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GREY MOSQUITOS :

II.?Results of Feeding wvarious Insects on
Blood containing various Species ofx*
Gymnosporidia.

1. List of Former Results.?Before describ-
ing recent experiments it is advisable to record
briefly those made since I first took up the
subject it May 1895, up to the end of pebruary
1898. Each set of experiments or observations
will be entered as a geparate series.

Series 1.?From May 1895, out of a yery large number
of mosquitos ©f mauy species examined ypfed, none

contained pigmented cells.
Series 2.?From Mgy 1895, out of a number of brindled

and grey mosquitos fed on healthy persons, Tene con-

tained pigmented cells.
Series 3 .?From May 1895, out of a very large number

Service, dated 19th September 1897, I describedof brindled mosquitos fed on patlients with crescents,

pome peculiar pigmented

August 1897 in two dappled-winged mosquitos
fed on bloocd containing crescents, and anticipated

that they were a gtage of the parasite of malaria

An abstract of the peport wasdappled-winged mosquitos fed on a case of cregcents,
topigmented célls were found in three.

in those insects.
published in the British Medical Journal (1),
which appended remarks [ Dr

were some

ells found py me inpigmented ©

ells were not observed 1n gny,

Series 4.?From 1896, out of a large number of grey
mosquitos fed on patients With crescents, pigmented cells
were not found in gpy,

Series 5.?In apugust and September 1897, out of four

Series 6.?In August and September 1897, out of a
considerable number of small dappled—winged mosquitos

Manson, Mr. Bland Sutton, and Dr. Thin on the fed on healthy persons, pigmented cells were not found

original specimens, Which they had seen. While
Dr. Manson thought that the cells might be the

extra-corporeal phase ©f the parasite ofmalaria,
it was, on the other hand, considered possible
for them to be either normal cells of the mosquito

1
or some parasite in it quite independent of
malaria. In September 1897, however, the cells

were seen ggain in two ordinary mosquitos fed
on malarial plood; and the fresh light which

these new oObservations threw on the subject
enabled me to show () that the}A must be at
least some kind of pathological growth in the
insect; indeed, little doubt now remained in my
mind that they actually were what I had from
the first gypposed them to be.

2. Abstract of Recent Researches.?I have
late1}7 been able to obtain conclusive evidence to
this effect by having succeeded in producing
these pigmented cells at will in grey mosquitos
by feeding them on birds infected by proteosoma,
Labbe?a parasite very similar and closely =e-
lated to the hsemamcebjie of malaria
Numerous control experiments in which mos-
quitos ©of the same gpecies were fed on healthy
men and birdsl or on men and birds with other
gymnosporidia (to which order all these parasites
belong), invariably yielded negative Tesults.
Further examination of the cells showed them
to be the early stages of parasites, which mf‘est
the external wall of the insect's stomach, which
in six or seven Jayg reach a growth of no less
than 60 j or 70 , and which are fipa]ly extruded
from the organ into the general body-cavitj” ©f
the host. There is no doubt then that these
parasites =¥ = development in the mosquito of
proteosoma in birds; and to judge from their

structure and mode of growth,
observed, I take them to be cocciclia.

in man.

so far as

yet

in any.
Series 7.?In September 1897, grey mosquito
caught feeding on a case of mild tertian contained

pigmented cells.
Series 8.?In January 1898, out of 30
(Tabanus) and some lice fed on pigeons With halteridium,
Labbe, none contained pigmented cells
Series 9.?Early in February 1898,
brindled mosquitos fed on a case of triple quartan, nene
contained pigmented cells-

2. Discovery of Pigmented Cells in gGrey
Mosquitos fed on Lurks with Protensouni.? In
February 1898, 1 was placed Ly the Government
of India on gpecial duty ®° prosecute tliese
researches and was given the use of Sursjeon-
Lieutenant-Colonel D. J). Cunningham's L-ibora-
tory in Calcutta for the purpose. Steps were
immediately taken to Hud aqain, if possible, the
pigmented cells by feeding different gpecieg of

mosquitos em blood containing different gpecieg
°f gymnosporidia. It was found that calcutta

abounded in the grey ©°F barred-back species
°f mosquito, which is the filaria-bearing species,
and with which I had already experimented
in Series ), 4 and 7 above. These had uni-
formly yielded negative results in Secundera-
bad when fed on blood containing crescents.
Nevertheless, owing to difficulties in the way

°f obtaining other varieties, both of mosquitos
and of malaria c,geg, numbers of this kind were

again fed on o patient infected with crescents.

one
horse-flies

out of 34 brown

ut of 41 of these searched exhaustively £or pig-
mented cells, not one contained them (Series 10).

n unrecorded number, 50 more, examined

say
unfed, or, after feeding o= healthy persons, gave
similar negative results.

As it was not the malarious
year,\and as cases of hsemamcebiasis

for these experiments were not at all

season 0f the
suitable
easy to

a
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procure, it was thought advisable to commence
work on the so-called malaria parasites of birds.
Accordingly, = =¥ew (corvus splendens) and two
tame pigeons infected with halteridium were
obtained; and on the nlght of the 11th and
12th March these, with four short-toed larks
(calandretta dukhunensis) and sparrows
(passer Indica), whose blood had not yet been
carefully examined, were placed iR their cages,
all within the same mosquito netting’ and a
number of grey mosquitos ©f the species I had

lately been experimenting with were released
within the net. Next morning, numbers of

these insects were found gorged with blood and
were Caught in test-tubes in which they were

six

kept alive for two or three days,

On the 13th March I commenced to examine
them. out of fourteen of them, pigmented
cells were at last found in one.

