Preric TILITIES STREET VADLTS

In practically all urban areas of any size, the various public
ties have numerous underground vaults mn the streets, especial
the more congested busmess sections These utilities are princiy
the telephone, power and hght, gas, electric railway, and teleg
compantes The water company or department may also have a
underground vaults Unless the sewer system 15 1a1d especially ¢
these vaults are frequently not dramed, or only partly dramed I
ing the winter they will accumulate a guantity of water which:
remam throughout the year This water 1s not disturbed except w
1t 15 necessary for the utiity company to work in the yaults Inx
cases 1t will remam for many months

In o large urban area the total mosquito output from such va
may be very large Table 9 shows the number of such vaults breed
mosquitoes 1 Berheley, Oskland, Emerywile, Predmont, and £
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meds, contiguous cities m Alameda County, Califorma, m June-
Julv, 1933

¢
Tarre 9 Underground strect vaults breeding mosquitoes (Culer pipens) 1n
Berkeley, O1kland,* Alameds, Emeryville, and Piedmont,
Cahfornia, June-July, 1033

Total Breeding vaults
Name of nility vanlts Number Per cent

Pac Tel & Tel Co 1,382 911 651
Pac Gas & Flee Cot 1,404 731 62.1
Southern Pacific Co 124 81 653
Western Union Tel Co 182 105 796
Postal Tel & Cable Co 41 83 750
Total 8,086 1,801 614

* Omitting East Oalland east of I'ruitvale Avenue
4 Includes electric poner gas and steam lines

In addition to the vaults listed as breeding, there were scveral hun-
dred additional vaults contaimng water but not breeding at the time
of mspection Many of these vaults would have been breeding if m-
spected later 1n the year They are frequently the source of a severe
local infestation, as many of them have a very large output of Culex
pipens during the summer and autumn months In fact, the breed-
ing often persists n decp vaults even during very severe winter
weather Our attention was called to this during one of the coldest
spells (about 28° F') ever experienced m Ozkland, Califorma, on
December 11-12,1932 On & complaint of a severe infestation of mos-
quitacs, a telephone sault in the strect opposite the house from which
the complamt was received was found to be swarming with adult Culez
prprens, and the water with larvae

The 1deal method of handhing these vaults 1s to have them ade-
quately dramed, 1f the street sewer 1s set Jow enough, or if the grade
of the sewer 15 not low enough, then to keep them pumped dry dur-
g the mosquito breeding season In areas having a ranless summer,
pumping v ould seem to be a practical method, though the utihities do
not appear to favor 1t on account of the expense One pumping after
the conclusion of the spring rains would probably be sufficient for
most vaults But 1n regions having summer rains, pumping would
require frequent repetition and would almost certamly be expensive
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Oiling or larvwldmg therefore 1s the only available procedure 1
most cases Apparently routme oilhing and re-o1ling 1s necessary dur-
ing the mosquito breeding season at mtervals depending on local con-
ditions We have tried heavy oils and Iight oils, and find that the
heavy onls tend to break mto patches, resultng m a quick recurrence
of breeding Also, the utility compames as a rule object to the use of
heavy oils which will leave a residue, as they claim that such ouls or
residues, 1f they get on a cable, make splicing difficult We have tried
a cresylic acid base larvicide with good results, but the Inboratory of
the Bell Telephone system has objected to 1ts use mn vaults on the
ground that 1t might corrode the lead sheathing of cables We doubt
very much if there 1s any such danger m the dilutions used (1 to 10,-
000 approximately) A sertes of vaults in Oakland was treated with
larvicide n June 1983, and up to October 1933 did not breed mos-
quitoes As the water level was below the cables, we do not see how
any corrosive effect could result, and none has been observed after
SIX jears

Wehave not as yet tried etther phenothiazine or dichloro-diphenyl-
trichloroethane as a larvicide for these vaults, but we beleve they are
worth experimenting with for control of mosquito breeding theremn

We have found 1t possible to get cooperation from the varous
utihties in preventing mosquito breeding m these underground street
vaults Usually they have equipment which can be adapted to oiling
the vaults We have found 1t essential, however, to instruct their em-
ployees domng the work, and to check over their work from time to
time Otherwise, for lack of mstruction and inspection, the work may
be mnadequately performed and considerable money spent by the utih-
tes without satisfactory results

One caution concerning the othng of these street vaults should be
observed Many of them are located m the downtown sections of cities
where the traffic 1s dense, usually 1n the traffic lanes There 1s there-

fore considerable danger to the men domg the oiling, and extra pre-
cautions for therr safety should be taken We make a practice of
driving the truck over the manhole and stoppmg just beyond 1t Two
or three red flags mounted on standards are then placed from ten to
twenty feet back 1 the direction of traffic Even with these precau-
tions the men occasionally have to jump for safety, and several times
each day the flags will be knocked down by careless drivers As sewer
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et and entch hrans are ucually at the curb lme the special pre-
esutioms rrquired in oaling strect vaults are not <o necessary for the
protechion of thr worlmen

In oling #*rect xnul*s catch baune and inlets, we have used a
umple and consrment equipment consisting of a strong steel barrel
of fifts five gallons caprerty provided with a three-erghths inch out-
It pipe st ane side of the periphery of the head, and a truck type
Schrader mir valie at the oppoate side of the periphery The wir
whewastapped into the filling plug Thebarrelwas filled with forty-
fine gallons of ], and then air (oh*minable at any gasohne filling sta-
tion) was put 1nlo the barrel under forty pounds per square inch
pressure About ts enty five feet of three eighths inch heavy pressure
ol resrsting, o, wath e sprax nozzle wazattached to the outlet With
this equipment on a1y bt trudd, manned by a driser and one or two
miento pull and replace manhole cosers, the work was done faurly rap
Wdhv We found nteo man crew neceseary m oiling these street vaults,
asin et Jeast half the vnulte the eovers were so henvy that they re-
quired two men to handle them wath any reasonable speed In Wash-
ngton, 1) C , n komenhint simlar arsangement has been used for cateh
basins nnd snlts 1 he ol tanl under mir pressurc s carried m e side-
r motorevele, the sidecar bang on the loft sude!

SERIRINIITS AND CATCIE HANINS
Infets and cateh basins on the sewer system may be a prolific source
of mosquite hreeding, 1f any water collcets and remans theran In
the newer types of street mlets (sec 1agure 71) there 1s hittle or no
opportumity for anv water to collect and reman as a place for mos-
quite lyrccdmg, espeenidly in inlets connecting to storm sewers Most
of the ol typeof catch basins, espeainlly those connecting » 1th & com-
bined sewop (ihat 18, & scwer that carries both domestic sewage and
slormwater pun off), arc very apt to be mosquito breeders
Tor example, in Oakland, Berheley, Lmeryville, Predmont, Ala
meda, and San Leandro, contiguous cities m Alameda County, Cah-
O, approximately 2200 othings of mlets and catch basins were
done on account of mesquito breeding between June 1 and Septem-
er 90,1938 The total number of mlets or catch basms brecdmg at
One fime 15 not } nown, s no sursey was made to determme the num-
rhreedmg, but m any aty ats undoubtedly a sigmficant factor
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i the amount of mosquitoes present In a large aity 1t will probably
be necessary to have a special erew with equipment to o1l these strue-
tures routinely, from May to October or November

The Alzameds County Mosquito Abatement District in 1935, after conaider
able studr, developed a three-wheeled rmotorevele equpraent? which oils sewer
mlets and eatch basins far more rapidly nnd cheaply than had previously been
possible A Harler Davidson tvpe GD Serwi Car (three wheeled, forty five
cubie inch engine) was purchased, and a speainl pressure olling equipment
mounted 1n the rear compartment The equipment consists of a welded steel
tank, eightecn inches in diameter and thirty two inches 1n length, tested to 100
pounds per square inch pressure, but operating at fifty pounds maximum pres
sure The tank has about thirtv two gallons capacity and 1s mounted in the com
partment by means of two steel bands, welded to the tank, bolted to the front
wall of the compartment, and screwed to the floor Suflicient space is left to
carrv minor equipment, including a small fire extingmsher, shovel, first aid kit,
and some muscellancous small tools

To accommodate the tank the body was cut horizontally with a entting torch,
and an extra picee seven inches wide welded in to give the additional height re-
quired After grinding down the welded seams, the body was then lacquered a
briilrant scarlet 5o ns to make it P thus1 g the coll hazard
while it is working on busv streets The wnterior of the compartment and the
tank were painted with an aluminum lacquer

The tanl {s fitted along the top center Line with an air pressure gauge, an air
release peteock, an air inlet valie (Schrader truck type), a one and one-half
inch brass filler plug, and a three eighths inch brass outlet pipe with globe
valve and hose connection ifteen feet of three-cighths inch, three braid, oil
resistant hose are attached to the outlet pipe, and carried through a one inch
diameter opemng 1n the upper right hand corner of the front wall of the com-
partment, and then attached by a trigger valve to a two foot length of three-
eighths anch brass pipe to which 1s attached a Bordeaux spray nozzle The brass

Mpe 15 attached by & hook (on a swnel) to the front end of the nght rear
fender The nozzle 13 about four inches from the ground

The operator drives the equipment directly over the catch basin, reaches for
the tngger valve directly back of Ius right hand and within easy reach, points
the nozzle, by means of the brass pipe and the swivel chip, directly nto the
eatch basin and presses the trigger, releasing enough oil to spray the basin,
including the sides above the water Spraying the sides has been found to be
quite effective 1n delaying re infestation of the catch basin, as o1l will gradually
feed off the walls onto the water surface for a week or more after spraymg He
then proceeds to the next catch basin If the equipment cannot be placed di
rectly over or alongside the eatch basin, the brass pipe and nozzlc can be re
moved from the hook, and enough hose pulled out to reach the inlet This how-
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1 the ren ot of mnegatore present Tn o large aity it will probably
he neercesry 40 1 ave a eprcin] evew with eq npment to ol these strue-
tire rovtimelx from Mav o Oc*oher o~ November

T1e Al meds Cogr'y Mowg 1 n Ats reent T 1t in 1935, after conuder
s ¢ ude deelaped n thrrm b 1nd e necvele equpmieat” which eils cewer
i teand ertehl ane far e vop 4 v 2od ¢h apic than had previos Ivteen
10 " A Hnrd v Drud e tepe GD Sevvt Car (thres wheeled forty five
ehirand engr ) wr yorct sied end A ppecanl pressare athing equipment
mount damth rerer] roet The egop= = onn e s of 4 welded ateel
1y optternin b ndinm trepad Y e wainch i lergth tested to 100
pond persqanrench pre ore botepers sop s £ftr pronlemaumom pres
enr Tk terd ha o} 1Yoty tea eallemeerpac Mrard e moanted in the com
purt pL b m ane ef tvorte Th nd wrld 3 ta the tank Il ed to the front
wnll el the oot prtrr T end serrved 1 1h e fanr ST gent epace e left to
exrry tmpor e g ot bndndie £ e emall freext rieher wborel fird ald kit
and som 1ty e Thnpe vy ymall taole

Tonceammodnte the tan) he Pode eae (=t heerra=talle with a cutting torch
andenoxtra pi eesrvendt hew sy de welded i 4o goee € o ad Bitional height re
quiret Aft r pyintinpdmnth welled e sm the fndr waa then laequered a
Urilltant aenrlet sy nntamal e §t comspaenes 1 rel seering the enlliion hazard
while it ds wanding en bu v atre © Th ant tirr of Ve compartment and the
tank were pafnt A with an slomtiem daoquer

The tand s fitted alonp thr 1o} ernter bin with an air § reanre gauge, an ale
release peteocd an air fnlet valie (Schirader truck tepe) o one and onc-halt
Ineh brass filler plup and a three esghitts dnch Lrass outlet plpe with globe
salve and hinse conuection Bafteen feet of three-eigtthy fneh three brald oil
resh tant Lo o are attached ta the outlet pupe and earried through a one inch
diameter apening in the npper right hand corner of the front wall of the com
partment and then atiachied 1y a tri ccr valie to a two foot length of three-
elghtlis fneli hirass pipe to which is attached a Bordesux spray nozzle The brass
Mbe b attached by a hook {on a swinvel) 1o the {ront end of the right rear
fender e nozele i about four inchies from the ground

1 hie aperator drnes the equipment direetly over the catch basin reaches for
the trigger valve direetly back of Ius right hand and within easy reach, points
the narele by means of the brass pipe and the swivel clip, directlv into the
eatch basin, and presses the tngger, releasing enough o1l to spray the basin,
including the sides abore the water Sprayving the sides has been found to be
quite effectiv  in delaving re infestation of the cateh basin, as ol will gradually
feed off the walls onto the water surface for a week or more after spraying He
then proceeds to the nest cateh basin I the equipment eannot be placed d
rectiv over or alongside the catch basin, the brass mpe and nozzle can be re
moved from the hook and enough hose pulled out to reach the inlet Thus how-
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ever 1s seldom necessary A portable three gallon sprayer 13 attached |
back of the rear compartment for occasional oiling at a greater distance
the motorcycle than the available hose will permut This has proved to be
v and an y, taking care of occasional oiing which -

otherwise require a special trip by one of the district trucks

Each morning the motoreyele s o1l tank 15 filled with twenty five galle
oil and with air pressure to fifty pounds per square inch This 15 obtame
from a compressor at the depot, and additional air needed during the dav ¢
obtamed at any convenient service statron One filling 13 usually more tha
fient for a day s work, as twenty five gallons will o1l from 200 to 250
basms

This equipment with one man can ol from twenty-five to fifty per cent
catch basms per day, at 2 lower cost per mile for operation, than an auton
truch with two men The total cost of the equpment was $607 60 the n
cycle cost $514 88, the tank with fittngs and the enlargement of the |
871 22, repamting the body, $15 00, the mounting for the three gallon spr
$6 50

Although this equipment, which 15 a standard model shightly modifiec
unchanged mechanically, would be entirely satisfactory mn fairly level {
tory, it was found to be inadequate 1 power and particularly 1n brake o
ity for a region having a considerable amount of lill area In Alameda Cc
the terrain varies from sea level to about 1700 feet in elevation Then
after four years use this equpment was replaced in the spring of 1989
vehicle consisting of a sixty one cubie inch overhead valve engine and m
evcle front end, and a rear chassis fabricated partly of automobile parts,
hydraulic brakes of ample capacity The effective hife of the rear chassi:
cause of 1ts sturdy construction 1s expected to be about twelve years, the e
tive Life of the motoreyele engine and front end 1s expected to be abou
vears The price of the new eqmpment, exclusive of the pressure tank and
compartment transferred from the old vehicle, was $834 05 The opera
cost of the new equipment 13 lagher than the old equipment, but 1t 15 abl
reach places m the hill areas heretofore ble with the old equip

We estimate that the total cost of operating the present vehicle only, mnc
Ing 1nsurance, repairs, depreciation, and mterest on the mvestment, amoun!
about 6 cents per mile The gasoline consumption 15 eighteen miles per gal

Including all costs except supervision and office overhead, we estimate
the cost of olling street inlets or catch basins with the present equipmer
about 8 cents per catch basin oiled, or about 6 cents per catch basin inspe:
and oiled if needed Fxcluding depreciation and mtere;t, these costs are al
7 cents and 5 cents respectively

As far as we know, the first use of 2 motorcycle side car with a pressure t
for oilling was at Panama In the United States, J Lyell Clarke m Hlnois
apparently the first to use such equipment, and he continues to use thesc:l [
ner-catters effectively in the Des Platnes District Washmgton, DC 1+
also an early user of a side-car for this service
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and when found 1t may be very difficult to determne what 1s the cause
Usually & plumber will have to be called to make the Tnecessary repars,
at the expense of the property owners, and frequently 1t 15 advisable
to enhst the aid of the crty plumbing mspector and at times also of the
health department

A rather frequent source of mosquito breeding 15 the 1ce refrigera
tor dramn A small hole may be bored n the floor below the refrigera
tor, and the water from the melting 1ce dropped through 1t by means
of a short rubber tube to the ground below, resulting 1 a pool of
water Such refngerator dramns should be connected to the mam dram
of the building by a trapped outlet

BUILDING SUMPS AND WET BASEMENTS

In large bmldings with deep basements, the basement dranage 15
frequently too low for gravity discharge mto the city sewer system
In such cases the dramage 1s conducted to & sump, from which 1t 1s
discharged mto the street sewer by an automatic ejector Occasionally
the sump may be found to be breeding mosquitoes

A peculiar mstance which came to our attention 1 1931 ocenrred at Four
teenth Street and Broadway n the heart of the business district of Qakland,
Califorma A large department store became mnfested with mosquitoes (Culez
piprens) The office foree on the second floor was attacked first, and 1 a short
time the msects became so that the eust s were being attacked
‘When the matter was finally reported to the mosquito abatement district, the
infestation was very severe The source was found to be a sump and the channel
leading to1t, under the basement floor The channel had several mnches of water
1mn 1t, caused by accumulations of muck on the bottom of the channel The sump
and channel were treated with larvieide to kill the larvae and pupae, after
which the channel was cleaned and ordered flushed at monthly intervals No
further trouble has been experienced

In handling these various ty pes of breeding areas under buildings,
the first abatement method 1s to elminate the water 1 which the
breeding occurs 'The means must be adapted to the condtions found,
and sometimes considerable ingenmty must be exercised Pending the
removal of the water, the application of a larvicide 15 advised Oi
should not be used under buildings, as 1t makes an unnecessary fire
hazard

We are frequently finding mosquito breeding under hastily con-
structed war industrial buildings and busldings at military posts
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1 = 1 thetro bl reenlte frem farlure through carelessness ar haste
tabined £ aroind founds*ion p Hare In wet weather water acenmu
Jairs 10 1he ¢ Falee Head =omm s usually shight and aceess dafficult
Similnr difimiltiee hiaxe bren exprreneed with war housing projects

O1311P 1Y DTFOTOTY D ETTT CTUTES

Mosquite brerding m tndergro ind sar rud < elters may be quite
a problemn When the Lemdon urdergrourd raltreayve’ were used as
thelters 1 aderable annovarce from Culer paipieas molestus re-
enlted  Flue eproee wac foond breedmg profucely tn the dramage
rumps and in patehes of saterunder the e ation platforme In thiscase
the breedm,, va cmtrolled by othing Cresvlie nerd Tarviende could
nl alinve beenuend effectisely

T0m prohibie that an appreainble amount of mesquito breeding oc-
currem rubmane hut uraally at pors unnatierd

Anarparyn ntarme ex

When n binlding 1w torn down or abandaned 1t will frequently be
found that the barement will 1) wath mater duninge rame, and breed
mosquioc frecly Insuch eancn the basernent sheuld be deamad, filled
m, or Vet pumped dry, necording o the conditions and pending a
permancnt saluhion of the matter should be regularly oiled or tronted
with Iraeade

BAmRI 18, BUCI 178, TIN CANS

In a well regulated mumeapality having an adequate garbage and
relie calleetian sy stems and routine sattars mispection of prenses,
tin eans do not tend to accumulate on premises But few towns have
ﬂmmugh and adequate collection and inspection services, and s a
result tin cans accumulate, collect a small amount of water during
rains, and so become breeding places Such eans should be emptied,
and the occupant of the property requested to have them removed At
times the cooperation of the aity sanitary nspector 1s valuable

One of the peculiar by-products of the depression, beginming
1929, winch was of considerable annoyance to mosquito abatement
men, was the urban resident who apparently could not afford to pay
for remoy al of the cans and rubbish from his premises, though he could
mamtam an automobile Such people developed a pernicious habit of
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and when found 1t may be very difficult to determme what 1s the cause
Usually a plumber will have to be called to make the necessary repairs,
at the expense of the property owners, and frequently 1t 15 adwsable
to enhist the aid of the aity plumbing mspector and at times also of the
health department

A rather frequent source of mosquito hreeding 15 the 1ce 1efrigera
tor dran A small hole may be bored 1n the floor below the refrigera
tor, and the water from the melting 1ce dropped through 1t by means
of a short rubber tube to the ground below, resulting m a pool of
water Such refrigerator drams should be connected to the mam dramn
of the building by 4 trapped outlet

BuILDING SUMPS AND WEI BASEMENTS

In large buildings with deep basements, the basement dramage 1
frequently too low for gravity discharge mto the city sewer system
In such cases the dramage 1s conducted to a sump, from which 1t 15
discharged mto the street sewer by an automatie ejector Occastonally
the sump may be found to be breeding mosqurtoes

A peculiar mstance which came to our attention in 1931 occurred at Four
teenth Street and Broadway in the heart of the business district of Qakland,
Califormia A large department store became mnfested with mosqutoes (Culer
piprens) The office force on the second floor was attacked first, and 1n a short
time the msects became so that the were being attacked
When the matter was finally reported to the mosquito abatement district, the
infestation was very severe The source was found to be a sump and the channel
leading to 1t, under the basement floor The channel had several inches of water
1n 1t, caused by accumulations of muck on the bottom of the channel The sump
and chanuel were treated with larvicide to kill the larvae and pupae, after
which the channel was cleaned and ordered flushed at monthly mtervals No
further trouble has been experienced

In handhing these various types of breeding areas under buildings,
the first abatement method 1s to elmunate the water m which the
breeding oceurs The means must be adapted to the conditions found,
and sometimes considerable mgenuity must be exercised Pending the
removal of the water, the application of a larvicide 15 advised Oil
should not be used under buildings, as 1t makes an unnecessary fire
hazard

We are frequently finding mosquito breeding under hastily con-
structed war mdustrial bulldings and bwldings at military posts
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Usually the trouble results from failure, through carclessness or haste,
to bachfill around foundation pillars In wet weather water accumu-
lates m these holes Head room 1s usually shght and access difficult
Similar difficulties have been experienced with war housing projects

OTHER UNDERCROUND STRT CTURES

VMosquito breedmg 1n underground air-raid shelters may be quite
a problem When the London underground railways® were used as
shelters, considerable annoyance from Culex pipiens molestus re-
sulted This species was found breeding profusely mn the dramage
sumps and 1n patches of water under the station platforms In this case
the breedimg was controlled by oilling  Cresylic aeid larvicide could
also have been used effectively

It 1s probable that an appreciable amount of mosquito breeding oc-
curs in subways, but usually 1t goes unnoticed

Anaxponrp BUILDINCS

When a building 1s torn down or abandoned, 1t will frequentiy be
found that the basement will fill with water during rains, and breed
mosquitoes frecly Insuch eases the basement should be dramed, filled
m, or kept pumped dry, according to the conditions, and pending a
permanent solution of the matter should be regularly oiled or treated
with larviaide

BARRFLS, BUCKETS, TIN CAMNS

In a well regulated munieipality having an adequate garbage and
refuse collection system and routine samtary inspection of premuses,
tin cans do not tend to accumulate on premises But few towns have
thorough and adequate collection and mspection services, and as a
result tin cans accumulate, collect & small amount of water during
Tamns, and so become breeding places Such cans should be emptied,
and the occupant of the property requested to have them removed At
times the cooperation of the aity samitary nspector 1s valuable

One of the pecubar by-products of the depression, beginning 1n
1929, which was of considerable annoyance to mosquito abatement
men, was the urban resident who apparently could not afford to pay
for removal of the cans and rubbish from his premises, though he could
mamtain an automoble Such people developed a pernicious habit of
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.
loadmg their tm cans mto their cars and dumping them alongside the
roadway 1n the less built-up and less frequented streets on the out-
sharts of crtres Numerous small mosquito-breeding places were thus
created, as the cans filled with water during rains No very effective
remedy for thus practice was devised, a special detail from the street
cleaning department appeared to be the only possible action

The amount of mosquito breeding n tin cans should be estimated
on & quantitative basis, for m many situations the total production
from cans 15 relatively small and 1ts importance may be overestimated
by the mexpertenced In hot, dry climates the water 1n metal contain-
ers exposed to direct sunlight may become too hot to permut survisal
of larvae

During the present war the salvage of cans for tin recovery has
some areas reduced the number of cans available for mosquito breed-
mg

Other small contamers of water, such as buckets or barrels, may be
found on city premses for various reasons or for no reason at all In
cities having very hard water, ram water 15 frequently collected m
barrels for special purposes Metal buckets or barrels, when not m
use, should be emptied and kept turned upside down Wood barrels
present a more difficult problem, as emptymg them would cause the
staves to dry out and make the barrels leaky and worthless The ap-
plication of larvieide to such contamers 1s the most effective treat-
ment, as one application 1s usually sufficient for a season

However, if the barrel 1s used to collect water for a special purpose
or 1s to contam foods or wine, neither larvicide nor o1l can be used
Wine barrels m an Itahan section are a frequent source of trouble,
as when the wine 1s drawn they are filled with water until the next sea-
son Such barrels must be tightly covered or screened 1n some manner
50 a5 to prevent entrance or egress by mosquitoes Borax may be used
as a larvicrde on such contamers under some conditions, and Gam-
busta may also be used with good effect m many cases Inspectors
should be cautioned not to dump such contawners without first seemng
the occupants of the premises, as any arbitrary action on these cases
may cause considerable 1ll-feehng

In addition to such containers, found usually on residential prop-
erty, there may be tanks or vats on mdustrial property used m vari-
ous manufacturmg processes These tanks or vats, when out of sers-
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1ce, may be filled with water In some industries and processes 1t may
be possible to treat these tanks wath osl wathout damage to the process
In others, for example wood vats in food preserving plants, nerther
ol nor larvieide may beused Usually these tanks or vats are too large
or too numerous to be covered cffectinely If water 1s not expensive,
the tanks can be dumped and refilled at intervals We have used Gam-
busta successfully 1n presenting mosquito breeding in pichle vats tem
porarily out of service and held full of water to prevent stave shrink-
age A very hight film of pyrethrum spray may sometimes be used
Here again we may find a situation ealling for ingenmity

Roor currERs

In chimates having summer rams, clogged or defective roof gut-
ters may be the cause of some mosquito breeding The abvious cor-
rectine measure1s to have the gutters placed 1n good repair and proper
worhing order Sponges attached to long poles, by means of which
gutter water can be absorbed, have been tried 1n some places, but this
scems to be a waste of energy when the logical thing to do1s to repair
the gutter

MosQUITO BRFIDINC INSIDE HOUSES

Mosquito breeding inside houses 1s encountered more often in trops-
cal and semt tropical regions than in temperate chmates Breeding
may occur in water pitchers or slop jars not fully or frequently
emptied, and m water contamers m which ornamental plants are
grown Aedes acgypts breeds rendily in contamers roithin houses, to a
much greater extent than ether Culexw piptens or Culex quangue-
fasciatus

As an 1llustration of breeding withi and without houses, the bi-
weekly reports of the Aedes aegypts control umt of the Umited States
Public Health Service at New Orleans, Lowsiana, for the period Au-
gust 16 to October 15, 1948, show that on mspections 51,243 possible
mosquito breeding places (barrels, tubs, buchets, tanks, cisterns, tin
cans, bottles, tires, fish ponds, pools, boats, privies, cesspools, ete )
were discorered outside houses, of which 8691, or ' 2 per cent, were
breeding Acdes acgyptr, of 9244 possible breeding places (water
plants, flower pots, unused toilets, 1ce-box pans, ete ) found insmde
houses, 540, or 5 8 per cent, were found breeding dedes aegypts
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loading their tin cans into their cars and dumping them alongside the
roadway n the less built-up and less frequented streets on the out-
shirts of cities Numerous small mosquito-breeding places were thus
created, as the caus filled with water during rams No very effective
remedy for this practice was devised, a special detail from the street
cleaning department appeared to be the only possible action

The amount of mosquito breeding 1n tin cans should be estimated
on a quantitative basis, for 1n many situations the total production
from cans 15 relatively small and 1ts importance may be overestimated
by the mexperienced In hot, dry chmates the water i metal contamn
ers exposed to direct sunlight may become too hot to permit survival
of larvae

During the present war the salvage of cans for tin recovery has n
some areas reduced the number of cans available for mosquito breed-
g

Other small containers of water, such as buckets or barrels, may be
found on eity premises for various reasons or for no reason at all In
cities having very hard water, ram water 1s frequently collected m
barrels for special purposes Metal buckets or barrels, when not 1n
use, should be emptied and kept turned upside down Wood barrels
present a more difficult problem, as emptymng them would cause the
staves to dry out and make the barrels leaky and worthless The ap
plication of larvierde to such contamers 1s the most effective treat-
ment, as one application 1s usually sufficient for a season

However, 1f the barrel 1s used to collect water for a special purpose
or 15 to contam foods or wine, neither larvicide nor oif can be used
‘Wine barrels n an Italian section are a frequent source of trouble,
as when the wine 1s drawn they are filled with water until the next sea-
son Such barrels must be tightly covered or screened in some manner
50 ns to prevent entrance or egress by mosquitoes Borax may be used
as a larvieide on such contamers under some conditions, and Gam
busia may also be used With good effect m many cases Inspectors
should be cautioned not to dump such contamers without first seemng
the occupants of the premises, as any arbitrary action on these cases
may cause considerable 1ll-feelng

In addition to such contamers, found usually on residential prop
erty, there may be tanks or vats on mdustrial property used 1 vart-
ous manufacturing processes These tanks or vats, when out of sery-
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1ce, may be filled with water In some industries and processes it may
be possible to treat these tanks with o1l without damage to the process

In others, for example wood vats 1 food preserving plants, neither
orl nor Jarvicide may beused Usually these tanks or vats are too large
or too numerous %o be covered effectively If water 1s not expensnve,
the tanks can be dumped and refilled at intervals We have used Gam-
busia successfuily m presenting mosquito breeding in pichle vats tem-
porarily out of service and held full of water to prevent stave shrink-
age A very hght film of pyrethrum spray may sometimes be used

Here again we may find a situation ealling for ingenwty

Roor currras

In climates having summer rans, clogged or defective roof gut-
ters may be the cause of some mosquito breeding The obvious cor-
rectine measures to have the gutters placed 1n good reparr and proper
worhing order Sponges attached to long poles, by means of which
gutter water can be absorbed, have been tred 1n some places, but this
seems to be a waste of energy when the logieal thing to do 1s to repair
the gutter

