FPROCERDINGS JND PAPERS |
oy THR

TWHLY'M ANNUAL CONFERRNCE | ok
o THN

CALTPRNIA MOSQUTYO OCNTAOL ASSOCIATIGN

Hp 00 o e 2 90 e e o e 2

Hoid at Agrioulture Hall,
University of Califoraia,
Berkeley, Califernia

Mondcy, December 18 and
Tuesday, December 16, 1941,

Price ~ §1,00 per copy

Notes end Trensoription bzhlarsarot A, Prefontaine
Bdited dy Harold Yarnsworth Gray

- /
4

Riochard ¥, Peters, Seoretary-~Treasurer,
3093 Life Soiences Building,
Berkeley, California.




TABLE OF CONTENTS

| lionday morning, December 15

[ Opening Comments and Business

Symposium on Encephalitis

“0pBning Remeary vy W, B. Herms

Paper - "Relationship of the St, Louils
and the Western Equine Viruses
of Encephalitis to Kan and
Animals in'California", by
Beatrice F, Howitt

Paper - "Newer Developments in Knowledge
of Insect Hosts emd Véctors of
Western Equine and St, Louis
Encephalitis™, by 7..C. Raeves.-

Comments by ¥. B. Herms

Paper - "Animal Reservoirs, General
Epidemiological Summary, and
Possible Control lieasures for
the American Summer Encephalitides",
by W, licDowell Hammon

Discussion by We T. Harrison

by M. 4. Stewart
by He Fo Gray

Monday afternoon

Talk - "Military Mosquito Control in World War I",
by Stanley B. Freeborn
Talk - "Federal Aid in lMiosquito Control Work", by
R, He Creel

Paper - "Mosquito Breeding and Control in the Vieinity
of Ililitary Zones", by Richard F. Peters
Discussion by W. B. Herms

by S. B. Freeborn
by Captain W, T. Johnson
by Iis A. Stewart

Nominations for Officers

Tuesday morning, December 16

Paper - "A Review of Selected Literature Pertaining
to losquitoes in 1940-1941", by W. C., Reeves
Discussion

PAGE

23

56
37

52
53
54

75
98

¢ e —————— ——



Discussion of Identification :ey
Laboratory Session

Afternoon Session

Paper -~ "Changes in lLegislation Affecting Mosquito
Control Operations", by H. F. Gray

Paper - "Mosquito Breeding in Certain Ceneteries
in Alameda County, California", by
Te F. kKelley

Discussion
Symposium on Operating Problems
“Power Spraying, by Re. Bendel
Discussion
Larvicides, by E. C, Robinson
Discussion
Mosquito Fish, by 4. i:.» Emerick
Discussion
Annexation, by H, Lilley
Discussion
Controlled Re-flooding, by H, Pangborn
Discussion

Rice Field Control, by F. I.. Butler
Cash Basis Fund, by H. F, Gray

Discussion on Nationel Defense
Installation of New President
Roster of Attendance

Obituary of Fred W, Rush

PLGE

99
100

100
111

122

123
124
126
127
128
129
131
131
132
133
134
155

137
138
140
143



(1)

The Twelfth Annual Confercnce of the Calirlornia
losquito Control Association was called to order by President
srnest Campbell, Superintendent of the Contra Costa County
l.osquito abateinent District, at 9:15 A.M,, Decenber 15th,
1941 at Agriculture Hall, University of California, Berkeley.

President Campbell: The Tweclfth Annual Conference of
liosouito Abatenient Officials is now in session

In the past we have not alirays had an opening
address by our president and the 7ish for this has been ex-
presset, Our progran has alrays becen full and today's is
no exception, w7ith innortant discussions, so it is not ny
intention to take um nuch of our tine.,

Howrever, I would like to say a few -rords., This
is one of our nost i.wortant confzsrences, It is our first
two-day session, In & short period of tille 7e have beun
nlungsed from a condition that derianded aileviation of un-
eaployuent, to a condition "rhorein man »over is at a »renium,
Now more than ever the nractice of our profession should be
guided by an intellisent understanding., This intellijent
understanding by a »ooling of knowlzdse is the ultiniate ain
of these sessions,

In normal times we “rork toirards better living and
huinan welfare. Today we have another i rie. late objJective,
national relfere, Our iceal of a hunan destiny, ~therein
peace on earth is founde: on ood will torards nen and is
not just an interlude between conflicts, is overshadoved
for the nouent,

Forces that serve hwian we.fare serve the national
welfare. So it is in our work. .Je are »nerforring a function
that has becoiie .1ore imvortant, je must discharge this func-
tion with efficient dispatch., ..ore than ever re cease to be
iaportant as individuals but as parts of a whole we achieve
significance, 4s a ;roup 7e are significant only as we fit
into a larger v»icture,

Ané 'so &s 7e open our Twelfth Annual Conference;
already decicateda to human welfare, let us dedicate it also
to our national welfare,

In the name of the Confeirence as wsll as versonally,
I esnecially 7ant to welcoile those who are here for the first
tii.es We always welcorie visitors and ne7 nerbers, I w7ant
to exoress ny thanks and apopreciation to all who are parti-~
cipating in any -7ay, to thank iiiss Prefontaine for her -7ork
in taking and transcribing the 2roceszéin;s; to ernress sin-
cers avvraeciation to the University Tacuvlty which maies
these Conferences what they are., Sid Do.mes has 1iade a big
contribution, too, e will :iiss hin this vear, The nmoney
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collected after the previous conference, for the publish-
ing of the Proceedings, amounted to 147,95, The expendi-
tures were (109,40, leaving a balance of :.08,55, The cost
of publication next year w7ill be a little Ligher, w7hich
w7ill use up that balance w7e now have in the treasury, I
tould like to suggest and :jove that we continue on ne:t
vear and assess the various districts on the sarie basis,

Gray: I will second this riotion,

rassed by unanimous vote,

' Campbell: Before going further, I shall anpoint a Noainating
! Comriittee consisting of three past-Presidients -- nmerick,

i Hayes and sutler, This Cormiittec will please revort this
afternoon,

Is there any other business which should be
brouzht up at this tiue?

Robinson: Sorie of us have been interested in setting nie-

tures riade of the niost common types of nosquitoes, 4

tire Oliver, Jr,, was supposed to be here today 7ith data on
this, i1:.ay I ask if he is Lere nov and if "re ne&y hear fronm

him?

Campbell: 1i.r, Oliver lias not coile in yet, 2robably he
©7ill be here later,

We will now have a syuposium on 2quine encepha-
lo.iyelitis, <2rofessor lier:is vill introcuce the discussion,

Berms: I would like first of all to extend a welcome to
those here today on wehalf of the University of Cclifornia
and »articularly the Dilvision of intonolojy and Parasitol-
ogye L am glad to see so jiany inere, It means soiething
to have you herec for you have corie out under circumstances
which night neke you feel you want to steay at houe, It
indicates that you realize the importance of the work in
which we are engaged,

There has been some advance nade since our last
neeting., Je are dealing now perhaps in a hroadzr sense
with the subject of the encenhalitides. heretofore -7e have
adhered to equine encephalitis but things have Lappened this
past year vhich incicate that wmoscuitoses :i1ay have soaetaing
to ¢o 7ith several similar diseaszs. Today we are to hear
fro.. :.iss Seatrice ¥, ILloritt of tie Fooner T'eundation who
is doing; a fine »niece of torkx, She has a »ansr for us on
"The rielationshin of the 5t, Louis and 7sstern Iquine Viruses
of kncephalitis to i.an and Animals in California", She has
contributed ~sreutly to our i.norledre of these Ciscases,
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wLLATIONSHE CF &
5is LOUIS AL THe T3STORE SGUIND VIKUolS
OF JCI°HALITIS
TO 14" AD ANT &ALS IN CLLIFCiIA"

by

Beatrice ¥, Howitt
The Hooper Toundation for liedcical I.esearch,
University of California liedical School,
San Francisco.

I - Human Cases of Zncephalitis

When in 1930 the virus of western equine encephalo-
nyelitis was first isolated in California (1), about 6000
horses were affected with a mortality of 49 percent, It was
then considered primarily an equine discase and becane of
econorilc importance for several years, only to subside later,
especially after the introduction of the chick embryo vaccine.
Cases still continue to occur, however, in varying numbers,
indicating its endenicity,

Reports of sporadic cases of nhuman encephalitis
had been nade to the California State Departiient of Health
for a number of years but they had not been accredited to
any one etiolosical agent. In the surmer of 1937, however,
there was a marked increase in the reported cases of acute
hunan encephalitis; 102 for the State rith 40 deaths or 39,1
percent case fatality rate, Fresno County was the riain fo-
cus of the outbreak, where 28 cases occurred in July and
August with 13 deaths (42,8 case fatality). llo virus was
recovered from 3 fatal cases at that tine, Serum from con-
valescent patients was tested for neutralizing antibodies
against the virus of St, Louils encephalitis and 16, or 55,1
percent, were positive., ilynns and Hawley (2) of the State
Departuent of Health considered the clinical picture as being
sinilar to that given by the St., Louis disease, There were
meny cases arong the older age groups and not many residual
effects, except aliong those whose sera failea to neutralize
this virus, '

The incidence declined in the autumn but re-
appecared again the following sunmner of 1938, not only in
the Fresno districts but throughout the Central Valley
from hern County to lerysville, Sera 77ere egain collected
through the cooperation of the different State and County
Health Departments, Iiany of them again neutralized the
St. Louis strain,

However, in &ugust, 1938, brain material from a

child dying of acute encsphalitis at the Fresno County Hospital

(3) yielded a virus, vhich instead of being that of the
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St, Louis strain, proved to be sinilar to the active agent
of the mestern equine encephalonyelitis and corres)onded to
the virus previously isolated from the horses in the San
Joaquin Valley in 1930. Although in 1932 i.eyer (4) had
suspected 3 human cases of having the equine disease, yet
no virus had been recovered, so that it was not until 1938
that the real significance of these observations was proven,
At the sarie time the eastern strain of equine encephalonmye-~
litis was recovered from huzan cases in liassachusetts (5).
This disease had now become not only an agricultural but
also a public health problemn,

Sera were collected from convalescent encepha-
litic patients, and by neans of the serum neutralization
test it was shown that many cases of the human western
equine Glsease occurred throughout the areas already en-
demic for the horses each year. lowitt (6) reported 32
(37.8%) positive sera out of 86 tested during 1937 to 1938,
Since then blood sanples have been received every year frou
acute cases of neurotropic virus disease, including polio-
gyelitis, throughout the central and northern part of the
tate,

Sera were not only positive each year for the western
equine virus but also for the St, Louls strain as well, al-
though in a lower percentage. It was likewise observed that
while some persons showed antibodies only for the equine or
only for the St, Louils strain, a third group of sera neu=-
tralized both these viruses as shown in tihe table 1 and chart 1,

: During the past three years a total of 498 sers
were tested, representing various types of neurotropic virus
diseases including polionyelitis, Of these 213 (42,7%) were
positive to the western equine virus, 55 (11.5..) of 475 were
positive only to the St. Louis strain, while 62 (13j%) neu-
tralized both of the viruses., The percentages did not vary
markedly each year, although there were more of the human
cases of the equine disease in 1940 than during the other
periods. The sera mneutralizing the St, Louis strain were
always comparatively few in number but have been increasing
slightly in the past two rears as shown in the table., The
counties mainly affected by both types of encephalitis have
been those of Kern, Tulare and Fresno in the San Joaguin
Valley, and Yolo, Sacramento and Yuba-Sutter in the Sacra-
nento Valley with varying reports from the other valley dis-
tricts.

Sera were likewise tested from acute cases of en-
cephalitis around the San Francisco Bay Hegion., Of a total
of 144 for the 3 years, all were negative to the western
equine virus and only one (0.6%) neutralized the St, Louis
strain., There were 3 tests positive to the latter, however,
from several coastal counties,
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Cases of acute encephalitis markedly declined
during 1941, particularly in the northern part of the
State, where only 11 were reported with 4 positive to the

equine virus, 2 for the St., Louis alone and 3 for both strsins,

While the mortality rate for encephalitis has decreased for
the Centrael Valley since 1938, yet the western equine virus
has been isolated from brain material of three fatalities,
2 in Kern County in 1940 and 1 in Fresno during 1941l. So
far the St., Louls virus has not yet been recovered in 1941.

Seasonal Occurrence

4 definite seasonal occurrence for encephalitis
has been noticed each year, beginning with an occasional
sporadic case in April or lay and rising steadily in in-
cidence to a peek in July or August or maybe in September
as in 1941 for the equine disease (Chart 2). The delayed
appearance this year might be attributed to the heavy late
rains which ray have prevented the early presence of many
insects,

Geographical Distribution

The human equinc diseaso is found each yesar in
certain definite localities of California. It not only rc-~
appcars in the same countios but in the samu towns or rural
districts, close to the cecnters of the agricultural popu-
lation, Quito oftcn these places arc associated with low,
swanpy lands ncar irrigation canals or pcols of stagnant
watcr., Map I shows the distribution of cascs during the 3
ycars that had positive ncutralization tusts for thc western
equinc virus, for the St. Louis alonc and for both strains.
The same localitics are implicated sach year, slthough the
number of cascs has varicd. Thce majority of pcople have
bcen in rural arcas, usually on small faims or placces of
about one acre on which chickens and othcer domestic fowl,
cows or othcr animals may be proscnt, Although the affcctod
homcs may be free of such animals, they arc found somewhere
in thc nsighborhood. ITveryvhorce in thie cndcmic arcas rios-
quitoes arc prescnt some time during the spring or swmmor,
It is also of intcrcst that the individuals showing anti-
bodics to the St. Louis virus likcewise reside in the samo
rcgions wherc tihic equinc discaesc is prevalcent among man or
horscs. The sinilarity of distribution is striking, as may
be seen in Map 2 showing the incidencc of c<ncephalitis for
Frcsno County in 1941,

Age and Sex Digtribution

It is significant that for each year more nmales
than females have becn sffected by both tihe encephalitic
diseases, Ovzr twice as many males as females (176.82)
showel antibodies for the two encephalitic strains. If the
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data are combined for the 3 years and the ages are subdivided,
even then the :wales )Hredorlinate, although the differcnce in

sex is less noticeable anon;, the youn er children through

the 12th year. During the earlier poriod of life the cuances
of exposure to an insect vector are avn»arently ilore evenly dis-
tributed, On the other hand o7ing to the more exnosed out-
door life of the men in these agricultural resions, riales

over 1o years of agje see.l to run a  recater risk of becoillng
infected tian feriales, This is also true for the siuilar age
period in rejard to emiposure to the 5t, Louis virus,

All ages varying fror: 16 days to 74 rears aie
affected by the —restern equine strain, 7ith the ;reatest
nwibers in ths ;roup 0-10 years., Iun iern County alone for
1938, 1939 and 1940 (7) the nighest proportion of cases 7as
under 10 reers of a;e, with many infants under one year., In
California the ages :1ost affected Ly the St, Louls virus lay
betwveen 15 and 30, although the ranse was frorm1 1 to 66 years.,
One 6 nonths o0ld baby showved antibodies only to the St. Louis
strain, ‘vthile 7 under one rear 'Tere positive for both the two
viruses,

Neutralization Tests on nera of lon-uncevhalitic Indivicuals

St G e m—

The results of deternining that Hercentase of the
normal mopulation in an ende.iic area :..ay have ncutralizing
antibodies against the restern equine viirus has been reported
by Buss an¢ Horitt (7)., It =7as found that of 82 sera frou
norrial people in Lern County, only 6 (7.0,.) 7ere nositive,
wthile 97 (86,6,0) of 112 sera from ascute cases of encecphalitis
in the saiie renions wreacted to this strain. Oniy 5 (6,0.0)
of 82 polioiiyelitic natieunts suo:ed ontivoiies., Thus a nor-
1ral expectancy of 6.0 »eieent Dosltive nsutralization tests
for the western equine viius is »robably correct for a com-
parable  roup of non-sncenlalitic in ivicuels in an endenic
areae.

The results, horever, .re not so conclusive in
rezaré to the value of the test against tae St. Louis strain,
since sany people in tlie encral aolation iay ve arfected
in an endeiiic rejion., of 995 ssra fro. Holio yelitic »a-
tients or norial coutacts in the tro valieys, 15 (10,7%
7ere positive for tue St. Louis virus, o an eiljrzctancy
of over twrice as ".an; for this ciscuse aoily the noim.al
vorulation in tiae 32 e ¢roa as for tic eguine straine. The
nerxeontare of nositive t:gts in vhe Colifovnia districts
as sbout one alf that ivan b Iz son (8) for the Yalrina
Valley, Jlashin ton, ‘lLere tihe incivonce for the St, Louls
virus is higlacr. It vould eoopecr thorofore that tae nrescnce
of antibodies for the laticyr stirain &y not be as biolo ical-
ly si_nirvicent ir the 4ia nosis «s thizir e csence fon the
westorn couine viius in a sicilor croa,



-
—-——
~3J
-~

*

II - Liesult

—— e

4]
(&)

of il

s wtudy with Wi ang Jo..estic Animals

o adire  w—apn egu——

Ic

In an earlier studv (9) it has been Tound that
irany Couestice fowrl fron ureas in California enceile for the
7estorn cquine virus ‘vrere niore resistant to inoculation of
this strain than -rere birds fron susnosedly non-ende:.ic
re,ions, Horever, there "7ere also resistant fo::l from among
the latter group, even awong a s.iall percentage that '7ere
7itnout antibodies in the blood strear.

Because of fincing these neutralizing substances
in & siiall nwaber of fovl serae meinly fror: encenic districts,
and because a relationshin had been previously noticec be-
treen the »resence of antibocies to the equine strain and
that of the St. Louis virus in huian szra, a fresh study “ras
un: zrtaken to cetex ine if a siniilar relationship existed
in the sera of c¢iffcrzent ia sials and various tides of do-
mnestic fowl. ..aterial ras collzeted fro. ic)i-essntative
endeiiic and sujdposecly non-encae:ic areas in tine otate, often
from suall farms or hoies There either hu.an o' equine cases
of =nceohalitis hal recently beasn eportad,

I, lesut:ralization Tc¢sts on the Sera of liaunmals

The sera of 60 Goiiestic nar.als frow: endenic, and
56 frouw sunposedly non-endenlie ereas, rere tested ajainst
tie restern equine anc the St, Louis viruses as shorm in
Table 2, 90,5 Dercant of the for.er group vwere Dositive
to the equine strain, Thile 77,7 Hercent reacted to both
viruses. Of those fror. tue non-enico..ic regions 55,5 per-
cent 7ere nositive to the equine, and only 2,7 oercent
wien coroined -rith thes St. Louis type. One horse shored
antiboties only to the latter virus, Oera froii unvac-
cinated horses -7erec obtained fromn encs.ic Yolo, l'resno and
hern Counties :né Iro: Santa Clara, ban :.uteo, Sonona, iapa
and i.zndocino alony the coast "7Thcre encephaloyelitis is
rarcely redorted aion, horses. It is of si nificance that an
unusual nu bzar of acute equine caues tas rerorted for San
l.ateo in 1941. All sera tested ncd ontiboadies ajainst the
equine virus, lio Liuw:an cases, hovever, jere inown. 7The
horses testec in | .:ndocino County had nct besn ill but 4
or 40 pecrcent rere Hositive to tlie squine strain asnd one
to the 5t, Louis., iine of the 335 unvaccinataed horses fron
non~zndetile rejions rere acutely ill. If they are excluded,
then 10 or only 40.9 percent of the norilal animals sho-ed
antibuiles to the equine virus as co.ared to 37.5 percent
inclusive of the foriier groun, The »Hercentage of nositive
tests against tie ot, Louis virus "ras low I{rom these regions,

I"eutralizing substances c- aiinst the western equine
strain 7ere found in the blood of 12 cows Thile 2 vere »NOsS-
itive to the 5t, Louis virus, T'our of these rere ran;e covs
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from the foothills of liadera County and 8 were milk cows
from ranches in Kern County where horses had encephalo=-
myelitis earlier in the season., The 3 shcep tested were
from a mountain arca in Kcrn County that was considered
to be non-cndenic,

Not only was blood obtaincd from domcstic animals
but from 101 wild rodents trapped alive from vallcey districts,
and from 1 fox and 28 micc and rats from the non-cndenic
arca around the Calaveras Dam or im Marin County., Thc sera
of the latter group were entircly negative but weakly positive
tests were obtained on sera taken in Kern County near local-
ities wherse sick horses had been reported, Blood was obtained
from 4 spedies of mice, 3 of rats and 2 of squirrels, The sera
from all rats and squirrels were tested separately, but those
of 2 or 3 mice were pooled on account of the smgll amount
obtainable from individual animals. Nine or 8,9% of the rodents
showed weak antibodles to the western equine virus, and 4 or
647% to the St,Louis strain. The kangaroo rats were mainly
affected, 4 out of 22 positive to the equine and 2 out of 18
to the St.Louis strain.

Table 2 glves the total numbers of sera tested from
both wild and domestic mammals, showing that of 161 samplecs
from endeomic areas, 65 (40,3%) werc positive for the wostern
equine strain, 5 (4.2%) out of 119 Tor thc St.Louis alonc,
and 37 (31,0%) for both viruses, whilc from non-endomic
rogions of 65 scra 20 (30,7%) reactecd against the oquino _
strain, onc¢ (1.7%) against the St.Louis alone, and one (1,7/)
against both typcs.

2. Neutralization Tosts on Fowl and Bird Scra

In tabulating rcsults of ncutralization tests on
sera of domestic fowl, a greator diffecrencc was noted betwcen
the figures obtained for the valley arcas and those for the
coastal counties than was observed for the horses, More
horses in supposcdly non-endemnic regions appeared to have
contact with the cncephalitic viruscs tihan did the fowl,
However, the lattor were tested from only a fow localitics,
San Mateo, Sonoma and Mendocino Countiscs. Of the 30 or 40
chicks hatched in the laboratory all werc negative to both
viruscs. Only 5 out of 78 fowl (5.8%) wcrc positive to the
western cquine strain and nonc Tor the St, Louis, of those
taken from coastal arcas, while 70 of 161 scra (43,4%) from
endemic regions neutralizod the equine, & (5,2%) of 153 the
St. Louis and 30 (13%) both types, as shom in table 3.

3 = Geographical and Seasonal Occurrcnce

Blood from cndemic arcas was taken from chickens,
turkcys, ducks, pigeons, pcucocks, phcasunts, 1 Canada goosc
and 1 mourning aovc as wsll as from € English sparrows, but
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only from chicxens and pigeons along the coast, The 5
positive chicken sera from the latter area were obtained
near Petaluria in Sonoma County,

In Kern County alone 49 chickens were bled
through the courtesy of Dr, Iiorman Twissellmnann of the
Kern County Health Department and ‘28 (59.1),) of the sera
protected against the equine strain and 13 (26';) against
both the viruses,

At Davis, Yolo County, the chicirens tested were
kept largely in houses and only used a srall run-way out-
side. Only 4 of 27 or 14.8 percent had sera positive for
the equine strain, and 3 or 1l1l.l1 nercent for the St, Louils
alone, while the blood from 8 of 13 turkevs (61.5%) that
roamed in a large enclosure were »nositive to the equine
virus, The latter birds vere undoubtedly ;iore exposed to
mosquito bites and subject to inaepparent infection than
were the chiciens, although both fowl were not far distant
from each other,

The chickens tested were of varied breeds, uore
of the large colored tynes in the valleys than on the coast
where the white leghorns pre/oninate, Jith exception of
the chicks raised in the laboratory, all those tested were
fro1 1 to 2 years of age and had lived through at least one
sumuner, so could have bezn exnosed to insect bites, The
other forl bled rere also in the older groups and the ma-
Jority vere noimnal healtay birds, Sick chicitens were ob-
tained fror 3 places where illness had been reported but
no virus was recovered from any tissues exwiined, although
antibodies against the e¢cuine virus vere found in the scra
of 5 in one place in Lern County., In fact no virus was
obtained from the tissues of 7 chickens killed in 17 days
to 3 nonths after previous inoculations of both strains.

However, it has been found experinentally that not
only the western equine virus but also the St, Louis strain
may be in the blood strear of young chicks in 6, 18, 24 and
30 hours after either intracerebral or subcutaneous injec-
tion, They might thus serve as potential reservoirs if ex-
vposed to a biting insect during that period. The virus
disappears later and usually the bird survives without syrin-
tonis, particularly with the St. Louis strain (10).

i.ap 3 shows tie areas from which riaterial was
obtained from the fowl, and the relative proportions of
nositive tests for each trone of encedhalitis as comnpared
with the distribution of hwian and horse cases, Tle in-
formation in resvect to the horses wras co.ipiled from the
reports kindly sunvlies by Dr. C. U. Duck7orth of the State
Denartmnent of Agriculture,
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.o humen cases of western equine encevhalomyelitis
have as yet been reported from the north-central coastal
counties unless importec from the Centrcl Valley, although
a few individuals with disturbances of the central nervous
systerr have shomn antibodies for the St., Louis virus., How-
ever, cases in horses have been diagnosed, some 7ith con-
firnation by the neutralization test, These have been mainly
from San i.ateo County,

During the past two years nany cases of encephalo-
myelitis in horses have heen renorte¢ to the State Depart-
ment of Agriculture Irom areas shown on the map in the
southern part of the State, Thcse cases, however, 7ere
usually diagnosed on clinical evidence unconfirned by lab-
oratory findings, except in a few instances when tie western
virus was recovered fro:: the brains of 2 horses in Los
Angeles County end one in Orange County in 1940, and from
2 others in Los angeles in 1941, Apnaerzntly the conditions
are favorable for tihie occurrence of encevhalonrelitis in
these roegions., 4s Zar as tnown the human po»nulation has
not been affected, although in 1941 antibodies for the equine
strain were found in the serum of one encenhalitic case in
Orange County.

Chart 3 gives the incidence for the disease among
horses for 1940 and 1941 as conpiled from Dr, Duckworth's
reports. The cases have been divided into 3 Zroups, those
from the South, the Central Valley, and the North-Central
coastal counties and are recorded by monthly incidence, The
total number of cases for each nionth are also designated,
The highest incidence has been in July or August for both
years 7ith a narked reduction in numbers for 1941, The
highest incidence has been in the south ‘There the human
Gisease has not been recognized, Does this indicate a
probable outbreak in nian during the next few years? The
cases along the northerly coastal counties have always been
low in nuiber, never over 6 for any one nonth, while those
in the Central Valley usually run higher eiicent for 1941,
Periiaps this decline was owing to negli;ence in reporting.

Because of the tovojranhical differences in nany
of the Californie counties, often externding from the valleys
into the high mountains or the desert country, the findings
in certain districts need not avnly to the whole county.
Conditions appertaining to the low valley regions are not
sinilar to those found in the higher altitudes, end the ex-
act locality in a county should be considered before Cecid-
ing as to the probable presence of encecnhalitis,

Tor this reason the chicken sera fro.. a rnountain
ranch in i.adera County should be considered &s from a non-
endenic region, as likerise the 3 sheep and 4 turkeys fron
the higher country in Kern County. All -vere negative to
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both viruscs, altihou;h one hoise froi the latter nlace had
antibocies for the couine strain. J'hile cases of encanhal-
on.yelitis have not bLeen recorded fro: the ..ojuve Desart,

yet 5 (55.5;5) of 9 horse sera reacted to the ecuine virus.
Diffsrences in antibody incidence "ras also noticed in test-
ing chicken sera from -rithin the city 1li its of Balersfield;
only 4 (33.3.) of 12 birds were positive to the ecouine strain,
thile 24 or 64,8 percent of C7 sera from endemic renches
outside shored antibodies,

4 ~ Tests for Virus in Animael Tissues

after the —rild rodents ware eisaniuinated, the
brain, liver and spnleen were reiioved and tested for the
npresence of virus by intracerebral inoculation of Thite
mice, The liver and spleen of each aninal were nooled but
the brain tevt senarately, The :iaterial from 100 wild
rocents, includinyg 4 species of riice, 2 of rats and 2 of
squirrels proved avirulent except for 2 house .iice (Lus
nusculus) from Fresno County., These 'ere obtained from
two different rural localities and hoth :ad the virus of
lymphocytic choriomeningitis in brain and orzans, as con-
fir.ied by neutralization and cross-i;..unity tests,

IITf - Discussion

From the clinical histories and from the results
of many neutralization tests made each yvear, it seems evident
that the virus of ’estern ecuine encszihaloiiyelitis has becoiie
encenic in California, Drobably for a lonjer »eriod than can
be estimated, &slthough the cisease has ncever reached the
enicenic provortions reported by Leake (11) this year for
ITorth Dallota and the central northern states, yet the con-
stant reoccurrence each year in the same localities rendars
a burden on the co runity ané leads to a condition of dis-
quiet in the rural »onulation during the surmer scecason, It
is true that cases recover without residuals, et on the
other hané all stages of tie disease lay be seen, hence the
nhysicians are beco:iing cognizant that nermanent defzcts to
the central nervous srstern may be =2:nected,

In 1937 'then cases of encephalitis first becane
of i .portance in Calirlornia, evidence sesned to indicate
the virus of St. Louis encephalitis as the active agent.
Over 50 vnercent of zncephalitic natients tested had neu-
tralizing antibocGivs for this strain, but no virus was found
(12)., Aafter recovary of the huian western equine strain in
1936 and when the serum neutralization tests indicated its
widespread incidence in these regions, the latter disease
took 9rececence znd the significance of the St. Louis :z=n-
cenhalitis as correspondingly uinimized, 4 combination of
circwistances at tlle ti.ie of first revorting su;gested that
the antibodies {or tihe St, Louis virus, esvecially if to-
cether -vith those for the ecuine, had been acquireu previously
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(6), i.eny of the scra —ore froi eolle in the older age
grour 7ho could have .aad an eerlier infection, :.any of the
incivicuals were -1, atory laborers and it -ras su; ested
that they iiad brought in tue disease to the stute or nad
accuired it through contact 7ith their neijhvors, T'iom
xnerinental evidence and data collected since thet neriod,
it seziis that the orevious inmression of introluction by the
cicsrants, largely oHro.wted by tosting only nuwhan sera, suould
now be corrected,

The finding of antibodies for the ot, Louis virus
in sera of horses, douiestic fovl and 7ild .1amraals, togsther
7ith thelr »dresence in the blood of infants under one year
of oie, furnishes evicence that this virus has been endenmic
in the state for so e tias, although it has not as et been
recovered from hwian or animal tissues, It is probable,
therefore, that one is J(saling rith two types of encephalitis
in the sale coimnity, due to two diffcrant viruses, &s sug-
cested by Ha.umon (8) and by Lhavsion and zioritt (13) for the
cases in the Yakiiia Valley, Jashington, and as -7ill be brought
out furtier by Hai.lon and nis associates (14) in their study
on the mosquitoes in that rezion, it is quite possible that
a <ual infection :iay often occur, This '7ould exnlain the
presence of antibodies to Doth viruses in one incividual.,

Lxperientally both the equins anc¢ tie St, Louis
strains are immmunolo’ically anG serologically distinct, but
by »rolucing & nixed infection in :.ioniceys (1%5) it has been
shomn that a hishly virulent western equine virus nay tak
nrecedence, inducing the syintoiis and the lethal effect. The
equine strain ..ay be recovered »ost-iiorteii even though tae
Ste Louls wvirus ::a7” be found in the blood during the first
4€ hours after inoculation, Antibodies .iay be only weakly
nositive for the latter while those for the equine are prompt-
ly evident. It is eiderinentally dossible, therefore, to have
neutralizing substances in tie blood cue to a si.wultansous
infection -rith the t70 senarate viruses.

The vieTs in rernard to tie uifferenti ani.als as
rese.’voir hosts for both the equine andéd the 5t, Louis viruses
have been @1wuch eitended during the »ast few year's, as shown
by the recovery of the eastern strain froa oireons and fron
nheasants in nature and of tie western type by Cox and his
associates (16) from a oraiiie hen and & deer, '/hile nany
riatials anc, excewt for cihiclens, .0ost of the birds inocu-
lated have »roven suscz2dtible to the equine viruses, yet
only a few aninals, luan, nice, tonieys irregularly, hamsters
and the enbryonic chick have succombed to the 3t, Louis strain.

It was interesting, therefore, to find unexpectedly
that horse sera siio7ed antibodies to this virus and later to
realize that the sera of other me Zials and riany fowl likewise
behaved in the sa ¢ "ianner, iurther ccnfiriiation of this
finding 77es obtained in the rejort by Cox and the group in
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i.ontana (17) vho -7ere able also to infect horses intracereb-
rally with the St, Louis strain (18)., Haunon and his asso-
ciates have likewise reported on similar results in antibody
Tor.ation (19), Although the early work —ith the St, Louis
virus discouraged the connection of horses as a »nossible host,
yet the recent observations indicate that liorses nay be as
vulnerable to this virus as to the so-called "equine” strains.
The early failures -rere probably due to the natural itnunity
of .iany of the aninals in the endeiiic cormunity under inves-
tigation., Since Cox et al (18) has shown that the St, Louis
disease ranifests sy.intoms in horses siviilar to those of
equine encephalonyelitis, there is also a possibility of
confusing the two for:zs in nature,

Siniilar conditions seem to exist in reswnsct to
infection of fowl 7ith the St, Louis wvirus, although only
a low »nercentage aiong those tested in California showed
nositive sera, usually in ende.iic areas and in association
with the ecuine antibodies,

Oléer chiciiens have Dbeen found relectively re-
sistant to intracerebral inoculation of tile western equine
virus regardless of thether or not antibodies are present,
althouch the virus ray be in the blood for several days
after injection, OChickens of similar age are likewise
usually resistant to infection with the St., Louis strain,
Usually young chicks 'iay survive -7ithout symuptons, although
circulating virus :"ay be found in the blood 30 hours after
injection, They ..ay occasionally succomb, howvever, It was
founc that 4 out of 25 (16%) chicks and one Inglish sparrow
¢ied after injecting the St. Louis virus, another recovered
after shoving syi:ptoiis, thile 6 out of 9 (6646%) baby chicks
rere susceptible to the —estern equine strain, Antibodies
for the latter develop pronptly after injection but those
for the St., Louis strain are slower to anpear, increasing
after subsequent inoculations,

Young chiclks, therefore, could be infected with
gither strain by an insect vector early in the s)ringz, h-ve
circulating virus for a short w»eriod, and an absence of
clinical symiptoms, :iperiiientally this is possible 7ith
either virus, althou’;h the likelilood of recovery is preater
for the birds given the 5t, louis than the ecuine tyne, Be-
cause antibodies for the foii.er strain ere unot so readily
¢eveloned, it would )robably taiie repscatel attacks of in-
Tected insects to »roduce detectable amounts of such sub-
stances,

IV « Swmary

It has been fowid that of 496 huwan sera cases of
acute neurotropic viius disease in the Central valley of
California, 213 or 42,7 v»ercent neutralized the virus of
7estern equine encenshaloiyelitis, 55 or 11,85 percent of 475
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sera the St, Louls strain, and 62 or 13 percent neutralized
both viruses.