Believing a= I did that these cells are derived
from the gymnosporidia’ I judged from this

experiment that the grey mosquito which now
contained them had fed itself on one of the

birds which happened to be infected by 2 para-
site capable of transference to the grey species
of mosquito. As all the birds had been placed
together in the same net, the question now was
which of them had the mosquito fed herself
upon. This could be easily ascertained. A
number Ofmosquitos of the same species had
meanwhile been fed separately o= the crow and
two pigeons with halteridium; but out of 34 of
these examined not one contained pigmented

cells. Hence I came to the conclusion that the

mosquito with pigmented cells had not derived
them from the crow and the two pigeons_ The
larks and sparrows remaned.

The blood of these hod not yet been carefully
searched. I now found that three of the 1larks
and one of the gparroys contained proteosomci,
Labb”, and therefore thought it possible that
the mosquito had been infected from one of these.
Accordingly, °= the Hight of the 17th and 18th
March, = number of grey mosquitos were releas-
ed on the three larks with proteosoma, and next
morning it was found that nine of these had fed
themselves.

On the morning of the 20th March, that i,
from 48 to 60 hours after feeding, these nine
insects were examined. Pigmented cells wexre
found in no less than five of them. After the
long continued negative experiments with this
kind of mosquito (and indeed, I may say, after
three years' doubtful sttempts to cultivate these
parasites) this result was almost conclusive. It
indicated, as was surmised before, that when a
certain gpecies ©f mosquito s fed en blood con-
taining = certain species ©f gymnosporidia, pig-
mented cells are developed. Hence it would
fOllOW, as an eagy COrOllarY, that the cells are a
stage in the life-history ©f the gymnosporidium
in the pogquito.
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It was now necessary, however, to confirm and
amplify this observation, and obtain formal

proofs of the theorem, by repeating these expe-

riments and by studying the pigmented cells
themselves. Accordingly from the 18th March

to the present date many differential experi—

ments have been completed by feeding grey
mosquitos as follows : =

(a) ©On larks, sparrows and a crow with
proteosoma.

(b) ©n crows, pigeons and other birds with
halteridium only.

(c) ©On a lark and a gparrow With imma-
ture proteosoma only.

[cl] ©u = healthy sparrow.

Only the insects fed ou have con-

tained pigmented cells.

I will now give = list of these eXperimentS,
dividing them into series numbered in succession

to those already recorded in paragraph 1 of this
section. They will be found to illustrate in a
striking manner the restricted association be-
tween the proteosoma in the birds and the pig_

mented cells in the grey mosquitos. Beginning
from the commencement of my employment on

special duty the series are as follows : =
3. List of Recent Results. Series 10.?20ut of 41 grey

mosquitos fed on a case of crescents (4th to 21st March)
none contained pigmented cells.

Series 11.?0ut of 15 dark-greenish dappled-winged
mosquitos fed on a case 0f (cregcents, none contained pj_g_
mented colls. These insects were probably of the same
genus, but not of the same species as those employed in
Series g in which pigmented cells were found after
feeding (4th to 21st
March) .

Series 12.?0ut of 6 grey mosquitos fed on a case con-
taining immature mild tertian parasites (night of 7th to
8th March) none contained pigmented cells (compare
Series 7).

(a)

group

i

011 blood containing crescents

Series 13.?0ut of 14 grey mosquitos fed on 1 crow
and 2 pigeons with halteridium and 4 larks and 6 spar-
rows, some With proteosoma (night of 11tli to 12th
March) one contained pigmented cells.

Series 14.?0ut of 34 grey mosquitos fed on 1 crow
and 2 pigeons with halteridium (12th to 15th March),
none contained pigmented cells.

Series 15.7?0ut of 17 grey mosquitos fed on 3 Jarks, all
with proteosoma (17th to 19tli March), 10 contained
pigmented cells.

Series 16.?0ut of 46 grey mosquitos fed on 2 larks
and 1 gparrow, 21l With proteosoma (19tli to 23rdMarch),
27 contained pigmented cells.

Series 17.?20ut of 58 grey mosquitos fed on 1 crow
with proteosoma caged together With 1 crow with halteri-
dium (19th to 27th March), 40 contained pigmented
cells.

Series 18. ?Out of 3 grey mosquitos fed on 2 pigeons
Avith halteridium (night ©f 20th to 2ist March), none
had pigmented cetls-

Series 19.720ut of 18 grey mosquitos fed on 3 sparrows,
two of which had proteosoma, while the third was
healthy (24th to 26th March), 6 contained pigmented
cells.

Series 20.?0ut of 13 grey mosquitos fedon 2 gparrows,
both with proteosoma (25tli March to 1st April), 12 con-
tained pj_gmented cells.
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Series 21.?0at of 12 grey mosquitos fed on 2 ]_alrks,
both with proteosoma (26th to 31st March), 7 contained

pigmented cells-
Series 22.7?0ut of 10 grey mosquitos fed on 2 crows,

both with halteridium only (night of 20th to 31st March),
none contained pigmented cells.
Series 23 .?0ut of 25 grey mosquitos fed on a healthy

sparrow (2nd to 7th ppril), none contained pigmented
cells.

Series 24 .7?0ut of 21 grey mosquitos fed on a gparrow
with a moderate number of proteosoma (2nd t© 3rd

April), 21 contained pigmented cells-
Series 25.7?0ut of 26 grey mosquitos fed on a gparrow

with numerous proteosoma (2nd t© 11th ppril), 25 con-
tained pigmented cells.

Series 26.?0ut of 34 grey mosquitos fed on 2
sparrows (subjects Of Series 24 and 25 gpoye), both with
proteosoma (7t1i to 16th Aprll), 30 contained pigmented
cells.

Series 27.7?0ut of 9 brindled mosquitos fed on 2
sparrows (subjects of Series 24, 25 and 26 above) , both
with proteosoma (7th to 9th April), none contained pig-
mented cells.

