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Series 1.—From May 1893, out of a very large number of mosquitos of
many species examined unfed, none contained pigmented cells.

Serics 2.—From May 1893, out of a number of brindled and grey mosquitos
fed on healthy persons, none contained pigmented cells.

Sertes 3—From May 1895, out of a very large number of brindled
mosquitos fed on patients with crescents, pigmented cells were not observed
in any.
Series 4 —From 1896, out of a large number of grey mosquitos fed on
patients with crescents, pigmented cells were not found in any.

Series 5. —In August and September 1897, out of four dappled-winged
mosquitos fed on a case of crescents, pigmented cells were found in three.

Series 6.—In August and September 1897, out of a considerable number
of small dappled-winged mosquitos fed on healthy persons, pigmented cells
were not found in any.

Series 7.—In September 1897, one grey mosquito caught feeding on a
case of mild tertian contained pigmented cells,

Series 8 —In January 1898, out of 30 horse-flies (Tabanus) and some lice
fed on pigeons with halteridium, Labbé, none contained pigmented cells.

Series g.—Early in February 1398, out of 34 brown brindled mosquitos
fed on a case of triple quartan, none contained pigmented cells,

2. Discovery of Pigmented Cells in Grey mosquitos fed on Larks with Pro-
teosoma.—In February 1898, | was placed by the Government of India on
special duty to prosecute these researches and was given the use of Surgeon-
Lieutenant-Colonel D. D. Cunningham's laboratory in Calcutta for the purpese.
Steps were immediately taken to find again, if possible, the pigmented cells by
feeding different species of mosquitos on blood containing different species of
gymnosporidia. It was found that Calcutta abounded in the grey or barred-
back species of mosquito, which is the filaria-bearing species, and with which
I had already experimented in Series 2, 4 and 7 above. These had uniformly
yielded negative results in Secunderabad when fed on blood containing cres-
cents, Nevertheless, owing to difficulties in the way of obtaining other varieties,
both of mosquitos and of malaria cases, numbers of this kind were again fed
on a patient infected with crescents. Qut of 41 of these searched exhaustively
for pigmented cells, not one contained them (Series 10). An unrecorded
number, say 50 more, examined unfed, or, after feeding on healthy persons, gave
similar negative results.

As it was not the malarious season of the year, and as cases of hmamcbiasis
suitable for these experiments were not at all easy to procure, it was thought
advisable to commence work on the so-called malaria parasites of birds,
Accordingly, a crow (corvus splendensj and two tame pigeons infected
with halteridium were obtained ; and on the night of the 11th and 12th March
these, with four short-toed larks (calandretta dukhunensis) and six sparrows
(passer Indica), whose blood had not yet been carefully examined, were placed in
their cages, all within the same mosquito netting, and a number of grey mosquitos
of the species [ 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 kept alive for two or three days.

On the 15th March | commenced to examine them. Qut of fourteen of
them, pigmented cells were at last found in one.
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Series 12.—Out of 6 grey mosquitos fed on a case containing immature
mild tertian parasites (night of 7th to 8th March) none contained pigmented
cells (compare series 7).

Series 13—Out of 14 grey mosquitos fed on 1 crow and 2 pigeons with
halteridium and 4 larks and 6 sparrows, some with proteosoma (night of 11th
to 1ath March) one contained pigmented cells.

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

Series 15.—Out of 17 grey mosquitos fed on 3 larks all with proteosoma
(17th to 19th March), to contained pigmented cells.

Series 16.—Out of 46 grey mosquitos fed on 2 larks and 1 sparrow all
with proteosoma (1gth to 23rd March), 27 contained pigmented cells.

Series ;7. —Out of 58 grey mosquitos fed on 1 crow with protecsoma caged
together with 1 crow with halteridium (1gth to 27th March), 40 contained pig-
mented cells.

Series 18.—Out of 3§ grey mosquitos fed on 2 pigeons with halteridium
(night of 2oth to 215t March), none had pigmented cells.

Series rg.—Out 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 fed on 2 sparrows, both with pro-
teosoma (25th March to 1st April), 12 contained pigmented cells.

