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Morphology and Evolution of Intestinal Parasitic Flagellates
of the Far-Eastern Roach Cryptocercus relictus

Synopsis. Intestinal flagellates from the hindgut of the Far-Eastern wood-feeding
roach Cryptocercus relictus were studied. The flagellate fauna of Cr. relictus includes:
Barbulanympha cryptocerci, Urinympha cirrata, Trichonympha major, T. ussuriensis,
T. lutea, Leptospironympha variabilis, L. popularis, L. lepida, Bispironympha unica,
Eucomonympha nana (order Hypermastigida), Saccinobaculus gloriosus, S. spatiatus,
S. scabiosus, Notila proteus ussuriensis, Oxymonas nana ussuriensis (order Oxymona-
dida), Hexamita cryptocerci (order Diplomonadida). Morphological descriptions of
all these species are given. Some questions of the origin, distribution and evol-
ution of flagellates of the orders Oxymonadida and Hypermastigida in both roaches
and termites are discussed.
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I. Introduction

All basic principles of the theory of evolution have been successfully developed
mainly for Metazoa. For advancing a synthetic theory, it is, however, essential to
study peculiarities of the evolution at the cellular level of organization, i.e., in Pro-
tozoa. It would be of great theoretical interest to reveal in Protozoa both the general
principles by which evolution is accomplished in the entire animal kingdom, and
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110 N. N. BOBYLEVA

original features inherent to unicellular organism (Dogiel 1954, 1965, Poljansky
1965, 1969, 1970, 1971, 1972 and oth.).

Among Protozoa, specialized parasites are most convenient for evolutionary
studies, because their evolution proceeds mainly in parallel with that of their hosts
(see reviews by Dogiel 1964; Michajtow 1960, 1968). Therefore, in certain cases,
one may estimate the evolutionary history of specialized parasites basing upon data
about evolution of their hosts. A vivid example of such an investigation is V. A.
Dogiel’s study (1946) on the evolution of ciliates of the family Ophryoscolecidae
living in the stomach of ruminants. .

This paper deals with evolution of specialized parasitic flagellates inhabiting
the hindgut of termites and wood-feeding roach Cryptocercus. This fauna of flagel-
lates, belonging to the orders Oxymonadida and Hypermastigida (Honigberg et
al. 1964), is large and diverse. It includes about 55 genera and 300 species. These
flagellates inhabit only two taxa of insect hosts: roaches of the genus Cryptocercus
(Blattodea, Cryptocercidae) and lower termites (Isoptera, Mastotermitidae, Caloter-
mitidae, Hodotermitidae, Rhinotermitidae). The majority of the flagellate genera are
specialized either for termites or for roaches. There exist, however, three genera whose
representatives occur in both host groups. These are Oxymonas (order Oxymona-
dida) as well as Leptospironympha and Trichonympha (order Hypermastigida).

Lower termites and the wingless roach Cryptocercus have a similar diet consisting
exclusively of cellulose which they obtain by feeding on wood. The alimentary
canal of these insects lacks cellulose-splitting enzymes. The flagellates which abound
in the posterior part of the intestine of termites and Cryptocercus contain, however,
cellulase and participate in the digestion of food by their hosts (Cleveland 1923,
1926, Cleveland et al. 1934). Close symbiotic interrelations between these animals
is a form of mutualism and they have been studied biochemically (for references,
see reviews by Honigberg 1967, Hungate 1955). In terms of the general concept
of parasitism (Dogiel 1964), the association between xylophagous insects and
flagellates can, however, be regarded as a host-parasite association and the flagellates
can be termed “parasitic” in the broader sense of the word. According to this con-
cept, parasites are organisms which use other organisms as their environment and
source of food, at the same time relinquishing to their hosts partly or completely
(as in this instance) the task of regulating their relations with the external environ-
ment (Dogiel 1964). The author will use the term “parasitic” for the flagellates of
Cryptocerus to emphasize the latter peculiarity, which is of great significance for
studying their evolution.

Only lower termites and Cryprocercus have specific symbiotic flagellates of the
orders Oxymonadida and Hypermastigida. The parasitic protozoan fauna of other
representatives of the order Blattodea, including Blatta, Blattella, Periplaneta and
Panesthia, known in good detail, has a different composition and shows another
kind of physiological relationships with the host than that of the genus Cryptocercus
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(Kudo 1926, Grassé 1926, Chen 1933, Bishop 1933, Kidder 1937, Yamasaki
1939). This also applies to the parasite fauna of higher termites (fam. Termitidae)
as compared to lower representatives of the order (Kirby 1931, 1932 a, 1941, Grassé
et Noirot 1959).

The problems of evolution of the orders Oxymonadida and Hypermastigida
are here considered in relation with our study of the species composition and specia-
tion of the intestinal flagellates of the Far-Eastern roach Cryptocercus relictus.
Our interest to this parasite fauna is due to the following reasons.

(1) Up to now, symbiotic flagellates similar to those from lower termites have
been found only in Cryptocercus punctulatus (Cleveland et al. 1934). Investigation
of this fauna in other Cryptocrecus species could shed light on the origin, distri-
bution and evolution of flagellate species within the orders Oxymonadida and Hy-
permastigida.

(2) As known from entomological evidence, recent relict roaches — Cryptocercus
punctulatus and Cr. relictus — have been developing independently since the Ter-
tiary time in conditions of complete geographical isolation (the former species in
North America, and the latter, in the Far-East of Asia) (Bei-Bienko 1950). This
makes possible to follow the formation of their respective parasite faunas.

(3) The hypothesis, first proposed by American authors (Cleveland et al.
1934), that the systematic similarity of the parasitic fauna of the roach and that of
termites is a mere reflection of the phylogenetic relation of their hosts, was sup-
ported unreservedly by other investigators of this parasite group. Their opinions
varied, however, as for the question of which host should be considered primary.
Some of the authors (Cleveland et al. 1934, Kirby 1937, 1949, Grassé 1952)
considered cockroaches (the orders Protoblattodea and Blattodea) to be the primary
hosts, while others (Dogiel 1965) assumed that such primary hosts were termites.
Entomological data on the phylogenetic relation between termites and cockroaches
were rather contradictory, and only recently new convincing evidence as to their re-
lations became available.

(4) Information about phylogeny of lower termites and species composition of
their intestinal flagellates permits to compare the evolutionary processes of symbionts
in them and in Cryptocercus.

(5) The study of oxymonads and hypermastigids, which belong to most highly
organized protozoa, is of interest from the cytological viewpoint.

(6) A study of the evolution and of its factors in a specific group of parasitic
flagellates would contribute to elucidate some general questions of the theory of evo-
lution, as that of speciation and rate of evolution in various animal groups. A study
of the evolution of oxymonads and hypermastigids, of which those inhabiting ro-
aches reproduce both sexually and asexually while those living in termites, only
asexually, would elucidate the most debatable question about the significance of
sexuality for the progressive evolution.
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Practically, our tasks were as follows:

(1) To compare morphologically and systematically the flagellate faunas in two
roach species — Cryptocercus relictus and Cr. punctulatus.

(2) To compare stages of the sexual process in flagellates from the Far-Eastern
roach with similar stages from the North-American host.

(3) To eclucidate the question of the primary host of flagellates of the orders
Oxymonadida and Hypermastigida in the light of new evidence about the close phy-
logenetic relation of termites and roaches.

(4) To define a possible way of evolution of the parasite fauna of Cryptocercus
relictus and its determining factors.

(5) To compare the evolution of flagellates in two host groups using as an exam-
ple the genus Trichonympha whose species occur in both termites and roaches.

Some preliminary results of this study have beer published elsewhere (Bobyleva
1967, 1969, 1973 a, b).

II. Material and Methods

Far-Eastern wood-feeding roaches were collected in the Suputinsky forest reserve (Primorye
Territory, USSR). In the Ussuri taiga, they form colonies dwelling in trunks of fallen and partially
rotten trees. The roaches are active at night while in daytime they hide in the passages which they
gnaw out in the wood. Using a strong knife, we splitted the rotten trunk and caught the insects
startled by daylight. The roaches belonging to different colonies were kept in separate terrariums-
Al! the roaches we had caught were indentified as Cryptocercus relictus Bei-Bienko and our identi.
fication was checked and approved by the author who first described the species, the late Professor
G. 1. Bei-Bienko.

The morpholoyy of flagellates was studred both in fixed material (total preparations and sections.
and in vivo. Smears of the roach hindgut content were fixed according to Nissenbaum, Schaudinn,
and Bouin, and stained with Heidenhain’s hematoxylin, Feulgen’s reagent, methyl-green - pyronin-
mixture, or impregnated, with protargol according to Dragesco (1962) and Uhlig (1968). Intes-
tinal faunas of 314 adult individuals and nymphs of various age were examined on total preparations.
For sections, the roach hindgut content was fixed with Zenker's fluid containing formalin, Bouin’s,
Champy’s, Flemming's, Benda’s, Carnoi’s fluids, or 49 formalin, and embedded in paraffin on cel-
loidine plates according to Peterfi. The sections, 3 or 5 pm thick, were stained by the same methods
as for smears.

Living flagellates were studied using a phase-contrast device. A drop containing flagellates
was placed on a slide and mixed with one of the three solutions:

(1) salt solution for insect cells (Roskin and Levinson 1957),

(2) Ringer’s solution for poikilotherms (Roskin and Levinson 1957),

(3) 0.6% sodium chloride solution.

Thereupon the drop was covered with a coverslip sealed with vaseline. In such a chamber the
flagellates survived two to four hours and could be observed using even 90 x immersion objective.
Judging by the survival time, the solution for insect cells proved to be the most suitable medium for
the flagellates.

Characterization of flagellate species from Cryptocercus relictus includes various measure-
ments of the body and of some organelles as well as meristic characters. Only individuals which had
well preserved their body shape after fixation and staining were chosen for measurement. Usually
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the same standard measurements as Cleveland used to describe the intestinal flagellates of Cryp-
tocercus punctulatus were made (Cleveland et al. 1934). The results of measurements were treated
biometrically. Tables accompanying the description of each species include only variation indices
of the given characters: the limits (min and max) and the arithmetical mean with its standard error.
The characteristic contains also meristic characters, some of which are constant (number of chromo-
somes, number of atractophores) while others are more or less variable in different species (number
of flagellate rows, number of parabasals and number of axostyles).

Holotypes of species of intestinal flagellates of Cryprocercus relictus are kept in the collection
of the Laboratory of cytology of unicellular organisms at the Institute of Cytology in Leningrad.

III. Fauna of Intestinal Flagellates of the Wood-Feeding Roach
Cryptocercus relictus

1. Systematic composition of the fauna

Order Hypermastigida Grassi et Foa
Fam. Hoplonymphidae Light

(1) Barbulanympha cryptocerci Bobyleva
(2) Urinympha cirrata Bobyleva

Fam. Trichonymphidae Grassi

(3) Trichonympha major Bobyleva
(4) T. ussuriensis Bobyleva
(5) T. lutea Bobyleva

Fam. Eucomonymphidae Cleveland et al.