Series 28.20ut of 10 grey mosquitos fed on 1 lark

and 1 gparrow, Poth with immature proteosoma %night
of 9th to 10th ppri]), none contained pjgmented cells'.

Series 29.?0ut of 14 grey mosquitos fed en 1 lark with

immature proteosoma (night ©of 10th to 1lth ppril),
none contained pigmented cells.

Series 30.7?0ut of 102 grey mosquitos fed on various

crows with' halteridium only (3rd April to 8th May) ,
none contained pigmented cells. Of these 68 were fed
in Calcutta and 34 in the Darjeeling district.

Series 31.70ut of 5 grey mosquitos fed on a maina
(acridotheres tristis) with halteridium (pight of 6th to
7th May), mone contained pigmented cells.

Series 32.70ut of 5 grey mosquitos fed on a crested

bunting (melophus melanicterus) withhalteridium (pight
of 10th to 11tli May) , none contained pigmented cells.

Series 33.?0ut of a few lice and horse-flies (Tabanus)
fed on pigeons with halteridium (May), pigmented cells
have not been found in any.

4. Abstract of Recent Experiments with
Grey Mosquitos.?Thus we find - =

Oout of 245 grey mosquitos fed on birds
with proteosoma, 178, or 72 per cent.,
contained pigmented cells.

of 41 grey mosquitos fed on a man with
crescents, five on a case of immature

tertian parasites, 154 birds with
halteridium, 25 on = healthy sparrow,
and 24 on birds with immature proteo-
soma, total of 249 insects alto-
gether not one contained a singie pig_
!

mented lell.
5. Some Particular Experiments.?These
experiments, then, are sufficiently decisive it
remains to discuss some of them more parti-

cularly. After the pigmented cells had been
found in ]arge numbers of insects fed on birds

with proteosoma (Series 15, 10 and 17), it
was thought time to commence some formal
control experiments. Three fresh gporyoyg had
been examined on the 23rd March after a day
of fatiguing work with the oil-immersion lens,
and no parasites were oObserved in them. A
stock of mosquitos fed them, however,
showed pigmented cells in six out of eighteen in-

Oout

on

or a

on
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The birds were examined again
found that two

sects (Geries 19).

more  carefully,
out of the three did contain proteosoma after all.

Indeed, when re-examined, one contained large

it was

when

numbers  (pgrelj'-, about 1 paragite to 50
corpuscles), the second contained a moderate
number (about ! parasite te 1,000 corpuscles),

while in the third no parasites at all could be
I now placed these three birds in
and put each zge within a

found.
separate cages,
separate mosquito-netting.

quitos caught in the larval stage in the same
part of the same drain and hatched out in the

same breeding bottle were now liberated at the
same time (2nd April), partly on the first bird,
partly on the second, and partly on the thi.rd.
Next morning those which had bitten each bird
confined separately in test-tubes. On
examination (gerieg 24, 25 and 2¢) it was found
that out of twenty mosquitos fed at the time
on the gparrow With many parasites, and out of
the same number fed on the sparrow with a
moderate number, all without exception, namely,
40, contained pigmented cells; while out of fifteen
insects fed on the sparrow with no parasites, not
one contained, any pigmented cells. Moreover,
the stomachs of ten insects of each of these
series were preserved, and the number of pig_
mented cells in each series counted by means of
The result was as follows:?

A number of mos-

were

a low power.
(a) Ten mosquitos fed om the gparroy with
numerous prOteOSOma contained 1,009
pigmented cells, ox an average ©f 101

each.
(b) Ten mosquitos fed on the gparrow with
moderate proteosoma contained 292

pigmented cells, or an zyerage ©of 29
each.

{c) Ten mosquitos fed on the gparrow with
»e proteosoma contained no pigment-
ed cells.

I could not afford time to count with the oil-
immersion lens. Had I done g, the number
of cells found would doubtless have been larger.
One of the mosquitos of series (3) contained no
less than 445 of the. This experiment
was repeated later with a few pogayitos and
similar results were obtained.

Numerous experiments of the same kind were
mow carried on, by feeding mosquitos out of the
same b.reeding bottle at the same time, (a) on
birds with proteosoma, (pb) en birds with halte-
ridium. A large percentage of the former
always possessed pigmented cells; nome of the
latter ever did so. For instance, on the night of
the 12th to 13th April, = stock of mogquitos was
fed partly on the two sparrows with numerous
and moderate proteosoma put together, and
partly °n a young Srow with halteridium. Oout
of tyenty-tlnee of the former tyenty-two had
pigmented cells; while out of sixteen of the
latter none had them.

cells.
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Crows results.

gave interesting They ===
subject both to halteridiuin and to proteosoma;
but I have found only ome cxow with the latter.
In that one, however, the typical round gyopy-
lating form of proteosoma w=as observed.
some time the feeding experiments, for which
I used various combinations of two three
at

For

or
crows = time, had been giving contrary
results , at one time positive, at another

nega-
tive.

Oon referring to my notes it was seen that
the positive experiments occurred gply when the
crow with proteosoma had been present in the
net (Series ).

According te Manson's  theory,
mosquitos should not take phiee unless flage]late
bodies present in the blood of the subject.
Some experiments were designed to test this
by means Of feeding grey mosquitos om birds

with immature proteosoma. N© pigmented cells
"were found (gerieg 28 and 29), Further obser-

infection of

are

vations zre, however, requj_red in this connection.

Some of the experiments, namely, those on
birds known to contain ripe proteosoma (Series
24, 25 and 26) yielded @lmost invariably positive
results, namely, 76 mosquitos With pigmented
cells out of 81 fed, or 94 percent. Hence I think
it quite possible that in future gyperiments
made on carefully selected gybjects, positive
results may be obtained in 100 per cent, of the
mosquitos.