On the other lLand, of 144 sera tested {ron the San
Francisco Bay iiezion all w7ere neqative to tiie equine viius
and only one (0,6%) ras weally positive to the St, Louis,
Thres sera fror. other coustal counties reacted to the latter
virus alone, however,

There 7ere over t7ice ags nlany riales as females ailong
the total nurber of encephalitic cases, although hen the ages
“rere subdivided, no sex distinction wias noticeable in the
youngest age groups infected with the ascuiinc disease,

All ages fror under one year to 74 were affectec,
but the najority of infected cases occurred under 10 years for
the equine disease, and in the years 13 to Y0 for the St., Louis.

Both types of encephalitis “rere found ueinly in the
rural, agricultural scctions throughout the large Central
California Valley, with a definite sceasonal occurrence for
both diseasos that rises to a peak in July or 4ugust or even
into September,

& normal exnectancy of 6,6 percent positive neutrali-
zation tests for the western equine virus ras found anong the
normal population in an endeiiic area as coipared to 15.7 per-
cent for the St, Louis strain in the sarme euvironnent,

In testing the animals it was found that of 60
doestic marmals (horses, cows and rabbits) in endemic regions
of the Central Valley, 56 (9%.3{) neutralized the western
equine virus, one (1.6)») the St, Louis alone, and 37 (61.6)
both strains; vwhile of 101 sera from wild rodents in similar
localities only 9 (8.9,:) were positive to the western equine
and 4 (6,7.) out of 119 to the St, Louis virus,

In one endenic county alone the horse sera 7ere 100
percent positive to the equine and 90,4 percent to both the
latter and the St. Louis strains,

In the sunposedly non-endcenic regions the sera of
20 (55,5j») of 36 domestic naimals (nainiy horses) were nos-
itive for the equine virus, one for the St, Louis alone and
one {2.7%) for both strains, while 28 wiléd rodents (rats,
mice and squirrels) and one fox w7ere entirely negative to
both virusss,

The fowl sera fromn the Central Vulley showed that
70 (43.4,,) out of 161 birds (chicliens, turiieys, ducks, pheaseants,
pigeons and neacocl's) neutralized tihe enuine virus, 8 (5,25}
the 5%, Louis alone, and 30 (13,,) both strains, In the sup-
posedly non-snderiic regions alon., the coastal counties, of
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86 fowl tested only 5 (5.8,,) 7ere positive for the enuine
and none Ior the ot, wouis.

lieclther of these viruses was recovered froi. the
tissues of 08 7ild vodents, althouzh the virus of limhocitic
chorilomenins,itlis 7as 1solatec fro:: the brains of 2 :iice
(i.us rusculus) fro: Fresno County. Ilieither was virus found
in the tissues of 7 forl killed in 17 days to O :ionths after
arevious inoculation of both the St, Louis and the -restern
equine strains,

from the results of the neutralization tests it nay
be said in ;eneral that in tue ende..ic areas of California
riore Gonzstic forl anéd aiiials have antibolies ar,ainst these
twvo viiuses than siviilar aninals from supdoseily non-endernic
rezions, and that the Hercentage of »Dositive results weas higher
anons, tie Coniestic ani..als tcsted than at.ons the 7ild rodents.

antibodies a~ainst the western equine virus have
bsen found ilore often in liorses than in the otier aninals,
both fro.i endeiniic and fro.. sunposedly nonendenic localities,

from accurulated enideniiolozical, clinical, and
laboratory evidence it is apparcent that the virus of western
! equine encephaloiiyelitis has becowe established for man .and
aniilals in the Central Valley of California and that the
St, Louis strain is lilierise closely associated. From the
findins, of antiboiles in the sera of fo7l and :lamials and in
chilcren under one zar of age, it is evident thet tie St.
! iouls virus has Leen likerise in California for sone tine
an¢ not i.Lorted fro.: the :iidrest as foruerly »nroposed,
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liiss Howitt: I ari indobted to a ;[ reat rany neonle for the material
in my paper--a nuwiber of individuals anc to several County Health
Departments,

(l.iss Howitt then illustrated her n»aner -ith
lantern slides),

Herms: That was a very interesting »Sresentation, Thank you,

liay we now hear from Bill lieeves on "liewer Devel-
onments in Knowledge of Insect Hosts and Vectors of .lestern Iiquine
and St., Louis Encephalitis"? I think most of you know Bill Reeves.
He is from the University here,

NETER DIVSLOL (L GaNTs IN LIMOTLELGE OF IiisuCT HOSTS AT VICTORS
OfF TaSTARN ZAUnN's 1D ST, LOUIS iCRHLLITIS
by :
7illiam C, Reeves, Division of intouolosy and Parasitology,
University of California,

Last year at this conference an entire norning was
devoted to a symposium on equine encephalomyelitis, including
several papers on the cormon knowledge of insect vectors. Dr,
lierrill (1940) summarized nost of tthat was known of nosquitoes
and ticks as expeririental vectors of eastern and western equine
encephalomyelitis., Subsequent renarks by Iierris and Reeves brought
out the pioneer work of Herus, Theeler and Herms (1934), and the
later work in this Division by Her:ls and Reeves on transmission of
Jestern equine virus by mosquitoes, Other late papers brought to
the attention of the confsrence -7ere by Davis (1940), suimarizing
the entire field of e.perimental riosqguito borne iastern and Jestern
equine encephalomyelitis; and the work of Litselnan and Grundman
(1940) on the Jestern virus :7ith the conenosed bug Triatoma
sanguisuga. Dr, Aitken (1940) presented a »aper on "The relation-
ship of the distribution of cases of equine encephaloiyelitis
(human and equine) and mosquitoes in California”, correlating the
two in so far as 7as possible, At that time he expressed sone
skepticism about the sole iunortance of the enus aedes,

Another virus disease of considerable interest to
us, one which ..iss Howitt has already discussed and Dr, Haimon
will further discuss, is St, Louis encepialitis, There have been
two schools of thought concerning the »robable mode of transmission

of this infection; one favors riosquito transmission, Lumsden (1933),

Casey and Broun (1938); and the other favors such rieans as respira-
tory infection. Jananese worlers, l.itamnura et al (1937), have re-
worted successful transriission of St, Louis encevnhalitis virus by
Culex nipiens var. nallens. Various Aumerican workers, Fulton and
his associates (1945T, hovever, have reported negative resultis in
their attempnts at transriission,




During the past weei:r two e.periients with St, Louis
virus vere completed in a cooperative project betrecn the
laboretories of the Division of Lntonology and Parasitology
and Hoo»er Foundation of the University of Celifornia. It is
now nossible for Dr, Hauwion, l.r, Izuni ané :ayself to report
successful transiiission of St., lL.ouls virus to normal, non-
irune pijzeons by Culex piniens :iosquitoes. The 10squitoes
were infected by feeding on g suspension of virus and defi-
brinated rabbit blood., 4ifter infection the :osquitoes “rere
held in incubators at 23 to 27 édegrees centigrade, In ex-
perinent one the mosquitoes 7ere alloved to feed on a non-
immune pigeon after the folloring periods of incubation:

3 days, 5 lays, 7 days, 9 days, 10 days, 1l days, 12 days,
15 days, 17 days and 18 cays. The nigeon -ras subjected to
a total of 111 feedin's, 1iftesn dayvs after the last mos-~
quito fed the pigeon —7as bled and the serur: tested for de~
velopnent of antibodies to St. Louis virus., The nigeon had
developed & high antibody titre, thus demonstrating that
transmission of infection had taken place, the virus stinu-
lating antibody production.

In experiment two the same general procedure was
followed as for experiment one, The infected mosquitoes
were fed on the following days of incubation - 5, 8, 10, 11
and 12, A total of 30 fsedings vere recorded., 4 blood
sample taken from this bird 14 days after the last feeding
period contained¢ a high titre of antibodiss.

4 normal pigeon thich was kept in the same cage
as the two experimental birds did not devslop any protective
antibodies curing this period. llone of the pigeons showed
visible clinical symptoms durin:;, the course of the experi-
nent,

On the basis of these two experircnts we nay re-
port successful trans:iission of the virus of St., Louis en-
cedhalitis by means of Culex piniens.

& closely releted virus infection, Japenese B virus,
has been shown (l.itamura et al,, 1939) to be carried by Culex
piniens and Culex tritaeniorhynchus. Infected liosquitoes have
been collected in nature, and transmission fro:1 animal to
animnal in the laboratory is not difficult.

a sumniary of experinental work -riiich inerininates
the various arthropod species as vectors of these virus in-
fections is given in Table 1. '7ith this knowledge of posi-
tive and negative experimental vectors, a brief review of
the field surveys which have been made to recover the viruses
from insect hosts infscted in nature is in order., The first
atteinpt reported by I's C. Bishoop and Carrol. Smith was car-
ried out in l.aryland in 1933. A4t that time 935 mosquitoes



(25)

including 158 Culex, 54€ Anopheles, and 228 hedes were tested;
all resulted negatively, The second atternt was nade in 193¢é
in i.ontana and revnorted by Philip and Coxz, Inoculations of
collected arthropod naterial all resultec¢ negatively., In
1937 the U. o. Bureaus of Animal Industry, and Lntomology and
Plant Quarantine, made another attenpt on the Lastern coast
in which nosquitoes, horseflics, stable flies, house flies,
and spinose ear ticks rere all tested with negative results,
In 1924 Gwatkin reportec on 527 Dernacentor andersoni from
South and Central Alberta, Canada hich twhen inoculated were
all negative, Kitselman and Grundmean from Kansas reported

in 1940 on the positive results by inoculation and by the
bite of the conenosed bug Triatona sanguisuga collected in
nature infected with \/estern equine encephalomyelitis. This
was the first successful isolation of the virus from a nat-
urally infected insect,

TABLE I - KISULTS OF ATTR PTS TO TRANSMIT VESTIRI AlD
SaSTARIT SOUING ATCEPHALOMYZLITIS BY V.AIOUS

BLOODSUCLING A5 THROPODS™

Insect vector WJestern Eastern Worlier and Date
equine equine of ievort

Aedes aegynti Yes Yes Kelser, 1933

Aedes sollicitans Yes Yes Lierrill, Lacail-
lade, TenBroeck
1934

sedes vezans Yes Yes elser, 1937

Aedes taeniorhynchus Yes Yes Kelser, 1937

Aedes sylvestris Yes Yes Merrill, 1940

sedes dorsalis (Fresh water)Yes Herms, 1934

hedes albopictus Yes Siwzions, Reynolds,
Cornell, 1936

hAedes nigromaculis Yes liadsen and Knowl-
ton, 1935

Aedes lateralis Yes Heeves, 1940

Aedes cantator Yes Merrill, et al,
1934

Aedes atropalpus Yes Davis, 1940

dedes triseriatus Yes Davis, 1940
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Insect vector dlestern  Lastern Worker and Date
equine eouine  of Report

hdedes doirsalis (salt marsh) Ko Herms, .Jheeler,
Herms, 1954

dedes varipalpus o Reeves, 1940

Anopheles maculipennis Mo Herms, ‘Theeler,
Herms, 1934

dnopheles guadrimaculatus o lio yerrill, et al,
1934

anovheles punctipennis No Davis, 1940

Culex salinarius No Davis, 1940

Culex pipiens No Merrill, et al,
1954

liansonia perturbans Io Davis, 1940

Triatoma sanfuisuga Yes Kitselnan end

Grundman, 1940

Dermacentor andersoni Yes Syverton and
Berry, 1936

Haematobia serrata Yo : Herms, ‘Theeler,
Herns, 1934

Tabanus punctifer lio Herms, ‘'heeler,
Herns, 1934

Merrill, et al,
1940

%
(o]

Stomoxys calcitrans I'o

*This is not a conplete swamary of experimental work, but a
list of the work with each arthropod species giving the first
result which appeared to be conclusive,

In 1941 three atteripts were made to isolate the virus
from insects infected in nature., The first was an investiga-
tion of an outbreak of Eastern equine encephalonyelitis in
horses in the Rio Grande Valley of Texas by the Bureau of
Aninmel Industry. Dr, D. ui. Howell, fornerly of the Division
of Entouology and Parasitology of the University of California
and now at Oklahoma A, and k., College, was sent by the Bureau
to participate, 1o detailed reports have been forthconming
hence we nust assune that their Tork was negative. The second
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attempt in 1941 was made in North Dakota where the United
States Public Health Service investigated a large outbreak
in men and horses, Dr, C. B. Philip was entomologist in
charge of this work. No published reports have appeared.

Regarding the preceding attempts at field iso=-
lation the small size of the samples and the method of hand-
ling for virus isolation ere probably factors contributing
to failure,

The third attenpt in 1941, and one which has ap-
peared in a preliainary report by Harmon, Reeves, Brookman,
Izuni, and Gjullin (1941), announces the successful recovery
of both the .Jestern equine and St, Louis viruses from Culex
tarsalis infected in nature, &4 detailed report will be given
of this work, TFour persons who are present today, Hammon
Brookman, Izumi and Reeves, were ariong those concarned wi%h
this investigation at Yakima, Tashington by the Hooper Foun-
dation for l.edical Research of the University of California,
in cooperation with the ./ashin;ton State Health Departnent
and the United States Bureau of IZntomology and Plant Quare
antine,

The purpose of the entoriolog;ical approach to the
epideniological survey of \Western equine and St, Louis en-
cephalitis at Yakima, Washington was to form a link betweon
the two distinct phases of these diseases, that is, the study
of human and equine cases with casual entomologicai observa-
tions, and detailed end intensive laboratory experimentation
on possible vectors, As complete a survey as possible was
made of the probable insect hosts of the viruses, and samples
as lerge as possible were collected,

One of the »rimary concents necessary in this study
is that a siell percentage of the total insect population of
possible hosts or vectors is infected at one time, Consider
the contributing factors: virus in the blood stream of ver-
tebrate hosts, in sufficient concentration to infect arthro-
pod vectors, for a period of probably not exceeaing 48 to 60
hours; the small nuniber of vertebrate hosts infected at one
tinie; and the chances of an insect host fecding on the ani-
nal during its infective period, & study of malaria in highly
endenic or epidenic areas often shows that only one in 500 or
more Anophelines are infectei, and in this disease the ver-
tebrate host may be infective to the vector for a mwuch longer
period. One condition favorablie to infection of insect hosts
is the wide range of possible vertebrate reservoirs, as has
been brought out by reports on neutralization test findings
in other portions of this symposium,

The results of the Yakina insect survey support
these statencents and present further nossibilities, During
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the survey of proemises and areas surrounding horse and human
cases, wword of mouth reports concerning insect density or ac-
tivity were not accepted, Instead routine collections twere
riaée of blood-sucking arthropods by means of light traps, by
sweening, and by hand collections, These were identified
under light chloroform anesthesia, scaled in glass vials,
frozen on dry ice and shipped to the Hooper Foundation in
San Francisco for animel inoculation.

During the period liay 15th to September 15th,
15,810 arthropods were shipped for inoculation., There were
12,466 mosquitoes including 4,655 Culex tarsalis, 2,820
Aedes dorsalis™®, 1,925 Ano heles meculipennis fT. freeborni
1,175 Theobeldisa 1nornata, 648 hedes increpitus, 708 hedes
vexans, 260 Culex pipien: piens, 106 Ledes cinersus, 55 Theobaldia
incidens, 23 Aedes nigromaculis, 39 Anopheles nunctigennis,
and 10 Ledes lateralis, Other groups tested included
horse flies, 476 stable flies, 110 Hippelates, 626 Cerato 0-

onidae, 81’ fleas, 150 nites, 162 ticks, 39 bed bugs, end 1,443

miscellaneous insects.,

From this material 254 pools were forned according
to species, and eight pools showed virus on inoculation into
mice, IFive contained Vestern equine and three contained St,
Louis virus; all recoveries were mnade from one species of
nosquito, Culex tarsalis., Here we are faced with en inter-
esting point. llany -7orkers in considering the need for virus
recovery from naturally infected insects before insect trans-
mission 7as proved, failed to foresee the »nossibility of in-
fected species being taken which might be incapable of further
transriission, thet is, they were acting as hosts to the virus,
not not as vectors,

Tour species of Aedes riosquitoes that had been pre-
viously shown to act as laboratory vectors rere included in
our collections, Several collections of Aedes dorsalis (light
form) were artificislly infected in the Yakima Laboratory with
Jestern equine virus and used at the San Francisco Laboratory
as checks on the method employed for virus isolation. In all
cases virus was readily denonstrated to be present, Culex
tarsalis, the mosquito from which eight isolations were made,

*Two forms of Aedes dorsalis were noted and separated in the
collections, These are designated as the light form and the
dark form. The latter is the typical Ieilale Aedes dorsalis

with the third longitudinel vein predoniinately dark scaled,

The light form had the third vein with many white scales. In
existing systematic keys this form cories out as Aedes campestris,
however, on the basis of uale teruiinalia and larval characters
this form nust be called Aedes dorsalis. In our collections
there were 1,599 of the ligzht form and 1,033 of the dark form,
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hes never been incriminated in the laboratory as a vector of
either virus, as a matter of fact it has never been worked
with in a satisfactory experiment, Culex pipiens, another
species captured at Yekima, has been reported as incapable
of transmitting Vestern equine, and capable of transmitting
St. Louis virus, We are now faccd with thc ncecssity for
incriminating Culex tarsalis as an expcrimecntal vector; how-
ever, the finding of infected individuals has dcflnltely
shown that mosquitoes can obtain an infoctive neal in nature,

The collcction figures showed that Culex tarsalis
was by far thce predominating mosquito in the arca studizd,
It composed 40,8% of thu total mosquitoss tested; the next
most common Wurb Acdes dorsalis 230 and anopholes maculipennis
frceborni 14% .

The result of the noutralization tests on vertcbrate
blood sauplus, as 7ill be brought out by Dr, Hammon, showed
little differcnce in the incidcnce of St. Louis and Western
equinc antibodies, so it is possiblo the szame specics of host
recervoir may Lave acted as the source for mosquito infuction
with both viruses., Of the 4,655 Culex tarsalis tested, five
lots werc infoected 7itkh Jestorn equinoe virus in sufi'icient
conccntretion to allow recovery, cné three with St. Louls virus.
This recovcery of both viruses certainly proves they werc ac-
tive et the same tirie in this one wcrea. Completc proof is
offered by thc fact thet one night's trap collicction of 126
Culecx tarsalis on August 15th was split into two inoculation
pools ani one pcol containcd St, Louis virus and the othor
Western cquino virus, :

At lcast onc spzcimen of cach 900 Culex tarsalis
was infeeted with Jestorn equinc virus and et least onc of
cach 1,552 wad infocteé with St. Louis virus. With this in
mind it is possible perheps that the samplcs of all but four
species of mosquitocs of 12 samnpled werc too small to makoe
the inclusion of an infected individual probable., This is,
of coursc, presupposing they 21l hzod en cqueal opportunity to
boconic infccted, which is unlikely, es 7ill be pointed out
later, One of these spicics, Anopholes meculipennis, has
bcen sho'm not to be a laborztory vector of JWestern cquine.
virus undcr controllcd laboratory conditions, although it
rey harhor the virus for a numbor of days, and Acdces dorsalis
is a very efficient vector. These facts havo becen demonstrated
repeatcdly in the leboreatory of the Division of Intomology and
Paresitology of the University of Californie and clscwhcrc,
There hes becn no 'tork -rith Ihopbeldig.

The intcerpretetion of thuse findings end corrcla-
tion with wthat is zlrcady knoomn of thesce discascs is of in-
terest., Dermecenter anderconi end Iristoma sanguisuga nay bo
dismissed from ccnsicderation of sumnier oncephalitis casss.
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in Yakima, .Jashington, as the forner as rare and the latter
was anparently not »nresent. Of the nosquitoes osroven to be
laboratory vectors of equine zncenhelomyelitis or St. Louis
encenhalitis Aeces nigromaculis, Aedes lateralls, and Aedes
vexans 7are not sufficiently corrion over the entire valley

to »lay an important role, end night have been involved only
in local areas “here they —7ere found, Culex nipiens was in
too siiall nuazbers to be of any [reat inpoirtence., 4edes
increvitus, 4edes cinereus, Theobaldla incidens, and Anonheles
punctisennis : r1ay be disnissed for the sane rsason, nis leaves
tro sdecies to be considered as of nrobable inportance over
the untire valley, aedes dorsalis and Culex tarsalis. The
latter "7ras by far the nost cormon anéd widespread mosquito in
the area investigated. It '7as taken in every locality where
traps 7ere run, which includes the environ:ent of all cases
which occurred in the Yal:iria Valley during the neriod i.ay 15
to Septexber 15, 1941, Generally speaking, it :1ay be asso-
ciated rith douestic uabitats.

4 coryparison of the sanjles 4,655 Culex tarsalis
as against 2,642 speciiiens of aeGes dorsalis would indicate
that the sane ratio of infected individuals did not exist,
To explain this difference various tleories riay be advanced,
Cne of the rore likely is that of host preference, Aedes
mosquitoes are noted for their attacks upon large 7arm
blooded maumals (rian and live stock), while Culex .208Qui-
toes in general have been reported as co:monly feeding on
birds, There is considerable deviation fror. these habits
as Culex tarsalis ras observed in Yalkima to feed also on
rian, cattle, and horses, and certainly Aedes mosquitoes
occasionally feed on birds, It would seem possible, how-
ever, that Culex mosquitoes with their habit of feeding
frequently on avian blood would have a better chance of
becoming infected, because of the higher »Hercentage of
infected birds than manmels as indicated by the neutrali-
zation tests, and because of the greater nw:iber of avian
individuals in an area than mammalian, Culex tersalis
and Anonheles maculipennis freeborni ere the two species
most comraonly found in doriestic habitats, This fact is
of potential inmportance, as the neutralization tests show
that donestic avian and mamrialian species have a muoh Ligher
percentage with neutralizing antibodies than have wild avian
and mammalian snecies, This would indicate that these two
species of mosquitoes in their feeding are niore frequently
exposed to infected animals. Yet Culex tarsalis was found
to be infected and Anopheles maculipennis freeborni was not.
Usually a high percentage of both species were freshly en-
gorged at the time of capture, There is no apparent explana-
tion at this time for the presence of infected Culex tarsalis
and no infected Anopheles maculinennis frecborni. The pre-
ceding possibilities riay indicate that the endemic situation
with 1nanparent infections in numerous host species, as shown
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by neutralization tests, is disseminated by Culex tarsalis.
On the other hand hen the infection builds up and suffi-
cient Culex mosquitoes become infected to transfer the in-
fection over to the mammalian hosts, in their occasional
feedings on this type of host, the more susceptible narmal-
iens nay infect the Aedes mosquitoes feeding on them in large
nuiubers, J7ith the infection of these efficient vectors,

as deuonstrated in the laboratory, an esidenie situation

niay develop if a sufficient nuaber of susceptible hosts are
available, The otlier possibility is that an occasional Aedes
mosquito may feed on infective avian blood and transfer the
infection to mammalians during subsequent feedings,

dnother factor favoring the interrelationship of
Culex tarsalis and the endeuic situation is its -rinter hiber-
nation habit. In this nanner infected individuals might pass
through the winter and reestablish the infection in vertebrate
hosts the following spring and summer, JAedes mosquitoes in-
fected with Western equine virus have been shown to renain
infected for the remainder of their life, periods over 90
days, In view of our knowledge of the Ledes borne virus in-
fections yellow fever and dengue, such an explanation seems
plausible, These diseases die out as soon as cool weather
causes a decline in vector activity. The following spring
they do not reappear unless new hunian ceses are introduced,
The disease is wiped out by disapnearance of adult insect
vectors, The habit of Ledes mosquitoes passing the winter
as eggs, not as adults, is the inmportant point. The possi-
bility of transovarian infection with infected eggs carry-
ing the virus overwinter does not seem likely, Tests by
lierrill and Ten Broeck (1935) —vere all negative with western
virus, when they attempted to denonstrate virus in the eggs
of infected :osquitoes, The two disease entities with which
we are dealing appear to decline in activity as the winter
season approaches, although the weather may remain fairly
warm, Observations this past summer indicated that in the
Yakina Valley the blood-sucliing activities of Culex tarsalis
declined fairly early around the first of September. Collec-
tions of adults showed a noticeable decreasc of engorged
specimens at this time, to a point where none were to be
found by mid-September, &4pparently a prehibernation form
which did not feed became nrevalent, & large ponulation '7as
still present, but a seasonal habit had decreased their feed-
ing activities, cutting off the infection of new susceptibles
in humans or horses,

snother important concept regarding the importance
of populetion dansity of mosquitoes is the fact that the con-
trolling factors of disease transmission may well be the
presence or absence of oporrect environmental conditions for
virus development in the mosquito, or correct conaitions to
allow the mosquito to live longer than the minimum incubation
veriod of the causative azent, The latter factor was shown
by Freeborn (1932) to be very inportant in maleria trans-
nission by Anopheles macul;pennis in California,
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4 sumriary of our present knowledge concerning
Culex tersalis is iuportant, as we are considering this
species a potential disease vector for the first time, It
is a llorth Anierican species coumon throughout the states
west of the l.ississippi River, and becomes less common
eastward, It has been reported from 17 of the 22 states
west of the liississinpi River, In California it is prob-
ably the most widespread of all the niosquitoes, and where-
ever it is found it is usually abundant, It has been col-
lected in 51 of the 57 counties of California, The only
ones from which it has not been recorced are Inyo, Kings,
Lassen, llevada, Plumas and Trinity. The absence of records
from these few states and counties is probably due to lack
pf proper collecting.

Culex tarsalis larvae are found in many types of
ground pools, favoring those supplied with sunlight. In
Yakima, it was collected in permanent ponds, irrigation
seepage, barnyard drainage, sewage, roadside ditches, hoof
prints, rain barrels, borrow pits, and large irrigation over-
flow pools on sagebrush lands,

The feeding habits of Culex tarsalis have not been
studied extensively, Direct observations wade in the Yakima
Valley indicate that it feeds on man, horses, mules, cows,
mallard ducks, and possibly quail, Other rorkers have in-
dicatel that it feeds on avian blood (Freeborn, 1926) and
that it may feed on man (Hearle, 1926),.

Adults may be collected in large nuwabers while
resting in shelters such as barns, houses, and under bridges.

Hearle (1926) states that in temperate regions
adult females are reported to hibernate in sheliered places,
exerging in the spring to commence egg laying,

If this species is proven to be an important vector
of lestern equine and St, Louis viruses it may be necessary
to direct control prograns epainst it. TFrom the above des-
cription of breeding habits you nay see what difficulties
this would involve. Unlike our hLnopheline malaria vector
in California, with its restricted brecding habits to clear
secpage water, control of this species "7ould involve the
treatnient of many tynes of water for effective results,

It .1ight even wrove :iore advantageous if control progranms
were Girected against adults resting in shelters, although
a detailed study of the problem would be necessary before
such & reco:mendation could be made,

Summary:

1, Epideniiological evidence indicates tihat erthropod vectors
play a role in the spread of JTestern and Eastern equine

and St, Louls sucephalitis to man and animals,
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2. Mosquitoes of the genus Aedes may meet the requirements
for transmission of Bastern and Western equine encephalomye-
litis virus as there is conclusive experi.iental evidence that

? they are capable of taking up, incubating, and then trans-
mnitting them to healthy laboratory animals., Culex pipiens
may meet the requirements for transmission of St. Louis en-
cephalitis yirus es it is capablel of experinéntal trahsmission,

5. There is evidence of other arthropods being implicated:
a, Dermacontor andersoni has becn demonstrated as an
gxperimental vector of Western virus and is capable
of transferring the infection to its offspring. Its
geographical distribution and seasonal incidence
limits its importance,

be Triatoma sanguisuga the conenosed bug has been
collected in nature infected with the Western virus
and has been demonstrated to transmit the infec-
tion to experimnentel animals, The limited dis-
tribution of this insect nocessitates its dis-
missal except in locel areas where it may be cormon,

c. GCulex tarsalis mosquitoes have been collected in

naturc infscted with Western equine and St, Louis
! viruscs., Thls mosquito is very common in all of
‘ Westzrn North America but nothing is known of its
ability as a discasc veetor,

4, The finding in the field of infected Culex: tarsalis con=-
: clusively demonstraeted that mosquitoes may obtain an in-
... Tegtive meal in nature,

3 5. If Culex tarsslis is oroven to be capable of acting as
a vector, hibeornating females may carry the infcetion over
winter, answering the perplexing question of winter carry-
over of infection in areas where vectors arc inactive in

the winter, and no active cases occur in vertebratc hosts.

6e Therc is no rcason to attach responsibility to a single
specics as the vector for any of thes¢ thrce virus infce-
tions., Nany Acdes speccics have becn denonstrated as labor-
atory vectors of Eastcrn and Western oquince viruses, cnd
Culex pipicns for St. Louis virus., low Culcx tarsalis

hes been demonstrated naturclly infoctcd with Western equine
and St, Louis viruscs, Any of these right play & rolc in the
survival and transfer of infection,

7. Thc seasonal activity of Culcx tarsalis as well as hedes
spe. coincides with thce outbreck of the disease, In Yakima,
Washington it appearcd that & cessation of feeding by Culex
tarselis coincided with & cessction of new human and horse
CeSOS,
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8. Explanation of the irregular local distribution of the
disease in man and horses points to either a far flying in-
sect vector, or to a common wide-spread vector which does
not commonly feed on hosts which develop clinical infec-
tions, that is man and horse,

9, The host preference of certain Culex mosquitoes for
avian blood and Aedes species for mammalian blood may be
important in the following ways:

8. Culex species may be reswonsible for the cendemic
phase in inappercnt avian rescervoirs., The high
incidence of infcections in birds, as shown only
by the neutralization tcsts, could bc cxplained
in this way.

b. Spoccics such as Culex tarsalis in their occasional
focdings on memmalian hosts may transfoer the in-
fection from avian rescervoirs, and 48dces species
may then act as efficient vectors to other sus-
ceptible mammalians,

c. Aedes species by occasionel feedings on birds may
pick up the infection and transfer it to mammalian
hosts,

10, The domestic habits of Culex tarsalis bring it into
contact with domestic avian snd mammalian species, a fact
which is important as a much higher percentege of this group
of animzls has neutralizing antibodies to Western and St,
Louis viruses then have wild avicn and mammalian species,

11, The possibility of other methods of transfer such as
rcspiretory infections have still not beon ruled out, If
thé viruses cre presont in ncsal secretions tho additional
possibility of mechenical transfor by flics rust not be
overlookod,
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(Mr, Reeves' paper was illustrated with
lantern slides),

Herms: This was a very excellent paper, Bill. You have
given us information which 1s quite illuminating, Dr. Rose-
nau made the statement Iin 1912 that poliomyelitis was trans-
missible by the stable fly and we began to realize then somec-
thing more as to the importance of our work in regard to
various diseases of the nervous system., Our first work on
poliomyelitis was done primarily with nionkeys, the results
being negative, 'Jhile we do not have thc ycllow fever mos-
quito here, it is of intercst to note that Dr, Kelser in his
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experimental work transmitted horse encephalonyelitis through
the yellow fever mosquito. Several years ago when we met
here, it was thought that nosquitoes played ro part in the
transmission of encephalitis and they were not incriminated
as vectors of this hunan sleeping sickness. Dr. karl F,
leyer and Liiss Howitt have been working on this problem of
encephalonyelitis for soume time and have rniade nany dis-
coveries that have already proven helpful to us in our work
and will be increasingly beneficial, ¥from the epidemiolog-
ical standpoint, it is quite probable that human encephalitis
and equine encephalonyelitis may be transmitted by riosquitoes.
Equine encephalomyelitis is trarnsmnissible to and occurs in
humans, Polionyelitis is suspected to be transmitted by bit-
ing insects and possibly by mosquitoes of a type we have
abundantly here in the tenmerate zone.

Reeves: Culex pipiens is suspected to be a possible vector
of poliomyelitis. You are all familiar with this reddish
or reddish gray riosquito -7ith an unbanded proboscis. You
know it and how this mosquito seems to prefer to breed in
foul water,

Herms: Dr., W. iicD, hammon of the Hooper Foundation has a
paper for us on "Host animals of Virus Zncephalitis", May
we have this neper now?