(6) Eucomonympha nana Bobyleva

Fam. Spirotrichonymphidae Grassi

Subfam. Macrospironymphinae Cleveland and Day

(7) Leptospironympha variabilis Bobyleva
(8) L. popularis Bobyleva

(9) L. lepida Bobyleva

(10) Bispironympha unica Bobyleva
Order Oxymonadida Grassé

Fam. Oxymonadidae Kirby
Subfam. Saccinobaculinae Kirby

(11) Saccinobaculus gloriosus Bobyleva

(12) S. spatiatus Bobyleva

(13) S. scabiosus Bobyleva

(14) Notila proteus Cleveland, ssp. ussuriensis Bobyleva
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Subfam. Oxymonadinae Kirby
(15) Oxymonas nana Cleveland, ssp. ussuriensis Bobyleva
Order Diplomonadia Wenyon

Fam. Hexamitidae Kent
(16) Hexamita cryptocerci Cleveland et al.

2. Description of species

Flagellates found in Cryptocercus relictus and closely related species inhabiting
Cr. punctulatus are compared using largely light microscopical structural evidence.
However, taking into account modern concepts of various flagellate structures,
we use some terms introduced by electron microscopists.

When several species of flagellates belonging to one genus are described, a brief
morphological characteristic is also given, but not in the case when only one species
of a genus is described.

Barbulanympha cryptocerci Bobyleva, 1973
(Fig. 1, PL 1, II)

Body acorn-shaped. Anterior body end (the rostrum) carries, immediately behind
the cap, two identical flagellated areas separated by two strips of cytoplasm free
from flagella (Fig. 1, A, C, Pl I 1). The flagellar areas are semiconical (Fig. 1 B, C,
Pl. 13). Within the areas, flagella are arranged in longitudinal rows (Fig. 1 C). There
are about 60 rows in each area but only median ones reach the apical region.

A parabasal-axostylar complex is closely associated with each flagellated area.
Underneath the rows of flagella there are semi-conical parabasal plates from which
parabasal threads with suspended parabasal bodies differentiate (Fig. 1 A, Pl I
2, 3, II 5, 6). The threads of the parabasals extend from the plates at the level of the
posterior end of the flagellated areas (Fig. 1 A). Parabasal bodies are shaped as
smooth strands reaching down to the middle of the nucleus (Pl I 2). The nucleus
is surrounded by about 60 parabasals.

The axostyle apparatus consists of fine fibrils, starting at the base of the cap,
which extend between the flagellated areas along the strips of cytoplasm (Fig. 1 C,
PL. T 4). Behind the flagellated areas, they join with each other forming a fibrillar
ring (Fig. 1 B, C, PI. I 3, 4) Some axostyle fibrillae leave the ring and go down into
the cytoplasm of the post-rostral zone (Fig. 1 B). The structure of the axostyle appa-
ratus revealed in B. cryptocerci by protargol impregnation is consistent with that
in some Barbulanympha species from Cryptocercus punctulatus as revealed by elec-
tron microscopy (Hollande et Valentin 1967).
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Fig. 1. Barbulanympha cryptocerci Bobyleva., A — Two identical flagellated areas separated

by a strip of cytoplasm free from flagella are clearly visible, B — One flagellated area is seen,

C — Vertical view of two flagellated areas and axostyle apparatus. Drawings (Fig. 1-19, 23-30)

are made with the aid of a camera lucida and each drawing is an attempt to reproduce certain

features of a particular stained or living organism rather than to put together or to reconstruct
the features of an ideal organism

The nucleus lies beyond the flagellated areas inside a nuclear sleeve (Fig. 1 A
Pl. I 2). One can count 24 chromosomes during mitosis (Pl. II 7, 8). The cytoplasm
of the postrostral zone contains numerous wood particles (Fig. 1).

The size of the body and of some organelles are given in Table 1.

Differential diagnosis:
Cleveland et al. (1934) described the following four species of Barbulanympha
from Cryptocercus punctulatus:

Average size of the body Number of chromosomes

(in pm)
B. ufalula 285 X204 50+2
B. laurabuda 201 % 143 40
B. coahoma 114x 76 32
B. estaboga 154 <114 16
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Table 1
Sizes (in zm) of the Body and of some Organelles of Barbulanympha cryptocerci and Urinympha cirrata
Barbulanympha cryptocerci Urinympha cirrata
Characters N = 124 N =88

min I M-+m max min M+4m max
Length of body 47.5 ' 95.6--2.1 152.0 68.4 | 138.7+3.8 180.5
Maximum body width 38.0 67.5+1.5 116.5 9.5 16.0+0.4 20.9
Length of flagellated area 5.7 10.3+0.1 15.2 3.8 4.0--0.2 5.7
Distance from anterior end 9.5 17.3+0.2 19.0 5.7 10.340.1 17.1
to nucleus ‘
Transversal diameter of 9.5 15.740.5 21.9 39 9.14-0.6 15.2
nucleus ‘
Length of parabasal 13.3 ! 15.640.3 22.8 7.6 10.5+0.3 17.1
body
Length of flagellum 28.5 45.6+0.3 57.0 17.1 25.2+0.6 30.4
Number of parabasals 60 12 12 12
Number of chromosomes 24 24 24 12 12 12

As shown by subsequent investigation of sexual processes in these flagellates, the
figures given for the two former species referred to diploid zygotes, while B. coahoma
and B. estaboga proved to be different stages of the life cycle of the same species:
“B. estaboga” was an asexual cell while “B. coahoma™ was a zygote which not yet
underwent meiosis. Revising earlier materials, Cleveland (1953) identified his
Barbulanympha species by their respective haploid numbers of chromosomes:

B. ufalula  — 26 chromosomes
B. laurabuda — 20 P
B. coahoma — 16 R
B. wenyoni — 12 S

In this work Cleveland gives, however, no sizes for the body and its organelles,
unlike as for the previously described zygotes of B. ufalula and of B. laurabuda.
No measurements are also quoted for the new species, B. wenyoni, discovered only
in roaches from Pacific Coast regions (California).

The above described species, B. cryptocerci from Cryptocercus relictus, is smaller
than the zygotes of B. ufalula, B. laurabuda and B. coahoma. Its average body size
is 96 p.m X 68 pm. The respective figures for B. cryptocerci and B. wenyoni are un-
fortunately lacking. We consider the chromosome number of 24, in B. cryptocerci,
as haploid, but it is not impossible that we make the same mistake as Cleveland,
and that the respective cells would turn out to be zygotes.

Urinympha cirrata Bobyleva, 1973
(Fig. 2, PL. III)
Body long and narrow, with maximum width at the nucleus level (Fig. 2, Pl
III 9). Besides flagellates with elongate and narrow bodies, the roach intestine con-
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tains also pyriform specimens (Pl. III 10). The flagellates assume such shape before
division or at the entry into the sexual process.

At the anterior end of the body, behind the cap, identical triangular flagellated
areas lie opposite to each other (Fig. 2, Pl. IIT 9). They are separated by strips of
cytoplasm free from flagella (Fig. 2).

Fig. 2. Urinympha cirrata Bobyleva. Lateral view of the entire
organism. Two symmetrical flagellated areas separated by a strip
of cytoplasm free from flagella are clearly visible

Under each flagellated area parabasal threads with parabasal bodies differentiate
from the parabasal plates. The parabasals are arranged in two antimeric groups
around the nucleus. Each group contains six parabasal bodies (Fig. 2, PL. III 11).

The axostyle apparatus is represented by a bundle of fine tightly packed fibrils
which runs down to the posterior end of the body (Fig. 2, Pl III 11). A similar bundle
of fibrils (“endoplasmic thread”) was found in Hoplonympha natator (Light 1926).
Both light and electron microscopic evidence (Cleveland et al. 1934, Hollande
and Carruette-Valentin 1971) show however, that in Urinympha talea from Cryp-
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tocercus punctulatus the axostyle apparatus is represented by many thin axostyles
lying free in the endoplasm.

The nucleus, encased in the nuclear sleeve, is situated beyond the flagellated area
(Fig. 2, Pl. III 9-11). The dividing nucleus shows 12 chromosomes. The cytoplasm
of the flagella-free region contains a great number of vacuoles (in the posterior in
particular) and many wood particles (Fig. 2).

The sizes of the body and of some organelles of U. cirrata are given in Table 1.

Differential diagnosis:

U. cirrata differs from U. talea (which inhabits Cryptocercus punctulatus) by the
number and distribution of parabasals, the morphology of the axostyle apparatus,
and the number of chromosomes. U. falea has 24 parabasal bodies lying around the
nucleus and closely applied to its surface. In U. cirrata the number of parabasals is
two times smaller, they are arranged around the nucleus in two separate antimeric
groups and have no contact with the nucleus.

In U. talea axostyles are as numerous as parabasals and run freely into the cyto-
plasm. In U. cirrata axostyles fuse, behind the nuclear sleeve, into a single bundle
which extends to the end of the body. According to Cleveland (1951) asexual U.
talea are diplonts with 16 chromosomes. U. cirrata possessing 12 chromosomes,
one may suggest, by analogy with U. talea, that this chromosome number is diploid.

The genus Trichonympha Kirby, 1932

Hypermastigotes showing radial symmetry in every respect except the atracto-
phores. The flagellated area occupies from less than a third to more than two-thirds
of the body length. It consists of longitudinal rows of flagella. The flagellated area
is separated into the rostrum and the postrostrum by a circular fissure (Fig. 3, PL
IV 12, 13) at the level of which the number of flagella rows is doubled, becoming
twice as large in the postrostrum as compared to the rostrum. The twofold increase
of the number of flagellar rows at the level of the circular fissure is typical for tricho-
nymphs. The number of flagellar rows is rather constant and therefore may serve
as a good diagnostic character of a species. The length of flagella usually increases
backwards so that the ends of postrostral flagella reach as far as the posterior
end of the body.

The ectoplasm of the flagella-carrying part of the body is differentiated in two
layers (Fig. 3) (a) external one, of lobulated structure, due to deep grooves in which
rows of flagella are running, (b) internal one, containing kinetosomes of the fla-
gella.

Some authors (Kirby 1932 b, Duboscq et Grassé 1943, Hollande et Gar-
reau de Loubresse 1963) suggest that the circular fissure is a deep split running
across the ectoplasm of the flagellated area so that connection between the rostrum
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Fig. 3. Trichonympha major Bobyleva. Lateralfview. Optical longitudinal section of anterior portion
s of the cell

and the rest of the body is maintained solely due to the rostral tube, a structure in
the centre of the rostrum. Our observations made on three species of Trichonympha
from Cryptocercus relictus show, however, that:

(1) The cell pellicle is not interrupted in the circular fissure (Fig. 3) (vital obser-
vations using a phase contrast device); this is in good agreement with Cleveland’s
data (1960) and the results of electron microscopy (Grimstone and Gibbons
1966).

(2) The flagellar grooves bifurcate at the level of the circular fissure and are not
interrupted between the rostrum and the postrostrum (Pl. V 19).

(3) In the internal layer of ectoplasm there is no real fissure, but only an inter-
ruption between rostral and postrostral kinetosomes, due to which an optical effect
of a circular fissure is attained (Fig. 3). This also agrees with electron microscopic
evidence (Hollande et Carruette-Valentin 1971). It is not unlikely that the inter-
ruption between the kinetosomes of rostral and postrostral flagella provides flexi-
bility of the anterior end of the body when a protozoan moves through the dense
contents of the roach intestine.

