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DURATION OF THE DEVELOPMENT CYCLE OF THE MOSQUITO
VECTORS OF AUTUMN ,JAPANESE)} ENCEPHALITIS

Major XK.P.CHAGIN (Med. Corps)
{of the N... Viirus Lsboratory (Chief, Maj. V.A.ESKIN, Med. Corps)

The gquestion of the duratic . of the development cycle
in the case of most types of the mosguito vectors of autumm
(Japanese) encephalitis virus in the /East Siberian/ Maritime
Territory has not been studied, There exist only our own
researches and the unpubdlished orservations of A.I.LISOVA on
Addeg togoi Theo. In the 1344 season, we corried out -bservations
on the duration ¢f the develcpuwent ecyele of Julex tritacnltorhynous
Giles, A6des Japonisue Theo and 4édes esoénals Jem,

Working Pro.adure

Under taboratory conditlons, eaperi.ents on the duration
of the development cyele were conducte? both at steady and at
varying temperatures, The tests were made in wooden {nsectaria
wasuring 80 x 80 omy, the temperature Ln which could be regulated
by means of electiric Lights »f 40-100 candle~rower, and als® by
replacing the plywood side walls with gaurze partitions. To
avold any e«ffect of strong light, thae cells and water-truys were
sereened over with several layers of paper, Alimentation con-
dltions for the larvae were mailntained at the optimum level, The
test insects were allowed to feed on gulnea plgs and white mlice.

Dbgervationsg on the duration of the development cycle
under natural condltlons were made only as regards
C. trttaenl orhynowg, Both in the laboratory tests and under
nataral conditlons, the alr and water tenperatures were measured
thrze times s day, namely at 7, 13, and 1% hrg. Dava on blood-
sucking, on oviposttion, hatching, moulting (instars), pupaticn,
and e rgence of adults were noted under natural and laboratory
cond it long,

Lieut, P.M,HERSHSON, Admin., Curps, participated {r the
Laboratory observatlonsl work,
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° i. RESULTS OF THE LABORATORY OBSERVATIONS

1; C.Tritasniorhynous

For the iaboratory experiments we used fepales cauzht on
the premises and also larvae ecllected from natural dodies of
water., We dld not succeed in cbteining batches of Pfertilized egge
from females hatched out in the laboratery. In the sxioriments,
femaies of this specier quite avidly attacked white miecs and
Juinea pigs, particularly when the vody surface of the animals was
8lightly moistened and applied to the darkened eage. oOng meal of
blood was sufficient for the maturation of eggs. We &id not chitain
egge from females kepi on sugar syrup: here the devslopmant of the
waries was arrested at the second and more rarely in the third
phase. We did not observe any relationship bsiween the guantity
of blocd adsorbed and the number cf eggs in a bateh, Ususily it
was the larger femsles which deposited the greater aumner of eggse.

Quiex tritasniorhynoue deposits iis eggs in "ong rafis
on the surface of the water; the average number of eggs in each
batel was found to be 167; exiremes: minimum 128, maximum 252,
Imnediately after hatching out;, the larvae were caught and put
in smail flaske with a bit of md in the vottem (1 to 10 larvae
per flask). In the water we placed a Jew previ-usiy soaked
stalks and some freshly dried meadow grass; a day or two jater ws
added fresh green confervoid water-plants and a fTew drops ¢f hay
infuisiaon. The larvae of this species feed mainly on periphyvion;
they do not eat tender green confervoid water-plants 88 much ag do
the larvae of (.bitaeniorhynous or Ad. togaoi.

We observed quite & high mortality of the larvag in
the experiments: the least mortality (37™&) wes &t temperature
20~260°C,

The emergence of the larvae from sach batech of eggs was
completed as a rile within 24 nours; in three or four days in a
few casss nnly. The mean duration of ithe developmeut of each
stage, at different temperatures and under optimue conditions of
feeding, is shown in Table 1,

Table 1. Duration of development (in days) of C.:iritasnicrhyncus
at constant temperatures

§ft%§§tign Muration of Water Stages Eiggwd
Water eggs in image
Tempera~- the mos~ Ezgg  + 1 1L 1 P to
ture quito stage “I “II ™III “IV (Pupe)} Total imagoe

