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PART IIt

MAMMALS (continued)
DOGS

Leucocytozoon.

In films of fresh blood taken from an apparently healthy native
puppy in the Gambia free gregarine-like forms were seen which
moved slowly in much the same way as do free drepanidia. Intracorpuscular forms were not seen j the stained slides have been
mislaid.
From this observation it seems probable that parasites resembling
the haemogregarines described in Indian dogs::: may also occur in the
Gambia.
*We desire to acknowledge our indebtedness to Dr. J. W. B. Hanington for
his kind aid in the preparatinn of the drawings accompanying the present
communication, and in the examination of some of the slides of Arthropoda.
tPart I of this paper appeared in Memoir XXI of the Liverpool School of
Tropical Medicine.
:::For example, Christophers: Leucocytozoon canis, Scientific Memoirs of the
Officers of the Medical and Sanitary Department of the Government of India. New
series, No. 26, 1905.
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BIRDS
Very many birds of widely different species were examined. Only
those in whose blood parasitic protozoa were found are mentioned
here; several trypanosomes found in Gambian birds are described in
a previous publication, Memoir XI of this School.
Proteosoma was never seen. Halteridium was very common
among the small birds and pigeons examined in the Gambia. In
the Congo Halteridium was seen only once or twice in small birds
and in none of those in which the parasites described below were
found.
ASTURINULA MONOGRAMMICA.
Free State.)

(A grey hawk common in the Congo

One of these birds was shot about midday at Lokandu and its
blood was at once examined. In fresh specimens actively moving
trypanosomes were seen; dried films were therefore made at once.
On studying them parasites of the same type as the Leucocytozoon
of Danielewskyl (Plates XX-XXIII, figs. 48, 72) were seen to be
present in large numbers.
A second hawk of this species was shot at Lusambo. Its blood
contained a trypanosome of apparently the same species as that
observed in the first hawk; the Leucocytozoon was not seen (one
small slide examined).
Leucocytozoon ziemanni.

Under the name of Leucocytozoon ziemanni, Liihe 2 gives a good
review of our knowledge concerning this parasite; to his list of
references two additional papers 3 • 8 should be added, in which the
occurrence of similar parasites is reported in America and in Egypt.
Although the name Leucocytozoon has the priority, its use seems
unfortunate, since the parasite to which it here refers is probably
parasitic in other cells besides white cells 4 • 6 and it has no resemblance
to the recently-described, undoubted leucocytozoa of mammals.
Male (figs. 48-6 I) and female (figs. 62-67) gametocytes of the
types fully and finally described by Schaudinn 4 and previously reported
by Sacharoff, Ziemann,5 Laveran 6 and Berestneff7 were frequent. In
addition, many other undescribed forms of the parasite were seen.
From the nature and scantiness (four slides) of our material, it is
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impossible to attempt Sl far-reaching study of the parasite. Nevertheless, a fairly complete description is give!} of some forms constantly
observed. This is done with the purpose of insisting on what an
excellent object for study this type of parasite is; especially since
some of the forms seen seem in some measure to harmonise with
Schaudinn's description 4 of the development of Spirochceta ziemanni
in the blood stream.
Schaudinn gives no particulars but simply states that the development of
Spirocluzta ziemanni differs in no important point from that of Htlimoproteus n~ctu(/! ..

In our specimens the forms already frequent~y described as
makrogametocytes (figs. 66, 67, 69. 72 , 73), and mikrogametocytes
(figs. 48, 49) are easily recognisable, and in the main their
appearance is in accord with previous descriptions. It is noticeable
that in all forms of the parasite the nucleus of the host-cell is but
little flattened, and practically never takes the dumb-bell-like shape
described by former observers in similar parasites. The position of
the host nucleus in the adult parasite varies according to the position
in which the parasite dries on the slide. Although it is usually
placed laterally at a point about midway between the two extremities
of the parasite (fig. 49), it may occur in any position. It has frequently
been extruded (fig. 65), and gametocytes without any included hostcell nucleus are not uncommon (fig. 66).
The general structure of the parasites of each sex at all ~tages of
development is the same. Each parasite has periplast, ectoplasm,
endoplasm and nuclear bodies. The" periplast " .consists of a nongranular, pink-staining (always ?) sheath which invests the whole of
the parasite. In it run fairly numerous faint, non-staining, longitudinal,
or, if the parasite is twisted, ,apparently diagonal striations (these can
be seen by careful examination in e.ven the youngest parasites). The
periplast with its striations' is, as a rule, best seen in the more
lightly staining mikrogametocytes (fig. 50).
In the adult forms
the periplast is prolonged at either extremity into long slender
processes. \iVhen the matured parasite becomes rounded, preparatory
to conjugation, the peri plastic sheath (fig. 77) is thrown off together
with the effete host-cell nucleus I (fig. 3 I).
A similar process probably occurs in the change from the resting
to the motile stages (Schaudinn)'".
Appearances in young parasites (Plate XX), as well as in the

gametocytes, whose effilated extremities have a distinctly granular
structure, indicate that an " ectoplasm" exists quite distinct from the
periplast. In the young parasite its tendency is to stain blue; in
the adult it is pink.
The" endoplasm" is the most striking part of the whole parasite.
So much so that it, with the nuclear bodies, has been described by
some as the whole of the parasite. In the makrogametocytes the
endoplasm stains a deep blue (fig. 73). It frequently contains large
numbers (20-30) of coarse, or fine, vividly chromatophilic granules
and many small, circular non-staining areas-" vacuoles."
The
endoplasm of the mikrogametocytes (fig. 49) stains much less deeply,
and rarely contains granules or vacuoles. The endoplasm appears
to consist of a system of wide alveoli filled with a more or I ss
granular protoplasm. This structure is particularly well seen in the
makrogametocytes. .The sexual variation in the endoplasm exists,
though in a minor degree, in some of the smallest parasites (endoplasm
measures 4f/o by 3f/o).
The form of the "nuclear bodies" varies enormously, according
to the sex and stage of development of the parasite.
The amount of chromatophilic material-" nuclear material" in
its widest sense-present is much greater in the adult male (fig. 53)
than in the female parasites (fig. 67). For convenience of description
the various nuclear structures observed at different stages of
development are given the following names: "chlamydoplasm,"·
"nucleus," "blepharoplast," with an accompanying "vacuole," "the
line" and certain" dots," whose nature is certainly problematical. It
must be clearly understood that these names are only descriptive
and that our material has not enabled us to definitely ascertain the
fU(lctions of the bodies to which they are applied. The fixation and
staining employed are both faulty. The parasites are often distorted
by pressure of surrounding red cells and partially destroyedoccasionally useful details can be gleaned from such "fortuitously
dissected" specimens (figs. I I, 12, 15, 36).
Romanowsky is, unfortunately, a diffuse stain, and the details of dense structures, such as
blepharoplasts and the "line," are often hopelessly obscured.
':' from Gr. xA.af/ovr; =a cloak.
This name is adopted as a descriptive term to
indicate the' diffusely pink area surrounding the nucleus.
It is employed in
preference to other terms indicating similar structures since we know nothing, and
wish to assert nothing, concerning its function.
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The "chlamydoplasm" is a diffuse, light-purple-staining area
whose outlines, though very irregular, are, nevertheless, usually
definite. In the female parasites (figs. 66, 67, 72, 73) and in males
with lines (figs. 33-46) it is comparatively compact.
In older
mikrogametocytes its mass becomes greatly increased (figs. 50-56)
It may lie compactly
and its outline is less definite (figs. 58, 61).
about the nucleus or stretched out (fig. 76) and distributed in any
way through the endoplasm. If it is divided, one part remains with
the nucleus, the other is about, or near, the blepharoplast (Fig. 50)'
The "nucleus" is employed as an indefinite term to designate
the denser collection of chromatin enclosed in the chlamydoplasm. Its
shape varies considerably; possibly its nature does so also.
The" blepharoplast" is the term applied to a very deeply staining
collection of chromatin usually occurring quite alone in'the endoplasm,
and showing a distinctly granular structure (figs. 3, 55, 48). In the
younger parasites (figs. 3, 5) only two to four granules, arranged
in pairs, can be counted. In the older parasites (figs. 68, 71) the
blepharoplast consists of one central granule and from six to eight
other granules joined together by fine lines and situated about the
periphery of the sphere of translucent chromatophilic material in
which they are placed, and outside the chlamydoplasm. As a rule,
no blepharoplast-like body exists separate from the nucleus in
parasites which show the line formation; rarely one is present
(fig. 37). In such parasites the line seems to have split at the end
opposite to that at which the free blepharoplast is placed. This
" blepharoplast" is probably formed by division of the "nuclear"
mass of chromatin. An oval non-staining or more lightly staining
area, the "vacuole," is very constantly associated with the blepharoplast in parasites of all ages. It may vary greatly in size (figs. 53, 73).
" Dots," or chromatic granules similar to those illustrated in figs. 15,
19, 23, 47, 59, were seen in a few instances. They occur in parasites
of all sexes and sizes in any position. It is impossible to say anything
concerning their function from our specimens. In one parasite of
the type illustrated in fig. 7I a chain of five pairs of granules, arranged
in a column, occurred within the chlamydoplasm and in immediate
connection with the nucleus. In the same way a column of three
pairs of granules has been seen placed beside the blepharoplast. In
one or two cases a pair of granules was joined by a fine thread.
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Unfortunately, our material does not permit a full description and
explanation of the developmental phases of these nuclear structures.
We can only describe a few of the appearances observed. One
process, however, the formation of a "line," seems common to all
sexes and ages of the parasite. The line is widest about the middle,
and tapers to either extremity. It is usually gently curved;' rarely
it seems to be slightly wavy. This effect is probably produced by
the over-lying striations of the ectoplasm.
We have not determined exactly how this line is produced, nor
what is its significance. The morphological changes attending its
appearance in the younger parasites are as follows:-The nuclear
material, in the youngest parasites (fig. 2, 6), consists of a deeply
chromatophilic area, connected with which is a larger pinkish area
often containing a few chromatophilic granules. A line is projected
apparently from the denser nuclear mass (fig. I). At the distal end
of this line a smaller, densely-staining area appears (fig. 3).
The
steps intervening between this stage and that shown in figs. 16, 17,
18, where a commencing line is apparently arising from the lighter,
not the darker, part of the chromatic material, have not been
determined. It is possible that the forms shown in figs. 4, 5, 9, 10
may intervene at this period. In 'slightly injured parasites, of all
ages (figs. 15, 36), it is seen that the line is composed of several (up
to four counted) filaments. Sometimes (figs. 28, 33, 33a) it may split
longitudinally, apparently normally; and (?) in such cases the nucleus
sometimes also divides (fig. 39). Multiplication of the parasite has
not been seen. This appearance is the only' one observed which in
any way suggests division. The line may also divide transversely in
the following manner. A portion of the line situated in the
chlamydoplasmic area becomes thinned (figs. 26, 32,40,41).* An oval
pink area differentiated from the rest of the nucleus surrounds this
constriction. At either side of the constriction a dark granule
develops in the line (fig. 32). Connecting these granules is a very fine
dark line or " axial filament." (The" nucleus" in one instance (fig. 26)
was connected to one of these granules by a line.)
In another, slightly squashed specimen a filament connected the
line with a differentiated "nuclear" area situated in the chlamydo"Occasionally the blepharoplast or nucleus may lie over the line and so,
through a defect in staining, produce an appearance resembling a constriction.
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plasm and then with a "blepharoplast." In some cases the granules
and connecting filament can be discerned in the line even before the
constriction becomes visible; in two or three specimens a wavy blue
line was associated with the" line" (figs. 38, 46, 62). We make no
suggestion concerning its nature. The further development of this
process was seen in only one specimen (fig. 44), here the two halves
of the line are widely separated. The proximal extremity of each
is capped by a dark granule and surrounded by diffuse chromatin
material, while between them runs the faint axial filament, whose
apparent origin has been described.
The process as thus observed seems comparable to the first stages
of the formation of motile apparatus in t'he trypanosome-like stage of
Halteridium
(Hcemoproteus) noctuce, Schaudinn.
The possibility
,
suggests itself that the formation and transverse division of the
" line" may represent the third division of nuclear material described
by Schaudinn, and that the axial filament may represent the flagellar
apparatus of a future trypanosome. Unfortunately, our specimens
permit us to go no further than merely to suggest this hypothesis.
Since line formation occurs in parasites of all sizes, it is a process
common to all ages of the parasite. This is also true of the development of the trypanosome-like, motile stages of Hcemoproteus, and is
another point of resemblance between these two processes.
Objections to this interpretation of the line formation are:----,.
(I) None of the smallest trypanosome-like or spirocho.ete-like stages
representing the motile stage of' the youngest intracorpuscular
parasites were seen. This is strange in a bird so heavily infected.
The trypanosome which was present (described below (figs. 29 and
30 )), if it has any connection with the leucocytozoon, probably
represents the motile stage of a mikrogametocyte.
(2) Forms (figs. 45, 46, 63, 64) in which the length of the line has
become much extended do not seem to harmonize with this hypothesis.
Advanced stages of transverse division of the line were seen but
rarely (figs. 26 and 44 are unique).
The line may lie in any position. It may be connected with its
nucleus at its centre .or by one end (figs. 45, 74).
Although it is
usually almost totally in the endoplasm of the parasite, its extremities
may extend into the ectoplasm (figs. 39, 46, 74). According to the
way in which the parasite has dried on the slide the line may be at
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the side of, above, or below the host-cell nucleus. The line is the
most resistent part of the parasite, and is often intact when the rest
of the parasite has been destroyed in the making of the film.
Young form~, smaller than those illustrated (figs. 6, 7, 8, 13),
occur in which it is impossible to detect any structure beyond the
presence of a spot of chromatin in a slightly larger area of blue
endoplasm.
E very intermediate stage occurs between these tiny
organisms and such larger, line-bearing parasites as fIgs. 24, 25.
Intermediate stages, without the line, are not seen between parasites
of this size and the adult gametocytes. Intermediate stages with the
line are frequent (fig. 26). The younger parasites are spherical C\r
have rounded ends (fIgs. 4, 13, 25); as they become larger their
extremities become pointed and affIliated. Many figures in Plate I
indicate that the younger parasites are amoeboid. This, and the fact
that one or two very young parasites were seen free in the plasm,
suggests that the parasites may be able to wander from host-cell to
host-cell without the development of a motor apparatus. Such a
process is described in Hcemoproteus' l1oCtuce.4 It is evide'nt from
changes in form of the adult parasites (figs. 59, 63), apparently not
due to artefacts, that they retain up to a late stage something of the
plasticity of the younger parasites. The younger parasites seem to
apply themselves to (fIgs. I, 4. 25) or to enter (fIgs. 13, 16) the host·cells. The larger parasites engulf them (fig. 26).
It is noteworthy that the parasite's endoplasm is always in close
connection with the cell nucleus. As far as staining reaction and
appearance goes, it is evident (fig's. 6-8, 13, 2 I, 25) that the host-cells
often are mononuclear white cells; very rarely granular leucocytes
are attached.
Probably as the infection becomes older, the host-cell, particularly
the nucleus, becomes larger and stains deeply (figs. 24, 26, &c). It
is noteworthy that the nuclei of the host-cells harbouring female
parasites are more often extruded and when present are more
degenerated than is the case in the male parasites (figs. 62, 73).
Since Romanowsky is a stain which does not penetrate, host-cell
nuclei lying beneath the parasite are frequently almost unstained.
In such specimens it is often difficult to make out the relative
arrangement of host-cell and parasite.
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Adult Female forms.

