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NOTES ON THE OVERWINTERING OF CULEX TRITAENIO-
RHYNCHUS GILES IN JAPAN"'

H. R. BULLOCK, W. P. MURDOCH, H. W, FOWLER a~p H. R. BRAZZEL

Culex tiitacniorhynchus has been ex-
tensively studied in its relauon to japanese
encephalits virus (Mitamura ¢z af., 1938;
Petrischeva and Shubladse, 1940; Hammon
et al., 1949; Sasa and Sabin, rgso; and
others). Taxonomically C. wrrzaenio-
rhynchus is assigned to the typical sub-
genus Culex, of which all known members
overwinter in the adult stage in temperate
regions. Sasa (1949) and La Casse and
Yamagud (1950) assumed that C. wita-
entorhynchus should conform to the same
overwintering pattern and speculated that
this species overwinters as adults in small
numbers. Precise information on the over-
wintering habits of this species is of signif-
lcance in relavon to determining whether
the virus ol Japanese encephalitis over-
winters in the arthropod vector as appears
to be the case with western equine encepha-
lias virus in Culex tarsalrs (Blackmore ¢z
al., 1956 and Reeves ez «l., 1958). Studies
on this phase have been pursued by this
laboratory for the past cight years, although
searches for the overwintering stage of the
mosquito have been essentially negative
(Apon. 1949-1956).

In the {ail of 1957 it was decided to con-
tinue the search for overwintering adults
primarily because ol the observation that
this species develops hibernation character-
istics when the daylight period becomes less
than 12.5 hours and that adult females ap-
pear before immature stages and males in
the spring. Nakata (1954) observed a
single specimen of C. tritaeniorhynchus in
the laboratory from October 1953 until
March 7954. The temperature data pre-
sented by Nakata indicate thac C. #i-
taeniorhynchus could hibernate under lab-
oratory conditions.

i A contribution of the Entomology Department,
4o6th Medical General Laboratory, APO 343, San
Francisco, California.

Procepure. Field work commenced with
concentration on adule collections from
habitats previously unreported as well as
from known classical mosquito hibernation
habitats.  The primary siudy area was
Shinhama in Chiba Perfecture, Honshu,
Japan. This area had been previously sur-
veyed for mosquito larvae and adults dur-
ing the spring and numerous virus isola-
tions had been made during the fall of 1957
irom C. #ritaenioriynchus by the Depart-
ment of Virus and Rickettsial Discases of
this organizadon. Iminature stages of
Cnlex vishnur, indisunguishable {rom C.
tritaeniorhynchus in the adult stage, have
not been collected from this area.

Routine dissections of overwintering C.
pipiens were made to determine the status
of hibernauon characterisiics as have been
described by vartous authors (Swellen-
grebel, 1929; MacGregor, 1931 and Buxion,
1935). Observations were made on ab-
dominal fat body development, ovarian de-
velopment, insemination, and evidence of
recent engorgement in hibernating mos-
quitoes to establish criteria for determining
whether a Culex specimen collected in win-
ter was unequivocally a hibernaung adult.

Adult hibernating female mosquitoes
were dissected 1n 0.6 percent saline solution
under a dissecting microscope and then the
dissected parts were cxamined under a
compound microscope.  Sudan IV stain
was added to the material on the slide w
atd in fat determination. Spermatozoa
were readily seen when present by adding
slight pressure to. the cover slip thus crush-
ing the spermathecae. Subjective categories
for fat development were: stage 1
(4—4-+). abdomen with extensive fat
body causing distention; stage 2 ().
fat bodies on dissection and abdomen not
distended; stage 3 (), definite fat body
development usually found in antenor
third of abdomen and traces around. sper-
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mathecae; stage 4 (—), few or no fat cells
present in abdomen. Subjective categories
for ovarian development were: stage 1
(), mature eggs: stage 2 (),
volk (ovum) flling over half the follicle;
stage 3 (=), yolk (ovum) filling half the
follicle or less; and stage 4 (—), little or no
volk present in follicle. Stages 3 and 4 are
comparable to Christopher’s (1936) stages
2.and 1 respectively.

Resurts. The percentages of hibernat-
ing characteristics as revealed by dissection
of 712 adult Culex pipiens collected trom
October through December 1957 are shown

During this study, adult C. zizaenio-
rhynchus were collected in the Kanto Plain
area every month during winter of 1957—
1958, except March. The data on hibernat-
ing C. tritaeniorhynchus females collected
in nature from 18 September through 21
February 1958 are shown in Table 2. Table
2 does not inciude specimens which were
collected in October and were not dissected.
All specimens possessed hibernation char-
acteristics when dissected. Although the
number of specimens collected was not
large, it was established that C. vitaenio-
rhynchus does overwinter as hibernating

in Table 1. Tt was observed that all the adults in the Kanto Plain area.