1700 9 4 "E’o ﬁtsh t.:'wﬁ 5 4 5255 ‘:l'loi:'

19-20. 59 9 3 4.5 5,5 5 4.5 . 3 25.5 3 b
24--260 5 2 S48 J.b 3D 3 2 - 50 LL.5
28~300 4.5 1.5 2.6 & 2.6 3 2 14,5 19

f\

O

o I T Ay P




Development wag observed to be accelerated with rise of
temperature in all experiments conducted under conditions of
adeguate alimentation. When feeding was inadequate {only & few
gdrogss of hay infusion given} the development peried at all
reaperstures was cor~iderably longer. The variation betwoen the
wwe extremes of duration was insignificant for every water stage
arcept ithe egg stage; 1t did not exceed 1% days or in very rare
ingsancas 2 dayvs. The duration of the egg stage at any one tempera-
tura Tlucltuated over a very wide range, particularly at temperatures
nigher than 20°C. In most experiments at these temperatures the
duratisn of the egg stage was 1 to 1y days. At temperatures
24-2590 end 286~300C, a mass hatching=-out of the larv.. sometiines
began less than 24 hours after the eggs were laid., The variation
in the leagth of the egg~stage at these temperaturee was seen to be

or & deys: at a temperatnvre of 170C, it was 19 to 20 days, and at
1t was 2 %o 3 days. t 211 temperatures however *he duration of
ne efy stage was near to the mean in the great majority of cases.

The optimum temperature for the development of the water
stages of O, tritaenlorhynous in our ¢ :riments lay between the
Timite 20-256%C, for at this *emperature (as already been stated,
supra,; the mortality of the larvae was at a minimum, and the
riability of the adult form at a maximum., Cn the other hand, even

ture of 28-200C must be regarded as already quite
detrimsntal 4o them, notwithstanding the shorter development period.

At & temperaturs of 9-9,59%C, the activity of the larvae, as
far as thelir movements are concerned, was greatl, reduced, and at
87,59 they remained motionless on the bottom for the greater part
of the time and only the roughest kind of stimulation could get
them out of fhis numbed state (prndding, viclent shaking). At a
temperature of 3.5~39C all the lsrvae in the experiment died.

The ilowest temperaturs at which moulting was observed
was +9°%C, We may Justifiably take this temperature as the lower
thresheld Tor the development of the larvae of this mosquito.

Gonetrophle dissocation in C.triotaenioriynous was
=ipready cbuerved by tihe flrst half of September. We werc unable
Lo socure oviposting by females caught under natural conditions
B the end 07 August and during the first few days of Septembor,
but in the case of females caught in mid-3eptember we secured
svipositing in isolated cases only., Upon disscctlon of the
femalens which 41d not ovipoait during a considerable period after
feeding, we found a strong development of the fat body, and we
noted developmnent of the ovarics to phases II and III. During
“his period no ovipesiting wass as 2 ruls observed st temperatures
lower them 156.179C, while in isclnted cases it did not tske | .ace
evern at temperatures higher than 20°C. This, 1t t¢-ems, may be
gxpiained by the greater part of the C.iritaentorhyncus population
rassing Into the dlspause state,




Cbservatiors made by us on the duration of the develop-
mental pericl in Q. *ritaeriorhyncous with the .emperature varying
in different ways 4id not produce any nnticeable speeding up as
sompared to development at an average temperaiure,

2) 43. (P.) Japonious

ihis species is considerably more Jdifficult to rear in
the laboratory then Aédes (F.) togoi. For our experiments, we
used larvae and batches of eggs from natural and ar:ti’icial bedies
of wate~, alsc auults both caught in their natural environment
and reared in the laboratory.

Under laboratory conditions the females of Aédes (F.)
Jeponious, after a lairly long stay (10 days) in cagss of large
s8ize, laid fertile eggs in - amall percentage of cases.

In cagews with males, the females fed on while mice and
guinea pigs, which they attacked gquite avidly and then settled
to make individual layings of eggs. In the great majority of the
experiments a single blood-meal was sufficient for the maturation
of eggs. Here, as in the case of A§. (F.) togol (CHAGIN), the
number of eggse laid varies considerably: the average numb r in
our experiments was 52, with extremes 11 and 151. Tus number is
directly proporticnel to the amount of blood ingested by the emale,
as noted by DETINUVA in comnection with other species of Aédes.

