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1. INTRODUCTION.

Ix a recent paper Dr. Imms (12)! has described some of the
species of Protozoa parasitic in the hind gut of an Indian
termite—Archotermopsis wroughtoni Desn. As many
of these insects have been living in Dr. Imms’ laboratory at
Manchester, I had the opportunity, a few years ago, of
examining their Protozoa, which showed a number of features
of great interest and importance. FEarly in 1918 I decided
to make a thorough investigation of these parasites, and Dr.
Tmms kindly placed at my disposal the remainder of his
material. I therefore express to him my sincere thanks for
thus rendering possible my research.

The object of the present paper is to record as fully as
possible the life-history of one of the Protozoa. I hope to
publish from time to time results of my observations upon the
other species already described by Imms.

The flagellate forming the subject of this paper is one of
the commonest species of Protozoa found in the termites; it
occurs in all casts in great numbers, and offers an excellent
opportunity for work on its method of division.

The Trichomonads have been objects of research by
many naturalists, but up to the present no species has been
recorded from termites?; also,as will be seen later, the species
I have investigated is in many respects totally different from
any hitherto described.

Imms has already pointed out that the animal differs from
other Trichomonads in the possession of only two anterior
flagella, and this fact makes it desirable, thongh not essential,
to place it in a new genus. As the genus Tetratricho-
monas has been established for those forms possessing four

! Although the above paper is still in the press, Dr. Imms has kindly
given me permission to publish the results of my work,

# While this paper was in the hands of the printer T was able to read
Grassi's latest publication on termite protozoa (* Mem. R. Accad. Lincei,’

ser. 5, vol. xii, 1917). In this paper he describes a Trichomonad,
which, however, differs considerably from D. termitis.
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anterior flagella, but otherwise like Trichomonas, and the
genus Pentatrichomonas for those possessing five anterior
flagella, I have decided to create the new genus Ditricho-
monas for the animal under discussion.

2. MErrHODS.

The animals were examined alive in 0'75 per cent. NaCl,
buf even when the ntmost precautions were employed in the
preparation of the slides, it was found impossible to keep the
flagellates alive for more than about two hours. On occasion
albumen in salt solution was used as a medium, but, though
possessing the advantage of slowing the animal’s movements,
it caused rapid death, preceded by degeneration changes,
thus rendering the use of this medium unsatisfactory.

From time to time 1 have endeavoured to obtain a pure
culture of these parasites, bnt with no success. The ordinary
bacteriological media were tried, as was also the culture
media used by me in my experiments on Entamceba
histolytica (6). Finally, I used an extract obtained from
the wood in which the termites were living, and also a
medium prepared by teasing up in salt solution the abdomen
of a termite, but in all cases the results were completely
negative.

Stained preparations were made by squeezing the contents
of the hind gut of a termite out on to a clean slide; thin films
were then prepared and the slides immediately placed in the
fixing fluid. Itisimportant that this should be done as rapidly
as possible, as shrinkage effects are very soon produced after
the Protozoa have left their host.

As fixing fluids I have used Bouin’s picro-formol-acetic
solution and Schaudinn’s sublimate-alcohol mixture. Both
these mixtures gave excellent results, especially when used
at a temperature of about 56°C. The former, however, is
disadvantageous in that the picric acid takes a long time to
wash out before staining can be corhmenced. Equally good
results were obtained by the use of Schaudinn’s mixture as
modified by Dobell and Jepps (8) as a result of their work on



358 D. WARD CUTLER.

Entamceba histolytica cysts. These bodies are very
susceptible to shrinkage, and a flnid which obviates this is
obvionsly one of great service to protozoologists. Such a
fluid is prepared as follows: Saturated corrosive sublimate in
water, two parts; absolute alcohol, one part; glacial acetic
acid, 4 to 5 per cent.