A0SQUITO BRErDINC INSIDE JIOUSTS

Mosquito breeding inside houses 1s encountered more often n trop1-
cal and sem1 troprcal regions than m temperate chmates Breeding
may occur 1 water pitchers or slop jars not fully or frequently
emptied, and 1n water contamers m which ornamental plants are
grovn Aedes aegypts breeds readily in contaners twithin houses, to a
much greater extent than ether Culex prptens or Culexr quinque-
fascatus

As an illustration of breeding within and without houses, the b
weekly reports of the Aedes acgypt: control umt of the Umted States
Puble Health Service at New Orleans, Lowsiana, for the period Au-
gust 16 to October 15, 1943, show that on mspections 51,243 possible
mosquito breeding places (barrels, tubs, buckets, tanks, asterns, tin
cans, hottles, tires, fish ponds, pools, boats, privies, cessposls, ete )
were discotcred outside houses, of winch 8691, or 7 2 per cent, were
breeding Adedes acgypts, of 9244 possible breeding places (water
plants, flower pots, unused toilets, ree-boy pans, ete ) found mmside
houses, 540, or & 8 Pper cent, were found breeding Adedes acgypts
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!
loading thetr tin cans mto thewr cars and dumping them alongside the
roadway 1 the less built-up and less frequented streets on the out-
sharts of aities Numerous small mosquito-breeding places were thus
created, as the cans filled with water durmg rams No very effectve
remedy for this practice was devised, a special detar] from the street
cleaning department appeared to be the only possible action

The amount of mosquite breedmg 1 tin cans should be estimated
on a quantitative basss, for 1n many situations the total production
from cans 1s relatively small and 1ts importance may be overestimated
by the mexperienced In hot, dry chmates the water m metal contain
ers exposed to direct sunhight may become too hot to permt survival
of larvae

During the present war the salvage of cans for tm recovery has m
some areas reduced the number of cans available for mosquito breed-
mg

Other small containers of water, such as buckets or barrels, may be
found on city premises for various reasons or for no reason at all In
cities having very hard water, ran water 1s frequently collected
barrels for special purposes Metal buchets or barrels, when not
use, should be emptied and kept turned upside down Wood barrels
present a more difficult problem, as emptying them would cause the
staves to dry out and make the barrels leaky and worthless The ap-
plication of larvicide to such contamers 1s the most effective treat-
ment, as one application 1s usually sufficient for a season

However, 1f the barrel 1s used to collect water for a special purpose
or 15 to contam foods or wine, neither larvicide nor o1l can be used
Wine barrels in an Italan section are a frequent source of trouble,
as when the wine 1s drawn they are filled with water until the next sea-
son Such barrels must be tightly covered or screened in some manner
s0 as to prevent entrance or egress by mosquitoes Borax may be used
as a larvicide on such contauners under some conditions, and Gam-
busia may also be used with good effect m many cases Inspectors
should be cantioned not to dump such contamners without first seeing
the occupants of the premuses, as any arbitrary action on these cases
may cause considerable l-feehing

Tn addition to such containers, found usually on residential prop-
erty, there may be tanks or vats on mdustrial property used in var1-
ous manufacturing processes These tanks or vats, when out of serv-
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1ce, may be filled with water In some industries and processes 1t may
be possible to treat these tanks nith o1l without damage to the process

In others, for example wood vats in food preserving plants, nather
ol nor larvicrde may beused Usually these tanks or vats are too large
or too numerous to be covered effectively If water 15 not expensive,
the tanks can be dumped and refilled at intervals We have used Gam-
busia successfully sn preventing mosquito breeding 1in pickle vats tem-
poranly out of service and held full of water to presvent stave shrink-
age A very hght film of pyrethrum spray may sometimes be used

Here agam we may find a situation calling for mmgenty

Roor currrrs

In climates having summer rains, clogged or defective roof gut-
ters may be the cause of some mosquito breeding The obvious cor-
rectivemeasure s to have the gutters placed 1n good repair and proper
working order Sponges attached to long poles, by means of which
gutter water can be anbsorbed, have been tned 1n some places, but this
scems to be a waste of energy when the logical thing to do 1s to repair
the gutter

MosQuITO BRETDING INSIDE HOUSES

Mosquito breeding inside houses 1s encountered more often 1n tropi-
cal and semn tropical regions than in temperate chimates Breedmg
may occur 1 water pitchers or slop jars not fully or frequently
emphied, and n water contamers i which ornamental plants are
grown Aedes acgypts breeds readily m contamners within houses, to a
much greater extent than ether Culex ppiens or Culex qungue-
fasctatus

As an llustration of breeding wathin and without houses, the bi~
weekly reports of the Aedes aegypts control unit of the Umted States
Pubhie Health Service at New Orleans, Lowmsiana, for the period Au-
gust 16 to October 15, 1943, show that on mspections 51,248 possible
mosquito breeding places (barrels, tubs, buchets, tanks, eisterns, tm
cans, bottles, tires, fish ponds, pools, boats, privies, cesspools, ete )
were discovered outside houses, of which 3691, or 7 2 per cent, were
breeding Aedes acgypts, of 9244 possible breeding places (water
plants, flower pots, unused toilets, 1ce box pans, ete ) found mside
houses, 540, or 5 8 per cent, were found breeding dedes acgypts
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‘
loading ther tin cans into their cars and dumping them alongside the
roadway 1n the less bult-up and less frequented streets on the out
skirts of cities Numerous small mosquito-breeding places were thus
created, as the cans filled with water during rams No very effective
remedy for this practice was devised, a special detal from the street
cleaning department appeared to be the only possible action

The amount of mosquito breeding 1n tin cans should be estimated
on a quantitative basts, for m many sttuattons the total production
from cans 1s relatively small and its importance may be overestimated
by the mexperienced In hot, dry chimates the water m metal contamn-
ers exposed to direct sunhight may become too hot to permut survival
of larvae

Durmg the present war the salvage of cans for tin recovery has
some areas reduced the number of cans available for mosquito breed
mg

Other small contamers of water, such as buckets or barrels, may be
found on crty premises for various reasons or for no reason at all In
cities having very hard water, ram water 1s frequently collected m
barrels for special purposes Metal buckets or barrels, when not m
use, should be emptied and kept turned upside down Wood barrels
present a more difficult problem, as emptymmg them would cause the
staves to dry out and make the barrels leaky and worthless The ap-
phcation of larvicide to such contamners 1s the most effectve treat-
ment, as one appheation 1s usually sufficient for a season

However, if the barrel 1s used to collect water for a special purpose
or 1§ to contamn foods or wine, netther larvicide nor o1l can be used
Wine barrels i an Ttahan section are a frequent source of trouble,
as when the wine 1s drawn they are filled with water until the next sea-
son Such barrels must be tightly covered or screened m some manner
50 as to prevent entrance or egress by mosquitoes Borax may be used
as a larvieide on such contamers under some conditions, and Gam-
busia may also be used with good effect 1n many cases Inspectors
should be cautroned not to dump such contamers without first seemng
the occupants of the premises, as any arbitrary action on these cases
may cause considersble 1li-feehng

In addition to such containers, found usually on residential prop-
erty, there may be tanks or vats on industnal property used 1 varn-
ous manufacturing processes These tanks or vats, when out of serv-
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1ce, may be filled with water In some mdustries and processes 1t may
be possible to treat these tanks with o1l wathout damnage to the process

In others, for cxample wood vats in food preserving plants, nerther
oil nor larvicide may be used Usually these tanks or vats are too large
or too numerous to be covered cffectnely If water 1s not expensive,
the tanks can be dumped and refilled at intervals We have used Gam-~
buswa successfully in preventing mosquite breeding in pickle vats tem-
porarihy out of service and held full of water to prevent stave shrmkh-
age A very light film of pyrethrum spray may sometimes be used

Here agmin we may find a situation calling for ingennty

Roor currrns

In chimates having summer rains, cloggcd or defective roof gut-
ters may be the eause of some mosquito breeding The obvious cor-
rective measure1s to have the gutters placed in good repair and proper
worhing order Sponges attached to long poles, by means of which
gutter water can be absorbed, have been tried 1n some places, but this
seems to be a waste of energy when the logieal thing to do1s to reparr
the gutter

Mo5QUITO BREFDING INSIDE HOUSPS

Mosquito breeding inside houses 1s encountered more often m tropi-
cal and semn tropical regions than in temperate chmates Breeding
may occur 1 water pitchers or slop jars not fully or frequently
emptied, and in water contamers in which ornamental plants are
grown Aedes aegypts breeds readily in contaners nithin houses, to a
much greater extent than ether Culex piptens or Culexr quingue-
fasciatus

As an 1llustration of breeding within and without houses, the bi-
weekly reports of the Aedes aegypts control unit of the United States
Public Health Service at New Orleans, Loutsiana, for the period Au-
gust 16 to October 15, 1943, show that on nspections 51,248 possible
mosquito breeding places (barrels, tubs, buchets, tanks, cisterns, tm
cans, bottles, fires, fish ponds, pools, boats, privies, cesspools, ete )
were discovered outside houses, of which 8691, or '7 £ per cent, were
breeding Aedes aegypts, of 9244 possible breeding places (water
Plants, fiower pots, unused toilets, 1ce box pans, ete ) found inside
houses, 540, or 5 8 per cent, were found breeding Aedes acgypts
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loading their tin cans into their cars and dumping them alongside the
roadway m the less built-up and less frequented streets on the out
shirts of cities Numerous small mosquito-breeding places were thus
created, as the cans filled with water during rams No very effectie
remedy for this practice was devised, a spectal detail from the street
cleaning department appeared to be the only possible action

The amount of mosquito breeding 1n tm cans should be estimated
on a quantitative basts, for m many situations the total production
from cans 15 relatively small and 1ts importance may be overestimated
by the mexperienced In hot, dry climates the water 1n metal contan-
ers exposed to direct sunhght may become too hot to permit survival
of larvae

During the present war the salvage of cans for tin recovery has n
some areas reduced the number of cans available for mosquito breed-
mg

Other small contamers of water, such as buckets or barrels, may be
found on eity premuses for various reasons or for no reason at all In
cities having very hard water, ram water 1s frequently collected m
barrels for special purposes Metal buckets or barrels, when not in
use, should be emptied and kept turned upside down Wood barrels
present a more difficult problem, as emptying them would cause the
staves to dry out and make the barrels leaky and worthless The ap
plication of larvicrde to such containers 1s the most effective treat-
ment, as one application 18 usually sufficient for a season

However, 1f the barrel 1s used to collect water for a special purpose
or 1s to contain foods or wine, nerther larvicide nor ol can be used
Wane barrels i an Italian section are a frequent source of trouble,
as when the wine 1s drawn they are filled with water until the next sea-
son Such barrels must be tightly covered or screened yn some manner
50 as to prevent entrance or egress by mosquitoes Borax may be used
as a larvicide on such contaners under some conditions, and Gam
busia may also be used with good effect 1n many cases Inspectors
should be cautioned not to dump such contaners without first seemg
the occupants of the premises, as any arbitrary action on these cases
may cause considerable 1ll-feelng

In addition to such contamners, found usually on residential prop-
erty, there may be tanks or vats on industnal property used 1n vari-
ous manufacturing processes These tanks or vats, when out of serv-
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1ce, may be filled with water In some industries and processes 1t may
be possible to treat these tanks with eil withaut damnge to the process

In others, for example wood vats m food preserving plants, netther
o1l nor larvieide may be used Usually these tanks or vats are too large
or too numerous to be covered effectriely If water 15 not expensnve,
the tanks can be dumped and refilled at intervals We have used Gam-
busia successfully m prer enting mosquite breeding 1n pickle vats tem-
poranly out of service and held full of water to prevent stave shrmk-
age A very hight film of pyrethrum spray may sometimes be used

Here again we may find a situation calling for ingenuity

Roor currras

In chimates having summer rans, clogged or defective roof gut-
ters may be the cause of some mosquito breeding The obvious cor-
rectine measure s to have the gutters placed in good repair and proper
worhing order Sponges attached to long poles, by means of which
gutter water can be absorbed, have been tried 1n some places, but this
seems to be n waste of energy when the logieal thing to do 1s to repair
the gutter

Vo0sQUITO BRFIDING INSIDE HOUSES

Mosquito breeding nside houses 1s encountered more often m tropi-
cal and semm tropical regions than in temperate climates Breedmng
may occur n water pitchers or slop jars not fully or frequently
emptied, and 1n water contamners 1n which ernamental plants are
grown dedes acgypts breeds readily in containers within houses, to a
much greater extent than either Culexr piprens or Culer quingue-
fascratus

As an llustration of breeding within and without houses, the bi-
weehly reports of the dedes aegypts control unit of the Umited States
Public Health Service at New Orleans, Lowsiana, for the period Au-
gust 16 to October 15,1943, show that on imspections 51,243 possible
mosquito breeding places (barrels, tubs, buckets, tanks, cisterns, tin
cans, bottles, tires, fish ponds, pools, boats, privies, cesspools, ete )
were discorered outside houses, of which 8691, or 7 2 per cent, were
breeding Adedes acgyptr, of 9244 possible breeding places (water
plants, flower pots, unused toilets, 1ce box pans, ete ) found inside
houses, 540, or 5 8 per cent, were found breeding dedes aegypte
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loadmg their tin cans mto their cars and dumping them alongside the
roadway m the less built-up and less frequented streets on the out
shurts of eities Numerous small mosqurto-breeding places were thus
created, as the cans filled with water during rams No very effective
remedy for this practice was devised, a spectal detail from the street
cleanmng department appeared to be the only possible action

The amount of mosquito breeding 1 tin cans should be estimated
on a quantitative basis, for in many sttuations the total production
from eans 15 relatively small and 1ts importance may be overestimated
by the mexperienced In hot, dry chimates the water 1 metal contain-
ers exposed to direct sunhight may become too hot to permut survival
of larvae

Durmg the present war the salvage of cans for tin recovery has m
some areas reduced the number of cans available for mosquito breed-
mg

Other small contamers of water, such as buckets or barrels, may be
found on city premises for various reasons or for no reason at all In
cities having very hard water, rain water 1s frequently collected m
barrels for special purposes Metal buckets or barrels, when not m
use, should be emptied and kept turned upside down Wood barrels
present a more difficult problem, as emptying them would cause the
staves to dry out and make the bharrels leaky and worthless The ap-
plication of larvicide to such contamers 1s the most effective treat-
ment, as one application 1s usually sufficient for a season

However, 1f the barrel 1s used to collect water for a special purpose
or 1s to contamn foods or wine, neither Jarvicide nor o1l can be used
Wine barrels 1n an Italian section are a frequent source of trouble,
as when the wine 1s drawn they are filled with water until the next sea-
son Such barrels must be tightly covered or screened in some manner
50 as to prevent entrance or egress by mosqurtoes Borax may be used
as & larvicide on such contamners under some conditions, and Gam-
busia may also be used with good effect 1 many cases Inspectors
should be cautioned not to dump such contamers without first seemg
the occupants of the premises, as any arbitrary action on these eases
may cause considerable ill-feelng

Tn addition to such contaners, found usually on residential prop-
erty, there may be tanks or vats on industrial property used m vart-
ous manufacturing processes These tanks or vats, when out of serv-
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1ce, may be filled with water In some mdustries and processes 1t may
be possible to treat these tanks with o1l wathout damage to the process

In others, for example wood vats i food preserving plants, naither
oil nor larvicide may beused Usually these tanks or vats are too large
or too numerous to be covered effectively If water 15 not expensive,
the tanks can be dumped and refilled at intervals We have used Gam-
busa successfully in preventing mosquito breeding in prekle vats tem

porarily out of service and held full of water to prevent stnve shrink-
age A very light film of pyrethrum spray may sometimes be used

Here agamn we may find a situntion ealling for ingenuty

Roor currras

In climates having summer rams, clogged or defective roof gut-
ters may be the cause of some mosquito breeding The obvious cor-
rective measure 1s to have the gutters placed 1n good repair and proper
worhing order Sponges attached to long poles, by means of which
gutter water can be absorbed, hase been tried 1n some places, but this
scems to be a waste of energy when the logieal thing to do1s to repair
the gutter

MosQuITo BREIDING INSIDE ROUSES

Mosquito breeding mside houses 1s encountered more often 1n tropi-
cal and serm tropieal regions than n temperate chimates Breeding
may oceur m water pitchers or slop jars not fully or frequently
emptied, and 1n water contamers m which ornamental plants are
grown dedes aegypt: breeds readily in contamers within houses, to a
much greater extent than either Culez piptens or Culex quingue-
fasciatus

As an 1llustration of breeding within and without houses, the bi-
weehly reports of the Aedes aegypts control umt of the United States
Public Health Service at New Orleans, Lousiana, for the period Au-
gust 16 to October 15, 1943, show that on mspections 51,248 possible
mosquito breeding places (barrels, tubs, buchets, tanks, cisterns, tin
cans, bottles, tires, fish ponds, pools, boats, privics, cesspools, ete )
were discovered outside houses, of which 8691, or 7 2 per cent, were
breeding Aedes acgypts, of 9244 possible breeding places (water
plants, flower pots, unused toilets, 1ce-bo\ pans, ete )} found nside
houses, 540, or 5 8 per cent, were found breeding Aedes acgypts
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"The number of possible breeding places mside houses was therefore
15 2 per cent of the total number of possible breeding places discos
ered, of the total places breeding dedes aegypts, 12 8 per cent were
mside houses

On the basis of premses rather than of individual (contamer)
breeding places, 84,941 premuses were imspected during this perod,
with mosquito breeding bemg found on 3069 premises (8 8 per cent),
of which 2741 were breeding Aedes acgypt: (7 8 per cent of the total)
Of those breeding 4edes aegyptr, breeding occurred mside the houses
n 412 premises which 1s 1 2 per cent of the total inspected, and 150
per cent of the premises breeding Aedes aegypts

It 15 obvious from these figures that n dedes aegypts areas mspec
tions and corrections must be undertaken mside houses as well as out-
side, this wall probably be & necessary measure in many tropical re-
gions, whether Aedes aegypta 1s present or not, 1 order to effect ade-
quate mosquito control for reasonable comfort

In temperate climates mosquito breeding (usually Culex pipens
molestus) does not occur within houses with sufficient frequency to re
quire routine mspections within houses However, an occasional case
will occur, and the possibility of such breeding should be kept 1 mind,
especially when a sharply localized mfestation persists after all out-
side breeding places have been corrected

Two 1nteresting cases which came to our attention are related as
follows

In the first, 2 muntcipal water department reported to the mosquito agencv
that one of 1ts cosiomers complamed of mosguto larvae coming through the
water pipes On mvestigation it was found that the woman noticed the mosquite
larvae 1n an aluminum pricher which she had filled from the faucet immediately
after several days absence from home Undoubtedly a ittle water had been left
1m the bottom of the pitcher during her absence, and a mosquito had laid her
eggs thereon

In the other case, a2 woman was experimenting with indoor plant raising,
using a special solution of salts m which the roots of the plants were sub
merged, m place of earth This solution was found to be mfested with larvae

and pupae of Culex piprens

ORNAMENTAL GARDEN PONDS
The modern fad for ornamental garden pools has given the mos-
quito abatement men a problem that twenty years ago was practically
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non-existent If these ponds were always properly cared for, and were
always hept adequately stoched with fish which are efficient as larvae
consumers, the ornamental garden pool would not be any problem
Sometimes a garden pool whicl has been well cared for in the past may
be abandoned and neglected 1f the tenants remove and the premises
remamn vacant for any length of time

Bearmg i mnd their imitations (see cuarTrr xm) 1t 1s advis-
able to stock garden pools with Gambusta affints, eight or ten fish for
ten square feet of aren being sufficient The Gambusia will more or
less regulate their own numbers according to the food supply aval-
able, the large fish eating their young if there 1s a shortage of food
materials in the pool

Goldfish may kecp such ponds from breeding mosquitoes, provided
the fish are sufficiently numerous and are not overfed, but they are
rather uncertain as destroy ers of mosquito Iarvae Some of the vane-
ties of ornamental tropical fish which are used 1n such ponds i warm
climates are cfficient as larvae destrovers, especnlly such fish as are
surface feeders *

Where mtense mosquito breeding has been found 1 a garden pool
(espeaially 1f there are pupae) the introduction of Gambusia will
not prevent the emergence of quite a few mosquitoes from the pupae
then 1n the pool In that ease 1t would be best to remove temporarly
any aquatic plants, and apply a spray of either gasolne or pyreth-
rum extract The latter1s preferred, as 1t 1s very rapidly lethal to the
larvac and pupae, and can be apphed so lightly that 1t will all be
evaporated m a few hours Then the plants can be replaced and the
fishintroduced In many cases, the pyrethrum extract can be used even
without removing the plants or the fish from the water, provided 1t 1s
used hghtly and carefully On account of the disfigurement and the
unpleasant residue, the use of distillates and crude or sem crude omls
for mosqmito destruction in garden pools should be avoided

RrsERvoms AND PONDS

Distribution resers oirs or elevated tanks of a municipal water sys-
tem are often accused, by persons living 1n their vicinity, of bemng a
source of mosqmtoes However, we have never found any mosquito
breedmg 1n such reservoirs or tanks, and doubt 1f breeding does oc-
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cur m them as long as they are in use, for the simple reason that the
water 1s too much disturbed by the constant inflow and outflow

We have occasionally found mosquito breeding m private swm
ming pools, or pools abandoned or temporarily out of service Such
pools are best treated with a pyrethrum spray, which will not leave
any gummy or unsightly restdue If the pyrethrum 1s apphed at
night, the pool can be used the next day for swimming

Parl Inkes and pools m cities may be stocked with Gambusiz to
prevent mosquito breeding The bank edges should be cut down
sharply so that there are no shallow margins mto which the fish can-
not penetrate

SEWACE TREATMENT WORKS

Mosquito breeding 1s frequently troublesome around sewage treat-
ment plants, especially those having umts which are at times out of
service Breeding seldom occurs m tanks actively m service A M
Rawn of the Los Angeles County Samtation Districts reports mos-
quito breeding i channels of sewage treatment plants where the sew-
age flow s at a very low veloaity

Where breeding occurs m such plants, 1t can be easily controlled
by oiling as required A distillate 15 entirely satisfactory for this pur-
pose and if bightly applied as a spray will not have any adverse effect
on any of the treatment processes

MpsQuITo BREEDING IN BOMBED AREAS

Aerial bombing causes craters which usually fill with water These
craters may be few and scattered, or many and concentrated, accord-
myg to the mtensity of bombimng attacks In urban areas and m rural
districts where the land has good agricultural value, these craters
probably will be filled 1n ultimately, but i the meantime they may
be actual or potential mosquito breeders

Tattle or no mosqutto breeding wall be expected 1n bomb eraters dur-
ing the first summer after their creatton, for the reason that tme will
be required to establish i them the orgamic food materials required
by mosquito larvae In the second summer and thereafter, mosquito
breeding may be expected, but the importance of the problem will
depend on what spectes of mosquitoes find the craters to be suitable
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for breeding, and upon the loeation of the craters m relation to in-
habited areas

Bombing demolitions and fires result in exposed basements and cel-
Iars 1n which ram water or scepage water accumulates In heavily
bombed cities these are numerous If the water 15 shallow, and par-
ticularly of 1t 18 well shaded by debris, breeding by Culexr piprens
molestus will probably occur m temperate chmates, and in tropieal
chmates breeding Iy Culex quinguefasciatus and probably other spe-
ces ean be expected

Inbombed areas in England Shute® found that basements converted
mto water storage tanks for fire protection bred mosquitoes but
shghtly if the water was deep and the tanks were hept well filled, but
breeding increased af the water was shallow He also found little
breeding 1f the water surface was well exposed to sunlight In shaded
tanks the speeies breeding was usually the non-biting Culex prpiens
piprens, wlich though not a problem because of biting, may cause ap-
preciable loss of sleep m autumn when 1t enters houses prior to hu-
bernation

Tor control of mosquito breeding in eraters 1n natural ground, con-
sideration should be gven to the use of copper sulphate to destroy the
natural food orgamsms of mosquito larvae Copper sulphate may be
used at the rate of from one half pound to one pound to 10,000 gal-
lons (1833 cubic feet) of water, for this purpose Cresylic nad larwmi-
ade at the rate of one gallon to 10,000 gallons of water can be used,
and its effect may be expected to persist for several months Either
of the foregoing may also be used on basement or street tanks used
for fire protection Petroleurn oils or pyrethrom larnode may be wsed
also, but will require more frequent application We do not know that
the newer larvieides, such as phenothiazine or dichloro diphenyl-
trichlorocthane have been used for these ty pes of breeding places, but
they should be worth a trial In mild climates the use of larvicidal fish
should be effective 1f the water in the craters or cellars 15 permanent
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XVI

SPECIAL FLATURES OF' MOSQUITO CONTROL
IN RURAL ARLAS

THE conpITions 1n rural areas which call for speaial adaptations of
mosquito control measures are principally 1) rural methods of water
supply and samtation, 2) hqud wastes from daries and canneries,
3) duck clubs, and 4) 1mpounded water In addition, special prob-
lems arse from mosquito breeding along streams, m springs and
ditches, in tree holes, and 1n cemetery urns

CEssPooLs AND 1RIVIES

As strictly rural areas do not have sewer systems, the disposal of
fecal material and waste higuids 1s an individual problem for each
residence If the house 1s piped for running water, there 1s a probiem
m the disposal of hquid wastes, if not there 1s the problem of the
outdoor privy

Lxcept in aress of ngh ground-water level, the privy pit seldom
contains water and 1s of no 1mportance as a mosquito breeder The
privy house, however, 1s commonly a harborage of adult mosquitoes
Inwetareas the privy pit may contam enough water to be an excellent
mosquite breeder As these structures are mamntamed i mosquito-
proof condition with difficulty (though they may be made and hept
reasonably fly proof) 1t 1s necessary under high ground-water cond:-
tions to use either o1l or larviaide at frequent intervals to control mos-
quito breeding Because of the disinfecting and deodornizing effect of
cresylic acid larvicide, 1ts use on wet privy pits 15 advised rather than
ol Chlonde of lime (caleium hypochlorite) 1s frequently used as a
deodorant 1n pit privies, but so far as we have observed 1t does not
have any apparent effect on mosquito breeding i wet privy pits Mos-
quitoes will breed in water having a free chlorine content of three or
four parts per milhon

In country houses having running water and modern plumbing,
the Liquid wastes, unless drained 1nto mosquito-proof septic tanks or
cesspools, often facilitate mosquito breeding When these wastes are
run from the house directly onto the ground surface, there 1s a health
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menace as well as a mosquito nuisance In such cases the county health
department should be called upon to help m having the wastes put
underground where they will be less of a health hazard Pending such
mmprovement, the water should be o1led or treated with larvieide

‘Where the hquid wastes are disposed of leachmg cesspools, mos-
quitoes can breed m enormous numbers unless the contents of the
cesspool are thoroughly protected against entrance and egress by
mosquitoes The persistence with which Culex pipiens molestus in par-
trcular will find means to enter and breed mn such cesspools 1s remark
able The top of the cesspool should be covered with a layer of heavy
tarred buillding paper and with at least a foot depth of earth, and
any vent stack should be well screened with a fine bronze or copper
screen The soil pipe entering the cesspool should also be provided
with an efficient trap and water seal Mosquitoes have been observed
to travel approxmately 200 feet in horizontal runs of small diame-
ter pipe, so that length of pipe 1s not a bar to their entrance to a
cesspoo]

Where & cesspool 1s found to be breeding, the owner of the prop-
erty should be urged to make the necessary changes to put 1t in mos-
quito-proof condition Until this 1s done, the cesspool must be oiled
or ireated with larvieide at frequent mtervals In warm chmates a
ten-day mterval 1s about the maximum time permussible between oil-
ngs 1f really effective control 15 to be mamntamed In Eden and
Washington Townships in Alameda County, Cahfornia, 1487 cess-
pools were orled from June 1 to September 80, 1983 This represents
about one-half the number of oilings required for effective contral,
but was the most that could be done under the existing conditions

It has been our experience that 1n cesspools which are sufficiently
covered to exclude hight completely or almost completely, Culez pi-
prens molestus or Culex quinquefasciatus will generally be the species
of mosquito found breeding But when the cesspool 1s poorly cov ered
so that sunhght reaches to the water surface n the cesspool, Culex tar-
salis will usually be the spectes found As both species breed freely in
foul water, the difference apparently lies m the reaction to hght,
Culex tarsalis requirmg sunhght and Culex pripiens molestus avold-
mgit
The occupants of premises having cesspools could save themselves
considerable annoyance 1f they would put them mnto mosqurto-proof
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condition, or farling that would ol them at frequent mtervals We
find, though, that comparatiely few people will do either They
prefer to grumble about the mosquitoes, rather than do a few simple
things themselves to elimmate their own nwisance

In recent years many so called sephic tanks have been sold for
rural sewage disposal These tanks consist essentially of one or two
compartments, 1n which the sewage sohds are settled out and more or
less digested by anacrobic putrefaction The partilly clanfied efffu-
ent from these tanks 15 disposed of usually by an underground system
of dram tiles Unless adequately covered and the contents protected
by traps, with screcns on vents, these tanks may also breed mos-
quitoes, though in general they scem to be less troublesome on this
score than the cesspools If breeding, they can be treated with oif
Larvicides should not be used on septic tanks, as they may interfere
with the bacterial digestion of the settled sohds

Liaumn MANURT TANRS

A condition somewhat simifar to a cesspool 13 the hquid manure
tank frequently found in connection with commercial greenhouses
and plant nurseries Into these tanhs manures, fish meal, bone meal,
dead animals and any mitrogenous material 1s thrown, and the tank
filled with water A strongly mtrogenous hquid of great fertilizing
value, especially m “foreing” flowers and plants, 1s thus obtamned It
15 particularly noursshing to mosquito larvae, and almost unbehev-
able concentrations of larvae, especially Culex tarsalis, will often be
found 1 such tanks As the hquid 1s completely devoid of dissolved
oxygen, the lamae and pupae spend practically all their time at the
water surface, the concentration of organic matter 1s so great that
they do not have to leave the surface to obtamn food