However, in some experiments departures from this high
degrae of gonotrophlc harmony were observed (BEKLEMYSHEV). In
five experiments, females after a single blond-meal dld not iay
eggs. Four of these cases ocrurred at 22-269C and one at 15-21°C,
At the temperature of 22-~269C no eggs bad been lald eleven davs
(in one case) or 14 days (in 3 cases) «fter a single blood-meal;
after a second {ngesticn of blood, lLaying was observad on the o
7, 8, 9, and 10th days., At a tempcrature of 15-219C no eggs Ry
had been laild 14 days af*er the single blood meal; after a second w
irgestion of bluod layving took place on the 14th day, In the
case of females kept on rugar syrup, we 4° %1 not observe dev .op-—
ment of the ovaries beyond phases I1I1-I11.

Aé, (F.) Japonlous, as in the case of 4é. (F.) *ogoi,
lays her eggs on the surface of a substrate and in contact with
the water; in the process the eggs are siuck .1rmly to the sub-
givrate and for the moat part are arranged linearly and perpendicu-
lar to the surface of the water. Ovipositing directlv on the
surface of the water wae cbserved in isclated cases.

After hatching, the larvae were 1lmmsdiately caught and
pat into flszsks of water, 1 to 10 individuale together. The
flasks bad a litile mué on the bottom, mlong witi two or three old
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leaves and bits of thin dry twig. In addition, a smali amount of
fresh green halrwesd ;@%nJ%rngg’ was added a day or two later,

The larval feeding depends main. on periphyton, but under the
experimental conditions they fed very well on hsirweed.

The larvae are exceedingly shy: on the slightest dls-
turbance they drop quickly to the bot.- 1 and take cover ~ither
under litter (a leaf or splinter) or in the upper laysrs of the
mid, For the most part they remain in the darkest sections of
the flask, In thc case of this species, the emergence of ths
larvaee from any one batech was never observed to be such a long-
drawn-or * process as in the case ol Aé. (F.) togol (CHAGIN). The
hatehing of the larvae was as & rule completed in two or three
days time, and only in a few caseées did it extend to 7 or 8 days.

The duration of the development ¢f each atage, at
variocus temperatures, is shown in Table 2,

Table 2. Duration of development (in days) of A3. (F.) Japonious
at different temperatures

e

4 *y
ggﬁ?gﬁ”égm Duration of Water Stages ?igéod
Water eggs in imago
tempera~ the mosg~ Egg L. L T . P to
ture quitec stage ~I “II ~III *IV (Pupa) To*al imago
17180 9 7 3.5 4.5 4.0 O e 20,0 375
20~210 83 6 <D 3 3 4 4 2.5 AL O
24--26° 7 6 2 2 2.5 3 2.5 18 25
29..32¢ 8.5 5.5 1.5 1.5 Obzervotion unsuccessful be-
causa of mass mortallity of

larvas,

The least mortality of larvas (23%) was seen at 20-219C,
and the largest and most vigblie insects rcached the adult stage
wt temperastures 20=-219 and 24-269C; in ocur experiments, these were
the optimum temperatures of development of .he water etages of
Aé. (¥.) Jpaonicus, The variation between the extremes of the
deveiopment period for each stage ot the above mentivned tempera-
tures did net exceed 1 to 1x days, At £29-30°C, we cobserved a vory
chort duration in the first larval prhoses, but not & single larvsa
reached the stage of pupation.