In the postrostrum of trichonymphs from termites, right behind the circula-
fissure, Kirby (1932 b) found a denser (as compared to next regions) portion of cytor
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plasm. He suggested that this was a thick ectoplasmic strand connecting the rostral
tube and the postrostral part of the body. This interpretation is closely associated
with his idea that the ectoplasm between the rostral and postrostral portions of the
body is interrupted by a circular fissure. Such a dense region at the beginning of
the postrostrum exists also in trichonymphs from the Far-Eastern roach (Fig. 3,
PL. V 15). However, we found no ectoplasmic strand in this region. We are inclined
to think that this part of the postrostral ectoplasm seems denser because it contains
twice as many rows of flagella than that of the rostrum and fibrils of the nuclear
sleeve (Fig. 3, PL. IV 13, V 15). The body diameter at the levels of the rostrum and
of dense region of the postrostrum being approximately the same, this is likely to
be an optical effect due to closer arrangement of flagella rows and fibrils of nuclear
sleeve.

The parabasal apparatus consists of parabasal threads and parabasal bodies sus-
pended on them. The shape, number and position of the parabasals are significant
taxonomic characters of species of the genus.

The nucleus of Trichonympha belongs to the “chromosomal” type, characterized
by chromosome spiralization persisting throughout the interphase. The position
of the nucleus in respect to the flagellated area and parabasals varies in different spe-
cies. In trichonymphs from Cryptocercus the nucleus is enclosed in a special nuclear
sleeve. Cleveland (1949) describes this as a firm structure composed of two sym-
metric semiconic halves. The anterior end of the nuclear sleeve commences under
the outer cap while the posterior end is closely adjacent to the nuclear membrane.
The surface of the sleeve is strengthened by numerous longitudinal ridges. The
nuclear sleeve of three species of Trichonympha from the Far-Eastern roach differs
in its structure from that of trichonymphs from the North-American roach. This
structure is flexible and consists of thin fibrils that come off the base of the rostral
tube and come down the dense region of the postrostrum. They are twisted in endo-
plasm, then are again untwisted and become longitudinal and enclose the
nucleus (Fig. 3, PL. IV 13, 14). Our three species of Trichonympha from Crypto-
cercus relictus, as well as trichonymphs from Cr. punctulatus, possess 24 chromosomes.

The cytoplasm of the non-flagellated area contains mainly numerous wood parti-
cles, but in some species, however, there occur also various spherical inclusions.

Trichonympha major Bobyleva, 1973
(Fig. 3, 4, PL. IV, V)

Comparatively large trichonymphs with an elongate, spindle-shaped body.
The flagellated area occupies a half of the body. There are 42 rows of flagella on the
rostrum (Pl. V 16). The rostral tube is conical (Fig. 3, 4, PL. IV 13, V 15).

Parabasal bodies are shaped as left-hand coiled strands making 3-5 turns (PL
IV 13). They are attached to parabasal threads at the level of the nuclear sleeve and
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Fig. 4-6. 4 — Trichonympha major Bobyleva, 5 — Trichonympha ussuriensis Bobyleva, 6 — Tri-
chonympha lutea Bobyleva. Lateral views of entire organisms

their rear end reaches the level where the flagellated area terminates (Fig. 4, PL. IV
12). About 60 parabasals surround the nucleus.

The nucleus, encased in the sleeve, lies within the flagellated body part (Fig. 4,
PL IV 12).

The endoplasm of the postrostral portion contains numerous large granules that
become smaller as they approach the rostral tube.

The sizes of the body and of some organelles are given in Table 2.

Differential diagnosis:

T. major is closely related to 7. acuta and T. okolona, trichonymphs from the intes-
tine of the North-American roach. 7. major is larger (167 X48 pm) than T. acuta
(138 X 56 p.m) and T. okolona (107 % 36 »m) and has more rows of flagella in the ros-
trum (44) than the species from Cryptocercus punctulatus (24 in T. acuta, 22 in
T. okolona).

In all the three species the nucleus lies within the flagellated body part. However,
in T. acuta and T. okolona it is localized in the midzone whereas in 7. major it is
situated closer to the end of the flagellated area, so that the rear end of the flagellated
area, of the nucleus and of the parabasals is approximately at the same level.
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The parabasal apparatus of 7. major is closer to that of 7. okolona than to that
of T. acuta. The arrangement and the number of parabasals are the same in both
former species but the shape of parabasal bodies differs. In 7. okolona the strands
are slightly wavy and are 19 pm long while in 7. major, they are coiled and 29 pm
long.

Trichonympha ussuriensis Bobyleva, 1973
(Fig. 5)

Small flagellates resembling 7. major by the body shape. The flagellated area
occupies only one-third of the body. The rostrum carries 28 rows of flagella. The
rostral tube is cylindrical.

Parabasal bodies are represented by smooth strands that come off parabasal
threads at the level where the flagellated arca ends, and extend nearly to the middle
of the nucleus. Parabasals (20 in number) hang in an umbrella-like manner over
the nucleus. The nucleus lies beyond the flagellated area.

The sizes of body and of some organelles are given in Table 2.

Differential diagnosis:

By its appearance and body size T ussuriensis resembles T. parva from the North-
American roach. The average body size of T. ussuriensis is 68 <18 pum and that of
T. parva, 59 x 18 pm. The length of the flagellated area is 13 ym in 7. ussuriensis
and 9 pm in 7. parva. The rostrum of 7. ussuriensis carries 28 rows and that of
T. parva 22 rows of flagella.

The parabasal apparatus of 7. ussuriensis differs from that of 7. parva. In T.
ussuriensis the parabasal bodies are thin and elongated (about 8 p.m in length).
They lie over the nucleus, reaching only the middle of it. In 7. parva the parabasals
are small (about 4 pm in length), sausage-like, and are grouped around the nucleus.

By localization of parabasals in relation to the nucleus, 7. ussuriensis is close
to 7. algoa from Cryptocercus punctulatus as well as to T. lighti and T. subquasilla
from termites. In these trichonymphs parabasal bodies hang over the nucleus but
they differ in shape from the parabasals of T. ussuriensis.

Trichonympha lutea Bobyleva, 1973
(Fig. 6, Pl. V 17, 18)

The smallest of all known trichonymphs. The body is pear-shaped (Fig. 6).
The flagellated area is restricted to the anterior third of the body. The rostrum
carries 23 rows of flagella. The rostral tube is conical. The depth of the external ecto-
plasmic layer increases from the front to the rear end of the rows of flagella (Fig. 6).

Parabasal bodies vary in number from 28 to 31 and are grouped around the
nucleus. They have the shape of smooth thin strands with their distal ends slightly
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bent towards the nucleus (Fig. 6, P1. V 17, 18). The nucleus lies beyond the flagellated

area.
The cytoplasm of the non-flagellated region is filled with numerous yellow spher-

ules.

The sizes of the body and of some organelles are given in Table 2.

Differential diagnosis:

By its body shape T. lutea resembles T sphaerica from termites of the genus Zo-
otermopsis, but the latter are giants as compared to 7. lutea. Among the trichonymphs
from the North-American roach, 7. chula seems to be most closely related to 7. lutea.
The average size of T. chula is 80 X34 pm and that of 7. lutea, 45 %35 pm. In both
species the flagellated area is short — 13 pum in 7. chula and 11 pm in T. lutea.

The form of parabasal bodies and their localization around the nucleus are si-
milar in the two species. The number and size of parabasals, however, differ in
T. chula and T. lutea. The latter species has at average 29 parabasals, each about
8 um in length. In 7. chula, there are about 40 parabasal bodies, each about 14 um
in length.

The two species differ also in the number of rows of flagella. There are 23 rows
of flagella on the rostrum of 7. lutea and 15 rows on that of 7. chula. They differ
in body shape: T. lutea are pyriform while 7. chula are elongated.

Eucomonympha nana Bobyleva, 1973
(Fig. 7, 8, PL. VI 20, 21, VII 24-26)

The whole body is covered with flagella. Rows of flagella start from the top of
the rostrum, right under the cap, and disperse radially; they are meridional in the
rostrum and helical in the postrostrum (Fig. 7, Pl. VI 21). Their number varies
from 39 to 48. In the centre of the rostrum there is a jug-like rostral tube (Fig. 7,
PL. VI 21). A small non-flagellated ring of the body surface exists between the rost-
rum and the postrostrum; this is likely to be an analog of the circular fissure of Tricho-
nympha (Fig. 7, Pl. VI 20, 21). Rostral flagella are longer than postrostral ones. The
ectoplasm of Eucomonympha, like the ectoplasm of the flagellated area in Tricho-
nympha, is subdivided in two layers: an outer lobulated one and an inner kinetoso-
me-bearing one.

The parabasal apparatus consists of fine parabasal filaments lining each row of
flagella in the postrostrum, and of small rounded dictyosomes arranged chainwise
along flagellar spirals (Fig. 8, Pl. VII 24-26). The parabasal apparatus found in
E. nana after protargol impregnation corresponds to that in E. imla (from Cryptocercus
punctulatus) revealed by electron microscopy (Hollande et Carruette-Valentin
1971).

The axostyle apparatus consists of thin fibrils extending from the base of the
rostrum into the depth of the endoplasm. The axostyles frequently interlace
behind the nucleus making up a common bundle (Pl. VI 20).
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Fig. 7, 8. Eucomonympha nana Bobyleva. 7 — Lateral view of the entire organism, 8 — Dia-
grammatical picture of the arrangement of parabasal filaments and dictyosomes in Eucomonympha
nana

A cup-shaped nucleus enclosed in a nuclear sleeve lies at the base of the
rostrum (Fig. 7, PL. VI 20, 21). Mitotic nuclei show 22 -~ 2 chromosomes.

The endoplasm is packed with numerous particles of wood.

Peculiarly, the flagellates of the genus Eucomonympha exist in the roach intestine
as two concomitant morphological forms of which one is free moving in the gut lumen
and the other attached to the intestinal wall. The free forms have a rounded body
and are stuffed with striking amounts of food. The attached forms are elongate and
always free of wood particles. All intermediate stages between these two extreme
morphological forms can be found. The physiological significance of such dimor-
phism and the mechanism of attachment of flagellates to the intestinal wall are not
known. The coexistence of two morphological forms was first reported for E. imla
from Cryptocercus punctulatus (Cleveland et al. 1934). We found it also in £. nana
(Pl. VI 20, 21).

The sizes of the body and of some organelles are presented in Table 3.

Differential diagnosis:

E. nana (from the Far Eastern roach) differs from E. imla (from the North-
American host) mainly by its smaller size of the body and of all organclles as well
as by the number of chromosomes. The largest specimens of E. nana scarcely reach
the minimum size of E. imla. The average size of E. nana is 72x53 pm, and
that of E. imla — 138123 pm. The average length of the rostrum in E. nana is
14 pm while in E. imla, 17 um. At average there are 44 rows of flagella in E. nana
and 84 in E. imla.