Forstaining, Heidenhain’s iron-hzematoxylin is probably the
best for the details of nuclear division, thongh Dobell’s iron-
lizematein, described by him in 1914 (7), also gives fine resnlts ;
especially is it useful for work on the flagella and axostyles,
which, are better coloured by this method than by auy other
I have tried.

From time to time I have made use of alcoholic safranin,
thionin, Grenacher’s carmine, and Mayer’s hamalum, but
have not obtained as good effects with any of these as with
those mentioned above. Methyl green and Schneider’s aceto-
carmine have proved nseful in those cases where permanent
preparations were not essential.

Most of my slides have been nade by one of the methods
described above, but for the demonstration of the parabasal
body T employed Flemming's strong fixing solntion, omitting
the acetic acid, as described by Gatenby (11).

3. GENERAL CONSIDERATIONS AS TO THE LIVING ANIMAL.
(a) Morphology and Movement.

Ditrichomonas termitis is a large flagellate measuring
on the average 50y x 22 u.  There is, however, much varia-
tion in size, as occurs in most species of Protozoa; indeed, -
Wenyon (27) states that in Trichomonas intestinalis he
observed forms ranging from 3 p—20 pe.

Imms gives the size of Ditrichomonas termitis as
30 =88y in length by 13 =57, broad, with an average
of 6 x 33 u. These figures are nudonbtedly too high, and
this is due to the fact that Imms has included in his measure-
ments both dividing and non-dividing ammals, the former of
whiclh are of conrse much larger than the latter.
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At the anterior end of the animal there is found a large
cytostome, situated a little to one side of the middle line.
Close to this structure there is the point of origin of the
flagella, which are three in number. Two of these are
directed anteriorly and are of equal length, while the third
rans down one side of the body to form the edge of the
undnlating membrane, which is supported by a firm, rod-like
strncture characteristic of Trichomonas. The flagellum,
however, becomes free at the posterior extremity of the
body.

The body is not sharply differentiated into ectoplasm and
endoplasm, but appears homogeneous throughout; the proto-
plasm is usually granular, though small vacuoles are occa-
sionally seen, but in no case is there evidence of a contractile
vacuole. In the interior of the body there are numerons food-
particles, chiefly consisting of what appear to be fragments of
wood, many of which are so large it is difficult to realise how
the animal could engulf them. I have, however, been unable
to detect any method of feeding other than by the cytostome.

As Imms has observed, the shape of the animal is not con-
stant, but when progressing forwards it has a characteristic
appearance, the anterior end broad and rounded, with this
width maintained for about two-thirds of the body-length, the
posterior third 1s, however, much more slender and in some
cases almost tapering. Further, this slender region is capable
of independent movement so that it is possible to speak of it
as a “tail ” (Text-fig. 1,a). The undulating membrane runs
from the anterior end of the animal down to the end of this
“tail” and the axostyle is seen projecting from it (Text-fig.
1, a, b). This shape is, however, not the only one found, for
when the animal is at rest—or at any rate not moving
forward—an entirely different appearance is seen. The
“tail ” portion of the body disappears and the animal
assmmes an almost round shape. The posterior end of the
undulating membrane is now no longer separated from the
anterior by the whole length of the animal, but is more closely
applied to it (Text-fig. 1, ¢ and e, and PI. 31, fig. 1).
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An intermediate condition between the two extremes is
seen in Text-fig. 1,d. These changes in shape are brought
about by contraction, and it is often possible, when examining
these animals alive, to see this cycle of changes taking place
with great rapidity in the same animal. Text-fig. 1 was
drawn freehand from a living preparation; it represents the

TEXT-FIG. 1.

Freehand drawing of the form changes observed in a living Ditri-
chomonas termitis during a period of five minutes.

successive movements of one of these flagellates after it had
come to rest, the whole of the ehanges occurring in a périod
of five minutes.