Saries 2. —Out of 12 grey mosquitos fed on 2 larks, both with proteosoma
(26th to 315t March), 7 contained pigmented cells.

Series 22.—Out of 10 grey mosquitos fed on 2 crows, both with halteridium
only (night of 3oth to 31st March), none contained pigmented cells.

Sertes 23.—Out of 25 grey mosquitos fed on a healthy sparrow (2nd to jth
April), none contained pigmented cells.

Series 24.—Out of 21 grey mosquitos fed on a sparow with a moderate
number of proteosoma (2nd to 3rd April), 21 contained pigmented cells.

Series 25.—C0ut of 26 grey mosquitos fed on a sparrow with numerous pro-
teosoma (2nd to 11th April), 25 contained pigmented cells.

Series 26.—Out of 34 grey mosquitos fed on two sparrows (subjects of
series 24 and 25 above), both with proteosoma (7th to 16th April), 32 contained
pigmented cells.

Series 27.—~0Out of g brindled mosquitos fed on 2 spamrows (subjects of
series 24, 25, and 26 above), both with proteosoma (jth to gth April), none con-
tained pigmented cells.

Series 38.~0ut of 10 grey mosquitos fed on 1 lark and 1 sparrow, both with
immature proteosoma (night of gth to 1oth April), none contained pigmented
cells.

Series 29.—Out of 14 grey mosquitos fed on 1 lark with immature pro-
teosoma (night of 10oth to 11th April), none contained pigmented cells.

Serfes 30.—Out of 102 grey mosquitos fed on various crows with halteri-
dium 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.—Out of 5 grey mosquitos fed on a maina (acridotheres tristis)
with halteridium (night of 6th to 7th May), none contained pigmented cells.

Sertes 32,~0ut of 5 grey mosquitos fed on a crested bunting (melophus
melanicterus) with halteridium (night of 10th to 11th May), none contained “pig-
wented cells.
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on the two sparrows with numerous and moderate protecsoma put togethe:,
and partly on a young crow with halteridium. Out of 23 of the former 22 had
pigmented cells ; while out of 16 of the latter none had them.

Crows gave interesting results. They are subject both to halteridium
and to proteosoma; but 1 have found only one crow with the latter. [In that
one, however, the typical round sporulating form of protecsoma was ohserved.
For some time the feeding experiments, for which I used various combinations
of two or three crows at a time, had been giving contrary results; at one time
positive, at another negative. On referring to my notes it was seen that the
positive experiments occurred only when the crow with proteosoma had been
present in the net (Series 6).

According to Manson’s theory, infection of mosquitos should not take place
unless flagellate bodies are present in the blood of the subject. Some ex-
perimenis were designed to test this by means of feeding grey mosquitos on
birds with immature proteosoma. No pigmented cells were found (Series 28
and 29). [Further observations are, however, required in this connection.

Some of the experiments, namely, those on birds known to contain ripe
proteosoma (Series 24, 25 and 26) yielded almost invariably positive results,
namely, 76 mosquitos with pigmented cells out of 81 fed, or 04 per cent.
Hence I think it quite possible that in future experiments made on carefully
selected subjects, positive results may be obtained in 100 per cent. of the
MoSquitos.

An explanation may be required as to why insects were so often fed on
growps of birds. The reasons are that wild birds become frightened and restless
if caged all night alone, and that more mosquitos can be fed at once on several
birds than on one, since, as | have actually experienced, small birds can be killed
from loss of blood abstracted by too many mosquitos, Mareover, according to
theory, the presence of flagellate bodies is necessary 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. Deduetions from the Feedimg Experiments.—There can be no question,
then, that the pigmented cells are derived directly from the proteosoma. We
can, however, already go further. The fact that similar cells were not found in
control insects of the same species fed on blood containing other gymnosporidia
will convince any one acquainted with parasitology that we are not dealing
here with any mere physiological absorption of pigment by the stomach cells
of the mosquito, but with a vital phenomenon in the life-history of proteosoma,
with a remarkable transformation by which the pigmented parasite in the
blood of the bird becomes a pigmented parasite of some kind in the stomach
tissues of the mosquito. It remains to add another mass of evidence to the
same effect, deduced from the location, structure and growth of the pigmented
cells in the mosquito; and to show how they undergo a development similar to
that of filaria-embryos in the same host. Some details of the technique are,
however, required as a preliminary.