ANIMAL RESZRVOIAS, GENERAL EPIDEIIOLOGICAL SULIIARY,
AND POSSIBLE COKWTROL LEASURES FCR TIE AIERICAN
SUMER ECEPHALITIDES
by
W, lMcDowell Hammon, M.Z., Dr. P.H.
The George Williams Hooper Foundation for liedical Research,
University of California,
San Francisco, California

In the preceding papers of this symposium on the
american sumner encephalitides, we have heard discussed data
regarding the infection of man and certain possible reservoir
hosts, also the present status of Lnowleuge concerning vec-
tors. It is ny purnose to add some specific information
gaired from a relatively broad samnpling of the mammalian and
avian kingGons; to present other significant epidemiological
findings fromn the field and laboratory, and to construct
several hypotheses on the basis of all the available facts,
These epidemiolor;ical hypotheses +7ill be tested in the light
of certain avparently conflicting observetions, Then, if our
hypotheses seen sulficiertly well proven, the guestion will be
raised as to what we can asnd should 4o about contrel. 1 hope
that many of you, as well &s the eiperts who follow on the
progran, will discuss thils latter asject,
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Survey of ligmals and Birds for
_Lotential eservoirs of Virus

Following certain preliiinary observations by
Miss Howitt and others, and avpparently in parallel with
soize of her more recen% work which she has just reviewed,
I deteriiined to sample as completely as possible all species
of birds and marmals in an endenic area, for the purpose of
determining the infection rate to two encephalitic viruses,
The Yakime Valley, Washington, a small, rather isolated,
irrigated valley where annual outbreeks of summer encephali-
tis were occuring, lent itself well to these studies, The
previous year, assisted by l.iss Ho7itt for the laboratory
tests, over 50 cases of encephalitis in man in this area,
together with a very linuited sampling of <7ild and domestic
aninals were studied, Te obtained cvidence suggesting that
the viruses of St, Louis encephalitis, of Testern equine en-
cephalonyelitis and of voliomyelitis were present and mani-
festing seasonal endenicity, ¥For rnany reasons this area
recomniended itself to the survey of reservoir hosts and
insects, the latter already described by nr., Reeves,

The collecting of bloods and identification of
species was placed in the hands of irr, John 4L, Gray, Jr.,
ornitholo;ist and Dr, ¥. C. Zvans, namnalo’,ist, They were
aided by :r, Ldvard iorton and ir, George Doins,

The testing of the scra was done in »nart by
lr, brnest Izunil and nyself at the Ilooper Foundation, and
in gart by Dr, Loward Lundy of the State College of Washing=—
ton, &ll sera 'rere tested by the mouse neutralization test
azainst the two encephalitic viruses., In this test, as
modified and standardized for this Harticular work, the
survival or death of i:ice for cach serum and each virus,
served to deonstrate the nresence or absence of antibody,.
Protection of the micc, if non-snecific or cross reactions
can be ruled out, we inter)ret as evidence of a previous
infection at any tine during the life of the aninal, Since,
except in horses, there had been no obvious evidence of an
epizootic, any such susnected infection 7as »Hrobably of a
7:11d or entirely inapnarent nature, &ll ajes were sampled,
but a special sainle ras talien of tiie season's young at
the end of the swu:er, to deter:iine the percent infected
in that »articular year. To have ruled out all possible
non-sypecific "vnositive s" would have reguired control
sanples from all snecies from non-~infected areas, This
was not »nractical at the tine, but as shovn in Table I over
a hundred controls 7ere run frol 9 species hich anpeared
to have the hizhest »rovortion of »nositives in the Yalinme
area, The results, all nesative but one, indicate satis-
factory s»ecificit;"s Isolation of both encenhalitis viruses
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from mosquitoes of the re%ion further confirmed the impli-
cations of the test resul A preliminary report of tests

on 162 birds and 153 mammals was published in "Science",

Final analysis 1s still to be made, but for this occasion I
have available the results on 284 birds and 282 mammals, a
total of 566 bloods, The results do not differ essentially
from those reported previously, but they now include more
species and larger samples of each, Species samples are still
too small for reliable comperisons, but with certain reser-~
vations, conclusions may be drawn in regard to certain groups,

In Tables 2 and 3 are presented the results of
tests on the sera of 120 domeéstic birds and 164 wild, repre~
senting 45 different species, After several attempted group-
ings, there appeared to be a very significant difference
between those which were domesticated or in captivity, and
those which were wild, The latter group, however, included
certain species which, as far as their environment was con-
cerned, should te considered as domestic; i.e,, robins and
rats, and most of these, as will be pointed out later, ap-
pear to belong in order of infection rates in the domestic
group, but in the tables the more classical definition of
domes%ic has been followed,

Those species represented by 5 or more specimens
are tabulated by species in alphebetical order of common names,
The species from which only a few samples were obtained, for
reasons of space, have been included as a niscellaneous group
in each table,

In Table 3 the totals indicate that almost ex-
actly 50 percent of all domestic fowl sempled had at some
time been infected with these two encephalitic viruses, In
many instances a serum contained antibody to one virus and
not the other, but one specimen had antibody to both more
frequently than would occur by chance alone, Two possible
explanations for this may be offered: (1) Since in some flocks
of chickens all had antibody and in others none, it might be
concluded that where conditions were suitable for the one
virus they were suitable for both, or more specifically
the same insect vector played a role in both, This would
appear to be true, (2) The same vector mey cerry in some
instences a double infection--not yet demonstrated--although
experimental dual infection of the reservoir host has been,
However, the important and more obvious finding is that
about 50 percent of chiickens, ducks, turkeys, geese, pigeons,
etc,, become infected,

In this group were 81 fowls which had lived
through a previous summer season and of these 55 percent
had been infected with the St, Louis virus and 54 percent
with the Western equine strain, There were 39 young birds,
a few of which were bled relatively early in the season,
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0f the young, 34 percent had become infected with the equine
and 39 percent with the St, Louls virus, The summer of 1941
appears to have been a relatively poor summer for encepha-
litis as reflected by the number of human cases, but during
this season the evidence is, on the basis of the above figures,
that about 35 percent of ali domestic fowl became infected -

a truly alarming situation with grave potentialities, For-
tunately, it would seem that the vector or vectors prefer

these fowls to man, as a source of blood meals.

Table 3 shows the results of tests of sera from

164 wild birds, The striking findings here are: (1) that
certaln species would appear to be almost entirely free from
infection, the Brewer and redwing blackbirds and the spar-
rows - although many of these latter are relatively domestic
in habitat; (2) that the robins, quails, pheasants and doves
have rates closely couparable to the domestic fowls and these
are species representing a high proportion of the bird popu-
lation living in, or frequenting areas in close proximity to
man; (3) that the predatory birds, listed separately in Table
4, have high infection rates; (4) that, teken as a whole, all
'wild birds sempled show only about a 20 percent infeotion rate,
in contrast to 50 percent among the domestic varieties,

In Tebles 5 and 6 are presented the results of
tests on 159 domestic marmals and 123 wild mammals, repre-
senting 29 species, In Table 5 is listed the dormestic group
including wild species kept in captivity under a domestic
environment, 36 percent neutralized the St, Louis virus and
35 percent the equine, In this group the outstanding findings
are: (1) The cat - 18 tested - sihows no signs of infection,
Laboratory tests indicate that this animal is really immune,
Following inoculation no virus cen be found in the blood stream
and no antibody formation takes place. It is also possible
that mosquitoes do not feed on the cat, but on this I have no
information, (2) About 46 percent of 106 domestic mammals
exposed for at least one previous season had developed antibody,
while only about 20 percent of 53 young of the season showed
evidence of infection. In both instances this runs just a
little below the figures for domestic birds, but high enough
to have considerable sisnifiocance from the reservoir stand-
point, (3) It is very striking that practically all horses
and mules not vaccinated for the equine virus, and never
having developed a clinical infection, have antibodies to
both of these viruses, It is obvious that a higher per-
centage of these than of any other animal become infected,
Perhaps this is due to the size of the target they present
to the veotor, or the predilection of the vector for this
speoies, Numerically, however, on the basis of data now
available, the horse would appear to represent an unimportant
reservoir in the Yakima area, Recent experiments on horses
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inoculated with a Culex strain of St, Louis virus, performed
in cooperation with the Department of Veterinary Science,
show thet following subcutaneous or intracerebral inocula-
tion virus appears in the blood stream at some time between
12 and 36 hours after inoculation, However, no elevation

of temperature or symptoms occurred, Cox, rhilip and Kil=~
patrick were able to produce clinicel encephelonyelitis in
the horse by intracerebral inoculation of a "fixed", mouse
adapted, neurotropic, laboratory strain of St, Louis virus,
&£11 this is only fur%her evidence that the St, Louis virus
should not be set apart from the so called equine viruses
either in name or thought, but belongs epidemiologically to
the same group, To me, the term equine is objectionable,
Geographical designations are confusing and only of histori-
cal significance, Certainly some better terminology might
be substituted, such as seasonal virus encephalitides, types
l, 2, 5, etc~., or insect-borne virus encephalitides, 4
previous, now outmoded, non-etiologicel classification of
types 4 and B encephalitis precludes the usc of the alphabet,
Chronologically, by isolation of the viruses they would be -~
Type 1 Japanese B, Type 2 Western Equine, Type 3 Eastern
Equine, Type 4 St, Louis and Type 5 Russian Spring - summer
tick=-borne encephalitis, Perhaps the African tick-borne
Bwamba virus of Smithburne and Hughes would be Type 6, How-
ever, I will not confuse you at present by shifting to this
terminology.

Teble 6 gives the results of tests on wild mam-
mals, Eight percent had been infected with each of the
viruses, in contrast to 35 and 36 percent in the domestic
group, again emphasizing the greater importance of the do=-
mestic reservoir in this area, There is absolutely no over-
lapping, however, in the results of tne two tests where only
one infection has been produced experimentally,

Thirty-one predatory mammals and 25 predatory
or carrion eating birds were tested, Unfortunately some
were in captivity, and if the whole is broken down into
four groups, numbers become very small, However, both in
small groups or taken as a whole the percentages of reactors
are higher than would be expected, This suggests that gastro-
intestinal or even respiratory infection might play some
small role in this group of flesh eaters, in addition to
insect-borne infection,

It is possibly more significant to point out
that e number of migratory birds have been infected, They
probably do not endanger other areas as a result of infec-
tion in Yakima, unless infected early in the season on a
stop off for points farther north, But, it raises a ques-
tion, which will be mentioned again, as to their potential
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danger when infected in a warm southern area, just as they
leave for other scattered destinations. The lower Rio Grande
Valley is such an area, Probably many of these migratory
birds will become infected with the Eastern equine virus next
spring in that very area,

Now let us carefully consider the exact epidem-
iological significence of positive findings in the serum neu-
tralization survey, Finding antibody, per se does not in-
criminate any animal as a reservoir., Any animal to be an
important reservoir of virus might be expected to fulfill
the following criteria: to be numerically significant, to
serve as a suitable host for the vector, to offer to the
vector a high titre of circulating virus in the blood stream,
and to maintain such over a relatively long period of time,
Numerical significance is relatively easy to judge. The fact
that any animal shows a high proportion of positives to the
neutralization survey indicates that it serves frequently as
a host to the vector., In regard to the quantitative blood
virus question we have little information, 1liiss Howitt has
done a large share of the preliminary work that we can apply
at present. Unfortunately much of the earlier work that was
done on host susceptibility was to see if symptoms developed
following intracerebral inoculation, This is of no particu-
lar application in so far as our problem is concerned, By the
criteria of intracerebral inoculation I‘iss Howitt found most
chickens "naturally inmune" irrespective of the presence of
antibody in the blood, However, following inoculation those
fowls were shown to have circulating virus, This is im-
portant! I feel strongly, however, that all these tests
should be made by the intracutaneous or subcutaneous route,

L number of species have now been tested, some to one virus,
some to both, but still very few to the ét. Louis virus,
lir, Tzumi and I have now tested the horse, the sheep, the
rabbit, the guinea pig and the cat., 4ll these, in respect
to the St., Louis virus, but, not in all cases to the equine,
are considered relatively insusceptible, &ll but the cat we
find can serve as reservoir hosts, for virus is found in the
blood, 1iiiss Howitt has shown this to be the case for several
domestic fowls, Davis and others have obtained similar re-
sults with a few birds, donestic and wild, with the eastern
gquine virus, The quantitative work on these remains to be
one,

It will be some time before we can evaluate the
reservoir more accurately, for many individuals of each species
must be tested, length of time during which virus circulates
determined, also the amount of virus present, This will be
time consuwiing and very expensive. &ll our survey-indicates.
then, is that certain species have been infected, a few of
these have been shown to fulfill the criteria of reservoirs,

14
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and many others are possible reservoirs and deserve further
laboratory study for "reservoir efficiency",

I do not consider it either necessary or justi-
fiable to spend thousands of dollars in attempting to iso-
late the virus from these animals in nature, since more in-
formation can be obtained at less expense by the methods we
are using, It is probably worth while pointing out that to
be certain that results obtained in the laboratory will
parallel those in nature, freshly isolated viruses should
be used, not brain edapted laeboratory strains, Use of the
other could lead to serious error in case negative results
were obtained, Such discrepancy of results has already been
shown between the horse experiments of Cox et al and ours,

Vector preference should be considered in se-
lection of potential vertebrate hosts to be first studied
in the laboratory for "reservoir efficiency", Of this, we
know little at present - in fact we are still not certain
of the vector in one single area of this country, and it
mey vary fror one area to another, However, if we select
these vertebrates on the basis of high infection rates as
deternined by the neutralization test, we will probably
not go amiss, for infection is evidence of having been fed
upon, with certein possible exceptions, such as in the pred-
atory groupe.

Perhaps the rniost important conclusion we can
draw from this study is that areas with high concentrations
of domestic aninals (or probably of al.ost any animal, for
density of »nopulation is probably the most inportant factor),
are the dan-er areas for hwian infection, »>roviding the virus
and vector or vectors are also nresent. <7here human popula-
tion and aninal ponulation densities are both high is where
we actually have found hwuian case rates to be the highest
in all epide:nics on record -rere such data is available,
These areas are in ¢eneral -~ the periphery of cities and
large towns, the whole of saall towns, and rural areas com-
posed of small plot owners or tenants.

Let us now construct and test a few hynotheses
on the basis of the facts we have, From the data presented
by i.r, lleeves, I1osaulto transiiission appears to be nore
firnly established than ever, sufficiently so I feel to
justify its acceptance as one 0ode of spread to animals and
man, Is it the only rniethod? Evidence now available from
meny areas where the disease has occurred in both horses
and man indicates that the peak of the horse epizootic pre-
cedes that of the epideiiic in man by several veeks, This
could be interpreted as sugzesting different vectors., e
don't know wwhen the infection occurs in all the other domestic

TR o S g
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animals, The possibility of multiple vectors to explain this
cannot be excluded and night explain the fact, but we have
thus far failed to find that other vector., I would prefer

to exvlain the earlier peak of the horse epideritic on the basis
of facts now lrnown, Observations I have made in both Yakima
and Texas, indicate that in areas where the equine types of
infections apprear in severe enough epizootics to involve man
practically 100 percent of the horses on the ranches affecteé
by the epizootic show serological evidences of infection, In
areas where annual outbreaks occur, illness is restrioted al=-
most entirely to the young aninals, probably evidence of mass
irmunity of the older animals, This gives us evidence to
conclude that the peek of the epizootic in horses, and its
subsequent rapid decline is determined by exhaustion of the
exposed susceptible enimals, In other words, there remain
too too few susceptible animals to permit a continuation of
the hizh incidence, However, many smaller reservoir animals
remain susceptible to infection (our survey shows their in-
fection rate to be from 8 to 50 percent only) so the reser-
voir for mosquito infection is possibly still on the increase
and the number of infected mosquitoes still increasing while
the horse epizootic is on the decline, 4t this point, man,
less constantly ex»nosed to the vector, and »nerhaps not so
diligently sought by the vector begins to show evidence of
the "spill over" of this tremendous although rniost inapparent,
lowmer enimal enizootic, This explanation satisfaoctorily in-
corporates and helps to correlate nany observations, and ob-
viates the necessity of postulating an additional strictly
zoophilie vector,

In addition, another fact needs explanation and
could be explained by postulating an entirely different method
of spread from nan to :an - the respiratory route, As you
v7ill recall from the tables jiven, the nuuber of animals in-
fected by both viruses was aractically ecual in alnost every
instance, and I believe in all instances There nuabers were
large enough to be significent. In ::an, hovever, an entirely
different situation was found, About 65 percent of the nor-
inal, resident, human population of the Valley showed neu=-
tralizing antibody to the St, Louis virus in the summer of
1941 and practically none to the Testern ecuine virus. Many
explanations might be advanced, and one of these is that con-
tact infection by the respiratory route might give rise to a
mild type of unrecognized infection in nan, iiasal secre-
tions of man suffering fiorn this disease have received too
scant attention, Cox and his associates found the virus in
the nasal secretions of one horse during the late and terminal
phase of an experinental infection, In the mouse, encephalitis
can be readily produced by introducing this virus into the
nose, ‘e have stinulated antibody resoonse in a horse by in-
tranasal inoculation, but we never found virus in the nasal
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washings of our horses inoculated by any route but did find
it in the blood, However, none of our experimental horses
ever developed clinical encephalitis and it was during clin-
ical manifestations that Cox and associates found it in the
nose, Records and Vawter repeatedly found the western equine
virus in nasal washings of experimental horses and demon-
strated how easily experimental infection occurred by this
route, but pointed out carefully that epidemiological ob-
servations excluded this mechanism as an important natural
route of infection, I would also like to emphasize that the
epidemiological data collected by Lumsden and by Casey and
Broun in the St, Louls outbreaks meke it appear highly im-
probable that contact infection plays an important role in
clinical epidemic St, Louis encephalitis, Our data strongly
supports this and we accept on the basis of epidemiological
field observations the insect-=borne St, Louis infection as
being the more important, at least, Another, perhaps better
explanation for this discrepancy in antibody findings in man
is that the St, Louis virus has been present in the commun-
ity for many years and the equine virus is a recent invader,
In the group of persons living only 3 years in the Yakima
Valley, the number of positives to both viruses is equal

and negligible, Iliost of the animal sera tested represent
short lived enimals and indicate infection contracted during
the last 2 or 3 years, a period when both viruses were present
in the region, Man, seldom attacked by the vector, probably
reflects a cumulated history of many years exposure to the
one virus and only recently to the other, I rather prefer
this hypothesis, since it again is the simpler,one method

of spread rather than two, : ‘

Having decided that local spread to man is
probably for the most part or entirely, domestic animal to
mosquito to man, let us consider spread from one area to
another, Some might challenge the view that it does spread,
insisting that scattered inapparentt foci in animals have
long existed and that for reasons unknown, it periodically
becomes apparent in horses and men, The possibility of this
cannot be denied entirely, but the probability, in many in-
stances, I question. Of one thing I feel quite certain,
but cannot prove; that the so-called eastern type of equine
infection is spreading westward, It was found in Alabama
in 1940 and this swmmer (1941) was isolated repeatedly in
Texas from horses and I found there serological evidence
for its etiological role in one human case, and many infections
in horses, Although looked for in other western states, it
has not been found elsewhere, I predict that without the
intervention of man or God it will be found in the near fu-
ture in areas further west, and probably in the valleys of
California,

dssuming, then, that these three viruses are
not already established in all places where environmental
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conditions make their presence nossible, let us postulate the
method or necthods of spread, These will be outlined briefly.
(1) The infected vector, if mosquito, can be readily carried
long distances by airplane, automobile, train or boat. (2)
The recently infected (bitten) domestic animal riey be shipped
to another area where a vector can obtain an infective blood
meal, Laboratory data proves that this may be from 12 hours
to 4 days after the infecting bite in small animals or up to
6 days in the horse, (3) liigratory birds sinilarly infected
and infective may travel freely to new areas, These prob-
ably represent the more likely means of distant spread. (4)
The flight range of the vector may explain local spread, or
spread from ad jacent areas,

Now to stimulate discussion, and to help to pro-

mote action on the most important issue, let us consider what
can be done to control these infections,

Local Control

Professor heras, l.r, Recves, and most of you
who are present, are more competent to deal with the control
of the vector than I, Obviously, in each arffected region
the vector must first be determined, for economy of effort,
Control of breeding for the mosquito, and for man screened
barriers, limited hours of eiposure -amd repellants, may all
be employed,

Control of the reservoir may, in many instances,.
be wmore practical than complete mosquito control, Since
nroxialty of human ponulation to dense domestic animal popu-
lation appears to be highly important, it is only reasonable
where many human beingzs live to »rotect then by zoning re-
strictions, excluding chickens, ducks, cows, horses, goats,
etcse Organized cormaunities, hen presented with the facts,
will do this only as they becomes "encephalitis conscious",
Health officials and others should start this educational
progrem where encephalitis is an emportant problem, Such
measures would probably be Lighly effective in cities and
towns in endenic areas, if adninistratively »ossible,

Certain aninels should be elininated or reduced
in nunber - nigeons and rats obviously, and theoretically
pheasants, quails, doves and robins, and probably others,

The question of practica®ility and desjree will require wch
discussion, and the o»position of the wild-life group may

be overwheiming. Nevertheless, there are justifiable reasons
why in some instances such action should be talen,

Certain essential donestic aniials in towns and
on farms mirht be vaccinated, This would prevent them from
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serving as reservoirs., Technics can be developed, but apoli-
cation would be expensive and difficult, Its use, voluntar-
ily, would be highly cormmendable.

Prevention of Spread to iew Areas

This is not just an intrastate problem, but an
interstate, national and international one, 4is it concerns
us at present, the estern virus is spread from liexico
through the United States and »nart of Canada, In the lower
Iiio Grande Valley, the Eastern virus is present in liexico
and the United States, Fron this point it stands an ex-
cellent chance of spreading, The distribution of the St,
Louis virus is extensive, but not well known, due to its
nanifestation in man alone,

Local nosquito control by reducing local in-
fection of vectors and reservoirs will reduce the possibility
of spread by vector or reservoir transportation. Control on
one side of the Rio Grande nmust obviously be accompanied by
similar control on the other side, In yellow fever areas
and certain malaria zones, efforts are made, apparently fairly
effe¢tively, to prevent transportation of nosquitoes., Spray-
ing and insvection are used, In certain areas some such de-
fense lines might be thrown out to check the spread of en-~
cephalitis, Californie already has a rather phenomenal set-

" up for exclusion of agriculturasl pests, Is a mosquito
barrier worth the cost and would it be effective? Quarantine
regulations for shipments of domestic animals is by no means
a new administrative control procedure, In this instance,
four to six days would be required-~depending on the animal--~
and screened quarters would be obligatory, except in areas
where no vectors are found, For horses, screening would
present a difficult, Veccination a few weeks before ship-
ment would nake it unnecessary, Vaccination of other animals
before shipping would glso render quarantine unnecessary,

% Infected migratory birds might still carry the
; infection despite these barriers, Elimination of the birds
is out of the question, Prevention of their infection, or
reduction in the number of those infected would be the re-
sult of satisfactory local control measures, previously des-
cribed, It is thus apparent that local control is not a
matter of purely local interest, and must not be left en-
tirely to the whimsical moods or partisan activity of local
governnent, but in selected instances is of national and
international inportance and action of a nature fitting such
a situation is indicated,

Vaccination and treatuent of man I have left to
the last, but it is and will be no less controversial, However,
the details are possibly of less interest to you, Vaccination
for man appears to be available and effective against the
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Western and Eastern equine viruses, but none is available

at present for the St, Louls disease, Nevertheless, vac-
cinations are always accompanied by occasional untoward
reactions and even deaths, Unless morbidity rates in man

in the general population become much higher than they are
at present in most areas, the risk of vaccination will be
about equal to that of the disease, The cost and incon-
venience to the community of mass vaccination would be un-
justifiable, DMoreover, most of the worst epidemics are
unexpected; clinical differentiation of the specific type

of infection is impossible and by the time the type has been
determined in the laboratory, the time to use a vaccine ef-
fectively will have passed, However, it is quite likely
that in selected groups, probably on an occupational basis,
there will be a place for yearly vaccination for one or more
types of viruses, I expect more to be accomplished however,
through other methods of control.

We have left, one bright prospect, In these
days of chemotherapy there is always the possibility of
finding an effective therapeutic agent, If this is found,
much of the fear of the disease will vanish and the fatale
ity rate will be greatly reduced. Therapy, therefore, may
in certain communities offer the cheapest and most effective
means to control this disease as far as man is concerned.

At present we have found no such therapeutic agent, and
88Tyl therapy from evidence now available, will probably
never accomplish much,

The explosive and disasterous outbreak this
summer in the area of the Dakotas and surrounding states
and in Canade, the appearance of the Eastern virus in
Texas in thousands of horses and in man, compel us to face
the serijiousness of this problem, The potential danger to
the thousands of military personnel concentrated in Texas
on the Gulf Coast, and in the Rio Grande Valley and other
more central areas is, I believe, important. The Surgeon
General's office in Washington is showing true concern in
this matter, The knowledge acquired during recent inves-
tigations gives us .uic key to do something, and some con=-
crete policies should be formed now and be put into effect
before the next warm season, One aspect of this, mosquito
control, is your specialty, and I hope you will put your
heads together and decide when, how, and how much should be
done, and then make the necessary recormendations, The
vector 1s, in many insect-borne diseases, the most logical
point of attack, I feel strongly that wé should have -
some expression of opinion from this gathering in respect
to the practicability of mosquito control before too much
emphasis is placed on the other possible points of attack,
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Teble 1
Neutralization Tests on Sera of "Control" Animals

St. Louis W, BEquine
Pcs, Ques, Neg, Pos, Ques, Neg,

Chicken 0 0 11 o 0 11
Duck, Domestic 1 0 22 o; 0 22
Goose, Domestic o 0 13 © o 14
Owl, Great Horned 0 o; 11 o; o; 11
Pheasant 0 0 11 0 0 14
Pigeon, Domestic 0 0 9 0 . 0 17
Turkey, Donestic 0 0 13 © o 14
Cow 0 0 12 0 0 12
Goat 0 0 15 0 0 15
Total 1 o 117 0 0O 130

Table 2
Neutralization Tests on Sera of Domestic Birds
and Those in Captivity

St, Louis W. Equine

Pos, Ques, Neg, Pos, Ques, Neg,
Chicken 9 0 23 14 3 17
Duck 10 0 10 8 1 12
Goose 14 0 4 9 3 (
Pigeon 7 1 4 5 2 5
Turkey 5 0 8 10 0 &
Miscl, (10 species) 9 0 9 9 0 8
Total 54 1 58 55 9 54

Percent positive .
(omitting quest.) 48% 50%
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Table 3
Neutralization Tests on Sera of Wild Birds

St. Louis W, Equine

Pos, Ques, Neg, Pos, Ques, Neg,
Blackbird, Brewer 0 1 19 0 2 13
Blackbird, Redwing 0 1 3 0 0 5
Coot 1 0] 2 0 0 6
Dove, Mourning 3 0 2 0 0 6
Flicker, Redshafted 1 1 4 1 0 4
Killdeer 0 0 9 2 C 5
Owl, Burrowing - 3 0 4 2 3 2
Pheasant, Ringnecked 3 0 6 2 1 8
Quail, Valley 3 0 7 3 1 7
Robin, Western 7 0 5 6 0 7
Sparrow, English 0 1 11 0 2 8
Miscl, |18 species) 9 0 32 5 1 32
Total 30 4 104 21 10 101
Percent positive

(omitting quest,) 22% 17%
Table 4
Neutralization Tests on Sera of
Predatory and Cerrion Eating Birds
St, Louis W, Equine

Pos, Ques, Neg, Pos. Ques, Neg,

Crow 0 0 3 2 1 1
¢ Eegle, Golden 0 0 3 2 0 1
¢ Eagle, Southern Bald 0 0 1 1 0 0
Hawk, Sparrow 1 0 2 2 1 2
¢ Hawk, Western Red-tail 2 0 0 1 0 0
Owl, Burrowing 3 0 4 2 3 2
¢ Owl, Horned 3 0 0 3 0 0
Owl, Long-eared 1 0 1 0 0 0
Raven 1 0 0 1 0 0
Total 11 0 14 14 5 )
Percentage Positive
(omitting quest,) 44% 70%

= captive
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Table 5

Neutralization Tests on Sera of Dormestic Mammals

St, Louis W. Equine
Pos, Ques, Neg, Pos, Ques, Neg,

Cat 0 1 17 0 3 15
Cow 6 1 16 10 9 14
Dog 3 0 e 3 0 a8
Goat 9 1l 8 6 1 14
Horse 23 1 3 188V onv o nv
Mule 2 0 0 2 0 C
Pig 2 0 6 3 1 4
Sheep 2 3 19 2 5 17
Miscl, (4 species) 1 0 7 0 0 8
Total 46 7 &4 44 19 ec
Percent positive
(omitting quest,) 36% 35%

nﬁ = not vaccinated for western equine infection
Table 6

Neutralization Tests on Serea of Wild Meammals

o

St. Louis W. Equine

Pos, Ques, Neg, Pos, Ques, Neg,
Chipmunk, Great Basin O 0 9 1 0 12
Groundsquirrel, Townsend O 0 12 0 0 12
Mouse, Field 0 2 8 1 7 1
Mouse, Whitefooted 0 0 S 1 0 4
Pocket Gopher 1 2 7 0] 1 7
Rabbit, Cottontail 1 0. 9 0 0 1¢
Rabbit, Jack 2 0 12 2 0 12
Rat, Brown ) 0 € 0 0 10
Rat, Black 1 0 4 0 0 S
Weasel 0 1 4 2 0 3
Miscl, (7 species) 0 1 9 1 1 7
Total a 6 96 a8 3 &9

Percent positive
(omitting quest,) 8% 8%
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(Dr, Eammon's paper was illustrated with
lantern slides).

Herms: That was a very excellent paper, Dr, Hawion, and
well given. You gave us sone very significant information,
There is a great deal in what you have said for us to think
about carefully,

I now have the pleasure of asking Dr, 7. T.
Herrison, U. S. Public Health Service, who is Liason Officer
in the 9th Corps Area, U. 5. Army, to discuss these papers,

Dr, Harrison: I am very sorry not to have been able to hear
the first part of this projrem since, entirely aside from my
personal interest in the subject, several army posts are
situated in areas where equine encephalitis has been re-
ported in animals or men, To date, however, no case has
appeared in the military personnel, with the exception of

one sailor who was apparently infected while on leave in the
Bakersfield area, The possibility of the disease appearing in
the military personnel is uppermost in the ninds of members
of the &rmy Medical Department,

The first sizeable outbreak of encephalitis in
{ man in the United States was apparently the St. Louis epidem-
! ic of 1933, Mosquitoes were considered as possible vectors
at that time, and careful experiments, both in men and labor-
atory animals, were done in an effort to transmit the disease.
Culex pipiens, Anopheles quadrimaculatus and Aedes aegypti
were used, both in biting and injection trials, but with
completely negative results. Culex pipiens was by far the
most numerous mosquito in the area, breeding in open sewers
in enormous numbers, A few Lnopheles and Aedes were tried in
view of former successful experiments with equine encephalitis,
and the ease with which these species may be reared under
laboratory conditions,

It would appear that to protect the military from
infection, intensive control measures direc ted against the
mosquito must be insisted upon., The area within the post 7ill
be handled by the post surgeon, but contiguous territory and
nearby recreational arecas will require action by locel civil
authorities, Naturally, any measures carried out in these
latter areas will be equally or more beneficial to the civil
population.

It has been a pleasure to attend tiais meeting; the
first report of new evidence in the chain of disease trans-
missions is always thrilling, The discovery of the virus in
the insect under natural conditions represents a gratifying
advance in our knowledge of the epidenmiology of the disease.
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Herms: Thank you very much, Dr, Harrison,

Dr. Ellis Sox of the State Department af Public
Health, who was to lead us in further discussion, is not here.
During these days it is hard for these men to get awvay.
Since he is not here, I will call on members of this group
to discuss such phases as they ay wish., Illay we hear from
Dr, iiorris Stewart, please?

Stewart: I think all of us are very nuch inpressed by these
papers, which show the seriousness of the problem and also
the 7ork that is being done, This is no longer a highly
speculative field but there is more certainty of outlook.

I think possibly some of you :lay remember when
we were discussing malaria in past conferences that I men-
tioned that there must be a certain number of mosquitoes
per capita to maintain an endemic malaria, ard that in an
area having a low Anopheline population any change in one
of the factors, either vectors, susceptibles or infected
humans, may cause malaria to increase, In 1934 indications
showed evidence of more malaria than usual here in California,
It was thought to be at least in part caused by an epidemic
in San Joaquin County, which was attributed at least partly
to the introduction of a considerable number of infected
migrants from the southern states, In this case the balance
was upset by the introduction of a considerable number of
infected persons, without appreciable change in the vectors.,

We now are confronted with a problem of the
introduction of new military personnel into areas where
malaria is of very low endemicity, but where if the Anoph-
elines only remain static in relative numbers we may have
an epidemnic due to the upsetting of the existing balance
by the introduction of large numbers of susceptibles, most
of whom are probably derived from urban areas, Only if
active steps are taken to reduce greatly the numbers of
vector Anophelines in such cases can outbreaks of malaria
be prevented in either the introduced military population
or the adjacent civil population. I think that this is a
problem which must be faced squarely by both military and
civil officials,

&s to encephalitis, bird reservoirs are an
interesting problem. Il.ost of the bird life of the marshes
is protected by the lL.igratory Bird Treaty., This is the
only international bird protection treaty, Both game and
non-game birds are considered wards of the Biological Survey.
I am familiar with the situation in Texas, having spent a
number of years there in migratory bird control work., 1In
view of the treaties protecting migratory birds, we must
proceed through diplomatic channels if control of encephalitis
should be attempted through the control of migratory bird
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reservoirs of infection,

Some of the so-called wild birds aere practically
domesticated, The robin, for instance, has been mentioned
as a possible reservoir, But in Texas, for example, the
number of robins is slight, Several seasons mey pess with-
out our seeing a robin, Only when we have unusually cold
winters will we see them and then only for a short time,

In view of the present emergency, and in the
light of this newer knowledge of possible mosquito trans-
mission of encephalitis, we are going to be faced with
cer tain new angles in our control practice, and must eval-
uate the possibilities and probabilities in the light of
econonnic and efficient measures of mosquito control, In
most districts we have conveniently classified certain mos-
quitoes as of primery importance and we have devoted our
attention almost exclusively to those, Now we may be faced
with the control of different species, and that means we must
re-equip ourselves with the mental elasticity we had when we
first went into this work, e must recognize that we nay
have to make rather extensive changes in control methods to
correspond with the particular habits of the various species
in question,

Professor Herms for many years has been pointing
out to you the vital necessity of knowing in the first place
the various species with which you are dealing and their
habits, basing our control measures upon that information,

We must study and be prepared to deal with species formerly
somewhat neglected, which may become of great importance, and
particularly in areas where many people are assembled now
where perhaps there were only a few a short time ago,

Herms: I don't know anyone I would rather call on for a
discussion of control measures as applied to tarsalis or
ipiens, particularly the latter, than Harold F, Gray.