Adult female parasites, makrogametocytes, are rather less
numerous and larger than adult male parasites.
Their general
characteristics, as outlined above, are:. deeply-staining endoplasm,
containing more or less numerous chromatophilic granules and small
clear spaces-I< vacuoles"; and small amount of nuclear material, as
compared with the male parasites. The a.verage measurements of the
most usual type of makrogametocytes (figs. 65, 67). are:-Total'
length, 55·6,u.; endoplasm, length 20' 3,u., breadth 9' 8,u., Slender forms
(figs. 62, 73) in which these measurements were 63'I,u., 22'5,u., and !:l'5,u.
respectively, as well as stumpier forms (fig. 69) measuring 47#, r6,u.,
and J4,u, were constant types. Much.effilated forms (fig. 72) are rare.
They occur most frequently in the thickest parts of our blood smears.
In the most usually seen form (fig. 67) the nuclear material
forms a diffusely-pinkish area (chlamydoplasm ?), usually without
a sharply-defmed limit, but possessing a definite oval contour. In it,
or immediately adjacent to it, is the more or less deeply-staining,
often granular, blepharoplast (?). Adjoining the blepharoplast an
oval, more lightly stained area-the vacuole-can usually be
distinguished (fig. 73). Other less conspicuous, dense, chromatic areas
The phenome-na
may also occur in the chlamydoplasm (fig. 66).
attending line formation in the female (figs. 62, 63, 64) seem to be
analogous to those described in the male and in the young forms;
because of the darkly staining endoplasm it is, however, very difficult
to follow them.
No changes were observed in the nuclei of the female cells which
seem peculiar to them. F or this reason no special description is
given of them; the few drawings reproduced indicate the
resemblance between the nuclear changes in the two sexes. The
coarse alveolar structure of the endoplasm, common to all forms of the
parasite, is particularly defined in the makrogametocytes. The curved
outlines of the alveoli, merging into one another, often give the appearance of wavy blue lines running through the parasite. The granules
vary greatly in number and size. There may be as many as fifty.
Some are almost dust-like; usually they are larger, and may measure
almost '5 # in diameter. They frequently occur in pairs and seem to
be placed superficially in the parasite. They often lie in-lines along
the faint striations of the ectoplasm. Of the origin and nature of
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these granules we can say nothing certain.
Granules of similar
appearance sometimes occur in much smaller numbers in mikrogametocytes.
A few rounded forms (fig. 31) are present in which the host-cell
nucleus has been extruded and the ectoplasm thrown off. These are
possibly parasites prepared for fertilization. 6
othing was ascertained concerning the nuclear changes at this stage.'" Such parasites
measure abo~t 14ft by 9ft.
Adult whet-stone-shaped parasites occur (fig. 70) which possess
general characters intermediate between the male and female adult
types described. They are, therefore, not readily referable to either
sex; but our material does not permit an assertion as to whether an
indifferent form exists or not.

.

Adult Male forms.
Besides the forms in which the line occurs or is developing (fig. 34),
there are other parasites where the nuclear material follows a
development of different type (figs. 48, 52); it is impossible to say
definitely whether there is any connection between these two
processes.
Apparently an early stage of this second process is illustrated in
figs. 48, 70, 71, 75. There is more or less diffuse and abundant
chlamydoplasm. In the chlamydoplasm occurs a denser, at first circular
or spherical, mass of chromatin-the "nucleus." (It may rarely be
placed just outside the chlamydoplasm.) Outside of the chlamydoplasm, but occasionally in connection with a detached portion of it,
is a second denser mass of chromatin-the "blepharoplast." The
blepharoplast is identified by its granular nature and by its darker
staining. The nuclear material becomes arranged in a thick semicircular arc (figs. 49, 76.) At its centre usually occurs a dot, often
connected with the extremities of the arc by fine lines (figs. 53, 55).
The arc of chromatin becomes hemispherical and the dot increases in
size (figs. 50, 52) until the place of the nucleus is taken by two
irregularly oval chromatin masses of approximately equal size (fig. 51)'
A stage preliminary to this process is possibly illustrated in fig. 47,
where four brownish granules, of quite a different colour from the
chromatin granules of the blepharoplast, occur in close connection
* The line in the nucleus of fig. 31 makes it very doubtful to what stage this
parasite really belongs.
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with the nucleus. This specimen is unique; somewhat similar·
granules once occurred (fig. 59) in connection with the blepharoplast.
It is possible that the division of the nucleus may be by mitosis.
Some half-dozen forms like figs. 54, 56, 59 were seen. Unfortunately,
it was never possible to distinguish the individual spindle fibres or to
count the individual chromosomes. Some spindles, however, had a
distinctly fibrillar appearance, and the chromatin was usually very
distinctly granular at this stage; in one specimen (fie-. 56) the granules
could almost be counted-there seemed to be from seven to nine.
The further development of this process was not observed.
The type of parasite in fig. 68 is probably an early stage of this
second process. The nuclear concentration in the chlamydoplasm is
indistinct and circular. The blepharoplast is very well marked; its
thread-connected granules are distinct, and not infrequently a
chromatophilic granule occurs well outside the blepharoplast, but
still connected to it by a well-defined reddish thread (fig. 68). (In
one such parasite the blepharoplast had divided into two equal parts
connected by a thread.) This apparent extrusi'on of granules from the
blepharoplast occurs, but less frequently, at other stages (figs. 49, 50).
Figs. 5 I and 60 are larger parasites apparently undergoing a
similar process. In fig. 57 the blepharoplast seems to be extruding two
granules. while the nucleus is commencing to divide. In fig. 60 the
nucleus, now almost outside the chlamydoplasm, is almost completely
divided, while the granules in the blepharoplast have become much
more distinct. Fig. 58 is probably a stage in this process. It is
suggested that this second process is possibly concerned with the
prostages of mikrogamete formation.
A trypanosome.
Six trypanosomes which cannot be identified easily with any
parasite already described were seen in the slides containing the
leucocytozoon. All were of approximately the same type. The usual
measurements were about I,· 3'7ft; II, IO'5ft; III, I '8ft ; IV, 21'4ft;
* The measurements of trypanosomes in this communication were made
according to the formula described by us on page 88 of Memoir XXI of this School.
I-Posterior extremity of the parasite to centre of the blepharoplast.
II-From the centre of the blepharoplast to the posterior border of the
nucleus.
III-From the posterior to the antl'rior border of the nucleus.
IV-Anterior border of nucleus to posterior extremity of the body of the
parasite.
V-Length of free flagellum.
VI-Breadth of body at its widest part.
The total length of the parasite is also given as a measurement.
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V, rr8/L; VI,3·7/L. Total length, 49/L. A perfect flagellum was
seen only in one parasite (fig. 29). In fig. 30 the flagellum is much
shorter; the greater breadth of this parasite is probably due to its
being slightly flattened.
The blepharoplast is a very darkly-staining oblong lying longitudinally in the parasite and placed just posterior to an ill-marked
vacuole. It obviously consists of a collection of four or more granules.
The flagellum, after forming the thickened edge of a wide (J' 5 p. ),
ample, lilac-staining undulating membrane, ends in one instance
(fig. 30) in a small carmine-coloured, possibly bi-Iobed, expansion,
in immediate apposition to the blepharoplast. The granular, palely
staining nucleus measures about 2 by J' 3/L, and lies in a sharplydefined palely-staining area (3 by 2' 5 p.), situated rather posterior to
the middle of the body of the parasite.
In one instance a dark
karyosome-like granule, lying in the clear space, is placed close
to the nucleus. The nucleus is obscured by the striations of the
body, and it is seen with great difficulty.
The finely-alveolar
body cytoplasm is striated through almost its whole length. The
much-pointed posterior extremity (especially in fig. 29) is very lightly
stained. Here, as in the finely-drawn-out, darkly:.stained anterior
ex~remity of the body, striation can not be detected.
At the level
of the nucleus about eight, more or less, light striations (myonemes ?)
can be distinguished running longitudinally. Ordinarily (fig. 29) the
striae are placed at equal distances. In fig. 30 they are so ar'ranged
as to make the cytoplasm appear to be arranged in dark striae disposed
in pairs.* By careful examination of fig. 30, it was thought that five
pairs could be distinguished.
The irregular clear areas in the cytoplasm, as illustrated (figs. 29,
They are not thought to
be artefacts. They seem to be non-staining, refractile granules rather
than vacuoles.
30), occur in the majority of the parasites.

The periplast does not stain as pinkly as is usual in trypanosomes,
but it can, nevertheless, be distinguished as a clear refractile envelope
about the body of the parasite.
* Compare with the myonemes in the motile forms of the mikrogametocytes of
Spiroch(J!ta ziemanni.
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"BUSH FOWL II

A few trypanosomes, measuring about sop, in length, were seen
in a red-legged bush fowl at Tshofa. Stained preparations were not
made. The parasite was remarkable for the extraordinary length
and the flagel1um-like fineness of its posterior extremity. About one
quarter of the total body length lay posterior to the blepharoplast.
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BYCANISTES BUCCINATOR (the trumpeter hornbill).

Trypanosomes.·
Two distinct trypanosomes, one small and the other large, were
seen in a bird of this species shot near Coquilhatville in the Congo
Free State. The smaller trypanosomes (Plate XXIV, figs. 1,2,3,4,5,6)
were by far the most numerous.
Their appearance in stained
specimens varies very considerably, so that it is possible to describe
three distinct types, although forms intermediate between them can
be distinguished.
These may be called the" slender" (figs. I, 2),
" broad" (figs. 3, 4), and "stumpy" (figs. 5, 6) forms, in accordance
with their general appearance. To some extent the structure of these
forms varies with their dimensions. The stouter forms usually stain
more lightly, have the looser cytoplasm, have no vacuole at the
posterior extremity, and their large nuclei do not extend completely
across their bodies.
.
This association of qualities is not constant, however, and all
gradations were seen between forms possessing them and the, as a
rule, darkly-staining and more compact slender forms.
All these
forms are, therefore, considered to be merely variations of one parasite,
which may be described as follows : The blepharoplast stains very densely and more ~arkly than either
nucleus or flagellum. Its position may vary from the extreme posterior
extremity, in particular in the" broad" and" stumpy" forms, to a spot
If.£ or more from the end of the parasite (fig. I)' It is oblong in shape
and is seen to be granular; in several specimens at least four
granules, sometimes arranged in pairs, can be counted (fig. 6).
Although the arrangement of these granules occasionally suggests
commencing division, none of the ordinary longitudinal division forms
The blepharoplast may be placed longitudinally,
were seen.
obliquely, or transversely in the parasite. Just anterior to it there is
often a well-defined vacuole, or, when that is absent, a more lightly
stained ,area.
The nucleus frequently extends completely across the body of the
parasite and is almost always surrounded by an area stained more
lightly than is the remainder of the body.
The relation between
the size of the nucleus and the type of parasite varies considerably;
* The description of this parasite is reproduced by permission from the Joumal
of Medical Research. Vol. XVI, No. 5, March, 1907.
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as a rule, in the "broad" arid "stumpy" forms the nucleus seems
relatively larger, of looser texture, and stains more lightly. Chromatic
granules, number undetermined, occur in the nucleus of each type of
trypanosome (fig. I).
In several preparations (figs. 3, 6) two small darkly-stained and
closely-apposed chromatophilic granules, surrounded by a pinkish
area, occur in close connection with the nucleus, but just outside the
nuclear membrane. In one instance a well-marked chain of oblong,
twin chromatophilic granules runs forward, in an unstained area, from
the anterior edge of the vacuole for about a quarter of the distance
between the blepharoplast and the nucleus. This structure recalls
a similar appearance observed in Trypanosoma karyozeukton.Whether staining deeply or lightly, the cytoplasm of the small
trypanosomes is always granular, but the fineness of the granules
varies greatly. 'N ell-marked striations of the protoplasm occur in
each form, although they are best seen in the broader forms (figs. 3,
4, 5). The striations are evidently a superficial structure, and are
usually wound spirally about the parasite. In· some specimens a single
striation can be followed for almost two complete turns (figs. 4, 5).
From their arrangement it is very difficult to estimate the number of
striations, but these seem to be about 7 to 8 (figs. 4, 5)·
The whole parasite is enclosed in a pink-staining periplast, which
can be plainly seen at the posterior extremity and in some parasites
all along the edge of the body, where it is un obscured by the
undulating membrane (fig. 3).
The ample undulating membrane
seems relatively widest in the" slender" forms.
The usual dimensions of each form are given in the following
table ;USUAL MEASUREMENTS or THE SMALL TRYPANOSOME
SLENDER
BROAD
Sn:MPY
FORM
FORM
FORM

Measurement

"

"
"

"
Breadth

I
II

III
IV
V
VI

Total length VII

1'0 J.L
TOJ.L
2'0 J.L
T3J.L
TSJ.L
T°J.L
2S'1J.L

r6J.L
S'0J.L
Z'4J.L
10' 4 J.L
8'0 J.L
4'S J.L
30'4 J.L

'

...

r6J.L
10'4 J.L
2'0 J.L
T2J.L
9'6J.L
2'S J.L
30 'S J.L

• See page 2qi

* Dutton and Todd, 1903.
page 53.
T
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Only two examples of the large trypanosome (total length about
64f/.) , were obtained.
Unfortunately, both are so' obscured by
surrounding red cells that it is impossible to reproduce them. Their
blepharoplast is placed much nearer to the nuCleus than to the
posterior extremity (and in one instance in a vacuole). The nucleus
almost extends across the body. The undulating membrane is ample
and the flagellum seems to be comparatively short. The body of the
parasite is striated longitudinally; at the level of the nucleus only
seven striations could be counted. In one parasite an appearance
resembling a longitudinal striation was present in the undulating
membrane. The dimensions of this type are: posterior extremity to
centre of blepharoplast, 2S·3f/. (in one parasite only I7f/.); centre of
blepharoplast to posterior border of nucleus, 3' 3f/.; anterior border of
nucleus to termination of body, IB'3f/.; free flagellum, 8'3f/.; width S'Bf/..
At Coquilhatville lack of time pre'vented a careful examination of
the parasite in fresh preparations.
Some months later another
hornbill was shot, and its blood was found to contain trypanosomes
resembling the small type described above. Fresh coverslip preparations of blood were kept at room temperature (28 0 C.) and watched.
for some hours by Dr. Inge Heiberg. The changes in form indicated
in the following diagram were observed to occur in three hours.

I

_____________________ J

o.pPQor.

;

Mt\n~ 9rclf\ue~
Two hours after the preparation was made normal parasites were
still seen.
Occasionally pairs occurred joined _by their flagella.
After three hours both normal and very short ," stumpy''' parasites
were seen, while after four hours, longitudinally dividing, spherical and
irregular, certainly degenerating, parasites were present.
Eighteen hours after the preparation was made dividing forms,
similar to those seen at the fourth hour were still present, while a
stouter trypanosome than those seen at the commencement of the
observation now appeared for the first time.
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REPTILES
A considerable number of snakes, chameleons, lizards, monitors
and tortoises of several varieties, as well as three or four crocodiles,
Parasites
were examined in both the Gambia and in the Congo.
were found only in the instances, described below.
SNAKES

T rypanosomes.
In stained smears of blood taken from a puff-adder caught in the
Gambia,.a single trypanosome-like object was seen.
The measurements are as follows:Measurements:

*

I
II

6'0 J1,
6'4J1,

III

2'4J1,

IV

21"6 J1,

V
S'4J1,
VI
o'6J1,
Total length of parasite 45'0 J1,

The body is long, narrow and tapers at each end to a pointed
extremity. The body stains a light blue except for two areas between
the blepharoplast and the nucleus, which stain dark blue. The first
dark area, extending from the blepharoplast anteriorly, is J4J1, long;
the second, following a short interval, is 3J1' long. The nucleus is
composed of red chromatin granules and occupies the entire width of
the body. . The flagellum is a very slender filament.
Only a suggestion of an undulating membrane can be seen.