An explanation may P® required 2s to why
insects often fed on

were SO groups of birds.
The reasons are that wild birds become fright_
ened and restless if caged all night alone, and
that more mosquitos can be fed at once on
several birds than on one, since, as I have actu-
ally experienced, small birds can be killed from
loss of blood abstracted by t°© many mosquitos.
Moreover, according to theory, the presence °f
flagellate Podies is npecessary to infection of the
second host ; so that, especially when we have
not had time to make a previous exhaustive
study of the subjects' blood, the chances of
causing infection are increased by using several
birds at once instead of one. FOr more exact

work, however, single feeding must be adopted.
6. Deductions fyom the Feeding Experiments.
?There can be no question, then, that the pig-
mented cells are derived directly from the proteo-
W& can, however, already go
The fact that similar cells were not found in
control insects of the same species fed on blood

soma . further.

Containing other gymnosporidia will convince

acquainted Wwith paragitology that
not dealing here with any
physiological absorption ©f pigment by the sto-
mach cells of the mosquito but with avital pheno—
menon in the life-history ©f proteosoma, with a
remarkable transformation by which the pig-
mented parasite in the blood of the bird become

= pigmented parasite of some kind in .the stomach
tissues of the mosquito. It remains to add

any one
we

are mere
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another mass of evidence to the same effect, de-
duced from the ]pcation, structure and growth of
the pigmented cells in the mosquito; and to

show how they undergo = development similar
to that of filaria_embryos in the same host.

Some details ot the technique are, however’ re-
quired 2s = preliminary.

III.?The Structure and Development of the
Proteosoma-Coccidia in Grey Mosquitos.

1. Technique.?Mosquitos are obtained by catching
the larvre, or, better, the pupae, in pots of water, drains,
and puddles. These are placed in wide-mouthed glass
vessels covered with muslin or gtopped Witha plyg of
cotton-wool, and will soon hatch out into the perfect
insect.

The subject, whether a man or a bird in a cage, is put
onabed. The ordinary mosquito-netting (in good repair)
used in tropical countries is'gygpended over the bed and
is tucked under the mattress on which the subject has
been placed. The jar of mosquitos is introduced under
the netting and is opened, thus liberating 2 many ©°f
the insects as we wish. For birds a special netting may
be devised.

Mosquitos gorged with blood are easily recognised at

sight. They are caught by an assistant entering the net
and placing a test-tube S].OW].Y over them as they sit on

the gauze. & number of tubes containing @ given stock
of fed mosquitos is kept in the manner used in bactei'io-
logical laboratories for tube cultures, and the insects
are killed by chloroform or tobacco-smoke.

_Tubes containing mosquitos should be lightly plugged
with cotton-wool ; should have a few drops of water at
the bottom for the inmates to drink, and lay their
eggs in, and should be changed for fresh clean tubes
every morning.

The females are fecundated shortly after feeding.

Grey mosquitos fed at pight remain gorged and asleep
for all the next day and night. Towards the end of the
second day, however, the stomach peging to " clear," that
ig, the meal has been partly digested and partly evacu-
ated, leaving the organ empty. The eggs are usua}lg
laid on thethird day (with grey mosquitos), after whic
the insect generally dies if it has not been fed again in
the meantime. In order to keep them alive for ]ong
periods they must be fed again every two days. In this
manner I have kept them for twelve days; and, even
after that, the state of their ovaries that they
could have lived Jopger., As with other apimalsg, feeding
is necessary t° their existence. In order to refeed a
stock, the test-tubes are simply opened under a mos-
quito-net containing & erow or gparrows, and the insects
are caught again mext morning as usual.

2 mosquito is dissected for examination of the sto-
mach in this manner. A peedle, held in the Jeft-hand,
is passed through the thorax, the legs and yings are
pulled off, and, if necessary, the scales of the bOdy
brushed off with a The tail is then

saw b

camel-hair brush.
lowered into a drop of water, salt solution or weak for-
malin placed o= = glass slide ; and with another needle
held in the right—hand, the last two gegments O©f the

tail are partially separated and held down ypon the
slide. The left-hand is then moved in such a

as to draw gyay the insect.

manner
: If done s.kilfully,. the ali-
mentary 2and generative apparatus Will remain on the
slide attached to the last two gegmentsg ©of the tail. If
necessary, 2° when the stomach full, the last two

segments may P€ entirely separated and the glimentary
apparatus drawn out Ly the pegophageal end-

The alimentary canal consists of an gegophagus, @ single
sac, the stomach, and a short, straight (?) intestine lead-
ing to the anus and containing six heart-shaped glands
near the rectum. Five ]ong tubes, the malpighian tubes
open into the stomach at its jynction With the intestine.

is
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The stomach is royghly about 25 mm. ]opg and
between '5s mm. or 1'Omm. broad when uncompressed by
the cover-glass. Its ends terminate guddenly in the
-oesophagus and intestine respectively, the latter end
being easily recognisable by the junction of the mal-
pighian tubes (see Plate [ figure 23) Beginning at its
outermost surface we have first die ramifications of the
nir vessels , next a series of parallel bands of annular

and of Jongitudinal muscular fipres, crossing €ach other
at right angles and leaving square interstices (which
must pot, of course, Pe mistaken for epithelium), and
also some gblique bands; then a delicite homogeneous
membrane which does not stain gggily ; then several
layers of large cells which do stain gagily and contain
nucleus and nucleolus ; and lastly, the lumen, containing
blood, debris, water, bacteria, o= nothing noticeable. 1
think that the outer coat is homogeneous, Pecause 1 have
observed no cellular structure in it , but this may
“nevertheless really exist. The cells beneath it have a
diameter of about 30 o when yncompressed and contain,
besides the pycleus, numerous refractive granules of
different sizes which are particularly large shortly after