Nurserymen violently object to the use of ails or larvicides m these
tanks, because of possible deleterious effect on plants when the ferti-
hizer 1 used We have found that a hght application of pyrethrum
extract (in herosene) 13 very efficient i Jlhng larvae and pupae, and
18 not objected to by the nurserymen It must be repeated at suffi-
ctently frequent intervals to prevent emergence of adult mosquitoes

L1aumn % ASTES FROM DAY DRAINS AND CANNERIES
Daires use a considerable quantity of water, not only for cleunmg
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utensils and for cooling but also for washing cows and cleaning the
milling barn These quantities are too large for underground dis
posal and contan considerable amounts of manure As a rule these
wastes are run mto some sort of ponding device or sump 1 which the
easily settleable portions of the manure are removed by a crude form
of sedimentation, the overflow hquid 15 then removed m a dram ditch
erther to a near-by water course or to a disposal field on which it 1s
spread out to leach away and evaporate The hiquid 1s rich m orgame
matter and 1s very fine breeding materal for certam species of mos-
quutoes, especially Culex tarsalts In uncontrolled deairy dramage the
number of mosquito larvae will be almost unbelievably great

In general, we have found no better way of handling daury dram-
age than to keep the ditch as clear of vegetation as possible (usually
a difficult job), to rotate the areas of field onto which the dramnage
15 run, 50 that no water will stand on any plot long enough to mature
a crop of mosquitoes, and to ol the sump, ditch, or disposal aren
whenever pupae appear m auny part

Canneries, which are frequently located i rural districts near the
source of raw materials, also produce large quantities of hquid wastes
The same general methods just suggested for handling dairy wastes
can be used also for cannery wastes

It must be borne 1m mind that m ether ease no great expense for a
wastes disposal project can be justified, since after the wastes have
been treated by some method of sewage treatment, there shill remams
the water which 1s the mosquito breeding matenal If, therefore, the
wastes cannot be disposed of mio a Tunming siream without nwsance
or danger of contammating a water supply, there 1s no justification,
from a mosquito abatement standpomt, of requiring the dairy or
cannery to put 1n expensive treatment works What may be required
on the grounds of public nusance due to offensive odors or stream
pollution 1s something that must be handled by the health authorities
A farlure to understand this distinction m functions may cause the
mosquito abatement official some embarrassment

‘WATERING TROUGHS

Stock watering troughs may breed mosquitoes, but more frequently
breeding occurs 1n wet areas adjacent to these troughs, caused by
leakage or overflows Leaks can be repared and overflow pres ented






Figure 79 Ouling pools left by an
mtermittent stream
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by greater earefulness or by putting on a ball float shut-off valve on
theanlet pipe It 1s aleo desirable that the area around and under the
trough be covered by six inches or more depth of gravel, and the im
mediate ity of the trough shghtly raised above the adjacent
ground Jevel

Gambucia can be placed 1n watering troughs, and seem to thre in
them

Wittsanp cisTinns

Breeding seldom f ever oceurs in deep cased wells Iakewse, at sel-
dom occurs 1n shallow uncased wells that are tn constant use, prob-
ably for the renson that the removal of water causes more surface
disturbance of the water than mosquitoes desire Unused or nfre-
quently used shallow wells are very apt to breed mosquitoes Lihe-
w1, clevated tanks are rarely mosquito breeders, as the mflow and
outflon of watcr disturbs the water surface too much but 1f aban-
doned or scldom used, they may become breeders unless earefully
screened and covered Underground aisterns for storing rain water
callected from roofs may breed mosquitoes prohifically

Mosquito breeding 1n wells, cisterns, and elevated tanks may be
abated by a Iight oiling with water-white herosene or pyrethrum
extract, applied as ightly as possible with a fine spray This can be
used without danger of an objectionable taste n the water, 1f the out-
let 15 below the water surface In mosquito mfested regions such wells,
aisterns, and tanks should be covered and screened to prevent access
by mosquitacs to the water Gambusta can often be used suceessfully 1n
asterns and wells

RA™ anp PIRE nARRITS

Where o cistern 15 not used, barrels may be provided for collecting
ram water for washing purposcs and oceastonally for drinking water
Such barrels should be very carefully covered or sereened to prevent
breeding 1f breeding 1s occurring, water-white Lerosene should be
used hightly to Jull that erop of mosquitocs, and then an adequate
cover or screen should be put on

Tire harrels (barrels contamning water for fire protection) are fre-
Quently found in rural areas, not only in the icimty of residences and
form b\nldmgs but also along wooden ratlroad and Inghway struc-
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tures We have found that these fire barrels usually, in fact almost m
variably, are mosquito breeders One of the best methods of preventing
breeding 15 to treat them with enough cresyhe acid larvicide to gne
the water a distinet milly color One such treatment will he effective
for at least a year, and m all probabihity as long as the water 13 un
changed Even 1f make-up water 1s added to take care of evaporation
loss, the larvicide will stall be strong enough to prevent breedmg It
15 of course a folly to treat fire barrels with an mflammable o1l

Another effective method 1s to use about four grams of & mixture
of phenothinzine and a wetting agent (see page 241) to each fifty five-
gallon barrel This will usually prevent mosquito breeding for at least
three months Borax (sodium borate) used at the rate of one to two
pounds per fifty-five-gallon barrel will also usually prevent mosquito
breeding for about six months, especially 3f about an ounce of copper
sulphate 15 added to prevent the growth of algae

STREAMS, DITCHES, AND SPRINGS

With some important exceptions (see CHAPTER xviI) running
streams and ditches will not breed mosquitoes The presence of fish
and the disturbance of the water surface usually make them unsuit
able for breeding However, sluggish streams and ditches, especially
1f they have much plant growth such as rushes, reeds, or tules which
hamper the movement of fish, may breed mosquitoes Shallow, grassy
margws of streams and ditches may also furmsh good conditions for
mosquito breeding Intermittent streams, which dry up n the sum
mer months or flow only briefly after summer thunder showers, leaie
scattered, 1solated pools along the stream bed which are often prolific
mosquito breeders

Streams on flat grades where mosquito breeding occurs should be
channelized, that 1s, the banks should be straightened and cut down
sharply at a steep angle, and the bottom cleared of vegetation and
cut to an approximately umform grade In some cases 1t will be pos-
sible to give the stream a narrower and deeper channel which will
confine the flow and mcrease 1ts veloeity Worth? n Ceylon uses a
method of silting the sides of streams, thus confining the mam flow
1nto & central channel Lines of bamboo stakes form the silting basins
By these means mosquito breeding can be mmmmzed or even pre-
vented 1n flat sluggish sections of streams or ditches
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Pools left by temporary streams are more difficult to handle, espe-
cally on rocky bottoms The cost of channchzing n such cases may
be out of proportion to the benefits In such cases occasional otling of
residual pools may be sufficient The species of mosquito breeding
these residual pools should also be taken into consideration Disease
vectors should be effectively suppressed, especally Anopheles super-
pictus 1n areas where 3t 1s prevalent, but it may not be worth while to
spend much time or effort 1 abating a primanly zoophilous species

The method of mtermuttent flushing described m cirarrrr < may
sometimes be used to prevent or mmmmze mosquito breedng in
streams during periods of low flow

Perenminl streams and ditches may be stoched with Gambusia af-
finws, and frequently the fish will thrive The Gambusia may be of Iit-
tle or no use, however, i intermittent strenms, as drying up may re-
sult sn Joss of the fish

Springs may give gute a lot of trouble usually most of the mos-
quito breedsng will oceur 1n wet areas caused by overflow from the
spring, but breeding may also occur within the spring The overflow
can usually be controlled by piping 1t to some pont where it will run
off rapidly on a steep slope If this cannot be done, then the area
around the spring should be filled with gravel sufficiently to stop any
pooling of the overflow

If breeding occurs 1n a spring, a difficult problem results Fish
will scldom live 1n springs, apparently for lack of natural food , lar-
viade cannot be used because of dilution, and not at all 1f the spring
13 used for human or ammal water supply, o1l 1s not desirable on a
water supply spring, and will be removed rapidly by overflow from a
flowing spring The best solution 1s to enclose the spring 1 a con-
crete box with a tight cover, and conduct the outflow away i pipes
As a temporary measure, we have used a very light appheation of
Pyrethrum extract i kerosene Even 1f removed quite promptly by
the autflow, 1t 15 50 toxic to the larvae and pupae that they are all
Ralled by a single contact

Tree HoLEs

In wooded areas, certan species of tree hole breeding mosquitoes,
such as dedes truseriatus and 4 varipalpus are especinlly annoy mg
mn therr attack Unless the persons 1 charge of the mosquito abate-
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ment work are reasonably well tramed m the identification of mos
quitoes, these species may not be recognized and as a result thew
breeding places may not be sought out and elimmated

Tree surgery 15 the most satisfactory method of combating these
pests The breedimg holes, often found 1n osk trees though also m
maples, sycamores, eucalyptus, and many other trees, should be
cleaned out, the debris and mud removed, and bark and rotting wood
chipped out until sound wood 1s Teached The holes should then be
filled with a mortar consisting of one part portland cement and three
parts sand, mixed to a moderately moist consistency and well rammed
nto the hole Enough should be used to rase the mortar a httle above
the edge of the hole, rounding 1t off, and dashing a httle dry cement
on the top, which should then be troweled to a smooth dense surface
to shed the water

‘When larvae are found 1n the tree holes, they are best klled with a
cresylic acid larvierde We have had good success m controlling the
breeding of dedes varipalpus, where we were unable to have the own-
ers apply tree surgery, by the following method All the tree holes i
all the trees in the infested area are treated with undiluted cresylie
acid larvicide, applied with a pamnt brush The larvieide 1s pamted
onto the bark or onto the side wall of the tree hole immediately above
the water hne, and a little larvicide 15 allowed to run mto the water
m the hole and 1s stirred by the brush If the hole 1s dry, the larniaide
15 painted onto the bark above the hole and well down mto 1t The lat-
ter 1s 1mportant, as the observations of W C Reeves (unpubhshed
studies) on this mosquito m the act of ovipositing show that she lays
her eggs on the side of the hole just above the water surface The eggs
are depostted smgly on the side wall of the hole as she walks around the
periphery just above the water surface

"T'his method not only hills any larvae and pupae i anj of the holes
which have water at the time of application, but also discourages or
prevents the deposit of eggs Also, enough larvieide will usually re-
mam to mix with water from subsequent rains and so lail larvae which
may hatch from previously deposited eggs We suspect but are not
certam that the larvicide may Jall eggs with which 1t comes in direct
contact, which 1s one of the reasons for pamting the side walls of the
tree holes
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In one group of sycamore trees where we applied this method dur-
mg two successie years, the breeding of Aedes varipalpus was ehim-
nated for nt least four subsequent j ears without further treatment

Because of 1ts strong residue effect, 1t appears to be probable that
dichloro diphenvl trichlorocthane (DDT or Gesarol) may be an even
more effective larvicide against tree-hole mosquito breeding, but we
have not had an opportumty to try it for this purpose

Erirnyrrs

In many tfropieal regions there are found plants, designated as
epiphy hie bromeliads, wiich grow attached to trees, but subsisting on
air and water Some of these bromehads have leaves which cateh ram
water, usually at the base where they attach to the trunk and some
speaies of mosquitoes breed freely theren In the cocoa districts n
Trimdad, for example, Anopheles bellator, the principal malana vee-
tor, breeds in certamn species of bromelinds, and m parts of South
America (Vencruela) Anophcles darlings 1s reported to breed m
bromehads

Extirpation of the bromeliads may be the only effective method of
preventing mosquuto breeding 1n these air plants Thus can best be ac-
complished by cutting them out of trees within the area to be pro-
tected The hiberal apphication of powdered copper sulphate will fre-
quently Kl the plants, but they may still continue to breed mos-
quitoes for some time

As a temporary measure, spraymg with a double strength pyreth-
rum emulston larviesde may be effectine

In Trimdad cutting out certamn species of bromehads within a ra-
duus of one half mile around the cocon plantations has been found to
be effective for the control of malaria transmitted by Anopheles
bellator

CeveTERY URNS

In cemetenes, contamners are frequently provided for flowers on
grates These are filled with water which may stand for considerable
lengths of time without changing As a result these urns or cans may
be mosquito breeding places, and n large cemetenes may produce a
large total output
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Thus represents about the most difficult condition to handle, owing
to the mtermixture of sentiment and prejudice m the matter Ina
large cemetery, treating these urns or contamners with erther oil or
larvicide, or simply empty g them at sufficiently frequent ntervals
to prevent breeding, would mvolve a considerable labor cost For ex
ample, 1 one cemetery having about 28,000 of these flower con
tamers, the labor cost of emptymg the contaners twice a month was
estimated to be shout $700 per month for eight months a year, or a
total of $5600 per annum (1941 wage scale)

Kelley® studied this problem m three cemeteries in Alameda County,
Cahfornia, and found eleven species of mosquitaes breeding, of which
four were Culex, two Culiseta (Theobaldia), one Aedes, and four
Anopheles The most common species was Culex pipiens, probably
Culex puprens paprens, as it did not require practically complete dark
ness on the breeding water, and 1t was not observed to bite, even latem
the evening The second most numerous species was Culiseta inctdens
Anopheles mosquitoes ranged between 5 per cent and 10 per cent of
the collections at different cemeteries, the most common species bemng
Anopheles punctipenms

Kelley found that mn one active cemetery an average of shghtly more
than one contamner for every two graves was holding water, and one
container to every four graves contained larvae (average twenty-five
larvae per contamer) A type of metal flower contaner with a metal
holder set mn the so1l, the contamer being mverted mn the holder when
not m use, was recommended as a means of mimmzing mosquito
breeding

In New Orleans, Lowsiana, during June, 1948, the United States
Public Health Service, m making a survey of mosquito breeding m
forty-one cemeteries, found 76,917 contamners on 132,436 plots
Among the active cemeteries the average number of contamers per
plot was about two

Tt 15 probable that on mspection any cemetery will be found to be
breecding an apprectable number of mosquitoes, principally in flower
contamers If the cemetery 1s located 1 a densely bmlt-up urban area,
this may result 1n a nusance, and 1n some reglons (especially Aedes
aegypts areas) the production of disease vectors may be highly m-

portant
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Since the amount of labor required to nspect, empty and refill
flower contamers 1n cemeteries on a weekly basis during the mosquito
breeding season apparently represents a prohbitive cost, some other
method of control must be devised

Pams green one part, mixed with plaster of Pans four parts, made
with water into a soft pellet, and dropped into the flower contaners,
Ts been tried with fair suceess in some places It has also been applied
by hand and by squirting from a syninge But apparently Pans green
operates unevenly agamnst non-anopheline larvae, and we have heard
that 1 Texas st 15 meffective agamst Aedes aegyptt Tossibly the
chemieal propertics of different waters may affect the toxiaity of Pans
green

The most practicable control method at present available appears
to be the application of phenothiazine to the water used for filling
flower containers I'or use ot the New Orleans cemeteries the Unmited
States Public Health Service has developed a phenotluazine dispenser
(Tigure 80) to be attached to all filing hydrants It consists of a one-
and one half mch pipe mipple about three inches long, which con-
tans a cartridge (enclosed 1n a small mushin bag) of a mixture of
phenothiazine and a wetting agent (sce page 241) The cartndge 1s
supported by a picce of copper wire sereen held m place by & reducer
serewed on to the bottom of the mpple The top of the mpple 1s fitted
witha similar threaded reducer which conneets to the water pipe via an
elbow, & vacuum breaker or check valve, and a globe valve The handle
of the regular faucet 1s remosed, so that patrons must use phenothia-
zine treated water for filling flower contamers

The phenotliazine cartridges are replaced m the dispenser from
time to time as required, according to use The use of a transparent
plastic npple would facihtate inspection for renewals

Tor cemetery contamers (as urns) which would not be filled with
water from the dispensers, the use of phenothiazine treated paper
squares (sce page 242), or phenothiazine apphed from shakers (like
Pepper) would appear to be approprate

Duex cLuns

Duck clubs and mosquito abatement sometimes seem to be 1ncom-
Patible Theoretically, there should be no conflict 1n their interests
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Practically, because of the widely divergent views held by duck hunt-
ers, o great deal of difficulty will be found on some properties, but no
trouble or very hittle trouble on others

If the duch shooting <eason does not begm until November first
or later when the weather 1s cold or cool enough either to stop mos
quito breeding entirely or to slow 1t down so much that the output 1s
small, no difficults 1s encountered But many clubs start floodmg
their duck ponds months before the season opens, either because n-
adequate pumping equipment makes prolonged pumping necessary
or because they wish to have ponds ready m the early autumn to at-
tract the forerunners of the mamn annual migration In a few cascs
pumping begins as early as July

A few clubs heep ther ponds flooded throughout the year These
ponds are no problem if they have sharp, steep banks and no shallow
spots into which fish cannot freely penetrate, and if the water 1s man-
tamned at a constant elevation Such continuously flooded ponds do not
breed the most troublesome Aedes species, such as dedes dorsalis, and
the various species of Culex which might breed m permanent ponds
usually can be controlled with Gambusia or other fish

The ponds most difficult to handle are those which are dramed off
m January or I'ebruary after the duck season 1s over, are allowed to
remain dry during the summer, and are then gradually flooded 1 the
late summer or early fall while the weather 1s warm and especially
suited to mosquito breeding Under such conditions breeding 15 sure
to oceur, and the mosquito abatement crew’s troubles begin at once
As the water rses slowly, there 1s a constantly changing and very
shallow wmargwm Aedes eggs from preceding yeors promptly hetch
85 the water reaches them The margins where the larvae appear 1n
greatest numbers are too shallow for effective fish control, and the
duck club owners usually protest viclently agamst the use of il The
distillates kilf vegetation, heavy oils leave an unpleasant residue, and
crude ois may damage duchs by contact with their feathers The
mosquito men are emphatically not wanted anvwhere 1 the vieimity
because their presence may scare off duchs already there or deter
others from coming m

If you try to get the duck clubs to dish and level their ponds so that
there are no shallow margns, and there 15 no vegetation with very
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shallow water standing on 1t (this 15 necessary 1f fish control 1s to be
successful), you may find that the duck hunters of that club want a
lot of shallow water and as much marsh grass as possible At another
club you will find hunters with an entirely different 1den on the sub
Ject Nomatter what 1s the logical and best method of hendling & par
ticular mosquito breeding condition on a duck club, a perverse fate
may decree that that particular club 1s vehemently opposed to that
particular procedure

Much of the trouble encountered m handhing duck club properties
to prevent mosquito breeding 1s found 1n the almost mfinitely varred
1deas which are held by duch hunters as to the best methods of at-
tracting duchs Another source of trouble 1s the vehemence and it
ter ammosity with which some will resist anythmg tendmg to run
contrary to their estabhished habits and preconceived oprmions

Probably the majority of duck hunters are reasonable men and
good citizens who would prefer not to have swarms of annoying mos
quitoes on their duch preserves and who would not wish to have their
properties the source of nuisance to others But there are still too
many duch hunters who seem to feel that as they have paid out con
siderable hard cash m making a place to which ducks will be tempted
to come unsuspectingly to slaughter, they are entitled to conduct the
property as they please, and that the public has no rghts which they
are bound to respect

It 15 adwisable to try to get along with the duck clubs peaceably
and with the maximum possible amount of concession Everytling
within reason should be done to show the duck clubs that the mos-
quito abatement men do not wish to mterfere with therr chances of a
successful shooting season, and are trymg conscientiously to respect
the rights of the club as far as can be done without jeopardizing the
rights of the general public If within one or two seasons substantial
progress 1s not made, then newspaper publicity should be resorted to
for the purpose of bulding a public sentiment favorable to effective
mosquito abatement procedures by the duch clubs With this as o
background the obdurate offenders should be prosecuted for man
tamning a publhic nuisance, the most vociferous and offensive one be-
mg tahen first A few suceessful prosecuttons of the worst offenders

will probably be suffiént
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The following general propositions arc set forth as the funda-

mentals of mosquito abatement on duck club properties They must,

of course, be modified 1 detail nccording to the special conditions
exishing on ench property

a

1 Continuous, all vear fl 2 of ponds s per ble and approied, pro
wided the ponds are stoched with adequate larvicidal fish at all times and the
water 19 mantamed at 2 constant level

2 Intermittent maintenince of ponds 1s permisaible, provided a) the water
15 effectinely removed early in the spring before breeding ean occur and b)
the water is not put into the ponds in the fall until the weather 1s sufficiently
cool to prevent mosquito breeding, or ¢) controlled reflooding and redramnmng
(sce page 183) 15 practiced for a suffivent number of cycles to completely elim
nate all hatchable Aeder eggs

8 Ponds must have sound tight banks and bottoms which will not cause
adjecent wet arcas due to leakage Tlis may require that the ponds be disked
and dragged during the summer A band of sheep herded on and around the
pond srea is an exeellent method of mulching and tamping the pond bottom and
banks $o a3 to make them tight and conserve water The use of bentonite (a
special tvpe of elay) will usually stop leakage 1n even a very porous soil The
best method is to remove about six inchies depth of sml from the bottom and
sides of the pond, spread a lnyer of bentonite two inches thick, replace the re
mosed soil carefulls, and tamp or roll it When flooded, the water causes the
bentonite to swell and form a nearly watertight membrane

If, howes er, nothing s done to prevent pond leakage, then adequate drain
ditches must be instalicd around the pond to intercept the seepage and conduct
1t away to a mamn drain or to a natural watercourse

4 Ponds must have sufficient depth throughout to avoid shallow areas into
which fish cannot penetrate effectively Tlus is essenttal whether the ponds are
continuously or sntermittently flooded Careful leveling of the bottom of an
artifieal pond §s very desirable

5 Ponds must not be overgrown with vegetation, especially near and along
the margins Such vegetation prevents fish from effectively destroyin,, mosquito
larvae Vegetation should be kept down either by mowing or preferablv by
distang, during the period when ponds are dry

6 If the pond water 13 pumped, the water supply and the pumping equip
ment should be adequate to fill the ponds with reasonable speed

7 If grass or vegetated areas are desired adjacent or contiguous to the
ponds, these should be leveled off at about one foot sbove the water level of the
Ponds, 50 that there will be no low wet spots 1n the grass that may become mos
Guito breeding places

8 Intermuttent flooding or flooding early 1n the autumn may be permitted
' there are effective drains leading to sufficient outlet gates of adequate ca-
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tienlarly for the purpose of causing fluctuations in water level at
appropriate times accordmg to season and stream flow It may be diff

cult to reconcile the requirements of flood control, irrigation, domestic
water supply, hydroelectric power, navigation, and mosquito control,
but fortunately all these factors are usually not present 1n one reser

vorr In general, mosquito control requires that the water level be
carried at a hugh elevation m winter and spring m order to hill shore-
hne vegetation, and then lowered during the summer and fall This
may conflict with flood control requirements of a low water level m
winter and sprmg m order to provide storage space to hold the win

ter and spring flood flows Also, mosquito control requires that during
the Anopheles breeding season there be periodic fluctuations mn water
level in the reservorr at weekly or ten-day intervals, partly to mm

mze aquatic or semi-aquatic growths at the shore line, and partly to
strand the larvae of mosquitoes near shore or else to carry them mto
deeper water where they are more exposed to predators or to surface
disturbance which prevents successful emergence from the aquatic
stage Such fluctuations may not fit in with the requzrements of pover,
irrigation, or mumerpal water supply, on account of the variation m
operating head or the wastage of water

Water level fluctuation may not be depended on by 1tself as a mos
quito control method, and usually supplementary control methods
must be used -

In malaral areas m particular, stripping or clearing of the mun
dated area 1s essential For domestic water supply the clearng s
usually complete, to mmimize objectionable tastes and odors In res-
ervoirs for power, irrigation, or navigation, complete strippmng may
not be considered essential for such purposes, but for mosquito con-
trol purposes 1t should be very thorough to reduce orgamc floatage
to the smallest possible amount The stripping should mclude a pe-
ripheral strip of ten feet 1n elevation above the flood water level All
trees should be logged off and removed if they are merchantable, and
all brush, limbs, down timber, and organie trash piled and completely
burned

Durmg the construction of the dem, water should not be impounded
durmg the mosquito breeding season Any accumulation of water
should be scheduled for the winter months only After the reservoir s
placed mn operation, floatage should be passed over the dam spillway

Y
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ssfarasposaible orstranded on shore and prled and burned Iluctua-
tions m water level wall nssist m these procedures It may take several
censons to climinate the greatest part of such floatage

The Tennessee Valley Authority has on some reservoirs dyhed off
<hallow marginal areas, from which the water 13 pumped to dry them
out and chrunate marginal breeding

These measures will mimmize hittoral mosquito breeding but prob
ably will not completely elimnate 1ty and supplementary larvicidal
procedures will be required 011 and Pans green are most used for
this purpose, o1l having probably n wider applicalility, as 1t may be
wadvisable, beeause of 1ts effect on the public prejudices, to use Pars
green on reserairs sed for municipal water supply Lither oil or
Pans green can be apphed by acroplanes, power launches, or boats
Power launches for use on large reservoirs should have a mintmum
length of twenty four fect, and should hase an inboard motor, electri-
cally started "They should be cquipped with either power dusting or
power spraving devices, for rapid and cconomical appheation of the
Pans preen or o1)

Large reservoirs 1 a malanal area should be mspected and mos-
quito contro! worh supervised by a tramed and experienced man as-
signed to the work e should heep complete records of operations,
meluding larval dippings and mosquito eatches

If a new mmpounding resersoir 1s to be built within any reasonable
distance of human habitations, n earcful survey of mosquito and ma-
laria prevalence should first be made by competent mvestigators, and
the data preserved under aflidavit and sealed, for future use m case
lawswits for damages should be filed after the reservoir 1s completed
Unless this mformation 1s collected and preserved, the defense against
such swts mny be dufficult

To mimmize or obviate such suits, what are designated as “might
tasements” have been purchased on lands adjacent to reservorrs By
such ensements the property owner abandons the right to occupy the
Property between sunset and sunrise
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XVII
SPECIT'S SANITATION AND NATURAIISTIC CONTROI

As 1\ many fields of man’s endeavor to improve conditions of hiving,
the control of mosquitocs to date has made great strides through
applications of engineering Brologieal knowledge, 1n this case knowl-
edge of mosquito species, habnts, and ecology, has made fundamental
contributions but, owing to the more clusive ntricacies of the bio-
logical organism, has ns usual Ingged behind the hnowledge and ap-
plication of physical science It 1s entirely probable, however, that
progress toward cffective control of these pests, particularly the dis-
ease vectors, will from now on depend increasingly on the extension
and appheation of bLiological knonledge For tlis reason we have
contmually stressed throughout this book the importance in abate-
ment procedures of the identification of the offending species and the
appheation of biological measures to the fullest possible extent The
subject 1s far too Jarge for comprehensive discussion 1n & handbook
of this character, hut 1t 1s hoped that the birief presentation of the
subject 1n this final chapter will leave the reader with a biological
pont of view on the problem and stimulate a desire to read and to
worh more mtensively along these lines

Many years ago, when 1t became known that mosquitoes breed m
standing water, the obvious corollary was “No standing water, no
mosqurtoes * Yollowing the mportant discovery by Ronald Ross 1
1897 that malaria 15 earried by mosquitoes, this corollary was ex-
panded mto the slogan, “No standing water, no mosquitaes, no mos-
quitoes, no malaria * It all seemed very sumple, but we had much to
learn As Hachett! has poimnted out, the early investigators found lo-
calities in Rurope with great numbers of anopheline mosquitoes which
had no malaria, and also localities with a relatively small number of
tnophelines which had a high incaidence of malara Likewise, there
%25 no malaria 1n some swamp) regions, and there was a great deal
of malaria 1n some regions without swamps

SPECIES SANITATION
Ross 1n 1899 had foreshadowed tlus problem when 1 his work 1
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India he propounded two questions of fundamental mportance 1)
what species of mosquitoes do and do not carry malara? and 2) what
are the habits of the dangerous varieties? He had recogmized three
types of mosqmitoes which he called brindled, grey, and dappled-
wimnged, later distinguished as Culex, dedes, and Anopheles respec
tively He found that lus dappled-winged mosquitoes (Anopheles)
were the transmitters of malaria, and he beheved that by feeding
such species on persons known to have malaria gametocytes m therr
blood, the dangerous types of mosquitoes could be determined But
as all species of Anopheles presumably can be infected under labora-
tory conditions, the control of malaria by means of Anopheles con-
trol appeared impracticable if not impossible And this view was re-
forced by the failure of an inadequately conducted mosquito con-
trol expermment at Mian Mar m 1901, which set back progress in
malara and mosquito control m India for many years?