2 — Acta Protozoologica vol. 14, z, 2
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Table 3

Sizes (in wm) of the Body and of some Organelles of Eucomonympha nana

Free forms Attached forms
Characters ot N = 92 N =755

min Mim max min l Mim max
Length of body | 49.4 72.2+1.3 100.7 ! 57.0 | 86.7+2.0 133.0
Maximum width of body | 323 53.2123 89.3 323 40.3+1.6 47.5
Length of rostrum 13.3 14.1+0.1 | 152 15.2 16.740.6 19.0
Width of rostrum at base 7.6 11.0+0.1 | 152 19.0 | 21.9+1.0 24.7
Distance from anterior end | 114 | 14.4+0.3 171 | 160 | 19.9+0.5 21.1
to nucleus
Transversal diameter of 13.9 19.04+0.6 20.9
nucleus
Length of rostral flagellum 9.5 13.941.1 20.9
Length of postrostral 57| 95+08 | 114
flagellum }
Number of flagellar rows 39 | 44 48
Number of chromosomes 2242

A similar difference in the size of the body and of the organelles is observed
when attached forms of both species are compared. During mitosis in E. nana appro-
ximately 22--2 chromosomes are seen, whereas in E. imla there are about 50 chro-
mosomes.

The genus Leptospironympha Cleveland et al., 1934

Flagellates with flagella arranged in two bands arising from the same point at
the anterior end of the body (Pl. VII-IX). In the rostrum the flagellar bands are al-
most meridional while in the postrostrum they are helical and make 1.5-10 clockwise
turns. In the rostrum, flagella are arranged in rows parallel to the wall of the rostral
tube. In the helical portions of the bands, the flagella are inserted in short rows ar-
ranged across the bands and parallel to the long axis of the body. The number
of flagella in a row is one of the taxonomic species characters within the genus. Rostral
flagella are a little longer than postrostral ones.

The parabasal apparatus consists of dictyosomes following the course of the
flagellar spirals.

The nucleus is enclosed into a nuclear sleeve. The shape of the nucleus and its
position in the postrostrum are variable.

The ectoplasm as a rule contains bacteria. The endoplasm is filled up with wood
particles.
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Leptospironympha variabilis Bobyleva, 1973
(Fig. 9, 10, Pl. VI 22, 23, VIII 31)

Comparatively large flagellates. The body widens backwards attaining the maxi-
mum width in its posterior third. The cap lies in a groove of the cytoplasm (Fig. 9,
Pl. VI 22, 23). There are 26 rows of flagella in the rostrum (PI. VIII 31). In the post-

Fig. 9. Leptospironympha variabilis Bobyleva.
Lateral view of the entire organism

rostrum, flagellar bands make 2.5-3 turns; they reach the posterior end of the body.
Each row of flagella crossing the spiraling portion of a band contains 12 flagella.

The parabasal apparatus is represented by dictyosomes lying on both sides of
each flagellar band (Fig. 10).

Fig. 10, 11. Diagrammatical pictures
showing the arrangement of dictyo-
somes along flagellar bands in Lepro-
spironympha variabilis (10) and — in
Leptospironympha popularis (11)

http://rcin.org.pl




wnxsonsod ur pueq .:«:omaﬂ_

8 L 9 9 S ¥ £ £ ST Yora JO SUIN} JO JIQUINN
Ls 90F8'¢ 8¢ I'LI TOFIT $6 €€l T0F86 LS SNIINU JO JNIWIBIP [ESIFASUBLY,
snapPnu
€€l IOFLII $°6 €€l OF€ Tl $6 992 T0F991 $6 0} pud JOHUE WOJJ DUL)SICY
Apoq jo uoidar
€8S 9°0FS'8¢ 061 pajejafey-uou jo QU]
€€l 90FTL LS I'Ll TOFHII 9L x4 LTFLYT TSI aseq B WNNSOI JO MIPIM
9L TOFE'S 8¢ 3 1'0F8'L Ls Pl TOF9L 8¢ wnsor Jo Ruy
LI 60OF8II 9L (343 POF1'ST €€l TU 90F8SH $'8C Apoq jo yIpiss WwnWIXBW
$'9¢ IIFTLE £0T 0'9L 8'0F8ES ThE y'szl €1FET8 0'8€ Apoq jo yiSuag
xew w A urnu Xew WwF N uu Xew WwFN urw
8L =N SIT=N €61 = N siPRIRYD
opido) 7 stpmdod 7 siiqurna 7

snpopyaa snaia001dd1) woxy vydwduoydsorday Jo $9199dg 91U, JO So[jPuRBIO OWOS Jo pue Apog Ay Jo (wri ur) sz

¥ 2IqeL

http://rcin.org.pl



INTESTINAL FLAGELLATES OF CRYPTOCERCUS RELICTUS 129

A drop-like nucleus is situated at the level of the second turn of the flagellar
bands (Fig. 9, Pl. VI 22, 23).
The sizes of the body and of some organelles are given in Table 4.

Differential diagnosis:

By its appearance, L. variabilis resembles L. wachula from the North-American
roach. L. variabilis, however, differs from L. wachula by a larger size of its body and
of its organelles. Thus the average specimens of L. variabilis (82 pm) are larger than
the largest specimens of L. wachula (60 zm). These species differ also in the position
of their nuclei: in L. variabilis, the nucleus lies at the level of the second turn of the
flagellar bands, while in L. wachula, at the base of the rostrum. '

The dictyosomes of L. variabilis are arranged on both sides of the flagellar bands
whereas in L. wachula they form a single row along the flagellar bands.

Leptospironympha popularis Bobyleva, 1973
(Fig. 11, Pl. VIII 27-29)

The body gradually widens backwards. There are 18 rows of flagella in the ros
trum. In the postrostrum, the flagellar bands reach the end of the body spiraling
in 4-5 turns (Pl. VIII 27, 28). Each row of flagella crossing a flagellar band consists
of 6 flagella.

Small oval dictyosomes form one row along each flagellar band (Fig. 11, Pl
VIII 29). An irregular shaped nucleus lies in the region of the second coil of the flagel-
lar bands (Fig. 11).

The sizes of the body and of some organelles are given in Table 4.

Differential diagnosis:

By its appearance L. popularis is close to L. eupora, the type species of the genus
The differences between these species are as follows:

L. popularis is larger than L. eupora. The average specimens of L. popularis
are about 54 pm in length and those of L. eupora, about 34 um. There are 18 rows
of flagella on the rostrum of L. popularis and 14 rows on that of L. eupora. In the
postrostrum, the flagellar bands make approximately the same number of turns
in both species (4-5 in L. popularis and 3.5-5 in L. eupora), but the coils of the spiral
are tighter in L. eupora than in L. popularis.

Leptospironympha lepida Bobyleva, 1973
(Pl. IX 32-36)

Small flagellates with a long narrow body. Flagellar bands reach the end of the
body, making 6-8 turns in the postrostrum. The diameter of the coils decreases
towards the posterior body end (Pl. IX 33, 36).
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Parabasal apparatus is same as in L. popularis (Pl. IX 35).

An elongate nucleus with two constrictions lies at the level of the second-fourth
turns of the flagellar bands (Pl. IX 34).

The sizes of the body and of some organelles are presented in Table 4.

Differential diagnosis:

By its body shape L. /lepida resembles L. rudis from the North-American roach.
L. lepida is, however, a smaller species as compared to L. rudis. The average length
of the body in L. lepida is 37 pm and in L. rudis — 50 pm. The flagellar bands of
L. lepida make a smaller number of turns in the postrostrum (6-8 as compared to
8-10 in L. rudis). The species under comparison also differ in the shape of the nucleus.
In L. lepida the nucleus is elongated with two constrictions and in L. rudis it is sphe-
rical.

Bispironympha unica Bobyleva, 1969
(Fig 12-14, Pl. X 37-39)

The body shape is elongated with a rounded posterior end. The body evenly
widens backwards attaining the maximum width in its last third (Fig. 12, Pl. X 37).
The anterior end of the body is covered with the cap. Two identical flagellar bands
arise from under the cap. In the rostrum they are arranged meridionally, opposite
to each other, and slightly curved in the longitudinal plane. In the postrostrum the
flagellar bands take a spiral course and make only one turn; the direction of their
coiling is clockwise (Fig. 12, Pl. X 37-39). Figure 13 shows several aspects of the
flagellar bands appearing when the flagellate is examined laterally at various angles.
In the rostrum, flagella are arranged in parallel rows running along the band and
packed so densely that they seem to fuse into a continuous stripe. We failed to count
the number of rows of flagella in the rostrum.

In the spiralling portion of the bands, the flagella are inserted in pairs oriented
across the band. Owing to the fact that the bands are only slightly helical, each pair
of flagella makes almost a straight angle with the longitudinal axis of the body (Fig.
14, P1. X 37-39). In the ectoplasm, both flagella of a pair sti-k together making a bund-
le (=fasciculus). However, at the surface of the body they become separate again
(Fig. 14).

In the spiralling portion of the bands, flagella exist only behind the level of the
middle or even the end of the nucleus (Fig. 12, Pl. X 37, 38). A short non-flagellated
area thus exists between the rostrum and the flagellated part of the bands.

Numerous parabasal bodies are arranged in pairs along the spiral part of each
flagellar band (Fig. 12, 14, Pl. X 37-39), 15 to 21 pairs of dictyosomes accompany
each flagellar band. No axostyles have been found.

A rounded or slightly oval nucleus lies at the base of the rostrum. It is enclosed
in the nuclear sleeve (Fig. 12).

The sizes of the body and of some organelles are given in Table 5.
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12

Fig. 12-14. Bispironympha unica Bobyleva. 12 — Lateral view of the entire organism, 13 —

Diagram of several aspects of flagellar bands when the flagellate is examined laterally at various

angles, 14 — Portion of flagellar band in the postrostrum. A — Lateral view, B — Vertical view
Table 5§

Sizes (in pm) of the Body and of some Organclles of Bispironympha unica

Characters [ min | Mim | max
Length of body 399 | S5L1+04 | 665
Maximum width of body 13.3 | 167+02 | 24.7
Length of rostrum | 57 ’ 724001 | 7.6
Width of rostrum at the base | 9.5 12.34-0.1 l 17.1
Distance from anterior end to nucleus 7.6 8.94-0.1 9.5
Transversal diameter of nucleus ’ 5.7 5.94-0.1 ’ 7.6
Length of rostral flagellum | 133 14.84-0.1 ' 17.1
Length of postrostral flagellum | 9.5 10.5+0.1 | 13.3

Diagnosis of the genus Bispironympha Bobyleva, 1969

Flagellates of the family Spirotrichonymphidae, subfamily Macrospironymphi-
nae, with two identical flagellar bands. In the rostrum, the flagellar bands lie meri-
dionally, opposite to each other, and are slightly curved in the longitudinal plane.
In the postrostrum, the flagellar bands are coiled but make only one turn: the direc-
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tion of spiralization is clockwise. A small non-flagellated area exists between the ros-
tral and postrostral parts of the flagellar band.

The parabasal bodies are arranged in pairs along the spiral bands. The nucleus
lies at the base of the rostrum.

Composition of the genus: a single species, B. unica, which is also the type
species.

Host — Cryptocercus relictus from the Far East of the USSR.

Differential diagnosis of the genus Bispironympha and of the species B. unica:

Flagellates found in the hindgut of the Far-Eastern roach and designated as
Bispironympha unica may be assigned to the subfamily Macrospironymphinae.
This is due to the presence of two identical flagellar bands which are coiled and ar-
ranged according to the diagnosis of this subfamily (Cleveland and Day 1958).
The comparison of B. unica with species of the five other genera of the subfamily
Macrospironymphinae allowed the conclusion that a new genus should be created
to accomodate this species.

