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VERY little work has been done on the protozoa of Australian
termites except for the observations of Grassi (1917), who
described the faunas of P o r o t e r m e s a d a m s o n i Frogg.,
C o p t o t e r m e s l a c t e u s Frogg., and a species of Sehedo-
r h i n o t e r m e s , and those of Duboscq and Grasse (1927), who
worked on Ca lo te rmes i r i d i p e n n i s Frogg.

In this paper it is proposed to give, first, a list of those
flagellates previously found in termites of other countries which
are now found to be present in Australian hosts; and, second,
descriptions of four new genera and three new species of Pro-
tozoa parasitic in termites.1

Material was obtained from many parts of Victoria, from New
South Wales, Western Australia, and North Queensland (Ayr).
It was found that termites usually lived well under laboratory
conditions, kept in glass or tin vessels, supplied with a small
amount of moisture from damp filter-paper on the roof of the
container, and fed either on the wood in which they were found,
or else, for better detailed examination of the Protozoa, on
filter-paper.

Technique.—Living Protozoa were examined in a drop
1 The work summarized in this paper was carried out in the Zoology

Department of the University of Melbourne, while holding a Howitt
Research Scholarship.

I have to thank Dr. G. Buchanan for her constant assistance and en-
couragement throughout the year, and Dr. Tiegs for his help in interpreting
many of the more intricate histological details.

My thanks are also due to Mr. G. F. Hill of the Council for Scientific
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many termites; and to many others who have collected material in various
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of saline, 0-75 per cent, strength being used for Devescovinids,
while a concentration of 0-4 per cent, was found most suitable
for Trichonymphids. Cleveland's medium (1925) for T r i c h o -
n y m p h a c a m p a n u l a was tried for other Trichonymphids,
but without marked success. Examination in water was some-
times useful; thus in S p i r o t r i c h o n y m p h a spp. the count-
ing of the nagellar bands was made easier by the distension of
the animal's body in water.

Division stages of the flagellates were occasionally obtained
by changing the diet of the termite from wood to filter-paper
or to cotton-wool and mud as suggested by Koidzumi (1921),
or by starvation for 5-7 days followed by feeding.

The woody nature of ingested food-particles was demon-
strated by the use of phloroglucin and HC1.

Attempts were made to culture the organisms, both in liquid
media, e.g. bouillon with and without powdered wood, and on
solid media, e.g. cellulose agar, maltose agar, Czapek's agar and
serum agar+powdered wood, but all these proved unsuccessful.

Permanent preparations, made as wet films, were fixed with
hot or cold Schaudinn's fluid, with corrosive acetic, Bouin's
fluid, or osmic acid vapour. Osmo-chromic fixative was used
for those smears where detailed cytology was desired. Smears
were stained with Delafield's haematoxylin, Heidenhain's iron
haematoxylin (watery or alcoholic) or Picro-carmine, after
osmic fixation. Giemsa's stain was used for some smaller
flagellates, and some preparations of termite spirochaetes were
made as dry films and stained with Damon's mixture of aniline
gentian violet and carbol fuchsin (1926). Sections of alimentary
canals, dissected out and fixed in Bouin or hot corrosive acetic,
were stained with Delafield or iron haematoxylin and eosin.

EECOEDS.

1. From P o r o t e r m e s g r a n d i s Holmgr.
Hill (1926) has considered that P o r o t e r m e s g r a n d i s

Holmgr. is probably a larger variety of P o r o t e r m e s a dam-
so ni Frogg. and should not be ranked as a separate species.
An examination of its protozoan fauna reveals the following
facts:
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(a) All the genera and species of protozoa described by Grassi
(1917) from Poro te rmes adamsoni—namely Tricho-
nympha magna, Joenina pulchel la , Sp i ro t r icho-
nympha mirabi l i s , Sp i ro t r i chonymphel la pudi-
bunda, and Pseudo t rypanosoma giganteum—are
present in Poro termes g rand is .

(b) In addition to these, there is a new species of S p i r o -
t r i c h o n y m p h a , which I have called S p i r o t r i c h o -
n y m p h a g r a n d i s , and a new species of P s e u d o t r y p a n o -
s o m a — P s e u d o t r y p a n o s o m a minimum—not recorded,
from Porotermes adamsoni .

The presence, both in Poro te rmes adamsoni and
Porotermes grandis , of numerous small forms of Spiro-
t r i chonymphel la pud ibunda , together with the typical
'adult' forms and many intermediate in size, would suggest
the occurrence of multiple fission in this species.
2. Prom Calotermes (Neotermes) insular is White.

The two most abundant organisms are probably identical
with S tephanonympha s i lves t r i i and Devescovina
s t r i a t a var. hawaiensis , both of which were described
by Janicki (1915) from a termite which he called Neotermes
cas taneus Burm., but which Kirby (1926) has identified
as Neotermes connexus Snyder. Like Spi ro t r icho-
nymphel la pudibunda from Porotermes adamsoni ,
S tephanonympha s i lves t r i i is densely invested with
adherent spirochaetes and bacteria. Cleveland (1928) finds that
these organisms are detached by feeding the termite on filter-
paper impregnated with acid fuchsin. My own experiments
have confirmed this in both species. But whereas Spiro-
t r i chonymphe l la pud ibunda continues to exhibit
unimpaired activity after this process, S tephanonym-
pha s i lves t r i i invariably died after detachment of its
adherent organisms, suggesting that a closer relation may exist
between them and their carrier in S tephanonympha
si lves t r i i than in Sp i ro t r i chonymphel la pudi-
bunda .