TABLE 1r.—Percentages of hibernation characteristics as tevealed by -disscctions ot Culex pipicns

collected from October through December 1957
Fat body present Without
Number of Not avartian {(—)

Month specimens ++4+ 44+ -+ Inseminated engorged  devclopment
October 110 73.6 14.4 03.6 2.7 09. 3 9G.3
November 333 95.0 06.3 005 95.0 90.5 9u.5
December 26¢ a6.3 02.6 00.0 985 100. 0 08.%

Totals 712 Q1.6 03.4 0. R8s g6.0 09 . & 99. %

population of C. pipiens did not acquire
overwintering -characteristics at the same
time. Egg rafts of this species were still
being collected in October when part of
the population had already begun to hiber
nate. Of approximately g,000 hibernating
C. piprens collected in November through
February, none showed evidence of a blood
meal. The first spring-collected C. pipiens
that showed evidence of a blood meal were
collected during the second week :of March
1958. Becausc of these data on C. pipiens
the following combination of characteristics
of a winter-coliected adult female mosquito
is considered to be unequivocal evidence of
hibernation and overwintering: (1) pres-
ence of fat-body development in the ab-
domen: (2) lack of ovarian development:
{3) presence of spermatozoa in the sper-
mathecae; and (4) lack of recent engorge-
ment, if in the state of true hibernation.
Detailed data on hibernation characteristics
are presented in the annual professional re-
port of the 4o06th Medical General Labora-

tory of 1957 (Anon. 1957).

The main hibernating habitats of C.
tritaeniorhynchus adults were 1in brush
and wood piles of the common pine, Pinus
densiflora Sieb. ct Zucc. Specimens were
also collected from bundled bamboo, Psez-
dossa japonice Makino, wood piles com-
posed of Quercus acuta Thumb. and Zel-
kova serrata Makino, and a cave.
Undoubtedly C. tritacniorhynchus can be
collected in other habitats in ‘winter and it
is believed that bamboo ground litter
should be given particular attention in
tuture surveys. Adults collected from brush
piles were often found to be lethargic and
did not readily iy when disturbed.

Temperature and humidity data were
obtained from a self-recording hygrometer
and thermograph apparatus placed 20
inches trom the edge and surface of a pine
brush pile. The winter temperature ranged
from 14° to —1.0° C., but seldom reached
It is probable that the

centers of large brush piles never freeze.

0° C. in winter.
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The relative humidity ranged from 20:to
O1 percent.

From a total of 11,622 ‘hibernating mos-
quitoes of all species, collected from "all
habitats during winter, 4,255 specimens
were collected from brush and wood piles.

Russian workers have reported (litera-
ture unavailable) that adult females of C.
tritaeniorhynchus may overwinter in moss,
cut grain fields and shrubbery. No speci-
mens have been collected from similar
habitats in the Kanto area.

During this study, Culex vor and
Culex rubensis were collected in winter in
anagawa Prefecture. This laboratory has
no previous tecord of these two species
being collected during winter months.

A few Culex hayashii males were col-
lected each month during the winter.

Barr, vide Wallis ez «l. (1958), states that
after taking a blood meal it seems improba-
ble that Cztlex mosquitoes can undergo the
physiological adaptation process {gonado-
trophic-dissociation) which is necessary to
convert egg Pproduction to hibernation.
Pilot studies on hibernation characteristics
cond-icted at this laboratory show that it is
physiologically possible for colonized C.
tritaeniorhynchus to develop hibernation
characteristics with or without a blood meal
when subjected to less than optimal light
period.

C. rritaeniorhynchus can be made to de-
velop characteristics, such as fat body de-
velopment, on a diet of sugar water when
subjected to less than an optimum hght
schedule. If this occurs in nature, 1t ‘would
be unlikely that this species would be an
overwintering host for virus, unless trans-
ovarian transmission is involved. TPerhaps
there is mot a true gonotrophic dissociation
in C. #ritaeniorhynchus as stated by New-
son and Blakeslee (195%) but just the lack
of a blood meal stimulus for ovarian de-
velopment. Tt may be possible 1o determine
whether a hibernating Culex mosquito
takes a blood meal before hibernating by
determining nitrogen levels in experi-
‘mentally fed mosquitoes over different time
intervals and in mosquitoes collected in
nature throughout the year, and particu-
larly in the winter.

X

Other observations on hibernating char-
acteristics were that-ovaries of laboratory
reared C. tritaeniorhynchus, ted only on
sugar water, -occasionally develop to the
stage “in ‘which the ovum occupies half of
the follicle. When a group of C. #rizaenio-
rhynchus females are given a single blood
meal, fresh apples, and subjected 1o less
than optimal light period, part of the group
will develop overwintering characteristics
such as ‘gonadotrophic dissociation. This
was accomplished experimentally by plac-
ing caged and recently engorged mosqui-
toes in a location where thev did not receive
the benefit of a light control box that ex-
tended the day light period to 15 hours.

Summiary. During the winter of 1955
1058, it was determined that C. zrizacrio-
rhynchus overwinters as adults in Japan.
The main habitats in which specimens
were collected were brush and wood piles
of the common pine, Pinus densiflora.
Specimens ‘have also been collected from
wood piles of Zelkova serrata and Quercus
acura, bundled bamboo, and from a cave.
Data from pilot laboratory studies indicate
that there is a possibility that C. ¢rizaenio-
rhynchus does not require a blood meal to
overwinter. 1f this be the case in nature,
it would be unlikely that this species would
be an overwintering host for virus unless
transovarian ‘transmission is involved.
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