RESISTING POWERS OF THE LARVAE
OF CULICIDiE TO DESICCATION.
BY E. JUiNJNIiNljrS,

MAJOR,

Bareilly.

In ppril, 1901, I took yup the gupject as to

how posquitoes, especially culex, (as 1 am glad
to say anopheles are scarce here ) tide over the
different seasonal periods inimical to their breed-

ing. I started with eggs, and carried out in-
numerable experiments in order to see if gggg
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removed from water could be placed in such

surroundings, that after a time 011 being replaced
in water they would hatch out. I found after
all my experiments that eggs removed from
water for 24 or 36 hours in no case hatched out.
This has led me to believe that the different
periods are not tided over by eggs. One of my
experiments place eggs ©n dry mud
taken from a small tank. The mud was put
in a small glags vessel, the eggs placed °u the
mud, and water was then poured into the glass
vessel. After two hours ! found on looking into
the water four larvae. Although the
eggs did not hatch, this at the.time did not
strike me as being important, since I thought
these larvae seen were in the water which I had
taken from a tub in my bathroom.

At the end of April I went home on leave,

was to

or five

and so did not carry on any ™ore experiments,
although I had satisfied myself that eggs must
be put out of court. Or. returning i July this
year 1 made several experiments with larvae,
which I need not repeat here as they wexe
failures. On reading through my notes I came
the remark that =~ there four or
five larvae in glass vessel which contained tank
mud on which eggs had been plaCed.H This
struck me as being worth while to repeat, but
with certain precautions, viz., filtered
water. In my garden is a small shallow brick
tank, the size being 2! x 6." The tank
is in the sun. I examined it and found a certain
amount of mud and dead leaves at the bottom.
There was about inch of water, and it
swarmed with larvae of culex of various ages, also
nymphae nnd eqgs. This was on the 18th of
August. On the 21st the tank was dry and the
mua | quite dry. [ scraped up the whole of this
mud and put it into o box. ©On the 21st I put
some of this dry mud into a small glass vase a]_ong
with filtered water. Two hours after I found
Some of this mud I put into water
every day till September 3rd, when I pyt, it in
every other day till the 23rd of September, with
the results given in the Table below. On the
28th August, 1st September and 21st September
the results were nil. This may have been due to
no larvae being in the mud, or to their having
died; anyhow it made 1o difference, as o1 sub-
Sequent days larvae appeared. A month after,
viz., 23rd October, I again put seme ©of the gry
mud into yater, and found larvae in the water
six hours after. The water being much colder in
October, hence the delay in the larvae being
resuscitated. The last of this mud I placed in
water on November 1¢th, and found two larvae
after seven hours.
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to use
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one

two larvae.

I have some other mud which
has now been two months perfectly dry, and

which gives me good results on being placed in
water. From this mud I shall continue the
experiment. I am certain that if after qomplete
desiccation, larvae can be resuscitated after nearly
three months, then the}7 will come to life after a

much longer period. ©On referring te the Table, it
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will be seen that only those larvae of about two
to three g]ays old survive. I have
any ©1deT er any nymphae, although the water
contained larvae of all ages, 2180 nymphae and
eggs.
In these experiments, it gy be said, that the
eggs, which were 3lso present, hatched out.
I do not think so for the following reasons:?
ls??Experiments carried out in pprj] 1901
® eggs gave °° results.
2nd?I could find no eggs in the mud after
being placed in water.
3rd?The size of larvae were much too ]_arge
for newlv hatched larvae.
4th The ghort time in which larvae ap-
peared in the water.
Everything points to the fact that the
presetit were not recently hatched. All larvae
ran their usual course and became

never found

larvse

i mosquitoes,
as will be sleen on referring to Table. On refer-
ring to Giles' excellent book om Gnats and

Mosquitoes, second edition, page 123, the follow-
ing will be found:?"Desiccation, o=n the other
hand, was better borne by the nymphge, which
in a few daYS were transformed into very active
mosquitoes, iM spite of being placed in dry river
sands, so that a drying up of = pool does not gtop
the development of such insects as have reached
this gtage, while the larvae were all dead in two
days if dried at20C., and both stages were killed
by two minutes' exposure £ 2 temperature of 40C.
Experimenting in India 1 found that larvae
were ygyally dead and decomposed before the
mud of the pool in which they had lived had
dried up by ordinary evaporation."

In my experiments T found that all larvae over
three days old or thereabouts did not revive?
in fact all my first experiments ended in failure,
as I had experimented on larvae of SiX, seven or
eight days old. I also find that they do not
survive in mud taken from every tank. ‘
now experimenting as to the conditions, i.e.,
to ascertain if the water has to be rapidly
evaporated iR the gy, or out of the sun. Time
of yvearThe experiment in 19.01 was in April
before the raing, and the one 1in August after
the rains.  Season gy have something to do
with it No nymphje 1'.1ave ever survived in
my experiments; but in future experiments
they may prove to do so. The facts which
I have up to date verified are :?That Culex
larvae of a certain ac-e can Survive after nearly
three months' Complete desiccation. No nymphae

I am

or eggs have survived after desiccation. The
larvae that have Dbeen resuscitated =xrun the
usual course and become mosquitoes. If this

is true for CUleX, I am almost sure that the same
will hold good for anopheles, in fact, in one of
my experiments on anopheles larvae I believe
that they did gsurvive. The experiment was not
completed, @= an accident happened t°© the glass
vessel, a rat hayipg knocked it over.