Let's hear from Mr, Gray at this time,

Gray: So far as the application of control measures is
concerned within the various districts, we are reasonably
well equipped to proceed provided there is available to us
a little more of the wherewithal with which to work, plus
the possibility of getting more personnel, With the ex-
ception of kr, Hayes' district and the Alameda County Dis-
trict, most of the districts in the state have rather
limited funds, and it would be impossible for them to ex-
pand their activities appreciably without additional funds
for materiels and men, There will be increased cost all
along the line for both materials and labor, Contracts

we are taking now show that prices are definitely going up
on things requisite for our work, You cen't do with the
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seme amount of money the things you have been doing, We
have heard about additional Federal funds for mosquito
control in Ceaelifornia in the vicinity of army and navy
establishments, In order to be able tc do added work,
particularly in the vicinity of military establishments, more
funds will be needed, especially for equipment but mainly
for personnel, There is a job to be done but we have to
have facilities with which to do it, The problem, as I

see 1t, is the extension of our work to additional species
which we have not so much concerned ourselves with in the
paste In some of our Districts, most of the work is against
Anopheles mosquitoes and they haven't done extensive work
against pest mosquitoes,

Assuming you cen get the funds, you still have
the problem of personnel, There is a shortage of good men
now and that shortage will increase, The shortage of public
health trained engineers is serious, That is one difficulty,
But given the funds and equipment and the opportunity to
train personnel, I don't see why our districts and the county
health departments cannot do this work and do it well, but
perhaps on & different basis than that on which we have been
working, Our work must be more intensive and directed to
species which we have more or less neglected in the past in
most aress,

As Dr, Stewart said, when we were younger we
were fortunate in having a certein amount of mental elas-
ticity., Some of us, like Professor Herms and myself when
we started out in 1910, had little else, DPerhaps we heave
developed a little mental rigidity over the years, This
is one of the things on which we want to check ourselves
up on these days and reexamine everything we have been think-
ing and doing,

Herms: I don't believe a chenge of conditions has a great
deal to do with the ¢éontrol of pipiens. It is largely =
matter of inspeCtion, 4s a rule, cngincers arc not inter-
ested in such details as house to house inspection, Harold
Gray, in his District, is thoroughly and well equipped to
handle the situation, but the reason I ask him "Why?" is

that I rcalize more personnel is nocessary and more perscnnel
mesns more money, Tho reason is the need for detailed work
on tersalis and pipiens, We have been accustomed, here in
Californie, to handle them on & large scale,

Cempbell: Thank you, Professor Herms,

The session thon ad journed for lunch, and re-
convened at 1:30 p.m, for the afternoon scession,
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Mr, Richard Poters, IEntomologist of the Burcau
of Sanitary Engineering, in the abscnce of Dr, Bertram F,
Broim, State Director of Public Health, introduced Professor
Stanley B, Freoborn, Assistent Dean of the Collecge of Agri-
culture, Tho was asked to speak on "liilitary liosquito Control
in World /ar I",

Freeborn: When you get to the point where they put you on
the program to reminisce, you are practically on the shelf,
That seems to be what is expected of me when you ask for a
talk about military mosquito control in the other world war,
However, I do welcome the opportunity to talk informally on
these progreams,

In attenpting to get some of the material to-
gether for this discussion, it struck me that a striking
commentary was the fact that the present day sanitarian is
going into the problem of malaria control on exactly the
same basis as in the last war, That is, for practically
every disease of military importance the sanitarian has a
new and effective tool for its control, that was not
present in World War I, except in the one case of melaria,
For every other disease present today the sanitarian has a
first class tool, It might not be out of keeping in connec-
tion with these reminiscenses, to mention a few of those
tools at the cormand of the present day sanitarian,

The progress of military sanitation from the
American standpoint is interesting and I think no more
effectively shown than in the statisties of the various
wars in vwhich we have engaged, In the Mexican war, there
were seven times as nany casualties from disease as from other
causes, In the Civil Jar, there were twice as many deaths
from sickness as from wounds, In the iWorld War I, it was
almost an even break, There were about 58,000 more cases
of disease in World Jer I than from battle casualties, But
of course in the case of 'World Jar I the scales were tipped
somewhat by the appearance of influenza, which was a new
problem and made a marked 2ifference in statistics,

Another thing to consider is modern knowledge
and attention to nutritional problems., It hadn't occurred
to me that the term "vitamin" as applied today was not even
known or used during the first World War, The term was
introduced in 1912 but not applied as now understood until
1920,

It is beginning to be more and more recognized
that a well nourished population is not particularly sus-
ceptible to epidemic diseases. As additional work is done
on the importance of nutrition, particularly from the vitamin
standpoint, we see more and more clearly that it is not the
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well nourished population that is susceptible to epidemics,
We had some idea of the connection between nutrition and
disease resistance before, but we didn't understand it very
well, e still may not understand it any too well but,

with the attention being placed on nutrition at the present
time, we ought to be able to avoid some of the striking epi-
demic appearances that we have had in previous wars, It may
be a blessing in disguise that we will have to take in hand
certain nutritional problems through the necessity of war,
and militery end civilian population will arrive at a better
understanding of the importance of proper nutrition and the
way to attain it,

Now let us run down through some of the diseases
that might prove of great importance.

Yellow fever wasn't of iwuch trouble to us in

Jorld Wer I but it may be in this, The annual report of

the International Eealth Division of the Rockefeller Foundation
several years ago had a lot that was interesting and valuable
regarding yellow fever vaccine, Even as late as a few months
ago it was reported in the British Sudan that there has been
developed a new vaccine in which we can put considerable con-
fidence, 7Yellow fever vaccine is very generally used through-
out the Navy at the present time, lien who apparently have

no possibility of being in a yellow fever area are being
vaccinated nevertheless, Yellow fever is not dependent upon
the presence of Aedes aegypti. In certain parts of South
dmerica there is yellow fever and no evidence of these mos-
-quitoes, lionkeys may harbor it, being possible reservoirs,

Typhus was the bane of our existence in the
previous World Jar but there again we now have a vaccine,
Tetanus is now subject to prevention by a vaccine, and every
men in our foreces is now protected to a certain degree against
the disease,

Influenza was a very serious problem. Certain
vaccines have shown some promise but we are finding meny
different strains of influenza. But with influenza and
pneunonia we are interested not so much with vaccines against
the disease, but more with the sulpha compounds of various
types which are very effective as curative agents, We have
a new specific sulpha compound for practically every bac-
terial disease, So even if vaccines may be somewhat of un~
certain value in such diseases, we do have first class new
tools which we can use,

In the last war, we had a good nany scares with
neningitis outbreaks, low we know from our experience with
sulphathiazene that we can handle epidenics with a fatality
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rate which will not run over 2%, This has been an enormous
improvement,

Gonorrhoea is also now handled quite satig-
factorily by treatment with sulpha compounds, /e have these
new tools at hand with which to handle these diseases, There
is also the problem of syphilis, and much progress has been
made there too,

But maelaria still stands out as the dominant
disease in connection with our consideration of troops, and
for its ocontrol we do not have any really effective new tool,
hMaelaria, in the last war, developed some interesting sta-
tistics and observations, For instance, you nmight develop
e camp site at a place that was not known by the authorities
to be & place where malaria was prevalent, A&fter the camp
was set up, inmediately malaria appeared, The answer was
the fact that areas considered non-malarial still had Anophe=
lines present in small numbers--not in large enough numbers
to ceuse epildemics until there were more infected persons
and nore susceptibles, i:alaria then developed in places
that had previously been considered non-malarial in char=-
acter, Previously the »lace had been non-malarial but it
was not non-Anopheline,

The bibliography on the Anopheline mosquito 1is
nore extensive than that on any other insect, Anopheline
mosquitoes are spread all over the world and so are of im-
nortance throughout the world,

Intelligent mosquito control depends upon our
knowledge of the species involved, By reducing your Anopheles
population to a continuously very snall nunber per capita of
humans, you can have no malaria enidemic, though you may
still have occasional cases of nalaria, Je nust be able to
recognize this Anonheline :iosquito, The breathing syphon in
the larva consists nerely of two small flaps in the top of
the eighth abdoriinal segrient., If no long breathing tube can
be seen, the larva is undoubtedly Anopheles. In the adult,
if the palpi are as long or lonzer then the »oroboscis, your
nmoscuito must be Anopheles, If the palpi are short, 1t
could not be anopheles., 1The wings of our western Anopheles
naculipennis are .iarked rith four derk colored spots, There
are 164 species of Anopheles.

There are no cases on record where Anopheles
were found incapable of transnitting nalaria, 7JTe have had
definite cases of malarias in Jran;ell, Alaska, The Anophe-
lines wouldn't be there unless condaitions were right for
the transiiission of .1alaria, If Anoniheline riosquitoes are
present in an area, you can't rule out the vossivility of
malaria transmission, Within a ;iven area, thers :iay be
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ecological conditions that will permit their presence
without an appreciaeble maleria incidence, but I don't
think we are safe in considering any area certainly non-
malarial, If you crowd susceptibles and carriers in,
you are playing with dynamite,

It is certain that malaria waes present in
California before the Gold Rush days but it is not defi-
nitely proven how it came here, The records show a great
amount of it among the gold miners in 1849-50, The entire
town of Oroville is recorded as being sick with it in 1850,
People moved many times in pioneer days to escape malaria,
Records of military expeditions in northern California
very early report the presence of the disease, 'then it
became established among the California Indians is not
definitely known, but it was probably not prior to the
gold rush of 1849-50, or the Spanish Californians would
have undoubtedly acquired the disease during their many
excursions and expeditions intp the San Joaquin Valley,

As to the matter of the control of malaria
during the last war, in our experience on this side of
the Atlantic we had two types of problems, One was an
urban problem, the other a localized problem, and the
two are handled entirely differently, The urban problem
meant that there were large numbers of civilians in groups,
continuously in contact with the introduced military popu-
lation, wherever both congregated, as for exeample , the
movies,

In handling what we may call an "urban" malaria
control problem, it was necessary to handle the situation
as a job of "extra-cantonment" sanitation, The area could
be cleared of mosquitoes by the normal methods of ditch=-
ing and oiling, The army could even go in for concrete
lined ditches and do a thorough job of mosquito control
exactly as it would be done under normal urban conditions,
Under such conditions malaria control for military person-
nel is only possible as a job of community sanitation, as
it is not feasible to entirely or appreciably segregate the
armed personnel from the ad jacent civilian population,.

The other situation is a localized problem where
bodies of troops are well isolated from a civilian popula-~
tion, but in the presence of very large numbers of Anopheline
mosquitoes, Under such conditions you can see why the zng-
lish and the French health authorities very early in their
career became dispensers of quinine, They probably looked
at the areas where they had miles and miles of Anopheles
breeding, and they decided to let the mosgquitoes go, feeling
they just couldn't cope with the treendous nosquito problem
with the limited funds and personnel available to them, It
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was not that the problem was not recognized or that the wvalue
of ditching was not known. But mosquito control seemed to be
an impossible job because of its magnitude, and so they did
what they considered the next best thing,

I zot into one situation in Virginia during the
last war where one river carie down and joined another, Iix-
cept for a few hills, the nlace was as flat as a pancake,
Trees were growing out in the water, and there were areas
for twenty miles that we couldn't get to excent in a boat,
There were jungles where you would have to use string to
be able to get back, Il.osquito control in this area would
have cost as much as establishing the port of embarcation,
Dikes and gates would be required to keep out the water and
dry out the area, It was an enormous engineering project.
Preventing the breeding of :mmosquitoes was out of the ques-
tion at any reasonable cost, and yet men had to be there,
Something had to be done. /e took a blood smear index within
two miles of camp, and everybody in the area had malaria, It
was necessary for some of the 1en to stay out-of-doors on
duty all night, The problem was to protect them. Je tried
to protect them from mosquitoes that had bitten somebody else,
We used quinine prophylaxis, e tried to devise ways and
‘means to get the men to take the quinine, but the men just
wouldn't take it, We tried all sorts of things but were
none too successful,

Finally we developed this schernie, The men
slept 'inside screened barracks., A&After they got to bed at
night we went around to see that they were tucked in, We
had a squad of men that collected all the mosquitoes they
could find in the barracks., The mosquitoes would go to the
windows, The squad went through with brooms and boxes and
collected all the mosquitoes they could find on the windows.
They would get a big catch each day in the barracks in spite
of everything we could do, There were double screens on the
doors,

After this scheme of control was in effect we
didn't have a single case of malaria in eight months among
the men we had in barracks, Then a group from a wegon com-
pany came who were not under our control. They insisted on
sleeping with the horses, Within three weeks we had an out-
breek of malaria among this group. They were given pro-
phylactic quinine where they would take it, The only thing
they lacked that our men had, was that we collected all the
mosquitoes we could catch in the barracks, After the first
two weeks we even made no effort to protect the men outside
at night on guard duty, as we found they could not or would
not keep veils and gloves on in the heat and humidity. This
was in a place where the history of malaria was 100j endenic,
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It was a perfect demonstration of what can be done, That
is what they are planning to do on the Burma Road over a
300 nile front at the present tine., Fundamentally, it is
sinply to prevent a mosquito from biting twice, by catch-
ing her in quarters and killing her before she has a chance
to take the sscond bite,

I think it boils doun to this, that where
you have troops in relatively isolated areas with little
contact with a civilian population, even though in the
presence of a large Anopheline population, protective
mneasures through catching adult mosquitoes in quarters
will be quite effective as a prophylactic iieasure, and is
one that can be easily undertaken by the men theuselves,
Even the men on guard duty out doors at nisht will be rela-
tively safe from infection, as these out-of-doors mos-
quitoes will be probably non-infected -- just wild, simple,
pure mosquitoes that had not conie from any house,

Those of us who have worked with this problem
get over-sensitive about being bitten by one mosquito and
so0 getting malaria., I know I have wondered lots of times
in some areas, I have thought I might come down with it,
However, the chances are several hundred to one that a
single bite won't do 1it, Therefore in a localized situ-
ation, you should teke every possible step to prevent your
versonnel being bitten twice by any one mosquito, There
you get a fairly decent control,

In the present war we are going to be faced
wvith problems that are going to vary with every single area
and every single case, The history of each area is going
to be somewhat different from every other area, It will
teke a whole lot of figuring to meet conditions ilost
effectively, It boils down to the use of good coumon sense,

In conclusion, we have to face the situation
that we haven't a single tool today in alalaria control that
we didn't have in Jorld Jar I, i.alaria is about the only
disease where this predicament is true, So far as malaria
is concerned, it is the same old problem, There are in-
teresting days ahead for all of us, Ve know nore about mos-
quitoes than we did at the time of the other war, but we
need to know a great deal more yet. Kowever, by applying
intelligently the tools that we have, I think we can lick
the problem without too much difficulty,

Peters: Thank you, Professor Freeborn,

Je are now to hear from Dr. R. Ii. Creel wio is
the District Director of the U., S. Public lLiealth Service.
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Dr, Creel has something further for us on this important
sub ject,

Dr, Creel: I am somewhat reluctant to discuss this subject,
When I was asked, I couldn't help but feel that it could be
much more satisfactorily discussed by lir, Gillespie or some
of his assistants in the State Bureau of Sanitary Engineering.
The Public Health Service is like the promoter who agrees to
furnish the ocean if someone else will furnish the ships,
The Public Health Service will furnish and has been furnish-
ing assistance to the State Department of Public Health, and
also has arranged with the TPA to allow five million dollars
for mosquito control work, of which California will probably
receive about six hundred thousand dollars,

For many years past, Congress has appropriated
annually sums of money to prevent the spread of diseases
such as typhus, yellow fever and smallpox, and the federal
government has practically taken charge of control measures
for yellow fever in the south, Beginning before the war,
Congress has made special appropriations for public health
services out of Social Security Funds, County health units
have been established or strengthened in many parts of the
country, and considerable funds used for the training of
personnel as health officers, sanitarians and technicians,

I presume the Bureau of Sanitary Engineering,
and you who are present at this rnieeting are thinking more
of the mosquito problem in California, although as Pro-
fessor Freeborn has said, we don't know what is going to
develop in this field,

This project as contemplated for California
is to be administered under the direction of the State De-
partrnent of Public Health., One of the first things being
done is to obt~in all data as to the amount of ditching
involved, the umount of materials necessary, and the number
of men required to do the job., One project is already under
way in San Diego County, and in Los Angeles and Orange Coun-
ties projects are now being worked up. Other mosquito con-
trol projects are contemplated around Fresno, llerced, Sac=-
ramento and Marysville,

"MOSQUITO BREEDING AND CONTROL
IN T™HE VICINITY OF L:ILITARY 3O0NES

by

R. F, Peters,
liosquito Control Officer
State Department of Public Health
Bureau of Sanitary Engineering.

l{y presence here as newly appointed State lkosquito
Control Officer affords an opportunity to acknowledge the many
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en joyable associations which I have had with most of you
through dealings with the districts represented in the
Californie liosquito Control Association and through con-

tacts with the various local Health Departments of California,

As a recruit in the ranks of the men who make
war upon nosquitoes, I am most happy to be able to issue the
following communique - "Despite heavy mosquito attacks on
some quarters in Californie during 1941, the onset of winter
appears to allow for sufficient time to muster a strong de-
fense and a greater offense against the Culicid dive-bomber
and pursuit formations".

From out of the sky come more airplanes, bombs
and mosquitoes, for during the Autumn of this year there de-
scended upon the State Department of Public Health, with no
more hurming or buzzing than the ticking of a teletype machine,
word from Washington that the State Department had been named
as "maternal" sponsor of a State-wide MNational Defense 7.P.A,
liosquito Control Project, Upon due deliberation, Dr, Brown,
Director, and Lir, Gillespie, Chief of the Bureau of Sanitary
Engineering, drew up adoption papers and made arrangements
for the rearing out and application of the control measures
provided, as a part of the activities of the Bureau of Sani-
;aig quineering. In this regard, I guess I was named "God-

ather",

le were not taken wholly by surprise upon the
presentation of this project, for the National Defense Areas
of California had been the object of much of our survey work
since more than a year ago, In general we had a fairly good
idea of the control picture, but the two factors of con=-
stantly increasing military establishments in California and
an unusually "unusual year" of about twice the average rain-
fall, did somewhat cloud the approach to control, In addi-
tion, the promised early assignment of U, S. Public Health
Service engineers to survey and supervise project-units was
somewhat slow in meterializing, However, today three en-
gineers are stationed in verious sections of the State,
lining up control programs, and at least two more are on
their way here to augment the work, The program provides
for supervisors and for 7.P.A. projects to control breeding
for a distance of 5 miles from military reservations,

In connection with the weather, Southern Cal-
ifornia probably experienced the most pronounced springtime
pest infestation in many years, Collections of rain water
which stood unusually long, allowed for mass breeding and a
great pest by such little regarded mosquitoes as Culex tar-
salis end Theobaldia inornata., Citizens of Long Beach and
San Diego were kept busy slapping and spraying for several
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months, until control measures and the eflects of evapora-

tion could catch up with the breeding. The City of River-

side, upon being swarmed over by Culex guinquefasciatus and

Culex stigmatosoma in the Spring and Surmer, declared an

"all out" agaeinst these pests, and by a varied control pro- :
grem overcame the infestation, San Bernardino citizens re- [
ceived a rather continuous barrage of mosquito bites during ;
the year, but they just gritted their teeth and bore them,

In Northern California, what early threatened to
be a record crop of mosquitoes became greatly retarded,
reaching a peak late in the Autunn and never amounting to
general expectations., Until Autumn, very few Anopheline
mosquitoes were to be found, In such locations as kiarysville
and Lerdo, where Anonhelines have been general, little breed-
ing was evident, and malarie was practically nil, One in-
teresting development of this year has been the finding of
dedes lateralis, & cornnon pest of the liorthwest states, in
several locations of the mid-Sacramento ~ San Joaquin valleys,
Noticeable throughout California has been a large amount of
breeding of pest mosquitoes in domestic places, The excess
rainfall aeppears to have been most responsible for this,

One especially important reason for reduced
mosquito breeding in Northern California this year scems
to be the extensive occurrence of natural enemies of rnos-
quitoes, liay-fly larvee, water beetles and water bugs have
seldom existed in such numbers, Gambusia affinis have en~
joyed broad dispersal and they have been able to exert a
pronounced control, Several exceptions to the effective-
ness of Gambusia have been noticed on my trips, in which
connection Gambusia and mosquito larvae have been found to
exist in friendly association with each other, However, in
one case, (which iir, Robinson knows well), the natural con-
dition of the pool was altered slightly by the presence of
numerous mulberries and rat-tail maggots, In the other case
which I have in mind at a location in San Diego, the Gambusia
were so small that the larvae of Culex stigmatosoma seemed to
be wriggling out in the open as if to dare the mosquito fish
to teke a bite, Elsewhere, however, nothing but extremely
fine results are being obtained through control with Gembusia.

Returning to the subject of mosquito breeding
in National Defense Areas, we are faced with no small under-
taking., hen once we think we have taken account of all the
military areas in the State, we receive word that another is
added, rerhaps now with the war, they will continue to in-
crease in number, In all, at present there are 31 Wational
Defense centers in California, Of these, 21 have a mos=-
quito control need in greater or lesser amount, In the
remnote sites, the problems confronting us are either agri-
cultural mosquito breeding, or breeding characteristic of
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a wilderness, Although we are acquainted with the type of
control required in the agricultural areas, the significance

of pest or disease in a wilderness requires much further study.
The Navy has been headquartered at important California har-
bors for some time and with these areas we are all quite well
acquainted, However, a recently established ..osquito Boat
base at liorro Bay presents quite a salt narsh breeding prob-
lem,

One of the most important breeding places in
the vicinity of reservations, and the cause of breeding in
more than one case in California already, is that created
from the disposal of sewage, i/ith & little attention to
what happens to the effluent, this can easily be averted,

Some examples of liational Defense centers in
California which are particularly importent, follow:

At Liarysville the Army proposes to locate a
large reservation which would lie in an area long known for
malaria and where pest mosquitoes have been accepted as a
matter of course, There, a network of drains, sloughs and
agricultural ponds indicate the need for a sizeable program.

around l.cClellan and iather Fields in Sacra-
mento, some work will have to be done in the dredger ponds,
in creeks, sewage disposal drainways and in miscellaneous
domestic locations, Little mosgquito bother was had this
year until the late Autumn, when considerable numbers of
Anophelines descended to nake life :iiserable for a couple
of weeks,

liare Island being partially salt marsh itself
and being situated along the shore of San Pablo Bay, re-
ceived considerable infestation of Aedes dorsalis this year.
Tidal action adjacent to the Island and dredge water dis=-
posal on the island proved responsible for the breeding.
Early plans to iuprove the drainase in this area have been
discarded in favor of an emergency larvicidal project which
is being worked up at present,

The i.erced Airfield is located right outside the
corner of the newly enlarged lierced iiosquito Abatement Dis-
trict, There, Harold Lilley will be faced with extending
his efficient Gaubusia control to protect Uncle Sam's fliers,

Fresno Bomber Base has been the pioneer military
reservation to carry on control, mainly through the de-
termined efforts of its Surgeon, i.ajor lieine, who declared
war on mosquitoes back in June of this year, and by the appli=-
cation of a well-organized program of brushing, clearing and
oiling, greatly reduced the usually numerous mosguitoes in
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the Clovis area, 4t present in the metropolitan area of
Fresno, a luwosquito Abatement District is being formed, and
efforts are now being made by the Bureau of Sanitary En-
gineering to set up a 7.”2.,A., project unit for the protec-
tion of the Bomber Base, especially as a supplement to any
work to be done by the District,

Territory in the vicinity of Lerdo Airfield
has been troublesome from the standpoint of both malaria
and equine encephalomyelitis, and preparations are being
rnade to control this area, 4lthough breeding is not wide-
spread, when it occurs the effects are very pronounced,

liosquito breeding in the lionterey - Fort Ord -
Camp Roberts ~ San Luis Obispo areas is mostly a spring-
time pest. Project-units in these areas are being drawn up
to handle just such situations, In these locations it is
believed that the greatest amount of long-term good result
will be derived from the extensive planting of Gambusia
affinis, One of the rosquitoes to watch in this general
area will be Anopheles pseudopunctipennis, which is to be
found almost everywhere, Present evidence does not in-
criminate this mosquito as a pest or as a carrier of malaris,
but with men from malarial states headquartered in these
reservations, this mosquito will bear watching,

Practically all of the Los Angeles area is
eligible for /.P.A. mosquito control on the basis of the
National Defense industries there, Problems range from
the small domestic fish pond through oil-well sumps, drains
and ditches, to salt marsh breeding., A comprehensive project-
unit is being lined up for this area,

San Diego represents a bizarre picture of
mosquito breeding, in which creek beds, river bottoms,
sewer overflows, salt marshes and various miscellaneous
. domestic places are implicated, This has been the first
project-unit to get under way,

One of the underlying reasons for conducting
a T.P.A, mosquito control project in National Defense areas
of California has been the occurrence of encephalitis in
several of the locations selected for military reservations,
Dr, Creel and Dr, Harrison, recognizing this potential dan-
ger to the military forces consider the occurrence of this
disease in any sizeable amount to be sufficient basis for
establishing mosquito control. As has been pointed out by
the papers of this uorning, the implication of pest mos~
quitoes in the encephalitis picture prectically in itself
is sufficient to suggest the need for mosquito control
wherever pest mosquitoes occur in great numbers,
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In applying control in the various military areas,
we have to consider the following as fundamental to the in-
ception of a project-unit:

1, The need of control ~ based upon the
history, the occurrence of complaint,

2, The availability of 7.,P.A., labor,
present and future,

; 3. The local receptiveness and desire

i for participation as a co-sponsor -

! this to be obtained in such a manner
as not to work a hardship upon the
co~-sponsor,

Control performed under this project repre-
sents a change of view from that of any 7.2.4. mosquito
control program undertaken heretofore, Formerly mosquito
control projects received no particular preference or
priority, and any work perforried had to show a definite
permanen% control in which no maintenance would be re~
quired, This present Statewide project receives a high
National Defense priority and emphasizes the application
of larvicides with a minimum of preparatory work, In
other words, the emphasis is upon emergency suppression of
acute sources of breeding, In order to ease the local fi-
nancial burden of this work, a high man-month allowance of
316,79 has been provided for non-labor items., This is about
sufficient to purchase o0il and rent transportation and spray
equipment, ‘that appears to be considerable of a problem is
the 7.r.A. requirement of freedom from claims of damage for
work undertaken, In this regard it is necessary to obtain
an easement or permit on every parcel of property to be
worked on, Where work is done inside Abatement Districts
or in counties where Health Departments having enabling or-
dinances which assume this obligation, the task is simpli-
fied, However, in the great majority of places, permits
must be obtained,

In evaluating such a control program, a number
of factors must be taken into account, In setting dowm
unit costs for items of control such as tule grubbing,
clearing and brushing, ditching, spraying oil and fish plant-
ing, it has been difficult to establish an approximate basis.
The only useful references in California have been the C.7.A.
project of 1934 and estimates of the cost of such work done
in the mosquito abatement districts. Because of a different
type of control being enphasized in the Southern United States,
work accomplished there has been of little help in furnishing
these estimates, Because of industry taking the best of
1.P.As workers, we have not been too certain of the amount of
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work to expect of those remaining. This point seems im-
portant - that control of mosquitoes under the progrem
contenplated is subject to a variable degree of efficiency
as far as results are concerned, The curve resulting

from a plotting of cost against time might arrive at a
point which did not accomplish complete elimination of mos-
quitoes, but yet would accomplish effective control, From
this reasoning we have been able to compromise on man-months
in certain instances in order to get projects started., This
is immortent because of the great shortage of W.P.A. la-
borers,

4s yet, it has not been determined what effect
the war and priorities will have upon these projects, It
is expected that they will continue to be provicod for in
some degree and that they will continue to rank high as
National Defense priority projects. Surely the matter of
mosquito control could not be ignored and thus allow the
possibility of an adverse health condition at home to
affect our war efforts, There are a number of matters
pertaining to techniques of control and policy which have
yet to be ironed out, but the major ground work has been
laid and the pattern of procedure has been established,
This progrem represents something new to California in the
field of mosquito control, and with the assignment of quals-
iried personnel to supervise the project-units, such as has
been the case thus far, there is no reason to believe other
than thet the military and National Defense areas shall
experience freedom from the annoyance or the disease pos-
sibilities from mosquitoes, ‘

I believe the Division of Entomology,
especially Professor Herms, Lt, Aitken (now with Uncle
Sam's army) and Bill Reeves, deserve much thanks for the
highly specialized service they have been rendering
through the identification of mosquitoes in this work. In
closing, I should like to introduce to you the men assigned
from the Public Health Service who will be responsible for
keeping the Naticonal Defense centers mosquito free - =

l, L. E, Thonpson
2. Re A Berg
3« E. L. Ulrich
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Herms: I want to call your attention to the fact that

Dr, Alfred C, Reéd of the University of California lMecical
School is to be thhe speaker at our banquet tonight. He
will speak to us along the very lines we have been dis=-
cussing today. His subject is to be "Problems Involved in
the Control of biosquito-borne Diseases under Tropicel Con-
ditions"., I have known Dr, Reed for many years. He has
had a very wide experience in the tropics.

I had some experience with Anopheles
maculipennis freeborni,

The presence of hsedes maculipennis freeborni
does not depend upon rainfall, It is a seepage water breeder,
We find them principally where agricultural irrigation is not
accompanied by adequate drainage., You may have very little
rainfall but nlenty of freeborni due to irrigation,

Gearbusia in the eastern part of the United
States are not altogether effective because inopheles
guadrimaculatus larvae are rather inactive., Gambusia
will go after them when they move, but otherwise not,.
But Aedes maculipennis freeborni is much more active
than hedes gquadrimaculatus, is therefore nmore effectively
attacked by these fish, and so the planting of Gambusia
freely is a helpful control measure under our condition,

In the control of Culex tarsalis and Culex
ipiens, frequent inspections and detailed knowledge of
conditions in an area are necessary and important. The
general, large-scale operations we use against salt-marsh
mosquitoes are not effective against these species, With
them we must always be handling details, In particular
the control of Culex pipiens means tremendously detaileé
work, They may be abundant in a house and yet you will
have to hunt for days before finding their breeding place
in some concealed, even underground, place,

Freeborn: In regard to this problem of Culex tarsalis
and Culex stigmatosoma, I have seen tarsalis and stig-
matasoma come out of the same egg raft, I believe that
you will have to consider stigmatasoma with all the
interest that you have for tarsalis as a disease trans-
mitter, and consider them as one species, There is ap-
parently one thing that works to distinruish one from

the other, I have bred stigmatasoma out of permanent,
natural waters, such as »onds or marshes the water with
tule fringes where the water stands the year round, where-
as tarsalis comes out of contamninated places vhere we ex-
pect to find pipiens. ¥hen tarsalis breeds in the warm
water of natural ponds where tules are, it will come out
with the characteristics of stigmatasoma., It seemns that
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ecological differences in breeding places can and do produce
minor anatomical differences in a riosquito species,

To distinguish Culex tarsalis from stigmatasoms,
take a good look at the under side of the abdomen, Round,
dark spots, somewhat indistinct, indicate stigmatasona,
whereas V-shaped markings indicate tarsalis; tarsalis will
also have a longitudinal white stripe or series of spots on
the outer side of the legs, but stigmatasoma will not show
such stripes or spots,

I believe that a sinilar situation exists
with Aedes dorsalis on the Pacific Coast, Our salt marsh
dedes dorsalis is identical with Aedes caspius, but our
fresh water or inland Aedes dorsalis should be considered
either a distinct species or a variety which breeds only
in fresh water of a temporary type such as the water in
rice fields, which may be rather alkaline, or in flood
run~off from nelting snow fields, as in the bottom lands
along our rivers debouching from the Sierra lievada foot-
hi%is. It is apparently rather adaptable in its breeding
habits,

Culex pipiens, which I mentioned a few minutes
ago, is a domestic species, It is usually, though not
exclusively, found in cities and towns, This is the mos-
quito you are apt to find in catch basins, elevator shafts
and in the gutters, After Oroville put in its sewer system,
they reduced very greatly the numbers of pipiens they had,

Reeves: Since my return from Yakima, I heve been interecsted
in doing some work with Culex Tarsalis, lir, Gray has had his
men looking for larvae but those I have received so far have
been C. stigmatasoma. I haven't had sufficient experience in
breeding C. tarsalis in the laboratory to want to say much.
In Yakima typical C. tarsalis were found in all stages of
breeding. This C. tarsalis mosquito is perhaps the most widely
distributed of any species in this state. There are a lot

of them in the Sierras, The larvae are found in either fresh
or foul water, In some places they have been found breed-
ing in water definitely alkaline in character,

Freeborn: Yes, they are widely distributed., Collections
have been made at 7600 feet in Alpine County, and they are
abundant in the central valley as well as in the Coachellea
and Imnerial Valleys., Lven high tides do not seem to deter
them,

Herms: Culex tarsalis is dark grey or brown with broad
white bands on the tarsi, and the proboscis is white-ringed,
You can see the bands on the abdominal segments readily,

This is the only mosquito you may find it difficult to dif-
ferentiate from stigmatasoma , which does not have the white-
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lined legs of tarsalis. I night also call attention to the
"y" shaped ventral abdominel marliings of the tarsalis as
contrasted with the dark round or oval abdoninal spots of
stigmaetasoma. These markings are somevhat variable, how-
ever, which makes it hard to distinguish between the two
types. Culex stigmatasoma is seldom or never present in
large numbers,

Reeves: Jhile Culex stignatasoma seers to prefer fresh
tater, it has been found in sewage water.

Gray: Yes, they have Dbeen found breeding in open sewage
treatment »onds, and in foul water such as the wastes from
- the iiolly Sugar Company's plant at hAlvarado, Bill has been
trying to get hold of tarsalis larvae and —we have been try-
ing to help him, ./e have rone to areas and locations where
we have previously found Culex tarsalis for Tommy Altken,
but all the larvae we have obtained so far have turned out

to be stigmatasoma,

This argument about tarsalis and stigmatasoma
has not been settled yet, and asparently we can't settle it
today., This discussion started out on one thing, and went
off onto something else, .Je were discussing the matter of
Feceral assistance for riosquito control work,

Peters: I would like to hear what you think about the amount

of prelininary work which needs to be done to set up such
projects,

Herms: These are tiiies of einergency. e do not have tine
to line ditehes, or do many types of permanent construction
under the circumstances, and it would seem therefore that
the preliminary planning need not be minutely detailed.

Hayes: I think we have handled as much 7.2.sx, WOrk as any-
body here. I want to just back Mr, Gray and urge that we
all give our friend Peters all the help we can if he is
going to have supervision of these projects.

I want to say something about Major Heine as
being able to go out and somehow get the money and get the
work done at the Bomber Base at Fresno., I take plesasure
in introducing Captain Johnson of the Air Base,

Johnson: I think we all have a high opinion of Meajor
Heine, Ke certainly is a go~getter. e have apparently
plenty of money for labor and supplies but we have no money
for equipment, The present plans are to do as much pre-
lininary work as possible before next sumnmer, I am digging
ditches in swamp land, clearing out sloughs, etc., but, if
we don't get at least one piece of high pressure spraying
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equipment, I don't think we will be able to make the control
work completely successful, though conditions will be much
better, I don't know the mosquito situation in the west and
have to rely on others who do know, I think that there is

a big improvement coming due to our efforts, and also in
forming a mosquito abatement district at Fresno, which looks
as though it would go through,

Bendel: Does the military personnel do the ditching?

Johnson: We now hire civilians, Until about a month ago
we had soldier personnel working on it.

Campbell: Are there any questions with regard to Federal
A1d money?

Gray: 1Is this to be a matter of application by the various
districts and counties, or is the Public Health Service
assigning so much money to particular districts®

Peters: It will be necessary to obtain someone as a
sponsor, so that practically you will have to meke an appli-
cation for a project, The 7PA will supply the labor and a
certain amount for materials; the sponsor would contribute
the supervision,

Robinson: KkKodesto, in Stenislaus County, is an intermediate
stop~-over point for a good many troops in transit, A4t
present they have a temporeaery camp outside our district,
Could they come under this arrangement?