Drepanidia. t
Drepanidia of an ordinary type were frequently seen in the same
snake.
The nuclei of the cells containing them were displaced, but'
* See

page 297.

l' In the present state of our knowledge, it seems futile to attempt the identi·
fication of a Hremogregarine from its "drepanidium.like" form alone.
For a
review of what is known concerning the haernogregarines of amphibians and
reptiles, see Luhe; in i\{ense's " Handbuch der Tropenkrankheiten," page 206. Barth,
Leipzig.

not injured; neither was there any destruction of the cell cytoplasm.
Two drepanidia were often seen occupying one blood corpuscle,
sometimes on either side of the nucleus, and sometimes at one end of
the corpuscle, which was then double the usual length (Plate XXV,
fig. 52). Two forms of drepanidia were seen, one with a finelygranular, striated, blue-staining cytoplasm (Plate XXV, figs. 50, 55),.
and the other with a lighter-staining, more loosely-woven cytoplasm,
which contained vacuoles, of irregular size and number, at both ends
(Plate XXV, fig. 5I). These latter forms were often much shorter
and wider than the others. The drepanidia measured from lIto 17 P.
in length, and from 4' 5 to 8p. in width. Free forms of the usual type
were seen; multiplication forms did not occur. Folded, "two-shanked,"
intra-corpuscular parasites were not seen.
A few of the curious bodies illustrated in Plate XXV, figs. 53, 54,
and in Plate XXVIII, figs. 56-58, were seen in the blood of this snake.
They were rods from 10 to Igp. long and about 1p. wide.
They
stained homogeneously red with Romanowsky; they were, however,
a deeper red at the edges than in the middle. The ends of the rods
were somewhat rounded, but never well-defined. In a free single rod
there was a deep red dot near the centre (Plate XXV, fig. 53). Two
rods were always found in a cell, and they were usually of about the
same length, though occasionally one was longer than the other. The
rods were sometimes placed parallel, sometimes crossed upon one
another, and sometimes came together at one end. They usually
occurred in cells which were lighter-stained and had a rounder, redder
nucleus. They were sometimes, not always, found in cells containing
drepanidia. In two cases free parasites were seen; in one case two
rods were found on a degenerated drepanidium; in the other case, a
slI1gle rod was found free.
Dr. L. Sambon, by a study of slides of blood from other snakes in
which these bodies occur more frequently, has shown that they
represent the curled-up remains of the capsules vacated by drepanidia.*

An Unidentified Parasite.
A single rounded parasite of the type seen in frogs (page 335) was
found in the snake (Plate XXV, fig. 55). It measured 2'2p. in
diameter. It contained short red rods arranged, like the spokes of a
wheel, about a small central red mass.
• Private communication.
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CROCODILES

T rypanosomes.
In stained smears of blood taken from a crocodile (Crocodilus
cataphractus?) shot in the Congo, a trypanosome with a length of
The body was about
about 3SJi- (not including flagellum) was seen.
2Ji- wide, the blepharoplast was 3Ji- from the posterior extremity and
the nucleus was near the centre of the body and occupied its entire
width. The undulating membrane was wel1 developed.
Drepanidia.
Drepanidia of an ordinary type were seen in the same crocodile
(Plate XXV, fig. 49). They usual1y measured IZ'5J.l in length and
4' 5p. in breadth. The nuclei of the host cel1s were displaced but not
injured.
No destruction of the cytoplasm of the blood corpuscles
Folded," twowas observed, and no division forms were seen.
shanked," intracorpuscular parasites did not occur.
LITERATURE
MINCHIN, GRAY AND TULLOCH. Proc. Roy. Soc., Series B., Vol. 78, p. 251. Report
the presence of a large trypanosome in a crocodile in Uganda.
They give
no further particulars.

TORTOISES

T rypanosomes.
In stained smears of blood taken from a tortoise caught in the
Gambia, trypanosomes of one type were seen (Plate XXV, fig. 45).
The measurements are as follows :Measurement I
"
"
"

II
III

"

V

IV

"
VI
Total length of parasite
Width of membrane ,..

1'2 to 3'SJi7' 5 to 18' SJi2'2 to 3'SJiI2'S to 23·0Ji10'0 to IS'0ft
2'0 to 3'SJi35'0 to 58'0Ji-

2'0Ji-

The body tapers gradual1y towards both extremities, which are
sharp-pointed, the anterior extremity being more slender thau" the

posterior.
The cytoplasm is finely granular, and in it are several
round unstained spaces I to I' 5J-L in diameter. In one specimen there
were seven of these spaces anterior to the nucleus, one at the
posterior edge of the nucleus and four posterior to that.
The body
has fine longitudinal striations.
The blepharoplast consists of at
least four granules embedded in a matrix, and is about I'Ifllong;,
a clear area is in connection with it.
From it the well-developed
undulating membrane extends in folds to the anterior extremity, The
nucleus is round, sometimes slightly longer than wide, and occupies
two-thirds of the width of the body.
No division forms were seen.
Drepanidia.'*
Drepanidia of an ordinary type were seen in the same tortoise,
The nucleus of the host-cell was displaced, but not injured.
Two
parasites were sometimes seen in one blood corpuscle. No destruction
of the cytoplasm of host-cells was observed and no multiplication
forms were seen, Some parasites have a cyst wall about them while
they are in the corpuscles. This same encysted condition was observed
in extra-corpuscular parasites. Many of the drepanidia have coarse,
colourless, refractile granules (Plate XXV, fig. 47), either throughout,
or only in one half of, their bodies. Two forms of parasites were
observed; in one the nucleus stains a dark purple and has a dense
structure, as has its cytoplasm (Plate XXV, fig. 46); in the other,
which is much larger, the nucleus stains a bright carmine, and the
structure of the nucleus and cytoplasm is looser (Plate XXV, fig. 48).
The drepanidia measure from 10'4 to 17J-L long and from 4 to S'SJ-L
wide. Multiplication forms were not seen, Folded, "two-shanked "
intracorpuscular parasites did not occur.

AMPHIBIA
The only representatives of this class examined were frogs and
loads. The blood of several hundreds of these was searched for
parasites in either the Gambia or the Congo.
FROGS AND TOADS

Trypanoso11les.

In the Congo Trypanosoma loricatum vel costatum 2 (Mayer, July
1843) was found in the blood of represent~tives of the following
'* See footnote to page 303.

species of frogs and toads :-Rana galamensis (D. and B.), Rana
oxyrhynchus (Sund.), Rana mascarensis (B.), Rappia marmorata
(Rapp.), and Bujo regularia (Renn.). A considerable portion of them
was infected.
Blood from these infected amphibia was examined
fresh and stained. In the fresh examinations, blood was carefully
taken aseptically from the heart or, if it was desired to keep the frog
alive, either from a leg vein or a toe. Coverslip preparations were
made and examined periodically. Blood was kept in sealed capillary
pipettes for varying periods and was then used for making films for
staining.
Blood was taken from the frogs and, with coverslip
preparations already made, was examined at all hours of the day and
night. Preparations from the organs and bone marrow and of fluid
from the body cavities were examined; trypanosomes were seen only
III the blood.*

Trypanosoma loricatum was present in almost every frog infected
with trypanosomes. It was frequently associated with trypanosomes
of any of the types described below. As a rule, it was noticed that
parasites of the Trypanosoma sanguinis 4 type (Plate XXVI, fig. 27)
were associated with Trypanosoma inopinatum-like forms and with
the leaf-like forms 3 (Plate XXVI, fig. 28); T. mega 4 (Plate XXVII,
figs. 35-39) occurred with forms resembling T. karyozeukton 4
(Plate XXVIII, figs. 40-42) in everything save the absence of the
specific chain of granules. In 99 per cent. of the frogs infected with
trypanosomes Drepanidium was also seen to be present. . As a rule,
if there were many trypanosomes there were also many drepanidia.
Striking exceptions to this rule were, however, seen. t
In fresh blood T. loricatum is practically a frilled operculum of
protoplasm, somewhat pointed at the posterior end. It is convex
on one surface and concave on the other. From the median line of
... In a single paper Mayer (2) described two parasites under two specific names,
lorica/um (or costatum) and rotatorium.
More recent work has shown that he was
probably dealing with two forms of one trypanosome. One of these names must
therefore disappear. We retain the name loricatum since it was originally applied
to a parasite resembling that type of trypanosome which seems to be the adult form
of the. haematozoon under discussion.
A perusal of the present paper makes it
evident that various other forms of T. loricatum have received specific names.
These must also eventually disappear; but until the life history of this parasite has
been completely worked out it is scarcely worth while discussing this point.
t For descriptive purposes names already given to various types of trypanosomes
are frequently used in this paper.
They are used without question to designate
parasites resembling those described under these names by the authors quoted.
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the concave surface at a little distance from the posterior extremity
arises the flagellum. The margins of the organism are roughly
serrated. It moves backwards and forwards slowly, now turning over
on itself and now bending antero-posteriorly. As many authors have
observed, its rate of progression is very slow. It is, therefore, easily
watched under the microscope for considerable periods. A side view
is seen in fig. I~, a dorsal view in fig. 2, and a cross section in fig. 3-

f'~. 1.

T. loricatu1lt has a peculiar method of division, which we observed
most completely in preparations of fresh blood of Rana galamensis,
kept aseptically at 72° F. to 89° F. for two or three days.
Amongst recent authors, Franca and Athias 2 and Bouet6 have
seen parts of the cycle described in this paper. Franca and Athias 2
saw representatives of the type of T. loricatum, in fresh and stained
specimens, become rounded and, in one case, segment several times.
In stained specimens they saw a trypanosome of their T. rotatorium
typ~ become spherical and divide.
They describe most interesting
nuclear changes in which the blepharoplast seems to play
the part of a centrosome, and forms suggesting mitotic division are
described. In these same specimens small round parasites, posse~sing
blepharoplast and nucleus, which may develop two flagella, occurred.
A .small trypanosome of their T. rotatorium type was also present.
• The figures in the text are drawn diagrammatically from actual liviug specimens.
Figs. 20 and 24 are enlarged 2000 diameters, the remainder 1000 diameters.

They describe one or two anomalous forms whose position cannot be
determined at present. Bouet 6 made cultures from the blood of frogs
containing trypanosomes of the T. loricatum 2 and the T. rotatorium 2
types. The results obtained with either form of parasite were
identical. Herpetomonas-like parasites (with an ill-developed undulating membrane, however) were the most usual forms in cultures.
It is to be noted that every form of parasite between this type and
the trypanosomes originally present in the frog's blood could be seen
in the cultures.
Some of the parasites, directly after the preparation was made,
were seen to have lost their striations at one or both ends and to have
become granular. This process results in a swelling at one or both
ends (fig. 4). Later the whole parasite becomes granular; during this

Fi~. 4.

process a well-marked nucleus and blepharoplast are present. The
body now becomes rounded, and the undulating membrane is gradually
peeled off. The flagellum is attached to one end of the organism
(fig. 5). The parasite soon becomes completely spherical (fig. 6), and
in this condition its diameter is about 24f£. The flagellum is still
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attached; but-soon is 'Cast off and is seen Jying in the. serum; with ~b~
blepharoplast attached (fig. 7).
Unfortunately, discarded flagella
were never seen in stained specimens. It is, therefore, impossible to
state whether the whole of the blepharoplast is cast off or not. If
the whole of it is discarded a new body strongly resembling a
blepharoplast is formed very quickly; b~cause rounded parasites of
all sizes from one equalling the original rounded T. loricatum to those
only Sf'- in diameter possess two chromatic areas, one the nucleus
proper, the other resembling a blepharoplast.*
It is suggested by some forms that
least may rema,in when the flagellum is
granules not infrequently occur in the
which probably belong to this period.
can say nothing.

part of the blepharoplast at
thrown off. Chromatophilic
cytoplasm of trypanosomes
Concerning their ..nature we

The flagellum after being shed loses its lively movements in
three or four seconds, and dies.
The parasite is now round and
granular with a highly refractile nucleus (fig. 8).

.

.

In one observation the parasite lost its striations, became rounded
and lost its flagellum in eight minutes after the preparation was made
(figs. 9, IO). t
,. It would be expected (2) (8) that the blepharoplast would be newly. formed
'from the nucleus.
1" The times given for the periods occupied by the various developmental changes
represent actual observations, and may be taken as approximate averages.
The
same changes may take place more or less rapidly; very frequently the changes hke
longer than has been indicated.

It then became amoeboid, and in fifteen minutes had moved
across two fields (Zeiss, 1'30 aperture, achromatic objective; No, 2
eyepiece).
The nucleus became distinctly visible (even before the
flagellum was completely cast off), and ifs structure could easily· be
made out (fig. I I).
The parasite now elongates (fig. 12), a constriction appears, and
almost before division is complete a similar constriction takes place
in each of the daughter cells to form four cells, all the cells being
almost of the same size as the original mother cell.
The four cells
divide into eight, the eight into sixteen, the sixteen into thirty-two,
and the thirty-two probably into sixty-four.Preparatory changes were seen in the nucleus before the first
These changes were difficult to follow owing to their
division.
rapidity. At one point a rapidly-moving little tongue process appears,
surrounded by a very small differentiated area (fig. 12). In a second
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or two a dull refractile area become~ visible a little distance from it;
a second later another one appears, but it is somewhat smaller, and
then still another (fig. 12); but almost before this latter has formed,
the four apparently merge into one large, highly-refractile, rounded
area in which the little tongue is seen moving (fig. 13). This area is
an obvious feature in many of the cells before division is complete,
at first very bright in appearance, it gradually fades away; thus in
one case it was formed at 3"21, it was much less vi~ible at 3'24, it
could not be distinguished at 3'25, and the cells had completely
* Danielewsky states that he has seen
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divided at 3'30. Another observation showed the area commencing
to be visible at l' 55, very bright after two minutes with the little
tongue plainly visible; it was not so bright at 2, and had vanished
at 2'03; at this time division of the cytoplasm was well ,'dvanced.
Another tongue and area was very bright at 2'07, and gone at 2'26.
In one case just before its disappearance, the little halo dlyided,
showing a delicate, thread-like connection between two dots (fig. 14).
These separated completely into two (fig. 15), and then both
disappeared.
A dot was sometimes discernible at one end of the "tongue."
Clear areas, smaller and quite distinct from those described above,
occasionally appeared for a few seconds in the cytoplasm of the
trypanosomes before the first division.
One of the products of the
first division not infrequently divides before the other.
Often one

F{ '3' 15.
or two of the products of the third, fourth or later divisions divides
no further.
Indeed, the development of the parasite may be arrested
at any stage. Such individuals become rounded and ~ery granular
and probably usually disintegrate. Some of them may become
encysted resistant forms. 6
In dividing, the cells rotate one upon the other in opposite
directions, so that the long axis of one comes to lie at right angles
to that of the other (fig. 16). The nuclei were indistinct. The time
taken to turn around in one case was about thirty minutes.
In one instance the single rounded organism had divided, in five
hours and forty-two minutes, into sixteen cells, which were all
apparently inside the outer covering of the original trypanosome
(fig. 17).
In six hours and a half, many of the cells had divided

agam, and in seven hours there were counted thirty-two cells which
measured 8J.L in diameter. In seven hours and a half, forty.one cells
were counted, though there were probably more.
The next change occurring in the~e cells is the acquirement of a
flagellum.
Each becomes ovoid, then pear-shaped, and from the
more rounded end a flagellum is produced (fig. 18); there are always
one or two parasites in each colony which remain spherical and
develop no further.
The colony of cells now takes on a lively
motion.
After a while the young trypanosomes become free and

Fi'.1. 18.