This 1s reason for regarding a stocady termperature of
30-329C as the urper threshold for develcpment of the water stsges
of A&, (7.) Joponious., We were unable to establish a lower
threshold for the development of this species under laboratory
conditions; develcpment of larvae insters III and IV, and of
pupaa, was observed at $-11°C; the meen dQuration of each of thase
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instars at the aaid temperaiture was 11.85 deys; that of tne pupal
stage was 7 days; thoe extremes were 7.5 and 1+ days for the larvae
and 5«11 days for the pupae. -

With the temwperature varying, the duration of the
development period was somewhat longer than in the case of the
gorresponding c-nstant mean tsmpersture,

With both constant and varying temperature, there were
consglderable variations in the period of maturatiocu of the eggs in
the moagnito: the maximum pericds were usually one and a half o
two times the minimum, while the greatest duration of the matucation
period was observed when the amouit of blood ingested by the femals
was least. We algo observed the mosquitoces to attack vigorously
both w.th ingested blcod still remaining from previous mea's and
also shoruviy before the laying of eggs. “trnils fact, togeticr with
the »bove mentioned cases of the eggs maturing only after a
repstition of the bBlood intake, g ves us grounds for supposing that
repeated ingestions of biood occur fairly frequently under natural
conditions in the case of 46. (F.) Japonious.

3) Aé. esoénle

A6, eroénia is quite diffi~ult vo rear under laboratory
«~onditions, It is very sensitive to pelliution of the water by

rotting organic material. (:)

¥e did not observe copulat! »n of this species in
zaptiv.ily. Pemales caught in the natural environmen: were used
in the tests. In the laboratory they were fed, like the previous
spaciesg, “..a white mice and guines pigs,

In all Lhe tests, ovipositing took pliace af'ter o singue
blood~meal. As in the casea of A46. togol and A6, Japcnilous, this
species always showed a relationship between the number of eggs
maturad and the qusntity of blood ingested by the female. The
average number of eggs laic in & batch was, in our experiments,
753, and ths extremes were 16 and 118,

After a single copulation, the female is capuble of
producing a number of fertile batches of eggs, In one experiment,
within a period of 23 days s female of 48, egoénle, caught in
th2 naturnl environment, gave four layings of fertile »ggs with-
out further copulution. She was given a new bilood meal from a
white movse 1 - 2 days after each lsying. 1In the four batches
she depoailed s total of 334 eggs, which hatched out larvae.
Aftor the fifih mesal on the 12th /My, she did not agsin cviposit,
and finally died: ths ovaries were found to have degenerate?,

When famsules of *this specles were kept on sugar sy:iup, .
w8 never once succeeded in gatiing egus from them. ~\
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A6, esoénis oviposits on the surfac~ of water. In iso~
roted experiments, we observed batches nf egze to be laid on ihe
suriace of a substrate and contiguc.. with il : water, The eggs
wers not firmly attached to this substrate. e hatching of the
larvae from any single batch was in the majority of experiments
completed In a period of 3-10 dayse.

In five .iperiments conducted at 18-22° and 22~269C, a
considerable nunber of oggs 8till remained after the initial
emergence of larvae over a period of 1-2 days; no Zurther hc*ching
ol these eggs took place in a 17-23 day pesriod, At the end of this
time a nunper of eggs were opened and found to contaian fully
formed, live larvas. After this the remeining eggs were placed,
10 or 15 together, in watepr at varicuse pH values {(pH = 5,0-8.2);
during the following day iervse were seen to emerge from part of
the eggs in water at pH valuss 6, 6,6, 0.9, 7.9, 7.5, and 8.2
Only in the initial tezst (pH = 7.2) and in the test at pEH = 5.0
did larvae fail tc emerge.

Twenty-eight days later, the few eggs left were opened,
and in them, as before, fully formed live larvse were found. Only
in the test at pH = 5.0 did we find the larval erhryos to have
parished,

No further hatching of larvae was liduced, neitlzr by a
short period of warming of the remaining eggs to i‘smperature
36-380C, nor by cooling the whole body of water to tue freezing
point, nor by changing its pH., So far, we have not studied the
cause of the phenomenon d=sscribed.

After hatching, the larvee were kept, 1 %o O indiviaurls
together, in Clesks, on the tvotiom of whizh there was o small
quantiiy of mud and some bite of o0ld les®; in addition, itwo or
thres short stalks of dried gress were dropped into the water.