Peters: Very probably,

Gray: We tried all this before and our experience in
sponsoring such federal aid work was that it cost us more
Just to sponsor it tham it would have cost us if we had

done the work.with our own men, It seems to me that & small
emount of money placed in the hands of the superintsndents
who are getting good results and could get better with more
money at their disposal would do the most good, In this way
we could get results that would definitely change the sit-
uation for the better, with the least expenditure, the
greatest speed and the most certainty, and we wouid avoid
a lot of red tape and unnecessary report making,

Dampbell: We have annexed a lot of new territory to our
district, in the Walnut Creek area, but we will not get

any tax money from it until aefter July, 1942, B2But the
people in the annexed area will expeot a consid-rable amount
of control work to be done there this summer, Uan we get
any gr this money to carry over next year in the annexed
area
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Peters: DProbably not, unless there is a military establish-
ment in the annexed aresa,

Stewart: I wouldn't went to emphasize anything being said
this afternoon, or change the subject, or appear to take ex-
ception to anything, but I think it night be well to give
you my opinion of what has happened. Of course I speak
without authority and everything I say is but ny own per-
sonal analysis of the situation,

The enphasis in this afternoon's discussion
has been placed in part at least upon the present situation
of national defense and our part in it, It has been shown
by each speaker that we are going to be faced with many
problems--some old and some new, I think it is quite pos-
sible that those of you who have been engaged successfully
in mosquito control may ultimately find themselves in other
insect control work also, We talk about a lot of money from
the 7.P.A. and other sources to help out in this work. 4
lot of money has been released, but remember that it is also
true that we are facing a period of strict economy, We are
going to have to draw a sharp line of demarcation between
Juxury and necessity., Very soon this sharp line will be
presented to us in this matter of abatement work, I be-
lieve it is quite possible we may be instructed, in view
of the enormous national expenditures we ere facing, that
we must expend our available money for control of those
mosquitoes directly concerned or at least very strongly
suspected of being concerned with the transmission of dis=-
ease, I can visualize the possibility of having to let
up on the control of some species, in order to devote our
energy and money toward those forms which may detract fram
military efficiency and defense industries, That is the
whole keynote of preparedness, using the term in a broad
sense, We must be preparing ourselves for the situation
w%icg hes arisen and which no one of us completely under-~
stands,

This morning we mentioned our need for mental
elasticity, I think here again in the matter of financing
our work we must adopt the same ettitude, It seems prob-
able that this and similar groups will be charged with a
great deal of responsibility in determing:how we shall di-
rect our efforts, and toward what specific ends, One of
‘my greatest fears has been that there would bé & possible
or probable lack of coordination in this work, Perhaps
the most important function we can perform immediately is
to do everything we can to coordinate our viewpoints and
efforts, so that when we do get more direct orders we can
proceed with the minimum of lost time and with the maximum
of efficiency, I am reninded in particular of one warning
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that has been given today, kr, Gray spoke about the danger
of rigidity in our thinking and in our methods of work, and
Professor Herms enphasized species sanitetion, As an illus-
tration of what is happening, at lunch today it was reported
that in one locality there was en intense outbreak of Culex
pipiens in a defense industrial plent, which seriously inter-
fered with production, The source of breeding was found to
be water in tire casings in an ad jacent tire re-capping plant,
& change in inspectors was probably the reason that this
breeding was allowed to ocour, We must make every possible
effort to protect our defense workers from anything thet will
lessen their efficiency or interfere with maximum output,.
Never before has it been so important that there be no waste
effort, Our energies and funds nust be placed where they are
most needed and where they will be of the greatest benefit,

Campbell: I would like to pause a moment to welcome
Dr, Barry, the State Health Officer of Idaho, Have you a
word for us, Dr, Barry?

Dr, Barry: I have nothing of particular interest to report

at this time, We do have some problems of mosquito control

and we are trying to meet them wisely and intelligently, We
came down here for the purpose of trying to find out what we
could do further or do better, I wish to introduce lLr, Luke
end also lir, WTard of our State Health Department,

Peters: I would like to urge that you all come to the
morning session tomorrow, This matter of species sanitation
is tremendously important and I believe you will find the
material on exhibit in the laboratory both interesting and
helpful,

Gray: Tomorrow morning lir, Bendel will bring up the power
spray rig that we are using, It will be parked as close to
this building as he can get it so you will have a chance to
get a good look at it, He will be there to explain about
it and answer any questions you may want to ask him regard-
ing his experience with it,

Campbell: kiay we have the report of the Nominating Com-
mittee?

Emerick: The Committee desires to nominate lir, Nicholson

of the Pine Grove District as our new incoming President
and Mr, Peters as Secretary-Treasurer,

Campbell: How about a Vice President?

Bmerick: We did not nominate one, If you like, we will meet
again and do so, reporting to the Conferenqe later,

Campbell: Yes; I think you should do that.
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Thereupon it was duly moved, seconded and car-
ried by unaninous vote that Mr, M, D, NHicholson be elected
President, and lir, Richard Peters Secretary, of the California
llosquito dontrol hssociation for the year 1942, The session
then ad journed, to meet at 7:00 p.m, at the Durant Hotel,
Berkeley, for the annual Banquet.,

After the banquet, the members of the Association
were addressed by Dr, Alfred C, Reed, Professor of Tropical
Medicine in the Medical School of the University of California,
who spoke informally on the subject of "Problems Involved in
the Control of liosquito Borne Diseases under Tropical Con=-
ditions", The talk dealt principally with the problems of
melaria, yellow fever and filariasis in the tropics, and in
particuiar with the problems they present in relation to
military operations in the South Pacific and eastern Asia
combat areas, The talk was high-~lightéd by Dr, Reed's
delightful humor at appropriate points,

SECOND DAY - TUESDAY DECEMBER 16, 1941

The Conference reconvened at 9:15 a.n, in
Agriculture Hall, University of California, with President
Campbell presiding,

Campbell: We will now have the pleasure of having Professor
erms give his annual review of the literature on mosquitoes
and mosquito abatement,

Herms: On account of the amount of work I have had to
carry recently, I have been unable to prepare this review,
and have turneé it over to Bill lteeves instead,

"REVIEW OF SELECTED LITERATURE
PERTAINING TO HOSQUITOES FOR 1940-1941"

by

Williem C, Reeves,
Division of Entomology and Parasitology,
University of California

Because of the absence of a formal review of
the literature during our 1940 meeting it seems advisable
this year to include at least the more important works for
1940 together with those of 1941, In this survey approx-
imately 400 papers were encountered, Obviously it is not
Teasible to include the entire number so only those papers
which appear to be of primery interest have been selected,
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hs usual the "Insect Yest Survey Bulletin" of the
United States Bureau of Entomology and Plant Juarantine gives
us an idea of the general importance of mosquitoes during
the year, although the bulletin is only indicative of general
trends, For the years 1940 and 1941 ouly 1l states sub-
mitted reports, The 1940 reports are of little importance
to us at this time, Iio important records from the Pacific
Coast were included so we shall pass on to the 1941 Bulletins,
liosquitoes from Oregon receive the first mention, Knipling
reported an unusual February and lkiarch with some mosquito
breeding, &dult Theobaldia were active on March 2, Aedes
increpitus were found on March 11, 24 days earlier than
previous records from the Portlané aresa,

On April 20 hedes dorsalis were reported as
active in Utah, During May from Utah came reports that
dedes dorsalis and Aedes gcampestirias were amnnoying to men
and to recently shorn sheep in Sanpete County, ' In Missouri,
pest mosquitoes had been annoying since the middle of May,
through central liissouri, in areas close to favorable breed-
ing grounds. In Oregon, Knipling reported the first larvae
of Aedes lateralis and Aedes vexans were found at Portland
on May 9, The Columbia river had the lowest peak of flood
on record, resulting in a very low population of flood water
mosquitoes,

In June many complaints were received in
Central kissouri about mosquitoes, In Utah, Aedes dorsalis
was very annoying to man and livestock in various parts of
the state. In South Dakote, mosquitoes were reported much
worse than usual throughout the state, being exceedingly
troublesome in the northern third,

During July in Arizona Anopheles pseudopuncti-
pennis was common at Benson, biting people out-of-doors
early in the morning. This is an unusual record as in
California this mosquito rarely bites humans, During this
month the Pacific Coast again received notice when Mansonia
per turbans was reported from Yekima, Washington, This was
a new state record, At the same time, Knipling reported large
populations of Mansonia perturbans from Scappose, Oregon
once again a new state record, This species was by far %he
most abundant of the six species collected at the time,

In North Dekota mosquitoes reached their high
peak of incidénce in late June and remained abundant for
several weeks, With heavy rainfall in early August, mos-
quitoes became abundant agein, Aedes vexans and Aedes dor-
salls predominating, In a stockyard seepage pond near
Fargo, larvee were found to be 3000 per square foot of
water surface, From Utah in August ceme the report that
dedes dorsalis and Aedes nigromaculis were abundant, attack-
ing man, cattle, and horses in various parts of the state.



(77)

&sugust 6 west of Lozan and Benson these tiwo species were
particularly abundant, In this area horses had been dying
of equine encephalomyelitis and it was believed that the
deaths may have been caused by mosquito abundance., irom
Illinois came a report of severe outbreaks of nosquitoes
associated with salt water sloughs near oil wells,

During September, hnipling from Oregon re-
ported 254 Anopheles in one night's catch in a light trap
at Portland, l.ansonia perturbans was taken in a light trap
on Lotus Island (Portland) during August, In Colorado,
breeding was more active than usual at Denver, Fort Collins,
Greeley, and Boulder, Reports of mosquitoes received from
Denver and stockmen in southeast 7ild County reported the
infestation had continued longer than usual, Preliminary
surveys showed that Culex tarsslis, Theobaldia inornata,
sedes dorsalis, A. nigromaculis, and &, vexans seemed to
be the chief snecies, One hundred and si:ty four cases of
encephalitis in man and 39 deaths had been reported for the
state up to early September, In ilansas, Culex eploells
were more abundant than at the same time the previous year
in Kanhattan, Missouri mosquitoes were extreiely annoying
throughout the state, In ¥lorida fedes taeniorhynchus
was unusuelly abundant during the surmer but decreased
during September, Jfedes sollicitans was present in the
vicinity of Panama City and was found breeding in large
numbers in a smallpond about 50 miles from salt water,

It is of considerable interest that during
the summer of 1941 these reports indicated an unusual abundance
of mosquitoes in the middle west at the same time as a size-
able epidemic of virus encephalitis,

A publication of very great interest because of
the information it contains on mosquito control work is the
Proceedings of the llew Jersey liosquito Ixtermination Associa-
tion for 1941, This includes 26 papers, all of which apply
directly to mosquito control work, The first paper, by
T. J. Headlee, is on "New Jersey iosquito Problems" in which
he tekes up mosquitoes and national fedense, emphasizing the
lmnortance of mosquito abateiient workers maintaining their
high standards and extending theéir work for the protection
of military organizations in their vicinity. Iiext he re-
views the research problems which face the mosquito control
worker, including studies of methods of mosquito control,
repellents, and developuents of trapping devices, Con~
siderable attention was given to the recent addition of dry
ice as an attractant, increasing the catches by five fold
with maxinum catches for one night in a single trap of
18,000 nosquitoes in liew Jersey and 250,000 mosquitoes in
Delaware, He also refers to larvicide developuients, and
attacks on the eg:.s,.
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In the second paper, by C, Filsinger, on the
"Distribution of hedes vexans eggs", he describes his
technique of sod sampling “method of egg recovery, and
results, showing that nos% eggs 'rere present in sods offer-
ing good cover of grass and weeds,

lie A+ lnanzelli of Nutgers University presents
a very interesting paper on "Studies of the Effect of Re-
duction of Surface Tension on mosguito pupae", This in-
cludes a study of the pupal transformation to the adult
stage, the mechanism of respiration during the pupal stege,
and a demonstration of the dependence of the pupae upon a
high surface tension to maintain their equilibrium and nor-
mal respiration., If the surface tension is reduced by a
wetting agent, the pupae can not rest at the surfece in an
upright position and therefore die, Reduction of the sur-
face tension is also effective against egg rafts, and pos-
sibly the larvae, These findings might be applied in the
development of insecticides to be used in places where ad-
ditionel dilutions will not occur,

F, C, Bishopp and J. L. 7ebb present "A Review
of Contributions to Inowledge of Mosquitoes During 1940",
including general developments in the country, techniques,
taxonomy, encephalomyelitis, yellow fever, Anonheles and

malaria, hablts, biology and physiology, ecology, and control.

H. Ho Stage and "/, 7, Yates report on "Com=-
parative Resistance of Several Species of ilosquitoes to
Larvicides" (work done in the Oregon area), They give the
comparative toxicity of larvicides to Aedes, Culex, Theo-
baldia, and Anopheles larvae, the comarative resistance
of Aedes and Culex larvae to larvicides, the comparative
resistance of instars to larvicides, and the couparative
resistance of Aedes, Culex and Theobaldia pupae to larvi-
cides, A4edes vexans larvae were found to ve slightly niore
resistant to 0oil, pyrethrum oil emulsion, and Paris green
than those of hedes lateralis, Culex pipiens and Culex tar-
salis, Larvae showed about the same degree of resistance
to oil, pyrethrum-oil erulsion, and phenothiazine, but
larvae of Culex piniens were more resistant to Paris green,
Larval instars of Aedes, Culex and Theobaldia appeared to
bedome progressively more resistant to larvicides after
each molt, Aedes and Culex pupae were riore resistant to
pyrethrum=oil emulsion than to Diesel o0il., Culex pupae
were sonewhat more resistant to Diesel oil and far nore
resistant to pyrethrum-oil ermulsion and phenothiazine than
Aedes and Theobaldia pupae,

The next naper, by Yates and Stage - "Factors
that May Affect the beicity of pyrethrum-oil Frulsions as
Mosquito Larvicides" « goes still more thoroughly into the
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study of inconsistent results., They studied emulsifiers,
the eddition of organic activators such as sesame oil &and
amyl acetate, and found thet additions of 5;» increase the
toxicity but probably are not economicel, It was found

thet the temperature of storage and application were very

important as toxicitgois redyced if epplied below 60°F,
snd accelerated at 6 to 68 o The effect of organic

debris, if heavy, is to necessitate retreatment,

J. . Ginsburg reviews "The Present Status
of Knowledge on Mosquito Oils and Larvicides", The char~
acters which he gives for an efficient mosquito oil are
high toxicity to larvae and pupae, quick, uniform spread-
ing on all types of water surfaces, rapi& penetration into
the tracheal system of lervae and pupae, and stable, long
lasting film on the surface, He recommends the New Jersey
mosquito larvicide if petiroleum oils are objectionable, and
emphasizes the importance of considering the variants of
temperature and surface tension of waters in use of oils,

Along with these papers are 14 reports on
problems of various districts, the history end develop-~
ment of certain areas, economy in plant investment with
eyes to the future of paying for mosquito control, and
netional defense considerations,

4 number of other papers have appeared during
the past two years dealing with the developments in lar-
vicides, E., H, Hinmen of T.V.A. read a paper on "The
Place of Larvicides in liosquito Control" before the 15th
annual meeting of the Florida Anti-Nosquito Association,
at Jacksonville, Floride, 1941, This appeared in the
Georgie lialaria Bulletin, Vol, 4, lio, 2, In this paper,
he gives the specification for petroleum oils as taken
from Ginsburg, discusses the use of pyrethrum, Paris green,
borax, calcium arsenite, and copper sulphate, the importance
of larvicides in a malaria control program, the importance
of municipal control of pest mosquitoes, the use of larvi-
cides in the control of salt marsh mosquitoes, the control
of flood-water mosquitoes, and woodland species, He con-
siders larvicides as temporary and a secondary control
method, If they must be used, the problem is the selec~
tion of the best suited material, In summary he states:

"In any well integrated mosquito abatement program the use
of larvicides will find a place as an auxiliary or emergency
measure, Since the final objective should be permanent
elimination of the problem area, reliance upon their use
should be continually decreasing, The selection of material
and method of application can only be made upon detailed
study of the immediate problem. In nost situations, eco~
nomic considerations will determine the extent and duration
of this secondary measure of mosquito control",
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The paper by A. G. Richards on "Differentiation
Between Toxic and Suffocating Effects of Petroleum Oils on
Larvae of the House mosquito (Culox pipiens)" in the Trans,
Ento, Soc,, Vol, 67, No, 1087, presents a critique of ex-
perimental work, a swmary end discussion covering the
literature on the suffocation of mosquito larvae, and of
cutaneous respiration in insects with particular reference
to such respiration in water and in oil, It also includes
brief notes concerning histopathological and similar studies
with insects,

In the Jour. of Econ, Into,, Vol, 34 for April
1941, Mentzer, Daigh, and Connell report on a subject of
considerable interest to us, "Agents for increasing the
toxicity of pyrethrum to mosquito larvae and pupee", They
experimented with Yarmor Pine 0il, D.H.S. activator, and
Thennite, DBy adding 55> D.H.S. activator, it was possible
to use half as much pyrethrum as in stanéard "lNew Jersey
liosquito Larvicide" with no loss of toxicity, This de-
creased the cost and made the most satisfactory spray tested,

~ In the February, 1941 issue of the Jour, of
Econ, Ento., J+ S. lennedy discusses the "lethal Concentra-
tion and Mode of Action of Copper Sulphate used as & mos=
quito larvicide", In experimenting with young larvae of
Anopheles maculipennis var, atroparvus he showed that fatal
concentrations of enhydrous copper sulphate are one part in
50,000 to_ 100,000 of an otherwise favorable artificial me-
dium at 2°C. The main effect is a direct poisoning of the
larvae, but in greater dilution the destruction of the food
mey play a greater part, The addition of much less copper
sulphate is required to kill larvae in natural waters in
which copper carbonate is precipitated probably because the
larvae take in more copper when it is present in this solid
form,

In the Bull, of Ento, Res,, Vol, 31 for 1941,
a basic paper by G. I. Watson on "A Physiological Study of
Mosquito Larvae which were treated with anti-malarial oils"
is of interest, In this work he elucidates the reasons why
mosquito larvae die when in contact with oils., He shows
that if oil gains admittance to only one trachea the larvae
may moult and survive; however, if it is in both trachea it
interferes with moulting and the larvee die., The miocro-
organisms on which the larvae feed are also killed by oiling.
One of the fundamental functions of some lervicides is that
the oil/water interfacial tension may be so small in an oil
that spreads very widely on water that the tracheal flaps
are not pulled open by it,
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Several works on the use of Paris green have
appeared, LeVan, in the Amer, Jour, Pub, Health, Vol, 30
for 1940 reports on "ileasures Instituted for the Control
of Aedes aegypti"., They used Gambusie holbrooki in
covered cisterns, In heavy infestations kerosene was ap=
plied every ten days in addition, ZFor flower containers
in cemeteries a pellet of a wet mixture of one part Paris
green and four parts plaster of Paris was placed in each vase,
Houses infested with adults were treated with pyrethrum spray,

Henderson and Howard in the Amer, Jour, of Trop.
lieds, Vol., 20, 1940 gives a progress report on "A Comparative
Zvaluation of laris Green and Z2yrethrum Emulsion as Anopheline
Larvicides in Georgia", Their work shows that pyrethrum-oil
emulsion is a competent Anopheline larvicide, the efficiency
of which varices directly with its rate of application, That
under the conditions of observation, the material cost of
pyrethrum larvicide is from 10~15 times that of the amount
of Paris green~lirie mixture required to produce equivalent
mortality, NKon-material costs would increase the econociiic
differential in favor of the laris green., An additional point
of importance is that pyrethrum kills or injures inverte-
brate predators; Paris green does not,

Further developments have taken place in the work
of "Disinsectization of Aircraft" as reported by C. L. Tilliams
in the Public Health Reports Vol, 55 for 1940, This artiecle
explains the developnent of a special atonizing hand sprayer
for application of pyrethrum sprays in alrplanes. It is run
on compressed air nressure,

During 1941 three papers on the value of mosquito-
proofing for malaria control appear, Hewitt and Kotcher in
the Public Health Ileports, Vol., 56, report on "Observations
on Household Anophelism in a Selected Group of liosquito~
Proofed and Non=l.osguito-Proofed Homes"™, They found that in
general fewer mosquitoes were found in mosquito-proofed homes
than in houses not so protected, although strangely enough
mosquito-proofing did not seem %o prevent mosquitoes from
leaving houses,

In the Amer, Jour, of Hyg.,, Vol. 54, Ko, 2,
R. B, Watson and Helen C, Maher gave " Evaluation of
liosquito=-rroofing for lialaria Control Based on One Year's
Observations", their conclusions being that there are in-
dications it is of considerable value, C. C. Liker and
H., E, Breedlove reported in the Amer, Jour, of KEyg,, Vol,
34, No, 2, on "iosquito-’roofing for lialaria Oontroi from
the Stendpoint of Construction Costs", They found that by
contracting for screening and mosquito-proofing the average
cost was 433,00 per house on 350 houses undertaken,
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The effect of mosquito control measures on
wildlife is a matter of constant interest to this group.
Hinman et al; in Science, Vol, 94, for July 11, 1941, give
the report of the T.V.A. technical committee on "Additional
Cooperative Studies of the Kelation Between lLiosquito Con-
trol and Wildlife Conservation", Detailed study of the
various species of plants and their importance in the pro-
duction of Anopheles quadrimaculatus showed that with the
possible exception of water-shield (Brasenia schreberi),
which may inhibit larval production, factors other than
individual species of vegetation are of greatest importance
in determining the extent of Anopheline production in a
given area, OStructure and growth characteristics of the
Plants, the way they interact with the combined external
factors such as floatage, water-level, surface, etc,, are
more significant, ZExperimental studies are describe& on
the control of vegetation objectionable to malaria control
and wildlife interests, The application of sodium arsenite
from airplanes showed some promise, Utilization of an
underwater weed cutter for certain plants gave good re-
sults, It was also shown that predation on Anopheles by
Gambusia was sufficient to reduce materially the production
of adults, although other control measures were necessary
to supplement this,

Stearns, MacCreary, and Daigh in Bull, 225 of
the University of Delaware Agric, Exp, Sta, for 1940 report
on the "Effect of Ditching for llosquito Control on the Musk-
rat Population of a Delaware Tidewater Marsh", In this very
interesting bulletin they give the importance of the musk-
rat industry in Delewere, the effect of ditching on mos-
quito breeding, on the height of the water table, on the
character of vegetative cover, and on the distribution
of muskrat populations, their conclusion being that effec-
tive ditching of a productive muskrat marsh for mosquito
control is definitely injurious,

A subject of continued interest to us is that
of the value of intermittent irrigation in rice culture,
R. B. Hill end F, J. C. Cambournac in the Amer, Jour, Trop,
lied,, Vol, 21 for 1941, report on "Intermittent Irrigation
in Rice Cultivation and Its Effect on Yield, Water Consumption,
and Anopheles Production", They found thet intermittent-ir-
rigation with no water every 16-17 days, requires spocial
preparation of the fields and of the irrigation end drain-
age systems,---and needs close supervision, but once the
fields are set up for it the economic conditions for labor
stimulate interest on the part of the growers, and the
practice is spreading slowly, It is concluded that it is
the only feasible method so far evolved for the control of
Anopheles breeding in the rice fields of Portugal.
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E. L, Bishop in Science, Vol, 92 for 1940, re-
ports on "Cooperative Investigations of the Relation Be-
tween liosquito Control and Wildlife Conservation", In the
TsVeA, project, they studied the effect of Paris green and
o0ils on vegetation and fish, and showed the accumulation of
arsenicels in fish had not rendered them unfit for human
consumption,

Most of the people at this convention have
probably seen the two articles by Harold F, Gray on
"Naturalistic lMiethods In liosquito Abatement" in the eekly
Bulletin of the California State Departiment of Health for
January 1941, in which he classified the methods into
chemical, physical, and biological categories, with a
summary of successful applications in verious areas of
the world under verying conditions,

W. A, Hoffman in Science, Vol, 94, 1941 reports
beneficial results in the reduction of irrita%ion of insect
bites in "The Effect of Chloroform on Some Insect Bites",
including mosquitoes,

In the Jour, of Econ, Ent,, Vol, 33 for June
1940, P, Granett in "Studies of Mosquito Repellents" gives
the %est procedure and method of evaluating test dats, and
the relative performance of certain chemicals and commer-
cially available mixtures as mosquito repellents, This
type of information is becoming importent for the protec-
tion of army troops in the field,

During the years 1940 and 1941 the addition
to our knowledge of mosquitoes of the Pacific Coast &area
has been considerable, As previously noted, Knipling and
GJullin recorded Mansonia perturbans from the Pacific north-
west, This mosquito is also present in California as was
reported by William C, Reeves, "The Mosquito Genus Mansonia
Blanchard in California", Vol, 17 of the Pan Pacific Ent.,
for January, 1941, It is recorded from Bakersfield, Holt,
Galt and Landers, These collections were made in 1917 and
1919 and the specimens were with material which heretofore
had not been determined, It has since been collected in
Fresno, a record not included in the paper,

Another valuable contribution to our knowledge
of California mosquitoes is that by Thomas H. G. Aitken
"Notes on Aedes nigromaculis, (Ludlow), Aedes increpitus
Dyar, and Culex territans Walker in California™, in the Proc,
Ent, Soc, Wash, Vol, 42, No, 7, 1940, In this paper 12
records are given for Aedes nigromaculis showing its dis-
tribution in nine counties of the state. It would appear
that this mosquito is becoming cammon in the central val-
leys of California where it may be very pestiferous; in
addition, it is an efficient vector of equine encephalomyelitis
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in the laboratory. Aedes increpitus is reported as breeding
in salt marshes in Los Angeles County, which is the first
record of this type of breeding in Caiifornia. In the Ore-
gon salt marshes breeding by this species is fairly common,
Three records of collections of Culex territans are given
which are the only records in Celifornia subsequent to
Dyar’s unique capture in 1922,

&nother paper by Aitken is "The Genus
Psorophora in California"™ in the Revista de Entomologia
Vol, 11, December 1940, This is the first detailed re-
port of this genus in California, Psorophora confinnis
is reported from the Coachella and Imperial Valleys of
southeastern California and from southern Arizona, The
larvae are found in irrigation overflow pools (as early
as lay), The adults appear during the months of June to
September, and may be of considerable annoyence to local
residents, Of systematic importance is the conclusion of
the author that Psorophora columbiae, Psorophora tolteca,
and Psorophora jemaicensis are only synonyms of this species,

A third genus is first reported for California
by Reeves, in "The Genus Orthopodomyie Theobald in California",
in the April, 1941 issue of the Pan~pacific Intomologiste
The speties érthqg__quia signifera was collected at River-
sidz, Riverside County, and Redlands, San Bernardino County,
This species breeds oniy in tree holes, The author points
out similarities between the California specimens and the
eastern species Orthopodomyia alba, although there is no
doubt the California specimens are Orthopodomyia signifera,

dirken reports on "A New American Subgenus and
Species of Aedes" in the April, 1941 issue of the Pan-
Pacific Entomologist, This new subgenus and species Aedes
(Kompia) purpureipes Aitken was collected in lower California
and has also been teken in southern Arizona,

A significant piece of work from the Pacific
Coast and one which has already been discussed in the virus
synposium appeared in Science for October 3, 1941, "Isola-
tion of the Viruses of Western Equine and St, Louis en-
cephalitis from Culex tarsalis kosquitoes" by Hammon, Reeves,
Brookman, Izumi, and Gjullin,

The final contributions to our knowledge of
western mosquitoes are two works by Aitken., "The Anopheles
Complex in California" from the Proceedings of the 6th
Pacifie Science Congress, Vol, 4, 1941 and his Ph,D, thesis
on "A Clarification of the Anopheline Conmplex of Western
America", 1In these works he recognizes Anopheles maculipennis
gcoidentalis, Anopheles maculipennis freeborni, Anopheles
pseudopunct_gpnnis franciscanus, Anopheies pseuydopunctipennis
boydi, and Anopheles punctipennis, all from western North
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America, In disease transmission, Anopheles maculipennis
freeborni is the nost important if not the only vector of
malaria in the west, He considers Anopheles maculipennis
aztecus as a ilexican species. Anopheles punctipennis is
a stable species and a possible malaria vector, although
of little importance, Anopheles gseudopuﬁotipennis he
considers as an unstable group, found in North and South
America, This species is an efficient malarie vector in
areas other than the United States, He believes that
Anopheles punctipennis franciscenus is a northern race,
the counon form in Californie, and in addition Anopheles
pseudopunctipennis proper also extends into Californie
and probably interbreeds, This work has been a very val-
uable contribution to our knowledge of this importent

group, and has been favorebly received by other workers
in this field throughout the United States,

Now that the matter of races, varieties, and
subspecies of Anopheles maculipennis has been precipitated,
a paper of li, Bates in the Ann, t, Soc, Amer,, Vol, 33,
Noe. 2 for 1940 on "The lNomenclature and Taxonomic Status
of the liosquitoes of the Anopheles maculipennis Complex"
is of interest, He treats the subject from a worldwide
viewpoint, although regretably the California complex is
not included, In this work he proposes to raise the sub-
species of this conplex to species standing. '

H, S, Hurlbut in the Amer, Jour, of Hyg.,
Vol, 54, l'o, 1 for 1941, "First Instar Characters for Dis-
tinguishing the Common Inland Species of Anophelines of
Eastern United States", makes possible @ separation in the
early stages without awaiting the complete larval devel-
opment, This is a type of work of considerable value to
field collecting,

Vo Ko Lawlor in Public Health Reports, Vol,.
55, Ko, 9, presented "Notes on a variation in the eggs of
Anopheles punctipennis Say", He considers the variation
to be a possible seasonal variation.

Several interesting articles appear in the
Jour, of Econ, Ent, for 1940 by Fisk and LeVan on mos-
quito collections by New Jersey light traps in different
areas of southern United States, These are "ilosquito
Collections at Charleston, South Carolina, Using the liew
dersey Light Trap", and "lkiosquito Collections at Browns-
ville, Texas", In these collections many new records were
obteined for the areas investigated, adding to our knowledge
of mosquito distribution,
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The paper describing the work of Gjullin,
Hegarty and Ballen at Portland, Oregon on "The Necessity
of a Low Oxygen Concentration for the Hatching of Aedes
liosquito Eggs" appeared in the Jour, of Cellular and Com=
parative Physiology, Vol, 17, No, 2 for 1941, As most
of the members of this conference will remember, Mr, Gjullin
reported on this work at the meeting here last year, This
paper is basic and of great importance,

Another work along similar lines appeared in the
Jour, of Econ, Ent, in April, 1941 by WV, A, Connell, "Hatch-
ing Response of Aedes sollicitans Eggs Under Selected and
Controlled Enviromnmentel Condltions”, Eggs of Aedes solli-
citans were tested with infusions prepared from various
plants, with water from various creeks, marshes, and with
distilled water, Records were kept on which of these re-
sulted in hatching of the eggs,

' knother article in the April, 1941 issue of the
Jour, of Econ, Znt, was by T. J. Headlee on "Further Studies
of the Relative iLffects on Insect l.etabolism of Temperatures
Derived from Constant and Variable Sources", This work was
carried out on Aedes sepypti., It confirmed the general cone-
clusions set forth in their preceeding paper that the rela-
tive effect on insect metabolism of temperatures drawn from
variable and from constant sources is dependent unon where
in the gamut of the insects' normal temperature reaction
these constant and variable temperatures lie, Also this
work indicates that the underlying and governing factor of
such differences as exist in the varisble and constant tem-
peratures 1is the accumulation of the required amount of
heat regardless of constant and variaeble sources,

Some very good papers on the laboratory rearing
of mosquitoes, and on mosquito larval nutrition, are of basic
importance to mosquito work, In the Jour. of Econ, lnt, for
April 1941, A. R, Buddington writes on "The Nutrition of
Mosquito Larvee'", He shows that autoclaved and Berkefeld-
W filtered pond water supports the growth of the larvae of
Aedes aegypti and Culex pipiens only as far as the 4th in-
star, scherichis coli fails to suppnrt the growth of larvae
to maturity, but Bacillus subtilis and Saccharomycetes cervisae
support the growth of larvae to maturity, Iliosquito larvae de-~
velop under sterile conditions to maturity on alcohol=-
sterilized yeast, but cannot develop beyond the 4th instar on
autoclaved yeast. The heat=stable factor of yeast is also
present in autoclaved liver concentrate. NNicotinic acid and
ascorbic acid do not repnlace the heat-stable factor in yeast,
liosquito larvae fail to develop beyond the 4th instar on a
solute diet containing anino acids, vitanins, glucose and
Osborne-iiendel salts, lLiosquito larvaee require for devel~
opment to maturity under aseptic conditions at least 3 factors;
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thiamin hydrocholoride (Bl riboflavin (B%, and a heat stable
factor in yeast and liver extract,

M, Bates in the Amer, Jour, Trop., Med., Vol, 21,
No., 1 for 1941, "Studies in the Technique of Raising Anophe-
line Larvae", attempts to find a combination of mineral
salts and food that would serve as a satisfactory basis for
rearing larvae under standard conditions, The results were
not entirely satisfactory, but were a definite advance in
technique,

’ R. L, Crowell in the Amer, Jour, of Hygiene,
Vol, 32, No, 1 for 1940, "Insectary Rearing of Anopheles
guadrimaculatus", gives a description of the air-conditioned
insectary at Wilson Dam, Alabama, in which a self-perpetu-
ating colony of Aropheles quadrimaculatus has been maine-
tained since November, 1937, Pulverized dog biscuit is used
as larval food, The results of the management technique
and management of the colony of adult mosquitoes are des-
cribed,

Still enother article in the April, 1941 issue
of the Jour, of Econ, Ent, is by D, MacCreary on "Compara=-
tive Density of liosquitoes at Ground Level and at an Ele-
vation of Approximately 100 feet", In this interesting
study, New Jersey traps were operated in pairs one 4-5 feet
above the ground and the other 80 feet high or higher at
two locations in Delaware, One area was fresh water, the
other salt marsh, In the fresh water area the lower trap
took 2,556 females of 15 species in 54 nights, The upper
trap took 87 females of 10 species during the same interval,
On the salt marsh area the upper trap took 1,334 females of
11 species, and the lower trap 14,325 females of 15 species,
On September 10th at Femoids %salt marsh) an unusually
large flight took place and the upper trap caught 13,555
females and the lower trap the astounding figure of 250,000
femeles, which is really e catch,

Still another unusual report is that of
A. D. Richards in Ent, News for October 1941, on "A Steno-
gamic Autogenous Strain of Culex pipiens in North America”,
This laboratory adapted strain of Culex pipiens is steno=-
gamic, that is it mates readily in confined querters, and
it is autogenous, indicating that the adults do not re-
quire a blood meal to lay viable eggs, The adults will
teke & blood meal if it is available, but it is not neces~-
sary for their continued production of eggs.

In the Lancet Vol, 240 for 1941 a report of
interest in National Defense appears by P, G. Shute on
"A Species of Mosquito Infesting Deep Shelters in London",.
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Culex pipiens molestus has been found breeding in consider-
able numbers during the winter months in deep subway tubes
where water has gathered, DBreeding is continuous even when
outdoor temperatures are freezing. During peace time this
was not noticed; during war time when subway tubes were used
as shelters it became a problem., Lr, Gray has been corre=-
sponding with Mr, Shute on this problem.