111.—The structure and development of the Proteosoma-Coccidia in
Grey Mosquitos,

7. Technique—Mosquitos are obtained by catching the larva, or, better,

the pupe, in pots of water, drains, and puddles. These are Placed in wide-
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must not, of course, be mistaken for epithelium), and also some oblique bands;
then a delicate homogeneous membrane which does not stain easily ; then several
layers of large cells which do stain easily and contain nucleus and nucleolus;
and lastly the lumen, containing blood, debris, water, bacteria, or nothing notice-
able. I think that the outer coat is homogeneous, because I have observed no
cellular structure in it; but this may nevertheless really exist. The cells
beneath it have a diameter of about 30 p when uncompressed and contain,
besides the nucleus, numerous refractive granules of different sizes which are
particularly large shortly after digestion. They often contain as well certain
irregular but definite bodies lying close to the nucleus, which may be of a para-
sitic 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-vessels we find greenish, yellow or colourless globules of
a high refraction, from 1 p to 1o p in diameter, free or enclosed in cells, and
probably of an oily nature.

I have never observed gregarines in grey mosquitos—they seem to be
parasites only of the brindled genus—but the intestine is often packed with hosts
of monoflagellate organisms, about 6 p in length, exclusive of the flagellum,
These may be scen adhering to the wall of the gut, but breaking locse and
swimming about actively on the addition of water. They have already been
described by me as swarm-spores (3).

2. Growth and Structure of the Coceidia.—] can now proceed to a descrip-
tion of the development of the pigmented cells. [t will be useful to suppose that
a stock of grey mosquitos were fed on a sparrow with mature proteosoma on a
Saturday night ; and that at the same time control insects, whose larvee were
caught in the same drain and hatched out in the same breeding bottle, were
fed on a healthy sparrow, on a man with crescents, and on a crow with halteri-
dium, separately. Thus, insects dissected on Sunday, Monday, Tuesday,
.+ +» . may be said to be dissected on the first, second, third . . . | day,
respectively, after feeding.

As the insects were released upon the subjects, say, at 6 .M, on Saturday
night and were not caught again until, say, 6 A.M. on 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 perted afier feeding will have a margir;
of uncertainty of twelve hours. An insect killed between 6 A.M. and 6 P.M.
on Sunday, however, must have a period after feeding of between o and 24
hours ; and one killed between 6 A.M. and 6 P.M. on Monday must have a period
of between 24 and 48 hours; and so on. This method is wanting somewhat
in precision, but unfortunately it is not easy to feed and capture a number of
night-biting mosquitos all precisely at the same time, and it 1s 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 eesophagus, intestine, malpighian tubes and ovaries attached, lies before us
on the glass slide. With the point of a needle we open the side of the organ,
and the contained blood runs out freely into the water of dissection. On a
cover glass being now applied, its weight drives out almost all the rest of the
blood through the rent we have made in the containing wall, and on holding the
slide up to the light, we shall see the oval tissues of the stomach lying com-
pressed, white and almost free from blood in the midst of the dark red-brown
mass of its expressed contents, We canthus easily examine with the highest
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been evacuated either naturally or artificially, we shall, as a rule, find no trace at
all of the parasites. Sometimes, however, we do find an occasional small bolus
of pigment or some scattered granules of it ; but these will be seen on careful
examination to lie fmvariably in the cavity, 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, DBut the tissues themselves, whether the cells, the
homogeneous outer coat, or the muscular coat, disclose no sign whatever of the
parasites or of their typical 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, we now examine at the same stage a grey mosquito fed on
blood containing mature proteosoma, a very different spectacle awaits us. On
looking at the #issues of the stomach we shall find the external muscular and
homogeneous coats to be studded with small clusters of pigment identical in ap-
pearance with the characteristic pigment of proteosoma.

These constitute the youngest forms of the pigmented cells yet observed
by me. It is necessary to examine them very particularly as regards (a) their
position in the tissues, (#) their appearance and structure.