In Janicki's description of Devescovina s t r i a t a , he
states that the 'stout form' having a parabasal tube of 3-4
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coils is probably merely that stage in the life history of the
'slender form' (whose parabasal tube has 1-lf coils) which
precedes division. I have found several late division stages
where the daughter-parabasals are fully developed and separated,
and each has 3-4 coils (Text-fig. 1). This suggests that the two
forms described by Janicki are really distinct species, but

TEXT-PIG. I.1

Devescov ina s t r i a t a Foa, division stage of 'stout form'.
Stained with Delafield's haematoxylin. X412. ect., ectoplasm;
end., endoplasm; flx. fl2. fl3., three anterior flagella; fit, trailing
flagellum; n., nucleus; p.b., parabasal organ.

observations of the division process of slender forms will be
necessary to establish this view.

In addition to the two flagellates just mentioned, a new genus
and species—Pseudodevescovina uniflagellata is
present.

3. Prom Calotermes oldfieldi var. chryseus Ball.
Staurojoenina assimilis, previously described by

Kirby from Calotermes minor, is the largest flagellate,
but numbers of Devescovina s tr iata are also found, as
well as a species of Oxymonas.

1 All figures except 2 B, 5 B and c, and 7 A were drawn with the camera
lucida. Magnifications given are approximate, but the actual dimensions
are stated in the text.
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4. From Coptotermes flavus Hill.
The fauna is similar to that of Coptotermes lacteus

Progg. described by Grassi (1917) except that Holomasti-
gotoid.es mirabile, previously found in Coptotermes
sjostedti replaces Holomastigotoides hemigym-
num Grassi.

5. From Coptotermes acinaciformis Hill.
The fauna is identical with that of Coptotermes flavus.

6. From Mastotermes darwiniensis Frogg.
Nyctotherus termitis found by Dobell (1910) in

Calotermes militaris Desn. is present.
Also, in this termite there are found species of two new genera

which I have named Mixotricha paradoxa and De 11o-
trichonympha operculata. These will be fully described
later.

7. From Stolotermes victoriensis Hill.
A new genus, Spirotrichosoma, is represented by two

species, Spirotrichosoma obtusa and Spirotricho-
soma capi tata . Numerous small Trichomonad flagellates
and Tetramitid forms are also present.

SUMMARY OF NEWLY EECORDED PARASITES.

1. From Porotermes grandis Holmgr.
Trichonympha magna Grassi.
Joenina pulchella Grassi.
Spirotrichonympha mirabilis Grassi.
Spirotrichonymphella pudibunda Grassi.
Pseudotrypanosoma giganteum Grassi.
Spirotrichonympha grandis sp. nov.
Pseudotrypanosoma minimum sp. nov.

2. From Stolotermes victoriensis Hill.
Spirotrichosoma obtusa gen. et sp. nov.
Spirotrichosoma capitata gen. et sp. nov.
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3. From Calotermes (Neotermes) insularis White.
Stephanonympha silvestrii Jam'cki.
Devescovina s tr iata Foa.
Pseudodevescovina uniflagellata gen. et sp. nov.

4. From Calotermes oldfieldi var. chryseus Hill.
Staurojoenina assimilis Kirby.
Deveseovina s tr iata Foa.
Oxymonas sp.

5. From Coptotermes flavus Hill.
Holomastigotoides mirabile Grassi.
Pseudotrichonympha hertwigi Grassi.
Spirotrichonympha flagellata Grassi.

6. From Coptotermes acinaciformis Hill.
Holomastigotoides mirabile Grassi.
Pseudotrichonympha hertwigi Grassi.
Spirotrichonympha flagellata Grassi.

7. From Mastotermes darwiniensis Frogg.
Nyctotherus termitis Dobell.
Deltotrichonympha operculata gen. et sp. nov.
Mixotricha paradoxa gen. et sp. nov.

DESCRIPTIONS or NEW FORMS.

1. Spirotrichonympha grandis sp. nov. (Text-figs.
2A and B).

This organism shows certain slight but constant differences
from Spirotrichonympha mirabilis Grassi, occurring
in the same host. Forms intermediate between Spirotricho-
nympha grandis and Spirotrichonympha mira-
bilis are never found, and it has been thought advisable to
create a new species rather than to describe this flagellate as
a variety of Spirotrichonympha mirabilis. The shape
is pyriform to oval, the average breadth of the widest part being
about 68 ju. The pointed anterior end is actively motile, and the
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animal SAvims with a corkscrew-like movement. The average
length is about 145 /i but there is a wide range of variation, and
forms as long as 200/x are sometimes found. The nucleus is
usually about 11^. in diameter, and is made up of coarse

cb
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TEXT-FIG. 2A.