‘ L. E, Rozeboom in the 1941 Proc, Okle, Acad,
Sci, reports on "The Overwintering of Aedes aegypti in
Stillweter, Oklahoma", The mosgquito apparently success-=
fully passes through the winter, and although an un-
usually severe winter might destroy all the eggs, the fact
that it breeds in and around houses and barns probably
would ensure its permanent existence., This fact is of in-
terest to workers in California., Although this mosquito
has apparently never established itself on this coast, if
it did its elimination would probably be most difficult as
in some areas favorable conditions for its continuous ex=-
istence exist,

Vargas and Freire in 1940 report on a novel
method of staining mosquitoes for studies of flight range,
"New llethods of lieasuring the Range of Anonheles", The
addition of methylene blue to water in which mosquito
larvae were submerged, of 0,5 or 0.25 parts per 1,000 for
18 to 48 hours, colored the thorax and abdomen of the adults
gmgrg%gg from it sufficiently that the blue color could be

oted .

G. E. Smith, R. B. Watson, and R. L, Crowell
in the Amer, Jour. of Hygiene, Vol, 34, No, 2, 1941, "Ob~
servations on the Flight Range of Anopheles guadrimaculatus
Say", state that in their study of flight distance the
greatest distance found was 2,700 feet from point of hiber~
nation, This is & matter of possible importance in anti-
malarial work,

To review the work on mosquito-borne disease
for the past two years is an obvious impossibility in the
limited time available, The entire time could be devoted
to the work of the Rockefeller Foundation alone, or to a
discussion of the Symposium on Human lMalaris held at the
national meetings of the American Association for the Ade
vancement of Science in 1940 and published in book form,
A few articles of particular interest have been selected,
and these along with a brief review of the book "Human
Malaria" will have to suffice,
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A paper by W, A. Davis on "& Study of Birds
and liosquitoes as Hosts for thé Virus 6f Eastern Equine
Encephalomyelitis", Amer, Jour, of Hyg, Vol, 32, No, 2
was referred to at the meetings here last December, an&
this has been discussed at an earlier time this year in
the symposium on encephalitis,

Jo Do Fulton, J. E. Gruetter, R. 0. liuether,
E, B, Heuss, and G, O, Brown in the Proc, Soc, Exp., Biol.,
No. 1, "Observations Concerning Culex pipiens as a Possible
Carrier of St, Louis Encephalitis™, show that the virus
does not survive for more than 10 éays in the mosquito.

Ve He Cornell and W. A. Davis in the Proc, Soc,
Exp, Biol., Vol, 42, No, 1, "Mosquito Treansmission Experi=-
ment with ﬁoliomyelitis Virus", were unsuccessful with Aedes
aegypti and Culex pipiens, although they did not believe
that the experiment was conclusive,

Some pertinent figures on "losses from
Malaria in lilssissippi County, Arkansas" are presented by
W, B, Grayson and R. E, Schirmer in the Georgia Malariea
Bulletin, September, 1941, They showed a cost of {54,054,90
for enti-malaria drugs and physicians! fees for treatment
| of malaria in the nine nionths period from January lst to
Oc tober 1st, and considered this figure as far from complete,

4 matter of very great importance in the making
of malaris surveys was brought out by H. S. Hurlbut and
R. Hewitt, 1941 in "Sporozoites of Plasmodium lophuree, an
avian maleria parasite, in Anopheles quadrimaculatus".
Quoting them: "Considereble importance is sometimes at-
tached to oocyst and sporozoite indices in Anopheles guad-
rimaculatus associated with endemic human malaria, It ap-
pears therefore that some method should be sought to dis~
tinguish between the exogenous stages of hum&n and avian
malaria in this species, since the findings reported here
tend to invalidate the assumption that all oocysts and
sporozoites which may be found are those of human malaria",
This statement in itself is sufficient,

"A Brief Review of Needed Research in lialaria"
in Public Health Reports, Vol, 55, No. 40 for 1940, con-
tains the report of a committee of twenty outstanding workers
in this field who met and outlined in a complete fashion the
essential research in the field of malaria with the hope of
discovering opportunities for coordinated effort in a pro=
gram toward broader horizons of thought and research service,
it showed the very apparent and compelling need for drawing
together the natural and medicel sciences in joint efforts
to acquire basic knowledze upon which to develop more effective
control, Those persons interested in malaria suppression may
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be stimulated to an avareness of the disease and to con-
structive efforts directed to closure of these gaps, and
those undertaking studies in malaria may ;ive greater con-
sideration to the couipleteness of particular programs of
study rather than to diversity of studies within partic-
ular groups, Direction of concerted action along this line
must surely lead to results of a gratifying nature,

Another approach towards drawing together and
unifying the work on maelaria is "Report on Terminology in
Malaria", a Bulletin of the Health Organization of the League
of Nations, Vol, 9, Ko, 2 for 1940, In this work terms are
standardized in & glossary and explained, It is divided into
three sections, The first deals with maleria parasites and
infections to which they give rise, The second deals with
maleria in the human comnunity, The third deals with the
insect vectors, It is stated that subspecies should be
called varieties, also races should be called varieties,

A very timely paper by Dr, A. C, Reed, in
California and Western Medicine, Vol, 53, lios 1 for 1940,
is "Malaria: A Clinical Summary". He gives the history of
malaria in California with the comment that in California
"all types of malaria are still present, that the general
distribution is approximately the same as a tentury ago,
and that this endemic area lies chiefly in and contiguous
with the central valleys of the San Joaquin and Sacramento
Rivers," He goes on further to say "It is evident that the
problem of melaria in California has been solved only in
part, end that its eradication will require continuance of
an intensive campaign, Decreased money and effort can only
result in return to an incidence proportional to the ratio
of the present population to that of a century ago". The
article further points out thet there is & definite increase
of imported cases into California, The continuation of
studies on inmunity such as those of Taliaferro, Coggeshall
and others offers today the most hopeful field for advance
in the control of malaria, In spite of @ll the work on
chemotherapy, prevention of mosquito bites is till of pri-
mary importance in prevention of malaria, This is facili-
tated by deterrent application, proper clothing, and proper
use of bed nets,

iie F. Boyd published four papers in the Amer,
Jour, of Trop, lned, during 1940, The first was on "Strains
or Races of the lialaria Parasite", The second, "The in-
fluence of Sporozoite Dosage in Vivax lialaria", showed
that the dosage of sporozoites exerts a sipgnificant effect
on the subsequent infection; the heavier the dose the more
severe the attack and the shorter the incubation period,
These were followed by two basic papers on artifically induced
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malaria,

In 1941, two further articles by this worker
appeared in the same journal, the first on "Observations
on the Blood Proteins During lMalaria Infection", and the
second "An Historicael Sketch of the Prevalence of kalaria
in North America",

' Jeo Maiér and L., T. Coggeshall in the Jour, of
Inf, Diseases, Vol, 69 for 1941, on "Respiration of lalaria
Plesmodia", continued their attack on the problem of maleria
from the ground floor,

Coggeshall's report in the Proc, Indiena Acad,
of Scienceé, Vol, 50 for 1941, on "The Complement Fixation
Reaction", explains a complement fixation test which has
been deviséd as an aid to the diagnosis of chronic malarial
infections, The antigen is prepared from red cells infected
with P, knowlesi, a monkey malaria parasite which will fix
complement in human malaria serum, The test is specific
for malaria, In induced therapeutic malaria infections the
test becomes positive about the second week of infection,
and persists for approximately 5 months after parasites are
no longer detectable in blood smears, The final evalyation
will have to come from field studies in endemic areas, al~-
though the expeririental studies suggest the test may have
considerable merit,

In 1940 seversl papers appeared which were con-
cerned with the possible winter carry-over of malaria in-
fections in hibvernating mosquitoes, Hinman and Hurlbut in
the Amer, Jour, of Trop. lied.,, Vol., 20, No, 3, "A Study of
Winter Activities and Hibernation of Anopheles quadrimacu-
latus in the Tennessee Valley", reported that they were
working towards a study of the ability of malaria parasites
to overwinter in hibernating females., Oocysts were dis-
covered on the stomach of one specimen found in a cave on
December 1lst,

7. Ko Stratman-Thomas in the same volume, No, 5,
"The Influence of Temperature on Plasmodium vivax", stated
that in certain localities the oocyst nay survive %he winter
and complete its development in the following spring. He
also reports that a temperature of 37,5C (99,5F) for 24
hours destroys all parasites in Anopheles gquadrimaculatus.

Some papers on the developnent of chemothera-
peutic agents for the treatment of malaria appeared in 1940
and 1941, Coggeshall, 1940, "The Selective Action of Sul-
fenilimide on the Parasites of Zxperimental Malaria in Mon-
keys in V¥ivo and in Vitro", in the Jour, of Exp, Med,,
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Vol, 71, No, 1, showed that this drug was highly selective
in its action against two species of plasmodia in the ex-
perimental animael, No therapeutic agent should be dis-
oarded on the basis of a negative result against one plas=
modium, nor can such an agent be proclaimed as a universal
remedy, regardless of its effectiveness against one type of
parasite, Sulfanilimide apparently inhibits the respiration
of P, knowlesi, a parasite with a high oxygen consumption,
but not P2, inui with low oxygen consumption,

Hegner, West, Ray and Dobles, 1941, "A MNew
Drug Effective Against Bird Malaria", in the Amer, Jour, of
Hyg., Vol, 33, lios 3, believed that s1nce malaria parasites
in birds have been found to react to drugs similerly to
those in men it seems probable that hydroxyethylapocupreine
dihydrochloride will be as effective against humen melaria
as it is against bird malaria., Its low toxicity is a dis-
tinct advantage, especially since it can be administered in
larger doses, &he effect of this drug on relepses, on sporo-
zoites, and in the elimination of all parasites from the
vertebrate host, remain to be determined, It is as effec-
tive as quinine hydrochloride and has a lower toxicity., It
appeared to affect merozoites and gametocytes,

A report by 7. N, Bispham on "Toxic Reactions
Following the Use of Atabrine in Malaria" in the Amer, Jour,
of Trop, Med,, in 1941, stated "As the U. S. Army contem-
plated using this drug extensively, a study of reports of
reactions was rnade and a detailed report covering all cases
in which atabrine was administered was required". The re-
ports were very favorable and the increasing use of the drug
confirmed them, 49,681 cases were studied; 38 cases of
severe toxic reaction were included, The relationship to
blackwater fever is unknown, An increase in repidity of
remnoval of this drug should be of value in decreasing its
toxicity.

In closing this discussion of nialaria I would
like to briefly review two symposia, one reported in 1940
and the other in 1941, The first was a series of papers
presented before the llational lalaria Counittee meeting
with the Southern liecical Association on lovember 21st to
24th in 1939 and reprinted in the Southern lhied, Jour,,
Vol, 33, lio, 8, for August 1940, Seven papers were pub-
lished at this time. It will ve possible only to list
these papers and the authors, which will show the scope
of the symposium: H. C. Clark, "Review of Recent Research
on Drug Prophylaxis and Treatment of hialarie"; J. Andrews,
E. C. Faust and R. B. WJatson, "Recent Advances in the
Epidemiology of Maleria™; S, F Kitchen, C. G. Hugg, e 4.
Roe, "A Review of Recent Experimental Studies in malaria"
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G. H. Bredley, R, E. Bellamy, and T, T, Bracken, "The ‘Jork
of State Board of Health Entomologists in lialaria Control;
Report of the Subcommittee on Entomology"; L. L. 7illiams,
"Kalaria Control Activities: Report of the Subcomnittee on
lialaris Prevention Activities 1939"; L. C. Faust and V,
Parker, "Malarie liortality in the Southern United States
for the Year 1938"; and L. k. Clarkson, "Engineering Phases
of Malaria Control",

The second symposium and by far the larger and
more comprehensive 1s that previously mentioned "A Sympos~
ium on Humen ilalaria With Special Reference to North America
and the Caribbean Region", This is the eighth symposium in
a field of eight which have been held on public health and
published by the Americen Association for the Advancement of
Science, The symposium was organized by a joint committee
from the Section of liedical Sciences of the Association,
the American Society of Parasitologists, the American
Society of Tropicel lMedicine, and the I'ational Malaria Com-
mittee, The volume as it appears presents a systematioc,
comprehensive, authoritative and thoroughly documented
discussion of the problems of human malarie in lorth
America and the Caribbean region, This volume is especially
timely because of the great importance of malaria to National
Defense in the areas concerned, both the Army and Navy along
with civilian persons being involved with the struggle against
this disease, Forty two contributors presented forty four
papers, 4 brief review of the scope of the different sec-
tions of the publication will be all there is time for,

ilie F. Boyd opened the discussion with an
"Historical Introduction to the Symposium of Malaria",
This was followed by the second section, on "Parasitology",
with six »napers covering the distribution of maleria in
North America, liexico, Central America, and the Test Indies;
the texonomy of the human rialaria parasites with notes on
the principal American strains; the morphology, life cycle,
and physiology of Plasmodium malariee, Plasmodium vivax,
and Plasmodium falciparum; and the detection and differential
diagnosis of malarial parasites in the schizogonous and sporog-
onous cycles,

The third section was on "Anopheline Vectors of
Malaria", contained seven papers covering the general mor-
phology of Anopheles and the classification of the Nearctic
species; distribution of the learctic Anopheles; bionomics
and ecology of Nearctic Anopheles; the classification and
identification of the Anonheles mosquitoes of liexico, Cen-
tral America, and the Jest Indies; distribution and ecol-
ogy of the Anopheles mosquitoes of the Caribbean region;
factors influencing infection of Anopheles with malarial
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parasites; and the transmission of malaria by the Anopheles
mosquitoes of North Americsa,

The fourth section on "ipidemiology" is composed
of four papers on cyclical variation in the incidence of
malaria; topographical and related factors in the epidemiol-
ogy of malariae in North america, Central America, and the
Jest Indies; malaria end the community; and the role of
snophelines in the epidemiology of malaria,

The fifth section on "Symptomatology" contains
five papers covering the infection in the intermediate host;
symptomatology, general considerations; the infection in the
intermediate host; the symptomatology caused by vivex, quar-
tan, and falciparum malaria; and the infection in the inter-
mediate host as caused by blackwater fever,

The sixth section is on "Pathology and Immunity"
and is composed of five papers on some pathologic aspects of
humen malaria; the physiological pathology of malaria; im-
munity to humen malarie, characteristics of immunity; the
cellular basis for immunity in malaria; and humoral immun-
ity in malaria,

The seventh section on "Treatment" contains four
papers covering cinchona and its alkaloids in the treatment
of malaria; antimalarials other than quinine; experimental
chemotherapy in malaria; and a sunmary of ten years! obser-
vations on meleria in Panama with reference to control with
quinine, atsbrine, and plasmochin, without anti-mosquito
measures,

The last and largest section of the book, Section
eight, is devoted to "Control and Lradication", This in-
cludes twelve papers covering the planning of malaria con-
trol; methods and procedures of making a malaria survey;
methods directed against adult mosquitoes in the control
and eradication of malaria; housing with special reference
to nmosquito-proofing for malaria control; drainage and fill-
ing methods for mosquito control; the management of water
for malaria control; petroleum products for mosquito control;
Paris green and other stomach poisons as larvicides against
mosquito larvae; naturalistic methods of alaria control;
adaptability of control measures to the liearctic fauna of
Anopheles mosquitoes; the adaptebility of control measures
to the malaria vectors of the Caribbean region; and the anti-
malaria program in liorth Americsa,

A brief swumary of the work in the various areas
of the world leads to an appreciation of the scope of rnos-
quito work in South America, Central America, India, China,
Africe, or Russia, & detailed surmary of each of the papers
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from these various areas would necessitate a great increase
in the length of this paper and is therefore impossible,
From South and Central America we have received more con-
tributions than any other area outside of liorth America,

&n example of the interests in this area are the
lists and keys of mosquitoes from various areas, Colombia,
liexico, Costa iiica, Venezuela, British Honduras, and areas
of Cuba, Malaria surveys with recovery of Anopheles fe-
males of several species naturally infected with Plasmodie
are reported from various regions, Anopheles bellator was
found naturally infected in Trinidad., Anopheles albimanus,
Anopheles vestitipennis and Anopheles darlingi in British
Honduras, the very importent Anopheles gambiae in Brazil,
and stili we have only mentioned a few of the more im-
portant, Descriptions of new species of mosquitoes come
from many regions, Studies of distribution, and eggs of
Anopheles mosquitoes are being carried out with consequent
studies of races or subspecies, also studies of ecology,
with special notes as to the possible iiaportance in the
control of malaria, Works are published clarifying the
confused nomenclature and systematic positions of the
various Anopheles thus establishing the true relationships
of the various species, The developrient of specific enti-
malarial legislation in South American countries is wit-
nessed by the report of "The Venezuelan anti-malarial
legislation and reclaniation project", Detailed reports on
the spread of Anopheles gambiae in Brazil and important
developments in the fight against this worst of malaria
vectors have been prepared, In mentioning the work to the
south it is certainly necessary to include the reports of
the Gorgas liemorial Laboratory in Panama and the various
progress reports of the several workers from this labor-
atory, Anti-malarial and anti-yellow fever work in the
Latin American countries at the present time is based on
a scientific foundation, and the one agency responsible
to a large degree for this is the Rockefeller Foundation,
The Annual Report of the International Health Division of
the Rockefeller Foundation, reviewing their work for the
past year, is a wonderful source of information on the ad-
vances and type of work being carried on in this erea,

From India come several journals devoted en~
tirely or largely to the subject of malaria; The Journal
of the Malaria Institute of India, The Indian Medical Ga~
zette, Health Bulletins of the Indian Malaria Bureau, and
Reports of the 4All~India Institute of Hygiene, During the
past two years detailed accounts have appeared of studies
on the important malaria vectors; control measures directed
against the various species; ecological studies; studies of
the rate of natural infection of the various species; and
of specisl interest to this group would be the development
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of control measures such as anti-larval flushing of rivers
and streams, the establishment and rigid enforcement of
half-mile oiling zones surrounding rubber estates, the use
of native species of fish against larvae, the development
and use of autometic siphons, the development and choice of
mechanical sprayers for mosquitocide spraying directed
against adults, the packing of fascines into drains and
tributaries of ravines to prevent breeding of Anopheles,
the use of water instead of dust for diluting Paris green
in malaria control, using a portable spray gun to apply it,
the natural controi of Culicine mosquitoes by prawns in
coal mines, and development of various other means of nat-
uralistic control.

From Indo-China end China, the latter in par-~
ticular, the amount of published material is great, 4
very pertinent paper on "The Choice of Emplacements of
Camps end Their Unavailability for llalaria with Military
Forces in the Field" by P, Menu and C, Taumanoff is based
on studies in French Indo-China, Their study showed the
importance in choosing camping places, of making topo=-
graphicel and entomological investigations first of all,
This combined with medical prophylaxis preserved the
sanitary state of troops in a highly endemic area, Great
importance was laid on a knowledge of the particular types
of water the malaria vectors breed in, Knowledge of this
type i1s quite naturally of great interest to us at this time,

The great importance of the Burma Highway in
China and the necessity to keep it open has resulted in
detailed entomological studies of the area by workers of
the U, S. Public Health Service, native workers, and Rocke-
feller men, Three reports have appeared; L., L. Williams
in the Amer, Jour, of Trop, Med,, Vol, 21, No, 1 for 1941;
"Malaria on the China~Burma Highway"; R. C. Robertson in the
Trans, Roy. Soc, Trop. }ied, and Hyg., Vol, 34, No., 4, "A
Malaria Survey on the China~Burma Highway"; and Robertson
and Te L. Chang in the China lied, Jour,, Vol, 58, No. 4,
1940, "Melaria Survey in Western Unnan Lungling Lrea and
Lushih County", This work is being carried on still fur-
ther by e group of 15 U,S.P.H.S. men now in the same
area combating malaria as a railroad is built parallel to
the highway,

Other works from China cover mosquitoes as
carriers of Wuchereria bancrofti, the geographical dis=-
tribution of mosquitoes in China, eggs of Anopheles, studies
of ecology, and the importance of various species as vectors
of malaria, Anopheles minimus appears to be the most im=-
portant vector in the southern area,
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From Russia come detailed works on Anopheles
maculipennis and its importence as a vector of malarie,
studies of the influence of temperature on the larvse,
studies of road dusts and their desirable characters for
carriers in Paris green dusting from eeroplanes, and attacks
on adults in houses, along with considerable work on races,
and the methods of controlling larvae,

From the African continent come reports of the
difficulties encountered by the Italians in the colonization
of Ethiopia, Great outbreaks of malaria accompanied the
influx of soldiers and workmen, with many problems of con-
trol and prevention, Also part three of "liosquitoes of the
Ethiopian Region (Culicine adults and pupae)" by F. W. Ed-
wards appeared in 1941,

From East Africa come detailed reports on
malaria including review of history, the present position,
cost of malaria, techniques used in meking mosquito sur-
veys, legal powers for eradicating mosquitoes, the use and
results of many hundreds of tests on oils available in this
area, and the use of native fish considered superior to
Gambusia because of the fact that it is capable of resist-
ing drought by depositing resistant eggs, These papers ap-
peared in the East African Medical Journal, Vol, 17, No, 10
for 1941, Another paper in this volume was on "Yellow
Fever and East Africa", During October, 1940 in southern
Sudan over 15,000 cases occurred with more than 1,600 deaths
for en area of 6,000 square miles, They are not certain
that the epidemic depended entirely on Aedes aegypti as 1t
was bglieved that jungle yellow fever may have been in-
volved,

Few papers have come out of Europe during the
past year, as would be expected, "Field Studies of the
Anopheline Mosquitoes of Albania" by M, Bates appeared in
the Proc. Ent. Soc, of Washington, R. C, Shamnnon and
J., Hadjinicalao reported in the Jour, of Econ. Ent, on
"Egg Production of Greek Anophelines in lNature",

The Annual Report of the Rockefeller Foundation
for 1940 contains much information on most of these areas,
This report is easily attainable and therefore will not be
reviewed,

In finishing this review, there are a number of
informative publications from various agencies of mosquito
control which should be mentioned, These mostly include
histories of the agency concerned, mosquito life history
and habits, methods of mosquito abatement, and related in-
formation, Particularly attractive in the manner they are
made up and presented are "Keeping Alameda County Free of
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lMosquitoes" from the Alameda County lLiosquito Abatement Dis-
trict, Oskland, California, and "An Informative Bulletin

on Mosquito Abatement in Salt Lake City", The Dominion of
Canada Depar tment of Agriculture in Publ, 719, Cire, 172,
"Mosquito Control in Canada" gives a four page account which
is very general., Sinton and Shute in the lledical Memoran=-
dums of the lMinistry of Health, No, 238, "liemorandum on
l.easures for the Control of hosquito Nuisances in Great
Britain" give a short review, A revised edition of "The
Mosquitoes of Arkansas" by S. J. Carpenter appeared,

I regret that it is impossible to include all
the papers which appeared during the two year period, The
more important ones, as far as this particular group is
concerned, have been included,

Stewart: lir, Reeves calls attention to the finding of
Mansonia per turbans in California, lLiansonia perturbans

is without doubt one of the most vicious biters in the
eastern states, Their bites are rather venemous, and they
are persistent, vioious biters, The control of this mos-
quito is a difficult problem, as they do not come to the
water surface to breathe, The larvae insert their breathing
tube into the hollow stems of certain aquatic plants and
obtain their oxygen from these plants. Therefore oiling

the water surface in ineffective in controlling Mansonia
perturbans. You must resort either to biological control
by extermination of the oxygen-bearing plants, which 1is
practical under some conditions, or you must use toxic
materials which will poison the water or sink to the bottom.

Herms: Is there anything particulerly different in the
breeding habits of Aedes dorsalis and hAedes nigromaculis?

Reeves: Aedes nigromaculis seems to be taking over where
hedes dorsalis was formerly prevalent, Aedes dorsalis
appears early in the spring and Aedes nicgromaculis come
later,

Peters: On well flooded fields we have taken fedes nigro-
gaculi about the month of April or May when both Aedes
dorsalis and Aedes nigromsculis were abundant. At “the
Fresno sewer farm probably Aedes nigromaculis is the most
vicious biter, Ve found them there in droves, and they were
terrible in Fresno, They are primarily a day-biting mos-
quito,.

Herms: They bite principally éarly in the morning and toward
evening.

Peters: Some of us were dressed in light clothes and some
in dark and we found the light clothes attracted the Aedes
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nigromaculis,

Reeves: That is generally true of any Aedes mosquito,
#edes increpitus, for instance,

Herms: Heretofore iedes increpitus has been looked upon as
an alpine or snow mosquito, but it is also found in ocean
shore marshes,

Reeves: They are found in the Santa Cruz Mountains also,
where it breeds in the stream beds, In the Pacific North-
west it breeds out in the pastures in overflow pools or irri-
gation ditches,

Herms: I am sorry we must curtail this discussion, but we
have an exhibit set up in Room 204 for you to study, Bill
Reeves got up at six this morning to set up this exhibit,
and he hes also done a very fine job in preparing the key
for "The Identification of California Mosquitoes" which is
now being distributed to you. Using this key, you can fol-
low through the working exhibit and follow out a complete
and systematic scheme of identification of our California
mosquitoes,

In past years Tommy Aitken has done most of the
work on these exhibits, ‘e miss Tommy, but we are glad that
he is now doing a job of his own for the U. S. Army, being
at present stationed in Puerto Rico, But we have found a
capable successor in Bill Reeves, and the present exhibit
is one of the best we have ever had, Ve will now adjourn
to Room 204 in this building.

Reeves: This Key I have intended to be merely an aid to a
rapid field identification of our mosquitoes, It is not a
systematic identification, It is impossible sometimes to
make a complete identification out in the field, but it

can be of great importance to be able to make a tentative
diagnosis of the species, There are a few important iden-
tifying characteristics, and in the laboratory the exhibits
of these characteristics are numbered the same as in the key,
If you start with specimen lio, 1 and follow through with the
keys, you will have a chance to really study each specimen,
and follow the scheme of identification

NOTE: "The Identification of California Liosquitoes" by
Tilliam Q, Reeves was given only to those persons attending
the Conference, and is not reproduced in these Proceedings.
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The group then spent the remainder of the morn-
ing in the laboratory working on identification characters
of mosquitoes,

&t 1:30 pom,, the Conference re-convened in
Agriculture Hall,

Cempbell: We will now have a paper on "Changes in Legis-
%atéon Affecting Mosquito Control Operations" by Harold
e GTay,

Gray: Two years ago the Association organized a Legislative
ommittee, which at our meeting last year reported on de-

sirable changes in the laws under which we operate, The
committee members had bills introduced into the 1941 State
Legislature, and by working cooperatively according to a
general plan agreed to, we were able to get the several
amendments passed without appreciable difficulty, and they
were signed by the Governor and went into effect Septem=~
ber 13, 1941, The original amendments were designed to
enable districts to operate outside of their boundaries
where necessary, to make the power to inspect specific
instead of implied to prevent interference with or damage
to our work, and in the case of pest abatement districts,
to provide an optionsl basis of assessment,

Without consultation with us the lMarin District,
which seems to prefer to play a lone hand in all matters re-
lating to mosquito control, had introduced a separate amend-
ment relating to the method of defraying expenses of Trus-
tees, and the method of withdrawel of funds, As there was
no objection, their bill was tacked onto our bill in the

Senate,

I wish to thank all the riembers who worked on
this legislation, primarily by contacting their own Assembly-
men and Senators, While all pitched in and helped, Chester
Robinson and Fred Hayes were particularly helpful,

CHANGES IN LAGISLATION AFTECTING
Li0SQUITO CONTROL OPERATIQNS

by

Herold F. Gray, Engineer,
Alameda County mosquito Abatement District

The 1941 legislature of California passed certain
acts which amend various sections of the Health and Sefety
Code relating to mosquito abatement districts and to pest
abatement districts, In addition, at least two general
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statutes were passed which have relation to the work of
such districts,

MOSQUITO ABATHELENT DISTRICTS

The act which amends the mosquito abatement
district law is Chepter 314, Statutes of 1941, The original
sections of the Health and Safety Code affected by this act
are shown in the left hand column below, and opposite in
the right hand column are these sections as now amended,
Section numbers refer to Health and Safety Code section
numbers, Section I of Chapter 314 amends Section 2248 of
the Health and Safety Code as follows:

2248, The members of the 2248, The members of the
district board shell serve district board shall serve
without compensation; but without compensation; but
the necessary expenses of the necessary expenses of
each member for actual each member for actual
travelling in connection travelling in connection
with meetings or business with meetings or business
of the board shall be el- of the board shall be al=-
lowed and paeid. lowed end paid, In lieu

of expenses, the district
board may by resolution
provide for the allowance
and payment to each member
of the board of a sum not
exceeding five dollars
($5,00) per month for
expenses incurred in attend-
ing business meetings of

the board,

This amendnent provides an alternate method of
compensating members of the Board of Trustees for travelling
expenses in ettending business meetings of the Board, In-
stead of filing an itemized statement of expenses, board
members may receive in lieu of such actual incurred ex-
penses a monthly allowance of not to exceed ;5,00; pro=-
vided, that the Board of Trustees must first, by formal
resolution, entered in the minutes, authorize this method

of defraying expenses of members of the board for actual
attendance at meetings,

Section 2 of Chapter 314 amends Section 2270 of
the Health and Safety Code as follows:
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(a)

(b)

(c)

(a)
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The district board may
Teke all necessary or
proper steps for the
extermination of mos~-
quitoes, flies, or other
insects in the district.

Subject to the paramount
control of the county or
city in which they exist,
abate as nuisances all
stagnant pools of water
and other breeding places
for mosquitoes, flies, and
other insects in the dis-
triet,

Purchase such supplies and
materials and employ such
labor as may be necessary
or proper in furtherance
of the objects of this
chapter,

If necessary or proper, in
the furtherance of the ob-
jects of this chapter

construct, repair, ané

land in the district, and

acquire by purchase, condem-

nation, or by other lawful
means, in the name of the
district, any lands, rights
of way, easements, property
or material necessary for
any of these purposes,.

build,
main-
tain, necessary levees, cuts,
canals, or channels upon any

2270,

The district board may:

(a) Take all necessary or

(b)

(c)

(a)

proper steps for the
extermination of mos-
quitoes, flies, or other
insects either in the dis-
trict or in territory not
in the district but so
situated with respect to
the district that mos-
quitoes, flies, or other
insects from such terri-
tory migrate into the
district,

Subject to the paramount
control of the county or
city in which they exist,
abate as nuisances all
stagnent pools of water
and other breeding places
for mosquitoes, flies or
other insects either in
the district or in terri-
tory not in the district
but so situated with re-
spect to the district
that mosquitoes, flies
and other inseo%s from
such territory migrate
into the district,

Purchese such supplies and
materials, employ such
personnel and contract

for such services as may
be necessary or proper in
furtherance of the ¢ob-
jects of this chapter,

If necessary or proper,

in furtherance of the ob-
Jects of this chapter,
build, construct, repair,
and maintain, necessary
dykes, levees, cuts,
canals, or ditches upon
any land, and acquire by
purchase, condemnation,

or by other lawful means,
in the name of the aig=
trict, any lands, rights
of way, easements, proper-
ty or material necessary
for any of these purposes,
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(e) Make contracts to in- (e) iiake contracts to indemnify
dennify or compensate any or conpensate any owvner of
owner of land or other land or other property for
property for any in- any injury or damage neces-
jury or damage neces- sarily caused by the use or
sarily caused by the use teking of property for
or taeking of property for dykes, levees, cuts, canals
levees, cuts, canals or or ditches,
channels,

(f) Do any and all things (f) Enter upon without hindrance
necessary or incident any lands, within or with-
to the powers granted out the district, for the
by, and to carry out purpose of inspection to
the objects specified ascertain whether breeding
in this chanter, places of mosquitoes, flies |

or other insects exist upon
such lands; or to abate
public nuisances in accord-
ance 7ith this article; or !
to ascertain if notices to
abate the breeding of mos-
auitoes, flies or other
insects uoon such lands
have been conplied with; or
to trecat with oil or other
larvicidal material any
breel ing places of mosqui-
toes, flies or other in-
sects unon such lands,

(g) Sell or lease any land,
rights of way, easenents,
property or naterial ac-
quired by the district,

Lvery sale of real property
pursuant to this subdivision
shall be made to the highest
bidder at public auction
after five days notice given
pursuant to Section 2204 of
this code, and at such place
within the district as the
district board shall sne-
cify.

(1) Do any and all things neces-
sary or incident to the
povers granted by, and to
carry out the objects speci-
fied in, this chapter,
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These amendments provide, first, that the dis-
trict may operate outside of its official boundaries if it
is necessary to do so in order to adequately protect the
inhabitants of the district from mosquito annoyance; second,
confers the right to inspect in specific terms, instead of
by inference as heretofore; third, provides for the sale
of district property where desirable or no longer required,
It should be noted that the power to inspect is limited to
lands; it does not confer the power to inspect the interior
of dwellings,

Section 3 of Chapter 314 amends Section 2274 of
the Health and Safety Code as follows:

2274, Whenever a nuisance 2274, Yihenever a nuisance
specified in this chapter specified in this chapter

exists upon any property in exists upon any property

a district, the district either in the district or in
board may in writing notify territory not in the district
the record owner, or person but so situated with respect

in charge or in possession to the district that mosquitoes,
of the property, of the ex- flies or other insects from such
istence of the nulsance, territory migrate into the dis-

trict, the district board may

in writing notify the record
owner, or person in charge or

in possession of the property,

of the existence of the nuisance,

This amendment makes it possible for districts
to serve notices to abate mosquito breeding nuisances upon
owners or occupants of property outside the district as well
as within the district, and under the provisions of the re-
lated sections 2271-2273 and 2275-2289 of the Health and
Safety Code proceed to abate the nuisance either under the
method prescribed in said sections, or by any other method
prescribed by law, and also to require that adequate steps
be taken to prevent a recurrence of such breeding.