I have spoken above of the animals being at rest; this,
however, is only a relative term, for thongh they may uot be
undergoing translation, yet the free flagella and undulating
membrane are guite active ; indeed, the membrane appears to
undergo its rhythmical changes thronghout the whole of the
aninal’s life.  Minchin’s suggestion (21, p. 57) that when the
animal is perfeetly still, “the funection of the membrane is
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probably to cause currents in the fluid surrounding the body,
and to change and renew the liquid bathing the body
surface ” appears to me well founded.

Kuczynski (19, p. 163), has described the formation of
pseudopodia in Trichomonas augusta observed alive in a
bouillon culture. He says: “9hd4” Vorn rechts entsteht
(ventral) ein Psendopodium, um rasch nach hinten zugleiten,
3—4mal hinterein ander, dadurch wird der Eindruck der
undulierenden Bewegungen hervorgerufen. Dabei macht die
Membran 90 Schlige in der Minute bei geringer Windungszahl.
Sie ist klar erkennbar. Nach allen Seiten werden spitze
Psendopodien ausgestreckt und wieder eingezogen.

¢ Blitzschnell mehrere zugleich. Die Pseundopodien wandern
den Kéorper entlang. Die Geisseln arbeiten kawm. Das
Tier bewegt sich ganz langsam ein wenig von der Stelle
(kriecht). Es ist freigekommen, nimmt seine alte Gestalt
wieder annithernd anf, schwimmt fort, zunachst anregelmassig
bewegt. Der Achsenstab steht weiter aus dem Karper als
vorher. (Dauer des Geschilderten drei Minuten.)

“9hd7 : Es zeigt wieder am Hinterende den Haken.

“10h7" : Das Tier lat eine ganz normale Form; es
schwimmt, wobei sich 90 Umdrehungen in der Minute fest-
stellen lassen. Etwa ebenso oft schlagen die Greisseln.”

Appearances such as the above I have sometimes seen in
Ditrichomonas, when examined in media containing albu-
men. In 075 per cent. NaCl, however, the animals show no
trace of pseudopodial formation. I do not doubt, therefore,
but that this is an abnormal feature of the life-history, and
that it is due to the effect of artificial media; this conclusion
finds support in that the forms which developed pseudopodia
were in a feeble condition, and if watched for a short time
became moribund. Buscalione and Comes record the same

fact (4a).
(B) Axostyle.
The axostyle, which is such a constant organ of the
Trichomonas body, arises from the anterior end in front of
vOL. 63, PART 4.—NEW SERIES, 36
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the nucleus, and probably has its origin in the blepharoplast,
described on p. 363. It appears as a hyaline structure run-
ning throughout the body length (Pl. 31, fig. 9). At the
posterior end it reaches the outer surface, which it pierces, and
is continned for a short distance, finally terminating in a sharp
point (Pl 31, figs. 2, 3, 6, and Text-fig. 2, p. 564).

Kuczynski (19, 19a) considers that it is composed of two
threads running parallel to each other; this I think to be a
mistake, but apart from this error his description could apply
very aptly to the axostyle of D. termitis.

On p. 143 of his paper (19) he says: “Er besteht (i. e. the
axostyle) bel simtlichen bisher nntersuchten Trichomonaden
aus zwel IFribrillen, welche vom Basalkorper ventral vorn
Kern und diesem dicht angeschmiegt, aber dorsal vom
Cytostom, wenn dieses gut augebildet ist, die eine iiber der
anderen entlang ziehen und nach geraden oder mehr oder
minder gekrummtem Verlanf die Korper—peripherie er-
reichen.”

Arranged in a linear series down the middle of the axostyle
there are small, deeply-staining granules (Pl 81, figs. 4, 6, 10)
I have been unable to determine the significance of these,
but they are of constant ocenrrence, and have been described
in other species by previous workers. Itis possible that they
are the result of metabolic activity.