In Malaya, however, malara research was begun m 1900 and has
contmued to this day Sir Malcolm Watson,® after an imtial success
m controlling malaria at Klang and Port Swettenham m 1901, be-
gan the frurtful investigations which showed that the problem of ma-
laria control was entirely different in the hilf areas than in the swamp
areas In the latter, open dramage was effective mn controllng
Anopheles umbrosus, which was proved to be the carrier 1n the low-
lands of Malaya, but in the hill areas such dramage had no effect ex
cept to increase the malaria The reason for this was that the hill
area malaria was transmtied principally by Anopheles maculatus, 2
sun-loving stream breeder, and that the other dozen or so species of
Anopheles were not important as vectors of the disease

And so developed the 1dea, smce abundantly proved mn many m
stances, that m any malarial area only one or at most a very few of
the local Anopheles species 1s the effective vector of malaria wn that
area, that malaria can be controlled m that aren at reasonable cost
by attacling the specific vector Anopheles species, and that usually
some sumple and perhaps relatively small change m environmental
conditions will make 1t difficult or imposstble for the speaific vector to
breed m appreciable numbers This was the begmnng of “spectes
samtation,” a term comed by Swellengrebel # It 1s an apt expres-
ston 1mplying that the control measures must fit the particular of-

fending species
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Falure to recognize the difference in Anopheles breeding habits
and other variations 1 their ecology was to prove costly in many
cases One of the most mteresting situations was m the Plulippine
Islands (Luzon) at the time of the American occupation (1898 et
scq) The Army medieal officers had been Ied to looh upon marsh
areas as malarious and to regard the lowlands, m the ety of Ma-
mla, for example, as extremely dangerous to the troops Actually
there was a low ineidence of malara in and about Mamla, where the
dommnant anopheline, 4 Tudlowt, 1s a poor transmitter under natural
conditions but the ngidly held idea that “marshes equal malana” led
to the stationing of troops as much as possible in the il arcas near
runmng water Malana promptly beeame a scourge among troops
and civilians so situated wlule the disease remamed relatively shght
among troops and civilians quartered by necessity 1n the supposedly
malarous lowlands A report by Croshy and YWhitmore m 1904,
buried 1n the medienl records of Tort Stotsenburg and long neglected,’
showed that the stream breeding Anopheles mimimus flavrostns of
the hull areas was an important vector, m fact the vector of malana
mn Luzon Butat took twenty-one years (to 1925) for this mforma-
ion 1o be acted upon, even though Walker and Barber® 1n 1914 had
agam showed the stream breeding 4 minimus flavirostrs to be the
dangerous vector

Turthermore, 1t was discovered that certain tvpes of breeding areas
may be dangerous 1n some regions yet mnocuous in other regions
Watson found that the Krian rice fields in Malaya were healthy but
that the Bulet Gantang rice fields were malarious, owing to differ-
ences inthe Anopheles fauna Rice field areas in China usually are ma-
larous, due not to Anopheles breeding m the rice paddies, but to
Anopheles mnrmus breeding m the strenms and ditches bringing
water to the rice paddies In some parts of Span (for example,
Valencin) rice culture 15 non-malarious, though the fields produce
4 melanoon abundantly In Portugal and i other parts of Spamn
nice fields produce the veetor, Anopheles labrancliae atroparovus, and
are malarious

EXPERXENCE IN CALIFORNIA

When we' first began malaria control in Cabifornia m 1910, 1t was
obious from the observed habits of the three species of Anopheles
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mosquitoes m Cahforna that one spectes, Anopheles pseudopunch-
penms, could have relatively hittle mfluence upon malaria transms-
sion, as it was rarely taken within houses It was a field mosquito
rather than a domestic or house mosquito Tt might be effective as a
vector where large numbers of persons slept out of doors or i poorly
constructed shachs, but not among populations reasonably well
housed Anopheles punctipennis was more frequently taken n houses,
though we characterized 1t as typically a “porch biter,” but 1t was
relatively not numerous n comparison with other anophelmes m ma-
larious districts,® and its sesonal distribution differed from the sea
sonal distribution of malaria This msect was relatively more numer
ous 1 the spring and early summer, and relatively less numerous m
the late summer and autumn when malaria was at 1ts peak

But Anopheles maculipenms did fit the sensonal distrbution of
the disease, did enter houses freely and attack man, had more or less
domestic breeding habits, and dissections mdicated that specimens m
malarious areas were mfected But here we were faced with a para
doxical situation 4 maculipenmis was also found abundantly in the
coastal counties where no malaria occurred, as well as 1n the mterior
valleys where malaria was endemic We tried to answer this paradox
with the fact that the average sustained summer temperature mn the
coastal counties was too low for the maturation of gametocytes n the
mosquito, but 1n the viemity of Menlo Park where 4 maculipenmis
was abundant this temperature explanation was of very doubtful
vahdity if not positively wrong It was not until nearly thirty years
later that T H G Aithen® showed that we had two subspecies of 4
maculipenms, an mtertor variety 4 maculipenmis freeborns Aathen
which 1s an efficient vector of malaria, and a coastal variety 4 macu-
Lpenms occrdentalis (Dyar and Knab) which 1s not normelly a ma-
laria vector

Purther, 4 maculipenius freeborn: did not conform strictly to
the formula of standing or stagnant water It would not breed appre-
ciably in stagnant or foul water and but seldom 1n deep or impounded
water Its obvious preference was for relatively cool, sunlit, shallow
seepage water m the presence of vegetation This condition was pre-
sented wherever irrigation was practiced, owmg to leahage from new
unlined irrigation cansls or from poorly mamtamed canals and
ditches, and from excessive apphcations of wrrgation water m the



SPECIES SANITATION NATURAIISTIC CONTROL 345

early days of irngation 1n northern Califorma when water was cheap
and abundant 1 relation to the acreage under irrigation In later
vears lugher cost of water and its lessened relatss e abundance brought
about consery ation of rrigation water in distribution and use, which
undoubted!ly resulted m a diminution of the numbers of A maculipen-
ms freeborn, wrrespective of any mosquito abatement measures

Qur prompt recogmtion of irrgation scepage as an wnportant
factor, emphasis on fnophcles maculipennus as the principal vector,
and direct selective attach upon tlnus vector produced almost star
thing results in the reduction or even 1n some cases complete extirpa-
tion of malarin in limited areas (for example, Penryn) where malana
was cndemic, at a small cost for the control measures We were even
able to get excellent malara control in purely rural areas as well as
n urban arcas at a reasonable cost, contrary to Ross’s original ex-
pectation and prophecy

The observed charactenstics of this mosquite alse explamn why
malaria was such a scourge of the gold camps under placer mning
conditions m California m the 1850’ (1t was called mmer’s fever),
though 1t does not directly explain the ternfic epidemics of malana
m the Umted States Army posts at Camp Tar West, thirty-five miles
north of Sacramento, and at Camp Reading (now Redding) which
were 5o severe that these posts were abandoned, the first in 1852 and
the second 1n 1856 * Howeser, the outbreak of malaria near Lodi n
1934 and 1936" showed that when large numbers of both infected and
non infected persons camp out m the open under relatively primutive
condihions (which occurred in the great depression migration of 1934
0 1937) the transmussion of malana by the available vector anophe-
hnes 15 bound to occur Probablv the conditions m 1852-56 and
1934-86 were sumlar

EXPERIENCP 1N THE CENTRAT AND SOUTHERN STATES

In the central and southern sections of the Umted States 1t nas
Tecogmized relatively early that the prinapal vector of malana was
Anopheles quadrimaculatus, a typical pond breeder, and that other
anophehnes, such as 4 crucians, were rddatively of less unportance
4 quadrimaculatus has contmued to be a distinct entity without ap-
Parent subspecics Whle there has been considerable confusion
separating 4 maculipenms frecbornt from A quadrimaculatus, the
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two species are entirely distinet ecologically, and control measures
which would hase been effective agamst one would have faled against
the other

The fact that 4 quadrimaculatus 1s typrcally a pond or m
pounded water breeder has made necessary extensive control meas-
ures on hydroelectric, navigation, flood control, and public water
supply reservoirs of the southern United States But as we have pre
viously mdicated, such measures are entirely unnecessary m the west-
ern United States because of the different breedmg habits of the
western species and because of physical differences m the type of
TESETVOLrS

In Malaya, for a further example, no expenditures on malara con
trol have been necessary at the hydroelectric reservorr at Chenderch,
as the vector in that region 1s not a reservorr breeder

SPI CIES ERADICATION

Up to 1940 httle or no attention was given to the possibility of ex-
tirpating an entire vector species of mosquito 1 any area, or if the
subject was broached, 1t was immediately dismissed by experts as a
chimerical 1dea proposed by a foolish enthusiast having little regard
for erther practicability or costs True, malaria had been extirpated
from a few lumited regions (as Penryn, Califorma) by anti-anophe
Line measures, and 1t had disappeared for long periods from exten
sive regions n the Umited States, apparently due to better housing
and better agriculture But that any important vector species could
be eradicated m any large area m tropical regions appeared to be
impossible

But to confound the scepties, exactly this has happened, and 1t can
and will happen agan, given only the opportunity, the resources and
skall, and the determination to do the job Soper and Wilson’~ ** have
described the highly successful campaign carried on by the Republic
of Brazil, assisted by the Rockefeller Foundation, which elimmnated
the very dangerous malaria vector Anopheles gambuae from Braziln
two years of steady, hard work, sumlar well-directed work has elmt
nated Adedes aegypts from entire cthies and therr surroundmg terrr-
tory Soper and Wilson® are of the opmion that m the long run 1f 18
more practicable, more effective, and less expensive to eradicate a spe-
cies mn a limted area, and then carry on the relatively inexpensne



SPFCIES SANITATION MATURALISTIC CONTROL 847

measures to prevent its rantroduction, than it 15 to carry on & con-
tmwng enmpugn that aims merely at reducing the numbers of vectors
below the pomnt at which a disease ean continue endermieally

Because of the importance of the 1deas therein expressed, we quote
directly from Soper and Walson,! page 239, as follows

The eampugn agunst gambiae differed from previous campaigns aganst
malana in that the ohjective was not simply the control of malaria n the loeal
population but the eradhcation of the vector in the entire area, not only to pro
tect the local population against malaria, but also te prevent its spread to other
regions When the declared purpose of a eampaign 1s the eradication of a
spectes rather than the reduction 1n the inerdence of discase ecaused by that
specics, the entire vicwpoint of the service changes almost automatically As
long as evidence for the existence of the species continues to appear, the cam
pargn has been a faslure there 19 no such thing as partial success 1n species
eradication, onc esther achies es glorions success or dismal failure Tstimates of
progress based on the traditional method of the malariologst, such as spleen
rates, blood parasite rates, clinical attack rates, infant infection rates, become
invalid and subordinated to the simple question, Is the species under attack
still present in the arca being worked?

These recent demonstrations that a species ean be eradicated within
& defimte area open up new vistas of opportunttics mn tropical hy-
giene samitarians with imagiation and a desire for as near an ap-
proach to perfection as 15 humanly possible will see 1n them both a
challenge and an mspiration After all, the greatest deterrent to the
attamment of perfection 15  compromse which 1s reasonably satis-
factory

AFDES AECYY TI cONTROL®

The control of yellow fever has heretofore been based almost ex-
clusively on the contral of the principal urban vector, dedes aegypts
and 15 therefore another example of species samitation

In recent years, while control of this prineipal veetor has remamed
a basic 1tem 1n the prevention of urban yellow fever, other factors
have entered into the problem One s the successful devclopment of a
Protective vaceine by which large numbers of people can be immunized

After the manuscript for this edition was completed we received a copy of the Im

Portant publication Soper I' L., Wilson D B Luna S and Sa Antunes \v The or
genization of permanent nation wide ant! Aedes aegypti measures in Brazil (New

York The Rockefeller Foundation 1943) This book will be most valuable to all persons
working In the control of dedes asgypti
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two species are entirely distinct ecologically, and control measures
which would have been effective against one would have failed aganst
the other

The fact that 4 quadrimaculatus 1s typically a pond or m
pounded water breeder has made necessary extensive control meas
ures on hydroelectric, navigation, flood control, and public water
supply reservours of the southern Umited States But as we have pre
viously indicated, such measures are entirely unnecessary m the west-
ern United States because of the different breeding habits of the
western species and because of physical differences mn the type of
reservolrs

In Malaya, for a further example, no expenditures on malaria con
trol have been necessary at the hydroelectric reservoir at Chenderoh,
as the vector m that region 1s not a reservorr breeder

SPECIES ERADICATION

Up to 1940 little or no attention was given to the possibrhty of ex
tirpating an entire vector species of mosquito 1n any area, or if the
subject was broached, 1t was immediately dismissed by experts as a
chimerical 1dea proposed by a foolish enthusiast having httle regard
for ether practicability or costs True, malara had been extirpated
from a few limited regions (as Penryn, Califorma) by anti-anophe-
line measures, and 1t had disappeared for long periods from exten-
stve regions 1 the United States, apparently due to better housmng
and better agriculture But that any important vector spectes could
be eradicated m any large area m tropical regions appeared to be
mmpossible

But to confound the sceptics, exactly this has happened, and 1t can
and will happen agam, given only the opportunity, the resources and
skill, and the determmnation to do the job Soper and Wilson'? ¥ have
described the highly successful campaign carried on by the Republic
of Brazil, assisted by the Rockefeller Foundation, which ehmmated
the very dangerous malaria vector Anopheles gambiae from Brazil n
two years of steady, hard work , smilar well-directed work has elimt-
nated dedes negypt: from entire cities and their surroundmg tern
tory Soper and Wilson™ are of the opiion that m the long run 1t 1s
more practicable, more effective, and less expenstve to eradicate & spe-
cies 1 a limited area, and then carry on the relatively mexpensiie
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mensures to prevent its reimtroduction, than 1t 1s to carry on a con
tmwng campaigm that axms merely at reduemng the numbers of vectors
below the pomt at which a disease can continue endemieally

Because of the importance of the ideas theremn expressed, we quote
directly from Soper and Wilson,™” page 233, as follows

The campugn agunst gambiae differed from previous campaigns agunst
malaria in that the objective was not sumply the control of malaria in the loeal
population, but the eradication of the vector in the entire area, not only to pro
tect the local population agninst malaria, but also to prevent its spread to other
regions When the declared purpose of a campugn 18 the eradication of a
spectes rather than the reduction in the inaidence of disense eaused by that
speaies, the entire viewpomt of the service changes almost automatieally As
long as cvidence for the existence of the species contrmues to appenr, the cam
pargn has been a failure, there is no such thing as partial suecess in species
eradieation, one esther achicves glorious suceess or dismal failure T'stimates of
progress based on the traditional method of the malarologist, such as spleen
rates, bloed parasite rates, clinical attack rates, infant infection rates, become
inralid and subordinated to the simple question, Is the species under attack
still present in the arca being worked ?

These recent demonstrations that a species ean be eradieated within
# definite aren open up new vistas of opportumities n tropical hy-
gene samtarians with imagination and & desire for as near an ap-
Proach to perfection as 1s humanly possible will see i them both a
challenge and an mspiration After all, the greatest deterrent to the
attamment of perfection 1s a compromise which 1s reasonably satis-
factorv

AFDES AECYITI cONTROL®

The control of yellow fever has heretofore been based almost ex
clusively on the control of the principal urban veetor, dedes aegypts,
and 1s therefore another example of species samtation

In recent yenrs, while control of thus prnepal vector has remuned
2 basic 1tem 1n the prevention of urban yellow fever, other factors
have entered into the problem One s the successful deselopment of &
DProtective vaceine by which large numbers of people can be immumzed

After the manuserlpt for this editlon was completed we received a copy of the Im

Portant pullication Soper I' L Wilson D B Luna § and Sa Antunes W Theor
enlzatlon of permanent nation wide antl Acdes aegypt! measures in Brazil (New

York: The Rockefeller Foundatlon 1913} This book will be most valuable to all persons
Working In the control of Aeder aegyptl
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agamst the disease, the other 15 the recognition of a non-urban or
“jungle” yellow fever (exactly the same disease) which 1s transmtted
by a number of non-domestic tropieal mosquitoes While yellow fever
vaceme has been used te pratect crvil populations m Brazl, especially
m and near the jungle, at present 1t 15 used prineipally for the pro-
tection of mlbitary personnel which may expect to campaign m re-
gions where yellow fever 1s known to occur In the future it will prob-
ably be used extensively to protect cavihans in potential yellow ferer
areas

However, 1t 1s doubtful 1f there will be any more success m obtam
ing complete vacenation agamst yellow fever 1 susceptible ervilians
1n an endemic area, or 1 areas subject to occastonal epidemics, than
we have had mn obtamng complete vaccmnation agamst smallpox
Therefore we can expect that mn urban areas m those parts of the world
where dedes aegypts occurs the control or even eradication of this in
sect will continue to be a basic samtary measure, especally as 1t 1s also
a vector of dengue, agamst which disease no immumzmng agent has
been developed so far

Aedes aegypte s a mosquito which breeds almost exclusively 1n arhi-
fictal contammers of water, 1n and immediately adjacent to human
habitations Although 1t 1s usually referred to as an urban mosquito,
1t 1s found m rural districts within 1ts normal range, but breeding 15
hmited to close association with rural dwellings An effectrve aegypti
campaign may not confine itself to strictly urban areas, but must ex-
tend mto the suburban regions, and may be required to extend mto
the more developed rural areas

Since Aedes acgypt: will breed 1n almost any type of contamer, on,
under, or above ground, and either within or without houses or buld-
1ngs occupied or used by man, efforts for 1ts control must be based on
mfimite detail 1n pamnstaking search to find and correet its breeding
places Inspections must not only be thorough, but they must be re-
peated regularly throughout the breedng season, and corrections
should be made as far as possible at the time of mspection Inspec-
t10ms should also be made the basis of informational efforts, in an en-
deavor to educate the people as to the danger of permitting this spe-
cies to breed and as to the methods of preventing its breeding

Fortunately there 1s an appreciable public fear, at tumes even t
ror, of yellow fever and dengue, and therefore more attention to the

er-
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demands of samitary authorttics wall probably be manifested n most
commurnities where these diseases are & possible threat, and as a rule
public sentiment will be more apt to support prosecutions and other
legal measures for persistent violation of notices to abate, than will be
the case 1n communihies where malaria 1s the important disease

There are two mamn groups of thought as to basie methods in dedes
aegyptt control One group would concentrate first on finding and
correcting all the principal foer of breeding, which are comparatively
permanent collections of water such as aisterns, sumps, fire barrels,
and shallow wells, and 1gnore at first what may be ealled “temporary”
breeding places, such as tin cans, flower vases, buchets, gourds, or roof
gutters This group considers that it 1s the prineipal or “mother” foc:
which enable the mosquito to carry over from one season to the next
also, 1f the prineipal focr arve ehminated, the number of adults aveul-
able to remfest the temporary or casual breeding places will be so
reduced that breeding will eventually die out or be reduced to small
numbers of httle or no samtary significance T'urthermore, with such
a rouhine program in cffect, 1f a case of vellow fever or dengue should
be introduced into the community a rapid and mtensive campaign
upon the easual breeding places, supplemented by adult destruction
(culicrdal sprays), should completely prevent any outbreak

It should be noted that the discovery and correction of all priner-
pal or “mother” foc of acgyptt breeding may be quite difficult, as
some of them w1ll be well concealed and may be unobserved even by
well tramed and experienced mspectors The capture of adult mos-
quitces as an mdex 15 required to locahize the search for concealed
Permanent breeding places In fact, the presence and relative num-
bers, or the complete absence, of adult Aedes aegypts, 1s the best eri~
teron s to fmlure, partial results, or success m the campaign

The other group of thought would make a simultancous attack
upon all possible ty pes of breeding places and continue this program
as 2 regular procedure Obwiously, this system predicates a large in-
Spection and correction personnel from the beginning, a matter which
Presents certain practical difficulties

Guven sufficient time, encrgy, shill, and funds, complete eradication
of Aedes aegypts in whole communities should be possible, as has been
shown by the Yellow Fever Service 1 Brazil

The most logical sequence of procedures in an dedes aegypts cam
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paign (except under compulsion of an epidemic situation) appears to
be the following

1 Begin with a comparatively small and selected nspection personnel to

find and correct the permanent ( mother foer ) breeding places on a

systematized schedule, using this imitial period for the careful trammg of

this personnel ,

With this primary mspection correction program under way, begm and

tensively prosecute public education measures, by all avalable

methods,

3 Assoon a3 the primary personnel 1s sufficiently tramed and experienced

to be dependable, begin the tranmg of an augmented inspection and cor

rection force,

Put the additional inspection and correction force to work on cleanmg up

all temporary container breeding, at the same time earrying on an mten

sive adult destruction campaign by spraying methods,

5 Plan the measures necessary for the prevention of remfestation of the
area from outside sources and, as soon as success n eradication appears
to be i sight, put them mto effect

N

[

While efficiently conducted campaigns of the general type indt
cated should be effective in controlling and even m extirpatmg Aedes
aegypts in limted areas and should therefore elimnate urban yellow
fever and dengue mn such areas, we are unable to make any estunate of
the practicability of the species samtation of the vectors of jungle yel-
low fever, as 1t appears that sufficient precise data are not vet av al
able for this purpose Vacemation may have to remam the primary
protection for some time to come for persons who must be near or m
the jungle, especially for the reason that the situation 1s complicated
by the presence of jungle ammals which are reservors of the virus

Lakewse, no certain predictions as to the practicabiity of con-
trol or eradication of the other vector of dengue, dedes alboprctus, are
possible at present In view of the probabihity of extensive commuit-
ments for some time to come by military and occupational forees
the areas where this species exists, 1t appears strongly advisable that
mtensive studies be made of thus species and the best methods for 1fs
control However, we need not wait for needed research i these cases
Enough 15 hknown to enable us to mahe a successful attack upon tl;ls
vector, though it probably will not be the most economical plan lr;
such circumstances the statement of Soper and Walson (loc 2t ,t
p 288) 1s particularly appleable “Under these conditions 1t Was no
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feasble to lose time 1n making careful surveys or extensive prelimi-
nary studies of possible control methods, it scemed rather more ex-
pedient to learn how to get nd of gambrac by actually getting rd of
gambuc ”

SPECITS SANITATION OF PTST MOSQUITOFS

Species sanitation was an 1dea developed 1n connection with the at-
tack upon vector mosquitoes, but 1t 15 apphicable to pest mosquitoes
also In fact, the campaigns against migratory salt marsh mosquitoes
are n effect n phase of species samitation It even extends to the mat-
ter of subspecies nmong pest mosquitoes

Jobling™ and several others have shown that our common domes-
hie mosquito Culex prpiens 13 a complex of two subspecies, a zoophi-
lous € piprens piprens and an anthropophulous C piprens molestus
The former feeds principally on birds, rodents, and even frogs, and
does not attack man, 1t ibernates, brcc?s preferably in rclatively
clear water of Jow or moderate organic content, and docs not develop
effectively 1n hughly polluted water The man bitmg C p molestus,
on the contrary, does not lubernate and deselops readily and appar-
ently by preference in foul water such as the contents of cesspools
As yet Iitile practical use has been made of this information concern-
mg Culez prpiens, but 1t does suggest strongly that there may be
other pest mosquitoes which have subspecies of different characterss-
ties and breeding habits, that 1t may be possible to 1gnore the sub-
speaies which do not attach man, and that environmental changes may
beeffected which will minimize the numbers of man-biters or substitute
for them a subspecies (or other species) which 18 of no importance as
a nuisance

NATURALISTIC CONTROL

Prnchcnll} every species of mosquito 1s to a greater or less extent
Iimited 1n distribution and multipheation to certain types of breed-
ng places, n which only 1t can breed in effective numbers With some
Species the range 1n ty pe of water for breeding 1s very narrowly re-
stricted, 1n o few others, the range 15 farly wide, and with the re-
mainder, the ty pe of breeding water has a fairly defimte pattern for
each species

If we take cognizance of this natural restriction as to types of
breedmg places, and by relatively simple methods change, even very
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paign (except under compulsion of an epidemic situation) appears to
be the following

1 Begin with a comparatively small and sel, d inspection p 1 to

find and correct the permanent ( mother foct )} breeding places on &

systematized schedule, using this imtial pertod for the careful traning of
this personnel,

With this primary mspection correction program under way, begin and

mtensively prosecute public education measures, by all available

methods,

8 As soon as the primary personnel 1s sufficiently tramed and experienced
to be dependable, begin the trainng of an augmented inspection and cor
rection force,

4 Put the additional inspection and correction force to work on cleaning up

all temporary container breeding, at the same time carrymg on an inten

swve adult destruction campaign by spraying methods,

Plan the measures necessary for the prevention of rewnfestation of the

area from outside sources and, as soon as stceess in eradicabion appears

to be in sight, put them nto effect

[N

o

Whule efficiently conducted campaigns of the general type indi-
cated should be effective m controlling and even 1n extirpating dedes
aegypt in hmited areas and should therefore elimnate urban yellow
fever and dengue m such areas, we are unable to make any estmate of
the practicabihity of the species sanitation of the vectors of jungle yel-
low feer, as 1t appears that sufficient precise data are not yet avail-
able for this purpose Vaccmation may have to remam the primary
protection for some time to come for persons who must be near or
the jungle, especially for the reason that the situstion 1s complicated
by the presence of jungle ammals which are reservors of the virus

Takewsse, no certain predictions as to the practicability of con-
trol or eradication of the other vector of dengue, dedes alboprctus, are
possible at present In view of the probability of extensive commt-
ments for some time to come by military and occupational forces m
the areas where this species exists, 1t appears strongly ads 1sable that
imtensive studies be made of this species and the best methods for its
control However, we need not wait for needed research m these cases
Enough 1s kuown to enable us to make a successful attach upon this
vector, though 1t probably will not be the most economical plan I:l
such circumstances the statement of Soper and Wilson (loc mt,t
p 283) 1s particularly applicable “Under these conditions 1t was no
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feasible to lose time m making careful surveys or extensive prelimi-
nary studies of possible control methods, 1t seemed rather more ex-
pedient to learn how to get nid of gambuae by actually getting rid of
gambuae

SPECIES SANITATION OF PTST MOSQUITOFS

Speaies sanitation was an 1dea developed in connection with the at-
tack upon vector mosquitoces, but 1t 13 applicable to pest mosquitoes
also In fact, the campaigns agnmst migratory salt-marsh mosquitoes
are m effect a phase of specics samtation It even extends to the mat-
ter of subspecies among pest mosquitoes

Jobling®* and several othcrs have shown that our common domes-
tic mosquito Culex prpiens 1s a complex of two subspecies, a zoophi-
lous C prpiens prprens and an anthropoplulous C piprens molestus
The former feeds principally on birds, rodents, and even frogs, and
does not attack man, 1t ibernates, breeils preferably 1n relatively
clear water of Jow or moderate orgamc content, and does not develop
effectively 1n lughly polluted water The man-biting C p molestus,
on the contrary, does not lubernate and develops readily and appar-
ently by preference m foul water such as the contents of cesspools
As yet hittle practical use has been made of this information coneern-
mg Culez pipiens, but 1t does suggest strongly that there may be
other pest mosquitoes which have subspectes of different characters-
tics and breeding habits, that 1t may be possible to 1gnore the sub-
species which do not attach man, and that environmental changes may
beeffected which will mmimize the numbers of man-biters or substitute
for them a subspeces (or other species) which 1s of no importance as
a nuisance.