With a little skill, it is very easy to 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-immersion lens we shall come upon
successively, first the ramifications of the air-tubes, with clusters of oil-globules;
then upon the crossing bands of muscular fibre; then upon the outer homo-
geneous 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
vessels, all in a reverse order,

We shall find, then, no difficulty in locating the young pigmented cells.
They lie invariably either in the external homogeneous coat er, still further
outwards, actually between the strands of muscular fibre, which they separate in
a manner with which we are familiar in the case of trichina embryos (Plate |,
figure 5). | have never yet found them lying in or amongst the cells of the
stomach ; still less in the innermost layer of cells which we may perhaps consi-
der as epithelial cells, or in the cavity of the stomach itself. This rule appears
to be without exception. If the pigmented cells do not actually lie between the
muscular fibres, they lie just bYeneath them (Plate I11).

In 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
area, the longer diameter of which is about 8 p, and the shorter diameter
6p or 7p The pigment granules are however often seen to be arranged on
the circumference of the oval ; from which fact taken together with the observa.
tion that all similar clusters in the same insect appear to be of much the same
size, we infer the fact that the pigment is 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 morning of the second day, we shall
generally find several varieties of these youngest pigmented cells. One variety
presents the appearance just described of a mere cluster of pigment (Plate I,






1z

On examining control insects fed on blood containing crescents and
halteridium, no 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
are, however, markedly larger and their outline is rounder; at the same time, it
will be noted that they belong to cne or the other of two varieties—they are
either vacuolated or hyaline (Plates [V and V).

The vacuolated cells have generally a very marked and rather thick uut]iiﬁ.
They contain vacuoles and granules similar to those found in the larger cells of
the previous day, but these are more numerous and more closely packed within
the capsule. Some of the vacuo'es are much larger than before, often reaching
a diameter of 6 p and even more ; while the granules retain their former dimen-
sions. Altogether these cells present a very substantial appearance and are at
once distinguishable, even when out of focus, from the delicate tissues of the
stomach.

The hyaline cells consist of a fine, sharp outline containing a perfectly clear
plasma, in which however wecan just discern some very faint vacuoles toward
the centre of the cell.

In both varieties alike, the pigment tends to accumulate round and outside
one or two large vacucles, though scattered granules are generally present.
The number of granules is, moreover, /ess than on the previous day, and their
size is perhaps smaller.

In some mosquitos nearly all the cells belong either to the one or the other
variety, and that at the moment when the specimen is first made; in others the
two varieties are found side by side. [ have frequently observed that hyaline
cells have become vacuolated after ten or twenty minutes, but nave never been
so fortunate as actually to witness the change. This might lead one to infer
that the latter are a post morfem form of the former, were it not that both
varieties may certainly be observed immediately after dissection and that perfect
hyaline cells occur in insects which have been dead some hours. 1 ean 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 begins to appear, namely, a
few bright refractive points scattered through the plasma. I take these to be
minute globules of an oily nature comparable to those described by Leukary in
coccidium oviforme ; and shall in future denote them as such, although I am by
no means confident in my opinion,

Meanwhile, the cells continue rapidly to 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 largest cells. The average sizes for the day, however, lie between
16 p and 25 g, while cells so small as even 10 p may occasionally be seen,
Indeed, I have often noticed great variations of size on this day,

Fourth day—Wednesday.—The cells have grown still more, and on the
evening of this day (96 hours) may reach 40 u in diameter. The averages lie
between 25 pand 35 g, and [ think that there is more uniformity of dimen.
sions on this day than on the preceding one (Plate I, figures 15, 16; Plate
Vi) %

If the insect examined be one which has survived to this day without refeed.
ng, the cells may, I think, be stunted in growth and may scareely exceed those
of the third day in size.
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Beyond this point [ have observed no further growth, although I have ex-
amined coccidium-infected mosquitos kept alive to the twelfth day. Hence,
I think, the diamensions here given may be considered as the maximum size
reached by these bodies, at any rate in the living host. They are now easily
visible by a magnifying glass, and are therefore nearly visible to the naked eye,

If mosquitos of this stage (or indeed earlier) be dissected in plain water, a
curious phenomenon will be observed when microscope examination is coms
menced at once, The coccidia will be seen bursting in all directions, pouring
out their contents slowly into the surrounding fluid, and leaving behind a
collapsed and wrinkled capsule still attached to the stomach wall. This is pro=
bably due to the difterence in specific 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.