Rca·Ig.
their movements increase in rapidity.
They divide rapidly by
splitting in their longitudinal axis, and thus in the field containing
the original cells, and for many fields around are seen large numbers
(10 to 15 to a field) of young actively-moving trypanosomes.
The young trypanosomes when first formed from the cell by the
acquirement of a flagellum, had the shape and size (x 1,00.0) indicated

in fig. 19. A large or small vacuole is generally seen near the pointed
end. One or two highly refractile dots occur in the cytoplasm. The
movements are rapid and take place solely by the lashings of the
flagellum, which acts as a tractellum. The cytoplasm does not take
part in the production of locomotion even when the parasite has
completely separated from its fellows. These small parasites have a
herpetomonas-like form j this was especially so after division, ~hen
the body of the young parasite is drawn out and its width is almost
equal throughout the whole length. No evidence of an undulating
membrane was detected in these parasites; nor was the exact

Fi'j. .2I.
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termination of the flagellum in the cytoplasm ascertained in fresh
preparations. In preparations examined thirty hours and forty-five
minutes after they were made, the very active trypanosomes present
were all of the shape shown in fig. 20. They contained two refractile
areas,
In one preparation small free parasites were seen to divide by
becoming rounded, They then divided longitudinally (fig, 2 I).
In the same preparation examined thirty-two and .a half
.hours after it was made, agglutination· of the small trypanosomes
was seen at a spot near the edge of the drop of blood. 6 The parasites
were attached together by their flagella (fig. 22). Their movements
had slowed down, and later they were absolutely quiescent. Other
* This

phenomenon was seen up to 4 days after the preparation of a blood film.

parasites, rounded and attached to one another as in ng. 23, were seen
in this situation. These also became motionless.
Four days later in the same preparation these' small parasites
were still very active; no change having occurred in them, with the
exception of the production of a bulb found at the.flagellar end of the
herpetomonas-like forms 6 (ng. 24). Five days later many 'small
para-sites were rounded and granular, but were still moving. Six days

later the preparation was discarded, as the sma~arasites had become
rounded, granular and motionless, and the haemoglobin of the red
corpuscles was laked.
The next day after the preparation was made a curious looking
flagellate was seen.
It has large highly-refractile granules, and
apparently two flagella; the p<?sterior one moved slowly, the anterior
one was fairly active, but the parasite remained stationary (ng. '25).
A day later this parasite' had beco~e Tou~ded- and the flagella:were
The fol:lowing day the', par site had
stili moving slowly' (ng. '26).
becorrie coarsely granular and the flagella! hacF disappeared:" i (:;C:'

* Because of their motion and great length it was almost impossible to decide
whether there were really two flagella or only one flagellum witb a very ample
undulating membrane.

Some of the trypanosomes became rounded, but did not develop
further than the first or second division.
Their outline became
indistinct, and, instead of fine granulations, clumps of rather coarse
granules appeared, and later showed Brownian movement.
Examples of such parasites watched for five days are as follows:Fig. 2J.-Shows a coarse granular rounded form.
Fig. 28.-A tri-Iobed leaf-like form.
Fig. 29.-A form with fine dancing granules; on the fifth day the
granules became large and yellow and the organism
disappeared.
Fig. 30.-A coarse granular form without movement. In twenty-four
hours there were large refractile granules, apparently fat
globules. The flagellum was not so easily seen.

Fig. 3\.
In one preparation an amoeboid form of trypanosome was seen
(fig. 3 I). It contained a few rather coarse granules. On the second
day the granules were somewhat coarser, and the parasite had slightly
changed its shape, while the pseudopodia had retracted. On the fifth
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day it was obv'iously degenerated. Some of the herpetomonas-like
forms were seen to divide longitudinally. 'The further development
of T. loricatum was not observed in fresh preparations.
Stained specimens

From the above-named species of frogs and toads, 220 dried films
of blood and organ juices stained by our usual Romanowsky method
were examined.
T. loricatum vel costatum 2 was found in most of
them (Plate XXV, figs. 1, 2, 3 and 4). The measurements of this form
are as follows;1.-12 to 42p..
11.-The nucleus and blepharoplast are apparently connected.
III.-S'2 to 16 p..
I-V,-23'7 to 26p..
V-S'2 to 16p..
V 1.-22 to 45p..
Total length of the parasite, 52 to 101p..
It is a curious coincidence that in the twenty parasites measured,
the length of the nucleus is approximately the same as that of the
flagellum.
In an organism of this size and shape, spreading and drying in the
preparation of the film will inevitably produce a certairu
However, the
amount of distortion (Plate. XXV, fig. I).
shape of the T. loricatum met with in Plate XXV, fig. 3,
corresponds with our description of the parasite seen in fresh
blood (page 307). The body is ovoid, the posterior extremity being
narrower than the anterior. The organism may be found lying at full
length, or with one end partly turned over, or completely doubled upon
itself.
The structure of the cytoplasm is finely granular.
The
periplast is pleated into ridges which run longitudinally from the
posterior to the anterior extremity (Plate XXV, fig. 4). This appearance can occasionally be seen in the most beautiful manner in slightly
disorganised slowly moving parasites, in fresh preparations.
Occasionally the organism is twisted or folded upon itself, when the
ridges consequently seem to run obliquely. The blepharoplast is
usually very small and consists of four or more granules imbedded in
a matrix. The thickened edge of the undulating membrane takes its
origin from it and the nucleus is connected with it (Plate XXV).
u
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The nucleus in nearly every case is elongated and crescentic, with its
concave side toward the thickened edge of the undulating membrane"',
and its anterior extremity is pointed. It is c6p to 2'7p wide. In
a very few cases it is round, when its diameter is from 3'3# to 4'4#
(Plate XXV, fig. 3). The undulating membrane is well developed and
runs in folds from the blepharoplast across the middle of the body,
from the edge of which it extends about 2'7# before the free flagellum
begins. The structure of the nucleus is more or less complex. Its
edges are sharply defined, and at its middle are many very small red
granules. The anterior portion of it is dense and finely granular and
often contains larger masses of chromatin. In some instances large
masses cf chromatin are found at both ends (Plate XXV, fig. 2). In
the fresh this was found to precede division (see fig-so 10 and I I in
text).
Numerous forms occur which have a round body, round nucleus,
blepharoplast close to the nucleus and a short white line extending
from the blepharoplast, like a short flagellum; this line, however,
never extends beyond the edges of the parasite. The line resembles
the tongue seen in fresh sp.ecimens; both occur in rounded parasites
of about the same size, but we are unable to state their identity. It
is, however, quite possible that this type of parasite may be a
developmental form occurring at about this period and that it may be
a product of the first dichotomous division of T. loricatum. Differentiated areas of obscure nature are sometimes seen in the nucleus, but
in none of our specimens have we observed the interesting nuclear
changes described by Franca and Athias. 2
The observations by Moore and Breinl 8 seem to be of interest in
connection with the peculiarly elongated" nucleus" of many forms of
T. loricatum.
In stained smears of kept blood from the same frog, the same cycle
of multiplication and development can be followed as mentioned
In Plate XXV,
above in freshly made preparations of fluid blood.
fig. 8, is shown a parasite rounded and about to cast off its flagellum.
* The resemblance of this parasite to those described under other names than
T. loricalum by Martin (8) in an African lizard, and by Marchoux and Salimbeni (5)
in a frog (Hyla) is very evident. The parasite described by the latter authors is
peculiar in that it had no free flagellum (the flagellum of T. loricalum is often
stained with difficulty, or may lie out of sight beneath the body of the parasite),
and its undulating membrane was commenced by a rigid spur which was observed
in. T. loricalum neither by Franca and Athias (2) nor by ourselves.

The body measures 18/L by I3/L, and the free flagellum was 45/L long
The blepharoplast is of the usual structure with the usual clear space
about it, and from it extends the nucleus as a band I'I/L wide and 9/L
long.
In Plate XXVI, fig. 14, is shown a round form with the flagellum
cast of. The cytoplasm is coarsely granular and the blepharoplast
which is of the usual structure is situated near the edge of the body.
The nucleus adjoins the blepharoplast on one side.
The diameter
of the organism is 22P.. The nucleus is about 3'3P. in diameter.
A division, probably the first of a round form, is seen in Plate
XXVI, fig. 15. The dividing parasite measures 19P. by 13 p.. A group of
16 parasites is shown in Plate XXVI, fig. 18; each of these cells
measures about 3'3p. in diameter. Other small parasites, probably
representing parasites of a third division (Plate XXVI, figs, 16 and 17),
have a diameter from 4'4P. to 6'6p.. Plate XXVI, fig. 15, is a division
of forms with two blepharoplasts and two nuclei, Such parasites were
frequently seen. Occasionally round cells are found with multiple
nuclei and blepharoplasts, but with the cytoplasm undivided
(Plate XXVI, fig. 19). Such cells were from lito 22}l in diameter,
The small round cell now develops a flagellum from the
blepharoplast, and the body elongates in one axis (Plate XXVI,
fig. 20). This parasite measures 6'6/L by 5'5/L, and has a free flagellum
22'8p. long. The blepharoplast is 0'8 by o'3P., and is nil from the
edge. The nucleus is I'I/L by I'6/L'
The next stage in the development is the formation of herpetomonas-like forms (Plate XXVI; fig. 21). These have a body length of
from 9/L to 22/L, divided as follows: -Posterior granule (see below)
to posterior extremity o'5/L to 4'4/L, posterior granule to nucleus 4'2
to IO/L, length of nucleus 2 to 4'4,u, nucleus to blepharoplast (when
blepharoplast is anterior) I'2/L, length of blepharoplast 0'5 to o'8/L,
blepharoplast to the anterior extremity 2'2/L to 5'5/L' The flagellum
is from IO/L to 25/L' The width of the body is 1'2/L'
The body is narrow, tapering at both ends to a fine point.
There is no undulating membrane (Bouet6 describes one as being
present).
There are from 4 to 16 vacuoles lying between the
posterior granule and the blepharoplast.
The blepharoplast of the
usual granular type lies either at one side of the nucleus or slightly
anterior to it.
From it the flagellum arises and runs through the
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middle of the anterior portion of the body, or, turning a little to one
side, is closely applied to the margin of the anterior part of the body.
In one specimen a bluish line connected the blepharoplast with the
nucleus.
The nucleus is long and narrow, sometimes extending
completely across the body, sometimes occupying half the width.
Just posterior to the nucleus is a vacuole, and often when the nucleus
does not occupy the whole width of the body there is another beside
it. Near the posterior extremity is a red mass, rather more lightly
stained than the blepharoplast, which consists of from one to four
granules imbedded in a matrix; this we have called the posterior
The size of this mass varies from a small point If" in
granule.
diameter.
In one case a blue line was seen to extend from this
mass anteriorly, but only for a short distance. It did not connect the
posterior granule and the nucleus.
One of these herpetomonas-like
forms has a large anterior end (Plate XXVI, fig. 23), similar to the
bulbous form seen in the fresh preparations (fig. 24 in text). Masses of
agglutinated parasites of this type were seen (fig. 22). Two anomalous
forms were seen which probably belong to this state. One has a body
length of lOP. and a width of 4'4P.. Numerous filamentous flagella
seem to arise from the blepharoplast at one end, and the organism
seems to be encircled by an undulating membrane. The other is quite
herpetomonas-like except for the presence of four flagella (Plate XXVI,
fig. 22)'
It measures as follows :-Posterior extremity to posterior
granule 1'2 p.; posterior granule to nucleus S'4j.l; length of nucleus
3' 3 p.; nucleus to anterior extremity 1'2 p.. The anterior part of the
body in the region of the nucleus and blepharoplast is wider, being
2·2j.l wide. The flagella are ISP., 4'4j.l, 4'9P. and S'Sp. respectively.
Similar forms were seen in the fresh preparations.
They bear
some resemblance to the trichomonas described in the intestine of
frogs. The blood was, however, taken and kept with every care, and
there was certainly no contamination. These forms certainly occur
in the blood; whether they represent a stage in the development of
T. loricatum or not it is difficult to say.
The· next stage in the development is a form resembling
T. inopinatum 3 (Plate XXVI, figs. 2S, 26). This stage is found in
fresh blood, in contradistinction to the forms just described, which
were found in kept blood alone. The parasites of the T. inopinatum
type may be divided into two groups to facilitate measurements. The
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first group has the blepharoplast close to the nucleus.
ments are:Po~terior extrymity to nucleus
Measurement III

"

IV

"

V

Its measure-

5'5 to IO'OjJ1'6 to 2'7f£,
II'O to 20'011II '011-

"
VI
Total length of the parasite
Width of nucleus

3'3 to 4'41128' 5 to 43 'oil1'6 to 2'211-

The other form of T. inopinatu1n has the blepharoplast posterior
to the nucleus, and measures as follows : Measurement

I

"
"

II
III

"

IV

"

V

'8 to
2'0 to
2'0 to
13'2 to

"
VI
Total length of the parasite
Width of nucleus

12'0114'4112'21116'01112'OjJ-

1'6 to 3'311to 49'011-

3 2 'S

1'611-

The body of both forms is pointed at both ends, or is sometimes
somewhat blunt at the posterior end.
The blepharoplast- is of the
usual structure and is situated in a plane common to the nucleus, or
posterior to it.
The nucleus is round and sometimes occupies the
whole width of the body, and sometimes not. The posterior part of
the body tapers gradually, and at the level of the blepharoplast the
body is widest. The undulating membrane is never very full in these
forms.
Forms resembling T. sanguinis 4 (Plate XXVI, fig. 27) are present.
They seem to be a further development of T. inopinatu1n, since every
gradation exists between these two forms. The undulatinr membrane
is the most striking feature.
Its thickened edge arises from the
blepharoplast and extends transversely across and beyond the body
to border the wide membrane, The blepharoplast is in the same plane
as the nucleus. The measurements are as follows :-.
* That is, it consists of
surrounded by a clear area.

2

to 4 or more granules embedded in a matrix and
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Posterior extremity to nucleus
Measurement III
"

IV

"
V
"
VI
Total length of the parasite
Width of undulating membrane

1"1

12'0
I I"O
I"1

30'2

to
to
to
to
to

4'4ft
2'2ft
Ig'0ft
12'0ft
2'7ft
39'0ft
2'7ft

From T. sanguinis there seems to be every gradation to the
"leaf-like" trypanosomes of Plate XXVI, fig. 28. These forms occur
as frequently as does T. sanguinis, and are never seen in slides from
which T. sanguinis is absent. The posterior part of this leaf-like form
tapers toward its round and blunt extremity. This portion stains
more deeply and seems to consist of folds tightly folded.
At about
the junction of the posterior and middle thirds of the body is the
The
round nucleus, and in a common plane is the blepharoplast.
folds of the posterior part of the body gradually unfold until about
the middle of the body, where they are completely unfolded.
The
body then tapers to a sharp pointed anterior extremity.
The
thickened edge of the undulating membrane arises from the
blepharoplast; crosses the body obliquely and continues along the
edge of the body at a distance of I p. from it to the pointed extremity
The undulating membrane is
where it becomes the free flagellum.
not well developed, but the thin edge of the body and anterior portion
of the body seemed, in the fresh, to act as an undulating membrane.
The measurements are:Posterior extremity to nucleus
Measurement III
"
IV, ..
"
V ,..
.,
VI, at a level of nucleus
Total length of the"'parasite

5'5 to

10'0ft

to 2'7ft
13'2 to 26'OfL
g'o to I I 'Oft
6'6 to g'oft
30'0 to 48'0ft
I"1

Division forms of this stage were seen.
There was another variety of the leaf-form.
The posterior part
.is serrated at the extremity and the serrations seem to be the points
of a petal-like arrangement' of the posterior end. The general effect
is that of a bud about to open (Plate XXVII, fig. 29).