NATURALISTIC CONTROL

Practically every species of mosquito 1s to a greater or less extent
bnuted 1n distribution and multipheation to certain £ypes of breed-
1ng places, m which only 1t can breed n effective numbers With some
Species the range mn ty pe of water for breeding 15 very narrowly re-
stncted, 1 a few others, the range 1s fairly wide, and with the re-
mander, the type of breeding water has a fairly defimte pattern for
each species

If we take cogmizance of this natural restriction as to types of

l’X'Bedmg places, and by relatively simple methods change, even very
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shghtly in some cases, the character of such water or its surroundng;
1t becomes 1mpossible for a species imited to such breeding water t
continue to breed mn appreciable numbers or at all, and 1t therefor
ceases to be of importance numerically erther as a disease vector or 2
a pest

Any such change 1n the character of the breeding water or 1ts m
mediate environment, when made as a planned measure of mosquit
control, 15 termed a “naturabstic” control method, because 1t seek
to mahe changes 1n the natural conditions under which a particuls
mosquito species breeds, as distinguished from the mechamical o
chemical methods of attack, such as dramage or larwading Th
method 1s ecological in concept and execution, rather than mechanistic

These naturalistic methods of mosquito control are deserving o
much greater use than they have heretofore had It 1s always easter
follow along m the rut and use the old dependable, standardized meth
ods, than to exercise creative imagmation to develop or adapt an eco
logical method of mosquito control But progress comes from the lat
ter type of work However, methods are tested by results, and we must
always keep m mmd the 1dea that Ross™ stated many years ago n re
gard to malaria control “The proper policy 1s not the protection
policy, nor the mosquito reduction policy, nor the quinme policy. but
an opportumst policy which uses any weapon 1t can Ultimately we
have to frame our measures according to local feasihihity ”

H B Carter®®was apparently one of the first to obserye and record
& naturalistic control measure, namely the variation of nater Jevels m
null ponds, which acted as an anti-Jarval measure In referring to
changes 1 water level due to closing of mulls over the wech ends, Car-
ter states “These changes of elevation withmn a shorter time than the
cycle of development of the mosquito should tend to prevent breeding
As the water falls 1t should leave some larvae stranded m the grass and
behind drift, while the r1se would expose them to some extent to fish,
from which the shallow water and other conditions at the edges had
protected them Accidental changes should work to their disadvantage
because 1t would be a change from protective conditions which they
themselves had established * Fluctuation of water level 1s beng used
by the Tennessee Valley Authority as an important measure m the
control of Anopheles guadrimaculatus m reservours along the Ten-

nessee River
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- Watson, Swellengrebel, and many others have contributed greatly
to the development of naturahstic control methods, and Hack-
dt” and others have assisted 1 systematizing the basic 1deas of the
messures

\ few examples of naturalistic methods of mosquito abatement wall
belp toallustrate the use of this method

dnopheles maculatus a stream breeding vector of malaria n the hill areas
of Malava, 15 a sunhght breeder Clearing of yungles, capecally alang strems
txdditches, actually incrensed 1ts breeding and the incidence of malaria Stop

ping such eleaning and ging the develor t of jungle shade along
wster courses helped to reduce the malaria transmitted by this species The
of ant 1c flushing devices was a further step in the economical

tatrol of this mosquito Automatic or manually operated stream and diteh
fushing devices are also effectss e agamst the stream breeding Anopheles mins
et (for example, in the Plulippine Islands) and against the stream bed breed
g d culierfacses 1n Cevlon

Similarly, the planting of dense vegetation aver breeding places and even
shading such places with matting have been valuable in reducing the breeding
¢fdnopheles mintmus 1n Incha 8 Coconut leaves have been used 1n like manner
fgunst 4 maculatue i Malaya In northern India dense shading of the armiga
ton channels and the draimns 1n the rice fields, by plantings of dhuranta (D
farta plumien) or lantana (Lantana acuteata) or basak (4dhatoda vasica),
bas eflectively checked the breeding of the dangerous vector Anopheles miny
e Inthig region the still water of the rice paddies does not breed any vector
ophelines

APP“entIy the effect of such plantings 13 not the effect of shade m deterning
the presence of Anopheles mmimus, but the effect of dense shade 1n preventing

¢ growth of vegetation 1n the water channels, for ‘Thompson?® has ponted out
that in the perenmal streams of Assam Anopheles mimimus larvae are seldom

fourd where the banks are bare of vegetation
Thebreed z of Anopheles in the shallow kachcha wells™ on tea
tstales 1n Assam and northern Bengal can be controlled by clearing 5o as to
Teave baye edpges of soil at the water surface Therefore with Anopheles miny
"4 1t 13 apparently the absence of margnal vegetation, rather than lack of
soalight, whach 15 the enitical factor

1t denge shading by hedges 1s to be used, it is important that ditch banks be
rased sufficiently to enable the hedge to grow, for most shade shrubs will not
Brow 1 4 waterlogged soil Shade hedges should be pruned, preferably in the
"10Y season, to keep them neat and tidy

Ch“ls'mg the salimity of water may have a profound effect upon the mos
‘;‘"t“ Population of a body of water By means of automatic flap gates

Tackett 1 o d the breeding of Anopheles sacharort (elutus) in an ex
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tensive swamp ares near D d
of the swamppnnd removing the d’.lflpll;::; ’wl'::er near:::lz rater ot one el
Pposite end, thus

ncreasing the salimty of the water above the optimum for that species A forr
years afterwards, through neglect, the water 1n this area was allowed to freshen
and Anopheles sacharov: reappeared promptly Paradosically, 4 sundascus g
the mangrove swamp regrons of Malaya could be controlled by lowenng the
salinity of the water, whereas in Java?2 an increase in the salunity of the water
m the fish ponds drove out 4 sundacus, probably by changing the type of slgse
which grew in these ponds

Years before the tion between Anopheles and malana was known,
the Italians recogmized that a mixture of salt water and fresh water m the
coastal marshes resulted mn intense malana Control gates to keep out salt
water 1n summer, erected by Zendrini at Viareggio 1n 1740 and stidl in use to-
day, have mimmized the breeding of the brackish water vectors 4 sacharont
and 4 labranchiae labranchige and as a result these marshes and their vicmity
have been healthy 17

An epidemic of malama occurred at Falmouth® on Antigua in the West
Indies, due to interference with natural tide action, so that the water on shore-
ward marshes freshened sufficiently to permit dnopheles albimanus to breed
Hurlbut,™ 1n studying this problem mn Porto Rico, found that 4 albimanus
could breed abundantly n certain brackish coastal lagoons, but that if these
lagoons were opened up to normal tidal action, so as to bring the saline content
up to an equivalent of over 50 per cent (preferably 75 per cent) of sea water,
breeding ceased

In Holland 1t 1s recogmized that polders recently reclaimed from the sea are
malarious, owing to the breeding of the vector species A labranchwae airo-
parous, a facultative brackish or fresh water breeder, but with time these
polders become freshened, and then atroparvus 13 replaced by the relatively
harmless 4 messeae, which seems to be able to over breed competitively and
supplant atroparous n fresh water

Many Anopheles species are qmte fashdions and will not breed in foul water
of high orgame content It 1s therefore possible to hmit the breeding of such
species by deliberately polluting the breedmg water with decomposable organic
matter Cut vegetation of varions types packed info breeding pools, so that it
rots and fouls the water, will usually prevent dnopheles breeding, though 1t
may result 1 a heavy infestation of certam culicine mosquitoes To overcom;
this, the herbage should be packed imto the water untl 1t extends abofve ;;1
completely covers the water surface In India 1t has been found that m;m n{:’
with chopped cactus will prevent the breeding of Anapheles culicifactes

s1x to exght weeks
The foregomg llustrations have been taken from the field of m;z;
layia coutrol, for the reason that malaria control 1s probably one

t
the most mtricate and mvolved of all the phases of mosquito abate-



SPECIES SANITATION NATURALISTIC CONTROI 355

ment The vanability of the problem on a world-wide basis 15 cer-
tamnly considerable, n any particular region successful control at
reasonable cost can only be obtamned by recogmzing this varability,
approaching the study of the problem with an open mind to deter-
mine all the factors 1n any local situation, and then applying the ap-
propriate control measure or perhaps devising new control measures
speafically adapted to the species of mosquito mvolved and the en
vironmental conditions under which 1t exists

Control cfforts directed aganst a particular dangerous species of
mosquite and naturahstic methods of control of such species have
been more defimtely used in the prevention of malana than m any
other aspect of mosquito abatement Naturalistic methods can, how-
ever, be used agamst any particular species of mosquito 1f only suffi-
cient study 1s given to the ecology of each species to determine favor-
able and unfavorable breeding conditions But 1n the field of pest
mosquito abatement, while some progress has been made, less use of
naturalistic control methods has been obtained, though this plan of
attack offers great opportumties for economies and effectiveness
With pest mosquito problems, the direct attack upon the important
species (species samitation) by the methods appropriate to that spe-
cies 15 certainly obvious What 15 less obvious 15 that in many cases
more ingenwity could be used 1 adapting measures which effect an
environmental change unfavorable to the breeding of a particular pest
mosquito There 1s no reason why naturalistic control methods cannot
produce as good results 1n pest mosquito control as i the control of
malaria vectors Dramnage and the use of o1l or other larvicides will
probably remam the dependable control methods, but imagination
and careful study certamly should develop naturalistic methods of
pest mosquito abatement which wall exther reduce the cost of dranage
and oiling or greatly enhance their effectiveness Tor any speeific
abatement problem sueh studies should yield advantageous results

Tor example, the naturalistic method of controlled refleoding and
redramming should effect greater efficiency and ultimately marked
economy 1n the abatement of the variqus salt marsh,
as Aedes sollicitans A taemorhyncus A dorsalis A
A 2quamiger Perhaps a modification of this method
plied successfully to the abatement of such flood water
verans and 4edes aldricht Studies are surely needed

vy B
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cessful naturalistic methods of attack upon other pests, such as Man-
soma perturbans and Psorophora confinms

As anillustration of the variability of the mosquto control probiem,
we have prepared APPENDIN 4, PART 1 (page 861), i which are histed
geographically a considerable number of the anopheline mosquitoes
with their more usual or typical breedmg places, and the regions m
which they are either umportant (primary) or secondary (occaswonal,
o1 very localized) vectors of malara

Wehave not attempted to prepare a sumilar table to melude all the
vectors of other mosquito-transmitted diseases, for the reason that our
knowledge of the biology and ecology of many of these species 1s too
meager and mexact for the purpose However, 1n appENDIX B (page
367) we have listed the known vectors of yellow fever, dengue, filari-
asts, and encephalitis, with some mformation as to the approximate
geogiaphical ranges of these spectes

As a ginde to the subject of species sanitation i the field of malara
control, we have prepared and present as PART 11 of APPENDIX 4 2
chart showing the important vector dnopheles throughout the world,
grouped geographically and according to the prmncipal types of
breeding places, with suggrestions as to appropriate control measures

The basis for this chart was provided mn a small chart devised hy Sir
Malcolm Watson (not publshed), which we have greatly enlarged
and extended We have used 1t for a year or more 1n teaching medical
and sanitary officers m the Navy and Army of the United States It
has passed through a number of revisions durmng this tume, and we
are especially indebted to Sir Richard Christophers and Sir Malcolm
Watson for so generously taking a great deal of time to advise us as
to the Indian and Far East anophelines, and to Stanley B Freeborn
and many others who have offered valued suggestions

A generalized presentation of this type suffers from many diffi-
culties, of which not the least 15 the lack of precision m regard to de-
tarls relating to many species But its advantages as an overall view
of & very 1mportant matter are so great that they outweigh the ad
mutted faults and limitations The chart probably contains some er-
rors, but we hope that they are errors of omssion only

More precise charts can be constructed slong somewhat stmlar
Lines for malara vectors i limited regions

Charts with the same general purpose can also be constructed even~
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tually for the smportant vectors of mosquito transmitted diseases
other than malara

In arerapnx ¢ (page 871) we hase presented the classifieation of
mosquito abatement methods omginally devised by Russell and Hack-
ett,”> which we have modified and extended to cover pest mosquitoes
as well as malaria vectors

In apreNDIx D (page 374) we present material on the identifica-
tion of mosquito genera and species, and the use of identification kevs
This we have endeay ored to simphify so that it will help the person wha
has not been techmeally tramed n systematic entomology to gain at
least an msight mto the methods of sdentification of mosquitoes The
systematists wall probably scoff at it, but we did not prepare 1t for
therr purposes If 1t wall help doctors, engineers, and samtanans, our
purpose 1s attamed

In arrEnpD: E (page 890) arc histed the more important books and
techmical articles relating to mosquito classification, identification, bi-
ology, and ecology, grouped according to mam geographieal regions
50 as to gmde anvone working n a particular area to the more impor-
tant matenal dealing with the mosquitoes of that region

In conclusion, we state as our belief that there 15 no fool proof
formula or nfallible method for mosquito abatement There 1s much
that we know concerming mosquito abatement methods, but probably
much more that we do not know In every new situation we should first
define the problem by careful and adequate field studies and then ap-
ply the mdicated appropriate abatement methods, but we should keep
an open mmnd concernming methods and scrutimze them and therr re-
sults with a scientific scephicism which will not be satisfied with less
than the nearest approach to perfection possible And 1n any long ex-
1sting situation probably an even more sceptical attitude may be valu-
able, for 1t 15 possible that an 1dea which has stood unchallenged for a
generation may be wrong at least in part, having not hept pace with
the accretions of new mformation

Continued research 1s necessary m mosquito control but it must
not be limited to the laboratories of the uniersities The true place
of research1s on the job every hour and every dav in practical work
mosquito abatement people 1 all ranks have opportunity to make
observations of value, and by ingenious adaptation imprase methods
of attack on these enemes of man \osquito contro! still has not only
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the faseination and mtense mterest of exploring the unknown and of
gving opportunity for the trial of new 1deas, but 1t also has the satis-
faction of contributing greatly to the health, comfort, and prosperity
of manhind
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ArreNDix A

PART I THE PRINCIPAL ANOPHELINLS

OF THL WORLD

Therr Typical Breeding Places and the Regions

T3 here They Oceur

Species

Regon of malaria
transmission

Typical breeding
places

NORTIL AMERICA, CENTRAL AMERICA, AND WEST INDIEY

4 all Wied

A aguasale Curry

4 bellator Dyar and hnab

4 crucwane erucians
Wiedemann

4 darlings Root

4 hectorss Giaquinta Mira

A maculipenma atecus
Hoffmann

A4 wmacubpennu freeborni
Altken

4 preudopunctipennu
prevdopunclipenniz
Theobald

4 preudopunctipennis
francuseanus
McCracken

4 punctimacula
Dyar and hnab

A punctipennis (Say)

A4 i

Texas, coastal
Mexico Central America,
West Indies

Micaragua, Panama, Trini
dad Lesser Antilles

Trnidad

Southern and eastern United
States?  Mexico? West
Indies?

Bntish Honduras Guate-
mala

Mexico? Guatemala? above
4,000 feet

Mexico?

Western  United  States
northwest Mexleo

Southern and western United
States? Mexico? Central
America?

Southwestern United States?
northern Mexico?

Mexico Central Amerlea
Trinldad

North Amerlea?

g Say

hern and central United
States coastal Mexico

Sunlit swamps pools
lakes, fresh or brackish

Bracklsh tidal swamps
tlee fields

Bromeliads
Fresh water pools

Lagoons overflows
ponds shaded with
vegetation

Pools, wells ponds
troughs

Pools ditches

Clean sunlit fresh seep-
age water

Sunlit water algac

Sunlit pools along reced
ing streams, algae

Shaded swamps pocls
streams

Margins of streams pools
springs shaded

Tmpounded water Iskes
ponds lagoons pools
swamps  with vegeta
tlon (floatage)

Note: A question mark indirates doubtful importance in & particular reglon.
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Region of malaria Typical breedmg
Species transmssion places
A vestipenms Honduras? Shaded streams, pools,
Djyar and hnab ponds
SOUTH AMERICA
A albymanus Wiedemann  Colombia Ecuador Sunlit swamps, pools
Venezuela lakes fresh or brackish
A albitarsis Northeast Argentina, Brazil, Large ponds, swamps,
Lynch Arribalzaga Guianas? Paraguay with vegetation
Venezuela?
A agquasalis Curry Brazil Brackish tidal swamps,

4 argyritarns
Robineau Desvoldy

Brazil? Argentina?

A darlings Root Venezuela, Guianas, Brazil,
Argentina
A pseudopunctip Ar; Chile
peeudopunctipenms
Theobald
EUROPE
4 algerionsis Theobald Italy? Macedona®

4 labranchiae atroparvus
van Thiel

LY

labranchias
labranchas Fallerom

A4 maculipenmas
maculipennis Meigen

[

melanoon melancon
Haclkett

messeas Falleroni

' N-N

sacharom Favr

1N

superprctus Grassy

LS

algeriensis Theobald

Holland, Germany northeast
Italy, Spain, Portugal
Balkans

taly, southern Spamn Sieily,
Sardma, Corsica, Dalma-
tian coast

Hungary, Roumania Mace-
donia, southern Russia

Ttalv?

Roumania

Ttaly Sardima, Balkans cen
tral Russia

Spawn Italy, Greece, Jugo-
slavia Albania Macedonia,
Bulgaria, Thrace

AFRICA
Algenia? Egypt®

rice fields
Pools, seepages

Lagoons, overflows,
ponds, shaded, with
vegetation

Sunlit water, algae

Marshes sluggish
streams, much vegeta
tion

Brackish or fresh water
swamps, pools

Coastal marshes brack
sh rice fields upland
streams

Fresh water pools in hill
areas

Marshes rice fields

Lakes, ponds, marshes

Coastal marshes (brack
ish), inland marshes
(fresh), in sunlight

Stream bed pools rocky
or gravelly, hill of
mountain areas

Marshes sluggish
streams much vegets
tion

mark ind

Note A quest

unportance 1n & particular region
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APPFNDIV A 263
Ttegion of malana Typical breeding
Species transmission places
claviger (Melgen) Northern Africa? Marshes rock pools
(=bifurcatus)
d thali Patton Lgypt? Somaliland?® Sudan?  Stream pools  springs
wells
funestur funertus Tropical Afrlca Swamps weedy streams,
Giles ponds seepages
gambuae Giles Tropleal Africa Small pools in direct sun
light Oceaslonally In
ertificial containers
Highly domestic A
dark varlety In brackish
water
hancocks Fdwards Central Africa (west)? Grassy pools ditches

hargrearess Evans

labranchiae
labranchiae Falleroni

marshallu gubbinel
Evans

mouchets mouchets
Frans

mourhels nigerienns
Fyans

multteolor Cambouliu
nuls {Theobald)
phareensia Theobald
preforiens

(Theobald)
sergenti (Theobald)

acomitus Donite

annulars
vander Wulp
(= fuliginosus Giles)

Central Africa (west)?

Northwest coastal Africa

Uganda?

Central Africa®

Southern Nigeria®

North Africa, Egypt, Sudan

Central and southern Africa?
Mozambique?

Sudan upper Egypt central
&nd southern Africa?

Central and southeastern
Africa?

Algeria? Tunisia? Egypt

ASIA

India? Burma? Thaltand?
Malaya? Indo-China®

Indla? Durma? southern
China? Formosa? Thal
land? Indo-China?
Malaya?

gwamps

Swamps, streams with
vegetation

Coastal mar hes brack
ish tice fields upland
streams

Slow shallow streams
drains with vegetation
sunht

Margins of rivers,
streams pools swamps
vegetation

Swamps vegetation

Saline desert water
pools drains shallow
wells

Sides of streams, vegeta~
tion, shaded

Swamps rice fields vege
tation

Small pools without shade
or vegetation

Rice fields borrow pits
ditches with vegetation

Swamps ponds pools
rice fields, ditches

Ponds (vegrtation)
streams ditches lakes
(marginal)

Note; A question mark Indlcates doubtful importance In & particular region.
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Region of malaria Typical breeding
Speaes transmission places
4 vestipenmis Honduras? Shaded streams, pools,
Dyar and hnsb ponds
SOUTH AMERICA
A albimanus Wiedemann  Colombia, Ecuador Sunlit swarmps, pools,
Venezuela 1akes, fresh or brackish
4 albitarsis Northeast Argentina, Brazil ~ Large ponds, swamps
Lynch Arribalzaga Gunas? Paraguay, with vegetation
Venezuela?
A aguasalis Curry Brazil Brackish tidal swamps

4 argyntarns
Robineau Desvoldy

Brazil? Argentina?

rice fields
Pools, seepages

4 darlings Root Venezuele, Guianas, Brazil, Lagoons, overflows,
Argentina ponds, shaded, with
vegetation
4 pseudopunctip Argentina, Chile Sunlit water, algae
pseudopunclipenms
Theobald
EUROPE
4 algersenss Theobald Italy? Macedona? Marshes, sluggish
streams, much vegets
tion
A labranchae atroparvus  Holland, Germany, northeast  Brackish or fresh water
van Thiel Ttaly, Spain, Portugal, swamps pools
Balkans
4 labranchiae Italy, southern Spam, Sicily, Coastal marshes brack

labranckae Fallerom ish, rice fields, upland
streams

Fresh water pools in hill

Sardinia, Corsica, Dalma
tian coast

maculipennis Hungary, Roumania Mace-

maculipenms Meigen

1S

melanoon melanoon
Hackett

messeae Falleroni

NN

sacharoo Favr

IS

superpicius Grassi

1S

algeriensis Theobald

donia, southern Russia
Ttaly?

Roumania

ltaly, Sardinia, Balkans, cen

tral Russia

Spain, Italy, Greece, Jugo-
slavia, Albania, Macedonia,

Bulgaria Thrace

AFRICA
Algerla? Egypt?

areas
Marshes rice fields

Lakes, ponds, marshes

Cosstal marshes (brack
ish), inland marshes
{fresb), In sunlight

Stream bed pools TockY
or gravelly, Wl or
mountaln aread

Marshes, sluggish
streams much vegete

tion

Note A question mark indicates doubtful importance In a particular reglon
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Region of malaria Typieal breeding
Species transmission places
A clarsger (Meigen) Northern Africa? Marshes rock pools
(= bifurcatus)
A d thal Patton Egypt? Somaliland? Sudan?  Stream pools springs,

A funestus funestus
Giles

4 gambiae Giles

4 hancocks Edwards
A hargreaven Evans

A labranchas
labranchwe Talleroni

4 marehallu gibbins
Evang

A4 mouchets mouchets
Evans

A mouchets migerienss
Evans

A multecolor Cambouhn

A ml: (Theobald)

4 pharoensis Theobald

A pretorienns

(Theobaldy
A sergenti (Theobald)

4 acomtus Dnite

4 annulary
vander Wulp
(= fuliginosus Giles)

Tropiecal Africa

Tropieal Africa

Central Africa (west)?
Central Afrlea (west)?

Northwest coastal Africa

Uganda?

Central Africa?

Southern Nigeria®

North Africa, Egypt, Sudan

Central and southern Africa?
Mozambique?

Sudan, upper Egypt, central
and southern Africa?

Central and southeastern
Afrlea?

Algerla? Tunisia? Egypt

ASIA

India? Burma? Thalland?
Malaya? Indo-China?

Indla? DBurma? southern
China? Formosa® Thal
land? Indo-China?
Malaya?

wells

Swamps weedy streams
ponds seepages

Stnall pools in direct sun
light Occasionally in
artificlal containers
Highly domestic A
dark varfety in brackish
water

Grassy pools ditches,
swamps

Swamps, streams with

vegetation

Coastal marshes brack
ish rice fields wpland
streams

Slow shallow streams
dralns with vegetation
sunlit

Margins of rivers
streams pools swamps
vegetation

Swamps vegetation

Saline desert water
pools dralns shallow
well

Sides of streams vegeta-
tion, shaded

Swamps rice fields vege
tation

Small pools without shade
or vegetation

Rice fields borrow pits
ditches with vegetation

Swamps ponds pools,
rice fields ditches

Ponds (vegetation)
streams ditches lakes
(marginal)

Note: A question mark indicates doubtful fmportance in & partleutar region.



[N

N

1N

LS

‘Wiedemann

Arribalzaga
alis Curry

ritarss
Desvoidy

darling: Root

pseudopunctipenns
pseudopunclipenms
Theobald

algeriensis Theobald

labranchiae atroparous
van Thiel

labranchas
labranchae Fallerom

maculipenms
maculipennir Mergen

melanoon melanoon
Hackett

messeas Fallerom

sacharoor Favr

superpictus Grassi

algeriensis Theobald

MOSQUITO CONTROL

Region of malaria
transmission

Honduras?

SOUTH AMERICA

Colombia Leuador,
Venezuela

Northeast Argentina, Brazil,
Guanas? Paraguay
Venezuela?

Brazl
Brazil? Argentina?

Venezuela, Guisnas, Braszil
Argentina

Argentina Chile

EUROPE
Ttaly? Macedonia?

Holland, Germany, northeast
Italy, Spain Portugal
Balkans

Italy, southern Spam Sicily,
Sardima, Corsica Dalma
tian coast

Hungary Roumania Mace-
doma, southern Russia

Ttaly?

Roumania

Italy Sardinia Balkans cen
tral Russia

Spain Ttaly, Greece Jugo-
slavia, Albania Macedonia
Bulgaria, Thrace

AFRICA
Algeria? Egypt?

Typieal breeding
places

Shaded streams, pools,
ponds

Sunht swamps, pools
lakes, fresh or brackish

Large ponds swamps
with vegetation

Brackish tidal swamps
rice fields

Pools, seepages

Lagoons, overflows
ponds, shaded, with
vegetation

Sunlit water algae

Marshes sluggmsh
streams much vegeta
ton

Braclush or fresh water
swamps pools

Coastal marshes, brack
1sh, rice fields, upland
streams

Fresh water pools, in hill
areas

Marshes rice fields

Lakes ponds marshes

Coastal marshes (brack
ish), Inland marshes
(fresh), in sunlight

Stresm bed pools rocky
or gravelly Bill or
mountain areas

Marshes sluggish
streams much vegeta
tion

Note A mark

doubtful fmportance In a particular region
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Regron of malania Typreal breeding
Species transmisaion places
4 claviger (Melgen) Northern Africa? Marshes, rock pools
(=bifurcatus)
A d thali Patton Egypt? Somaliland® Sudan?  Stream pools  springs,

A funertur funertus
Giles

'S

gambuae Giles

N

hancocks Ldwards

1S

hargreaven Lvans

N

labranchiae
labranchias Falleron]

[

marshallu gibbinn
Evuns

1N

mouchelr mouchety
Frans

A mouchetimgeriensis
Evans

LN

multicolor Cambouliu

EN

i (Theohald)

LN

pharoensis Theohald

A pretoriensis
(Theobald)

sergentt (Theobald)

b

LS

aconstus Dinitz

LN

annularis
vander Wylp
(=fuliginorus Glles)

Tropieal Africa

Tropical Africa

Central Africa (wnest)?
Central Afrlca (west)?

Northwest coastal Africa

Uganda?

Central Africa?

Southern Nigeria®

North Africa, Egypt, Sudan

Central and sonthern Africa?
Mozambique?

Sudan, upper Egypt central
and southern Africa?

Central and southeastern
Africa?

Algeria? Tunisla? Egypt

As1a

Indla? Burma? Thailand?
Malaya? Indo-China?

India? Burma? southern
China? Formosa? Thai
land? Indo-China?
Malaya?

wells

Swamps weedy streams
ponds seepages

Small pools In direct sun
light Occasionally In
artificial containers
Highly domestic A
dark varlety In brackish
water

Grassy poals ditches
swamps

Swamps  streams with

vegetation

Cosstal marshes brack
Ish rice fields upland
streams

Slow shallow streams
dralns with vegetation,
sunhit

Margmns of rivers
streams pools swamps
vegetation

Swamps vegetation

Saline desert water
pools drains shallow
well

Sides of streams vegeta
tion, shaded

Swamps rice fields vege
tation

Small poals without shade
or vegetation

Rice fields borrow pits
ditches, with vegetation

Swamps ponds pools
rice fields ditches

Ponds (vegetation)
streams ditches lakes
(marginal)

Noter A question mark Indicates doubtful importance In a particular regon.
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Speces

A barbirosiris
barbirostris
van der Wulp

A cubierfacres Gales

4 fluviatalis Jaraes
(= tistors Laston)

A4 gambae Giles

4 hyreanus mgerrimus

Giles

A kyrcanus sinensiz
Wiedemann

4 jeyporiensis
Jeyporienns James

LN

Jeyporensis
candidiensis hordzumi

kochs Donitz

1N

LN

leucosphyrus
loucosphyrus Domtz

4 labrancheag
atroparvus van Thiel

4 maculatus maculatus
Theobald

4 mimmus Theobald

A palhdus Theobald
A pattoni Christopbers

A4 phihpprriensie Ludlow
4 pulcherrimus Theobald

A4 ramsay: Covell
A sacharovs Favre

4 sergenti {Theobald)

MOSQUITO CONTROL

Regon of malapia
transnussion

Typical breeding
places

India? Burma? Thatland?
Cliag? Tndo China?
Malaya?

Ceylon India, Burma Tha-
land south Arabra

India (above 1000 feet ele-
vation i south India),
Burma, Thailand?

Arahign pemnsula

Malaya? Burma? Thailand?
China? Indo China?

Burma? Indo Chma? Clina?
Korea? Japan? I'ormosa?

Eastern India®

Tonkin?

India? Burma® Malaya?
India? Burma? Malava?

Indo-China®

Siberia Mongolia, north

Streams, ponds, pools,
rice fields brackish
swamps, usually shaded

Stream bed poals, pools of
all types

Stream edges stream
pools ditches

Small pools in direct sun
hght

Rice fields, canals jm
pounded water

Rice fields, swamps
ponds

Streams, lakes, ponds

Ditches
Small, muddy pools,
ditches

Rocky pools

Bracklsk and fresh water

Marchukuo

Malays Burma Indo China
Thailand, south China?

PRastern and northern India,
Assam Burma, Thailand,
Indo-China, southern
China, Formossa

India? Ceylon? Burma?

Japan, China north of 30 N

Bengal Malaya? Thailand?
Burma? Indo-China?

Mesopotamia? Iran? Turke
stan? India?

India? Burma? Thaland?

Transcaucasia, Iran, Irag,
west Ching

Palestine, Syrie? northwest
Inda?

swamps pools
Streams, river and stream
bed pools, secpages, in
sunlight
Clear, sunlit streams,
ditches springs pools,
with vegetation

Ponds, nee fields, ditches

Stream bed puols, rain
water pools

Pools ponds swawps,
ditches rice fields

Swamps pools rice fields

Swamps ram pools
Brackish and fresh water
swamps, pools

Rice fields borrow pits,
ditches, with vegetation

Note A question mark indicates doubtful fmportance in a particular reglon



S

ES

A

LN

LS

A

APPLNDIX A 363
Region of malaria Typical breeding
Speaies transmission places
splendrdus Roidzum! India? China? Thailand? Small pools with algae,
Tormosa? vegetation

stephensi stephenai Arabia Iraq Iran India Wells asterns artifical
Liston Burma containers (urban)
subprctus subpictus India? Malaya? Any water fresh or
Grassi brackish or polluted
(= ro2s: Giles)
sundarcus Bengal Malaya, Indo China  Brackish water swamps
(Redenwaldt) Burma? Thailand? lagoons, ponds

superpictus Grassi

tessellatus Theobald
turhhudi Liston

umbrosus (Theobald)

vagus ragus Donitz

varuna Iyengar

Anatolla Cyprus, Caucasus
Transcaucasia X’nlesllne,
Syria

Stream bed pools rocky
or gravelly, hill or

north“‘est Indla soulhwcst
Sibena

Indo-China?

Arsbia? Iran? India?

Malays, eastern India,
Burma Indo-China

India?

India? Burma?

in areas

Stream marging rice
flelds, pools

Rain water pools stream
bed pools

Jungle pools and swamps,
mangrove swamps, deep
shade

Small pools in and about
villages

Pools ditches wells

EAST INDIES AND PHILIPPINE ARCHIPELAGOES

acom{us Donitz Sumatra? Java? Borneo? Swamps ponds
Celebes? rice fields ditches
anstularis van der Wulp  Sumatra? Java? Philipp ?  Ponds ( ]

(=fuligmosus Gules)

barbirostris
barbirostrix
van der Wulp

kyreanus nigerrimus
Giles

hochi Donitz

leucasphyrus
leveosphyrus Donite

maculatus maculatur
Theobald

Sumatra? Java? Borneo?
Celebes? New Guinea?
Philippines?

Sumatra? Java? Borneo?
Celebes? Philippines?
Sumatra® Java? Borneo?

Moluccas? Philippines?
Sumatra? Java? Borneo?

Philipplnes?®
Netherlands Indies?

Philipplnes?

streams ditches lakes
(marginal)

Streams ponds pools
rice flelds brackish
swamps usually
shaded

Rice fields canals Im
pounded water

Small muddy pools
ditches

Rocky pools
Streams river and stream

bed pools secpazes in
sunlight

Noter A question mark Indicates doubtful Importance in a particular region.
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MOSQUITO CONTROL

Region of malana Typical breeding
Species transmission places
A barbirosirs India? Burma? Thafland? Streams, pond: )!
barbirostris China? Indo-China? rice ﬁf.:lgs b:‘;gfxgl’f’
van der Wulp Malaya? swamps, usually shaded

N

culicifacies Giles

4 flumetihs James
(= histons Laston)

1Y

gambsae Giles

A hyreanus mgerrymus
Giles

d hyroanus sinensis
Wiedemann

4 jeyporienms
Jeyporiensis James

4 jeyporiensis

candidiensie hoidzumi

kocks Donitz

A

1Y

leucosphyrus
leucosphyrus Dontz

1S

labranchae
atroperous van Thiel

4 maculatus maculatus
Theobald

4 mummus Theobald

S

pallsdus Theobald
pattons Christophers

ES

A

phibppinensis Ludlow

1N

pulcherrimus Theobald

[N

ramsays Covell

sacharovs Favr

LS

LS

sergents (Theobald)

Ceylon India, Burma Thai-
land south Arabia

India (above 1,000 feet ele-
vation in south Ind),
Burma, Thailand?