S p i r o t r i c h o n y m p h a g rand i s sp. nov. Whole individual
stained with Delafield's haematoxylin. X 360. Flagella are
shown at the edges only, a.fl., anterior flagella; cb., ' centroble-
pharoplast'; /., food particles; fl., body flagella; fl.b. 1-4, flagellar
bands;mic, attached micro-organisms; n., nucleus; r.e., inwardly
projecting ectoplasmic ridges which support the flagellar bands.

clumps of chromatin with a well-marked nuclear membrane. It
is situated nearer the anterior end than in Spirotricho-
nympha mirabilis.
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The pre-nuclear fiagellar spiral is closely compressed in front,
so that the number of bands is difficult to count. In some
stained animals four bands can be traced (Text-fig. 2 B), and it
is probable that this number is constant. The spirals are sup-
ported by ridges of ectoplasm which project inwards from the
body-wall.

There are 3-4 turns of the quadruple spiral investing the

-cb

TEXT-FIG. 2B.

Spirotr ichonympha grandis sp. nov. Diagram of anterior
end to show quadruple spiral of fiagellar bands.

For description of lettering, see Text-fig. 2 A.

body posterior to the nucleus. In surface view they appear as
faint, almost transverse, bands. The flagella do not project be-
yond the posterior end of the body, to which spiroehaetes and
bacteria are often attached. Those flagella which arise from the
thicker portion of the anterior spirals are longer than those
covering the body-surface behind the nucleus, and their move-
ment seems to some extent independent of the latter. A short
axial organ or ' centroblepharoplast', not so well developed as
in other species, can be distinguished at the extreme anterior
end. The presence of an axostyle has not been demonstrated
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either in stained or living specimens, although there are some-
times indications of a central clear streak in the protoplasm.
By analogy with related forms a broad fibrous axostyle would
be expected.

Methods of feeding and division stages have not been
observed.

The species S p i r o t r i c h o n y m p h a g r a n d i s may there-
fore be distinguished from S p i r o t r i c h o n y m p h a m i r a -
b i 1 i s Grassi which occurs in the same host by

(a) its larger size and oval shape;
(b) the arrangement of its flagellar bands, in particular the

compression anteriorly of the deeply staining portion of the
spiral;

(c) the more anterior position of the nucleus.

2. S p i r o t r i c h o s o m a gen. nov.

An examination of the alimentary contents of S t o l o t e r m e s
v i c t o r i e n s i s shows, in addition to small Tetramitid and
Trichomonad forms, numerous hypermastigote flagellates.
Among these are two related types for which the genus S p i r o -
t r i c h o s o m a has been created. That these are distinct
species, and not different stages of the life history of one or-
ganism is shown (a) by constant structural differences, and (b)
by the occurrence of division stages in both types.

The smaller of the two I have named S p i r o t r i c h o s o m a
o b t u s a , and the larger, S p i r o t r i c h o s o m a c a p i t a t a .

As will appear from the description of the two species,
the genus S p i r o t r i c h o s o m a may be distinguished from the
most closely allied genus, S p i r o t r i c h o n y m p h a by the
structure of the axial organ or ' centroblepharoplast' and its
relation to the flagellar bands.

8. S p i r o t r i c h o s o m a o b t u s a sp. nov. (Text-fig. 3).

L e n g t h about 62p. B r e a d t h 36-40p. The organism is
broadly pyriform having a pointed anterior end, but usually
no constriction to mark off a head region. The flagellar bands
characteristic of the genus, which in this species are very thick
cords, are two in number, arranged in a widely spaced double
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spiral which extends about four-fifths of the length of the body.
At the anterior end is an axial organ obviously homologous with
the ' centroblepharoplast' of Kofoid, the significance of which
is discussed below (see Appendix). This organ consists of two

—c 6

TEXT-FIG. 3.

Sp i ro t r i chosoma ob tusa gen. et sp. nov. A. Entire individual,
picro-carmine preparation. X 310. Flagella covering surface are
omitted for clearness. B. Anterior end, Delafield haematoxylin
preparation, c. Posterior end of ' centroblepharoplast' in optical
transverse section, showing its connexion with the flagellar
bands, c.b., 'centroblepharoplast' (axial organ); c.b.s., zone of
clear cytoplasm surrounding the latter; fl., flagella; fl.b., flagellar
bands; n., nucleus; op., operculum.

deeply staining rods, usually (Text-fig. 3 A) but not always
(Text-fig. 3 B) joined in front and concave in section (Text-fig.
3 c), which are closely apposed to form a tube (Text-figs. 3 Band c).
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Flagella arise from these rods, which are continuous at their
posterior ends with the spiral flagellar bands. Investing the
axial organ is a comparatively thick layer of clear protoplasm,
and surmounting this at the tip is a small operculum which
probably corresponds to the lacuna described by Grassi for
S p i r o t r i c h o n y m p h a . The flagella may be divided into
two sets: (a) those arising from the sides of the deeply staining
rods of the axial organ; (b) those arising from the thick spiral
bands of the general body surface.