B. unica cannot be assigned to the genus Macrospironympha. The only represen-
tative of this genus, M. xylopletha, is a large form with an almost spheroid body and
two wide flagellar bands lined with identical inner bands. In the postrostrum, the
flagellar bands make 5-6 coils.

B. unica differs significantly from any species of the genus Leptospironympha. In 2ll
species of this genus, flagellar bands in the postrostrum make more than two coils.

The flagellates of the remaining threc genmera — Spirotrichosoma, Apospiro-
nympha and Colospironympha — have flagellar bands of two types — primary and
secondary, the latter resulting from the former. This character argues against their
proximity to the described species.

The genus Saccinobaculus Cleveland et al., 1934

Flagellates bearing four flagella on the anterior end of the body. A ribbon-like
axostyle passes along the whole body but never protrudes from the cell. The poster-
ior end of the axostyle is surrounded by the axostyle sheath, the shape of which va-
ries in different species of this genus.

The shape of the body is extremely variable, ranging from spherical to elongated.
This variation is due to the undulating movements of the axostyle which is mainly
responsible for the movement of the protozoan.

The nucleus lies near the anterior end of the cell. The nucleus, the axostyle and.

the flagella are firmly interconnected.

Saccinobaculus gloriosus Bobyleva, 1973
(Fig. 15, Pl. XI 44)

Small flageliates. The axostyle sheath widens in the mid-portion taking a bulb-.like
shape. There is a ring on the bulb-shaped area of the sheath. The proximal and distal
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Fig. 15-17. 15 — Saccinobaculus gloriosus Bobyleva, 16 — S. spatiatus Bobyleva, 17 — S. sca-
biosus Bobyleva. Lateral views of entire organisms
ends of the sheath are closely adjacent to the axostyle. The distal end of the axostyle
sheath often has four rings resembling those of the bulb-shaped area.
The results of measurements of S. gloriosus are given in Table 6.

Table 6

Sizes (in pm) of the Body and of some Organelles of Three Species of Saccinobaculus from
Cryptocercus relictus*

S. gloriosus S. spatiatus S. scabiosus
Characters N =10 N=10 N = 10
mmlMlmax min|M|ma.x minlMlmax
] 1
Length of body 228 | 29.8 | 384 | 41.8 | 53.9 | 78.6 | 77.9 | 89.5 | 98.8
Width of body 7.6 87 | 104 | 133 | 148 | 23.6 | 13.3 | 18.6 | 228
Length of axostyle sheath 133 ( 140 | 152 | 133 | 160 | 17.1 | 11.4 | 139 | 15.2
Width of axostyle 12 4 o 8
Transversal diameter of 3.8 4.1 5.7 5.7 80 | 114 5.7 6.0 7.6
nucleus I | {
1 For ement, speci were selected that had an clongate shape of the body, with the axostyle only slightly
bent.

Differential diagnosis:

S. gloriosus can be easily differentiated from all other species of the genus due
to its small size. The average size of S. gloriosus is 30 p.m. The other species are two
or three times larger.
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Saccinobaculus spatiatus Bobyleva, 1973
(Fig. 16, PL. XI 41, 42)

Larger flagellates as compared to S. gloriosus. The ribbon-like axostyle is 4 pm
wide in the mid-portion. The shape of the axostyle sheath is similar ot that in S.
gloriosus. The mid-portion of the sheath bears a well-pronounced ring, but the distal

end does not.
The dimensions of S. spatiatus are given in Table 6.

Differential diagnosis:

S. spatiatus is twice as large as S. gloriosus, but the length of its axostyle sheath
with respect to the length of the axostyle itself is less than in S. gloriosus.

S. spatiatus differs from S. lata and S. ambloaxostylus, species from Cryptocercus
punctulatus having essentially the same size, by a different shape of its axostyle
apparatus.

Saccinobaculus scabiosus Bobyleva, 1973
(Fig. 17 PL XI 43)

Large flagellates. A wide ribbon-like axostyle is about 8 wm large in the mid-
-portion. The posterior end of the axostyle is encased in a sheath resembling in shape
the sheath of a sword. The wall of the sheath is closely adjacent to the axostyle and
shows an external cross-striation. As a rule the nucleus is elongate and contains

few nucleoli.
The sizes of the body and of some organelles are given in Table 6.

Differential diagnosis:

S. scabiosus can be easily differentiated from other species of the genus due to
its large size and the shape of axostyle sheath.

Notila proteus Cleveland, ssp. ussuriensis Bobyleva, 1973
(Fig. 18)

Large flagellates with a wide ribbon-like axostyle. The posterior end of the axo-
style has no sheath. The cytoplasm contains numerous granules. Each of the four
flagella is fastened in the depth of the cytoplasm to peculiar cytoplasmic bodies.

Differential diagnosis:

This flagellate resembles by its appearance N. proteus as described by Cleveland
(1950 b) but differs from it by the absence of granules in the axostyle. According
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to Cleveland, axostyle granules are characteristic to N. proteus. This enables us
to regard flagellates found in Cryptocercus relictus as a new subspecies of N. proteus.

Fig. 18. Notila proteus ssp. ussuriensis Bobyleva. Lateral view of the entire organism
Fig. 19. Oxymonas nana ssp. ussuriensis Bobyleva. Lateral view of the entire organism

Oxymonas nana Cleveland, ssp. ussuriensis Bobyleva, 1973
(Fig. 19, PL. XI 45)

Small flagellates. By their body size they are close to Oxymonas nana. Averags
specimens are 21 X9 pm long. Large numbers of these flagellates were found in the
gut lumen. The lumen forms of the flagellate had no stalk which in attached forms
is used to pierce the intestinal wall of the host. The posterior end of the ribbon-like
axostyle protrudes from the flagellate’s body and has no rings.

The nucleus is spherical and contains a single nucleolus. It is attached to the an-
terior end of the axostyle but not enclosed in a nuclear sleeve. The cytoplasm contains
no inclusions.

Differential diagnosis:

Judging by Cleveland’s (1950 a) illustrations the flagellates described here are
rather close to O. nana. The flagellates from Cryptocercus relictus differ, however,
from O. nana by lack of rings which surround the posterior end of the axostyle
of O. nana.

In Oxymonas from Cr. relictus, the cytoplasm contained no light-brown granules
characteristic of Oxymonas from Cr. punctulatus. Therefore we presently regard
these flagellates as a subspecies of Oxymonas nana.
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Hexamita cryptocerci Cleveland et al. 1934

The intestinal fauna of Cryptocercus relictus was found to contain a small fla-
gellate by all characters alike Hexamita cryptocerci discovered in the intestine of
Cryptocercus punctulatus (Cleveland et al. 1934) and in the intestine of a roach
of the genus Panesthia (Kidder 1937).

3. Comparison of Flagellate Faunas from two Cryptocercus Species

The species composition of the intestinal fauna of flagellates of the North-Ameri-
can roach, Cryptocercus punctulatus, is presented in the first and second columns
of Table 7 according to the data of Cleveland (1950 a, b, 1953, 1966 a, C leveland
et al. 1934). The third column of the table lists flagellate species discovered in the
Far-Eastern roach, Cryptocercus relictus.

Before drawing conclusions from this comparison, one must bear in mind some
peculiarities of the specific composition of intestinal faunas in natural populations
of roaches and termites. Only when great number of roaches from various regions
of the habitat are examined, one may have an idea of the complete composition of
the parasite fauna. Individual specimens within a roach colony, entire colonies,
or even all colonies of one region of the habitat tested may lack some of the flagel-
ates generally typical for the species of roach (Cleveland et al. 1934). This is due

Table 7
The Parasite Fauna of Roaches of the Genus Cryprocercus
Cr. punctulatus Cr. relictus
Appalachian area ) -.!— Pacific coast area Suputinsky Reservation
1 | 2 3

Barbulanympha laurabuda | B. laurabuda
Barbulanympha ufalula * B. ufalula B. cryptocerci
Barbulanympha estaboga B. estaboga

| B. wenyoni

] Rhynchonympha tarda

Urinympha talea U. talea U. cirrata

I |
Idionympha perissa !
Trichonympha acuta T. acuta T. major
Trichonympha okolona T. okolona T. ussuriensis
Trichonympha algoa T. algoa T. lutea
Trichonympha lata T. lata
Trichonympha chula T. chula
Trichonympha parva T. parva

T. grandis
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Table 7 (continued)

1 2 3
Eucomonympha imla E. imla E. nana
Leptospironympha eupora | L. rudis L. variabilis
Leptospironympha wachula L. popularis
L. lepida
Bispironympha unica
Macrospironympha
xylopletha
|
Prolophomonas tocopola P. tocopola I
Saccinobaculus ambloaxostylus S. ambloaxostylus S. gloriosus
Saccinobaculus lata S. lata S. scabiosus
S. spatiatus
Notila proteus N. proteus ! N. proteus ussuriensis
Paranotila lata P. lata |
|
Oxymonas nana 0. nana | O. nana ussuriensis
Monocercomonoides globus M. globus

Hexamita cryptocerci

H. cryptocerci

H. cryptocerci

to the special mode of infection of hosts by flagellates with peculiarities of the co-
lonial mode of life of the host. Young roaches become infected with flagellates
from nymphs of various ages during the molting period by eating feces containing
protozoa. The hatching and the molt of nymphs occur simultancously and only
in summer. The absence of one or a few flagellate species in a roach parental pair
in the course of formation of a new colony will thus be transmitted to all subsequent
generations in this colony. A host does not need the whole set of flagellates typical
for a given species for normal life, since a few species of xylophagous flagellates
(or even one species, under experimental conditions) are enough for successful
splitting of cellulose.

Such deviations of the fauna composition from the typical one were repeatedly
reported by Cleveland for the North-American roach. Thus the intestinal flagel-
late faunas of Cryptocercus punctulatus from two geographically separated North-
American regions — the Western (Pacific coast area) and the Eastern (Appalachian
area) — differ somewhat in their generic and specific compositions (see Table 7).
Cleveland observed deviations in the flagellate compositions not only in roaches
from two isolated regions but also in roach colonies from different habitats of one
area as well as in different colonies from one habitat. Thus Macrospironympha
xylopletha was found only in roaches in three states of the Pacific coast area and was
absent in five other states examined.
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Similar differences in the composition of flagellate faunas in termites from differ-
ent colonies and different habitats were reported by Kirby (1947).

We also observed cases of irregular distribution of flagellates among Cryptocercus
relictus on the territory of the Suputinsky Reservation. Bispironympha unica, for
instance, was discovered only in roaches from two colonies on the Ginseng Hill.
Saccinobaculus scabiosus and Notila proteus ussuriensis were found only in roach
colonies on the Grabovaya Hill. Individual differences in the composition of flagellate
faunas among roaches of a single colony usually consisted in absence of Bispironympha
unica, Leptospironympha lepida, Saccinobaculus scabiosus, S. spatiatus, Notila proteus
ussuriensis. The individuals of one colony also showed different intensities of infec-
tion with some flagellate species. In certain individuals, Trichonympha major were
predominant, whereas in other roaches of the same colony, Trichonympha popularis
or Barbulanympha cryptocerci or Eucomonympha nana prevailed.

Due to these deviations in the composition of the intestinal fauna of roaches
one must examine a large number of hosts from different areas of their habitat to
determine the fauna composition typical for a given roach species in general.