Arghian pemnsula

Malaya? Burma? Thafland?
China? Indo China?

Burma? Indo-China? China?
Khorea? Japan? Formosap

Eastern India?
Tonkin?
India? Burma? Malaya?

India? Burma? Malaya?
Indo-China?

Siberia, Mongolia, north
Manchukuo

Malaya, Burma, Indo China
Thailand south China?

FEastern and northern India,
Assam Burma Thailand,
Indo-China, southern
China, Formosa

India? Ceylon? Burma?
Japan, China north of 80° N

Bengel, Malaya? Thailand?
Burma? Indo China?

Mesopotamia? Iran? Turke-
stan? India?

India? Burma? Thailand?

Transcaucania, Iran, Irag,
west Ching

Palestine, Syria? northwest
India?

Stream bed poots, pools of
all types

Stream edges stream
pools ditches

Small pools mn direct sun
light

Rice fields canals im
pounded water

Rice fields swamps,
ponds

Streams, lakes, ponds
Datches

Small muddy pools,
ditches

Rocky pools

Brackish and fresh water
swamps pools

Streams, river and stream
bed pools, seepages, m
sunlight

Clear, sunlit streams,
ditches, springs, pools,
with vegetation

Ponds rice fields ditches
Stream bed pools rain
water pools

Pools ponds swamps
ditches, rice fields

Swamps, pools rice flelds

Swamps rain pools
Brackish and fresh water
swamps pools

Rice fields, borrow pits
ditches with vegetation

Note A question mark indicates doubtful importance in a parhicular region
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363

Regon of malaria

Typieal breeding
places

ES

EN

ES

EN

EN

Species transmission
splendidus holdzumi India® China? Thailand?
T ormosa?
stephenss ttephenn Arabia Iraq Iran India
Ilston urma
sut peetur pul prctue India® Malaya?
Grasst

{=rotn Giles)

rundaicus

(Rodenwaldt)
ruperpretus Grassl

Denral Malaya, Indo-China
Burma? Thailand?

Anatolia Cyprus, Caucasus,

Small pools with algae
vegetation

Wells cisterns artificlal
containers (urban)

Any water fresh or
brack!sh or polluted

Brackish water swamps
lagoons ponds

Stream bed pools rocky
or gravelly, hill or

areas

Stream margins rice

‘Transcaucasia  Palestine
Syria Mesor fa, Iran b
northwest India southwest
Siheria
teseeliatus Theobald Indo-China?
fields, pools
turkbudi 1 fston Arabia? Iran? India?

umbrosus (Theobald) Malaya, eastern India

Burma Indo-China
raque tagus |} mite Indla?

varuna Iyengar Indla? Burma?

Raln water pools, stream
bed pools

Jungle pools and swamps
mangrove swamps deep
shade

Small pools in and about
villages

TPools ditches wells

EAST INDIES AND PIILIPPINE ARCHIPELAGOFS

aronitus Donits Sumatra? Java? Borneo?
Celebes?

annularis van der Wulp  Sumatra? Java? T ?

Swamps ponds pools,
rice fields ditches

(= fuliginorus Glies) o

Larbirostnis Sumatra? Java? Borneo?
barbirostris Celehes? New Gulnea?
van der W ulp Philipplnes?

hyreanus mgerremusr Sumatra? Java? Borneo?
Glles Celebes? Philipplnes?
kochi Donttz Sumatra? Java? Borneo?

Moluecas? Philipplnes?

Ponds (veg )
streams, ditches lakes
(marginal)

Streams ponds pools
rice flelds brackish
swamps usually
shaded

Rice fields canals im
pounded water

Small muddy pools
ditches

leveorphyrus Sumatra? Java? Borneo? Rocky pools
teucosphyrus Donitz Philipph
Netk Indles? Streams river and stream
‘Theobald Philippines? bed pools seepages in
sunlight
Note A question mark ind doubtful Ina

T reglon
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MOSQUITO CONTROL

Region of malania Typical breeding
Species transmission places
A mangyanus {Banks) Phohppine Islands Shellow streams in hil or
mountain areas
A manymus flavirostns Philippine Islands Shaded streams ditches,

(Ludlow)

ds Tndies? Celebes

phalypg Philippine Islands?
(Ludlow)

A subpict bpact Netheas]
Grassi New Guinea?
(= rosa1 Gales)
bprct ! Fhlippine Islands?
(Ludlow)

A gundarcus
{Rodenwaldt)

A umbrosus (Theobald)

A ragus himosus King

A annulipes annulipes
‘Walker

A4 bancrofts Giles

A punctulatus
punctulgtus Donttz

A punctulatus
moluccenns
(Swellengrebel and
Swellengrebel de
Graaf)

Note A question msrk indicates doubtful

Sumatra Borneo Javs

Sumatra, Java, Borneo,
Celebes

Philippmne Islands?

Austraba? Tasmama?

New Guinea? northern
Australia?

New Gumnea jslands west of
Celebes and Timor, Mela
nesia north of 20° S, west
0f 170 E mnorthern
Australia

Moluccas New Britam New
Gumnea New Hebrdes
Admiralty Islands north
ern Australia

pools

Pools ponds swamps,
ditches, rice fields

Any water, fresh or
brackish or polluted

Sunhit streams, ditches,
pools, wells, sometimes
brackish

Brackish water swamps,
lagoons ponds

Jungle pools and swamps,
msngrove swamps
deep shade

Muddy open pools, muddy
ditches

AUSTRALIA, MELANESIA, POLYNESIA

Shallow grassy pools,
matshes, streams some
times brackish water

Shallow, slow moving
water, with vegetation

Open rain pools, stream
margms 1 sunlight

Any water, fresh or
brackish, clear or
polluted

importance in a particular region












368 MOSQUITO CONTROL
PART I (cont)
Typieal breedin
Speaies Region places ¢
Aedes punctocostahs West Afnea Water In temporary

Aedes trisenatus
Aedes gemculatus
Aedes albopictus

Culex thalassiue

Destern United States

Asia Minor

North Australia, Madapas-
ear Netherlands Indies
Fui, Japan, China coast,
Indo-China, Thailand,
Philippine Islands, Intha
Ceylon, Hawal, New
Guinea

‘West, south and east Africa

ground pools
‘Water in tree holes
‘Water in tree holes

Water in artificial con
tainers, tree holes, leat
axils, rock pools, fn
wooded areas

‘Water in crab holes,
ground pools

Note At least a dozen other species of mosquitoes have been proven experimentally
to be good wncubsators for the virus of yellow fever but are not considered to be trans
mitters

PART II VECTORS OF DENGUE

Aedes asgypts Southern United States, Cen-  Water In all kinds of arti
tral America Mexico West ficial  containers, In
Indies, tropical and sub- close assomation with
tropical South Americs, human habitations
tropleal and sub tropical
Africa, Including the Nile
valley Mediterranean ba-
sm, Indis, Indo China,
New Guinea, Celebes,
Queensland, Pacific Islands
Aedes alboprctus North Australia, Madagas Water in artifical con
fafners free fiofes, feaf’

car, Netherlands I[ndles
Fiji, Japan, China coast

exils rock pools, In
wooded sreas

Indo-China, Thaland
Phlippine Islands Indla
Ceylon, Hawail, New
Guinea

Formosa, Japan, south and
central Ching, India Cey-
lon Borneo New Guinea
Queensland

Polluted water and water

Armrgeras oblurans
in artificial contamers

PART IiI VECTORS OF FILARIASIS
(WUCHERERIA BANCROFTI)

South China Foochow, Woo ~ Water 1 srtificial con
sung, Hongkong For talners especially in
mosa, Hoko [slands, Cele- sewage or organic oD
bes India Netherlands taminated water about
Indies Egvpt, Brazil, P2 human habitations, use

Culex quinguefasciatus
(= Culex fatigans)
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PART III (cont)

369

Tvpieal breeding

Species Region places
cific Jslands  Australla, ally covered or well
West Indies DThilippine shaded
Tslands Tropleal and sub
tropical regions
Culez pepiens pallens Central  China  I'oochow  Similar to Culer quinque-

Anopheles hyreanus
rinensis

Woosung Shanphal Ja
pan Feypt (Calro)

Y angtee valley Amoy, Woo-

sung  Foochow, Soochow

Shanghal Hongkong Thal-

land Burma ‘Malaya

fasciatus

Rice fields ponds ditches,
eanals

Aedes seutellanst Pacific Islands exclusive of Water in artificlal con

(= Aedes raniegatur) Hawali talners tree holes ete
Aedes togol T'oochow Hongkong Japan  Rock pools near sea shore
Anopheles subpletur India Any water, clean or pol

(= Anopheles rossi)

luted fresh or brackish

Anopheles amietuy North Queensland Pools, clean or polluted

Anopheles funestus Tropical Africa Swamps weedy streams
seepage

Anophel i Hongk Toochow River and stream bed
pools and seepages In
sunlight

Anopheles minimus Hongkong Foochow Clear sunlit streams
ditches  springs  and
pools with vegetation

Anopheler gambiag ‘Tropleal and south Africa Small pools in direct sun
light, occasionally in ar
tificial containers; high-
1y domestic

Culez tritaenlorhynchue Woosung Foochow Shang Water in ground pools

hai

Culezragans Shanghal Water In artificial con
talners

Culer fuscanus Shanghal Vater In artificlal con
talners

Culez voraz Shanghal ‘Water in artifical con

talners

Notes Well over 80 specles of mosquitoes (Culez Anopheles Adedes ond Mansoma)
areknown to be transmitters of Wucherera bancrofts Infection

Notes Wuchersria malayi parasitizes man causing elephantlasis of the upper ex
tremitles in the Netherlands Indles Celebes Chekiang Province Indo-China New
Guinea and Japan \ arious mosquitoes of the genus Mansonwa (Mansoniosdes) are
transmitters Larvae of these attach Ives to aquatic eg
Putia

 This day biting specles transmits the disease In areas where Wucherersa bancrofts
does not exhibit a nocturnal periodicity




870 MOSQUITO CONTROL
PART IV VECTORS OF EPIDEMIC (VIRUS) ENCEPHALITIS

Typical breeding
Species Region places
Cules tarsahs Paarfic Coast, Texas, western  All types of sunlit frest

Unted States (St Louis water pools and dram
and Western Equine types particularly with o
fully incriminated in fleld ganle pollution

and laboratory)

Note The foll g gpecles have tr: tted the several viruses experimentally !
the laboratory, and ere possible (some of them probable) vectors under approprial
conditions

St Louls virus only—Culex piprens (molestus?), Culex piprens pallens, Culex coro~

nator Culiseta incadens Culiseta nornata
Fastern Lquine virus only—Aedes atropalpus, Aedes triseratus, dedes cantator
‘Western Lquine virus only—dedes dorsahs (fresh water form), dedes albomotus
Eastern Equine virus and Western Equine virus—dedes aegypl, dedes solhatans,
Aedes ayloesina

St Louls virus and Western Equne virus—Aedes latoralis, Aedes taemorhynens
Aedes mgromaculis

St. Louls virus, Western Equine virus, Eastern Equine virus—Aedes vexans




Arrenmix C

A CLASSITICATION OI' MOSQUITO ABATLMLNT

METHODS

AGAINST AQUATIC STAGES

I MECHANICAT

a

n

2.

-

Dramnage

1 Open

2 Subsurface
8 Vertical

Pumping
1 Surface water
2 Subsurface (well) water

Diversion of water

Channeling of streams and
sloughs

Tilling in low areas

Restriction or control of exces
sive use or necdless abuse of
irngation water

Misecllaneous
1 Screemngormosquite-proof
ing csterns, wells, and
water containers
Removal or destruction of
unnecessary artificial wa
ter containers
8 Remorval of protective vege
tation or floatage
4 Reparr of leaks or defects
mn water supply, plumb
ing, or dramage systems
5 ‘Tree surgery

[

AGATNST ADULT MOSQUITOES

1 MFCHANICAL

n

o

a

[

Screens
Nets
Special clothing

Deterrents
Fans and punkahs
Exposure to wind

Trapping

1 Baited traps

2 Light traps

Hand catelung and killing

1 Active season killing
2 Winter kilhng

e Removal of houses or villages

to sites beyond flight range

holc: Th!s elassmml!an is modified from Russell P F and Hackett I W A new

control

Acta C

Mnhﬂn Mnrbls Tart 2 96-99 A d
cac 1938

Socletas Neerd! dicl,

Tertis de Tropicis atque

Trop!
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MOSQUITO CONTROL

AGAINST AQUATIC STAGES

II TOXIC

a

b

o

Petroleum denvative orls

1 Direct refinery products

2 Treated oils, for mncreased
toxicity or increased
spreadng capacity

3 Reclaimed waste oils

Larvicides

1 Emulsions

Pyrethrum

Cresylic or phenche acids

Soluble poisons

Solids (powdered)

Paris green

Phenothiazine

Gesarol (DDT)

Toxic gases

< N

III NATURALISTIC

a

o

Chemical

Changing salt (NaCl) eon-
tent of water

Salmification

Freshening

Pollution
with decaying vegetation
(herbage packing)
with sewage or wastes

3 Stagnatmng

Physical

Drymg by agncultural use
or by specisl plantings

Natural fills (siltmg)

Settmg water 1n motion

Intermittent drying

Fluctuating water levels

Flushing or sluicing

Automatic

Hand operated

Constant level flooding

Controlled refloodng and
redraimmng

9 Agitation

Volumetric {see 3)

Surface, especially by wind

Shading to exclude sunhight

Clearing to expose to sun-
light

.~ W

—

o

[- S WO -

© -3

10
11

11

AGAINST ADULT MOSQUITOES
ToxIc

a Sprays
b Fumigants
¢ Chemical repellents

11
a

o

NATURALISTIC
Chemical
1 Admmstration of drugs hke
sulphur which cause odor-
ous perspiration
2 Creating repellent barriers
of odorous plants

Physical

1 Clearing, destruction, or re-
moval of shelter

2 Creation of plant barriers to
flight

3 Rendermg dwellings, espe-
cially bedrooms, unattrac-
tive to mosquitoes
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ACAINST AQUATIC STAGYS

¢ Biological
1 Introduction of
enemies
Predatory fish
Other aquatic predators
2 Changing flora and fauna to
unsmtable or compehtive
types
3 Thmmnation or destruction
of aquatic food supplies
(copper sulphate as an al-
gieide)

natural

e Dy
1
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ological
Introduction of natural
enemies

[

Predatory crepuscular birds,
ete

Paraaites

Deviation by animals

Minimizing avalable har-
borage for winter hiber-
nation



APPENDIX D

IDENTIFICATION OF MOSQUITOES—USE OF KEYS

Smce 1 the abat of q! (species tation) rests so
largely on an accurate diagnos:s of the offending species, the use of entomologt
cal keys becomes necessary The terminology used 1n classification cannot be
understood without some knowledge of the external structural details of adult
mosquitoes and of their immature stages, hence there 1s wecluded 1 this ap
pendix a series of plates and figares ustrating the more mmportant charac-
ters used in keys (Plates I-VII), and four diagram types of ke, two crcular,
one pictorial, and one columnar (Plates VIII-XI) The matenal here pre
sented provides a mimmum of working knowledge 1n a highly techmeal field,
designed for elementary nstruction of persons not tramed in entomological
techmiques The worker in the field of mosquito abatement will need to consult
technical systematic entomologsts experienced m culieidology for expert ad
vice from time to time

There are manv two-winged wsects (Diptera) which resemble mosquitoes
more or less closely, yet do not bite, chief among these are midges or gnats
belonging to the Famly Chironomidae Whle these mdges superficially are
easily confused with mosquitoes, they can be easily separated i that the mouth-
parts are rather blunt (non-prercing), the antennae (feelers) are highly plu-
mose (bushy), and the wings are devoid of scales (sce p 96) Midges often
occur in great swarms toward evening or by day in cloudy weather The larvae
of these mdges are gill breathers and are generally blood red in color (com
monly known as blood-worms) and remain i the bottom muck or debris m
stagnant pools, ponds, reservoirs, lakes, and the like, until they are ready to
emerge 2s adults from pupae at the surface

Other mosquito-like msects are the Dura mdges (Family Dizidae) n which
the adults have sparsely hairy antennae, wings practically bare, and the pro-
bosas, while projecting somewhat, rather blunt and non piereing Dira midges
are non-bloodsucking The larvae of the Diza midges are aquatic and resemble

quito larvae, especially phelines, however, they have a particularly
noticeable horizontal U shaped position

Gnats belonging to the Familv Chaoboridae often occur 1n unbelievably
great swarms along the borders of lakes They are rather delicate, hary, non

biting msects, the hairs on the antennae are n whorls The larvae are known
hant: b of their Ji and swim freely rather deep mn

as p
the water, they are gill breathers
Strangely enough the members of the Famuly Tipulidae (crane-flies or

daddy-long-legs) are frequently mistaken for mosquitoes Crane flies are long
legged wmsects, usually much larger than mosquitoes, and possess non biting
blunt mouth parts and wings without scales The larvae are called leather
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yackets and usually occur 1n moust soil or under sem aquatic conditions, some
species exist among grass roots under dry range conditions
How to recogmze a mosquito Tt 1s m order, therefore, 1 view of the fore-
gomng mformation, to ask What 1s a quito? The entomologist describes
quitoes as slender, delicate flies (insects with one parr of wings, belonging
to the Order Diptera) with slender legs and usually with scales upon the body
and appendages, head small, sub-sphercal with slender neck, eyes conspicn
ous and kidney shaped, antennae (feelers) Iong, slender, and composed of
fourteen or fifteen segments, with whorls of hairs which 1n the males present a
pl d P longand 1 both sexes, thorax arched
but not projecting over the head, scutellum (Plate I, 8) short and evenly
rounded or trilobed, legs long and slender, wings long and narrow, at rest ly
g flat over the abdomen, venation shown in Plate II, 2, the verns and wing
margn clothed with scales, halteres conspicuous, abdomen long and narrow,
composed of nine or ten segments The Family Culicidae which comprises the
mosquitoes, receives its name from the Latn culex which means gnat
Mosgutto larvae (wrigglers) are mvanably aquatic, generally active and

free sw g, they are elongated (worm-like), with head free (a complete
head capsule), a slender neck and a greatly enlarged fused thorax, the abdo
men 1s slender and ten-segmented (. VIII and IA fused) with a pair

of functional spiracles (air opemings) situated dorsally on the mnth abdominal
segment, spiracles open through a tube (siphon) or other modified apparatus
(as 1n anophelimes) for obtaining air through the water surface, or for punc
turing submerged aquatic plants as 2 source of oxygen as in Mansonse The
head of the mosqmto larva bears a pair of short, one-segmented antennae, a
pair of conspicuons eyes, and variously arranged harr tufts and hairs which are
of diagnostic value (see Plates V, VI, and VII) The thorax hkewise possesses
hair tufts and hairs which are useful 1n classification The hair tufts and pal
mate hairs (anophelines) on the abd also serve diagnostic purposes as do
the special structures on the air tube, the anal segment, and segments VIIT and
IX Itisimportant to know that the larvae shed their skins four times and that
with the fourth molt the pupa appears, hence the larvae have fonr instars or
stages, the first two bemng small and immature, full growth 1s reached 1n the
fourth instar

The pupal stage achieved with the fourth molt marks the completion of
feeding and growth The pupa does not feed It s the stage in which trans-
formation nto the adult insect takes place mside of the pupa case In this
stage there 1s a very large cephalothorax (fused head and thorax) which bears
a pair of respiratory trampets (Figure 1, opposite page 4) and 2 tail-like abdo-
men termmating 1n a parr of anal paddles Movement 1n the water 15 by a tum
bl Detailed classification of species based

bling motion, hence the term
on pupal characteristics 15 nob considered practical, however, the general

charactenistics of the respiratory trumpets afford a basis for rough classifica-
tion as shewn tn Figure 1, the trumpets of the anophelin: are short and open
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tro dlv while an the culieins thes are relatunely long and slender The adult
mesgaito which emerges from the pupal stage 1s full growen

Faos of mosquitors show differences in pattern, ornamentation, and color,
tut do not Jend themeelves to svatematie hevs, perhaps particularly beeausc of
therr runrte sire In general it mav be said that members of the culicim de-
posit their eges an tont shaped rafts (Figure 1), while the members of the
ardin: and anophelim deposit theirs singly (Figure 1) Colar patterns on the
egrs of certain speaies of 4nopheles (Anopheles maculipennis) afford a basis
for the separation of sub-specics which are otherwice indistingmshable

USE OF KREYS

While it 35 not witlnn the province of this book to provide complete keys for
the {dentification of mo quito gpecies, non-cntomologist workers in the field of
masquito abatement shieuld have a working knowledge of the procedures used
by entomolopists A variety of schemes are nsed in the htcrature, only a few of
which nre here presented However, experience in the use of these keys will
enable the worl cr to fdentifv the more important species 1n a given geograph
cal arca covered hy such publications as Identtfication Guide to the Mosquitoes
of the Pacific Coart by the United States Public Health Service, Malaria Con
trol in War Arcts, Atlantn Georgin, Mav, 1943, and The Mosquitoes of the
Southeartern States Nevised June, 1942 United States Department of Agn
culture Publication No 816G, Washington, D C Other similar publications re-
lsting 4o various geagraphical arens are listed in apreNDIXE

T zamination of the external charactera of adult mosquitocs requires the use
of a binocular, dissecting micgoscope provided with objectives and oculars giv-
ingmagnifications up to about 85\ Iorthe ion of male t: lia the
oll immersion objective will be needed Tor provisional :dentification i the
field a hand lens giving 8 magnification of 10X to 15\ is useful

Having made certain that the specimen you are dealing with 13 2 mosquito,
vou are then concerned with the problem of identifying 1t as to genus and spe-
cles For this purpose vou will use a key to the identtfication of mosqmitoes
Kevs differ conauiderably in arrangement but, as slready stated above, all re-
quire familiarity with the external structure of these insects

A classification kev is based on the procedure of sclecting some definite
2natomical character and, by noting marked diff theremn, {
the specimen Into one of two groups, then a second character is selectcd
and the sub-group further subdivided this process continues unti the identifi
cation of a species is arnived at

For example, the palpi (Plate 1, 1 and 2) i adult female mosquitoes mav
be either much shorter than the proboscis, or about as long as the probosas If
the palpi are long, the mosquito is an anopheline, 1f they are short, then it may
be esther Culer Aedes or some other genus To break this remainder down
1nto the genera, another character may be used, such as the abdomen tip (Plate
111, 8 and 7) If the abdomen tip 1s blunt, it mav be either Culex Culiseta
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AL, apical lobe (not present in 4nopheles) ALC apical lobe of
claspette ApD appendage of dististyle Bs basistyle (side
piece) BL, basal lobe, BLC, basal Iobe of claspette, BP, basal
plate, CL, claspette (harpago), CA claspette appendage Ds
dishistyle (clasper) La, lacuna LTS, lobe of ninth tergmte P,

Ph, phall (aed: pems) PP paraproct

T 4
Pr, proctiger (anal lobe) SBL, spine of basal lobe VPP,
ventral arm of paraproct (After Herms Medical Entomology
8d ed, New York, Macmillan 1939 p 160)

Plate IV The male terminalia of an dedes squamiger mosquito

or Mgnsoma 1f 1t 1s pomnted, 1t may be exther dedes or Psorophora Other
characters are then selected to make distinctions between these genera Finally,
various characters are selected to make determimations as to species within
each genus In many cases it may be necessary to use the characterstics of the
male genitalia for the final and determmative :dentification

Male terminalia The most enitical differences appropriate for the identifi
cation of adult mosquitoes are to be found in the male terminaha The specr
men one has 1dentified by the use of a hey can be positively checked by a cratical
study of the termmala of the male It s of importance to know that the ter
minal portion of the abdomen of the adult male begins to rotate on its axs
within a few hours after emergence from the pupa and a rotation of 180 degrees
13 completed 1n from twelve to twenty-four hours This portion of the abdomen
remains upside down for the rest of the mosquito s Iife

To prepare the male termmaka (see Plate IV) for study, the tip of the
abdomen 1s elipped off with fine seissors and dropped 1nto 2 dish of 70 to 95
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per cent aleohol After wetting in the aleohol the specimen 1s transferred to 10
10 20 per cent KO for five to twenty minutes and then to a shide where the ex-
cess ROH is removed by blotting from the edge of the liqmd, next a drop of
gizeal acetic acrd is added and the excess removed by blotting, finally a small
drop of chloral gum 1s put upon the specimen and covered with a cover shp
After drving in an oven the cover slip may be sealed with clarite or brunswick
black

The male terminalia of Anopheles mosquitoes frequently present difficulties
which may require special manipulation, however, when prepared as here de
scribed the specimen 13 then readv for examination with a compound micro
teope Plate IV shows the various elements diagrammatically

There are no satisfactory hevs based on the structnres of the male terminalia
Hence onc will make a tentative identification in the nsual manner, that is, by
using hevs as already desceribed, and will then endeavor to confirm the identifi
eation br consulting publications such as Ross and Roberts, Mosquito Atlas
Parts I and II (sce arrEnpit £), 1n which male terminalia of the various spe
cies are fully illustrated

As an aid to identification there should be available to the techmcal workers
a collection of speeimens from the locality where the project 13 being carried
on, which have been identified and labeled by a competent euliesdologist

Rey to the Genera of Adult Female Mosquitoes

Adapted from Identification Quide to the Mosquitoes of ths Pacific Coast United
States Public Jealth Service Malarla Control In War Areas Atlanta Georgla, May
1943

Palpi of females mare than one half length of proboscis (Plate I, 1)
Anopheles

Abdomen of females blunt (Plate 11, 8) palpi short (Plate I, 2)
Cultseta
Cross velns nearly in a line (Plate I 8) spiracular bristles (Plate T 8)

Orthopodomyta
Fourth tarsal segment of foreleg as wide as long mesonotum with delicate sit
very pattern; no spiracular bristles rare O saignifera (Coq)

Culex
Cross veins separated by own length no spiracular bristles normal narrow wing
scales (Plate 1 6)

Mansonia
Droad bi-colored wing scales (Plate ¥ 7); very fuzzy no spiracular bristles
M perturbans (W alker)

Abdomen pointed (Plate 111, 7), palpi short (Plate I, 2)

Aedes
No spiracular bristles; common

Paorophora
Splracular bristles (Plate I 8) rare SE Californla P eonfinnis
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AL, apeal lobe (not present 1n dnopheles) ALC, apical Jobe of
claspette ApD appendage of dististyle Bs, basistyle (side
piece} BL basal lobe BLC basal lobe of elaspette, BP basal
plate CL, claspette (harpago) CA, claspette appendage, Ds
dististyle (clasper) La, lacuna LT9 lobe of ninth terpite P,

Ph phall pems) PP, paraproct

; ¥ (aedeag

Pr, proctiger (anal lobe) SBL spine of basal lobe VPP,
ventral arm of paraproct (After Herms, Medical Entomology
8d ed, New York, Macmillan, 1939, p 160 )

Plate IV The male terminalia of an dedes squamiger mosquito

or Mansomea 1f 1t 1s ponted, 1t may be either dedes or Psorophara Other
characters are then selected to mske distinctions between these genera Finally,
varnous characters are selected to make determmnations as to species within
each genus In many cases 1t may be necessary to use the characteristies of the
male gentaha for the final and determinative 1dentification

Male terminalia The most eritical differences appropriate for the identifi
cetion of adult mosquitoes are to be found in the male termmnalia The spec:
men one has 1dentified by the use of a key can be positively checked by a critical
study of the terminahia of the male It 1s of 1mportance to know that the ter
munal portion of the abdomen of the adult male begins to rotate on its axis
within a few hours after emergence from the pupa and a rotation of 180 degrees
15 completed in from twelve to twenty-four hours This portion of the abdomen
remamns upside down for the rest of the mosquito s life

To prepare the male termmalia (see Plate IV) for study, the tip of the
abdomen 1s clipped off with fine saissors and dropped mto a dish of 70 to 95
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per cent aleohol After wetting in the alcohol the specimen 15 transferred to 10
ta 20 per cent KOX for five to twentv minutes and then to a shide where the ex-
cess ROH 1s removed by blotting from the edge of the liqud, next a drop of
girenl acetic acid is added and the excess removed by blotting finally a small
drop of chloral gum 1s put upon the specimen and covered with a cover slip
After drving in an oven the cover slip may be scaled with clarite or brunswick
black

The male terminalia of Anopheles mosquitoes frequently present difficultics
which may require speeinl manipulation, however, when prepared as here de
senbed the speeimen 1s then ready for examination with a compound micro
scope Plate 1V shows the various elements dingrammatically

There are no satisfactory kevs based on the structures of the male terminalia
Hence onc will make a tentative identification in the nsual manner, that is, by
using kevs as already described, and will then endeavor to confirm the identifi
cation by eonsultang publications suck as Rosy and Roberts, Wosquato dtias
Parts I and I (see arpEnDIX &), in which male terminalia of the various spe-
aes are fully illustrated

As an aid to identification there should be available to the technical workers
a collection of speeimens from the locality where the project is being carried
on, which have been identified and labeled by a competent culieidologist

Rey to the Genera of Adult Female Mosquitoes

Adapted from Jdentification Guide to the Morquitoer of ths Pacific Coast United
States Public ealth Servlee Malarla Control In War Areas Atlanta Georgls, May
1943

Palpi of females more than onc half length of proboscis (Plate I, 1)
Anopheler

Abdomen of females blunt (Plate 111, 8) palp: short (Plate I, 2)
Culiseta
Cross veins nearly In a line (Plate I &) spiracular bristles (Plate I 8)