digestion. They often contain as well certain irreqular
but definite bodies lying close to the nucleus which may
be of a parasitic nature but I have never observed
within them any of the granular debris from the cavity.
Often, on the outer surface of the organ and among the
branches of the air yeggels, we find greenish, yellow or
colourless globules of a high refraction, from 1 jp £O 10 4
in diameter, free or enclosed in ge]lg, and probably of an
Oily nature.
I have never observed gregavines in grey mosquitos

they seem to be parasites only of the brindled genus-»
but the intestine is often packed with hosts of monofla"'-

ellate organisms, a@bout G (; in length, exclusive of the
flagellum. These may be seen adhering to the wall of
the qut, but breaking loose and swimming about activelv
on the addition of water. They have already been
described by me as gwarm-spores (3).

2. Growth and structure of the Coccidia.?l can now
proceed to a description ©f the development ©f the pig-
mented cells. Tt will be useful to guypoge that a stock
of grey mosquitos were fEd, °n a gparrow With mature
proteosoina °* * Saturday nghti. and that at the' same
time control ingsects, whose larvie were caught in the
same drain and hatched out in the same breeding bottle,
were fed on a healthy sparrow, o @ man with crescents,
and on a crow With halteridiuru, separately. Thus, i»-
sects dissected on Sunday, Monday, Tuesday,
be said to be dissected on the firgt, gecond, third,

day, respectively, after feeding.

As the insects were released ypon the subjects, say,
at 6 p.m. on Saturday night, and were not caught again

until, say, ¢ a-m- o= Sunday morning, and as they may
have fed themselves at any time, or at several times

during the night, it is clear that when they are killed

the period after feeding will have a margin of uncer-
tainty of twelve hours. An insect killed between G a.m.

and 6 p.m. on Sunday, however, must have a perjod after
feeding of between 0 and 24 hours , and one killed

between G a.m. and G r.M. on Monday must have a period
of between 2-1 and 48 hours ; and so oil. This method is

wanting somewhat in precision, PUt unfortunately it is

may

not g5gy, to feed and capture 2 number of night-biting {

mosquitos all precisely at the same tipe, and it is

exact enough for my present purpose.

First day, Sunday. ?Taking a control insect fed on the
healthy sparrow, we dissect it in the manner described

above. The stomach full of blood, with the oesophagus,
intestine, malpighian tubes and ovaries attached, lies
before us on the glagg slide. With the point of a needle
we open the side of the gy, and the contained blood
runs out freely into the water of dissection.

glass being mow applied, itsweight drives out almost all
the rest of the blood through the rent we have made

in the containing wall, and on holding the slide ,p to

On a cover-
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the llght, we shall see the oval tissues of the stomach
lying compressed, white and almost free from blood in
the midst of the dark red-brown mass of its expressed
contents. We can thus easily examine with the highest
powers the stomach tissues or their contents, separately ;
or, if V\l;e wish, we can wash away the latter by irriga—
tion with water or weak gtaing, and study the tissues
alone, unstained or stained.

In tlie ca‘se of the mosquito fed o011 the healthy sparrow,
we shall find that the contents consist of blood from
which most of the serum has been abstracted, leaving
What
serum remains is densely coloured with exuded haemo-
globin, in the midst of which the white leucocytes, still
living, ean easily be distinguished. ©Om examining the
tissues, we find the cavity still containing traces of 1i*mo-
globin-stained serum and perhaps = fow Jeucocytes and
red corpuscles: but, ©°f course, neither the tissues nor
the cavity show any gign °of the characteristic pigment
of proteosoma °r halteridium.

Taking, however, == insect fed on blood containing
gymnosporidia, whether licemamceba, proteosoma,
halteridium, we shall find in the contents, besides the
condition of the blood jyst described, not opnly traces of
these parasites, but also entire parasites still enclosed in
the corpuscles, or lying free in the yelloy serum. In
some of these the pigment is still oscilllating. If filarue
or trypanosomes be present, seme Will be found ]iyipg,
others dead.

I yill, for the present, make no attempt to describe
further the condition of the parasites. on this day, though
the gubject is onme of the highest interest (gection IV,
paragraph 1). ! have thought it best to forego the study
for the tinpe, partly for this yery reason, partly because
the differential experiments noted above have necessitat-
ed the insects heing reserved to a later gtage at which
the presence ©F absence of the pigmented cells becomes
determinable with certainty, and partly bacause the
enquiry was Dot absolutely necessary f¥Om a practical
point ©f view, since an older development ©f the parasites
liad already been discovered. I will then paqq at once
to a gtudy ©f the sppearances ©f the second day.

Second day, Monday. The blood in the cavity of the
stomach is still further disintegrated. Early in the

day we can indeed often distinguish = few red corpuscles
and some rounded and dead Jleycocytes, Put later o,

a ryle, even these digappear, @nd the contents consist of
a fairly homogeneous reddish-black mass of multitudes
of granules with Brownian () movement. It should be
noted, however, that the temperature ©f the air seems
to have an appreciable effect on the period of these
changes. Sometimes early == the mporning of this
day, but more generally towards the gafternoon, the
stomach ,ourg almost its entire contents into the in-
testine, which in its turn ghortly evacuates them.
this point the alimentary canal becomes practically
empty, but for a few traces of the peg]l, and the insect
is readyl to feed again. Meanwh.lle the eggs have been
developlng apace and the ovaries now appear as two
thick yellow masses loosely attached to the alimentary
apparatus and to the terminal segment .
Examining insects fed o11 blood infected with

the red and white corpuscles crowded together.