Table 7 shows that Cryptocercus punctulatus and Cr. relictus bear almost the same
genera but different species of flagellates. Small differences in the generic compo-
sition of flagellates from the two host species are not essential. Some genera which
lack from Cr. punctulatus (e.g., Bispironympha) or from Cr. relictus (e.g., Macro-
spironympha) are analogs of each other and usually are systematically related. The
numbers of flagellate genera in the North-American roaches from two areas of their
habitat and in the Far-Eastern roaches are related as 13 : 14 : 10.

The different species composition of the flagellates in the intestine of Cryptocer-
cus punctulatus and Cr. relictus shows that flagellates possess a host specificity. Spe-
cificity, as a varied degree of adaptation of the parasite to the host, has been elabo-
rated in the process of historical development of the host-parasite system; specifi-
city can be defined as the affinity of the parasite to one host species or a group of
species (Dogiel 1964). Basing solely on their occurrence in roaches, the flagellates
of the two Cryptocercus species seem to show strict specificity to a definite host
species. The only exceptions are Hexamita cryptocerci and Monocercomonoides
globus which have wider specificity. Besides Cryptocercus, they occur in other Blat-
todea (Kidder 1937). It should, however, be born in mind that mutual transfauna-
tion experiments between Cryptocercus punctulatus and Cr. relictus are needed to
prove the supposed strict specificity of their flagellates.

The comparison of faunas from the North-American roaches originating from
two areas of its habitat and the Far-Eastern roach by the number of species (22 :
24 : 16) shows that the composition of flagellates in Cr. punctulatus is more diverse
than in Cr. relictus. This could be accounted for by two circumstances. First, flagel-
lates from the North-American roach have been studied in more detail and their
hosts have been collected in many points of their habitat. All Far-Eastern roaches
investigated by us had been collected in the relatively small area of the Suputinsky
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Reservation. Taking into account possible local deviations from the generalized pat-
tern of infection of the roach species, we may assume that the list of flagellates from
Cryptocercus relictus would be supplemented if the host is examined in other points
of its habitat (Kurentzow 1959). Second, the contemporary composition of the
parasite fauna of the Far-Eastern roach is likely to be somewhat impoverished since
Cryptocercus relictus is a Tertiary relict (Bei-Bienko 1950). Many parasitologists
who studied the fauna of relict animals indicated disappearance of some of their
parasite species (Dogiel 1964). This is probably due to the relict living conditions
of the host itself. In this connection, Cleveland’s data about gradual disappearance
of Macrospironympha xylopletha from the fauna of Cr. punctulatus are of interest.
In the beginning of his investigations, Cleveland recorded this flagellate in roaches
from three states — Washington, Oregon and California (Cleveland et al. 1934).
Twenty years later, Macrospironympha xylopletha could be still found only in roaches
from a small site — Crescent (California) (Cleveland 1956 a).

In conclusion, it should be noted that flagellates of the order Hypermastigida
predominate over representatives of the order Oxymonadida in the parasite faunas
of both Cryptocercus species.

IV. Evolution of Flagellates Living in Termites and Roaches

1. Phylogenetic Parallelism in the Evolution of Cryptocercus
and of their Parasitic Flagellates

In result of numerous studies of correlation between the evolution of parasites
and of their hosts (see reviews by Dogiel 1964, Michajiow 1968), a conclusion
has been drawn that the parasites, particularly highly specific and specialized ones,
evolve in parallel with their hosts in time and space. This general principle of evolu-
tion of parasites and of their hosts is, however, often disturbed by various ecological
factors. The evolution of intestinal flagellates from wood-feeding roaches and of
the genus Cryptocercus itself is one more illustration of parallel evolution of para-
sites and of their hosts.

According to Bei-Bienko (1950), the genus Cryptocercus, the only one in the
family Cryptocercidae (Blattodea) includes three species — Cr. punctulatus Scudder,
1862, Cr. relictus B.-Bienko, 1935 and Cr. primarius B.-Bienko, 1938. Cr. punctulatus
lives in North America in two separated areas — Eastern (Appalachian area) and
Western (Pacific coast area). Cr. relictus occurs on the territory of the Primorye
region of the Soviet Far East. Cr. primarius is found only in the highlands of the
Central China. Thus, all the three species are geographically far separated though
living in similar conditions and having a similar mode of life.

Contemporary roaches of the genus Cryptocercus are Tertiary relicts (Bei-
Bienko 1950). This conclusion is drawn from the following arguments:
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(1) Primitive organization of these roaches. Being an intermediate form between
Cr. punctulatus and Cr. relictus, Cr. primarius has more primitive features in compa-
rison with the other two species.

(2) Distribution of these roaches in close connection with the fragments of the
arctotertiary type flora. The latter was prevailing in the Northern hemisphere in
the Tertiary. At present, however, it can be found only in North America and in
the Far East, i.e., in places where Cryptocercus species occur.

(3) Separation of the areas of distribution.

(4) Absence of close relations with other groups of Blattodea.

In the light of this evidence and the paleographic data on the geological relation-
ship between the continents of Asia and of North America (for example, see Kri-
shtofovitch 1932), it can be suggested that in the Tertiary period a vast territory
of the North hemisphere was occupied with forests of moderate climate. Only one
Cryptocercus species occurred here; by its morphology and mode of life it was si-
milar to the contemporary Cr. primarius. Changes in the climate and, consequently,
in the flora, which began in the Palearctic by the end of the Tertiary period rendered
the environmental conditions unfavourable for Cryptocercus. Fragmentation of the
flora and separation of the continents af Asia and of North America led to isolation
of some Cryptocercus populations and favored their divergence (Fig. 20). “The

A | I Cr. punctulatus
I I
| |
| |
| |
3
Q |
< |
4 | |
K 1 I
5 | Tertiary Cryptocercus |
ot + T Cr pnmarius
ot |
@ l I
Q |
=) | I
o |
a |
I |
i |
| |
i } Cr. relictus
f Cr | Tr 1 Q =

Geological time

Fig. 20. Phylogram of the genus Cryprocercus (by data of Bei-Bienko 1950)

evolution of Cr. relictus and Cr. punctulatus proceeded independently from a mor-
phological type which was evidently widespread in the Tertiary and which is now re-
presented by Cr. primarius” (Bei-Bienko 1950, p. 336).

Cryptocercus relictus and Cr. punctulatus which have been separated geographi-
cally since the Tertiary, contain intestinal flagellates specific for each host species.
From our viewpoint, the only explanation of this fact is that since the Tertiary,
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both Cryptocercus and its intestinal flagellates developed in parallel. Speciation in
the flagellates was influenced by the geographic isolation of the hosts which permitted
a divergence of characters of the parasite. Accumulation of these changes led to more
profound morphological alterations which permitted to classify the flagellates as
independent species. This type of speciation is called geographical, being one of the
main ways of species formation in the animal kingdom. Inasmuch as the time of
host differentiation from the ancestral species — the Tertiary Cryptocercus — is
known, one may determine the speciation rate for the parasites. The time of formation
of strictly specific flagellates in Cryptocercus punctulatus and Cr. relictus amounts to
about 25 million years, since the onset of divergence of the Tertiary Cryptocercus
dates back to the Tertiary Neogen. The rate of evolution estimated by the rate of
formation of new taxons, proved to the same in the hosts and the parasites: geogra-
phically isolated populations of the Tertiary Cryptocercus as well as those of their
parasites both attained the level of independent species only.

2. Phylogenetic Relationships Between Faunas
of Roaches and Termites

The hypothesis that intestinal parasites of lower termites and of roaches of the
genus Cryptocercus trace their origin to some common ancestral flagellates is now
beyond doubt. This hypothesis, speculative at the time, was first advanced by Cle-
veland et al. 1934. It has been supported, on one hand, by evidence of morpholo-
gical proximity of the flagellates from the two host groups (Clevelandet al. 1934),
and on the other hand, by absence of cross infection with flagellates between ro-
aches and termites (Cleveland et al. 1934, Cleveland and Nutting 1955, Nut-
ting 1956), which argues against the possibility of secondary infection of one of the
hosts from the other. Recent data on the phylogenetic proximity between termites
and roaches not only support this hypothesis but also permit to elucidate the obscure
point of what the primary host of symbiotic flagellates could have been. Most ento-
mologists now maintain that the Isoptera descended directly from the stem of Blat-
todea in the late Paleozoic and early Mesozoic (Fig. 21) (see, for instance, Krishna
1970, Sharov 1968). We shall discuss here only evidence which enables us to define
the representatives of Blattodea from which the termites have differentiated.

A detailed comparison of the morphology of most primitive representatives of
the orders Isoptera and Blattodea — the termite Mastotermes darwiniensis and the
roach Cryptocercus punctulatus —shows that these insects are similar in their organi-
zation (McKittrick 1965). Symbiotic bacteria (=bacteriocytes) characterizing
all roaches were found as well in primitive termite Mastotermes darwiniensis (Gras-
séct Noirot 1959). The immunological analysis of the intestinal contents in Crypto-
cercus punctulatus and Zootermopsis nevadensis revealed a number of similar anti-
genes in these insects (Ablin and Ritter 1967). This allows to assume that contem-

3 — Acta Protozoologica vol. 14, z, 2
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porary relict roaches (Cryptocercus) are surviving representatives of the stem of
Blattodea from which the termites diverged.

Data on the phylogenetic proximity of termites and roaches allow the conclusion
that primary hosts of symbiotic flagellates of the orders Oxymonadida and Hyper-
mastigida were roaches (probably similar in their organization and biology to the
now-living Cryptocercus), while termites are their secondary hosts.

3. Analysis of Evolutionary Pathways of Flagellates in Termites and Roaches
as lllustrated by the Genus Trichonympha

Supposing that Blattodea are primary hosts of the flagellates, the systematic
resemblance of the faunas of lower termites and of Cryptocercus may be regarded
as a consequence of parallel evolution of the hosts and of their parasites. The diver-
gence of termites from the stem of Paleozoic Blattodea was followed by that of their
parasites. It would be of interest to trace whether the principle of evolutionary paral-
lelism between the hosts and their parasites is retained in the course of subsequent
separate evolution of flagellates in Cryptocercus and in lower termites.

This can be done using flagellates of the genus Trichonympha. The choice of this
genus is due to the following considerations:

(1) The genus Trichonympha is common to parasitic faunas of both termites
and roaches and is widespread among its hosts. Trichonympha occur in the Far-
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Eastern and North-American roaches and in three of the four families of lower ter-
mites (the exception is the family Mastotermitidae containing only one species).

(2) The genus Trichonympha contains many species. It includes 31 species among
which 10 inhabit Cryptocercus and 21, the termites.

(3) Differences between Tirchonympha species are very distinct.

(4) The supposed phylogenetic proximity of trichonymphs from roaches and
termites is supported by immunological investigations (Ablin and Ritter 1967).
The immunological comparison of the intestinal flagellates of Cryptocercus punctu-
latus and of Zootermopsis nevadensis revealed a common antigenic factor which,
according to Ablin and Ritter, depends on the presence of trichonymphs in the
intestine of both hosts. The agglutinin against Trichonympha from Cryptocercus
was found to be reactive against trichonymphs from Zootermopsis and vice versa.