The leaf-like form seems to gradually change to the second variety
of T. lorieatum described by Franca and Athias. 2 The change is
brought about by a shortening of the anterior part of the body and a
complete unfolding of its posterior portion.
Forms representing this
transformation are seen in Plate XXVII, figs. 30 and 31. This
completes the cycle from T. lorieatum to 1'. lorieatum.The first part of this cycle, from T. lorieatum to the herpetomonaslike forms, was actually observed in a single living parasite which was
The second part of the
kept under observation during three days.
cycle, from the herpetomonas-like forms back to T. lorieatum is
largely based upon the examination of stained preparations of fresh
and" kept" blood. We are fully aware of the necessity for caution
in determining a developmental process from stained specimens. In
the present instance the deductions we have made from our
examination of stained preparations have been frequently confirmed,
and even supplemented by isolated observations on fresh specimens.
Our statement is supported by the observation of Bouet6 who saw.
every intermediate stage between rounded forms and adult
trypanosomes of the T. rotatorium type 2 in his cultures.
We describe several types of trypanosomes which are constantly
seen. All are simply developmental variations of T. lorieatum.
I.-Forms resembling the trypanosome found in Hyla arborea.
(a) A short variety (probably identical with T. rotatorium)
(b) A long variety.
(e) A wide variety.
II.-A lanceolate form resembling somewhat a type described by
Laveran and Mesnil.3
IlL-Forms resembling T. mega. 4
(a) T. mega.
(b) A coarsely reticulated form.
(e) A form with large red granules in it.
IV.-Forms ;esembling T. karyozeukton.
V-An unplaced trypanosome.
* Gaule (2) evidently saw a considerable part of this cycle, since he believed
that the trypanosomes were produced from the white blood corpuscles.
He stated
that he had seen leucocytes each develop an undulating membrane and a flagellum.
He also describes trypanosomes which cast off their motile apparatus and so again
became leucocytes. The way in which such a mistake could arise is very apparent.
A clump of rounded parasites at the fourth or fifth division bears a very close
resemblance to a group of white cells .•

1.-(a) A typical short form resembling that found in Hyla
aborea (Plate XXVI, fig. 10) is about 25p long, 9P wide and has a
flagellum 28p long. . The blepharoplast is situated 2'3P from the

posterior extremity, and 1'2 P posterior to the nucleus.
The nucleus
is 9P long. The chromatin was collected in masses at either end of
the nucleus, or was diffusely distributed in fine granules throughout
The cytoplasm is a rather loose network, and it seems
its extent.
to be continued into the undulating membrane.
The side of the
body carrying the undulating membrane thus appeared to be folded
into a series of foot-like projections produced by the involutions of
the thick and substantial membrane.
This general description applies to the other two forms.
. (b) The long form is characterised by its great length, 40 to 63P,
not including flagellum which is from 19'2 to 26p long (Plate XXV,
figs. 6 and 7), its comparatively narrow body, between greatest
projections 5'5 to 7'2p, and the appearance of folds or pleats running
longitudinally; this was especially marked at the posterior end.
Sometimes the body is particularly thick and dark-stained.
The
length of the nucleus is 22 to 24P, and the width is I p.
(c) The wide form (Plate XXVI, fig. 9) looks like the narrow
varieties, with the folds unfolded however. It measures as follows : Measurement
I
"
II
"
III
"
IV
.,
V
Total body length

22'ofL

Blepharoplast is connected with the nucleus,
22.ofL

19'ofL
14'8fL
63'OfL

All the" Hyla forms" have the thickened edge of the undulating
membrane running about I p from the wavy edge of the body. A
round nucleus was never found in any of these forms.
11.- The lanceolate variety (Plate XXV, fig. 5) of T. loricatum
has a rather wide and round posterior extremity, from which the body
gradually tapers toward the pointed anterior extremity. The body
has smooth edges on both sides. The undulating membrane, which
is well developed, runs first directly backwards and then curves around
the end of the body to run in folds along the median line of the body.
There is no cytoplasm in the undulating membrane, as seems to be
the case in the preceding" Hyla forms" variety.

The nucleus, a long narrow tube tapering at both ends, especially
anteriorly, extends from the blepharoplast toward the anterior end.
The length of the nucleus was almost the same as that of the
flagellum.The measurements of this form are as follows;Length of body, 38 to 50ft; width, 10 to 16ft; blepharoplast to
posterior extremity 2'2 to 4'4ft; width of nucleus 1'2 to 2P.; length
of nucleus '9'8 to 29ft; flagellum, 17'6 to 27ft.
A change in the form of a "leaf-like" trypanosome observed in
a fresh preparation is illustrated in figs. 32, 33, 34. The parasite was

~n,

....
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watched until it had assumed an appearance,' always without wellmarked striations, almost identical with T. mega. A single form of
this type, probably identical with fig. 33, was seen, in the stained
preparations.
Its measurements are as follows;Measurement

I

"II
"III
"IV
"V
Total length of par~site

9'oJl2'2Jl-

4' 4Jl20'0Jl9'oJl4S'0Jl-

We look upon this form as an intermediate stage between the
" leaf-like" forms (see above) and T. mega. 4

* It is a curious fact that in T. loricatum (type) and in two of the varieties
described (lb and II, see page 323) the length of the nucleus was the same as that
of the flagellum.

III.-(a) The" Mega" forms may have long anterior and posterior
(Plate XXVII, fig. 39) ends, a contracted posterior extremity
(Plate XXVII, figs. 35 and 36), or a short contracted body (Plate
XXVII, fig. 37). In fresh preparations the striations are well seen in
the long forms; <:< these may coil up exactly as does T. Iwryozeukto11
(Plate XXVIII, fIg. 43) (see below). T. mega has been seen to
gradually become more rounded until it became spherical. It then
lost its flagellum. The forms with contracted posterior extremity and
contracted body (Plate XXVII, figs. 35-37) probably represent stages
in this process. From them development was not observed.
In the type of T. mega with a short contracted body the length is
the width at the posterior part 20j.L, the nucleus 3·3j.L, and the
blepharoplast n j.L posterior to it. The width of the nucleus varies
greatly; in most cases it extends completely across the body, while
in others it was at one side and only 2·2j.L wide.
T. mega (type) measures as follows40j.L,

Measurement I
"II
"
I II
"IV
"V
"VI
Total length of parasite
\Vidth of nucleus

4'oJ.L

to 6'0J.L
1'1 to
4·4J.L
15'0 to 53'0J.L
8'2 to 16'0J.L
3'3to II'OfL
52'0 to I04'ofL
2'2 to
g'ofL
l'3

The original description of Trypanosoma mega holds good for
these parasites. In a few parasites there was a slight variation in
the structure of the nucleus. The clear area just anterior to the
nucleus was still present, but the nudear area of irregular chromatin
was replaced by an arrangement of about eight or nine processes.
which radiated from a focus placed at the middle of the anterior wall
of the nucleus. They seemed to be placed in a deep purple stroma,
and some of them contained a few reddish granules. A somewhat
similar appearance is illustrated by Broden. 7

(b) There was another form similar to the" Mega" type except for
the very coarse reticular structure of the cytoplasm (Plate XXVII,
* It may be stated here that more or less distinct longitudinal
present in every type of trypanosome mentioned in this paper.

striations were
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fig. 38). Other forms were quite different. Only five of these
well-marked forms were seen. The measurements are as follows:Measurement I
"II
"III

"IV
"V
"VI
Total length of parasite
Width of nucleus

S'o to II'OP.
5'6 to IO'OP.
2'2 to 2'7p.
15'4 to 21'OP.
I3'2P.
3'0 to S'op.
44'0 to sS'op.
2'2p.

(c) Another form, seen in both fresh and stained preparations,
which resembles T. mega is a wide trypanosome with large granules
scattered through its body. Some had many granules (Plate XXVII,
fig. 34), others had few (Plate XXVII, fig. 33). Usually the granules
stained a bright red, some of them, however, were refractile and
remained unstained. Although the other granules in the same
parasite were stained, we can say nothing concerning the origin of
these possibly chromidial granules.
These forms measure as follows :Measurement I

g'o to Is'OP.

"II
"III
IV

4'4P.
4'4 to s'op.
IS'O to 27'Op.

"V

7'7P.
6'6 to IO'OP.
43'5 to 59'opo

"VI
Total length of parasite

The nucleus in these forms is always pale, and across it can be
seen the striations of the body. The blepharoplast is 1'2,u long,
rather narrow, and almost hidden by the large granules, which are
about 1'5,u in diameter.
IV.-A trypanosome resembling T. Iwryozeukton 4 is present, but
the characteristic chain between blepharoplast and nucleus can never
be seen. These trypanosomes may be classified, according to the size,
as large, medium, and small, or, better, narrow,
The large form (Plate XXVIII, fig. 42) is sometimes coiled more or
less tightly (Plate XXVIII, figs. 43 and 44). This phenomenon was
also observed in fresh preparations. The further development of these
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forms was not seen. The edge carrying the undulating membrane
has a wavy outline. The width of the body at the level of the
nucleus is less than just anterior or just posterior to it.
The narrow form (Plate XXVIII, fig. 40) was seen in one case to
have a blue line running from blepharoplast spirally to the posterior
extremity, and the undulating membrane was continued for a short
distance posteriorly as a ridge beyond the blepharoplast.
The
medium form is seen in Plate XXVIII, fig. 41.
All the forms have clear spaces aroul}d the
blepnaroplast.
LAKGE

Measurement

I 13'2 to 26'oJi1'1 to 13'°Ji"
III 3'3 to
S'SJi"
IV S1'O to 7S'°Ji"
V 11'6 to 27'°Ji"
VI 3'3 to 7'7Ji"
Total length of
parasite
102'6 to 134'0JiWidth of nucleus 3'2 to 5'7Ji-

II

MEDIUM

IO'0Ji6'6Ji-

nucleus and
SMALL

to
to
to
to
to
to

20'0Ji-

3'3Ji31'2Ji18'7Ji3'8Ji-

9'0
3'8
2'2
20'7
18'S
1'6

76'7Ji2'2Ji-

59'S to 87'0Ji1'6 to 2'7Ji-

8' SJi3' SJi38'OJi23'0Ji2 '7 Ji-

v.-The

remaining trypanosome to be described is a long narrow
form, with a narrow nucleus, and a large blepharoplast (Plate XXVI,
fig. 24). It measures as follows:Measurement I
"

II

"

III

"

IV

"

V

"
VI
Total length of parasite

3'3 to 6'6Ji13'2 to Ig'2Ji2'2 to 3'3Ji6'6Jito 16'oJi1'IJi37'0 to S4'0JiII '0

The cytoplasm is rather coarsely reticular, the body is pointed at
both extremities, the large blepharoplast is situated in the centre of
. a clear space, from which arises the rather scanty undulating
membrane.
This parasite resembles T. inopinatum in many ways, and may .be
a parasite of that form,

The question arises whether the cycle of multiplication just
described is completed in the frog, or whether it normally occurs only
outside the frog, probably in a second blood-sucking host, as a leech.
The smallest rounded parasites with flagella and the herpetomonaslike forms never occurred in freshly-drawn blood. Bouet ll agrees
with this observation in stating that none of the young parasites were
seen in the blood. Franca and Athias,6 however, record that they
saw small rounded parasites both with and without flagella (probably
forms of T. loricatum) in blood fixed immediately after withdrawal.
A single small rounded parasite (6p. in diameter) was seen in our
series of slides of freshly-drawn blood. With the exception noted
above, every other type of parasite occurring in the developmental
cycle described in this paper was observed in fresh-drawn blood.
From these observations it seems that this cycle of " swarm" division
may be completed in the amphibian host, but that the smallest forms
are rarely present in the peripheral blood. It is noteworthy in this
connection that there is no certain correspondence between the length
of time blood containing T. loricatum has been kept and the type of
trypanosomes present in it.
More than once large specimens of T. loricatum were seen in
whose substance red blood cells occurred. Marchoux and Salimbeni
believe that the cells and the parasite are merely superimposed.
Without wishing to assert that the cell has been ingested, that is,
that its presence in the parasite is due to more than a mechanical
accident, we are confident that we have seen instances where the cell
was definitely within the cytoplasm of the trypanosome.
The
trypanosomes may be attacked at any stage of their development by
leucocytes. Frequently they seem to resist successfully and are not
ingested.
In one instance a leucocyte was seen to ingest the
haemoglobin containing stroma of a disintegrated red cell; it was
interesting to note that its protoplasm contained dark brown granules
-a most unusual occurrence.
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Drepanidia."
Fresh Preparations.
Drepanidia were present in every species of frog and toad named
on page 307, and in almost every frog examined. In the same frog
(Rana galamensis) in which the developmental changes in
T. loricatum were observed, drepanidia were present in almost every
other red blood corpuscle, though scarcely any young parasites were
The red cells were swollen to nearly twice their normal size,
seen.
the colo~lring matter had disappeared, and the cells in fresh preparations presented the appearance of a crumpled colourless bag, to
one side of which the parasite lay. The nucleus was pushed to the
periphery of the cell (Plate XXIX, fig. 86).
A few of these drepanidia were found free in fresh preparations
examined immediately after making them, but the number of fre~
parasites increased enormously after half an hour.
The drepanidia,
after leaving the cells and becoming free, were long and had a round
anterior end, i.e., the end in advance during progression (Plate
XXVIII, fig. 67). A little way from this end the body tapered
gradually to the posterior end, which though narrow, was bluntly
rounded off (Plate XXVIII, figs. 68 and 69).
Progression takes place in three ways:(1) With the body stretched out by a gliding movement.
(2) By gregarine-like contractions of the protoplasm. This occurs
when obstruction is encountered (Plate XXVIII, figs. 70 and JI).
(3) By a sudden jerking backward of the posterior end which has
previously curved round to meet the anterior end.
• See foolnote 10 page 303.
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After about an hour, agglutination of the free parasites was
observed.
They joined themselves together by their posterior,
Two, four, or six parasites came
sharper, somewhat granular ends.
together in clumps in this way.
Contractions occurred from side to
Two days after the fresh
side, causing the parasites to bend.
preparations were made, the agglutinated groups of drepanidia were
observed still, the individuals being rather granular and stumpy and
actively motile, but they did not undergo any further change.
Three forms of drepanidia were observed, a small form (Plate
XXVIII, fig. 74) which will be described in stained preparations, a
medium form (Plates XXVIII and XXIX, figs. 82, 68, 69) (the common
These large
form), and a very large form (Plate XXIX, fig. 86).
drepanidia often contained large yellowish, highly refractile granules,
which varied in size and number in different parasites. There were
from one to about one hundred of these globules in each parasite
(Plate XXIX, figs. 84, 85, 89, 90, 91, 92).
These highly refractile
granules were situated for the most part around the nucleus. In some
of these parasites small dancing granules were seen at the more
slender end.