I have not been able to carry ©Ut any
experiments with anopheles because, with the

more
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exception of ene small puddle under a tree which
contained anopheles, I have not been able to find
<'iny larvae for some distance ground, but I hope
that those more unfortunate who have pools
with gnopheles in them might repeat my experi-
ment. I hope later to send you @ method by
which, if I may use the phrase, larvae can by
artificial means Dbe desiccated. I am now working
(n this. I find that a shallow brick tank with
the usual mud and leaves at the bhottom, the
tank beinfj in the sun, I8 the best place to take
mud from. The mud when quite dry is
scraped yp and put into a card-board box. A
;mall glass vase in which water has been placed
is best. I take some of the diy mud and drop it
on the water, thig floats at first and then gradu_
ally drops te the bottom ;, from two to eight hoars
after, according te the temperature of the water,
the larvae can be seen Swimming about. I find at
Barej_l]_y that tanks and certain shallow puddles
contain water yp tothe pheginning of April, during
which time culex can be found. [arvae, nymphae
and ggqg are tobe found in these tanks and pyg-
dles, but from April to the middle of Jyne, or till
the rains preak, mosquitoes are not seen. There
tanks or puddles, water being taken
from wells. It is this period which mosquitoes
}'1ave to tide In my experiment on eggs
0 April 1901 I found larvae in the mud, though
this is open to doubt, viz., that they may have
been introduced into the glass vessel from water
taken from ., tub, but from recent experiments
I believe myself they were in the dry mud. My
experiments, as far as I am gyare, were carefully

carried out, and errors guarded against; so 1t can
be taken that larvae of culex can survive three

This would easily

tiie

are no

over.

months' complete desiccation.
tide over the period of April, May, and June in
Bareilly, when water on the surface is yery scarce,
and I have no doubt that the period of desicca-
tion can be considerably prolonged and the larvae
survive.

I believe this 1is the only method by which
culex tide over periods inimical to their preeding.
I have kept mosquitoes, ,and have tried various
methods to prolong their ]ivyeg; but 20 to 30
days is the longest I have been able to keep
them 3live, without food or water eight days.
Now during the hot weather, at least in pareilly,
viz., April, May and June, = mosquito I very rare,
in fact I have .HOt seen one. If they arelpresent'
what do they live on ? Green yegetation I8 scarce,
at least what one would elxpect = mosquito to eat.
HOW can the}7 then survive the three months in
which water and food, ! might say, are absent?
I am still working at experiments to find if it
s possible to keep = mosquito alive without
food or water. I find if kept in the dark, they
lve Jonger than if exposed to light. It may
be that mosquitoes breed in ppril, may have the
power of hibernating, 2"¢ doing without food
°r yater; if not, I do not see how the}r can
survive, egpecially in the Punjaub, where food,
except animal, is more scarce than in the Upper
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Provinces. If they prolonged their lives on
animal food, Why are they not seen and felt ?
Eight days is the longest period I have been able
to keep = mosquito alive without food or water.
Unlder favourable cc‘)ndltlons, from twenty to
thirty days. In Bareilly I have found culex in
all months except Apri]_, May and June, and it
is during these months, when food for the mos-
quitoes, and water for eggs, larvae, and ny|mphae
is absent, that the ,oyer OF the larvae of a certain
age to survive dessication enables them to tide
over the period during which they would become
extinct.

Table giying date in which dry mud was put
into yater, with number of hours after which
larvae, appeared, their apparent age ; date on
which pymphcB @19 mosquito appeared.

Hours after

Montn M™udwaspyt] Age of Dateon which Date on which
and date, In water larvse nymphs mosquitoes
that Larvae about appeared. appeared.
appeared.
21-8-03 Two 2 to 3 days 25-8-03 27-8-03
22-5-03 Four 2to3 . 20-8-03 28-8-03
23-5-03 Two 2to3 27-8-03 28-8-03
24-8-03 Four 2to3 28, 29-8-03 29, 30-8-03
25-8-03 Three 2to3 | 2D, 30-8-03 30, 31-8-03
26-8-03 Five 2to3 | 30, 31-8-03 31-s-03and 1,3-9-03
1-8-03
27-3-03 Six 1to2 - 31-8-03 and 1-9-03 1.2.3,-9-03
28-8-03  Nil Nil Nil i1’
29-8-03 Two 1to3 | 1, 2-9-03 23, 4-9-03
30-8-03 Three 2to3 97 2-9-03 2’ by 4-9-03
31-8-03  Three 2to3 3, 5-9-03 " 7-9-03
1-9-03  Nil Nil Nil Nil
2-9-03 Four 2to3 - 4-9-03 6-9-03
3-9-03 Five 2to8 - 6, 7-9-03 7, 8-9-03
5-9-03 Three 1to2 - 12, 13-9 03 13, 14-9-03
7-9-03 Two lto2 12, 13, 14, 10-9-03 13, 14, 15: 1C-9-03
9-9-03 Two 1to2 13, 14-9-03 14, 15-9-03
11-9-03 Two lto2 X 16, 20, 22-9-03 17, 22, 23-9-03
13-9-03 Larva; found deid Ni1 " nil
15-9-03 Two 1to 2 days 18-9-03 20-9-03
17 9-03 Four 2to3 - 20-9 03 22-9-03
19-0-03 Two 2to3 287-9-03 24-9-03
21-9-03 Nil 1to2 - Nil Nil
23-9-03 six 2to3 26-9-03 28-9-03