The movement of the head flagella is to a great extent inde-
pendent of that of the body flagella, and they often form a
definite tuft or plume. The nucleus is rounded or oval, and is
anteriorly placed, usually immediately behind the 'centro-
blepharoplast'. When stained with iron haematoxylin, the
nucleus shows a coarsely granular structure, and the nuclear
membrane is then well denned.

I have seen no trace of an axostyle. Particles of wood are
always present in the cytoplasm, but the method of feeding
has not been observed.

The most obvious distinctive feature of the species S p i r o -
t r i chosom a o b t u s a lies in the arrangement and structure
of the flagellar bands. These are very coarse, and are disposed
in a widely spaced double spiral of about one and a half turns.

4. S p i r o t r i c h o s o m a c a p i t a t a sp. nov. (Text-fig. 4).

L e n g t h about 97p. B r e a d t h 38ft at the widest point.
The organism is elongated, tapering at each end. A definite

constriction is usually present at the level of the posterior end
of the ' centroblepharoplast', so that a head region can be dis-
tinguished from the rest of the body.

The flagellar bands, which again are two in number, can best
be counted in distorted specimens where the anterior end has
been pulled out. The bands which are very much thicker in
the anterior quarter of the body are very closely interwoven
to form a fine tight spiral, which becomes extremely faint
towards the posterior end. In front they end in conjunction
with the 'centroblepharoplast' which has the same structure
as that described for S p i r o t r i c h o s o m a o b t u s a . The
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anterior tuft of flagella is very well developed, and is composed
both of the flagella arising from the sides of the' centroblepharo-
plast', and of those from the most anterior turns of the spiral at
the base of the head region. This arrangement is probably
correlated with the closeness of the spiral twisting, which brings

i-—ft

TEXT-FIG. 4.
S p i r o t r i c h o s o m a c a p i t a t a gen. et sp. nov. a.fl.b., thickened

anterior portion of flagellar bands; c.b., 'centroblepharoplast'
(axial organ); c.n.r., constricted neck region; fl., flagella; n.,
nucleus; t., anterior tuft of flagella.

the anterior turns nearer to the 'centroblepharoplast' than in
Spirotrichosoma obtusa.

The nucleus shows the same structure as in Spirotricho-
soma obtusa, but is often at a greater distance behind the
' centroblepharoplast'.
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S p i r o t r i c h o s o m a c a p i t a t a may therefore be distin-
guished from S p i r o t r i c h o s o m a o b t u s a by: (a) the much
closer winding, and therefore more numerous turns, of the
spiral flagellar bands; (b) the sharper demarcation of the head
region.

5. P s e u d o t r y p a n o s o m a m i n i m u m sp.nov. (Text-fig.5).

Kirby (1931) recorded 'a small Trichomonad flagellate' from

fL,

TEXT-FIG. 5.

P s e u d o t r y p a n o s o m a minimum sp. nov. A. From a Dela-
field haematoxylin preparation. X412. B and c. Living forms
to show changes of shape, D. Division stage, ax., axostyle; 6.,
band from nucleus; bl., blepharoplast; CO., costa; /., ingested
food; flx. fl2. fl3., flagella; n., nucleus; nv nv, daughter nuclei;
rh., rhizoplast; u.m., undulating membrane.

P o r o t e r m e s g r a n d i s Holmgr., but owing to insufficiency
of material was unable to decide whether or not it represented
a new species. An organism, apparently identical with that
mentioned by Kirby has been constantly present in my material.
Evidence that this form is not a young stage in the life history
of P s e u d o t r y p a n o s o m a g i g a n t e u m Grassi (Text-fig. 6),
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which is found in the same host, is supplied by the occurrence
of division stages, which have bepn observed both in living
material and in stained smears.^ Also, although large numbers
of termites have been examined, no transitional stages between
the two forms have been found.

The average length is about 83-7 n and breadth about 11 ft.
As in P s e u d o t r y p a n o s o m a g i g a n t e u m (Text-fig. 6)
the body assumes various shapes when alive, but the general

TEXT-FIG. 6.

P s e u d o t r y p a n o s o m a g igan teum Grassi. Stained with
Delafleld's haematoxylin. x412. ax., axostyle; b., band from
nucleus; bl., blepharoplast; fil., filament; flv fl2. fl3., anterior
flagella; fl b., backwardly directed flagellum; gr.z., granular zone;
n., nucleus; -a.m., undulating membrane.

type of movement is different in the two species. Pseudo-
trypanosoma giganteum has a tendency to round itself
into an arc, having only the flagella and the undulating mem-
brane active and varies this occasionally with a sudden stretch-
ing and twisting movement.

Pseudotrypanosoma minimum, on the other hand,
is constantly turning in a jerky fashion reminiscent of that
described by Cutler (1919) for Ditrichomonas. As Kirby
has described, there are three fine anterior flagella, relatively
longer than in Pseudotrypanosoma giganteum. The
undulating membrane has typically fewer and larger undula-
tions in proportion to its length than in Pseudotrypano-
soma giganteum and the costa or supporting base is com-
paratively slender.
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A fairly large blepharoplast from which the flagella arise is
present at the anterior tip. The nucleus, which is situated
anteriorly is relatively very large, and oval or kidney-shaped.
In carefully differentiated iron haematoxylin preparations it is
shown to be vesicular, but with other stains it appears homo-
geneous.