Stained 5 peci11lms.
The following description is based on the examination of dried
and stained films.
The nucleus of the host-cell was displaced (Plate XXVIII, fig. 59)
but not injured; the cytoplasm, however, suffers severely since the
parasite seems literally to tunnel about within the limits of the cell.
Many corpuscles were found in which the contents seemed to have
been devoured, leaving them looking like wrinkled empty sacks
(Plate XXVIII, fig. 67). Such sacks could be seen with the drepanidia
present, or leaving, or gone. Two and three parasites were sometimes
seen in one blood corpuscle. The drepanidia were not only present in
erythrocytes but were also occasionally found in leucocytes.
As. already noted ther:e were three principal forms of drepanidia ;
a large form, a medium form, and a slender form. The medium form
was the most common (Plate XXIX, figs. 81, 82), and was from 15 to
18/1 long and from 5 to 6/1 wide.
It had a fine granular striated
protoplasm, which sometimes - contained coarse red granules, and
sometimes not.
Some specimens had a few (four) granules at the
anterior end of the body, and some had a straight blue line running
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from the nucleus to the anterior extremity. The nucleus was from
3'3 to 4'41l in diameter, and was placed about 71l from the anterior
extremity and 41l from the posterior extremity.
One and two constrictions in these forms were observed, showing
the method of progression described in fresh specimens (Plate
XXVIII, figs. 70, n). In a few specimens the nucleus had apparently
divided into two, and the halves were attached by a red line
(Plate XXVIII, figs. 68, 69).
Some of these forms were encysted, both in erythrocytes and free
in the serum.
Such encysted forms often had a small amount of
red-staining excretion at both' ends (Plate XXVIII, figs. 59, 60).
The" slender" forms (Plate XXVIII, figs. 73, 74) were from 13 to
I51l long and 1'1 Il wide. The cytoplasm was light-staining and of a
The shorter or posterior end was very faint-staining
loose texture.
and the extremity could be seen with difficulty.
The longer or
anterior end was a faint pink, which deepened towards the extremity.
On both sides of the nucleus were areas staining the same as the
There were two, sometimes three,
cytoplasm of the erythrocytes.
of these areas which were from 0'6 to 1'7 Il long. Near the posterior
extremity there were sometimes from two to four' or more red
chromatin granules, and occasionally there were a few in the anterior
part of the body. The nucleus consisted of eight peripherally ar.ranged
chromatic granules, "chromosomes,"'i< and one or two darker, central
chromatic granules, "karyosomes," all connected by fine lines. In
one instance (Plate XXVIII, fig. 73) a blue spiral line was found to run
from one of the chromatic granules to the anterior extremity of the
body.
The nucleus was 2'21l long and was placed gil from the
anterior extremity, and l31l from the posterior extremity.
This
" slender" form may be present in the blood with the larger form,
or it may be present in blood which has none of the larger forms.
These "slender" drepanidia penetrate the erythrocytes, then lose
both ends, so that only the nucleus and a small amount of cytoplasm
The chromatic granules go to the side, and later
around it is left.
they are gathered in a mass at one end of the body, with a few
chromatic granules remaining outside the mass (Plate XXIX, fig. 76).
The body of the parasite enlarges and at the extremity opposite the
chromatin mass are several round clear spaces, which mayor may
* It must be understood that the terms chromosomes and karyosomes are used
in a purely descriptive sense.

\
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not (ontain a granule of chromatin. The mass of chromatin divides
into two, and the cytoplasm mayor may not divide synchronously.
In cases where the cytoplasm does not divide synchronously, the
chr-omatin goes on dividing until there are from 10 to 16 masses of
c romatin (Plate ,XXIX, figs. 78-80) arranged almost around the edge
(Jf the cell.
These rosettes later show divisions into young parasites
(Plate XXIX, fig. 79). Rosettes were seen leaving the host-cell, and
also found free in the serum (Plate XXVIII, fig. 66). In one slide a
group of eleven young drepanidia that had just escaped from the
rosette condition was seen (Plate XXVIII, fig. 72). These forms were
7' 7 p. long and I' 1 P. wide. Their cytoplasm was of a faint-staining,
coarse, granular structure.
The nucleus was composed of a larger,
central mass of granules and, usually, a chromatin granule on either
r side; occasionally both were on one side. In one case the chromatin
seemed to be dividing (Plate XXVIII, fig. 72). These sporulatingforms always arose from the" slender" drepanidia. In one series of
eight slides from one frog many sporulating and "slender" forms
were seen, but none of the larger drepanidia described in the next
paragraph.
In a few frogs, Rana mascariensis, a very large drepanidium was
It was lighter
seen, which was like the common form, but larger.
·tained and often took a pink colour instead of the normal blue. The
c~oplasm was coarsely granular, and many of the parasites had
nol-staining, highly-refractile globules in them. These globules were
frill one to one hundred in number, and from 0·6p. to 7'7 p. in
di,neter.
They were always found near the nucleus and gave the
apl~arance of a fatty degeneration of the nucleus.
They sometimes
dismded the drepanidium until it was nearly round (Plate XXIX,
fig. :9), but they usually did not affect the size of the parasite. The
larf type of drepanidia presented three forms, a long form, a short or
The long form
youg form, and a folded or "two-shanked" form.
(Pla~ XXIX, fig. 86) was usually 22·6p. long and 7 p. wide.
The
nuclus was 3·4P. long and 5'6p. from the posterior extremity and
r3'6} from the anterior extremity.
Te short, or young form (Plate XXIX, fig. 83) was about 8'8p. long
and 61P. wide. The nucleus was 4'4P. in diameter and placed in the
centreof the organism.
Th, folded form was seen in the various stages of unfolding
(Plate ~XIX, figs. 87, 88).
* The ttm is not used in its specific sense.
V
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Cytamoeba.
Cytamoebae were present in a few of the frogs in considerable
numbers. Amongst the forms seen was the round form (Plate XXIX,
figs. 104, 106, 108, 110) previously described in the snake (page 3C.)4)
(2·2J.L wide).
In it were short rods, or sometime~ round, red dC~L's
(Plate XXIX, fig. 104). Other forms were oval or finely granular,
sometimes with no apparent internal structure (Plate XXIX, fig. 103).
The round forms were often found near the nucleus, and sometimes
apparently emerging from it, giving the appearance of fragmentation
of the nucleus (Plate XXIX, fig. 110). Some of the parasites were
filled with slender rods, which at times projected beyond their edge
for a distance of 4J.L (Plate XXIX, figs. 112, 113). Other forms were
present which looked like masses of rods bound together (Plate XXIX,
figs. 107, 108, 109, 115); sometimes these bundles of rods were free
in the serum (Plate XXIX, fig. 100). Occasionally short rods were
found free in the erythrocytes, sometimes end to end, sometimes
crossing one another at right angles. The rods found in all the above
forms were of two kinds, a short rod with rounded ends, and a long
filamentous rod.
Some of the short rods were seen free in the
blood plasma in such forms and arrangements that there seems to be
no doubt that some of them at least are bacteria.
It is equal
certain that some of the longer slender rods are merely filamen}us
cytoplasmic processes of the rounded parasite.
In some ofthe
specimens the body of the cell was stained a light blue, whil(the
rods within were stained a bright red.
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A1t unidentified parasite

Another parasite, a round, red-staining mass from 1'5 to 5'5Jl in
diameter, is found in red cells (Plate XXIX, figs. 93, 95, 99). With it
are associated bluish-green, crystal-like bodies (Plate XXIX, figs. 93,
95, 97, 9 8). Both the red masses and crystals may be present in
varying numbers (Plate XXIX, figs. 98, 99). The cytoplasm of tpe
host-cells is usually stained a deeper blue than usual. Many of the
smaller red masses have a well-defined blue area around them, which
suggests that this parasite possesses a cytoplasmic body (Plate XXIX,
figs. 94, 96), In stained films of fresh blood the red masses do not
seem to have much structure, but in films of blood kept for two days,
the structure consists of chromatic granules arranged peripherally with
one or two darker chromatic granules in the centre.
This parasite with its crystals was seen in fresh specimens.
It
occurred in conjunction with drepanidia and T. loricatum.

FISHES':'
Fresh-water fish of many different sorts were examined in the
Gambia and in the Congo.
Parasites were found only in the fish
without scales, mentioned below.
Those infected were caught in a very small sluggish stream with
a very dirty bottom; none of them were over seven inches in length
and none were infected with drepanidia.
T rypa1tosomes (Plate XXX).
Two "mudfish" (Clarias angolensis) caugh~ at Leopoldville in
the Congo Free State on December 9th and December 30th, 1903,
had actively motile trypanosomes in their blood which may be
divided into three types; a small, a medium, and a long form, The
small type was identical in both, the medium was present in both, but
with slight differences, and the long form was present only in the fish
of December 9th.
The small form was very frequently seen in the
fish of December 30th, while in the fish of December 9th, only four
were present in a total of ninety-nine parasites. The medium form,
in the fish of December 30th, was less frequently met with than the
small form, but was often seen in the fish of December 9th.
Of the long forms only thirteen were seen.
All the forms were
characterised by the possession of a large four-lobed blepharoplast,

*

The description of the parasites found in fishes is republished by permission from the
Journal of Medical Research,

situated at, or very near, the posterior extremity, and by a clear space
The blepharoplast apparently consisted of four
about the nucleus.
In a
darkly-staining granules of equal size embedded in a matrix.
few specimens there were, perhaps, more than four granules in the
blepharoplast, but in these cases it was never possible to be certain
of the exact number.
The three forms of parasites seemed but
different variations of one species, as gradations between all forms
could be seen.
The small type was readily distinguished by its size, its narrow
body, its relatively long nucleus-situated more anteriorly than in
the other two types, and with its long diameter parallel to that of the
body-and by its faint-staining reaction.
The blepharoplast was
oval, or round, large and distinct (measuring l' 1 3 by 0'75 ft), and was
situated at the posterior ext~emity. The undulating membrane was
well developed, having a width of O'75ft.
The long, oval nucleus
was situated at the junction of the middle and anterior thirds of the
body.
It was granular in structure and contained a fibrous network
on which were seen eight to sixteen chromatin granules, and one
darker granule-the karyosome.
The body protoplasm was
Occasionally
reticular, and contained a few violet-staining granules.
parasites were seen in which the body was filled with these coarse
chromatophilic granules.
Superficial longitudinal striations to the
number of five could be seen near the nucleus of two slightly injured
parasites.
Division forms were very numerous in this type (even
when but four were seen in the fish of December 9th, one of them
They followed the usual method of longitudinal
was dividing).
division.
In the division of the blepharoplast, the posterior lobe on
the concave side of the parasite moved behind the other posterior
lobe; the axis of the posterior lobes thus became longitudinal, while
that of the anterior lobes remained transverse.
The two posterior
lobes then separated from the anterior lobes and their axis became
transverse again.
The medium type was characterised by its size, and its darker
staining reaction.
The blepharoplast was large, oval or round,
.distinct and measured about 1'5 by O'75ft.
It was situated at the
posterior extremity, or from 1 to l' 5 ft anterior to it. The flagellum
The undulating
was relatively longer than in the short form.
membrane in parasites from the fish of December 30th was well
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developed, and wound in numerous folds around the body j it was
I' 5 # wide.
In trypanosomes from the fish of December 9th, the
undulating membrane was poorly developed, had a few folds and
was not more than I # in width. The nucleus was round to oval, its
long diameter was at right angles to that of the body, and it
It was granular in
occupied the whole width of the parasites.
structure and contained a fibrous network on which were seen
sixteen to twenty-four chromatin granules and one or two darker
granules-the karyosomes.
The body was more darkly stained in
the fish of December 30th. Superficial longitudinal striations to the
number of seven were counted near the nucleus.
Divisional forms
were few in this type and followed the usual method of longitudinal
division.
The long type was characterised by its size, its tapering
extremities, its comparatively short flagellum and by the possession
of from one to four vacuoles just anterior to the blepharoplast. The
blepharoplast was large, oval or round, and situated 2# from the
posterior extremity; its measurements were the same as those of the
The nucleus had the same characteristics as that of
mediwn type.
the middle type, except that it did not quite occupy the width of the
body. The protoplasm was the same as in the medium type, except
for the above mentioned vacuoles, which were always present. Eight
superficial longitudinal striations were present and these were seen to
No divisional forms of this type were seen.
cross the nucleus.
The measurements of the three types were as follows:Small form

Measurement

"
"
"
"
Total length

I
II
III
IV
V
VI

0'0 fJ.

Medium form
0'0

to

l ' 5 fJ.

Long form

2'0 fJ.

12'7 fJ.

14'2 fJ.

25'0 fJ.

3'0 fJ.

3'7 fJ.

45'0 fJ.

6'7 J.L

12'0 fJ.

19' 5 J.L

12'0 J.L

13'5 fJ.

10'5 J.L

1'oJ.L

3'O~fJ.

4'5 J.L

34'5 fJ.

45'0 fJ.

61'5 fJ.

Although the trypanosome described by Montell closely resembles
Our large form, we have seen no account in the literature of any
parasite morphologically identical with those described above.
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A Spirochcete (Plate XXXI).

In the blood of the fish of December 30th a spirochaete-like
organism was found which could be identified with no previously
described spirochaete.
It had a hair-like body; its length was usually 18}.l; its breadth
at the widest part was o·6}.l.
It was widest at one extremity or
towards the middle; in the latter case, the parasite tapered towards
both ends, but one extremity was always much thicker than the
other.
The wider end was rounded, while the other end was drawn
out to a fine and slender point.
The parasite usually occurred
singly and lay in a simple curve, forming three-quarters of the
circumference of a circle (Plate XXXI, figs. 1 and 2). Other formscoils (fig. 3), compound curves (figs. 4..' 9- 12) and spirals (figs. 5-8)
-were seen as illustrated.
The coils were always formed' by the
slender end of the parasite.
The spiral forms were long, measuring
from 24-27}.l, and in some of these forms there was a suggestion of
a membrane (figs. 5 and 6).
The parasites were also seen in pairs
and in groups of from three to many individuals as shown in figures
13, 14-16.
These organisms seemed to consist of a deeply~staining
core and a lightly-staining periplast.
Many of them stained
irregularly by modifications of Romanowsky's method.
The lighter
stained areas (fig. 2) occurred at irregular intervals and were of
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irregular extent. The periplast could be seen at these lightly stained
areas and it was continued to form the slender extremity from which
the core was also absent.
Occasionally granular forms were seen in
which the protoplasm of the core apparently arranged itself into small
granular masses, but no regularity could be detected in the arrangeUndoubted multiplication forms were not
ment of these granules.
seen.
For descriptive purposes we propose for this organism the name of
S pirochceta jonesi;.

ARTHROPODA
The protozoa found III this class were encountered by
chance during an investigation of the development of various
haematozoa, while examining various blood-suckers, either as controls,
or for the presence of developmental forms of the blood parasites.
Many tsetse flies and mosquitoes, a few Stomoxys, ticks of various
sorts, fleas and lice, and "Congo floor maggots," were examined.
The only protozoan parasites observed are recorded below.
MOSQUITOES

(I) Myzorhynchus paludis.