When preparations are made by fixing with the fluids
mentioned on p. 580, it is found that clustered round the
anterior portion of the axostyle there are another set of cyto-
plasmic bodies. These are small, deeply-staining, rod-like
structures (P 31, fig. 8). From their general appearance and
from the fact that they are well seen only after treatment by
the methods recently described by Gatenby (11) I believe that
they probably represent mitochondria. It may be mentioned
at once that similar bodies are sometimes found scattered
through the cytoplasin in an irregular manner (Pl. 31, fig. 5),
but in the majority of cases these mitochondria are aggregated
round the axostyle in the way described. I am able to offer
1o suggestion as to the reason for this, but possibly they corre-
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spond to the ““Zona chromidiale ” described by Grassi (11a) as
encircling the anterior end of the axostyle (Mestolo) in Jeenia.

On observing a large number of living animals it is noticed
that the amount of axostyle projecting from the body is very
variable. Sometimes only the extreme point is seen (Pl. 31,
fig. 7), while at others a relatively large part protrudes
(Pl. 31, fig. 3). This also 1s observed when a single animal 1s
studied through the form changes previously described. It
appears as though, when the body is contracted into the
rounded condition, the axostyle is too long to be accommodated,
and is therefore pushed out. It is not, however, absolutely
rigid, for when living animals are examined in those forms
which are long and tapering in shape, the axostyle is seen
running through the body in a straight line, but in the
ronnded forms it is flexed at some point in its course, as is
seen by reference to Text-fig. 1.

I have not observed the axostyle used as an organ of
attachment as Wenyon (27) described in T. intestinalis,
but disputed by Dobell (8) from his observations on T.
batrachorium. This structure, howevér, exhibits m D.
termitis a very peculiar movement when the animal is at
rest. The portion projecting from the body nndergoes a slow,
lateral jerking movement, which is confined to the region
outside the body, as may be readily seen by the flexion
occurring at the place where the axostyle becomes free.

Kofoid and Swezy (18) state that the axostyle exhibits-“a
vigorous lashing from side to side, sometimes constant, some-
times intermittent.” Such a vigorous motion I have not
observed, but it is evident, I think, that the authors have
seen @ phenonienon similar to the one recorded by myself.

4. DESCRIPTION OF STAINED PREPARATIONS.
() Anterior Granules and Nucleus.

In stained preparations there is seen at the anterior end of
the body two distinet grannles. From one—the blepharoplast
—there arise the two free, anteriorly directed flagella of length
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about equal to that of the body. From the second granule,
which Imms does not seem to have noticed, the chromatic
base of the undulating membrane and the flagellar border

TEXT-FIG. 2.

rd
Ax.G.

Semi-diagrammatic freehand drawing of a non-dividing Ditri-
chomonas termitis. Bl Blepharoplast. A4.F. Anterior
free flagella. Cy. Cytostome. MM, G. Membrane-granule. fl. B.
Flagellar border of undulating membrane. Ch. B. Chromatic
base of membrane. Axz: Axostyle. .Ax. G. Axostyle granule.
P. B. Parabasal body. P.T. Parabasalthread. Nu. Nucleus.
W. P. Ingested food-particle of wood.

of the same take origin. This granule I propose to term the
‘“membrane granule,” as it takes no part in nuclear division
(Pl 31, figs. 4, 5, 6, and Text-fig. 2).

A little posterior to the granules there is found the nucleus,
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oval in shape and surrounded by a distinct membrane, the
chromatin completely filling it as an homogeneous mass.
The size 1s 6-8 p.

There is no conmnection with the blepharoplast by a rhizo-
plast as described by Kofoid and Swezy m T. augusta.
Imms’ statement that such a structure is to be found mn
D. termitis is incorrect, and the probable explanation of
the mistake will be found on p. 567.

(8) Parabasal Body.