On examining a stomach immersed in formalin with a medium power of
about 3oo diameters, the coccidia will be seen everywhere, not only protruded
but often extruded from the tissues, though still attached to them by some in-

isible adhesions. Each coccidium will have the appearance of a little, clear ball
°f glass containing numerous brilliant points, the oil-globules previously noted.
Some of them in addition possess a more refractive but ill-defined central core,
which in a few cases 1 have observed to have the appearance of being divided
into six or eight portions. These appearances, however, vanish on the imposi-
tion of the cover-glass, after which the coccidia, probably from being slightly
flattened, present only a granular structure as shown in Plate IX. Seen by a
still lower power, the stomach studded with coccidia has the appearance given in
outline in Plate [, figure 23 ; where the mosquito has been resfed on proteosoma-
infected birds, younger generations of coccidia are seen embedded in the tissues
or just emerging from them.

On applying the oil-immersion lens, the largest coceidia of the 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 numeroys
brilliant points. In many of them, especially after preservation, there is now
however a very marked contraction of the contents within the capsule (Plates
VII and VIII, and Plate 1, figures 16, 17 and 21); which, indeed, is to be seen
in preserved specimens of an earlier stage of growth,

I have said that after this point I have witnessed no farther growth of the
coccidia, even in mosquitos kept alive to the twelfth day. Hence we may per-
haps expect that they have become ripe for sporulation. No such thing has
however been observed ; and we may therefore conjecture, unless [ happened
to have overlooked it, that it may occur either (a) in the living insect after
twelve days, or (5) some time after the insect’s death.

Further research is therefore required on this which now becomes the most
important and interesting period of the life-history of the gymnosporidia,
because on it depend our chances of future progress. To plunge into hypothesis
for 2 moment, we may remark that since the mature eoccidia find themselves in a
closed cavity, namely, the body cavity of the host, there appears to be no means
!:y which they can escape from that host during its life to undergo sporulation
n external nature, 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 point to a completion of the ]ife.cjrc];
by a direct infection of men and birds by the coccidium-spores in the mosquito ;
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preservation in formalin brings out these details as well as any staining process
yet used by me. Efforts to stain the largest coccidia have not yet been made.

The youngest coccidia appear to have a structure and staining reactions
closely similar to those deseribed by Labbé (4) for proteosoma. [ note
especially the * coloration un peu grisitre”” with hzmatoxylin, mentioned by
him ; but J am unwilling to speak definitely on these points without much more
study than I have as yet been able to afford them.

4. Some Miscellaneons Observations.—The number of coccidia found in
different mosquitos fed on the same birds varies from none, or one or two, in a
few cases, to several hundreds exceptionally, The largest number counted by
me has been 445. To judge from the experiment on the three sparrows recorded
in section II, paragraph 5, their number depends on the number of parasites in
the blood of the subject, or more probably on the number of parasites ripe for
transference to the mosquito,

No sign of movement has been ever observed in the cells.

The capsule of the coccidia is well defined from the third day. It is exten-
sible, as shown by exerting pressure on the cover glass. As already explained,
it bursts readily on the sixth day and later on the addition of water. Manson
noticed a similar fragility in water in the early * pupal ” stages of filaria—a
fragility which was overcome toward the sixth day when the pupa becomes fit
for free life; and he suggests, in a letter to me, that if there arrives a stage
in the history of the coccidia when they no longer burst in this manner, it will
be a sign, as in filariz, of a possible further life in that medium.

Are these bodies tntraceliular 7 We should expect so from their general
structure, but I may say that no certain evidence of it has shown itself as yet
even in the youngest forms. On one occasion, however, while watching a
hyaline cell of the third day in a newly made specimen, I observed somethimg
cediapse round it, upon which it immediately acquired a coarser contour and
shortly afterwards became vacuolated. [t may be that the external * home=
geneous” coat consists of very delicate cells, which are occupied by the
coccidia.