A cluster of radiating club-shaped bodies (Colonie radiee) was
seen in the thoracic tissues of a female of the above species, examined
for malaria at Lusambo. The parasites became free, developed a
flagellum and were actively motile in the salt solution in which the
mosquito was dissected.
(2) Pyretophorus costalis.
Some excitement was at first created during the examination of
the alimentary ca"nal of mosquitoes, fed at varying antecedent periods
on animals infected with trypanosomes, by the presence of vermiculelike bodies (Plate XXXII, fig. 14), measuring about 18 by' 2'2"..
These parasites progressed slowly by active lashing and slower
amoeboid movement; some similar forms were motionless.
The amoeboid movements were of two sorts. The first involved
The second was by
a change in the whole shape of the parasite.
a. simple protrusion of protoplasm from the rounded anterior, never
from the effilated posterior extremity.
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They occurred either within the stomach, in the stomachal tissues,
or in the body cavity of the mosquito. A central' differentiated area
could be detected in them by examination in fresh specimens; near
the area were more or less numerous granules which often exhibited
After some time the parasites became
lively Brownian movement.
much stumpier (8,u by 16,u), and were later almost spherical. One
parasite, however, remained unchanged and active for twenty-four
hours.
Further search showed that the parasite occurred in freshlycaught and freshly-hatched mosquitoes, and in the larvae from which
all our experimental mosquitoes were raised, and it was quickly shown
to be a stage in the life cycle of a coccidium.. It was most interesting
that practically every larva from one pool was infected with this
coccidium, while none of the larvae and adults (anopheline and
culicine) from a pool only a few yards distant were affected. So far
as was observed the parasite did not occasion any excessive mortality
amongst the mosquitoes infected. This seems difficult to understandthe mosquitoes were probably not watched long enough-since the
tissues of many of them were fairly riddled with coccidium cysts.
The water of the heavily-infected pool was centrifugalised and
examined.
Coccidium cysts were not recognised, various infusoria
and a clump of herpetomonas-like flagellates were alone seen.
So soon as it was certain that the vermicule-like" sporozoite" had
no connection with the trypanosomes ingested, the study of this
coccidium was discontinued.
It is, therefore, not possible to say
whether the forms observed represent stages in more than one
It seems probable that but one species of coccidium
parasite or no.
was present.
We describe the forms observed and indicate the
position they seem to occupy in the life cycle of the parasite.
The
mobile sporozoites first seen become free through the rupture of a
The number of sporozoites
sporoblast containing eight sporozoites.
in each sporoblast is almost invariable.
Fig. 15 is unusual in that
the nucleus of two of the sporozoites has divided, and in one instance
As a rule the
division of the cytoplasm seems to have commenced.
long diameters of the sporozoites are parallel. These are, therefore,
regularly arranged like the segments of an orange (corps en barillet).
Single sporoblasts surrounded by a definite cyst wall may occur.
They are more usually seen in groups of four, seven, or even as many
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as eleven sporoblasts packed together in an oocyst with a definite
capsule.
The individual sporozoites have no capsule.
Their
cytoplasm stains a light blue by Romanowsky's method.
It, is
alveolar in structure and rarely contains granules of any sort, but
may have occasional granules. The nucleus is placed centrally, is
loose in texture and consists of a varying number of chromatin
granules placed in a more lightly-staining matrix. From the analogy
of other coccidia, we assume that the forms just described represent
the completion Qf sporogony.
The male and female gametes, which
probably commence this cycle, and their conjugation have not been
seen.
Neither has the further development of the sporozoites been
observed.
The number of rounded merozoites (figs. 16, 17, 18), present in
every part of the larvae and adults dissected, was often extraordinary.
These organisms measured about 4 to 5 p. in diameter. They were
either free or enclosed in a host cell. On becoming extracellular
they were seen to possess a definite capsule (pink-staining); this was
quickly discarded (figs, 18, 19) and the empty shells were very
frequently seen. Often merozoites which had just cast their capsules
occurred in groups of four (fig. 18). Four merozoites were, however,
never seen within an unbroken capsule.
As a rule whether intra or
extra-corpuscular the merozoites occurred singly.
When extracorpuscular they were occasionally in pairs. Sometimes large intracorpuscular cysts were seen which contained very large numbers of
merozoites,
The merozoites (figs, 16, 17, 18) consisted of a pinkish
alveolar cytoplasm in which was situated a nucleus usually surrounded
by an indefinite bluish area.
In this bluish area a lighter, rounded
spot was almost invariably present. A few chromatophilic granules
and small clear spaces were frequently seen in'the cytoplasm. The
nucleus consisted of irregular masses of chromatin placed in a
matrix.
In some forms (fig, 16) the granules were placed at the
periphery of the nucleus and were joined by threads with a central
darker-staining mass. In fresh specimens they were immobile.
LITERATURE
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TSETSE FLIES (aJoss/ns pS/pIIJJS)

Parasites of the type described below were found in specimens of
Glossina palpalis freshly-caught, and at all periods, up to I I days,
after having fed on known animals infected with trypanosomes. All
the parasites were not precisely similar, but one description will suffice
The free rod-like parasites were found only in the
for all.
alimentary canal, nearly all of them in its anterior part.
They were
most numerous near the oesophagus, in the "stomach" or in the
neighbouring part of the intestine. Cysts containing them were seen
attached to, or actually in, the wall of the intestine.
Some of them
were whole, others had burst (or were burst by slight pressure), and
from them were expelled the rod-like bodies.
In fresh preparations
these rods (Plate XXXII, figs. I, 2, 3, 4, 5, 8, 9, 10) were non-motile,
they contamed one or two refractile granules and they occurred singly
or, occasionally, in small clumps. The most usual form seen in stained
specimens was a rod about TOP. in length and I'Op. in width with
abruptly rounded ends (figs. I, 2, 5).
It was limited by a definite
outline, but apparently not by a capsule. Its body substance consisted
of pale blue protoplasm in which occurred chromatophilic granules and
rounded clear areas.
The chromatophilic granules varied in size
from extremely fine particles (fig. 6) up to masses measuring about
0'3 to 0'511 in width (fig. 3). They were usually distributed more or
less regularly in transverse bands (figs. I, 2, 5, 10) lying, at intervals,
across the parasite.
In such parasites the individual granules could
Often between each band of granules was
barely be distinguished.
Such
placed one of the rounded, clear areas (figs. I, 2, 5, 10).
parasites were probably preparing for transverse division, as small
forms, apparently consisting of one or two rounded seements of the
original rod-like body, were often observed (fig. 7). In some of the
parasites showing the band-like distribution of chromatin, as well as
in others in which pairs ot granules were arranged in bilateral
symmetry (figs. 8, 9), it seemed as though longitudinal division might
be about to occur.
In many parasites the chromatin granules were
distributed absolutely without order (figs. 3, 4, 6). Rarely a larger
and a smaller granule seemed to be in connection with each. other.
Rod-shaped parasites of all these three types were frequently
terminated by a small chromatophilic granule (figs. 4, 5, 10) (sometimes placed in a clear area), or by a rounded enlargement which
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often measured twice the diameter of the rest of the parasite (fig. 10).
Rounded parasites measuring from 3# to 5# or more in diameter with
irregularly distributed granules and no clear areas occurred (figs. I I
and 13).
The smaller rounded forms can divide transversely;
apparently after a concentration of the chromatin (fig. 12).
It seemed possible that this parasite should be placed amongst
the Myxosporidia.
In recognition of the collaboration of Dr. Inge
Heiberg in the work of our expedition, and in particular of his
observations on T. loricatum, we suggest for the name of this parasite
M yxosporidium heibergi. About half of the tsetses dissected at
Leopoldville had these parasites free in their midgut. In the stomach
wall of one freshly caught fly coccidian-like cysts were seen. (H Corps
en barillet "; compare the parasite of Pyretophorus costalis described
above).'"
EPILOGUE

Although the facts presented in this paper are admittedly the
results of passing observations, incomplete, disconnected, and made
under unfavourable circumstances, we think that they possess a
certain value as a record alone of protozoan infections encountered by
chance during three years' work in Africa.
Many of the appearances
noted, though incomplete in themselves, are of additional value m
that they confirm the constancy of morphological changes noted in
other allied and better studied parasites.
The following examples are cited.
Longitudinal striations have
been seen in every trypanosome examined; the myonemes of. other
authors are, therefore, constant in the trypanosomes we have dealt
with.
In several instances the thickened edge of the undulating
membrane of trypanosomes has been observed to terminate, not in
the blepharoplast, but in a lighter-staining pinkish granule. or pair of
granules, closely applied to it.
In some of our trypanosomes the
structure of the nucleus and the occurrence, in neighbouring
differentiated areas, of paired' chromatophilic granules suggests a
connection with the complicated nuclear developmental phenomena
observed in trypanosomes by some observers.
The clear, unstained
* This is the last of the parasitic protozoa observed during our expedition to the
Gambia and the Congo. The filariae fou'nd in various mammals, birds, amphibians
and reptiles will be considered in a forthcoming paper by Professor. H. E.
Annett.
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perinuclear area, the irregular, non-staining almost granular areas, and
the lines in the cytoplasm as well as the chromatophilic granules (see
Plate XXVII, fig. 34) frequently observed in various trypanosomes
described in this paper, are all constant phenomena, which
In the development of
seem to be of biological significance.
1'. loricatul1'l the work of Danielewsky was confirmed and extended
to prove a most interesting cycle of multiplication in a well-known
trypanosome; it must be asked whether a similar cycle may not occur
The rough resemblances between the
in other trypanosomes.
spirochaetes seen in ulcers and in fish with previously described
parasites of this nature are striking. In the leucocytozoon of birds an
interesting course of development is described.* Unfortunately our
material was too scanty to permit us to fully compare our observations
with those of Schaudinn.
Very little has been said concerning the
drepanidia observed.
In spite of a very careful search in kept preparations of blood, we were unable to find any indication of a direct
relation between this parasite and the trypanosomes which were
Neither were parasites resembling
often associated with it. -r
Trypanosoma inopinatum seen to become intracorpuscular. t In both
stained and fresh preparations of frogs' blood, however, the great
resemblance in size and general appearance between some trypanoIt was also noticed
somes and some drepanidia was very apparent.
that, as a rule, if there were many drepanidia in a given frog, there
were also many trypanosomes.
One of the earliest of the lessons learned from our work on these
protozoa was the entire inadequacy of the methods of preparing
blood-films, ordinarily employed by pathologists, for a morphological
study of protozoa.
The examination of dried films stained by modifications§ of
Romanowsky's method suffices for the purposes of clinical diagnosis.
This method will show many of the structures present, it was used in
* The dangers of constructing a part of the life.history of a parasite from
stained specimens alone are apparent.
The course of development we described
may be mistaken, but the descriptions of the forms mentioned are accurate and may
be relied upon so far as the defects of the method of preparation employed permit.
t Billet, Culture d'un trypanosome de la grenouille chez une Hirudinee. C. R.
Acad. des Sci., T. CXXXIX, Oct. 10, 1904, p. 643.
.
t Billet, Trypallosoma illopi"atum et sa relation avec les Drepanidium. C. R.
Soc. de BioI., July 23, 1904, p. 161.
§ Stephens and Christophers. The Practical Study of Malaria, page 10, University
Press of Liverpool.
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the whole of the work described in the present papers, but it fails to
Our work must, therefore, be
demonstrate finer details properly.
regarded as incomplete,' and certainly the more important parts of it
should be repeated by workers using methods more perfect than those
employed by us.
A second lesson was that too much of the work done on the
pathogenic protozoa, particularly by medical men, has been directed
by conceptions derived from bacteriology.
Days of tedious searching of slides and of observation of parasites,
placed under various conditions, must be spent in studying the
pathogenic protozoa, when minutes would almost suffice in the case of
The difficulty of finding the parasites at all is sometimes
bacteria.
extraordinary, and the possible occurrence of a latent infection must
never be forgotten.
The study of the pathogenic protozoa must be approached with
an unbiassed mind and with the remembrance that the known lifecycles of several protozoa are exceedingly complicated. We believe
that the continuous observation of living parasites will ultimately
A single positive observation so
furnish the richest reward.
obtained is absolute, and outweighs any number of apparently
antagonistic probabilities obtained by deductions from work done
Of course, the examinaalong apparently parallel lines of research.
tion of fresh preparations should be supplemented by the examination of stained material.
Lastly, at the present moment more is
known, in every way, of malaria than of almost any other disease. In
observing less studied protozoan infections it will frequently happen
that our knowledge of what actually d<;>es occur in malaria will lead
to the formation of an ultimately successful working hypothesis, or to
the correct interpretation of newly-observed phenomena.

EXPLANATION OF PLATES

All the illustrations accompanying this paper, except where it is
otherwise stated, are drawn to a magnification of 2,000 diameters.
No camera lucida was employed; the dimensions were obtained by
measurement. A Zeiss 2mm. apochromatic I '40 aperture objective,
with an 8 or 18' eyepiece, was regularly used.
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to 28, except 27. are" Young Forms"

As a rule, ectoplasm. endoplasm and nuclear material can be
distinguished in each of these parasites j occasionally it is difficult to
do so (fig, 24). The arrangement of the parasites and the host-cell
are well seen in figs. I, 25, 28. The constant presence of a clearer
area about the chromatic material is to be noted in these parasites.
Fig. I.-Chromatic mass with line<JJr extension possibly antecedent to
nuclear division, as in fig. 3.
Fig. 2--Shows nucleus with vacuole containing indistinct granules.
Fig. l-Nuclear material divided into a small and a larger chromatin
mass co~nected by a line j possibly stage succeeding fig. I,
Figs. 4, 5 and g.-Chromatin divided into a larger mass and a smaller
granular one, placed in a vacuole. Note the vacuole in
these parasites is frequently pink-staining.
Figs. 6 and 7.-Forms similar to 2 and 5 in very small parasites.
Fig. 8.-Very small parasite showing a line.
Fig. IO.-Chromatin divided into two equal masses.
Figs.

I I

and 12.-Are squashed and somewhat degenerated parasites.
They are useful in that they show distinctly the presence
of definite structure in the nuclear material

3
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Fig. I3.-Shows a form in a small parasite probably comparable to 9·
The vacuole is well marked.
The endoplasm of the
parasite has pressed upon and considerably distorted the
nucleus of the host-cell.
Fig. 14.-Probably not similar to I, but commencing formation of line.
Figs. 16, 17 and IS.-Early formation of line.
the chlamydoplasm.

Note its position in

._ Figs. 19, 20, 21 and 22.-Are unique specimens. They probably
represent important stages of the maturation of the
parasites. We feel it unwise to attempt to discuss their
exact significance. In 22 a wavy bluish-line is disposed
along "the line."
Fig.

I

5.-Is a squashed and degenerated parasite. The immediate
connection of at least one pair of chromatophilic granules
with the line is very evident in IS. 19 and 23-

Figs. 23, 24. 25 and 2S.-Are well-grown parasites which retain
their spherical form.
Fig. 26.-Shows commencing transverse division of the line. The
connection of the "blepharoplast" with the blunt
extremity of one half of the line is well shown.
Fig. 27.-Line shows commencing longitudinal division. Note that
there' are two distinct areas of chromatophilic material,
beside the chlamydoplasm, lying immediately beneath the
dividing line. (This specimen was unique.)
Figs. 29 and 30.-Trypanosomes.