Ansing from the blepharoplast there is a long, deeply-
staining body, which is undoubtedly that named as parabasal
by other authors (Text-fig. 2). Thisis a constant constituent
of the animal’s body, and when preparations are treated in a
snitable manner (see p. 580) it stands out most prominently.
The parabasal extends for about two-thirds of the distance
down the body, and has an almost straight course, though
occasionally it shows a few undulations (P1 31, fig. 5). There
is, however, no coiling round the axostyle as occurs in
Devescovina striata described by Foa (10).

Apparently the parabasal is composed of an homogeneous
plasma not enclosed in a definite membrane. When the stain,
howerver, is greatly extracted from it there is seen running
down the middle a thread, which arises at the anterior end,
and is attached to the blepharoplast (Pl. 31, fig. 6, and Text-
fig. 2). This is evidently the parabasal thread described by
Janicki (13) in other flagellates.

In all the preparations fixed by the method described on
p. 580 the parabasal body is constant in size and position,
exhibiting none of the fluctnations recorded by other workers,
and especially by Kofoid in his recent paper (18a), in which
he puts forward the view that this structure is a reservoir of
kinetic energy, which supposition he largely supports on the
variations seen in the parabasal bodies of the same species of
animal.

I should mention that in “Schaudinn ”-fixed material such
variations are frequently encountered in D. termitis.
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5. Divisiox.
(1) Anterior Granules and Nucleuns.

The first indication of division is that the anterior flagella
become four in nnmber (P1. 31, fig. 7). I have examined very
many preparations in the hope that it would be possible to
determine with certainty whether this doubling was brought
about by division of the pre-existing flagella or by the growth
of two new ones from the blepharoplast. I think that the latter
is the correct view, for it is possible to find forms in which the
flagella are of unequal length—two equal long ones and two
equal short ones, which I conclude are the new omnes in
process of growth. The basal granule or blepharoplast from
which they arise is not seen as a double structure until the
fonr flagella have attained an equal length. When this
occurs, however, it divides, and two equal granules are
observed, from each of which two flagella spring (Pl. 31,
fig. 8).

Simnltaneously with the division of the blepharoplast—
occasionally a little later—the membrane granule increases
in size, and ultimately divides (Pl. 31, figs. 8, 9, 10). TFrom
the second granunle so formed the new chromatic base grows
out until it has attained a length equal to that of the old
structure. There can be no doubt that this is the mode of
origin, as all growth stages have been repeatedly seen, and
are shown in Pl 31, figs. 11,12, 14, and Pl. 32, fig. 13.

During the growth of the chromatic base, the new undu-
lating membrane is produced by the growth from the granule
of a flagellar border, until a complete structure, similar in
every way to the old one, is formed (Pl 31, figs. 14, 15). 1
can find no evidence in D. termitis that the daughter-
membrane is formed by division from the existing one as
described by Dobell (6) and by Kofoid and Swezy (17) ; rather
my results substantiate Wenyon’s assumption (27) as regards
the origin of the structure in 'I'. intestinalis.

1 would poiut out also that both the flagellar border and
the chromatic base are produced from the same granule, aud
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not, as Wenyon states is the case, where the base arises from
one granule, and the border from the same granule as do the
anterior flagella.

When the animal has reached this condition its size is
greatly increased, ranging from 60-80 . The nucleus has
also grown, so that it is about 8 u in diameter. At this stage
the chromatin has contracted away from the nuclear membrane
into a small mass, and lying between this and the membrane
there are numerous small granules (Pl. 31, fig. 15, and Pl. 32,
fig. 16), representing, 1 believe, the intra-nuclear cloud
described by Kofoid and Swezy.

During these changes one of the blepharoplasts—probably
the original one—divides once again, and the resulting body,
the centriole, migrates towards the nuclear membrane, retain-
ing its connection with the granule by means of a short
thread—the rhizoplast (P1. 31, fig. 11 4). Probably it was this
stage in the life-history which led Imms to the conclusion
referred to on p. 565—that the nucleus was attached to the
blepharoplast by a rhizoplast.