The larvae of A5. eacinis feed on periphyton and seaton®:
they 40 not eat halrwesd, but a littlie of 1t added to the weier
increases the survival powers of the larvae. Th2 average dura.ion
of the dsvelopmental period in 46, ssognis at differsnt tempera-
tures is given in Tadble 3,

ar——

* Very amall plankion retdained only by the finest nets,
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Table 3. Mean dursaiion of development cycle (in days) in 46
esognatle at difTerent temperatures

;gigggté;n L Duration of Water Stages ?;g;od
Wator @ggs in ' ' imsgo
terpara- the mog Rag - L.. L P to
ture quito gtage “I “II “III v (Pups’ Total imago
1.5-169 ? 10 4 5 5 4,5 4 32.5 ?
29300 7 8.5 2.5 3 3 3.5 3 23.5 31.5
24259 5.5 6.5 2.5 2.5 2 3 2 1805 <2
28=30° o 8.5 ©2.5<¢ 1.5 2 1.5 18" 23
339 ? s 2.5 3 4 Larvae die.

The leust mortality of larvae (485%) and the greatest
visbility of the mosquitoes was observed at 19-20°C; temperatures
in the range 18-22°C were the optimum for the development of the
water stages of A3. ssoenis.

The diff=rence between the exitremes in the ilength of the
developmental period for each stage was least in the expcriments st
19-20° and 24-259C; i+ did not exceed 1 to 1% days, or in very rare
cages 2 days., At 28-30°C, the developmental periocd of 2ach stage

luctuated considerably in length; both shrortening and lengthening
of the pariod were observed. The larvae at these temperaturss were

lsos active, and threlr mortality was as -mch as 39%. The
duration of the egg stage at this temperature was great
24-28°C, the developmental process in same of the sxperin
dragging cut to 14 days. A1 32°C, all the larvae perish
firat to third instars. In some cases the developmen
larvae in each of the periods of growth dragged ou
sight daye. The reaction of the larvae 1o stimulation w
gish, In our esperimcnis, this temperaturs was the uppe
for the development of the stages of A4, @z0d8nis,

+
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Observations carried cut with the
diffsrent waye showed that in cases wher= the
variation caix within the zone of detriment
develonment of some stages had 8 greoeter durgtiorn
casep where the uppér temperatu:r. limit w

1 marked in the
i
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This wsas particularly well
sxperimenta with the temperature {luctust
the mean duration of itne developmentul pe
stages was equal to 25 days, while the eg
averags completed in 1ly days {extremes,

]
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¥ith the tsmperature varying within limits
ths dstrimantal level, development was compietedl in p
egual to or somewhat less than atl the corresponding mean
ture.,
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I7, Obvservationz in Natural Surrcundings

Observarions under natural
C.tritasnliorhyncls by tha nature ol 1 phenology is, undcy the
climatic conditions or the Maritime Territory, a late-sunrer

species, Its firagt larvae, usually in the second or third in-
stars, are to be found on the =nd of the first to the bheginning
of the second half of July. On this basis, we must take the end
of the first half of July as the tine when the femalcs of
C., tritaeniorhyncu? 18 so restricied that over the SiX_JGJP
period of our observations we did not once succeed in detecting
them among mosquitoes attacsing. P.A,
during the said seascn ol the ysar the
0.01% of the total number of attacr-ing n

onditions Sbowwd that
w2
Pl

o
—

ATRISHCHIVA remacks that
constitute not mors than
0

"*1’1’)

The haxnaxﬁg out »r the first generation takes place ex-
clusively on bodies of water wnich are entirely typical and which
may he described elther as permanent or long in existenve {laxe~

shore or riveimn-bank SWamD, rice~fields, warpy patches

in hollows)o The extent of the initial aj of the mos-

quito populaticon is dezermined by {he num cal h~tehing-
ponds and theilr distribuiion ove" the ter iven disurict
a1t the time when the hibernzting mosquito Se Qbserva-

Tims carried cu, over & num‘er of 7ears tha fact that
C. tritaenvorhynous in the southe areas itime Ter-
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of Qctober, Isolated L&“Va" of this generation ces be found up

to the second half of October,




Thus, in the Maritime Territory, the whole season of

agtive 1ife of O, <ritaeniorhyncus subdivides into the following
four periodaiw

1) Hivernating females take wing., Second hall of June
to Tirst fow days of July. ‘

2) Period of initial growih of mosquits population.
July to first ten days of August.

3) Period of wide distribution of population and its
further increass o the maximum pceint. From the first few days of
Auguct to the end of the first 10~day peried of September.