"j

3 I.-Spherical female. Note dark granule connected with line
running across chlamydoplasm; this is the only instance in
which such a line was seen. The ectoplasm and host-cell
nucleus are being thrown off.
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With the exception of fig. 38, probably a female, all the parasites
illustrated in this plate are males.
Fig. 33--Division of the line; nucleus only just commencing to
divide.
Fig. 33a.-Division of line with chlamydoplasm and nucleus.
The
ectoplasm has been deleted for convenience of reproduction.
Fig. 34.- Formation of line 0), Note the presence of granules of
chromatin.
Fig. 35.-A very common form (see figs. 42, 43, 74). It represents
the line passing through a diffuse chromatic area(chlamydoplasm) in which lies a denser chromatic area
(nucleus ?), often containing one or more (figs. 42, 41)
deeply chromatic granules (blepharoplast?). Occasionally
these granules, or similar ones, lie outside the denser
nuclear material (fig. 43).
Fig. 36.-Degenerated and squashed parasite, showing multiple
nature of line.
Fig. 37.-0nly three parasites of this type (all practically identical)
were seen. It is remarkable in possessing a blepharoplastlike mass of chromatin distinct from the main nuclear
structure. There is an indefinite arrangement of fibrillae
and granul~s about the nucleus and chlamydoplasm.
Fig. 38.-A female cell (unique), in which a faint blue line was wound
spirally about one half of the line.
Appearances
resembling this were seen in one or two other preparations
(fig. 62).
Fig. 39.-Line dividing longitudinally, nucleus already completely
divided. Parasites of a similar type are not infrequent.
The one illustrated is considerably distorted.
Figs. 40 and 4I.-Commencing transverse division of the line. In
each parasite the line has become thinner. In fig. 41 the
differentiated area surrounding the constriction is well
seen.
Figs. 42, 43 and 74.-Are ordinary types of adult males with lines.
Figs. 41, 42 and 43.-Blepharoplastic 0) granules occur in the two
former within, in the latter without, the nucleus. The
presence in fig. 43 of a bluish area within the chlamydo··
plasm in immediate connection with the nucleus is
suggestive.
Fig. 44.-The line is divided transversely (specimen unique).; the
two halves are connected by a filament.
Fig. 45.-(Compare figs. 63 and 64). Probably represents a stage
anterior to fig. 46. (Specimen unique.)
Fig. 46.-The line is much involuted.
It extends far into the
ectoplasm. A faint blue spiral line (artefact ?) extends,
from a double granule in the ectoplasm, through the. lower
part of the parasite. The arrangement of the nucleus is
not at all definite.
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Fig. 47.-(Specimen unique. The colouring of this parasite is much
too vivid.) Probably occurs at almost the same period as
fig. 49. It is remarkable for the four granules placed in
the concavity of the crescentic nucleus. (Similar dots
have been seen in other parasites, but never again in this
position).
Figs. 48, 49.-Are very common types of males. Note the spherical
nucleus with its neighbouring granules in 48 and the
distributed chlamydoplasm in fig. 49. (Compare fig. 75.)
Fig. 50.-Shows a disjointed bit of chlamydoplasm in relation with
the blepharoplast.
Note the granules in this position.
The alveolar structure of the endoplasm has given the
parasite a lattice-like appearance.
Figs. 51, 52,53 and 55.-Are stages in the division of the nucleus. In
fig. 53 the vacuole in association with the blepharoplast
is well seen.
Figs. 54, 56 and 59.-The chlamydoplasm is abundant. The nucleus
has formed a spindle-like figure, best seen in fig. 56. In
fig. 59 the chromatic granules of the figure seem about to
divide, and the vacuole in connection with the blepharoplast is well seen.
Fig. 57.-Two tiny granules are attached to the blepharoplast by
fine threads. The nuclear chromatin is commencing to
show polar concentration. (See fig. 60.)
Fig. 58.-Granules are being extruded (?) from both nucleus and
blepharoplast.
Fig. 60.-Is probably the stage succeeding fig. 57almost divided.

The nucleus has

Fig. 6L-Shows enormous increase of chlamydoplasm.
fig. 56.)

(Compal'e
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Figs. 62-73, except 68, 70, and 71 are females.
Fig. 62.-Is a stage in line formation.
crossing the chlamydoplasm.

ote the wavy blue line

Figs. 63 and 64·-Compare fig. 45.
Fig. 65.-Note endoplasm lying over host-cell nucleus. Chlamydoplasm does not stain, so nucleus appears to lie in a vacuole.
Fig. 66.-Host-cell nucleus extruded, nucleus wc:ll differentiated.
ote granules in chlamydoplasm.
Compact
Fig. 67.-Host-cell nucleus about to be extruded.
chlamydoplasm, well-defined nucleus (or blepharoplast ?).
This is a very common type.
Fig. 68.-{Compare figs. 48, 57, n. 75.)
Chlamydoplasm with
spherical nuclear area. Blepharoplast very granular and
one granule extruded. (Compare fig. 49.)
Fig. 69.--(Compare fig. 67.) Is a common type. The chlamydoplasm
is very diffuse.
Fig. 70.-Parasite possessing distinctive characters of neither adult
male nor female.
Fig. 7 J.-Note deeper"staining area in nucleus.

(Compare fig. 68.)

Fig. 72.-Much effilated makrogametocyte; in one instance two fine
chromatic granules occurred, as illustrated, in the
chlamydoplasm.
Fig. 73.-Is a common type of adult female; the vacuole in connection with the blepharoplast is well seen.
Fig. 74·-Compare fig. 35.
Fig. 75.-(Compare fig. 48, &c.) Note the two large ill-defined
granules outside the nucleus in the chlamydoplasm.
Fig. 76.-(Compare fig. 49.)
much extended.

Is palely stained; chlamydoplasm is

Fig. n.-Discarded ectoplasmic sheath and host-cell nucleus of an
adult parasite.
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Fig.

1.-"

Slender" form.

Fig.

2.-"

Slender" form.

XXIV

Fig. 3.-" Broad" form.
Fig. 4.-" Broad" form.
Fig. 5.-" Stumpy" form.
Fig. 6.-" Stumpy" form; evidently degenerated but reproduced to
show structure of blepharoplast and nuclear granules.
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Trypanosomes.

Dutron. Todd and Tobey.
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Fig. I.-I. loricatum. This is apparently an ordinary division form
with two blepharoplasts, two nuclei and two flagella. The
nuclei are long, sharply-defined sacs, with many small
chromatin granules in them.
Fig. 2.-I. loricatum This form has a long nucleus with chromatin
massed near both ends.
There are longitudinal pleats
and a short free undulating membrane.
Fig. 3.-I. loricatum. This form has a round nucleus. The longitudinal pleats are present.
Fig. 4.-I. loricatul'J'l. This form has deep longitudinal pleats. The
nucleus is not so long as in figs. I and 2, but has the
characteristic shape and curves towards the undulating
membrane.
Fig. 5.-I. loricatum. Lanceolate form. The nucleus is a long and
broad band. The undulating membrane runs as a white
band in folds down the middle of the parasite.
Fig. 6.-I. loricatum. Long" hyla form" (page 324). The body
has longitudinal folds.
The nucleus is long, and wide
near the middle, tapering to both extremities.
Fig. 7.-I. loricatum. Long" hyla form." The folds are unfolding.
No nucleus is viSIble.
Fig. 8.-I. loricatum. Parasite has become rounded and is about
to lose its flagellum.
Fig. 45.-Trypanosome of the tortoise, showing round unstained
areas.
Fig. 46.-Drepanidia of the tortoise. The nucleus stains purple and
both it and the cytoplasm are denser than in fig. 48.
The nucleus is red and the
Fig. 47.-Drepanidium of the tortoise.
body has many coarse granules in it.
The nucleus is red and
Fig. 48.-Drepanidium of the tortoise.
loosely woven, and the cytoplasm is also loosely woven.
Fig. 49.-Drepanidium of the crocodile.
Fig. 50.-Drepanidium of the snake-common form.
Fig. 5I.-Drepanidium of the snake. The nucleus and cytoplasm
are loosely woven, and vacuoles are present at both ends.
Fig. 52.-Drepanidium of the snake, showing elongation of the body
of the host-cell.
Fig. 53.-A curious appearance in a snake's blood (page 3°4); free
form, red dot in the middle.
. Fig. 54.-The same in a cell with no drepanidium.
Fig. 55.-The unidentified parasite of the snake-round form.
• Numbers [-8 are drawn one-half the usual size.
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Fig. 9.-I. loricatu11l.
Wide" hyla form," with folds unfolding.
Nucleus indicated by a bent band.
Fig. 1O.-I. loricatum. Short" hyla form." The nucleus is long and
has chromatin massed at both ends.
There is an unfolding of the edge of the body at intervals on one side of the
parasite.
Fig. I I.-I. loricatunt. Round form with short curved, narrow white
band running from blepharoplast towards periphery. The
nucleus has differentiated areas on both sides.
Fig. I2.-I. loricatu11l. Round form, dividing form. Two nuclei,
and two blepharoplasts are present.
Fig. I3.--I. loricatu11l.
Round form as in fig. I I, but with no
differentiated areas in nucleus.
Fig. I4.-I. loricaturn. Rounded form, about to divide, the flagellum
having been lost.
Fig. I5.--I. loricatu111. Dividing round form; two nuclei, two
blepharoplasts, but the cytoplasm not quite divided.
Fig. I6.-I. loricatu11l. Small round division form.
Fig. I7.-I. loricatu111. A still smaller form than the above.
Fig. I8.-I. loricatum. The parasite has divided into a group of 16.
Fig. I9.-I. loricatu11l. Rounded form with division of nuclei and
blepharoplasts into four, but with no division of the
cytoplasm.
Fig. 20.-I. loricatunt. Small divisional form that has just acquired
a flagellum.
I'ig. 21.-I. loricatu11l. Herpetomonas-like form. Note the position
of blepharoplast, nucleus, posterior granule. and flagellum.
Fig. 22.-I. loricatu111.
Trichomonas-like form.
The anterior
extremity is enlarged and round and from it go four
flagella.
Fig. 23.-I. loricatu11l. Herpetomonas-like form with large anterior
end.
Fig. 24.-I. loricatu111. This is perhaps a variety of I. inopinatu111.
Fig. 25.-I. loricatum. This is a common inopinatum-like form.
Fig. 26.-I. lorica/unt. An inopinatunt-like form, wide at the level
of the nucleus.
Fig. 27.-I. loricatunt. A sanguinis-like form. Note the wide
mem brane, the position of the nucleus and the blepharoplast, and the shape of the posterior extremity.
Fig. 28.-I. loricatunt. A" leaf-like form" (page 322). Note the
position of nucleus and blepharoplast, and the shape of
posterior and anterior portion of the body.
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Fig. 29.-T. loricatu11t.
"Leaf-like form" (page 322), with the
posterior end arranged like a bud about to open. Note
position of nucleus and blepharoplast.
Fig. 30.-T. loricatum. "Leaf-like form' unfolding. Note position
of nucleus and blepharoplast, and shape of anterior and
posterior portions of body.
Fig. 3 I .-T. loricatum.
The" leaf-like form" has completely
unfolded into an adult type of T. loricatum.
Fig. 32.-Intermediate form between the "leaf-like form" of T.
loricatum and T. mega.
Fig. 33.-T. mega. A form with red staining granules in the cytoplasm. The nucleus is faintly stained.
Fig. 34.-T. mega. Same form as fig. 33, but with more red granules
in the cytoplasm.
Fig. 35.-T. mega. The posterior part of the body is irregularly
contracted. Note the shape of the nucleus.
Fig. 36.-T. mega. A somewhat generally contracted fonn. Note
the shape of the nucleus.
Fig. 37.-T. mega. A very much generally contracted form. Note
the shape of the nucleus.
Fig. 38.-T. mega. A variety of T. mega with coarse reticular
structure.
Fig. 39.--T. mega. A much elongated form. Note the character of
the nucleus. and the difference between the part of the
body anterior to the nucleus and that posterior to the
nucleus.
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Fig. 40.-Small form of T. karyozeukton, showing blue spiral line
running from blepharoplast to posterior extremity, and the
thick wide undulating membrane.
Fig. 4I .~Medium form of T. karyozeukton, showing granule at
posterior end of thickened edge of undulating membrane.
Fig. 42.-Large form of T. karyozeukton.
Fig. 43.-T. lcaryozeukton coiled, with the anterior end free.
Fig. 44.-Tighter coil of T. lcaryozeukton.
Fig. 56.-A curious appearance in a snake's blood (page 304) in a cell
with a drepanidium.
Fig. 57.-The same lying upon a degenerated drepanidium.
Fig. 58.-The same with short rods of unequal length.
Fig. 59.-Intracellular drepanidium, showing excretion at both
extremities within capsule.
Fig. 60.-Encysted drepanidium, found free m serum, showing
excretion at the extremities.
Fig. 6I.-Division form of drepanidium. The cytopla'sm has divided
synchronously with the chromatin.
Fig. 62.-Division form of drepanidium, dividing into two.
Fig. 6}-Division form of drepanidium, with the divisions almost
separated.
.
Fig. 64.-Division form of drepanidium, five divisions.
Fig. 65.-Division form of drepanidium with four divisions.
Fig. 66.-Division form of drepanidium on the way out of the
erythrocyte.
Fig. 67.--Common form of drepanidium, almost out of an erythrocyte, showing the eaten-out character of the host cell.
Fig. 68.-Common form of drepanidium, showing division of nucleus
into two, connected by a red line.
Fig. 69.-Common form of drepanidium with dividing nucleus.
Fig. 70.-Common form of drepanidium with constriction at one end
of the body, showing one method of movement.
Fig. 7I.-Common form of drepanidium with two constrictions.
Fig. 72.-Young parasites of the small form of drepanidium.
Fig. 73--Small form of drepanidium, showing nucleus and the blue
spiral line running from a chromatin granule of nucleus
to anterior extremity of body, x 4,000 to show structure
in detail.
fig. 74.-Small form of drepanidium, showing chromatin' granules
at posterior end, also a few anterior to nucleus, x 2,000.
Fig. 75.-Free division form of drepanidium.
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76.-Division form with one larger mass of chromatin and
several chromatin dots around it.
n.-Division form with four masses of chromatin.
78.-Division form with sixteen masses of chromatin.
79.-Division form with twelve masses of chromatin and the
division into well-defined "spores."
80.-Double infection with rosette division forms.
8r.-Common form of drepanidium with division form beside it
in same host-cell.
82.-Common form of drepanidium with division form at an
earlier stage of development.
83.--Young form of large drepanidium.
84.-Drepanidium showing one globule situated near the
nucleus.
.
85.-Drepanidium with about 100 refractile globules in it.
86.-Large form of drepanidium.
8t-Large form of drepanidium, showing body folded upon
itself.
88.-Large form of drepanidium, only partly folded upon itself.
89.-Large form of drepanidium with 34 refractile globules.
90.-Large form of drepanidium with two globules situated
near nucleus.
9I.-Drepanidium with II globules situated near the nucleus.
92.-Drepanidium with large refractile globules.
93.-An unidentified parasite of frog with crystal.
94.-An unidentified parasite of frog, showing a blue area
sharply defined.
95.-An unidentified parasite of frog, with crystal in nucleus.
96.with well-defined blue area.
97-"
"
apparently free in the serum.
98.with three crystals.
99.-"
"
triple infection.
loo.-Cytomoeba free in serum.
10I.-Cytomoeba in cell.
102."
"
103."
104.-"
"
105.-"
"
round form.
106."
107."
round and long forms.
108.long form.
109.-round forms breaking up nucleus.
JIO.-"
round form breaking up nucleus.
111."
long form.
112."
long form.
113-round form.
JI4.long form.
115.PLATE

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

)
" 76

"

'.

P.P. Press. ll/lp.

PLATE

XXX

Fig. I.--Small form, showing arrangement of the chromatin granules
of the nucleus and of the granules of the blepharoplast.
fig. 2.-Small form, showing early stage of division. The chromatin
granules of the nucleus have gathered into two masses,
and the granules of the blepharoplast have changed their
position.
Fig. 3.-Medium form, showing arrangement of the chromatin
granules of the nucleus and of the granules of the
blepharoplast.
fig. 4.-Medium form, showing striations.
pig. 5. -Long form, showing arrangement of the chromatin granules
and karyosome of the nucleus, the longitudinal striations,
the granules of the blepharoplast and the vacuoles anterior
to it.
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Spirochaeta jonesii from C larias al1golel1sis, see page 338.
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Hemoflagellate.
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Myxosporidiu11l Jzeibergi from Glossina palpalis, see page 342.
Coccidium - - ? from Pyretophorus costalis, see page 339.
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