The centriole now in 1its turn divides, and the two so
produced are joined together by a solid strand of deeply-
staining material—the paradesmose (Pl 31, figs. 114,12, 14).1

At a later stage the second centriole acquires a connection
with the other basal granule by the development of a new
rhizoplast, which is of secondary growth.

As a result of these divisions a trapezoid fignre is produced,
very characteristic of the nuclear division (Pl. 32, figs. 13, 17,
and Text-fig. 3, p. 568).

Finally the paradesmose assumes a position outside the
nuclear membrane. This extra-nuclear position is retained
throughout all stages; there 1s no evidence for its ever
becoming intra-nuclear.

In the wmeantime the nuclens undergoes changes. TIts

! I prefer to follow the nomenclature used by Kofoid and Swezy (17),
for the reasons given by these authors. The paradesmose refers there-
fore to the similar structure designated as ¢ centrodesmose” by other
authors.
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original homogeneous character is lost and it becomes resolved
into a number of small granules (Pls. 31, 32, figs. §, 14, 17) ;
occasionally there is a well-marked karyosome (Pl. 33, fig. 32),
but this a variable constituent of the nucleus and disappears
before division takes place. Kuezynski (19) has described a
similar body in the species of Trichomonas he has inves-
tigated.

TEXT-FIG. 3.

BI1! Pa. BI.
] ] ]

Semi-diagrammatic freehand drawing of a dividing Ditricho-
monas termitis. A double set of organella has heen formed.
together with the paradesmose and centrioles. Bl. Blepharo-
plast. BU'. Daughter-blepharoplast. 4. F. Anterior flagella.
A. IY. New anterior flagella. M. G. Membrane-granule. M. G".
New membrane-granule. f. B. Flagellar horder of membrane.
A. B New flagellar border of membrane. Ck. B. Chromatic
base of membrane. Ch.B’. Chromatic hase of daughter-
membrane.  Cr. B. Chiromatinic blocks (probably metabolic
granules). Ax. Axostyle P.B.and P.T. Parabasal body and
thread. P. B'.and P.7". Danghter-parabasal body and thread.
Ith. Rhizoplast. Ct. Centriole. Pa. Paradesmose.

From the nuclens there is now extruded a part of its
chromatin as a clond of granules—the extra-nuclear cloud
of Kofoid and Swezy (Pl. 32, fig. 13). I have not been able
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to determine this point with certainty, but I think it highly
probable that the intra-nuclear cloud furnishes this extruded
chromatin. It is certain that after the development of the
extra-nuclear cloud the intra-nuclear one disappears.

Numerous observers have described in the cytoplasm of
the body small refractile bodies which stain intensely by
chromatin stains, and have been termed chromidial blocks,
cytoplasmic bodies, etc. ‘These seem to be a very constant
feature of most Trichomonads, and I have found them
in D. termitis at certain stages of the life-history. In this
animal they vary in size from 1-2'2 4 and are usunally round in
shape. Insuitable preparations there s an indication that they
are not homogeneous in character, but are formed of a central
vesicle surrounded by a lightly-staining zone (Pl. 32, fig. 18).

Whereas, however, in many species of Trichomonas,
such as T. gallinarum, described by Martin and Robert-
son (20), these bodies are a constant constituent of the animal,
in D. termitis they are rarely seen in the non-dividing
stage of the life-history. Division forms with a double set
of organella and with the nucleus in the granular condition
mvariably contain them. In some cases they are few in
number, but m others they are numerous and almost fill
the body (Pl. 32, fig. 18); usually they are arranged m a
series along the chromatic base of the membrane (Pls. 32, 33,
figs. 23, 24,25,27,30). When found in the vegetative forms
they are present only in those which are the products of a
recent division (PIl. 31, fig. 9); apparently as these young
animals grow the granules are gradnally absorbed so that
the mature forms entirely lack them. Rarely have I seen
them in a non-dividing form such as is shown in Pl 31, fig. 5.