It is recomnmended that this section by used
with especial care, and that definite proof be available
that mosquitoes from breeding places outside of the dis-
trict do actually migrate into the district in sufficient
numbers to constitute a public nuisance, that is, a nuisance
affecting a considerable number of people, It is probable
that the possession of this power, if tactfully explained,
may be sufficient in practically all cases to obtain abate-
ment without actually proceeding to lemal action,
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Section 4 of Chapter 314 adds a new Section
2292 to the Health and Safety Code, as follows:

2292, 4&ny person who obstructs,
hinders or interferes with the
entry upon any land mentioned

in this article of any officer

or employee of the district in

the performance of his duty, and
any person who obstructs, inter-
feres with, molests, or damages
any work performed by the dis-
trict, is guilty of a misdemeeanor,

The purpose of this new section is to provide =
more direct method of handling the occasional cases where
entry is refused, or where malicious demage to district work
is done, It is recommended that this section be used with
discretion, and where possible as a preventive of obstrep~
erous interference, rather than as a punitive measure,

Section 5 of Chapter 314 amends Section 2312
of the Health and Safety Code to read as follows:

2312, The funds shall only 2312, The funds shall only be
be withdrawn from the county withdrawn from the county treas-

treasury depository upon ury depository upon the warrant
the warrant of the dis- of the district board signed by
trict board signed by its its president or acting presi-
president or acting pres=- dent, and countersigned by its
ident, and counteérsigned secretary. However, if the

by its secretary. county in which the distriot is

situated has adopted a requisi-
tion system covering the with-
drawal of funds for the pur-
chase of services or supplies,
the district board may, by reso-
lution, adopt such system and
meke withdrawals in accordance
therewith,

This amendment makes it possible for districts
situated in counties which have a reguisition system for
withdrawel of funds from the treasury, to comply with the
practice of that county, At the present time, only a few
districts would be affested by this amendment,
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PEST ABATZHIT DISTRICTS

The law relating to Pest Abatement Districts
(Chapter 8, Division III, Health and Safety Code), has been
amended by three separate acts of the 1941 legislature, re-
spectively Chapters 333, 334 and 361, The original sections
of the Code are shown on the left, with the amended sec-
tions on the right, and are placed in the order of the code
sections, irrespective of their order in the 1941 acts,

(Added new section)

2803, 4ny person who restrains,
hinders or threatens any offi-
car or employee of & district

in the performance of his du-~
ties as such officer or employee
is guilty of a misdemeanor,

This section is similar to the first part of the
new section 2292 of the mosquito abatement district law,

(Added new section)

2822,5, The petition shall
state the basis on which the
property of the district shall
be taxed for district purposes,
which shall be either on the
basis of area or on theaihasis of
assessed valuation, '
See remarks concerning Sections 287, 2871,5 and
2871,7, which also comment on this section,

2853, The district board may:2853., The district board mey:
(a) Purchase supplies and (a) Unchanged,
other personal property,

(b) Employ necessary labor, (b) Unchanged,

(c) Acquire by purchase, con- (c) Unchanged.
demnation or otherwise,
in the name of the dis-
trict, any lands, rights
of way, easements, oT
other real property
necessary for the district,

(d) Make contracts to in- (d) Unchanged,
demnify or compenstte
any owner of land or
other property for any
injury or damage ceaused
by the exercise of the
powers conferred by this
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chapter or of powers ine-
cident thereto.

Sue and be sued,

(e)
(f) Do everything neces=-

sary to carry out the
powers conferred by

this chapter and carry
out the objects of the
formation of the district,

(e} Unchanged,

(f) Enter upon any property in
the district for the pur-
pose of inspection and
control work and for the
seme purpose may enter
upon property adjecent
to the district which is
a breeding place or 1is
susceptible of being a
breeding place from which
infestation may spreed
into the district.

{(g) Do everything necessary to

carry out the purposes

conferred by this chapter
and carry out the objects
of the formation of the
district,

The added sub-section (f) in the amended law
confers the power to inspect, within or without (adjacent to)

the district,

2871, The boerd of super-
visors shall levy, annually,
a tax sufficient to raise

the amount required for the
purposes of the district,

The rate shall be uniform

and based on area of land,
regardless of assessed val=
uation, The county assessor
of each county shall pre=-
pare an assessment roll show=-
ing the names and addresses
and the acreage owned by

each person owning land with-
in a district, which roll shall
be the basis for the tax pro-
vided for herein., I the rate
has been fixed by the orga-~
nization petition, the rate
fixed by the board shall not
exceed that rate,

2871, The board of supervisors
shall levy annually, a tax
sufficient to raise the esmount
required for the purposes of
the district, If the rate has
been fixed by the organization

petition, the rate fixed by
the boar& shall not exceed that
rate,
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(Added new section)

2871,5, If the petition states
that the property shall be taxed
on the basis of area, the rate
shall be uniform and based on
area of land, regardless of as-
sessed valuation, The county
assesgsor of each county shall
prepare an assessment roll show-
ing the names and addresses and
the acreage owned by each person
owning land within a district,
which roll shall be the basis for
the tax provided for herein,

(Added new section)

2871,7, If the petition states
that the property shall be taxed
on the basis of assessed valua-
tion, the board shall determine
the rate of the tax by decducting
15 per cent from the total as-
sessed value of the property in
the district appearing upon the
assessment roll and then dividing
the amount required to be raised
by the remainder of the assessed
value,

In the originel pest abatement district act,
Section 2871 required the assessment base for texes to be
assessaed valuation only, In 1939 this was changed (Chap. 449,
Stats, 1939) to an assessment base of area only., The fore-
going sections, together with Sec, 2822,5 previously noted,
permit the basis of taration to be either assessed valuation,
or area, as the petitioners of the district desire, and the
added new section 2875 following permits the citizens of the
district to change the basis of taxation, by petition and
hearing, at any time after the formation of the district,.

(Ldded new section)

2875, Upon sapnplication of regis-
tered voters within district
equal to the number required for
a petition to dnitiate proceed-
ings for the organization of the
district, and after notice pub-
lished as prescribed for notice
of hearing on a petition for or-
geanization and a hearing on the
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matter, the board may change the
basis upon which the property of
the district shall be taxed from
one permitted basis to the other,
Thereafter in ensuing tax periods
the basis as changed shall be the
basis of taxation for the dis-
trict,

(Added new section)

2901, At any time after the in-
corporation of a district, upon
application of such persons as
could have initiated proceedings
for the formation of a district
composed of the land sought to
be annexed, land contiguous to
the district may be annexed by
the board of supervisors upon
like procedure, notice and hear-
ing as provided for formation of
a district,

This section provides an alternate method of
annexation, supplementing the nrevious »rocedure (Sec, 2900)
by petition of adjacent property owners only. It makes pos=-
sible an annexation of territory over the objection of a mi-
nority property interest,

GEWERAL LATS RELATING TO DISTRICTS

Two new general laws of the 1941 Legislature are
also of interest to us,

The first is Chapter 739, Statutes of 1941,
which makes available a simple procedure for the dissolution
of any district which has ceased to function, and is no
longer required,

If such a district has no debts or bonds, and
has not exercised its functions, then either the county
assessor or county tax collector may :iake a written request
to the Board of Supervisors to have such district dissolved,
If the Board of Supervisors approve, then the District
éttorney takes the dissolution procedure into the Superior

ourt,

It should be noted that this nethod is applicable
only to those districts whose taxes are assessed and/or col-
lected by county officials,
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Probably the only mosquito abatement district
which could be affected by this act at the present time is
the Fair Oaks District in Sacramento County, which I un-
derstand has been inactive for many years,

The other general law is Chapter 465, Statutes
of 1941, which provides that two or more districts, of any
type, may jointly by contract exercise any common power or
powvers, Cities and counties have heretofore possessed and
exercised this right,

This act would make it possible for two or mnore
mosquito abatement districts to join together in their oper-
ations, so as to work more effectively, For example, it
would be possible for the inadequately financed, small dis-
tricts in Shaste County to join with the Redding District,
and by pooling their funds, equipment and resources do a
much more effective job of mosquito control than has been
possible individually., That combination appears to be the
most obvious and advisable, but others may be found to be
desirable, for example, the Three-Cities, Pulges and lMata-
dero districts,

Campbell: Fred Hayes was prograrmed to give a paper this
afternoon on the effect of priorities and national defense
on mosquito control operations, However, he had to re-
turn to Bakersfield where he is to be installed tonight

as Master of his kiasonic Lodge, so I will ask Lir, Gray if
he has any information on this matter,

Gray: I have a substitute paper to present, but in regard
to priorities, all local governmental agencies are entitled
to an "A-10" priorities rating on all materials for ordinary
operations, On orders for such materials you should type

or stamp the following:

liaterial for l.aintenance, Repair or
Operating Supplies, Rating A-10
under Preference Rating Order P-100,
with the terms of which I am familiar,

liosquito &batenent District

Superintendent

The above certificate must be signed, of
course,

For capital equipment and certain specified
materials, a separate request on Form °D~l of the OFi must
be prepared and filed, This procedure is rether complex
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and I shell not attempt to describe it, as I don't under-
stand its couplexities, Instead, 1 wiil-present Mr, Thonas
¥4 Kelley, a graduate student in the Division of Entomology
and Parasitology here at the University, who has recently
completed a report on a survey of mosquito breeding in
certaln cemeteries in Alameda County. This report was pre-
pared for the Alameda County l.osquito Abatement District by
lire kelley, with the assistance of lixr, Pedro Galinda, also
a graduate student, under the direction of Professor Herms
and nmyself.

3w0SGUITO BRUEDITG I CAiTAL: CALTIRIES
L’ ALALZDA COUI'TY? CALIFOLITIA

by

Thomes F, Xelley,
Division of ZIntomology and Parasitology,
College of Agriculture,
Berkeley

The purnose of this investigation was to ascer=-
tain the extent of mosquito breeling within cemeteries, For
a number of years the ilamede County liosquito Abatement Disy
trict, for which District this study was conducted, had been
aware that there was an appreciable amount of mosquito breed-
ing in certein cemeteries in the District, but the resulting
nuisance was relatively minor, Therefore, in view of the
type of personal sentiment involved, and the possibility of
arousing violent resentrient and prejudice, the District
forebore taking any drastic steps to abate mosquito breeding
in the cemeteries, though it did receive helpful cooperation
from at least one cemetery, '

Recently conditions have changed appreciably,
and a reconsideration of oast policy has been necessary,
Some of the species of mosquitoes breeding in cemeteries
are probable vectors of encephalitis, and with the estab-
lishment of large nilitary nosts and war industries in the
District, it was decided that the situation must be appraised
as a possible danger to the nation's war effort. The first
step decided on was a survey of the species of mosquitoes
breeding in cemeteries, their relative numbers, and the
types of breeding places, This part of the work, here re-
ported, was performed by the sneaker with the assistance of
la, Pedro Galinda of this Division,

Three ty»ical cenetrries were selected for study,
in this paner bveing desi nated 23 4, B and C, Cenmeteries 4
end B are located in the heart of a large city (Osklend),
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while Cemetery C is located in a rural areas,

While the problem in all three cemeteries was
basically the same, the surrounding conditions were suffi-
ciently different %o require reporting separately,
Basically in all three, mosquito breeding in flower con-
tainers on graves is the principal problem,

CEMETIRY A

This cemetery is by far the largest of the three,
and required the longest time for examination, Essentially
it can be subdivided into two sections, since it consists of
newer and older parts, which produce two different problems.,

‘While the cemetery as a whole is extremely well
watered the year round, thus providing a good medium for
mosquito breeding should suitable containers exist, yet it
is apparent that the graves in the newer plots are more fre-
quently watered and hence afford more opportunity for breed-
ing than do the graves in the old plots., Furthermore graves
in the newer plots are placed closer together, lack upright
head stones, and occupy less spece per grave, thus also in-
creasing the potential number of breeding containers in a
given plot,

Due to the need for a good source of "cheap" water
for use in the maintenance of the grounds, the stream flowing
through the cemetery has been dammed to form a chain of three
reservoirs, Here the impounded water might offer & source
of mosquito breeding, but it appears to be kept somewhat in
check by Gambusia which are present in the water, However,
slong the edges the grass in certain places is too dense for
the Gambusia to penetrate, and in such locations occasional
Dixids were found breeding, This is of some importance in
that at the near-by rest house two adult specimens of
Anopheles maculipennis occidentalis were found, These spe-
cimens were in perfect shape and gave every indication of
having emerged somewhere in the vicinity. In view of the
finding of Dixids and Chironomids breeding in the dense grass
it would seem likely that Anopheles maculipennis ocoidentalis
was also breeding there in small numbers, though a careful
examination along the shore line failed to disclose any
Anopheline immature stages. A survey of these reservoirs
early in the season might reveal the presence of Anopheline
larvee,

It is also of interest to note the collection of
a single specimen of Anopheles pseudeopunctipennis frenciscanus
in the same rest house where Anopheles meculipennis occidensalis
was taken, There are several ponds in the cemetery containing
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mats of green algae and very few Gambusia, which may very
well become suiteble breeding grounds for inopheles pseu-
dopunctipennis franciscanus during the sunmmer.

CIMETFRY B

This cenetery adjoins Cemetery A, hence one nmight
expect to find similar conditions existing., In reality it
is a different problem due chiefly to economic conditions
governing the upkeep of the graves,

Cemetery B, lacking .a reservoir from whieh to
drew its water supply, coupled with the fact that many of
its graves were independently owned or were old and aban-~
doned, presented a considerably different problem than did
either Cemetery A or Cemetery C, In approximately one~half
of the cemetery a steady supply of water was lacking, and
as a result most of the water in the containers in this
section had evaporated during the dry season and afforded
little opportunity for breeding, Only in the part of the
cemetery subject to "perpetual care"™ did we find mosquitoes
breeding in fair numbers, In the unwatered sections breed-
ing could ocour only during or shortly following the winter
rains, but at that time might reach a high level due to the
large number of exposed cans, bottles and other containers
present on the graves, A tin can dump in the rear of the
cemetery would also provide excellent breeuing grounds dur-
ing the rainy season, A removal of all unused cans in the
0ld section would undoubtedly check this seasonal breeding
to a large extent, In the new section, where apparently con-
tinual breeding occurs to some degree, the general recommen-
dations intended for all the cemeteries, and found in the
last part of this report, might be of value,

CH.LT:RY C

As may be determined from an examination of the
data, breeding in the containers in this cemetery was, sur-
prisingly enough, rather light despite the fact that the
percentage of containers holding water was much Righer. in
this then in either one of the other two cemeteries, 4&n
explanation of this discrepancy may be found in the fact
that, on the average, more containers had flowers in Cemetery
C than in either Cemctery A or B.

Here, as was the case at Cemetery &, the prob-
lem of an abundan% source of "cheap" water has been solved
by the damming of & small stream which runs along the southern
boundaries of the cemetery property. This reservoir with 1ts
impounded water situated in a narrow canyon some quarter of a
mile to the south east of the cemetery is apparently the source
of considerable mosquito breeding, Although the actual num-
ber of immature stages collected along the edge of the reservoir
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was small, probably due to the lateness of the season, nu-
merous Anoohellne pupal cases were found aud exumination
of overhangln trees, wooden bridges and adjoining farm
buildings housing douesticated animals and birds, dis-
closed a considerable number of adults, The following
4dnopheline species were collected both in the adult and
immature stages: Anopheles maculipennis freeborni,
Anopheles maculipennis occidentelis and anophulcs Qpnctl-
pennis. The finding of “both fieebOLnl and occicentalis

in the same locality end breeding in the reservoir to-
gether is of fundamental inportance und should be investi-
gated much more thorouchly in the spring and early suumer,
Culex apicelis was also collected in the buildings and may
well be breeding in the reservoir,

DISCUSSIC: OF UHE 32.0I3S COLL:iCTZD

The most common of the speciss collected was
Culex pipiens, which represented about 65> of all the larvae
and adult collections, It was found at the three ceneteries
usually in those containers with rather clean water, Al-
though we stayed around its breeding grounds until late in
the evening on several occasions, we were never attacked by
this mosquito,

Culex stigmatosoma

About 4{> of the mosquitoes collected were of
this species, It was co.mon at Cemetery B but rather rare
at the others., '

Culex tarsalis

Only about 1, of both adults and larvae collected
were of this spnecies and it was not found in Cemetery B at all,

Culex apicalis

Only three adults of this swecles were col-
lected, They were found resting inside a chicken coop
located back of Cemetery C,

Theobaldia incidens

This species was also found at the three cene-
teries and it represented about 20% of all our collections,
This species was more cormonly found in foul water than
Culex pipiens, and on one occasion it was found breeding
together with rat-tailed larvae (Eristalis tenax) in very
foul and murky water, ./e observed this wmosquito approach-
ing to bite at dusk in fair numbers at both Cemetery & and B,
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Theobaldia inornat

——— -

Twro adult specimens of this species were col=-
lected in a rest house at Cernetery A,

hdedes varipalpus:

This species is represented in the collection
by & single adult specimen taken on the win; at Cemetery C,
Tree holes were very nunerous in the many live oaks growing
on the sides of the canyon above the stream which runs
along the southern boundary of the cemetery, and in the
spring nonths they should provide excellent breeding »nlaces
for this mosquito,

Anopheline niosquitoes

Represented about 5. to 10% of all mosquitoes
collected as adults,

Anopheles punctipennis

The most comuaon of the Anophelines collected
at Cenetery C, A4dults of this species were taken from
hollow trees, holes in the ground, chicken coons, stables,
garages, etc, 1t is of interest to note that several
second and third instar larvae of this species were col-
lected in the reservoir, on the 26th of October,

dnopheles maculinennis occidentalis

This snecies was found in a rest house at
Cemetery A, and as adult and pupa at Cemetery C,

e —

dnopheles maculipennis freeborni

This snecies vas only found at Canetery C, Adults
were secured from a stable, while two specliens vere reared
from pupae collected at the reservolir,

Nt A

dnopheles pseudopunctipennis franciscanus

One adult of this svecies was collected in a
rest house at Cerietery A on October 10th,
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IMFLUENCE OF THE GIENERAL TOPOGRACHY OF THE
PLOTS ON MOSQUITO BREFDING Ii: THE Ci3 LTERILS

The general topogrephy of each individual plot
seems to play a great part in determining the potentialities
of the plot as a source of mosquito breeding. Those plots
located on the slopes of the hill at Cemetery A seemed to
hold considerably less water than the plots that were com-
pletely on flat ground, & very striking example may be
found by comparing plot 65, which is situated on a steep
slope, and plot 58, which is on flat ground, The average
number of containers full of water per grave in plot 65
was only 0,44, while in plot 58 it was 1,05, These last
figures compare very favorably with those obtained for the
entire Cemetery C (1,19 containers full of water per grave),
which is located at the bottom of a series of hills on
very flat ground, These figures seem to indicate that in
those plots situated on a slope, surface runoff removes a
considerable portion of the water sprinkled on them, Breed-
ing in these plots, as we ascertained by a careful survey
of plot 65, is then practically restricted to those con-
tainers located at the foot of the hill where niost of the
surface water accumulates,

On the other hand water sprinkled on those
plots situated on very flat ground normally accumulates
in the containers so that practically every available con=-
tainer has sone water in it, thus greatly increasing the
potentialities of the plot as a mosquito breeding place,

GEWERAL RECOMMENDATIONS

Regarding genersl control measures as it con-
cerns mosquito breeding in the containers in the three
cemeteries, it would seem that to be effective they should
be both simple and inexpensive, especially when considered
over a period of time, Of the possible measures that might
be taken, the most logical appears to be that of insti-
tuting a reversible flower container which is essentially
one container within another, the whole unit being sunken
into the ground; the inner one is used as the flower con-
tainer, and when the flowers wither away and are dis-
carded by the caretaker, he may then empty out the water
and reverse the inner container. The bottom of this inner
container will then serve as a top or cover and thus help
to prevent the accunulation of water in the containers and
the breeding of mosquitoes therein,

These containers while heving a higher initial
cost than the ordinary can contziners cormonly in use at
the cenetery, are more durable, more convenient, and are
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certainly less apt to serve as resting places of various
slugs, snakes, frogs and "black widow" spiders such as were
found by us in the course of the survey, and which might

be extremely repulsive and shocking to certain people,

The reconmended containers are sold by
Cemetery A for .,0,75 each, while the can type more commonly
in use retail at from ''0,25 up, The cemetery management
appears quite willing to allow the neighboring florists
to handle the sale of these reversible containers, and also
appears willing to support any rulings requiring their use.

Jhile wore of the recominended containers are
in use in Cemetery & then anywhere else, yet their use at
the other cemeteries would be just as efficient in bringing
about a marked reduction of mosquito breediing, and all the
advanteges in their use should be pointed out to the di-
rectors of these two cemceteries,

Oiling of the water in the containers does not
appear to be feasible, The oil film would tend to be destroyed
as a result of frequent sprinkling of water the year round,
and in the rainy season the additional rain water would also
have to be considered, 4&s a result, frequent oilings would
be necessary, and the cost of labor and materials would tend
to mount excessively over a period of time, while still fail-
ing to provide a perimanent solution to the problem, A clear
picture of the situation may be had by considering that in
the new section of Cemetery A alone there are actually some
7,600 containers full of water which would need frequent

oiling,

¥

SPECIFIC RECOLITHDATION:

- R

10

¢
'

-CEMETZRY: A

That sorie control measures siiould be undertaken
here in the near future is evident if we consider that ap~-
proximately 25,000 adults are emesging from tine cenetery
grounds every week, OSince a considerable nwiber of these
mosquitoes are probably attracted to hunan habitations,
they undoubtedly constitute a nrobleri in those houses ad-
joining the cenetery,

In the old section of the ceuetery, the problem
is not as serious as in the newer plots since very few of the
graves have flover containers, Lven when present, containers
in this section are not apt to harbor mosquito larvee since
most of these plots are located on the slones of the hills,
so there is considerable surface runoffand very little water
remains in the containers, Plot 43, which is one of the old
plots, has 24 urns which are notentially very food breeding
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places for the various species of mosquitoes present in the
cemetery, 4 survey of these urns revealed the presence of
Theobaldia sp. larvae (probably Theobaldia incidens) in
eight of them. These urns should either be removed or
oiled occasionally,

During periods of high water the Gambusia
present in the reservoirs should be sufficient to hold
breeding in check, However, during a period of low water
which apparently occurs in the late summer and early fall,
the Gambusia may not be able to penetrate the dense grass
in the shallow water along the mergin of the reservoir, 4t
such times a supplementary application of o0il to these areas
might be effective,

4 thorough investigation of the stream feeding
the reservoirs and of the ponds with abundant green algae
growth should be undertaken in early swumer to determine
whether Anopheles pseudopunctipennis franciscanus is breed-
ing in such places,

CEMETERY B

That portion of the cemstery under perpetual
care is fairly well kept up and the general recommendations
would apply. The other and somewhat larger portion of the
cemetery, lacking as it does perpetuasl care and a source
of "cheap" water, is not kept up and has many potential
breeding places in the form of old bottles and cans which
should be removed and discarded before the rainy season,

In the rear of the cemetery is a tin can dump
which might well serve as a breeding place during the rainy
season and which should be cleaned up or oiled, One of
the factors contributing to keep mosquito breeding in this
cemetery at a low level is the close proximity of Cemetery
A which, due to its abundant water supply and conseguent
high humidity, has & number of ideal resting places for
adults* which Probably attract a considerable nunber of
gravid femeles, concentrating much of the oviposition around
these resting places,

(* These resting places consist of a small rest house, two
large spillways between the reservoirs, and numerous
vaults scattered throughout the cemetery).

CHMETERY C

The mair. source of breeding, aside from the con-
tainers, appeers to be the reserveir, Here three different
bnophelines were found breczding together, Iio Gumbusia fish
werc noted in tho rescervoir and their introduction nmight well
prove the siuplest msthod of controlling the brocding that
ocecurs therc, The gponcral recomncndations would apply te tho
cemetery proper,
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(121) CHART NO, 3

Specics of Ccmetery in Jhich Spccies Was Collected
Mosquitoecs
Collcc ted &s Larvae or Pupac As Adults
Culex pipiems 4, B, C. 4, C
Culex stigmatosoma 4L, B, C A, C
Culex tarsalis 4, C A, C
Culex apicalis G
Aedes varipalpus C
dnopheles maculipennis

freeborni C c
Anopheles maculipennis

occidentalis C &, C
4dnopheles punctipennis C C
Anopheles pseudopunc-

tipennis francis-

canus &
Theobaldia incidens 4, B, C 4, B, C

Theobaldia inornata _A
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Bendel: If the container is reversed, just how arc you going
to get it out?

Kelley: The bottom is deprossed, with a flat strap across
it, bolow which you can insert a finger and easily 1lift it
out,

Gray: I want to call your attontion to onc interesting thing.
lIr, Kelley brought out the point that in onc of the ccmetecries
they made a large collection of Culex pipiens, both larvae
and adults, and then he went on to say that although he and
Mr, Galindo were around this cecmetery several times until
fairly late in tho evening they were never bitten by these
mosquitoes, & year ago, on page 281 of Herms and Gray -
"liosquito Control", we caelled attention to the work of
Jobling in England on Culex pipiocns. He found two varietiecs
of the species, onc of which - Culex pipicns pipiens = does
not bite humans, brecds in relatively clean water, and hiber-
nates in winter: thc other, designated as Culsx pipiens
olestus, attacks man, broeds by preference in foul water,
and does not hibernate, So far as I know, no one has worked
on this problem in the United States, On the faot cited by
lir, Kelley we strongly suspect that we have these two varie-
ties here. Psrhaps Professor Horms will have a student who
wants to do some research work on this,

Herms: The Alameda County Mosquito Abatemont Distriot de-
serves a good deal of credit for sponsoring this survey. I
don't believe there are many, if any, publications dealing
with the subject, This report is quite rev~aling and shows
that something ought to be done about this problem, The

4lameda County i.osquito Abatement District received the
whole-hearted cooperation of the cemetery authorities and
of all concerned, You did a fine piece of work, Tommy.

Kélley: There was something in "Public Health Reports"

: about the brecding of Aedes aemgyptl in cemcteries., The

g sub ject was treated quite thoroughly. But that wasn't a
general survey,

breeding in these cerneteries, two of which are in the heart
of Oakland., Residents along the edges of these cemeteries
have been mildly annoyed by these mosquitocs at times, MNr,
Miles has struggled with the problem and got some results,
but the situation is still a long ways from what we would
like to have it. But we have had so many other problems on
our hands that we didn't want to tackle this situation, in
which we could easily get crossed up with feelings and
prejudices in regard to the disposal of the dead, People
are very sensitive and touchy on that point and we could
get ourselves into a difficult spot,

3 Gray: For a number of years we have known that we had mosquito
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Recently, when all this new information became
available that certain Culex and Aedes species were possible
vectors of encephalitis we felt it was nocessary to teke
action as & matter of self protection, Ve felt it was neces-
sary to at least get the facts as a basis upon which to pro-
ceed, If we had the facts we would have a much stronger
leverage to work with, I thought the cemetery euthorities
would be cooperative, but some owners of graves might be
strongly opposed to any effective ocontrol measures, With
the facts in hand we believe we can now put up a more con-
vincing argument for better mosquito control in cemeterioss,

Campbell: Te are now to have a symposium led by Harold F, Gray
in which a lot of very practicel problems of interest to all
of us are to be discussed,

Gray: Apparently what the Program Committee had in mind
was & discussion of practicsl problems in connection with
our regular work, (hy they picked on me to lead on this I
don't know, First of all, Roland Bendel of the Alemeda
County District has something to say about our new power
spraying equipment which he is using,

Bendel: This summer the Alameda County liosquito Abatement
District put into service a power spray rig for oiling marsh
and dairy areas, roadside ditches, etc,

& brief description of this rig is as follows:
The whole assembly is mounted on & Ford l.odel "A" chassis,
cut down and shortened to size, The pump assembly is a
Bean No, 3 Orchard Spreyer, consisting of pump, tank and
accessories mounted on a steel frame base, The pump is
driven be a one half horse power Cushman "Husky" four cycle
gas engine, The pump itself is of the two-cylinder plunger
type, and can deliver o0il at ebout 400 pounds pressure; but
we usually operete at 150 pounds,

The pump takes suction from a fifty gallon
tank, and discharges into 300 feet of 7/16 inch high pressure
hose, which is mounted on a hose rcel, behind the supply tank,
If necessary, 300 feet of hose may be added, or 300 feet of
1/2 inch pipe can be laid out and oil pumped directly into
the pipe, and hose attached to the fer end, This latter
method is used only where considerable extra "reach" is needed
for marsh oiling, The discharge is ebout one half gallon per
minute,

The cost of the entire equipment, spare hose,
pipe end fittings was about 580,00,

The machine is towed to the area to be sprayed,
Three men usually comprise the crew, i’hen more hose lines
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are laid out, an extre man per every addition hundred feet
is added.

When a long stretch of hose 1s to be laid out,
we first lay out the entire length, then as the nozzle man
works back and forth, the hose 1is reeled back on the machine
to take up the slaok.

The cost of this operation is about {5,00 per
acre, This may seem a bit high, but it must be borne in mind
that the areas oiled in this manner are usually hard and
difficult to reach by other methods, and hand oiling would
run considerably higher, 4lso, we have not had this machine
in service long enough to obtain conclusive cost figures,

The advantage of this rig is thaet work can be
done more quickly and with less effort; also, the oil can
be sprayed with more force, thus getting down through weeds
to the water surface more effectlvely.

The locations where this can be used to the best
advantage are as follows: liarsh areas, where the rig cen be
towed close enough to reach the area involved dairy drain
pools, which are sometimes one acre in area; roadsides where
the rig is towed along the road, and the 0perator, stand-
ing in the rear, can spray as we roll along,

We heve the machine outside, and you will all
have a chance to look it over, and I will do my best to
answer the questions you may ask,

Robinson: How long does it take to lay out the hose and get
into operation?

Bendel: It depends upon the length of hose and the kind of
ground. Up to three hundred feet, where we pull off the
automatic hose reel, it takes only long enough to walk out
with the hose, Beyond three hundred feet it will teke quite
a little tine,

Robinson: Using the pipe would be more trouble,

Bendel: We expect to use the pipe only when we have to run
more than six hundred feet, which is the limit of our present
high pressure oil-resistant hose, which we cannot get more

of at the present time, ile expect to use this pipe, nmuch

of which we already had on hand, as a feeder line close to
the pump., We have a cut-off frdm the hose reel and can con-
nect the pipe direct to the pump; at the fer end of the pipe
we have a double male brass fitting with pipe thread on one
end and hose thread on the other, so that we can connect our
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hose to the end of the pipe,

Gray: We expect to use the pipe only in situations where we
nmust reach over six hundred feet,

Bendel: We use six hundred feet of hose and so far have hsad
no difficulty,

Reeves: How long are the pipe lengths?

Bendel: A4bout ten feet,

Robinson: Can't you get a quick-acting type of coupling?

Gray: There are several types of such couplings for low
pressure work, but I don't know any hose quick coupling that
will stand up to three hundred pounds pressure,

Mapes: On the Alvarado Gun Club property we used this equip-
ment to spray kerosene and pyrethrum extract, and put on so
much more than formerly that we killed the grass, The duck
club operators were slightly miffed about it, but it came

out alright in the end,

Emerick: We just use hand pressure pumps. We have lots of
borrow pits to contend with along the highways and railroads.
We figured that by the time we dragged the hose around sall
the poles we would be nothing ahead, but could use hand
pressure pumps to better advantage. We use the Hudson barrel
type with one strap which goes over the shoulder, With Just
one strap, when a man falls into the creek it falls off his
back and he is free, This will happen occeasionally but not
of ten,

Robinson: We have a Dodge pick-up with a pressure tank,

We use that by going down to the service station and bor-
rowing air, We do our catch basins and gutters with this,
It heas a long pipe with a nozzle and we shoot as we go by.

Miles: We use motorcycle equipment in my division. Thils is
at our warehouse in Oakland, I will be at the office at

nine o'clock tomorrow morning and if any of you are inter-
ested in seeing this, if you will meet me at the office I
will be glad to teke you and show you this piece of equipment,

Gray: 7You really should see our new Oakland depot., We are
quite proud of it,

Chester Robinson hes been doing some experi-
mental work on larvicides, and he may have some new in-
formation for us,
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Robinson: Larvicides have been cussed and discussed, How=-
ever, in the early work of a new district, I think it is
very important to have, in addition to oil, a larvicide
that will work. It need not be the most efficient larvi-
cide, but we found in our first year that when we went to
the farmers they immediately said they didn't want us to
use oil, and they would ask what we were using., If we had
told them we were going to use Diesel oil they would have
ordered us off the place, but when we told them we used a
materiael something like fly spray mixed with water, they
had no objection, Now that they have found we do not damage
their crops, we can use oil where appropriate without any
trouble, But the advantage of the larvicide has been that
by its use we can get the farmers' consent and cooperation,
instead of having en argument,

So far all types of larvicides ere a long ways
from perfect, We have been using a concentrated material
put out by the Sherwin-Williams Company, which is quite
effective where you have a power sprayer. &t times we have
used it under unusual circumstances, For exemple, a septic
tank in Modesto missed our inspection and a neighbor across
the street who was going to have & barbecue rang me up and
said that the mosquitoes were terrible and she expected a
big ocrowd at her barbecue, A great many of the people in
Modesto have barbecue pits in their yards. We call them our
out door living rooms., Well, we went out on the afternoon
of the barbecue and mixed up the larvicide, using a little
more pyrethrum than usual, We sprayed thoroughly around
the shrubbery and the flowers. She had her party and there
were no mosquitoes, so she was well pleased, We find that
a little publio reiations work of this kind once in a while
is quite valuable,

This year we used about 10 of the amount of
larvicide used previously. 4 good many of the places that
were bad previously we had pumped and drained, and so re=
quired no spraying, but our educational work with the
farmers, and the good relations established by the use of
pyrethrum larvicide at the start of the work, has enabled
us to use Diesel oil now, especially at the end of checks
where the orop is under water practically continuously
and there is nothing of economic value, The farmers have
now become acquainted with us and our work and realize that
we are out to help,

The California Spray Chemical Company about
two months ago left me some samples, We have tried out
some three hundred samples this year gotten out by differ-
ent companies, These were different combinations of ma-
terials they felt were of good larvicidal character, Some
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proved to be good and some did not, The California Spray
Chemical Company has developed an oil-soluble emulsifying
agent which is far superior to the agent used in the Sherwin-
Willians product, From the standpoint of mix and spread, I
think this is going to be superior to anything we have had,
We have only used it experimentally so far, We made scme
laboratory tests which were satisfactory and we made a few
sprayings in the field and they too were apparently satis-
factory. Since that time, we have received from the east

a five gallon sample of a new product developed back there,
So far we have made no experiments with this,

Gray: 'ho else has used a pyrethrum lervicide?
Emerick: We found we didn't get good results with it,

Bendel: My experience has been that one time it kills and
the next it don't,

Robinson: Yes; we found that too, We had to send several
drums back. The stuff got as thick as syrup., If we mixed
it and used it right away we got good results, but later it
was not much good, For example, two years ago we had about
haelf a tank left in our power sprayer one night. The next
day we used it to snray on the golf course, 4bout three
hours after we sprayed, the larvae were all just as happy
as ever, Then we mixed up a fresh batch and spreyed again,
and that did the job, They were all killed,

I think the answer is that if your larvicide
is made up with any water you will have a deterioration of
the pyrethrum, but if it is an oil suspension with an oil=-
soluble emulsifier it will keep until diluted with water
for spraying. Then it nmust be used at once,

Gray: There is no necessity for us to buy these emulsified
products, Those of us who have power sprayers can buy the
concentrated pyrethrum extract, and add our own oil and

soap or emulsifier, and by running the pump and jetting

the material back {nto the tank, you can make up your spray
emulsion on the ground as you need it, I believe some of

the districts in New Jersey and Florida are doing this, The
material cost will be less, but the power and labor cost more,

Robinson: The new larvicide we are trying is not pyrethrum,
Pyrethrum has gone up in price quite a bit recently.