In spite of abundant material further details of the structure
of the organism have proved exceedingly difficult to in-
vestigate, and have not in all cases been determined with
certainty.

A well-developed axostyle is present, passing back from the
region of the nucleus to end in a lance-shaped tip which projects
from the hind end. The anterior end of the axostyle is only
dimly visible. It seems to vary in position; it may be in front
and above, just behind, or a considerable distance behind the
nucleus.

There appear to be no structures corresponding to the fila-
ment on the granular Vine or the occasional backwardly
directed flagellum of P s e u d o t r y p a n o s o m a g i g a n t e u m
regarded by Kirby as a developing costa. A fine thread-like
rhizoplast has occasionally been seen connecting nucleus and
blepharoplast (Text-fig. 5 A).

There occurs also at the anterior end, close to the nucleus,
and usually obscured by it, a peculiar organ which evidently
corresponds to the 'band to the nucleus' (Kirby) of P s e u d o -
t r y p a n o s o m a g i g a n t e u m . Its nature must at present
remain uncertain. Even in P s e u d o t r y p a n o s o m a g igan-
teum, where it is much more evident, its structure has hitherto
not been elucidated. Careful examination of this species
( P s e u d o t r y p a n o s o m a g igan teum) in my material seems
to show that the undulating membrane is continued round the
anterior tip of the organism as two ridges that run back on its
under surface, enter the protoplasm as a tube beneath the
nucleus, and expand there to form an irregular chamber. Its
construction suggests a possible cytopharynx, although there is
no direct evidence on the living organism to support such a view.

The division stages observed were all advanced, the nucleus
and undulating membrane having split, although the daughter-
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individuals had not separated; the mitotic processes cannot
therefore be described.

The species P s e u d o t r y p a n o s o m a min imum, there-
fore, differs from P s e u d o t r y p a n o s o m a g igan teum in
its smaller size, in its method of locomotion and movement, and
in the characteristic undulations of the membrane. It also
differs in the larger relative size of the nucleus, which is placed
nearer the anterior end, and much nearer the under surface
than in P s e u d o t r y p a n o s o m a g igan t eum.

6. P seudodevescov ina un i f l age l l a t a gen. et sp. nov.
(Text-fig. 7).

These organisms, although comparatively large and constant in
occurrence, are much less numerous than the other inhabitants
of the gut of Calotermes (Neotermes) i n su la r i s White.
The length is about 65 JX, while the average breadth is 40^45 fx.

The shape of the living animal is oval or pyriform, tapering
either at the anterior end only, or at both ends. It usually
becomes rounded off and shapeless after a few minutes in saline,
although various concentrations have been tried.

The pointed anterior end, which is actively motile, bears a
single nagellum arising from a blepharoplast. There is no
trailing nagellum. The protoplasm is differentiated into an
outer, clear, cortical ectoplasm and an inner, granular endoplasm
containing large food-particles; this differentiation is especially
well shown in some stained specimens, where the endoplasm
tends to shrink away from the ectoplasm.

As in Devescovina , it is probable that food ingestion
may occur at any point of the general body-surface, and large
particles of wood are present in the endoplasm.

The nucleus, which resembles that of Devescov ina , is
coarsely granular and roughly conical.

The parabasal body consists of a much-looped, darkly staining
strand. The number of loops seems to be variable, and no
definite spiral is formed. An anterior limb of the parabasal
passes forward to the front of the nucleus as in Devescov ina ,
and a fine thread, the rhizoplast, connects the parabasal with
the blepharoplast.
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TEXT-FIG. 7.

Pseudodeveacov ina un i f l age l l a t a gen. et sp. nov. A.
Living form. B. Stained with Heidenhain's iron haematoxylin.
X 600—the axostyle is withdrawn, ax., axostyle; bl., blepharo-
plast; ect., ectoplasm; end., endoplasm; fl., flagellum; m.a.e.,
motile anterior end; mio., attached micro-organisms; n., nucleus;
p.b., parabasal organ; rh., rhizoplast.

NO. 301 M
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The axostyle, which ends anteriorly in the region of the
parabasal, is well developed, but more easily visible in living
than in stained forms.

As in Devescovina s t e r e o c i l i a t a , the body-surface
is usually coated with micro-organisms, superficially like cilia
and often actively motile with a rapid flickering motion different
from the co-ordinated movements of true cilia.

S y s t e m a t i c Position.—Probcably, together with M i x o -
t r i c h a p a r a d o x a from Mas to t e rmes da rwin iens i s ,
this form is an aberrant Tetramitid. It resembles Devesco-
vina in general appearance, in the shape and position of the
nucleus, in the presence of a complex parabasal apparatus and
axostyle, and in the structure of the anterior end.