Ortkopodomyra
Tourth tarsal segment of foreleg as wide es long; mesonotum with delicate si1
very pattern; no splracular bristles rare O signifera (Cog)

Culex
Cross veins separated by own length no spiracular bristles normal narrow wing
scales (Plate I 6)

Marsonia
Broad blcolored wing scales (Plate T 7); very fuzzy no spiracular bristles
M perturbans (W alker)

Abdomen pointed (Plate 111, 7), palp short (Plate I, 2)

Aedes
No spiracular bristles; common

Paorophora
Spliracular bristles (Plate I 8) rare SE California P eonfinnus
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Plate VII Terminal structures of culicine larvae, showing characters
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18 Dorsal abdomnal white bands or lateral spots basal when present 19
Abdomen with narrow dorsal bands and (or) lateral spots of white scales on apical
(posterior) margm of segments (Plate ITI, 1) Culex apicale

19 Abdomen dorsally banded with conspicuous segmental bands of white scales,
seventh segment without pale scales postertorly, occiput with narrow, curved

scales (Plate I, 6), outstanding wing scales narrow 20
Abdomen unbanded dorsally or with narrow segmental bands fairly broad bands
of yellowish scales sometimes present mn ¢ salinarus 22

20 Abdominal bands with a rounded posterior border (ususlly most typical on seg
ments IT1 to V) and the bands mterrupted or much narrowed at lateral marging
(Plate I11, 2) ,

Mesonotum without dots, mesonotal vestiture of narrow, curved, or lanceolate
scales (Plate I, 6), pale-brown or grayish and having a coarse appearance sec
ond marginal cell (Plate I1, 2) usually two and a half to three times the length
of its petiole The southern house mosquito Culex quinquefasaiatus

Abdominal bands continuous to lateral margins (Plate III, 8), their posterior bor
ders somewhat irregular but not evenly rounded, second marginal cell (Plate
11, 2) long usually four or five tumes as long as its petiole 21

21 Mesonotum (Plate I, 8) usually with a pair, sometimes two pairs, of small white
dots near the middle and with grayish scales around the margins mesonotal
vestiture otherwise brownish and with a smooth appearance, mostly of fine harr
like scales The white dotted Culez

Culex restuans

Mesonotum (Plate I, 8) without white dots, mesonotal scales coarser and grayish
in color similar to C gquinguefasciatus The northern house mosquito found in
northern Tennessee and North Carolina Culex piprens

22 Wings with all outstanding scales long and slender (Plate I, 6) ocaiput (top part
of head back of eyes) without flat scales mesonotum (Flate I, 3) with very fine,
dark-brown hair like scales Medium sized species 23

Qutstanding seales of wing at least on branches of vein 2 (Plate II, 2) slightly or
distinctly broadened oceiput with some broad flat scales (except In Culwela
melanura) 24

23 Abdomen usnally with a few yellowish or dingy white scales at base of some seg
ments, or with narrow transverse bands tips of segments sometimes slightly
pale scaled and seventh segment frequently entirely pale scaled three or four
groups of white scales on side 6f thorax Abundant 1n some sections of the Soutl
and East Culex salinarius

Abdomen dark sealed above except for lateral white spots on some segments, scal
ing on pleurae (the sides of the wnsect) somewhat vanable but frequently en
tirely lackimg o, if present, imted as a rule to less than half a dozen seales in
any of the groups Abundant in Florida rare elsewhere Culex mgripalpus

24 Occiput with broad, dusky or pale, appressed scales in front sometimes hmited to
& narrow border along the eyes, but extending to or nearly to vertex sbdominal
ségments with or without narrow white bands Small Culsz sub-genus Melano
conon 25

Occiput without flat scales Proboscis unusually long (longer than abdomen) wing
scales dense and distinetly broadened spiracular bristles (Plate I 8) and ven

tral setae at base of subcostal vem (Plate II, 2) present as in Culiseta snornata

(lacking in all Culez) A comparatively rare species greatly resembling typlcal
Culuseta melanura

Culex
25 Occiput mostly covered with broad appressed scales (Plate I 7) the narrow scales
(Plate T, 6) lunited to & median Line or a small triangular patch (Tip of male
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18 Dorsal abdominal white bands or lateral spots basal when present 19
Abdomen with narrow dorsal bands and (or) lateral spots of white scales on apical
(posterfor) margln of segments (Plate III, 1) Culex apreals

19 Abdomen dorsally banded with conspicuous segmental bands of white scales
seventh segment without pale scales posteriorly occiput with n&rrow, curyed
scales (Plate I, 6) outstanding wing scales narrow 20

Abdomen unbanded dorsally or with narrow segmental bands, fairly broad bands
of yellowish scales sometimes present in ¢ salinariey 22

20 Abdominal bands with & rounded posterior border (usually most typical on seg
ments I11 to V) and the bands interrupted or much narrowed at lateral margins
(Plate 111, 2)

Mesonotum without dots mesonotal vestiture of narrow curved, or lanceolate
scales (Plate I, 6), pale brown or grayish and having a coarse appearance, sec
ond marginal cell (Plate II 2) usually two-and a half fo three times the length
of its petiole The southern house mosquito Culex quinquefasciatus

Abdominal bands continuous to lateral margmns (Plate III 3), therr posterior hor
ders somewhat irregular but not evenly rounded second margmal cell (Plate
11, 2) long, usually four or five times as long as its petiole 21

21 Mesonotum (Plate I, 8) usually with a pair, sometimes two pairs, of small white
dots near the middle and with grayish scales around the margins, mesonotal
vestiture otherwise brownish and with & smooth appearance mostly of fine hair
Iike scales The white dotted Culex

Culez restuans

Mesonotum (Plate I, 8) without white dots mesonotal seales coarser and grayish
in color similar to & quinguefasciatus The northern house mosquito found in
northern Tennessee and North Carolina Culex piprens

22 Wings with all outstanding scales long and slender (Plate T 6) oceiput (top part
of head back of eyes) without flat scales mesonotum (Plate I, 8) with very fine
dark brown hair like scales Medium sized species 23

Qutstanding scales of wing, at least on branches of veln 2 (Plate II 2} slightly or
distinetly broadened, occiput with some broad flat scales (except in Cultseln
melanura) 24

23 Abdomen usually with a few yellowish or dingy white scales at base of some seg

ments, or with narrow transverse bands, tips of segments sometimes slightly
pale scaled and seventh seg frequently entirely pal led three or four
groups of white scales on side of thorax Abundant m some sections of the Sauth
and East Culez salinartus

Abdomen dark scaled above except for lateral white spots on some segments seal
ing on pleurae (the sides of the Insect) somewhat variable but frequently en
tirely lacking or if present himited as & rule to less than half a dozen scales in
any of the groups Abundant i Florlda, rare elsewhere Oulex mgripalpus

24 Occiput with broad, dusky or pale, appressed scales In front, sometimes limited to
a narrow border along the eyes, but extending to or nearly to vertex shdominal
ségments with or without narrow white bands Small Culezx, sub-genus Melano-
conion 25

Ocaiput without flat scales Probosais unusually long (longer than abdomen) wing
scales dense and distinetly broadened spiracular bristles (Plate I 8) and ven
tral setae at base of subcostal vein (Plate II, 2) present as In Culiseta snornata
(lacking in all Culez) A comparatively rare species greatly resembling typleal
Culex Culueta melanura

25 Occput mostly covered with broad appressed seales (Plate I, 7) the narrow scales

(Plate I 6) limited to a median Line or & small tnangular patch (Tip of male
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ahdornen much enlarped In Culez peceator) Culez mlosus
Culex peccator
Occlput with & larpe median triangular area of parrow scales (Plate I, 6) extend
ing nearly to the vertex, the broad appressed scales (Plate T 7) often reduced to
a natrow line bordering the eyes (Mesonotal sealing often hroney or golden)
Culez erraticns
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Proceed outward from the center, following
the alternative choices arranged in the con
centrie arcles By proceedng inward from
the crcumference the distinctive characters
of any species may be determined

Courtesy U S Publsc Health Service

Plate VIII Key to the mosquto larvae of the southern United States,
by G H Bradley,S B Freeborn, and E J Gerberg
(cirenlar diagram type)



¥ roceed outward from the center followlng
the alternative cholces arranged in the con
cuntrie elrcles By proceeding jnward from
the the dl; h t
of any species may be determined

Courtesy U § P biic Heolth Serice

Plate I\ key to the mosquito larvae of the Pacific Coast
{circular diagram type)
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SELECTED LIST OF BOOKS AND ARTICLES ON
MOSQUITO SPECIES AND BIOLOGY

The following hst of pubhications on mosquitoes mcludes valuable 1n
formation for all workers concerned wmith mosquito abatement

GENERAL

Blanchard, R Les moustiques histowre naturelle et medicale Panms F R
de Rudeval, 1905 1~xm - 673 p, 316 figs

Chrnistophers, S R Provisional list and reference catalogue of the Anophe
hm  Indian Medical Research Memorr (Calcutta), No 8, December, 1924
105 p

Edwards, F W Diptera, famly Culicidae  Genera mnsectorum (P Wyts
man) Brussels L Desmet-Verteneurl, 194me fascicule, 1932 256 p,
plates I-V

Laboratory guide to medical entomology, with notes on malaria control
Bethesda, Maryland Naval Medical School, Department of Tropical Med:
cme and Parasitology, National Naval Medical Center, 1948 193 p

Russell, P F, Rozeboom, L E , and Stone, A Keys to the anopheline mos
quitoes of the world, with notes on their 1dentification, distributien, biology
and relation to malania  Philadelphia American Entomological Socety,
Academy of Natural Sciences, 1943 152 p

Theobald, F V A monograph of the Culicidae or mosquitees Vel I, 1901,
424 p, 151 figs , vol II, 1901, 891 p, 818 figs , vol III, 1903, 859 p, 193
figs , plates I-XVII, vol IV, 1007, 639 p, 297 figs, plates I-XVI, vol
V, 1910, 646 p, 261 figs , plates, 1901 London British Museum (Natu
ral Hastory)

Weyer, F Die Malaria Ubertrager  (Emne Zusammenstellung der wichtigen
Anopheles-Arten mit Angaben uber Verbreitung, Brutgewohnherten, Le-
bensweise und praktische Bedeutung ) Leipzig Georg Thieme, 1939 141

p, 15 figs
MNORTH AND CENTRAL AMERICA

Antken, T H G The Anopheles complex in Califorma (Diptera, Culierdae)
Proceedings of the Sixth Pacific Science Congress, 1V, 1939 p 463-48%

Aitken, T H G Contributions toward a knowledge of the msect fauna of
Lower Califorma, No 6 Diptera Culiidae  Proceedings of the Cal
forma Academy of Sciences, 24 161-170, June, 1942

Bradley, G H On the 1dentification of the mosquto Iarvae of the genus
Anopheles occurring m the United States (Diptera, Culicidae) Southern
Medical Journal, 29 859-861, August, 1936 5 figs
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Bradley G H ,and hing W ¥ Bionomies and ccology of Nearetic Anophe
les A symposiam on human malana Washington, D C  American Asso
cttion for the Advancement of Seience, 19341 p 79-87

Carpenter, S J The mosquitoes of Arhansas  Iittle Rock State Board of
Health 1030 89 p, 31 figs, 2 tables

Cagser O R Neotropreal Anophelimy, common species of the United States
incloded (kev to adults and larvae)  Bethesds, Maryland Naval Medieal
School, National Naval Medical Center, December, 1932 15 p

Dvar, 1 G The mo quitocs of Canada  Transactions of the Royal Cana
dian Institute, 18 71-120, Februare 3021 .

Dyar, H G The mosquitoes of the United States  Proceedings of the
Umted States National Museum 62 1-119 June, 1922

Dvar, H G The mosquitoes of Panama  Insecutor Inscitine Menstruus
{Washington, D C), 13 101-195, Julv, 1925

Dyvar,HH G The mosquitoes of the Americas  Washington, D C  Carncgre
Institution of Washington Publication No 387, Mav, 1928 G616 p, plates
I-CANINT

Treeborn, § B The mosquitocs of Californa  Berkeley Umiversity of
California Agricultural ¥ xpersment Station Technical Bulletins  Ento-
mology, 3 836-460, March, 1026 41 figs

Freeborn, § B, and Brookman, B Identification guide to the mosquitoes of
the Pacific Coast states  Atlanta Georgia United States Public Health
Service, Malaria Control in War Arcas, May, 1043 23 p

Hearle, T The mosquitoes of the lower Fraser Valley, British Columbia,
and their control  Ottawa National Research Council, Report, 1926, No
17 94 p, plates I-\IV

Howard, I O, Dvar, H G, and hnab I The mosquitoes of North and
Central America and the West Indies  Washington, D C  Carnege Insti
tution of Washington, Publication No 159 Vol I, 1012, 520 p, plates
I-\IV, vol 11, plates 1912, vol III 1015, p 1-52%, vol IV, 1017,
p 524-1064

Ring, W V, and Bredley, G H  General morphology of Anopheles and
classifieation of the Nearctic species A symposiom on human malaria
Wasthington, D C A A ion for the Ad of Science,

1981 p 63-70

king W V, and Bradley, G 1 Distribution of the Nearctie species of
Anophcles A svmposium on human malaria Washington,D C  American
Assoclation for the Advancement of Science, 1941 p 71-78

hing, W V, Bradley, G H and McNeel, T F The mosquitoes of the
southeastern states Wash D C Dep t of Agniculture, Mus
cellaneons Publications No 336, June, 1939 90 p, 20 figs

Ring W V, Bradley, G H, and McNeel, T I  The mosquitoes of the
southeastern states Vi ask D C Department of Agriculture, Mis
cellaneous Publications No 836 June, 1942 9G p
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Komp, W H W  The classification and 1dentification of the Anopheles mos
quitoes of Mexico, Central America, and the West Indies A symposium on
human malaria Washington, D C  Amenican Association for the Ad
vancement of Science, 1941 p 88-97

Komp, W H W The anopheline q of the Caribbean region Wash
mgton, D C  National Institnte of Health, Bulletn No 179, 1042 195 P

Kumm, X{ W, and Ram, L M  Observations on the Anopheles of British
Honduras American Journal of Tropical Medicine, 21 559-566, 1941

Mail, G A The mosquitoes of Montana Bozeman Montana Agricultural

¢+ Expermment Station, Bulletin No 288, March, 193¢ 72 p, 18 figs

Martint, E Los mosquitos de Mexico Mexico, D F  Departamento de
Salubridad Publica, Boletines Tecmeos, Serie A Entomologfa Medica y
Parasitologfa, No 1,1985 65 p, 11 figs

Matheson, R A handbook of the quitoes of North America Spring
field, 11 C C Thomas, 1929 —xvi1 4 274 p, 23 figs, plates I-XXV

Moulton, F R, Editor A symposium on human malaria, with special refer
ence to North America and the Caribbean region Washington, D C
A A on for the Adva t of S , 1941 vmn - 898 p

Owen, W B The mosquitoes of Minnesota, with special reference to their
biologies St Paul University of Mimnnesota Agricultural Experiment
Station Technical Bulletin No 126, November, 1937 75 p, 11 figs

Rees, D M The mosquitoes of Utah Salt Lake City Bulletin of the Uni-
versity of Utah, Vol 83, No 7, March 4, 1943 99 p

Ross, E 5,and Roberts, H B Mosquito atlas, Part I the Nearctic Anophe
les, mportant malana vectors of the Americas and Aedes aegypts, Culex
quinquefascratus  Philadelphia  American Entomological Society, Acad-
emy of Natural Sciences, 1943 1v +- 44 p

Rowe,J A Notes on the distribution and breeding habitats of Iowa Anophe-
Jes Journal of the Iowa State Medical Society, 31 279-280, July, 1941

Rozeboom, L E  The mosquitoes of Oklahoma Stillwater Oklahoma Agrt

, cultural and Mechameal College, Techmeal Bulletin No T-16, October,
1942 56 p

Smmmons, J S, and Aitken, T H G The anophelne mosquitoes of the
northern half of the western hemusphere and of the Phiippme Islands
Washington, D C Army Medical Bulletin No 59, January, 1942 213 p

Tulloch, G § A key to the mosquitoes of M: h Psyche (Boston),
46 113-186, December, 1939  Plates IV-VIII

Vargas, L Clave para identificar las larvas de Anopheles Mexicanos Cien

cia, 1 66-68, April 1, 1940

SOUTH AMERICA

Bonne, C , and Bonne-Wepster, J  Mosquitoes of Surinam, a study on neo-
g het Kol 1 Imstituut te

tropical mosquitoes Kommnkhjke verceng
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Amsterdam  Mededeeling Yo NI Afdecling Tromsche Hvgene, No
13,1027 558 p, B4 figs ~
Cova Garetn P Notas <obre los fcl de V. 1a y su identifi
Caracas Publicaciones de 1a Disizion de Malariologia No 2 (Ministerio de
Samdad v Asistencia Social), Tanuary, 1939 31 p, plates I-\, 5 tables
Dvar H G The mosquitoes of the Amerieas  Washington D C  Carnegie
Inttitution of Washington, Publication No 887, May, 1928 616 p, plates
I-C\AIIT
Gigliol;, G Melana in Brtish Gmiana - Parts I-V - Agricolture Journal of
British Guana 8 75-81, 135-146, 197-206, 1938, 10 4-9, 9-12, 1930
Lane, T Catalogo dos mosquitos neotrépicos  STo Paulo Clube Zooldgico do
Braal, Bolctrm Biolégeo, Sere Monogrifien, No 1, December 12, 1939
i-ix 4- 218 p
Pervassu, A G Os anophclincos do Brasit  Arcluvos do Museu Nacional do
Rio de Janciro, 29 0-101, 1921
Root,1 M  Studics on Brazilian mosquitoes  Parts I-IV  American Jour
nal of s mene, 6 684-717 September, 1926 7 470180, July, 1927, 574
598, 509-600, Scptember, 1027
Ross, I’ S, and Roberts, 1 R \Mosquito atlas Part I the Nearctic Anophe
Jes, important malana veetors of the Americas and Aedes aegypts, Culex
quinquefasciatns  Philadelphia American Entomologieal Soctety  Acad
emy of Natural Sciences, 1943 iv 4+ 43 p
Senevet, G T es moustiques de 1a Guvane {rangnise (mussion 1931)  Ar
chives de 1 Institut Pasteur d Algerie 15 352-382, 1937
Senevet, G, and Abonnene T Quelques anophélinés de la Guvane fran-
caise  Archines de | Institut Pasteur d Algerie, 16 $86-512, 1038
Sencvet, G, and Ab L1 Tes ques de la Guyane frangaise 11
Le genre Culex  Arcluves de ) Institut Pasteur d Algenie, 17 62~134,
1939
Shannon, B C  List of species of Argentine Cuhicidae  Sexta Reunion de la
Sociedad Argentina de Patologfa Regional, Salta, 1930 (Buenos Aires),
1931 p 495500
Shannon, R C  On the classification of Brazilian Culiaidae with special ref
erence to those capable of harboring the yellow fever virus  Proceedings
of the Entomological Society of Washmngton (D C), 33 125-164, June,
1931 Plates I-\I
Shannon, R C  Anopheles of the Amazon Valley Proceedings of the En
tomological Society of Washington (D C), 85 117-113, October, 1933
1 plate, 2 figs
Shannon, R C, and Del Ponte, B Los Culicidos en la Argentina  Revista
del Instituto B3, légico del Depar Nacional de Higiene (Bue
nos Aires), 5 20~140, November, 1927
Soper, T’ L,and Wilson, D B Anopheles gambiae 1n Brazil, 1930 to 1940
New York The Rockefeller Toundation, 1943 262 p
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EUROPE

Edwards, I' W A revision of the mosqutoes of the palaearctic region
Bulletin of Entomological Research (London), 12 263-351, November,
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Edwards,F W Una revisione delle zanzare delle regiom paleartiche Trans
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466, 613-652, 1926
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10 figs
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2 maps
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Anopheles maculipennis astecus 361
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4nopheles vagus imosus 366
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Army regulations, 296
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dermatitis, 251

poisoning, 251

whate, 242
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Asphalt, emulsified, 286
Assessed valuations, 55
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Associations, ecological, 97
Atebrine, 8, 295, 301
Atsatt, R F, 210, 213
Attractants, 103
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Back,R C,106,118
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Barber, M A ,235,239,215 343 858
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298
Barraud, P J, 395
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Barrel traps, 103
Barrels, 114, 260, 318, 314, 325
Barreer reefs, 161
Basak, 853
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Bays, 161
Bed nets, 287, 295, 301
Bent, F A, 216, 218, 244
Bentonite, 147, 278, 835
Benzene derivatives, 208
Bergen County, New Jersey, 223
Berkeley, California, 189
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Biological method of control, 373
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Brologmsts, 126
Biology of mosquitoes, 97
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Bishop, E L, 236, 302
Bishepp, F C, 25, 242, 246
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Bonne-Wepster, J , 392, 895
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and Gambusa, 277
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285, 245, 253, 269, 883, 390, 391
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Breeding habits, 348
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See also Rural areas, special prob
lems m, Urban areas, special
problems in
Breeding ponds for fish, 273
Breeding zeasons, 123, 305
Brick, for ditch limng, 154
Bridges, 103
Bristles, post spiracular, 5, 383
Bromehads, 109, 329
Brookman, B, 10, 391
Brownsville, Texas, 293
Brug, S L,395
Brush drains, 157
Bryce, D A, 245
Buckets, breeding m, 318-314
Budgets, 82, 63, 64
Bnket Gantang, 343
Bulkheads, 181
Burgess, R W, 105, 117
Burlingame, California, 3
Byron Hot Springs, Califorma, 23,
229, 277

Cactus, chopped, 854

Calcium arsenite, 242

Caleium cyanamide, 242

Caleiom hypochlorite, 821

Calciom stearate, 240

Califorma, 26, 343-345
appropriations for control, 81
law, 29, 32, 33, 85, 36
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Califorma Mosquito Control Associa

tion, 48
Calistoga, Cahiforma, sewage ponds,
277

Cambournac, F J C, 159
Campsite selection, 300
Cannery wastes, breeding in, 323
Cans, tin, breeding in See Tin cans
Cape Hatteras, Virginia, 98
Capital outlay, 67
Capturing mosqutoes for 1dentifica
tion

adults, 101-107

larvae, 107-110
Carassius auratus 276
Carbolic acnd, 267
Carbon dioxide attractant, 105
Carbon tetrachlonde, 228, 291
Cares spectes (sedges), 167
Carev Island, Malava, 15
Carpenter, S J, 391
Carroll, J , 2
Carter, H R, 8,18, 24, 50, 187, 837,

840, 352, 858

Catch basins, 307
Cattle, effect of o1l on, 267
Causey, O R, 891, 395
Cellars, breeding 1n, 103, 319
Celh, A, 2
Cellosolve, 240
Cemetery nrns, breeding 1n, 329
Central mixing depot, 262
Cephalothorax, 376
Cesspools, breeding 1n, 114, 821 322
Chagasia genus, §
Chalaco, 270
Chalam, B S, 285, 245, 251
Chambers of Commerce, 51
Chand, D, 293, 294, 803
Chang, T L, 147, 159, 895
Channehzing streams, 826, 871
Chacbordae 874
Chaoboris asticlopus 105
Chaoboris lacustrus 105
Charcoal, dilnent dust, 234, 288
Chart, Anopheles vectors, 856
Chemical control, 872
Chenderoh reservorr, 346
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Chimneys, screening, 284
Chironomdae, 874
Chlorde of lime, 321 -
Chlornine, larval tolerance of, 321
Chloroform, 102, 103
Chloropierin, 212
Chow, C V, 896
Chnistophers, R , 856, 390, 895
Chnisty, C, 26
Chr & cmneraraefol
Cisterns, breeding 1n, 525
Cuties as abatement agencies, 45
Citronella, 287
Civil Works Admimstration, 49, 126
Clark, D, 340
Clark, J A, 258, 254, 255, 269
Clarke, J L ,100, 116, 127, 232, 244,
256, 257, 269, 278, 279, 810
Cleamng solvent, 228
Clearing as control measure, 148, 353,
372
Clearng, tools for, 148
Climate, 121, 130
Clothing, protective, 249, 801, 371
Cochrane, E , 203, 204
Coggeshall, L. T, 295, 803
Collection of specimens, 102, 107-
110
Color preferences of mosquitoes, 103
Complaints, 59, 89, 90, 97, 112
Compressor, air, for spraying, 291
Concrete mix, 154
Connecticut law, 46
Connor, M E, 270, 279
Conservation of wild hfe and mos
quito abatement, 126, 127
Contaners, breeding in, 348
Contests as means of public ednca
tion, 88
Contracts
annual purchase, 68
for aeroplanes, 261, 264
for equipment and labor, 125, 126
Control agency, 77-78
Control measures
choice of, 119-120
classification of, 870-372
secondary, 7, 119, 205

m, 228
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Control measures (cont )
selective, 122
Control policies, 352
Controlled reflooding, 7, 127, 183,
335, 855, 372
Cook, S &, 984, 235, 245
Copper aceto arsenite, 234
Copper sulphate as algicide, 242, 268,
819, 329, 873
Corbett, G H, 211, 244
Corozal, Panama, 103
Corps of Engineers, 297
Corrosian, 178, 283
Cost
accessory, 259
average, 63

Cristobal Colon, ship, 98
Crops
effect of ouls on, 148, 267
loss of, due to mosquitoes, 17, 22
Crosby, W D, 843
Crossett, Arkansas, 3
Crosthwait, § L, 127
Culez apicalis, 288, 384
Culez coronator, 370
Culex erratscus, 385
Culex fatsgans See Culex Quingue
fasciatus
Culex fuscanus, 369
Culezr genus, 1dentification of, 379,
383
Culex mgrspalpus, 884
Culex peceator, 385

economic loss caused by mosquitoes,
17-24
estimates of, 55
hand labor vs machmery, 126, 172~
174
of application by aeroplane, 253,
259-265
of applying oils and larvieides, 247,
251-258
of control work, 55, 63~66, 67
of malaria, 12-17
of oils and larmicides, 220-222,
281-232
of owned vs rented equipment,
254256
unmt, 63
umt, Califorma, 64
unit, New Jersey, 64
Cotton mulls, 20
Counties a3 abatement agencies, 41
County farrs, 86
County health departments, 48, 822
Couplet scheme for identification, 383
Cova Garera, P, 393
Covell, G , 107, 118, 239, 245, 269
Crane flies, 374
Cranes, excavating, 78, 174
Craters, bomb, 818
Cresol 219
Cresylic acd, 2189, 227
larvicide, 306, 313, 319, 821, 825,
828, 372

Culex pilosus, 885
Culex prpiens 5, 35, 92, 98, 100, 104,
115,122, 124, 225, 229, 235, 276
804, 305, 312, 815, 816, 330, 351,
384
as vectors of heartworm, §
breeding babits, 124, 305, 312, 315
fught of males, 100
subspecies, 351
Culex piprens molestus, 5,21, 23, 100,
8183, 316, 819, 322, 351, 370
Culex pipiens pallens, 369, 370
Culex pipiens pipiens, 100, 819, 330,
851
Culex quinquefaseratus 5, 8, 9, 98,
234, 801, 804, 315, 819, 322, 868,
3884
Culex restuans 883,884
Culer salmarus, 384
Culex species and Iight traps, 105
Culer tarsalis 5, 123, 146, 240, 241,
257, 811, 822, 323, 824, 870
Culex thalassius, 368
Culex trifaeniorhynchus 869
Culex vagans, 369
Culex vorax, 869
Culterdae, 4, 376
Culierde, 239
Culicin, 4, 5
Culifuges, 287-289
Culisela genus, 9, 378, 883
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Culiseta sncrdens 192, 293, 830, 870,
882

Culsseta inornata 8?0, 384

Culiseta maccrackenae 882

Culiseta melanura 884

Culrerts, 103, 136, 137, 177, 178, 190,
191

Currs, D P, 116

Cvelic hvdroearbons, 208

Daddv long legs, 96, 874
Dairy drains, breeding in, 125, 823
Damage
caused by flushing, 193
caused by mosquito abatement, 127
Dams, design of, 837
da Silva, O J, 293, 803
DDT, 239-241, 291, 329, 872
Deaths from malarn, 18
de Buck, A, 858
Del Porte, E , 393
Delta lands, 130, 132
De Meillon, B, 290 302
Demolitions, 819
Demonstrations of control work, 50—
52
Dendrol 146
Dengue, 5,12, 120, 121, 848, 349, 350,
356
vectors of, 368
Depots, 60, 77, 262
Denvaux, R R, 10
Dermatitis from Paris green, 251
Des Plaines Mosquito Abatement Dis
triet, 120
Destruction of adult mosqmtoes, 119,
289-292
Destruction of larvae, by flushing, 193
Deterrents, 287-288, 371
Dewiation by ammals, 292, 878
Devices
for collecting adult mosqurtoes, 102
for flusling, 198
for sampling soil for eggs, 110
De Vilbiss spray pastol, 201
de Vilhers, 194
Dhuranta, 858