There is no evidence that thesc bodies undergo division
during the reproductive stages of the flagellates.

It seems probable that they represent products of metabolic
activity—a view which would to a certain extent account for
their abundance in dividing animals.

To return to the account of the nuclear changes which
occur during division. After the formation of the extra-
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nuclear cloud the granules inside the nuclear membrane,
which are indefinite in naumber, aggregate to form spherical
masses—the so-called chromosomes—whose number does not
seem to be definite; in most cases there appear to be six
of equal size (Pl. 32,fig. 13). I have, however, found animals
in which the number is between four and seven, and in
these cases there is usmally an inequality of size (Pl. 32,
figs. 18, 19, 20). .

Previous investigators, with one or two exceptions, record
a constant number. Thns Wenyon states that there are six
chromosomes in T. intestinalis; Kneczynski (19) finds eight
in T. augusta; while Kofoid and Swezy state that in
T. angusta, T. muris, Tetratrichomonas prowazek:
and Eutrichomonas serpentis there are invariably five
chromosomes. The discrepancy in the results of these authors,
in some cases working on the same species, suggests that
in many trichomonads the chromosome number 1s not con-
stant. A discussion, however, of this point is to be found
in Kuczynski’s recent paper (19a), which nnfortnnately only
came into my hands at the moment when the present paper
was going to the press.

Soon after their formation the “chromosomes” elongate,
forming short rods (Pl. 32, fig, 21) swhieh split longitudinally
(Pl. 32, fig. 22). The two halves of each body now draw
apart (Pl. 32, fig. 23), so that two masses, each of approxi-
mately the sameé amonnt of chromatin, resnlt (PL 32, figs. 24,
25).

It has been recorded by Kuczynski, Martin and Robertson
that the chromosomes first pair and then split longitudinally
before passing to each pole of the nuclens. I can find no
evidence in D. termitis for this preliminary pairing, nor for
any form of reducing division.

The whole of these processes ocenr within the nuclear
membrane and there are no spindle-fibres produced. Hand
m hand, however, with the nuclear changes the paradesmose
clongates so that the centrioles oceupy positions at each end
of the nucleus, and during the whole period of separation the
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chromosomes remain aggregated in loose bunches, with thei
apices very close to the separating centrioles (Pl. 32, fig. 23).
The impression i1s forcibly given that the centrioles act as
dividing centres for the chromosomes. It must, however, be
clearly understood that the paradesmose and centrioles are
during the entire cycle outside the nuclear membrane, and
that there is no trace of any connection, in the shape of fibres,
between the two structures. In the next and last stage of
division the paradesmose and nucleus elongate still more
until finally a constriction appears in the membrane of the
latter (P1. 32, fig. 26), so that ultimately two daughter-nuclei
are produced (Pl. 38, fig. 27).

Further elongation of the paradesmose results in the
separation of the nuclei so that a condition is reached like
that seen 1n Pl. 33, fig. 28. Nuclear reconstruction occurs
by a reversal of the process described above.

As the centrioles are conmected by rhizoplasts with the
basal granules, these, together with the lagella and membrane-
granules, migrate from one another.

When the daughter-nuclei are separated by practically the
whole width of the body the paradesmose disappears (Pl. 33,
figs. 29, 80). There is no evidence that the centrioles remain
in connection with the nucleus—indeed, I do not helieve that
this is the case—but that they share the same fate as the
paradesmose.

6. DIvisioN oF THE AXOSTYLE.

There is much discrepancy between the accounts given of
the formation of the axostyles i Flagellates, and a short
discussion of this will be found on p. 574.

Unfortunately I have mnot been able to work out as
completely as is desirable the method of origin of the new
structures in D. termitis. The axostyle does not stain at
all well, and it is only occasionally that it can be traced
thronghout its entire length. In a few of my preparations,
however, treated, as far as [ am aware, in exactly the same
way as others, the axostyles appear fairly plainly. These






















