The main differences between this genus and Devescovina
are: (a) the reduction of the anterior flagella to one; (b) the
absence of a trailing flagellum; (c) the arrangement of the
parabasal apparatus. It also shows resemblance to Mixo-
t r i c h a p a r a d o x a in general plan and in the presence of
a motile anterior tip, but differs in the absence of the investing
coat of cilia, and also in the further reduction in number of
the anterior flagella. The looped parabasal strand ofPseudo-
deveseovina may perhaps be regarded as homologous with
the straight strand connecting nucleus with blepharoplast in
Mixo t r i cha , although the relative positions of nucleus and
parabasal are different in the two forms.

The protozoa from Mas to te rmes darwin iens i s are
extremely interesting. This termite is very primitive, and is
described by Desneux (1904) as resembling the Blattidae in
wing-venation, tarsal formula, and the structure of the an-
tennae.

Although Mas to te rmes can live on various kinds of wood,
they are most plentiful in the sugar-cane fields of North Queens-
land. The intestinal contents are usually very liquid.

A ciliate conforming to Dobell's description of Nyc to-
t h e r u s t e r m i t i s from Calo termes mi l i t a r i s is present
in the alimentary canal. The large flagellate parasites are so
unusual as to warrant the creation of two new genera.
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7. M i x o t r i c h a p a r a d o x a gen. et sp. nov. (Text-fig.
8 A, B, o, D).
The largest flagellate of M a s t o t e r m e s d a r w i n i e n s i s ,

this form is clearly visible to the naked eye. The organism is
about 340 p in length, 200 jtt in breadth, and 25 ^ in thickness,
i.e. it is extremely flattened.

The shape is shown by Text-fig. 8 A and is usually fairly
constant, but the body may occasionally be thrown into folds.
The anterior tip has a characteristic spiral twist, and is very
motile. The extreme posterior region, which is devoid of cilia,
seems to be eversible, and often shows a protruding plug of
granular protoplasm. The body is bounded by a definite ecto-
plasmic cortical zone, which is very thick at the front end where
it composes the anterior tip, but becomes thin over the posterior
protuberance.

The body is invested with a coat of cilia disposed in closely
packed transverse bands. Their insertion and movement are
quite different from those of the short flagella of Trichonym-
phids, and they can definitely be distinguished from the foreign
organisms which invest such forms as P s e u d o d e v e s c o v i n a
by the nature of their movement, and by their basal granules
situated in the cortical zone, which show clearly in stained
smears, and especially in distorted specimens where the ecto-
plasm has shrunk away from the endoplasm.

The pointed anterior end bears three, fine, relatively short
flagella arising from three close-set blepharoplasts. The flagella
are hard to demonstrate clearly in stained preparations owing
to their tendency to tangle, but they are plainly visible in the
living animal.

The nucleus is relatively very small, being about 20/x long
by 7 fj. broad. Surrounding the nucleus is a narrow clear zone,
invested by a membrane which is prolonged in front of the
nucleus as a narrow tube extending as far forward as the
blepharoplasts. In carefully differentiated iron haematoxylin
preparations, a thread-like core appears along the length of the
tube—ending behind at the anterior tip of the nucleus. It is
possible that the tube represents a parabasal structure.

The blepharoplasts are three granules, staining well with
M 2
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TEXT-PIG. 8.

Mixot r ioha pa radoxa gen. et sp. nov. A. External features.
B. Anterior portion stained with Heidenhain's iron haematoxylin.
Anterior tip is in surface view to show spiral twist, the remainder
is in optical section, x 412. o. Protrusible posterior end in normal
position, D. The same, protruded, b.gr., basal granules of cilia in
cortical zone; bl., three blepharoplasts; c, cilia;/., ingested food
particles ;fiv flv fls., three anteriorflagella; m., membraneinvesting
nucleus; n., nucleus; p.b., tube from the nucleus of the blepharo-
plasts; p.b.c, deeply staining core of tube; p.b.s., outer sheath of
tube; s.t., spiral twist.

iron haematoxylin, but usually difficult to distinguish indi-
vidually.

The endoplasm is filled with wood particles, but they are



PROTOZOA FROM TERMITES 165

absent from the granular protoplasm of the extreme hind end.
Feeding probably occurs by invagination at the hind end
(Text-fig. 8 o, D) as described by Cleveland for Tr icho-
n y m p h a c a m p a n u l a , but the actual process has not been
observed. There is no cytopharynx.

In general appearance, and particularly in the presence of
both cilia and flagella, this form is quite unlike any described
termite parasite. It is also worthy of note that M i x o t r i c h a
occurs in the most primitive, known termite. The presence of
cilia as locomotor organs may be correlated with the liquid
surroundings, where there is no need to push aside large par-
ticles by vigorous movements.

Except for the presence of cilia, this form has no diagnostic
characters in common with the Infusoria. There is only one
nucleus, and the blepharoplasts and anterior flagella are all
typical of Mastigophora.

Rather than make a new family to contain M i x o t r i c h a ,
it has been placed, provisionally, as an aberrant Tetramitid,
since, apart from its cilia, it has some characters in common
with the Devescovinids.

The simple anterior tube of M i x o t r i c h a p a r a d o x a may
be homologous with the spiral body of D e v e s c o v i n a and
the much-looped strand of P s e u d o d e v e s c o v i n a .