4) Period of sharp decline in the aciive populatioca,
encing in the complete cessatior of activity of the winged {orm.
From the middéls ten days of September to the first few days of
Detober,

Ad, gacénis is an csrly-summer species: in the Maritime
Territory it reaches its mex.. ™ numbers in June and the first half
of Julye

The first larvae of this gpecies were found .7 us in the
last few days of April (minimam atmospheric temperature averaging
+2.,5°C), while the first generation was observed to get its wings
on the 18th to 20th of May (in 1944)., The mean atmospheric
tempersature over the periocd or deve'opmnent of the wa °r stages was
within the limits 11-14,5°C, During this period, larvae of the
species were 16 be found in puddies formed in the meadows by
ageunmilations of melt-water,

The maximum population of this species 1s determined by
the firet generation teking fiight, and is observed from the 1&ih
of June to the 5th or 8th of July. srom the end »>f the first
half ot June to the end of August the larvac of the species are
feund in very insignificant numbera, a fact which may be explainead
not only by the drying up of the greater part of the typical water-
boudizg but also, it seems to us, by tkh unfavorable temperature~
ernditions in the summer period. This is supported by the fact that
we f.id the odd larva only in heawvily shaded, relatively cool
water., Tn the first days of September the larvae of de, escéntis
were to be found, .1 the southern nireas of the Maritime Country,
both in newly foried and in previously existing bodies of watrr,
Taelir relative numerical strength in the first hall of September
amounted to 7,5~-8.2% in typical ponds.

All shis gives groumnds for believing that in ihe Mari-
oime Territory A6, esoenls produces a mass flight of only one
generation; adulthooa is reachea by the second generation, asnd
pussibly in some p aces by 8 third generation, ia a process which
3.8 gpread mut over the whole lengtii of the season. These genera-
tions are ins.ignif’cant s far as the number of mosquitoss
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reaching the adult stage is concerned; they are incapsedlse either
¢f maintaining the population through the whole summer season oOp
0f cauesing eny marked incresse st the beginning of sviumn.

Only in yesrs with ragu;ar and abundant prec ip*t& tion
did we observe a less marked deeline in the population of this
spacies in June; this is to »e exrplained by a greater simultansity
in the maturing ¢f second~generation sdults in these years.

Ad, {P.} Joponious, ILarvae of the third and fourth
instars wers recorded in 1’4 on the Z2nd-23rd of ﬁay, Emergence
of adults of the first generation began on the 28iL-22th of HMay.
The .ninimum atmeospheric temperaiure for the f¢r8u half of May,
in the uistriat winere we detected this species, was wiihin the
1imits 1,8-7%C and the mean temperature waa within the limits
Vuiv,éoc. The chances of suuneguenv generations of this Sp@“les
developing 1s in great part determined by the exlstence of typiceal
hatehing pools, small artificial and natural bodies of watar@
within the ersa which is its habitat. In the autwmn period we
wers abv's $0 find .3, (¥.) Juponious, both in the adult and
laprsal forma, until the end of Septesber end the first days of
Qatobar,

Under favorsble meteorclogical conditions (scanty precipi-
tation) there may be a break in the uninterrupted transition from
one generation to another; thie was observed in 1944 &t a number
of pointe in Viadiveostok Listrict, Under favorable conditions;
however, 48. (F.J) Joponious in the Maritime Territery may produce

a flight of not mare than feur generations, which wllil rsach 1ts
numarical meximum at the end of the sscond halfl of June. Ths
nunbar of generations in one seasor may differ at different places,
this depending on ihe way the varicus conditions for the hatching of
this species fall into combination at any place,

On the basis of the above facts, conircl measures against
tho larvae of O, tritaentorhynous in the areas wheres this species
{8 presont in large numnbera should start at the end of the first
half of July and terminate in the second halfl of September; in
placsa whore Ad, escénis and Ad8. (F.) Japonious ars wideapread, such
measures should extond from the end of the firet half of May to
the boginning of thes seocond hall of Bsuptambor.

The thoroughress of anti-.arval measures to vo taken at
different poriodes of the season mst be decided in saoh dAistriotd
on the basia of larva~reconnalssances.