105

Dichlorodifluoromethane, 229, 201
Dichloro diphenyl trichl )
144, 239, 291, 291, 306, 819, 829
Diesel a1l, 208
cost, 221
for killing vegetation, 149
spreading coeffictent, 217-219
Diluents for Pans green, 23+-239
ammonia, 238
charcoal, 234
dust, 231, 287, 238
hydrated hime, 234, 237, 238
kerosene, 289
loess, 238
moist sand, 234
powdered tale, 234, 237
soapstone, 234
tufa, 288
Dumethyl phthalate, 287, 288
Diptera 874,876
Durofilarta smmiles 5
Disease prevention, 7, 120
Disease vector mosquitoes, 12, 107,
120
Disking, marsh, 166
Dispersal flight, 101
Dastichlis maritima 167
Distribution reservonrs, 317
Districts, abatement
formation, 29, 36-37, 38, 40
powers, 33, 85
100t exeraise of, 43
regulations, 89
Ditches
breeding m, 826-327
construction of, 147-151
with explosives, 149
grade of, 130
laying out, 151
lining, 158-156
mazntenance of, 152
Diversion of water as control meas
ure, 371
Dexdae 874
Doane, R W 254, 269
Dormutator latifrons 270
Draglines, 125 148, 182
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Dramage
agricultural, 132
construction of ditches, 147-151
construction of dykes, 174188
daff between abate-
ment and agncultural, 141-144
gates, 188, 174
lateral, 170
mamtenance, 183
of fresh-water marshes, 130-147
of salt-water marshes, 169-174
outlets, 175
Drains
side slopes of, 155
storm, 311
veloaities m, 155
vertical, 142
wooden, 157
Dredges, 125, 126, 189
Dreft, 241
Drip cans, 145, 265
Drugs, use of, as control measure, 7,
371
Dry 1ce attractant, 105
Drying as & control measure, 271, 872
Duck clubs, 185, 267, 331336
Durnham, G C, 296, 297, 303
Duranta plumiers, 853
Durazzo, Albana, 854
Dyar, H G, 891, 393
Dykes, 132, 174-183
Dynamute, use of, 150, 151
Dynes, 216

Earle, W C, 108, 251, 269, 262, 302
Earth cover for sanitary fill, 189
Earth dams, temporary, 194
Easements, mght, 339
Eastern Association of Mosquito Con
trol Workers, 49
Ecologreal associations, 6, 97
Ecological balance, 171,278
Ecology, 97, 126, 355
Economic damage caused by mos
quitoes, 12-24, 55
crop losses, 17,22
deaths, 14, 17, 18

INDEX

Economie damage caused by mos
quitoes (cont )
labor Josses, 14, 20-21
malana, 12-17, 19
medical care, 18, 19
property losses, 21-22
summer resorts and golf clubs, 22—
24
Education, public See Public educa
tion
Edwards, F W, 890, 394, 395, 397
Effective vectors, 842
Eggs, mosquito, 5, 6, 97, 110, 123,
188, 186, 877
Electric charge on dust particles, 237
Elephantiasis, 5, 369
Elmendorf, J E, Jr, 117
Embankments, 126, 186
Emergency detauls, troops, 297
Emenich, A M, 277,278
Emplacements, gun, 201
Emulsifiers, 230, 231, 233, 241
Encephalitis, transmission by mos
quitoes, 5, 9, 44, 856, 370
Engneer Corps, 296
Engineering supervision, 182
Engneers, 54, 56, 60, 62, 857 See
also Samtary engineers
Engle, R F,21
Entomologsts, 47, 54, 58, 60, 62, 98,
106, 111, 122, 299, 374, 376
Entemalogy, 56, 57, 357

Envir tal control , 300
Epidemie, spray-killing durmg, 201
Epiphytes, 829
Equipment

for ditching, 147-149

for oiling marshes, 253-258
rented vs owned, 125-126, 254~
255
storage of, 77-78
Eradication, species, 291, 846
Eretmapodiles chrysogaster, 867
Froston, wave, 164
Estuares, 161
Etcheverry, B A, 158
Ethyl aleohol, 240



INDEX

Ethylene glycol monophenyl ether,
240

Evans, A M, 394
Evaporation, 146, 186
Evolutionary differentiation, 128
Excavation

by hand, 172

machinery, 182

tools, 125
Execuave oficer, 56, 57, 66
Expansion joints, 166
Explosion hazards, with o1l, 267
Explosives, ditching with, 149-151
Extra cantonment sanitation, 50

Fair Oaks District, Califormas, 44
Fairer, C D, 261, 269
Falmouth, Antigna, 354
Fans, as repellents, 871
Farm tenant houses, 286
Fats, 209
Fatty aerds, 209, 217
Federal agencies, 49-50
Fees, 55, 6O
Fellton, H L, 219, 220, 244
Feng, C-L, 895, 396
Filanasis, 2, 5, 9, 12, 121, 801, 356,
368
Tills, 7, 188, 189, 301, 871
Films, o1, 209, 224
Finances, 63, 66, 67
Financial supervision by state, 48
Fire danger
n aeroplanes, 204
10 peat marshes, 165
in spraymg, 201
Fish and game commussions, 127
Fish, mosquito See Gambusia affims
Fish, predatory, use as control meas
ure, 127, 186, 188, 270, 273
Flanary, P N, 261,269
Flight range of mosqustoes, 98, 100,
101, 871
Floatage, 108, 258 837, 888, 571
Flood flows on marshes, 179
Flooding
constant level, 7, 127, 185, 872
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Flooding (cont )
duck clubs, 383
intermittent, 144, 835
shallow, 256
Tlood water, 163
Floodwav, 136
Floodseay spraying equpment, 257
Tlorida law, 88
Tlower containers, breeding 1n, 330
Tlues, vent, 28%
Flushing as control measure, 192-203,
872
Flushing sewers, 311
Fly nuisance, 189
Fly spray (pyrethrum), 298
Tood preferences of mosquitoes, 123
Food supplies, factor in flights of mos
quitoes, 100
Foreman, L, 320
Forms, recording, 107
Fort Stotsenburg, P 1,313
Fouling, 354
Franca, M, 10
Freeborn, S B, 18,25, 138, 145, 159,
210, 243, 856, 391
Freon, 229, 291, 294
Freshening water, as control measure,
372
Fuchs, A W, 25
Fullerten, H R , 302
Fumigants, 872
Fundulus species 270

Gallimippers, 5, 114
Gambusia affinis 23, 133, 186, 271~
279, 817
adaptation to salt water, 271,277
and Anopheles larvae, 272
and 4 quadrimaculatus 272 278
in barrels, 814
1 cisterns and tanks, 325
1n garden pools, 276, 316
m reclamation drams, 183
1n rice fields, 145, 146
1n sewage ponds, 277
1n sloughs and bavous, 131
in streams, 827
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Gambusia ajfinis (cont )
mn vats, 315
m watering troughs, 825

Gambusia holbrooks, 271

Gametocytes, 8, 842, 844

Garden pools, 276, 816

Gardinol 226, 230

Gasoline, 78

Gasteroperus species, 270

Gater,B A R, 395

Geiger, J C, 145, 159

Gesarol, 289, 240, 291, 829, 572

Gighol, G, 893

Giles,G M, 8

Gmsburg, J M, 211, 219, 225, 230,
243, 244, 245, 288, 802, 308, 820

Gmsburg formula, 231

Gyulln, C M, 10, 118, 185, 187

Glasgow, R D, 253, 269

Glass vials for catching mosquitoes,
102

Glossina palpalss, 294

Gnats, 96, 114, 874

Goldfish, 276, 817

Golf clubs, economic loss caused by
mosqutioes, 22, 23

Gordon, W M, 244

Gorgas, W C, 290

Goudey, R F,268

Granett, P, 302

Grant, H G, 238, 245

Grass;, B, 2

Gray, H F, 10, 20,25

Gray, H F, Jr, 216, 218, 244

Green, H W, 211, 243

Gnffin, R B, 302

Griffitts, J J , 303

Gnffitts, T H D, 234, 245, 293, 303,
337, 840

Gutters, roof, breeding 1, 815

Gutters, street, breeding 1, 311

Haas, T D, 10

Hacker, H P, 211, 248

Hackett, L. W, 8, 11, 128, 129, 235,
245,251, 269, 341, 858, 857, 858,
359, 371, 894
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Haemogogus  capricornu, 108, 301,
867

Haemogogus species, &

Hair of mosquitoes, 4, 376

Haiti, 103

Haltere, 4, 876

Hamlin-Harns, R, 159

Hammon, W MecD, 10, 11, 105, 117

Hand application of ails and larvi
cides, 248-251

Hand level, 151, 170

Hardenburg, W E, 159, 244

Harkins, W D, 244

Hart, J J, Jr, 106, 117

Havana, Cuba, 2

Havan, 8, 293

Hayes, F L, 257

Hayne, T B, 235, 245

Headlee, T J, 104, 105, 117, 278

Headwalls, 181

Health department as abatement
agency, 43—45

Health officer, 48

Hearle, E , 891

Heartworm in dogs, 5

Heat 1nsulation, 286

Hedges, 858

Hegartv, C P, 187

Herbage packing, 854, 372

Herms, W B, 10, 53, 105, 116, 117,
129, 207, 303, 858

Hibernation, 873

Hicks, E P, 293, 294, 303

Hiding places of adult mosquitoes,
101, 103

Highway departments, 187

LR B, 159

Hi Lo 241

Hmman, E H, 242, 245

Hodglin, E P, 211, 244

Honoluln, T H, 298

Hopkns, G H E, 394

Horse drawn equipment, 148

Horses, as bait, 103

Horsfall, W R, 146, 159

Hoskins, J K, 159

Hotels, economic loss caused by mos-
quitoes, 22, 23
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Hothouses, breeding 1n, 229
Houses
breeding mnside, 315-316
mosquito-proofing, 285
Howard, L O, 2, 10, 50, 206, 210,
243, 391
Howard, R 5,159
Howard, ' S, Jr, 197,204
Hse, S C, 896
Hauffaker, C B, 106, 117, 118
Hurlbut, H S, 854, 859
Hrvdrated Iime, 284, 237, 238
Hydranhe dredging, 170, 189
Hvdrocarbons, 208, 211
Hydrolvsis of pvrethrins, 230
Hrdroqunone, 238

Identification kevs, 357, 377-889
Identification of species, 97, 101, 874
389
Illinoss 1aw, 36
Impounded water, 336
Indalone, 287
Index, adult capture, 849
India, malaria 1, 13-14
Infantile paralysis, 9
Ingram, W T, 358
Inlets, street, 307
Innes, W T, 320
Insectivorous birds, 262
Inspection correction program, 350
Inspections, 80, 88, 107, 110, 348
distret, 111
follow up, 116
house to-liouse, 80
marsh, 112
mght, 118
on complaint, 112
records of, 113
Eervices, 295
Inspectors, 88, 111, 116
Instar, larval, 376
Insnlation, house, 286
Insurance, 18, 59, 67
Interfacial tension, 217, 218
Intermuttent flooding, 144, 388
Intermittent streams, 826

109

Internal Revenue, Bureau of, 18

International Health Daviston, 3, 42,
52

Inverts, precast, 154

Irngation, 143, 300, 315, 871

Irngation districts, 8, 141

Ismalia, 8

Ttaly, 8

Tzum, T M, 10

Job, T J, 270, 279

Jobling, B, 851, 358

John, C C, 270, 279
Johnson, H A, 159, 252, 269
Jones, G P, 358

Jones,J W, Jr, 106,118
Junction boxes, 158

Juncus gerards, 167

Jungle clearing, 353

Jungle yellow fever, 5, 348
Jute mill, malaria control at, 16

kachcha wells breedingin, 353

Karachi awrport, 203
Kegs as traps, 103
Kelley, T F, 330, 340
hern River, Cahforma, 186, 257
Kerosene, 2

and Panis green, 239

effect on eattle, 267

on garden pools, 276

relative toxiaity, 214

solvent for DDT, 210

solvent for pyrethrum, 228

spreading coeffictent, 217

use mn cisterns and wells, 825
Keys, 1dentification 357, 377~389
Riker, C C, 261, 269
Rallifish, 270
hulling adult mosquitoes, 289 297,

350, 871
King, W V, 235,245, 253 269,339,
883, 891

harkpatrick, T %, 894
Rissileva, E , 306
Risumu, Africa 293
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Klang, Malaya, 15, 842

Knab, F , 891

Knapsack sprayers, 249

Knipe, F W, 117, 266, 289, 290, 302
Knowles, F L, 288

Knutsen, H , 264

Komp, W H W, 302

Krian rice fields, 343

Kumn, H W, 302

Labor, 20, 58, 59, 174
Labor loss caused by mosquitoes, 17,
19, 20
Lacalle, C W, Jr, 11
La Face, L, 895
Lagoons, 354
Lakes, breeding 1n, 183
Landeiro, F , 159
Landing barge, amphibious, 256
Lane, J , 893
Lantana acuteata, 353
Larvae, description of, 376
Larviaides, 205, 226, 301, 306, 836,
372
as secondary control measure, 6,
128, 130
comparative costs, 258
cost of application, 247, 251, 253~
255
methods of application, 248-266
by aeroplane, 259-265
by drop cin, 265
by hand, 248
by oiled sawdust, 265
by water stream, 258
power spraymg, 253-258
precautions 1n applying, 266-268
types
borax 242
calcium arsemte, 242
caleium cyanamde, 242
chloropienin, 242
eresyhic aeid, 227-228
dichloro diphenyl trichloroeth
ane, 239-241
nicotine, 242
Parnis green, 234-239
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Larviades (cont )
types (cont )
phenothiazine, 241
pyrethrum, 228-233
rice bran, 242
white arseme and copper sul
phate, 242
use 1n tree holes, 327329
Latitude and breeding, 124
Launches, power, 181
Lawn parties, repellent sprays, 258
Lawn watenng, 286
Laws for mosquite abatement, 27-41
Lazear, J W,2
Leakage, 871
wrrigation, 142
tide gates, 179
water pipes, 311
Leather jackets,’ 874
Lebias See Aphansus dispar
Lee, D J, 397
Legwen, W A, 159, 197, 203, 20+
Lennert, L G, 159
Le Prince, J A, 2, 10, 50, 103, 104,
105,117, 1563, 159, 203, 204, 252,
269,276,278, 302, 837, 340
Levees See Dykes
L, F-S,896
Lafe histories of mosquitoes, 113
Light, reactions of mosquitoes to,
100-106
Light traps, 100-106
Lime, hydrated, 284, 238
Lismnoria 177
Liqud manure tanks, breeding n, 828
Liquor cresolis comp 227
Lattoral breeding, 839
Lattoral marshes, pollution of, 127
Littoral wet ground, 138
Lodi, Calhiforma, 845
Loess, 238
London, England, 813
London School of Hygtenc and Tropr
cal Medicine, 16
Los Molinos, Califorma, 8, 141
Loss, economic See Economic dam
age caused by mosquitoes
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Ludlow, C S, 396
Luna S, 847

Macan, T Y , 894
Macdonald, G , 195, 203, 350
Macedoma, malarin in, 298
WMachinery, excavating, 182
Macherras, I W, 897
Macon, Georgra, 192
Madras, India, 121
Mageon, E H,103, 117
Mal,G A, 892
Maintenance, 168

diteh, 182
Malaria, 12, 79,

345

aestivo-autumnal, 21

and military environment, 296-301

and mosquito species, 2, 841--346

and naturahstic control, 851855

and rice fields, 147

control, results, 15~17

control umts, 209

deaths from, 18

disability rates, 298

disespline, 301

dranage detachment, 207

endemic, 120

mportance of, 12-17

Jmpounded water and, 336-339

in India, 13-14

m Macedonia, 298

1 New Guinea, 208

m Solomon Islands, 298

n United States, 13

morbidite, 200, 208

prevention of, 865

survey, basic, 300

survey unit, 299

veetors of, 361

without swamps, 841
Malaria  Control i War

(USPHS), 50, 151

Malana Institute of India 52
Malana Investigations, Office of, §0
Malariologist 58, 299
Malaya, 2

, 208, 837, 812 843,

Areas
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Mandekos, A , 239, 215
Mangrove swamps, 253, 854
Manila, P T, 343
Manming formula, 196
Manson, P, 2
Mansonsa perturbans, 228, 856, 382
Mansonia species, 109
identification, 878, 383
Mansoniordes africana 867
Mapes, G W, 187
Maps, 60, 61, 62
aerial photographie, 61
county, 61
nspection, 107
mounting of, 77
scales, G1
spot, 113
Margmal shallows, breeding 1n, 133
Margmnal vegetation, 853
Marine borers, 177
Marshall, J T, 594
Marshes fresh water, 130-158
ditehing, 147-156
wrngation districts, 141-144
lakes, 133-134
mountain distriets, 137-141
rice fields, 144-147
river bottom, delta, and overflow
lands, 130-133
uplands, 136-137
valley floors and plains, 134186
Marshes, salt-water, 160-186
constant level flooding, 185-186
controlled reflooding, 183-185
dramage, open marsh, 169-174
dykes, 174, 175, 181
reclamation, 174-183
special conditions
tides, 160164
types, 164-166
vegetation, 166, 167
Marting, E , 123, 129, 892
Matheson R, 242 215,392
McNeel T F , 383,891
Meadows, mountain, 138 141
Mechanical control methods 371
Mechamzed equipment, 126, 256
Medical Corps, 296
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Medical entomologst, 209

Medical entomology, 57

Megarhimmn, 4, 6

Melanoconion sub-genus, 384

Meleney, H E 302

Menlo Park, Califorma, 844

Mernll, M H, 11

Mesilla Valley, New Mexico, 142

Metabolism, 207

Metamorphosis, 4, 97

Metealf, L ,and Fddy, H P, 178

Meteorological conditions, 180
factors, 800

Methane, 208

Methy) aleohol, 294

Metz, C W, 108, 117, 159

Miami, Florida, 2938

Mian Mar, India, 342

Midges, 96, 114, 874

Migrations of mosquitoes, 100

Migratory birds, 127

Military campaigns, 119

Military mosquito control, 296, 300

Military posts, 312

Miners fever, 345

Missiroly, A , 128, 129, 394

Mississippi law, 38

Mississippr Raver, 181

Mole, underground dranage, 158

Monel metal screens, 282, 295

Moon,J P, 302

Moore, W, 210, 243

Morishita, K , 396

Morphological details, 4

Mortars, dust application by, 2568

Mosquito fish See Gambusia affints

Mosquito hawks, 96

Mosquito News, 49

Mother foct, 349, 350

Motorcycle equipment, 309

Motor launches, 339

Moulton, F R, 392

Mountain districts, 187-141

Mowers, 148

Muck soils, 188, 165

Mulrennan, J A, 106,117
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Medical Department, U § Army, 207 Murray,D R P,

209, 212, 214, 218,
243, 244
Murray, W C, 264

Narrobs, Africa, 293
Naphthenes, 208
National Park Service, 50
Natienal Resources Commuttee, 13,
24
Native people and mosquitoes, 122,
295
Natural enemies, as control measure,
202
Naturalistic control, 6, 119, 147, 301,
341, 851-853, 355, 372~373
Neoprene hose, 250
Nets
bed, 871
collecting, 102
Newhold, C E, 203, 20+
New Guinea, malaria mn, 298
New Jersey
appropriations for control, 30
compulsory control, 26
law, 27
hight trap, 105
New Jersey Mosquito Extermination
Association, 48
Newman, B M, 238, 245
New Orleans and yellow fever, 8, 315,
830
Newport, Arkansas, 151
Newport News, Virgima, 297
Newspapers, use of, 76, 81, 82, 334
New York law, 89
Nicotine and mcotme sulphate, 242
Night easements, 339
Night hawks, 292
Non-governmental orgamzations, 50
Nuisances, 27, 44, 79
Nutrition, 121
Nauttall, G H F, 105, 117

Odorous plants as repellents, 372
O, cedar, 287
Orled sawdust, 266
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Oiling
aeroplane applieation, 259~261
applied by water stream, 258
cost, 220-222, 247, 253-255, 258~

259

of cesspools, 321328
of duck elub property, 831-386
of septic tanks, 821-323
of street vaults, 306
power spraying, 253-258
precautions, 266-268
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Open marsh ditching and conserva
tion, 127

Open marsh dramage, 168169
Orenstemn, A J, 2, 10, 117, 159, 204
Organic naids, 218
Organization, 55

malaria control, 209

prelimmary, 55
Oroville, California, 8

Orthopodomyra genus,
879, 583
Orthopodomyia sigrifera 382

secondary control me
180, 205
Oils, 1nfl bl
267
Oils, petroleum, 206-226, 872
boiling range, 208, 217
bottom, 226
bunker fuel, 222
chemieal properties, 208
crude, 222
deterrent to deposition of eggs, 138
diesel See Diesel ol
droplets, 233
effect on ammals, 215, 267
effect on aquatic hie, 215, 267
effect on crops, 267
effect on lam ae, 206-207, 210-218
effect on water birds, 215, 267
effect on workmen, 215
hand application, 248-251
miscible, 146
non toxte, 211
physical properties, 208
special malana, 217
speaifications, 224
specific gravity, 209-210
spreading properties, 216-220
stability, 209
storage, 78
stove, 208,214, 217
toxiaty, 210-215
viscosity, 210
volatihty, 207
waste, 221~224, 872
white neutral, 217
Okev, C W, 158

ure, 7, 119,

under buwild

&

¥
Outdoor gatherings, protecting, 288
Outlet

channels, 180

structures, 174
Overflow lands, 130
Owen, W B, 892
Oxygen, deprivation of, 207

Paints, for screens, 283
Palo Alto, California, 184
Palp, 4, 5, 877, 383
Panama, 2, 103, 153, 203, 282, 286
Panama larvicide, 227
Paraffin hydrocarbons, 208
Parasite
ndex, 300
survevs, 299
Parasttologists, 209
Parnis green, 7, 831, 872
continuous application, 266
1n rice flelds, 144
methods of application 234, 236-
239, 251-253, 259-265
particle size, 237
Pprecautions in use, 251
speafications, 236-237
testing, 262
See also Diluents for Pans green
Parker, W V, 159
Park Ross, G A, 200, 802
Payne, G C, 103
Peat soils, 133, 165
Penryn, Californis, 8, 345, 346
Pensions, 59
Percolation losses, 186
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Perenmal streams, breeding 1n, 827
Personnel of abatement agency, 55—
60
Peryassu, A G, 393
Pest Abatement Districts, 32
Pest mosquitoes, 9, 12, 107, 351, 355
Peterson, J P, 244
Petroleum o1ls See Oils, petroleum
Phantom larvae, 374
Phenols, 219
Phenothiazine, 144, 240-241, 306,
319, 326, 831, 372
dispenser, 382
Philippine Islands, 843
Phlebotomus genus, 281
Physiological differentiation, 123
Pickle vats, breeding i, 315
Pigpen traps, 103
Pill boxes, 291
Pipe
corrugated metal, 157
mosquito travel i, 322
Pits, elevator, breeding m, 811
Plains, 134
Plane table, 63
Plasmodia, 300
Plasmoquine, 8
Plows, 148, 166
Plumbing, defective, 311-312
Poisons
contact, 211
soluble, 372
Polar compounds, 218
Polders, 85%
Pole dramns, 157
Poliomyelitis, 9
Political appointees, 56
Political mnfluence, 80
Pollution as a control measure, 127,

372
Pools, 136, 144, 163, 316, 317, 327,
335, 845
Port Orford cedar, 164, 157
Port surgeon, 297
Port Swettenham, Malaya, 15, 342
Power launches, 131, 258, 339
Power shovels, 148
Power spraying, 253-258
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Precast concrete siphon, 197
Precast hnngs, 153
Predators, aquatic, 270, 873
Prelumimary survey and report, 54—
55, 101
Price, M H, 58, 127
Primary methods, 119
Privies, breeding 1n, 101, 821
Professional assistants, 60
Promotion of projects, 54
Property losses caused by mosquitoes,
21
Prosecutions, 334
Protective elothing, 249, 301, 371
Protective measures, individual, 301
Psorophora confinms 146, 289, 356,
382
Psorophora discolor, 146
Psorophora genus, 5, 106
1dent:fication, 379, 885
Public education, methods of, 79-96
Public health, 137
Public Health Service, U S, 3, 42,
50, 69, 192, 241, 264, 330
Public Health, State Department of,
4754
Public relations, 90
Public service corporations, 51
Publictty, 60, 79, 80, 81
Puddle jumper, 256
Puerto Rico, 103, 282, 354
Pulvilh, 4,5
Pumped drainage wells, 142
Pumping, 132, 190, 305, 371
Pumps, 174, 190, 191, 255, 260
Punkahs, 371
Purchasing, 60, 67-68
Purdy, W C, 115, 159
Puri, I M, 396
Pyrethrm, 229, 230, 240, 289, 291,
294
Pyrethrum, 206
as repellent spray, 288
concentrate, 232
emulsion, 228, 232, 372
extract, 228, 277, 317, 828, 327
larnicide, 222, 226, 319, 829
residue, 243
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Pyroerde 20 229, 289, 200
Pyerogallol, 233

Quartermaster Corps, 206
Quavle, H J, 10
Quinine, 7, 293, 208, 801

Radiant energy as sttractant, 103

Ralroad embankments, 137

Rainfall, 130, 178

Ralston, J G, 802

Ram, L. M, 302

Ramsay, G C, 195 196, 201 359

Rao, B A, 159

Rao, T R, 121,129

Rawn, A M, 318

Real estate values, effect of mos
quitoes on, 21-22

Reclamation, 182, 168, 174

Records, system of, 60, 107

Rector, N H , 278

Redwood, 154, 157

Reed, W , 2

Rees, D \{, 232, 245, 278, 392

Reeves, W C, 10, 11, 105, 117, 185,
187, 328

Reflooding controlled, 7, 127, 188,
835, 355, 372

Refrigerator drains, breeding 1n, 911,
312

Regulations by districts, 89

Rice, J B, 239,245

Richardson, C H , 212, 216

Riprap for dvkes, 181

Raver bottom Iands, 180131

Roan Antelope Copper Mines, Africa
15

Roberts, H R, 892, 393, 391, 395,
896

Robertson, J L, 159, 319

Robertson, R C, 147, 159

Robingon, £ C, 252, 215

Rockefeller Toundation, 8, 42, 52, 546

Rodenwaldt, E , 896

Roof gutters, 815

Roofs, double, 286

Room lieights, 1n tropics, 286

Roat, I' M, 393

Ross, B H,3

Ross E 8,202, 353, 394, 855, 306

Ross R, 2, 3, 58, 78, 120, 121, 123,
203, 211, 841, 347%, 352, 858

Rogs Inshitute of Tropical Hygiene,
16, 52

India Branch, 16, 25

Rowe, J A 392

Rozeboom, 1. E, 890, 392

Rubber hose, synthetic 250

Rude, E T, 187

Run off, 131, 178

Rural areas, special problems i, 41~
44, 821-340

cemetery urns, 825-331
1s and privies, 821-323

Removals caused by
22

Repellents, 287, 297, 801, 872
Reports, 69-77

prelimnnary, 54-55
Research, 350, 857
Reservours, 817, 836, 888, 846
Residual water, 179, 267, 827
Residue effect of DDT, 241
Resorts 22
Responsitulity for control, 206
Relirement allowances, 59
Revenues and expenditures, 6667
Rhode 1sland Inw, 87
Rice fields, 143~147, 300, 843
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P
datry and cannery drains, 323-323
duck clubs, 331-336
epiphytes, 829
mapounded water, 336-339
liqud manure tanks 323
ram aud fire barrels, 325-326
streams, ditches, springs, 326-327
tree hioles, 327329
watering troughs, 324-325
wells and cisterns, 325

Rush, F ¥, 127, 183, 187

Rush, T', 25

Russell, P F, 121,129 143 159,203,

284, 215,266 269 290,298 299
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301, 302, 3083, 357, 858, 859, 371,
390, 396

Sa Antunes, W, 847
Sacramento River, 181
Saddle, anal, 4
Salicornma ambigue, 166
Salimfication as control measure, 353,
372
Salonika, 12
Salt marshes See Marshes, salt-water
Sammis, R H , 90, 158, 159, 226, 244
San Blas, Mexico, 9
San Franesco Bay, 124
Sand flies, 281
Sand traps on drams, 158
Samitary Corps, U S Army, 296
Samtary engineering, 56
State Bureau of, 47
Samitary engineers, 43, 47, 56, 57, 58
Sanitarv fill, 189
Samitation, department of, 45
San Juan, Puerto Rico, 293
Sardima, 8
Saunders, A A, 129
Sawdust, oiled, 145, 265
Seale
comb, 4
pecten, 4
wing, 98
Scharff, J W, 203, 858
Schneider, H E , 298, 308
Schools, public, educational talks, 85
Schuurman, C J, 859
Scirpus americanus, 167
Scott, H H,9
Scrapers, ditching, 148
Screenmmng, 280-287, 300
barrels, 825
culverts, 182
Sea sled, 265
Seale, A, 279
Seepage, 136, 141, 142, 144
Seguy, E , 394, 395, 396
Senevet, G, 393
Septic tanks, 321-323
Service requests, 90
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Sesame o1, 229, 291

Sewage and Gambusia, 277

Sewage treatment works, 818

Sewers, breeding 1n, 115, 311

Shading as control measure, 353, 372

Shannon, R C, 10, 893

Shelby County, Tennessee, 223

Shepard, H H, 242, 246

Shingles, tin, 284

Shipping botles, 109

Shore stations, Naval, 800

Shower baths, 251

Shrinkage, soil, 165

Shrubbery, removal of, 103, 286

Shote, P G, 319, 320, 394

Silt, 131, 164

Silting as control measure, 326, 372

Smnmons, J S, 244, 298, 302, 303,
392

Singapore, 15

Sinton, J A, 18, 14, 24, 394

Siphons for stream flushing, 194-203

Six twelve ( 612 ) repellent, 287,
288

Skeeter eater, 256

Sloughs, 131, 169, 180

Sluice gate, 193

Shucing See Flushing

Smallpox, 348

Smulhe, W G, 3387, 340

Smith, C N, 242, 246

Smith, G E, 117

Smuth, G S, 63

Smith, J B, 8, 167, 187
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gun, 250
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Trypanosomiasis, 294
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Washington, D C, 264
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Waxes petrolenm, 208
W eed burners, 149
Weed killers, 149, 162
Weep holes, in ditch iming, 156
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pumped, for drainage, 142
West, A P,234,245
Wet basements, 811, 812
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Wu,5-C, 896

1% ucherersa banerofts 5,301, 368,369

Wuchereria malay: 869

Sylenols, 219

Yellow fever, 2, 3, 5, 12, 120, 121,
8165, 330, 847, 348, 349, 850, B56,
368

Yellow fever control, 301

Yellow Fever Service, Brazil, 349

Yellow fever vectors, 367

Y osemute Valley, Cahifornia, 141
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