The fine anterior flagella attached to an actively motile tip
are also suggestive of D e v e s c o v i n a , although, as in
P s e u d o d e v e s c o v i n a the trailing flagellum is absent.

8. D e l t o t r i c h o n y m p h a o p e r c u l a t a gen. et sp. nov.
(Text-figs. 9A, B, and c).

This organism is easily visible to the naked eye. The length
from the anterior tip to the beginning of the naked eversible
posterior region is about 180/*, when fully expanded it may
reach 230/x; the breadth at the widest part is about 164^. The
organism has a thickness of about 50/x, and therefore exhibits
bilateral symmetry. It may be described as roughly triangular,
the apex of the triangle being a small dome-shaped 'head'. At
the hind end is a soft protuberance; this is the organ which is
presumably used for the intake of food. The ' head' has a dense
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coating of long, actively motile flagella, those forming a ring
around the 'neck' region being particularly well developed.
Over the rest of the body the flagella are shorter and are ar-
ranged in five longitudinal rows which radiate outwards and
backwards from the base of the head, and resemble those of

--n

TEXT-FIG. 9A.
Deltotrichonympha operculata gen. et sp. nov. Entire

animal, from a picro-carmine preparation. X 180.

P s e u d o t r i c h o n y m p h a . The large protuberance at the
hinder end is devoid of flagella, and is usually covered with
attached micro-organisms.

Supporting the flagella over the surface of the animal is a
thin cortical sheath. This gradually thickens in front, and is
joined by an apparently flexible thinner ring to a thick-walled
dome in the head region. Probably it is the flexibility of the
connecting part which allows of the free play of the ' head' seen
in the living animal. The dome-like, thickened sheath in the
'head' is evidently correlated with the presence in this region
of the more powerful flagella. The sheath is absent from the
posterior protuberance.
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TEXT-FIO. 9A and B.

Del to t r ichonympha operculata gen. et sp. nov. B. Anterior
end to show nuclear support, outer cortical sheath, and origin of the
anterior flagella. O. Diagram of anterior end. a.fl., anterior flagella;
b.gr., basal granules; c.b., centroblepharoplast (?); c.gr.l., cortical
granular layer; c.s., outer sheath of cortex; d., dome; e.p.r.,
eversible posterior region; fl., flagella; gr.c, anterior concentration
of granular cytoplasm; n., nucleus; n.c, thinner sheath of 'neck'
region which forms a flexible hinge between dome and body;
n.fl., well-developed ring of flagella in neck region; p.s., proto-
plasmic sheath; rid., ridges of body-wall.
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The examination of the mode of insertion of the anterior
nagella presents some difficulty. In many preparations, parti-
cularly specimens fixed in osmic acid and stained with picro-
carmine, the domed supporting structure in the head seems to
be invested with a comparatively thick sheath of protoplasm
from which the flagella emerge. But in other individuals,
especially in iron haematoxylin material, the sheath may be
resolved into small rods which seem to be the proximal thickened
ends of the nagella. Whether this appearance is due to frac-
turing of the protoplasmic sheath which is continuous in the
living animal, I have not been able to determine, and living
material has not proved helpful.

In iron haematoxylin preparations it is possible to see that
the flagella of the head go through the supporting structure and
are connected with minute basal granules that form a layer
below it (Text-fig. 9 c).

A small axial rod-shaped body, found in the centre of the
head region, and showing best in iron haematoxylin prepara-
tions, may be a centroblepharoplast, but in no case is its outline
as clear as in other Trichonymphids.

The cytoplasm of the organism may be divided into regions:
(a) an outer granular, and (b) an inner more fluid. The granular
portion fills the anterior part of the body for a short distance
behind the head, and is continued as a thin outer layer over the
entire animal. It also dips down as a central core into the more
fluid portion and forms a support for the nucleus.

The more fluid inner cytoplasm fills the rest of the body and
constitutes the whole of the posterior protuberance.

The nucleus is large, about 57 /J. in length by 30 p. in breadth,
and is placed in the anterior third of the body. The chro-
matin is in the form of a coarse network, and the nuclear
membrane is well developed.

Numerous wood fibres are present in the body, and food
intake presumably occurs by invagination of the posterior
fleshy protuberance.

The distribution of flagella is like that found in P s e u d o -
t r i c h o n y m p h a , except for their different arrangement at
the highly modified anterior end. The nuclear support and
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eversible posterior end suggest the condition found in T r i c h o -
n y m p h a . The dome-shaped head region may be compared
with the typical Trichonymphid nipple as described by Koid-
zumi. The probable nature of the 'head' structures is more
fully discussed in the appendix.

The rounded anterior tip at first sight seems to show relation-
ship with Gymnonympha zeylan ica Dobell, but in this
latter form the relation of cap to flagella is entirely different.
It has therefore been thought best to place D e l t o t r i c h o -
nympha as a somewhat aberrant member of the Tricho-
nymphidae, having slight affinities with T r i chonympha
and P s e u d o t r i c h o n y m p h a .

APPENDIX.