I have often thought that the proteosoma coccidia derived from crows,
larks and sparrows, respectively, differ in some minor particulars ; but am not
prepared for any statement on the point.

I have often mentioned the * bright points” in the older coccidia. [ think
them to be of an oily nature, because they appear to run together in preserved
specimens—just as Leukart observes in the similar objects seen in coccidium
oviforme. The resulting large drops of * il * are shown in some of the illus-
trations, notably in Plate [, figures 21 and 22.

It 1s most necessary to mention that in preserved specimens, especially in
those mounted in formalin of too great a strength, the pigment undergoes a
very curious enlargement—so much so that it may almost fill the smaller cells,
This is evidently some chemical alteration.

1 have not had time to apply fests for pigment to the coccidia.

The nuclei of the cells of the malpighian tubes sometimes escape into the
cavity of the stomach, where they may be misiaken for coccidia of the third day,
They are, however, round, possess a marked nucleolus, and have no pigment,

[ wish particulaﬂy!m reiterate, in order to avoid future misunderstanding,
that there is no possible doubt as to the continuity of development from the
earlier pigmented to the later un pigmented forms. Apart from a general similarity
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Manson’s stages of development of filaria in the mosquito truly constitute a
phase in the life-history of that parasite—namely, (e) the ahsence of similar
forms from control insects fed on healthy blood; and () the continuity of
development from the filaria-embryos in the insect’s stomach to the large worm
of the sixth day in its tissuss. It is true that in the case of the proteosoma-
coceidia there is the break just referred to, occurring on the first day, in our
observations of continuity of development ; but this break is easily bridged over.
That the young forms of coccidia of the second day are directly derived from
the ingested proteosoma is proved beyond doubt by the following facts .—

(1) That they contain the characteristic pigment, and have an appear-
ance and structure very similar to those of proteosoma.

(2) That they are to be found in a large percentage of grey mosquitos
fed on blood containing proteosoma, and are never observed in
the same species of insect fed otherwise,

(3) That they occur again, and always on the second day, after the
insect is re-fed on proteosoma blood ; and that they occur only
on the second day after such feedings and re-feedings.

From this point the observations of the development of the coccidia are
continuous. It is scarcely necessary to remark that the older stages of these
bodies are never observed on dates anterior to their proper periods.

But it may perhaps still be asked whather the bodies which I call coceidia
are not really ordinary stomach-cells which have undergone some extraordinary
pathological change in consequence of absorption of pigment from the cavity of
the stomach. [ hive already dealt with this gquestion (2); and the reply is
that it is quite impossible. The reasons are:—(1) that there is no evidence
that the stomach-cells of the mosquito take up solid particles from the cavity
at all, and no reason why they should take up gymnosporidium pigment to the
exclusion of other particles, much less proteosoma pigment to the exclusion of
crescent and halteridium pigment; (2) that the coccidia are found in the ex-
ternal wall of the stomach, remote from the cavity and outside the layers of
stomach-cells; (3) that the youngest coccidia are much smaller than the
stomach-cells and grow to a size much exceeding theirs, and (4) that there is no
evidence or likelihood that the mere absorption of pigment would cause ordinary.
physiological cells to und rgo such extraordinary changes, to grow to such a
size, and finally to pass bodily out of the stomach tissues as we must suppose it
capable of doing on this hypothesis,

The dependence of the pigmented cells on the ingestion by grey mo:quitos
of blood containing proteosoma is established by the differential experiments ;
their parasitic nature is determined by the accidents of their position, structure
and growth in the insect : the only possible inference is that they are a develop-
mental stage of the gymnosporidium. :

3. The Parasites of Human Malaria in Mosquitos—As pigmented cells
closely similar to those now found resulting from proteosoma were formerly
observed in mosquitos of a different species fed exclusively on blood containing
the @stivo-autumnal parasites, we have every reason, apart from the close rela-
tionship of the gymnosporidia, for believing that heemameeba has a development
in mosquitos very like that of proteosoma. The law may very probably extend
to halteridium, perhaps to cytamceba, and perhaps even to the gregariniform
blood parasites: admitting always that the second hosts need not necessarily
be mosquitos.



















