or

as

as

From

any of

the pigmented gymnospo'idia, we shall generally still
find in the stomach contents some distinct traces Of the

parasites amongst the granular mass of the disinte-
grated blood. These traces consist either (3) of small
clusters of pigment, (b) of scattered pigment granules,
°r (0] early during this day, °f pigment contained ina
yellowish, hyaline cell, the remains of the entire dead

gymuosporidium. Pigment may 2180 be seen in the

dead leucocytes. Filarise, if present, 2re deald.
If examining the tissues of the stomach in grey mos-
halteridium

quitos fed on blood containing crescents,
or immature proteosoma, after the contents have been
evacuated ei>her naturally °r artificially, we ghall, as a
rule, find 110 trace at all of the paragites. Sometimes]
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however, we do find an occasional small bolus of pjgment
or some scattered granules of it; but these will be seen
on. careful examination to lie invariably in the cgyity, in
association with such small traces of the former meal of
blood as have not succeeded in escaping from it?as
indeed was to be expected. But the tissues themselves,
whether the cells, the homogeneous outer coat, or the
muscular coat, disclose no sign whatever of the parasites
or of their typlcal pigment; they remain as entirely
free from such as if the insect had been fed on healthy
blood, or not fed at all . and it is quite clear that in
insects fed as jUSt described, the remains of the parasites
which have escaped digestion have been voided amongst
and as part of the normal excreta.

If, however,
grey mosquito fed on blood containing mature proteo-

soma, & very different gpectacle awaitsus. On Jpoking
at the tissues of the gtomach, we shall find the external

muscular and homogeneous coats tol be studded with
small clusters of pigment identical in gppearance With
the characteristic pigment ©f proteosoma.

These constitute the youngest £orms of the pigmented
cells yet observed by It 18 pecessary t© examine
them yory particularly as regards (?) their position in
the tissues, (6) thelr appearance @nd structure.

With a little gkill, it is very easy t° distinguish the
various structures of which the mosquito‘s stomach is
composed, especially when measures have been taken to
prevent the cover-glass from unduly flattening out and
crushing the tissues. On depressing the focus of the
oil-immeérsion lens we shall come ypon successively, first
the ramifications of the gair-tubes, with clusters of oil-
globules i then upon the crossing bands of muscular
fibre ; then ypon the outer homogeneous coat, in which
no appearance of cellular structure is observed, then
upon the layers of distinct cells , and lastly, upon the
cavity, containing bacteria or traces of blood. Going
further down we shall reach the other side of the
stomach, With the cells, the homogeneous coat, the
muscular fibres and the air yeggels, all in a reverse order.

We shall find, then, ne difficulty i® locating the young
pigmented cells. They lie invariably either in the ex-

ternal homogeneous ©°at or, still’ further outwards,
actually between the strands of muscular fihre, which

they separate in 2 manner with which we are familiar
in the case of trichina embryos (Plate I, figure 5). I
have never yet found them lying in or amongst the cells
of the stomach , still less in the innermost layer of cells
which we gy perhaps comsider as epithelial cells, or in
the cavity of the stomach itself. This rule appears to be
without exception. If the pigmented cells do
actually lie between the muscular fipres, they le just
beneath them (plate III).

we now examine at the same stage @

me .

not

0 appearance, the most elementary forms seem at
first sight to consist of nothing but clusters of about

20 grains of pigment arranged within a small oval . o5,
the longer diameter of which is about 8 ; and the
shorter diameter ¢ g or 7  The pigment granules are
however often seen to be arranged on the circumference
of the olval . from wbi‘ch fact taken together with the
observation that all similar clusters in the insect
appear to be of ‘TTUCh the'same gjze, we infer the fact
that the pigment 15 contained within a cell. This is
easily confirmed by further observations in which the
containing cell is clearly visible.

In fact, taking insects killed on the porning of the
secondday, we shall generally findseveral varieti€s of these
youngest p gin entec.i cells. . One yariety presents the ap-
pearance just described ©Of a m‘ere cluslter of pigment
(Plate I, figure 1. Another variety consists of a delicate
oval homogeneous plasma ©f = faint greenish colour,
about 8 |, » Ou in size and containing about 20 granyles
of pigment variously arranged (Plate I, figure 2). In a
third variety we have the cluster of pigment, within
either a visible or an invisible plasma, 27d interspersed
with and also some rather re-

same

some distinct vacuoles,
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fractive granules, both of about 1 4 or 2 g in diameter
(Plate 7, figure 3). TIn a fourth variety,
larger in gize, there are the pigment, the vacuoles and
the granules, @l enclosed within a yery distinct oval
outline (Plate I, figure 4).

These varieties have three things in common, their
pigment, their oval shape and, approximately, their
size. Often all the pigmented cells in one mosquito
belong to the same yariety and are pearly of the same
size. Owing te the ambiguity in the time of feeding
referred to gbove, it is dlflflcuu £o pronounce as yet
upon the question as to which of the forms is most
elementary ; but I think that the order of the varieties
as just given is also the order of development. Thus
the youngest cells would pelong to varieties 1 and 2,

somewhat

later the vacuoles and granules appear : 209 lastly, we
have the definitive outline. By degrees, towards the
end of the second ¢y, the earlier varieties disappear
and the fourth form oply is found, to remain as the type
for some days (Plates II and III).

In some mosquitos Of this day several varieties of the
young cells are found together, and there 1is consider-
able variation in size. Such ingects, I fancy, must have
fed themselves on several occasions during the night.

The pigment consists of about 20 gr;:.mules which have
almost exactly the appearance Of the pigment ©f proteo-
The granules may perhaps be blacker and
smaller and do not tend to form the little masses found
in proteosoma, although they do tend to collect together
in certain portjons ©of the cell. Very oftenl they are
subject to = rapid oscillatory motion. Their
ment is variable.