Na tu re and Signif icance of the Axial Organ
or ' C e n t r o b l e p h a r o p l a s t ' .

Kofoid and Swezy, working on Tr i chonympha cam-
panu la , described an anterior axial organ made up of deeply
staining filaments with a clear central core. This organ they
named centroblepharoplast, assigning to it both a neuromotor
function as a co-ordinating centre for the flagellar complex and
also a centrosomic function in mitosis.

Its blepharoplastic function is deduced from its morphologi-
cal relation to the flagellar bands, and its centrosomic function
is evidenced by the fact that the organ divides before the
nucleus, and forms a spindle or paradesmose which controls
the distribution of the divided chromatin.

Belar accepts the view that at the base of the 'rostrum'
(centroblepharoplast of Kofoid and Swezy) in Tr ichonym-
pha there is a centrosome-like structure giving rise at mitosis
to a centro- or para-desmose. This structure is however no
longer visible as a morphological element, but manifests itself
at mitosis as a zone between the separating portions of the
' centroblepharoplast'. He therefore considers it wrong to apply
this name to the whole of the organ in question.

A few telophase division stages occur in my material of
Sp i ro t r i chosoma , and these support Belar's doubts as to
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the propriety of assigning a centrosomic function to the organ
itself. The axial organ (centroblepharoplast) is in the form of
an inverted V, being still undivided at the apex, while at its
base the two components are widely divergent in the direction
of the long axis of the greatly elongated nucleus. This lies well
below the level of the ends of the two arms of the axial organ,
and moreover the telophase masses are far more widely separated
than the maximum divergence of the arms. The whole picture is
thus very different from that depicted by Kofoid and Swezy in
T r i c h o n y m p h a .

In S p i r o t r i c h o s o m a , therefore, it does not seem possible
that the axial organ plays the part in mitosis ascribed to it in
T r i c h o n y m p h a by Kofoid and Swezy, and if it has any
relation to a centrosomic function it can scarcely be more than
a topographical relation to a centrosomic zone as suggested
by Belar. On the other hand, there is evidence that the organ
has a skeletal function. In my material, cases have been found
in which the animals have become distorted, and even broken
in fragments, but in which the axial organ and the flagellar
bands have survived. It is evident that they are of a much
tougher consistency than the rest of the animal, and therefore
may well serve as supporting structures, doubtless for the
flagella that arise from them. The increased thickness of the
supporting organ in the ' head' is perhaps to be correlated with
the greater length of the flagella here. A skeletal function for
the axial organ has already been suggested by Grassi and others.

These conclusions are borne out by observations on D e 11 o -
t r i c h o n y m p h a . There occurs here a dome-shaped organ
within the head, which is evidently very similar to the axial
organ of S p i r o t r i c h o s o m a . It seems to act as a support
for the large flagella which arise from the head—a thinner
sheath sufficing for the shorter flagella that cover the rest of
the body. A blepharoplastic function is even less likely than
in S p i r o t r i c h o s o m a , for in D e l t o t r i c h o n y m p h a the
flagella can be seen to arise from a layer of basal granules on
its inner wall (Text-fig. 9 c). There also occurs within the head
a rod-like body which I have suggested may be a true centro-
blepharoplast—but in the absence of direct observation of its
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behaviour in division its homology must for the present remain
undetermined.

From these observations it seems clear that, whatever may
be the function of this peculiar structure in Trichonympha
campanula, it does not function as a centrosome nor even
apparently as a blepharoplast in other Trichonymphids.

SUMMARY.

1. A list is given of protozoa previously described from
termites of different countries, and now recorded from Australian
termites.

2. Observations on division stages of Janicki's 'stout form'
of Devescovina str iata do not support his contention
that the 'stout form' is a pre-division stage of the 'slender
form'.

3. A new species Spirotrichonympha grandis is
described from Porotermes grandis Holmgr.

4. The protozoa of Stolotermes victoriensis Hill
include a new genus, Spirotrichosoma, of which two
species occur—Spirotrichosoma obtusa and Spiro-
trichosoma capitata .

5. A Trichomonad flagellate from Porotermes grandis,
mentioned but not described by Kirby, has distinctive charac-
ters which mark it as a new species, Pseudotrypanosoma
minimum.

6. A new genus Pseudodevescovina (Pseudo-
devescovina uniflagellata) is described from Calo-
termes insularis White.

7. Mastotermes darwiniensis Progg., the most primi-
tive known termite, contains in addition to a ciliate, N y c t o -
therus termitis , large and unusual flagellates for which
the genera Mixotricha (Mixotricha paradoxa) and
Deltotrichonympha (Deltotrichonympha oper-
culata) have been erected. The morphology and possible
affinities of these forms are of great interest.

8. Observations made on the ' centroblepharoplast' of
Spirotrichosoma obtusa tend to show that this organ is
in this form primarily skeletal rather than neuromotor in
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function. Division stages show that in Spirotrichosoma
obtusa the axial organ does not function as a centrosome,
so that the term ' centroblepharoplast' is inexact for this form.
An analogous skeletal or supporting structure is found in
Deltotrichonympha.
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