A comparison of the phylogenetic scheme of the hosts with the distribution of
parasites among its various branches enabled us to gain some insight into the diver-
gence of the host and of their parasites. The presence of strictly specific trichonymphs
in Cryptocercus punctulatus as well as in Cr. relictus indicates that trichonymphs
which inhabited the Tertiary Cryptocercus changed in parallel to its divergence
into two independent species. Thus, the evolution of the Tertiary Cryptocercus and
of its trichonymphs is strictly and completely parallel.

f-)‘__—— Cryptotermes
(—@ Procryptotermes

f Incisitermes
(——‘-< Postelectrotermes % Kalotermitidae
Neotermes I
J Rugitermes |
L-—( )—A—X—-E——-——— Kalotermes
L —— 2 Glyptotermes J
Paleozoic
roaches N
@ Anacantholeimes L
f » Hodotermitidae
N - @-— Zootermopsis |
x_‘_ Porotermes J
- -@— Reticulitermes } Rhinotermitidae

Fig. 22. Phylogram of lower termites (according to Krishna 1970) (contains only genera of ter-

mites inhabited by Trichonympha species). Trichonympha dwelling in various genera of the host,

o — T. corbula, x — T. subquasilla, A — T. chattoni, @ — T. zeylanica. Trichonympha dwelling

in various species of one genus of the host, @ — T. sphaerica, T. saepicula, T. agilis, T collaris,
T. campanula, T. magna, T. peplophora, T. turkestanica
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Considering the distribution of trichonymphs in termites (their phylogramm,
drawn according to Krishna 1970, is given in Fig. 22), we can distinguish two stages
of their combined evolution. At the first stage, the termites differentiated from the
Paleozoic roaches and diverged into families; in parallel to this, separate species
of the genus Trichonympha formed. Hence, different species of Trichonympha exist
in all evolutionary lines of lower termites: Calotermitidae, Hodotermitidae and Rhino-
termitidae. At this stage, there was a parallelism in the evolution of the hosts and the
parasites: the divergence of hosts was followed by that of parasites. At the second
stage, further differentiation of lower termites into subfamilies and genera occurred
but it was not accompanied by parallel phylogenetic differentiation of Trichonympha
species. We believe that an analysis of specificity of trichonymphs toward their hosts
within lower termites would substantiate this viewpoint.

As seen from Table 8, based mainly on Kirby’s data (1932 b, 1937, 1944), tri-
chonymphs from the intestine of termites show no strict host specificity. Most spe-

Table 8
Distribution of Flagellates of the Genus Trichonympha in Termites
Species of the genus Host Host’s distribution
Trichonympha

T. chattoni Glyptotermes irridipennis | Australia, Java, Shri-Lanca

Duboscq et Grassé, 1927 (and other 12 species of | (Ceylon), Fiji, Philippines,
Glyptotermes) Costa-Rica, East
Kalotermes milleri Africa (Uganda),
Kalotermes schwartzi North America (Florida)

T. zeylanica Kalotermes militaris | Shri-Lanca Ceylon),

Duboscq et Grassé, 1927 Kalotermes obscurus | Australia

T. divexa Kalotermes sp. South Africa

Kirby, 1944

T. tabogae ‘ Kalotermes tabogae Panam’s isthmus

Kirby, 1932 ' (Panama)

T. sphaerica Zootermopsis angusticollis | North America (California)

Duboscq et Grassé, 1927 Zootermopsis nevadensis

T. subquasilla Cryptotermes clevelandi Panam’s isthmus (Panama),

Kirby, 1932 Kalotermes immigrans Galapagos islands

T. lighti | Kalotermes emersoni North America

Kirby, 1932 (Mexico)

7. saepicula Rugitermes kirbyi Panam’s isthmus

Kirby, 1932 Rugitermes panamae (Panama, Costa-Rica)

T. quasilla Kalotermes perezi Panam’s isthmus

Kirby, 1932 l (Costa-Rica)
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Table 8 (continued)

Species of the genus

Trichonympha Host Host’s distribution
T. corbula Procryptotermes sp. Madagascar
Kirby, 1944 Kalotermes longus
Kalotermes costaneiceps
T. teres Neotermes meruensis East Africa
Kirby, 1944 (Tanganyica)
T. agilis Reticulitermes flavipes Europe, Japan, North
Leidy, 1877 (and other 4 species of America
Reticulitermes)
T. minor Reticulitermes lucifugus Europe

Grassi et Foa, 1911

T. ampia
Kirby, 1944

Kalotermes occidentis

North America (Mexico)

T. collaris
Kirby, 1932

Zootermopsis angusticollis
Zootermopsis nevadensis

North America (California)

T. campanula
Kofoid et Swezy, 1919

Zootermopsis angusticollis
Zootermopsis nevadensis
Zootermopsis laticeps

North America (California,
Arizona)

T. magna Porotermes adamsoni Australia
Grassi, 1917 Porotermes grandis
T. peplophora Neotermes howa Madagascar

Kirby, 1944

T. turkestanica
Bernstein, 1928

Anacanthotermes mur-
gabicus (and other 4
species Anacanthotermes)

Turkestan (USSR); Egypt,
India

T. globulosa

Perez-Reyes et Lopez-Ochoterena,

1965

Incisitermes marginipennis

North America (Mexico)

T. paraspiralis

Perez-Reyes et Lopez-Ochoterena,

1965

Incisitermes marginipennis

North America (Mexico)

cies of Trichonympha were found to be specific only to the host genera. Thus, Tricho-
nympha agilis inhabits five termite species of the genus Reticulitermes, widespread
in Europe, Japan and North America. Some trichonymph species are peculiar to
a number of genera of termites belonging to the same family. An excellent example
is Trichonympha chattoni, found in 13 termite species of the genus Glyptotermes
and in two species of the genus Kalotermes. It must be specially mentioned that the
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hosts of this species of Trichonympha are cosmopolitans. Among trichonymphs in-
habiting termites there are also species dwelling in only one host species. Trichonym-
pha lighti, for example, is known to inhabit only Kalotermes emersoni. Kirby how-
ever, maintains that the cases of apparent strict specificity of trichonymphs to one
host species must be ascribed solely to the incompleteness of our knowledge of intes-
tinal faunas of great number of termites.

It can also be concluded from Fig. 22 that when a single species of Trichonympha
inhabits a number of related genera of termites, this species must have been present
in the common ancestor of these host genera. Thus, Trichonympha corbula, T. sub-
quasilla must have been living even in the late Cretaceous, i.e., at the time of diver-
gence of the evolutionary lines leading to the actual genera Cryptotermes and Glyp-
totermes. It is likely that Trichonympha chattoni and T. zeylanica already existed in
Mesozoic termites before the differentiation of the genera Neotermes, Kalotermes
and Glyptotermes. Specialists in the phylogeny of lower termites suggest that all
now living subfamilies and genera of termites differentiated in the late Cretaceous
(Emerson 1955, Krishna 1970). Consequently, the geological age of some tricho-
nymph spscies, which occur in a number of host genera, amounts approximately to
100 million years. Other trichonymph species, e.g., Trichonympha agilis, apparently
specific to one host genus, must have been present in the ancestral form of this genus
bafore it differentiated into various termite species, i.c., at least in early Tertiary.
The age of these trichonymph spzcies probably amounts to about 75 million years.

This analysis indicates that, contrary to the situation peculiar to roaches, in the
case of termites divergence of the host did not encourage divergence of its parasites.
A question ariszs why was the parallelism in the evolution of the host and of the
parasites discontinued at the stage of phylogenetic differentiation of termites into
subfamilies and genera. What could be the explanation of the evolutionary inertnes-
of termite-dwelling trichonymphs which did not follow the phylogenetic differen.
tiation of their hosts? A possible cause of this phenomenon will be discussed later ons

V. Sexuality among Flagellates of the Orders
Oxymonadida and Hypermastigida

1. Sexual Process in Flagellates from Cryptocercus relictus

Flagellates from the hindgut of Cryptocercus punctulatus regularly undergo a sex-
ual process during the molting period of the host. Peculiar features of this process
have been studied in detail in the numerous investigations by Cleveland (review:
Cleveland (1956 b). Molting nymphs of Cryptocercus relictus were also
found to contain flagellates at different stages of the sexual process. All species
inhabiting the intestine of the Far-Eastern roach showed sexual stages. However,
due to the lack of material, the whole process has never been traced in a single spe-
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cies of flagellates. To interpret and to identify the stages observed, we used Clevel-
and’s (1956 b) schemes of sexual cycles in related species of flagellates living in Cr.
punctulatus. Since the faunas of the North-American and Far-Eastern roaches have
an identical generic composition, it may be assumed that the general pattern of sexual
processes in congeneric species of flagellates will be similar, despite their provenance
from different host species. According to Cleveland, the sexual proceses are alike
in different flagellate species belonging to one genus and inhabiting the same host
species (Cr. punctulatus).

We now turn to the description of the sexual stages found in flagellates from Cr.
relictus.

Barbulanympha cryptocerci and Urinympha cirrata
(Fig. 23, Pl. XII 46)

These flagellates were found in the intestine of freshly-molted nymphs at the zygote
stage. The zygote is spherical and immobile, with strongly thickened ectoplasm. The
flagella are packed in two intracytoplasmic groups and surrounded by a light zone.
Such zygotes are called pseudocysts since they have no true cyst wail. The pseudocyst

Fig. 23. Barbulanympha cryptocerci Bobyleva. Pseudocyst

stage coincides in time with shedding of the nymph’s exoskeleton. When the chi-
tinous intima of the gut is shed, a part of the pseudocysts is discharged with it;
thercupon they are eaten by hatching nymphs or by nymphs not molting at that time.
A dense layer of ectoplasm seems to protect the pseudocyst from environmental fac-
tors.

Species of the Genus Trichonympha
(Fig. 24, 25)

In Trichonympha major, T. ussuriensis and T. lutea, various stages of gametoge-
nesis in cysts were observed. The cells are spherical, surrounded by a thick cyst
membrane. T. major has cysts about 34 um in diameter; 7. ussuriensis and T. lutea.
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about 16 um. A most peculiar mitotic division of #he gametocyte nucleus lzads to
formation of the nuclei of gametes. This division is accompanied by cytoplasmic
reorganization during which all organelles of the gametocyte dedifferentiate and new
ones arise in gametes. Figure 24 presents cysts of 7. ussuriensis during formation of

Fig. 24. Different stages of gametogenesis in cysts of Trichonympha ussuriensis Bobyleva. A —
Prophase, B — Telophase, C — Almost completely formed gamectes

gametes. The nuclei are in prophase (Fig. 24 A) and in telophase (Fig. 24 B). Rostra
are already formed in the future gametes. Cysts of such stages were found in the in-
testine of nymphs shedding its exoskeleton. The molted nymphs (with soft and light
chitine) contain cysts in which formation of the extranuclear organelles of the ga-
metes is completed but cytoplasmic division is proceeding. In Fig. 24 C one can see
a cyst containing two gametes of the trichonymphid type with oppositely directed

[ Fig. 25. Trichonympha major Bobyleva. The cyst ready
10 excyst
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rostra. The cyst shown in Fig. 25is elongated; the gametes of 7. major are ready
to excyst and cytokinesis is being completed.