Gray: I see that lir, Oliver is now in the room, and if
there is no objection I will ask Lir, Oliver at this point
to answer questions about his oolored photographs of mos-
quitoes, concerning which a question was raised yesterday
morning,

(Mir, Oliver then stated what he was prenared to furnish at
various prices, and after discussion the natter was referred
to Professor Herns and iir, leeves for technical approval be-
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fore further action would be taken,)

Gray: Mr, Emerick is our fish expert, and I think perhaps
he has some interesting experiences along this line about
which he cen tell us, How about 1t?

HEmerick: I don't know that I have enything new to say., It
has been some time since I started raising mosquito fish

and planting them here é&nd there where needed, I have been
putting quite a few out, 4s to anything new other than the
sewage disposal plant at Calistoga, my work has been plant-
ing them in lily ponds and streams of water to protect
people from the mosquitoes which would otherwise breed there,
I have endeavored to plent them in sewage disposal ponds, I
remember in 1935 when we went to Marysville I made the sug-
gestion of planting them in the Yuba City ponds across the
river. One of the men said it couldn't be done on aceount
of the lack of oxygen, but in 1933 I had started at the
Celistoga Sewage Farm, This is a series of laerge shallow
ponds, the sewage running from one pond to another until

it largely evaporates or is absorbed by the soil, the ef-
fluent from the final pond, which is clear and stable, -
running into the Napa River, It covers about five acres,

I first started the fish in the lower pond, and then as they
got used to it, they were moved from pond to pond every six
months until finally they were moved to the sixth pond

where the sewaze enters from the septic tank, The fish went
into this pond and even into the tanks themselves, They are
still doing & wonderful lot of work. We keep the grass
cleared away from the edge of the ponds by pasturing a small
flock of sheep along the banks,

There was some talk yesterday about Gambusia
not affecting Anopheles, The only place where I have found
that to be the case was where there was considerable algae
and where there is a certain water lily with a oup that is
large enough for them, You will find a number of larvae
- inside the cup where the fish cannot get at them, The cup
is large enough for the larvae but too small for the fish,
We also have breeding in the algae along the edge where it
becomes too dense, Wherever the larvae are in the open
water I don't think you will have any trouble, We have
planted these fish in barrels of water left standing for
fire purposes and thaey have done very well, I have several
watering troughs I began putting fish in thirteen years ago,
There are still plenty of fish in these troughs. This is
especially true back in the foothills, After the heavier
oiling each spring I make a tour of all the farms and see
that fish are planted in the troughs and springs so far as
wé oan get to them on foot, on horse back or by machine,

If you weant & horse, the farmers will always furnish ome
for this work. Down in the lower part of our district we
have cooperation which includes the use of a tractor when
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we need it, This sort of thing makes our work a pleasure,
By the cooperation of the farmers we have been able to cut
our budget more than half,

Stewart: Possibly there is some misunderstanding of what
Professor Freeborn said yesterday about Gambusia not kill-
ing off Anopheles, He was referring to Anopheles quadri-
maculatus in the south end in the east,

Emerick: What has been said about the difficulty of using
fish where there is a lot of algae is true, but you can
control the algae by the use of blue stone, We can use
blue stone to kill off the algae, but you may have to re-
place the fish afterwards., Where practicable, remove the
fish first. In some places there is a water hyacinth which
clogs the streams and causes a great problem in the south,

Herms: 1lir, Emerick has done one of the finest bits of pure
scientific work ever done anywhere in the adaptation of
these fish to places which we have considered unfavorable,
What he has done is a real scientific achievement, I think
we are all deeply indebted to him for being a real practical
scientist,

Gray: I took some students down to our breeding ponds on
the Starr Estate in the southern part of Alemeda County one
day. Unfortunately for me I had Tommy Aitken with me,

What did Tommy do but proceed to dip out several Anopheles
maculipennis occidentalis larvae out of the breeding ponds,
The Gambusia were all over the pond, but here were Anopheles
larvae in with them, Was my fece red} In the early spring
the fish are still somewhat lethargic and that was the
answer, but I had just been telling the students how mar-
velous these fish were when Tommy found the larvae,

Bendel: I think you have all seen pictures whei'e a cat
will be making a playmate out of a mouse, This is the same
sort of thing that happens once in a while with the mos-
quito fish, We have had horse troughs alive with Gambusia
and alive with larvae in one or two instances, We had this
happen in Warm Springs. In one place there was & very large
trough, It was in what is known as lorrison Canyon., Culoex
tarsalis breeds there, We have also gotten them in the salt
water where the water is gradually changed, We have one
slough where the water in spring is fresh and later gets
salty, Gambusis seem to survive the change,

Robinson: We have found that the Gambusia we get out of
different places vary in their ability to control larvae,
Some are much more active than others, ‘e have a trough
about twelve feet across and fourteen feet long that someone
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donated to us saying that we could have it for our mosquito
fish, That made it real handy for us, .Je planted a thousand
fish and replenished the supply from time to time, One day
Mr, Adems, on whose property the pond was located, said that
he wished we would cone and look at the pond, e found it
contained not only fish but mosquito larvae and also rat-
tailed maggots, There was a mulberry tree over the pond.

lilr, Peters said the leaves falling into the pond reduced

the oxygen content, which had stupefied the fish,

Bendel: That is true where the pond is under a tree, You
will find plenty of larvae, and it may be hard to keep fish
alive in such a pond, I remember one pond where the water
was practically black from decayed leaves from the tree
overhead,

Gray: The leaves also may have put a different food supply
in the water that the fish took instead, If the Gembusia
had been feeding on this they may have been so full they
wouldn't pay any attention to the mosquito larvae, It
would be like a cat fed on liver--the cat won't bother about
mice,

Miles: What would Professor Herms contribute to that?

Herms: You cen utilize fish in the final tanks of sewage
treatment plants, as lir, BEmerick has shown, Ilosquito
control measures should be instituted at every sewage treat-
ment plant as they are apt to breed mosquitoes in unused
tanks or channels, The use of Gambusi& is one very good
way., Tanks that are actually in service are not apt to

show any breeding but, if they are out of service for e

time they should be watched,

Emerick: You will have failure in 1lily ponds under black
walnut trees; also under gum trees, They create a poison
that will kill off the fish, Trees surrounding a pond may
make quite a difference, Watch your trees as well as your
ponds, I have found hedes varipalpus breeding in any type
of container set under a tree, as well in tree holes and
in stumps where the timber had been cut off and grown up
again into several branches,

Peters: Lierced County perhaps has more Ganbusia in it
than any other county in the state, Perhaps lLir. Lilley
can tell us about how he uses fish,

Gray: I was just about to ask him about his annexation
campaign for his District, Perhaps he can answer both
questions,
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Lilley: We have the problem of large quantities of irrigation
water, If it weren't for the fish we couldn't take care of it,
Around lierced there are close to two thousand acres of irri-
gated pasture land, We use the mosquito fish freely and get
good results., Our principal difficulty is that when people
move sometimes the garden pond is neglected and the fish die,
If we don't happen to notice it, we may get a crop of mos=-
quitoes which is a local annoyance,

With regard to our annexation campaign, we have
long realized that our District was too small to properly
protect our peonle, There were large breeding areas under
irrigation outside our boundaries from which mosquitoes
came into our District, Last year we thought conditions
were ripe for annexation, First we contacted our Chamber
of Commerce, and by the use of facts, fairy teles and
imagination sold them on the idea, fhe Secretary asked that
a survey be nade, which was made by Sid Dommes and presented
to the Chamber of Commerce on November 7th., We thought we
were already to shoot with the annexation petition, and the
District Attorney told us to go ahead,

We had a big meeting scheduled, but the District
Attorney failed to show up, so it had to be put over to the
next afternoon, After that, from llovember 7th to January 7th,
1941, nothing was done, so we turned to the Junior Chamber of
Commerce to help us circulate the annexation petitions. They
didn't went to begin the job that Sunday, and the next two
Sundays it rained hard, Then there followed the firemen's
annual banquet, which incapacitated some of the boys. But
we finally started out, but although they were shown the
boundaries, some of the signatures were outside, They fooled
around and only got a name here and there,

Finally we got the Chamber of Commerce to hire
a man on the first of March, and he got 150 signatures, With
these the hearing was held by the Board of Trustees, and
as the only person to appear was the man who circulated the
petition the District Board voted the area to have been an=-
nexed, But with all the delays we could not get it done be-
fore the dead line of the first of February, and so we can
levy no texes on the annexed area until next year, Then we
will be able to step right on it,

Gray: I want you to notice that kir, Lilley said they had to
hire someone to go out and get signatures, I think you will
find that is the usual case,

Robinson: We have started annexation procedures in our Dis-
trict, We have printed petitions to annex everything east
of the San Joaquin River in Stanislaus County. We had every-
thing signed up except for the signatures in Turlock where
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the Chamber of Commerce had promised to back the situation,
But they were as slow as in Merced, Then the Japs came
along, and that put a bomb under us, At Turlock everybody
was on a defense comuittee or something else, Now I don't
know how we are coming out unless we can get the Chamber

of Commerce to hire a couple of people to get five or six
hundred signatures, The annexed area is about seven hundred
square miles with about sixty nillion dollars valuation,

Gray: Are there any other districts that have had an idea
of enlarging?

Hmerick: I would suggest a little moral support for Sonoma
ounty, There is still considerable work to be done there,

4ndrieux: There hasnt't been any demand for enlarging our
district so far, The Sonoma Board of Supervisors gives us
some money for work outside our district, but last year it
wasn't enough to do much with, The opposition to annexation
comes from the owners of the big ranches on marsh land, who
don't want to pay the tax,

Gray: What has been done in Sonome County has helped Alameda
and Kerin and San Francisco a lot in recent years, The only
mosquitoes we get from Sonoma County now are just a few
stragglers, This situation is an illustration of the fact
that a fairly good job done sometimes makes progress to a
first-class job very difficult,

Our next subject is also interesting and per-
haps we'd better get on to it, Lir, Pangborn of Solano
County is to talk to us about their experiences with re-
flooding,

Pangborn: Since lr, Rush has been ill I haven't felt like
teking on any new projects, es I have been pretty busy try-
ing to take care of both ends of our County, The proper=-
ties with which we first experimented have been in good
condition now for four or five years., Our district has
something like a hundred thousand acres of marsh, We have
the problem of flooding both for irrigation purposes and
for the duck clubs, 'e have a property on the extreme west
boundary of the mersh consisting of sabout 150 acres whioch
we can now flood at any time and never get larvae of Aedes
dorsalis. If we leave it alone for two or three weeks, We
get a few Theobaldias and a few Culex tersalis.

The idea of controlled reflooding is to flood
these lands and then drain them cuickly so as to clean out
the esgs by successive hatohings until all eggs are hatched,
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On & piece of property of about four hundred acres
which we thought was cleaned of Aedes dorsalis, inspection
showed there were lots of larvae, e knew the water level
hadn't dropped, so we were sure the larvae were not Aedes
dorsalis. We took samples, and Tommy Aitken identified them
as Culex tarsalis., This was a few miles from Suisun Bay and
the water was salty,

Wherever possible on our mershes we use reflood-
ing and redraining, plus the Gambusia, and don't attempt to
oil unless absolutely necessary.

Gray: Will you please be so good as to take a word of greete
ing to Fred Rush? Ve miss him at these conferences,

G. Mapes: 1Is it possible for Aedes dorsalis eggs to be com=-
pletely submerged, end then after the water has drained off
for them to re-hatch?

Panpgborn: Yes, There is no question but what you can flood
any area that has Aedes dorsalis eggs and some will hatch
and some will not.

Freeborn: The distribution of Aedes dorsalis is practically
world-wide. It is one of the two principal pest mosquitoes
in this region, It hatches in the late spring and continues
through the fall, They are a problem to all of us, They
have them up in Washington and as far to the south as lion=-
terey. Along the coast it breeds in salt water, but in the
Central Valley it is a fresh water breeder, Sometimes it is
found breeding in fish ponds in northern California.

Herms: As a salt marsh breeder you will usually find it in
pools that are affected by the high tides., It comes later
than Aedes squamiger but you may find it in the same pools.
It prefers a higher sslinity. It is & migrating mosquito,

Reeves: A number of times in the laboratory we have taken a
known number of eggs, say a hundred Aedes eggs., Of course we
do not get 100% hatch even by regulating the temperature of
the water., By submerging we usually get only 40w or 50% to
hateh, Oftentimes it is necessary to flood four or five tinmes
before the majority hatch, I thought that was shown very well
by Rush's paper several years ago., One flooding will get

a large number, but it is necessary to reflood three or four
times, I remember he told of one case where they flooded
seven times, It was on a large area used for grazing cattle,
They had previously had a lot of trouble with this place, A&t
the time of his paper (1938) he reported that this property
had been flooded for the seventh time and inspection showed
no larvae were to be found,
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Emerick: This method will only work on the eggs already on
the marsh, Vhere adjacent areas are not under control, your
purpose is defeated, as the marsh can be re-seeded by mos=-
quitoes from ad jacent marshes,

Gray: Aedes dorsalis favors a higher alkalinity than most
species, It has been found in alkaline hot springs.

Herms: Yes; I have seen them right on the edge of the water
flowing out of such springs, and the water was very hot, too.

Reeves: It is readily possible for Aedes eggs to lie for-
mant for many months and then when they are wet they will
hatch out, Contact with water &t least once 1is necessary
before they will hatch, They may require a number of wettings,

Emerick: On one of our reclaimed islands the levee brcke,
allowing the water to go over it for eight months. So far

as we were concerned, from the mosquito ebatement standpoint,
we didn't care, There was no breeding because . there
was about five fecet depth of water in and out every day,
They finally rebuilt-the-levee, end put in a new gate, The
balance of water that stayed on the land hatched a beauti-
ful crop of mosquitoes, This island had been dry for seven
years,

Gray: We know the eggs will last over temn years., Mr, Stover's
experience proved that, '

Our next topic for discussion is rice field
control. Mr, Butler from the Durham District will start
us out on that,

Butler: Our greatest problem in the Durham District is
pest mosquitoes from the rice fields and sloughs, Lots of
mosquitoes used to find their way in to us from the rice
field nearby. We used fish and yet we had the larvae and
the mosquitoess We have three big ponds where we raise
these fish whiech I use to stock the rice fields as soon as
flooding begins,

Since the 1937 flood the rice field people have
been levelling their fields more carefully and they have
been getting far more rice per acre and & lot less mosquitoes.
This year I know people are really able to sleep outside,
They do get bitten once in a while but not at all as they
used to, Now that we have the rice fields well levelled,
with plenty of fish in them, we have no trouble at all,
dnother thing that has helped us is the use of a big drag-
lige by the irrigation people to clean out the sloughs and
tules,
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Our district was organized originally for malaria
control, When the State Land Colony was proposed at Durham
about 1917, the people were told they could not have the
colony unless they organized a mosquito abatement district
to control the malaria, From 1914 to 1920 we had more malaria
than almost any other place in the state, an average of about
150 ceses a year, Between 1921 and 1930 we cut this down 8
casés, In 1935 Butte County as a whole reported only 1l case,
In 1938 it rose to 20 cases due to the influence of migratory
labor from southern states, but since then malaria has dropped
back to practically nothing in our area.

Mosquitoes and malaria can be a great detriment
to any region, I remember that back in 1909 they held a big
meeting in Oroville in our county to promote the growing of
oranges and olives, Ome 0ld fellow eighty five years old
told that meeting that before they tried to get people in-
terested in putting their money into orange and olive or-
chards they had better get rid of the maleria, or the scheme
would be a failure, So they appointed a committee to inves~
tigate, got Professor Herms up there, and that was the start
of mosquito control in our county,

Gray: Are there any topics which any of the members wish to
bring up for discussion?

Pramme: I believe the Alemeda County District has a way of

accumulating money in their budget from year to year. I get
turned down every time I try it and I'd like to know how to

go about it, _

Gray: It's a form of skullduggery. When we first started
out we reslized we had to have cash money with which to
operate from the first of July until taxes beceme delinquent
in December, We went to the District Attorney and asked him
if we couldn't establish a cash basis fund to carry us over
this period, He said "It's not permitted in your law, there-~
fore you can't do it", I hed a different theory, that if

the law didn't prohibit you from doing a thing, you ought to
be able to do ite But our District Attorney held that if the
law doesn't give specific authority for an act you are not
permitted to do its So I had to think up some way of ac~
complishing our purpose, feeling sure there must be some way
by whieh it could be domne,

This is the procedure which we have used succéss~
fully and without legal ©vbjection for the last ten years,
When we set up our annual budget each May, we work out first
what we ¢all our "working budget" covering the items of ex-
pense which we antioipete will be required during the next
fiscal year. These budget items are grouped under the main
headings of (1) Salaries and Wages; (2) laintenance and Operation;
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(3) Capital Outlay, Say our working budget totals {40,000,
of which Salaries and Wages requires 330,000, liaintenance
and Operation $9,000, eand Capital Outlay {1,000,

We also determine that we will need $15,000 to
carry us on a cash basis from July 1 to December, This
$15,000 we add to our working budget of $40,000, giving us
a gross budget of $55,000, 1In adding the $15,000, we split
it up between the items in the budget, one-half (é7500) be-~
ing sdded to Salaries and Wages, end one-half being pro-
rated among the subsidiary items of Maintenance and Opera-
tion, We add nothing to Capital Outlay, as we have to
itemize each item in this account, and therefore we camnot
successfully camoflage the addition,

This gross budget is what we present to the
Board of Supervisors, stating (as in the illustration just
given) that our District will require {55,000 as shown in
this budget, and the Board of Supervisors is asked to lev¥
a tex sufficient to produce that emount of money ($55,000),
less whatever money is left in our fund after all bills
for the current fisoal year have been paid, Suppose after
our accounts have besen audited in July we find we have
$16,000 cash left over. At the end of July we certify
to the Board of Supervisors that we had $16,000 left over
as an unexpended balance (which remains in our fund for
our uses only), and thet the net emount required to be’
raised by texes is $39,000 (that is, $55,000 minus $16,000).

In other words, our procedure is something like
the sale discount of the Hebrew merchant who put the dis-
count onto the price first and then took it off,

I believe I have been occupying the rostrum
long enough with this symposium, so I will now turn the
meeting back to President Cempbell,

Campbell: Are there any further items to be discussed?

Peters: I want to inquire about gasoline prices, I under=-
stend kr, Hayes has worked out some special procedure by
which he gets it for about six cents a gallon, His price
on Diesel o0il is also very low, It would be helpful if we
could get data on the prices the different districts pay
for some of our principal items of expense,

Gray: I understand lir, Robinson is getting Diesel oil for
1/2 cent.less than we are, I wish I knew how he does it,
We are atout as close to the refineries as he is, If lr,
Peters will collect this information as to prices and
quantities used in the different districts, it will help
us all to get better prices,
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Miles: I move that this conference send a Christmas greeting
by wire to Tommy Aitken, wishing him luck, He is now in
Puerto Rico and I am sure he will appreciate a word from us,
I also suggest a letter bé sent to Fred Itush, wishing a speedy
recovery from his illness,

(There being no objection, it was

50 ordered%.

Campbell: The Nominating Committee failed to appoint &
Vice President and agreed to re-convene and nominate one,

FEmerick: Ve would like to neme lLir, Menefee as the Vice
President, Upon being seconded, Mr, W, Percy lienefee,
Superintendent of the Delta lkiosquito Abatement District at
Visalie was elected Vice President by unanimous vote,

Campbell: Shall we have a one or a two day conference next
time?

Emerick: Personelly I believe we get more out of a two day
conference., In a one day conference there isn't time for
any of the details it is worth while for us to discuss,

Cempbell: If there is no objection, we will have a two
day conference in December, 1942,

Mr, Hayes was to have given us some information
on national defense matters, In his absence, has anyone
anything to say on this matter?

Robinson: In this national emergency I think there are none
of us not willing to do all we can to cooperate with the govern-
ment and with each other, Some of us have pumping equipment
and practically all of us have pick-up trucks, I phoned the
Fire Department and offered our equipment for water or for
chemicals, We are not using our large truck this winter,
which is available for the service, hauling sand, etc., Our
men that have phones and can be cailed, are available and
the Farm Board has a key to our garage. The Fire Depart-
ment will have the use of our equipment on call throughout
the twenty four hours of the day. The idea struck me that
it might be well if other districts who have these trucks

do the same thing, offering their trucks for instance in
carrying send and helping with incendiary fires,

Campbell: I think & number of us already have done this,
It is what we all should do,

Gray: Some of our equipment is quite useful in the case of
incendiary bombs end also in demolition work that comes
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afterwards, Our five gallon cylindrical punps are useful
too., You cannot throw water on the magnesium incendiary
bombs, but a fine spray will accelerate their combustion
and control the fire as well, These sprayers are also use-
ful in combatting fires started by either thermite or pe-
troleum type bombs, If you heve any "Pyrene" or other
carbon tetrachloride fire extinguishers, do not use then

on high-temperature bombs, or you will generate phosgene,

a very polsonous gas., For & similar reason "Foamite" should
not be used, as the carbon dioxide will be broken down to
poisonous carbon monoxide,

liay I suggest that if we have any air reids,
it will be necessary to keep track of ell bomb craters and
the basements of demolished buildings, for example, Water
will eccumulate in these places, I suggest that not only
do you control mosquito breeding in these places, but that
it will be interesting to keep them under observation to
see what species of mosquitoes breed in them, I have had
some interesting commients from Zngland on raosquito breed-
ing resulting from boubing raids,

Emerick: In my district we have signed up for twenty four
hour en emergency service as needed, and I know many of our
distriots are doing similar things and helping where they
can in national defense,

Peters: Am I to proceed to collect the annual dues as
was done this past year, making the same assessment?

Campbell: That is a1y understanding.

I now want to thank you for the splendid
cooperation you have all given, and to thank you for the
honor it has been to serve you as rresident of the
California liosquito Control Association this year,

I now take pleasure in turning the rneeting over
to our incoming President, i.r, ilicholson,

Nicholson: I don't know much about this but I'll do ny best,
lay I ask what 7e &are going to do about publishing the Pro-
ceedings?

Gray: As has been the custom, the Alameda County liosquito
hAbatement District will transcrlbe and edit the Proceedings.
This year we will not cut the stencils, but will expect the
hssociction to pay for that work, as well as for the mimeo-
graphing, assembly, addressing and postage,.
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Heretofore we have sold extra copies of the
Proceedings for only fifty cents., I suggest that they are
worth more than that, and advise a price of 1,50 per copy.

Peters: In talking it over, most of us have felt that $1.50
was a lot of noney, Wouldn't a charge of ,1,00 be more
fitting? It seems to me it would be a good idea to print

on the cover that the price is $1.00,

Gray: All right, if that is the concensus of opinion, I move
that a price of 51.00 a copy for the Proceedings be estab-
lished and that this price appear on the cover,

Miles: I will second that,

Bendel: I present a resolution that the University of
California and especially the Division of IEntomology and
Parasitology of the College of Agriculture be thanked for
their courtesy and cooperation, A copy should be sent to
the President of the University,

Nicholson: There being no objection, it is so ordéred, and
the Secretary will send the letter of appreciation,

Robinsgon: I would like to include the fellows who set up
the fine exhibit for us. The boys who helped set them up
did a fine job,

Nicholson: If there is no objection, this also will be
done by the Secretary,

Has Dr, Stewart anything to say in closing?

Stewart: I came to this conference with my mind a big
question mark, I was uncertain about many things, and
somewhat worried as you all are, But I was principally
concerned as to the new demands which are going to be
mede upon us, and whether we are going to adjust our-
selves quickiy enough to handle the situations which we
may fece, I was afraid that some of us might not have
sufficient mental elasticity to cope with changing con-
ditions, But now I am tremendously relieved, I am
leaving this meeting with absolute confidence that we
are not only going to maeke the necessary adjustments,
but that you already have done so, I think this has been

a bang-up conference,
Nicholson: Professor Herms?
Herms: It haes been a great pleasure to have you here as the

guests of the University of California, There is a fine
spirit of cooperation emong you men, and the University and
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my Division are always glad to help you in every way we
can, Good luck to you all,

licholson: The Twelfth Annual Conference of the Califor-
nia Mosquito Control Association is now adjourned,
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OBITUARY

Just as the stencil cutting for these Proceedings
was being completed, we received word that ¥red W, Rush,
Superintendent of the Solano County Mosquito Abatement
Distriot died at his home in Suisun, California, on Tues-
day, February 24, 1948, after a proionged illness. He
had been Superin%enden{: sinece the organization of the
District in 1930, He had not only done an excellent work
in organizing end administering his District, but he was
one of the first mem to apsly prectically ané sucocessfully
the principle of controlled reflooding as e method of
eliminating hatchable Asdes eggs on salt marshes. He
was personally likeable, most cooperative with his follow
workera, and esteemed by all, He was President of this
Association in 1939,
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te:r of tris type.

Profuse i1llustrations of key c¢haraclers serve as an aid to interpre-
tation., There is no roason why the adults of the common species in California
cannot bo diagnosed in the field with the ald of nothing more than & 12 to
.20 power hand lens. The keys.in meny parts folloﬁ those presented ét the
1989 cpnfbrence by Lr. S. B. Frseborn and Dr. Te H. G, Aitken, The rocent
addition ot our California mosquitcss of sevcral genera and spceies has
made necessary tho reworking of sovsrel of their keys; also, larval keys
and numerous illustrations have boen added.

The zenus Ursnoteenie has bzen cmitted from these keys becauqe of ita
rarity.

Adult end lerval specimens have been arrenged in the laboratory for
study by use of this tey. A number of qualified persons (merked Ly the
wearing of white lebtoratsry coats) vwill be there to anawar your qusstione

ard assist. Do not hesitate to w5t questions.
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Treobaldia macerackence (Jrar & {nal;
Theobrnidia ‘reicens (1hisoeson)
Theotaldla inornata (#i1listeon)
Theobaldia Dmpetiere (Valker)

+#0rthopodonyia siznifera (Coquillett)

**l'ansonia perturbung (Valker)
Lansonla periurbuns

*»Pgorophora confinnis (Arritalgega)

#*fedes nirromaculis {(Luilow)
Aedes tsenlorhynehus (.izdemann)
Acdes increpitus Dyar

++hedes flavescens (lillor)

Aedes filcenl palustris {Dyar)

Kodes squami or (Coguillett)

2edes dorsalis (leiren)

Aedeg cetaphylla Dyar

Kodes commnis Lehosnsia (ysr)

Redos hexodontus Lyar

Aodes Tapizer (Telicev)
+eKados Totoralia (Jelisn)

Aedes vertrovittis Uyar

Aedes varipalpua (Coquillett)

Aedes vexana (Laigen)

Kodes cirercus hemitelsus Dyar

Culex apicalis Adars

Culex stigmatosoma D-ar-
Culex tarsallis Cogquillett
Culex ervthrothorax Ovar
«Tulox Tederal® s Lyar

Culex territans Valzer
U-Tex pipiens lir:asus
Culex quinguafasciatis Cuoyp

Sulex aniys vyar

Crenie of nome sivee Ueoslors, 1623,

Additicnal apesios sivoe Irericorn, 1704,
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W ERIS 5 cotrern wamnt ot 4 dan .

. T o rerenisa TARG 11 onnia i
Wing sesles brongy or sl pot ot epex of vyh‘ (coratar frow
San Lais Obiepd NOrth) -visuvvewavecnssncos maculipennis ocel (dert Lis

Palpi with nervow white barde (fig. 10) .. pseudopunctipermis franciscaras
Pelpi unbended veoeconcornracvusnancevncasscesnsanassesone punctipennis

ey to California lpecies of Ancpheles lervee
Anterior ¢lypeal heirs (incer and outer) siuple (fif
in sunlit pools in elgae alon; streams which are drving UD)ososccisanie
coousssienosasarcososrarasccacsnossas pa8udopounctipennis franciscanus

Anterior clypeal hairs (outer) vranched .cecosccarssoncnscscnerseos: @

Antepalrmate hair of ebdominsl segments IV and V usnally two to three~
brancked (fig. €)3 post-clypeal hair usually bifurcate at bese (fig. 6)
(larvee usuelly in clear shoded p0c18) sceeossssvesessao. punctipennis

Antepelmate hoir of eblominel sepments IV and V vsually one-branched:
post=-clypeal hair multiple-branched (larvee in poynds and lagoons along
coast) 0008 eI T BACPAIRPICNC 0BedeB IV r Il acrPeag e maculipenn!s occidentalis

. 6) (larvas usually

Antepalmatc hair of abdominel se;ments IV and V usuelly two=branched;
post-clypeal hair narmslly two-branched near base or mid le (lervae in
fresh seepa-e water and roadside pools) «.s... maculipennis freeborni

Key to Califorria Species of Theobaldia

Daric spceies wit) distinet blae's spofts on wings; legs banded cavva. 2
Reletively li:hter specios (Lrownich) without distinct wing spots;
16#8 unbended .eussncesnracauncncorosctevsoaesnosneenveoRanR ooy O
Crosg=veins of wings scaled; mpex of wing pele bronze-colored; first
four tarsal sesments of fore-and midle’s ringed (relotively rare; darc
woodlund Po0ls) secesivesssssscsencoscosonsvesssc sosse NMACOrACIENAE
Crnss=veins unscaled (see othor fig. 6); apex of wiur darcy first two
tersnl sesmenta of fore= and midle;s ringed {very corvon; practiceliy
el weter, cxeent bractish nn? salt).ieevuescosssnusswnesoas incidens

vrossw=veins scaled; vings withont snots; basal absominal leads, du.

yollowish, bLroed, m;Jon Taternlly to form loteral stripe voeadow po it
Frocuently found rroun’ C6TMS) s+ .cessorcervvssonnsac ncous . SRGLHBLE
Crosseveins unsesled; uings wit' iadlstinet spets at foris of ve"?ir
tnsal abloninel lends, prleevhitish, norrov, not widerned mveh latersil.
{winoalrnd pools in MOURLATNS S TRAC) auve vwiveaosno. oo, Lo Impats

apm e b St et
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3 b
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2. Both head tufts multiple, eliks {vore; woodland pocls in mountaina}au
.I.k.'.I...‘....'.......I...l;...v..-..O"CO....!I.l...'...'imeatiena

Lower head tuft with three lohg halrg, or if more, with two or thrae
hairs stouter snd longsr, upver MULEiDlE.ccrieecesrcuoscaccscnnsosaeeald

- . 3. Bémal pecten teeth of eir tube slemder with one or two zppressed den-
o ticules (fig.15), (very common; all water, excent bré}dsh and salt)

..oaoloe-l.OOO'oaoco-0..n'05!...000.--.00'..45...-.oaooosqincidena

Basal pecten teseth of eir tube with three or four stout outstanding
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C.

.- Abdomen without long!.tudlml stripe, each segment with nerrow. bo.nl band;
- proboseis ringed (southern salt marsh) tececsescssccascens tnnlarlm_!mu

10.

- Wing scales with many whifc ones (shallow gnu pools of Sierras and ;

f  Pocten with dotacked tooth ontwardly (fige 7) eecesscesssssssvesees B
" Pooten without detached teeth outwnrdly (fiz. 13) sesececcoscsssase 7

;" Anal ucmht ringed by dorsel plate (fig. 12) (irrization water) .
) ;\i'.............................................‘............. E °u11.

“ Mll ngment not rlnped by dorsal Phtﬂ (fi{,o 13) oooooooovooo-oooo 8
, ‘Pncton toeth pnunt beyond hair turt (anow m-qui.to) ceved uumm' :

.'.‘ Mt‘n teeth not P!‘..Ont boyond hl.i!' tuﬂl oooooonooooooooq;o.toob'-‘
.. Combd patch of 8th segmant atout 80 soales; afr tube short ma Mt

fl,j‘? . Comb - of about 10 plus scales; air tube more elongate (1‘15. 7) seese &
" 'Comb patch scales 5 rows desp (irrigation water northum;a mtin’)
L,'U‘:" [ FE A XX E AR EE Y N RN RN RN RSN NNN NS RNRRNRNRNRNRNNRRN N RRNN N R A & J 1. m

L éo:nb ﬂtﬁh l;ll:l m; (’ln; fig. 7 ....:..:..:...:.....T-‘:;!—m‘.‘."l

""?";ur tube S.6x1; lateral sbdominal hairs aingle beyond second segment;
* ;lower hjead hairs multiple (snow mosquite) ceceee.. cinereus w

ot iy 1R e e LIRS BT P ¢ B o f 4 o
Auvdmidoal bemiz abasrp Teroo duely rllowle™ spoedsr (irvigotion

’ - NN N S E R PO O R -
vater voirthonstom. COUNUINE ) rewvsvsssnvsncongocosesasonceay .rlﬂves@ens “
s

-,

Basal abdominal pale bande present; usually °ﬂ811vr, darker species .. 8

Proboscis usuelly rinced; atdeomen may have dorsal lorngitudinel stripe

(rig. 4) 8 0S50 00000 0006080000000 0000000000000000000000080000c¢00ONOSL]Y 9"

Proboscis without pale rings ahdomen only wit: basal segmental bands S
(froquently .nGW'pWI bnoders) tecssscscsssvescsssssssceseccssscsssee 10 .

Abdomen with dorsal longitudinal pale stripe, onoh segmsnt appear to
have two black spole; probosois not always ringed (irrigation water

.0.....00........0...0.‘..0..00...0'.'...............00...... M °u11

Winz soales chiefly blaok, rew white ones on extrems fnterior mrsin ks
(nndun. river end lake pools, brackish water on cocast) eeese 1acnﬂ§ul i

Mfth‘m Omtleﬂ) 000000000000000040000600000000000004000 ﬂm1 ?1“' sy

J!Qy to Californis Bpeotn of Mdn larvae

hl (.ﬂw anIquito) 40000000s00000000000000000000000r000 mtrw&ttil S

"My tube 3x1; lateral abdominel hairs multiple; lomr head hairs i,n

2's or 8's (flco 7) (flood and 1”15‘t1°ﬂ “tﬁr) oooocooqooouoo m.

7 (1) Amal logunt l'iD{,Od by dorul plute (f’.ﬁo 12) ooooooooooooofo_o_p 8
- - Anal ug;nmt not rincod by dorsal plate (ﬂg. 13) o..o;.qo.to.ntoito‘s

‘ 7.;Mr tube short, 1.5x1; uppor and lower head hairs single, vomb pltoh of
(. 8th segment of atout 18-20 scales (louthom salt marsh).. W‘"