The vyacuoles, When they appear, are very distinct and
apparently full of clear fluid. I take the present oppor-
tunity for stating that throughout this paper I use the
term " vacuole" only as a descriptive ome- Their size
often varies largely even in the same cell.

The granules appear to have more substance than the
vacuoles, are usually all of much the same gjze, and look
like Labbe's "granules chromatoides" of lialteri-

soma .

arrange-

very
dium.
The gtaining reactions, so far as observed, will be given
in paragraph 3
As wre advance toward the evening of the second day,
the cells become larger and larger; the vacuoles and
the pigment tends to

granules become more numerous
and

collect round pe,
the outline is more and more marked. proper to
notice, however, that there is a wvyariety apparently
descended from the early varieties without apparent
plasma © outline, in which the outline is finer than in the
ordinary forms, while the vacuoles and granules are much
less visibl:e. These seem to helong to the type of the
" hyaline forms of the third and fourth days.

At the end of the second day, that s, 48 hours after

feeding, the cells may, T think, already reach a long dia-
meter of 20 n

Third day, Tuesday.?Grey mosquitos generally lay
tlieir eggs during this day o» the surface of the water at
the bottom of the test-tube, where they are to be found
as small black floating "rafts" of oggs. After this the
insects frequently die if they have not been fed again on

the previous night. .
In insects which have not been re-fed, ave find stomach

and intestine almost free from contents and the stomach
cells yeypy clear and hyaline. The eggs, if not laid, are
fully matured. )

On examining control insects fed on blood containing
crescents and halteridium, neo pigmented cells will be
seen.

In those fed on blood with mature proteosoma, we
shall find them in various numbers, and occupying
exactly the same position as on the second day. They

or two, or more ]arge vacuoles
It is

in a few cases.

are, however, markedly larger and their outline is
rounder , at the same time, it will be noted that they
belong to ome or the other of two varieties?they are

either vacuolated or hyaline (Plates IY and v),
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The vacuolated cel}s have generally @ very marked
and ratlier thick outline. They contain vacuoles and
granules similar to those found in the ]arger cells of
the previous day, but these are more numerous and
more c]_osely packed within the capsule. Some of the
vacuoles are much ]arger than pefore, often reaching
a diameter of & . while the granules

Altogether these cells
present 2 very substantial sppearance @nd are at once
distinguishable, when out of focys, from the
delicate tissues of the stomach.

The hyaline cells consist of a fipe, sharp outline
containing @ perfectly clear plasma, in Wwhich however
just discern faint vacuoles toward
the centre of the cell.

In both varieties g3like, the pigment tends to accu-
mulate round and outside one or two Ilarge vacuoles,
though scattered granules are generally present. The
number of granules 15, moreover, less than on the
previous day, and their size is perhaps smaller.

In some mosquitos nearly all the cells belong either to
the one or tli- other yariety, and that at the moment

when the specimen is first made; in others the two
varieties found side v, side. I have frequently
observed that the hyaline cells have become vacuolated
after ten or twenty minutes, but have never been so
fortunate as actually to witness the change. This might
lead one to infer that the latter are a post-mortem form
of the former, were it not that both varieties 5, certain-
ly be observed immediately after dissection and that
perfect hyaline cells occur in insects which have been
dead some hours. I can therefore offer no Conjecture as
to the nature of these differences in appearance between
the two varieties.

As the third day advances, the pigment continues to
decrease in amount while, in some of the largest cells,
a new element, hegins t© appear, namely, = fe% bright
refractive pointg scattered through the plasma. I take
these to be minute globules of an oily nature compar-
able to those described by Leukart in coccidium ovi-
and shall in future denote them as gych, although

and even more

retain their former dimensions.

even

we can some  yery

are

forme ;
I am py no means confident in . opinion.

Meanwhile, the cells continue rapidly t° grow in size
until at the end of the day (72 hours) they may reach
a major diameter which I put down at 30 in the ]argest

The gverage sizes for the day, however, lie between
and 25 while cellg, so small as even

Indeed, I have often noticed great

cells.
i
occasionally be seen.
variations of size on this day.

Fourth day, Wednesday.?7 he cells have grown Still
more, and on the eyvening of this day (96 hours) may
reach 40  in diameter. The yyerages li¢ between 25 |
and 35 ; and I think that there is more yniformity O°f
dimensions on this day than on the preceding omne (Plate
1, figures 13, 16 ; Plate yI),

If the insect examined be one which has survived to
this day without refeeding, the cells may, I think, be
stunted in growth and may scarcely exceed those of the
third day in size.

If the mosquito has been fed again, say ©n the night
of the second day (Monday night), the condition gf the
stomach and of the new crop °f fggs (if present) will be
that of the second day already described. Tf it has been
fed again on a bird ipfected with proteosoma, 2 on Fhe
bird on which it was originally fed, the stomach will
most probably be found to have on its ext:arnal coat a
fresh generation ©f young pigmented cells, 10 every way
similar to those already found on the second day. Oon
the margin of Plate VI, one such is figured lylng next
to some cells of an older geperation. The new cells are
evidently derived from the second feeding.

The turo varieties of cells, vacuolated and hyaline, still
In both the pigment is arranged as before, and
may still oscillate within a small area , but it is greatly
reduced in amount, being sometimes reduced to only one
*or two granules lying close to a large vacuole and diffi-

10 ¢ may

exist.
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cult to find.

about 35 5 namely, half the growth which they
destined to arrive at, the pj_gment disappears altogether,
while the bright refractive points referred to as begin-
ning to appear on the third day increase in number and
perhaps in size. In the vacuolated variety the number
of vacuoles and granules increases with the growth.

A noteworthy phenomenon manifests itself at about
this gtage. If the cover-glass has been placed so lightly
on the stomach-tissues as not to crush they, and if a
medium power be yged, the pigmented cells will be seen
protruded from all parts of the external wall of the
stomach like warts on a finger (in Plate 7, figure 23,
this appearance 1S given, though the bodies there shown
are of later growth than those mnow described); that is
they protrude, mot into the cavity of the stoma}ch, but
into the general body cavity, the coelom. This might
perhaps have been inferred from the first position of
the cells on the external coat Of the organ.

From this point, then, the parasitic mature of these
bodies becomes obvious, and we may, ! think, venture
t0 assume, 3t any Tate provisionally, that they are
coccidia. I will therefore mow call them proteosoma-
coccidia.

The identity of the cells of over 35 . in diameter
without pigment with those of 1v.1nlderv35 f with pigment
is easily established by the similarity of structure in
other regpects. In many ©3ses pigment may still exist
in the coccidia which protrude from the tissues , and
there is no possibility of mistake with regard to the

continuity of development. o .

Fifth day, Thursday.?The coccidia continue to grqy,
and may reach a diameter of 50 . at the end of this day
(120 hours). Some of them not only protrude beyond the
tissues, DUt magy be seen to be almost distinct from them.

The difference between vacuolated and hyaline cells is
and each coccidium now con-

As the cells reach a major diameter of

are

not so marked as before ;

sists of a capsule containing a more o less granular and
vacuolated substance studded with the numerous small

bright points which I take to be minute oil globules. If
the insect has been fed ggain o= blood containing pro-
teosoma, pigmented coccidia of a younger generation will
generally be found interspersed among the older and
non-pigmented ones (Plate VII).

Sixth day, Friday, and Later.?At the end of this
day the coccidia arrive at a growth ©of 60 ~ (144 hours),
while some increase still further and oy reach a size of
nearly 70 ~ The largest cells seen by me peasured,
when compressed by the covr-glass, 73 g by 62,  These
coccidia are figured in Plate VIII after preservation in
weak formalin.

Beyond this point I have observed no further growth,
although I have examined coccidium-infected mosquitos
kept alive to the twelfth day. Hence, I think, the di-
mensions here giyen may Pe considered as the maximum
size reached Ly these hodies, at any rate in the living
host They are now easily visible by 2 ma nifying
glass, and are therefore nearly visible to the na%ed eye.

If mosquitos of this stage (or indeed earlier) be dis-
sected in plain water, a curious phenomenon will be
observed when microscope examination is commenced at
once. The coccidia willl be seen bursting in all direc-\
tions, ‘pourinlg out their contentslslowly into the sur-
rounding fluid, and 1eaving behind = collapsed and
wrinkled capsule still attached to the stomach wall.
This is probably due to the difference in gpecific gravity
of the medium in which they now find themselves, and
can be checked by dissection in weak formalin (10 per
cent ]’ or perhaps in salt solution. ) )

Oon examining a stomach immersed in formallnl yuth a
medium ,,yer of about 300 diameters, the coccidia will
be seen gyerywhere, not only protruded Put often extru-
ded from the tigsues, though still attached to them py
some invisible adhesions. Each coccidium will have the

appearance ©of a little, cleir ball of glasg containing =»u-
merous brilliant points, the oil-globules previously noted.
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Some of them in addition poggess @ more refractive but
ill-defined central core, Which in a few cases I have
observed to have the zppearance °f being divided into
six or eiylit portions. TheSe appearances, however,
vanish on the imposition of the Cover_glassl after which
the coccidia, probably from heing slightly flattened,
present only = granular structure as shown in Plate IX.
iSeen by & still lower poyey, the stomach studded with
coccidia has the zppearance given in outline in Plate I,
figure 23 ; where the mosquito has been re-fed on
proteosoma-infected birds, younger generations ©f coc-
cidia are seen embedded in the tissues or just emerging
from them.

lOln appl j_ng the oil-immersion leps, the largest coc-
cidia of tlie sixth and seventh day are observed to have a
structure similar to that of the fifth day, namely, a more
or less granular and vacuolated plasma studded with
numerous brilliant points, IR many Of them, especially
after preservation, there is now, however, = very marked
contraction of the contents within the capsule (Plates

VII and yIII, and Plate I, figures 16, 17 and 1)
which, indeed, is to be seen in pregerved specimens of an
earlier grage of growth.

1 have said that after this point I have witnessed no
further growth of the coccidia, =vem 1P mosquitos kept

alive to the twelfth day. Hence we may perhaps expect
that they have become ripe for gporulation. No such
thing has, however, been observed ; and we may therefore
conjecture, unless I happened to have overlooked jt that
it may occur either (7) in the living insect after twelve
days, o (b) some time after the insect's death.

Further research is therefore required on this which
now becomes the most jmportant and interesting period
of the life-history ©f the gymnosporidia, because on it
depend our chances of future progress. To plunge into
hypothesis for a moment, we may remark that since the
mature coccidia find themselves ina closed cavity,namely,
the pody cavity ©f the host, there gppears to be no
means Ly which they can escape from that host during

its life to undergo sporulation in external patyre, as is
the case with coccidium oviforme. It would appear then

that sporulation should occur either within the living
host, as with Eimeria, or within the dead host. The

first would pOil’lt to a completion of the life cycle by =
direct infection of men and birds by the coccidium-

spores in the mosquito ; the second to a more circuitous

infection, perhaps Dy = second generation living free in
?water.

1 will now close these descriptions, by giving a few
notes on three peculiar forms of mature coCcidia seen by

me and figured in the plates,

(To be continued).
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