Eucomonympha nana
(Pl. XII 47-49)

Different fertilization stages of these flagellates were seen. At the stage presented
in Pl. XII 47, 48 the gametes have already fused, but remnants of the male gamete —
a rostral tube with parabasal filaments — are still distinctly visible. The male pro-
nucleus migrated toward the stationary female pronucleus. Then, fusion of the pro-
nuclei which starts with a contact of their nuclear membranes was observed (Pl
XII 47, 48). The microphotograph 49 shows the resulting zygote. This cell has
only one large nucleus, but the rostral tube of the male gametes is still visible. Unlike
E. imla from Cryptocercus punctulatus (Cleveland 1956 b) in E. nana from Cr.
relictus the fusion of cytoplasm of the gametes is not accompanied by discarding
of the male gamete organelles. They are likely to resorb so slowly that remain to
be seen even in the zygote.

Species of Leptospironympha
(Fig. 26-28, Pl. XIII 50, 51)

In Leptospironympha variabilis and L. popularis, stages of gametocyte formation,
gametogenesis and fertilization were observed. A cell entering the sexual process
transforms into a gametocyte, in which the spiralling flagellar bands undergo de-
struction. Desintegration of the flagellar bands starts with migration of some fla-
gellar rows towards the posterior end of the cell (Fig. 26, Pl. XIII 50, 51) where
they are completely resorbed. Only the rostral portion of each flagellar band is re-
tained. Thereupon, the gametocyte encysts and gametes form inside the cyst (Fig.
27). Gametogenesis is accompanied by reorganization of the extranuclear organelles.
After the molting of the roach is completed the gametes lcave the cyst and fertili-
zation occurs. Figure 28 shows the anterior half of a zygote of L. popularis at the
moment of fusion of the pronuclei, which starts with a contact of nuclear membranes.

Species of Saccinobaculus
(Fig. 29, 30, PL. XIII 52, 53)

Saccinobacolus gloriosus, S. spatiatus and S. scabiosus were observed at different
stages of fertilization. Not only fusion of the nuclei but also that of axostyles is typ-
ical for the copulation of these flagellates. Figure 29 shows S. gloriosus which is
larger than the asexual cell and has eight flagellae, two nuclei and one axostyle. The
nuclear membranes are in close contact. The next Figure (30) shows a zygote which
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Fig. 26-28. Leptospironympha popularis Bobyleva. 26 — Gametocyte, 27 — Gametogenesis in cyst.
28 — Anterior part of L. popularis cell. Fusion of pronuclei

29 30

Fig. 29, 30. Saccinobaculus gloriosus Bobyleva. 29 — Fusion of pronuclei. 30 — Zygote
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has an oval nucleus with crescentic poles. A zygote of S. spatiatus with not yet
fused axostyles of the gametes is presented in the micrograph 53 (Pl. XIII). S. sca-
biosus \Pl. XIII 52) occurred at the stage of fusion of pronuclei. The cell has cight
flagellae (out of focus), two nuclei and one axostyle. Here we probably have a case
of autogamy.

Notila proteus ussuriensis
(Pl. X 40)

These flagellates were found at the prezygotic stage (Cleveland 1950 a). The
cell showing in Pl. X 40 has a double set of flagellae (out of focus) two nuclei and
one axostyle.

%* *

The comparison of some separate stages of the sexual process found in flagellates
from the Far-Eastern roach with respective stages in flagellates from the North-Ameri-
can roach shows that they are similar in both morphology and time relationship to the
host’s molting. Such similarity permits the assumption that in both host species the
sexual processes follow the same general pattern. Some minor differences, however,
exist at certain stages of the process. Thus, in Eucomonympha nana, unlike E. imla,
the male gamete organelles are not discarded during fusion of the dimorphous ga-
metes but gradually resorbed in the zygote cytoplasm. In Saccinobaculus spatiatus
from Cryptocercus relictus, the pronuclei fuse earlier than the axostyles, while in all
species of this genus from Cr. punctulatus the sequence is inverse: fusion of axo-
styles precedes that of gametic nuclei. The above differences are, however, too insi-
gnificant to bring the sexual process of congeneric flagellates from the two host spe-
cies out of the common general pattern.

2. Is Sexuality in Oxymonadida and Hypermastigida
Primary or Secondary?

The studies of Cleveland on the sexual cycles in flagellates from Cryptocercus
punctulatus stimulated a search for the sexual process in flagellates from termites.
Thorough investigations by a number of scientists however, failed to find sexuality
in the intestinal flagellates of most termites which showed only asexual reproduction
throughout the life cycle.

The presence of the sexual process in flagellates from Cr. punctulatus and its
absence in closely related flagellates from termites raise a question of whether sexu-
ality or on the contrary, asexuality is primary in this group of parasites. Two opinions
on this question exist, both closely allied to two different concepts of the primary

http://rcin.org.pl



152 N. N. BOBYLEVA

host of the flagellates. Considering Cleveland’s results from the standpoint of ge-
netic consequences of the sexual process, the American investigators Hawes (1963)
and Sonneborn (1957) supposed that the flagellates of Cryptocercus punctulatus
exhibit stages of progressive degradation of the sexual process. Their hypothesis is
that ancestral flagellates, which inhabited the intestine of the common roach-like
ancestor of both termites and Cryptocercus, possessed sexuality. Subsequently, the
sexual process was retained, though somewhat degraded, in the line of roaches, and
completely lost in the line of termites.

On the other hand, some Soviet authors (Dogiel 1965, Poljansky 1971) who
considered the parasitism of flagellates in termites primary and that in Cryptocercus
secondary, supposed the great diversity of gamogony and meiosis in flagellates
from Cr. punctulatus to reflect a kind of evolutionary instability of these phenomena.
They supposed that these events are comparatively recent and that the sexual process
arose in flagellates of Cryptocercus, de novo, when flagellates, which were primarily
asexual, passed from termites to roaches.

The modern concept of the origin of termites directly from the stem of Blattodea,
now shared by the majority of entomologists, as well as our own findings about the
existence of sexual processes in flagellates from Cryptocercus relictus, provide fur-
ther indirect evidence in favour of the former opinion, that of primarity of the sexu-
ality in the orders Oxymonadida and Hypermastigida.We may assume that flagellates
of the Tertiary Cryptocercus possessed sexuality since it exists in flagellates from both
Cr. punctulatus and Cr. relictus. Ancestral flagellates populating the intestine of pale-
ozoic roaches probably also showed sexuality.

This also makes likely the assumption of Hawes and Sonneborn that flagella-
tes from termites lost their sexual process in the course of evolution. The reason
for such loss may be another mode of transmission of the flagellates in termites as
compared to roaches.

In flagellates from Cryptocercus the sexual process is intimately connected with
transmission of symbionts from one host specimen to another (Cleveland et al.
1934). During the sexual process, cysts and pseudocysts are formed. They are dis-
charged into the external medium at the moment of molt of the host. Young roaches
hatched from eggs become infected with flagellates by eating cysts together with wood
particles. Similarly, the number of symbiotic flagellates is increased in the intestine
of nymphs. Consequently, a strict correlation between the time of hatching of
young roaches and molting of nymphs, on one hand, and a close connection bet-
ween the molting period in hosts and the onset of the sexual process in flagellates,
on the other hand, ensure transmission of flagellates among members of a roach
colony.

The mode of transmission of symbionts in termites is different. The flagellates are
transmitted from host to host via proctodeal feeding typical of termites (Andrew
1930). Young termites and nymphs of various age lick off anal excreta containing
flagellates. During the molt of a termite, all its flagellates die and are eliminated to-
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gether with the old intima of the gut. As soon as the molt is completed, nymphs re-
gain their flagellate fauna through proctodeal feeding from non-molting nymphs.
The ability of flagellates to get “mumifical” at the exit from the hindgut helps them
to pass uninjured through the digestive tract of the new host specimen (Dogiel
1956). Quick reproduction of symbionts in molted nymphs is provided for by mi-
totic flares among newly acquired flagellates (Andrew and Light 1929). Consequ-
ently, transmission of flagellates among termites is accomplished exclusively via
proctodeal feeding of the hosts.

Flagellates of termites reproduce asexually during the whole life cycle, i.e., from
the time of acquisition of infection in a termite up to its next molt. For the over-
whelming majority of flagellates, the sexual process is not known. However, Cle-
veland succeeded to discover hormone-induced sexuality in some species. These
are Trichonympha magna from Porotermes adamsoni (1965 a), some species of Pseudo-
trichonympha from the family Rhinotermitidae (1965 b) and all species of flagellates
from the primitive Mastotermes darwiniensis (1966 b, c¢). Accordingto Cleveland,
the sexual process was seen very unfrequently a few hours prior to ecdysis. No cysts
were formed in the course of the process, which in some features resembled that
described for Barbulanympha (Cleveland 1953). At ecdysis, all flagellates including
those which underwent a sexual process were eliminated from the host. Since a molt-
ing termite does not feed and the only way of flagellate transmission among hosts
is proctodeal feeding, the possibility of survival and transmission of zygotes to new
host specimens is negligible. In essence, the above peculiarities of the host’s biology
make gamogony in flagellates useless. The rare cases of seuxuality among flagellates
from termites are likely to reflect the ancestral ability of flagellates to respond to
the molting hormone of the host. This supposition is based on experimental evidence
of the ecdysone effect on flagellates from the North-American roach (Cleveland
et al. 1960), demonstrating a direct relation between the onset of the sexual process
and the titre of the molting hormone.

As pointed out by Cleveland (1965 a) and Honigberg (1970) the transmis-
sion mechanism of flagellates in termites would render sexuality unimportant in
terms of the ultimate advantages that it could confer upon the symbionts. It can be
suggested that claboration of a perfect mechanism of host-to-host transmission of
flagellates was the main trend in the evolution of this parasite-host system. From
this point of view transmission of flagellates by proctodeal feeding in termites is
more reliable than that by cysts observed in Cryptocercus. The mode of transmission
by proctodeal feeding guarantees preservation of symbionts among hosts. The estab-
lishment of this mode, however, resulted in the loss of the sexual process which ceased
to be a stage indispensable for completion of the life cycle of the parasite.

The feeding habits of Cryptocercus have favored a mechanism of transmission
of symbionts by cysts. In the evolution of flagellates from roaches, the sexual process
was accordingly retained as a stage indispensable for completion of the life cycle

of a parasite.
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3. Possible Relation between Mode of Reproduction
and Character of Evolution in Flagellates

In the previous chapter we demonstrated a correlation between the evolution
of flagellates of the genus Trichonympha and of their hosts within two groups of
insects — Cryptocercus and lower termites. The main .onclusion was that in roaches,
the trichonymphs evolved strictly and completely in parallel to their hosts, whereas
in termites this evolutionary parallelism was discontinued at the stage of phylo-
genetic differentiation of the host into subfamilies and genera.

Approximately since the Tertiary period, the trichonymphs from roaches and
those from termites underwent different evolutionary changes. Trichonymphs which
inhabited the Tertiary Cryptocercus evolved by divergent speciation, which proceeded
in parallel to the speciation of the hosts. Trichonymphs populating the lower ter-
mites demonstrated since the Tertiary a high degree of stability of species in time.
This resulted in a sharp widening of the range of hosts inhabited by each flagellate
species, due to phylogenetic differentiation of termites into subfamilies and genera
and conservation of the existing trichonymph species.

A connection seems to exist between the character of evolution of trichonymphs
and the absence or presence of the sexual process in their life cycle. No sexual process
occurs in the overwhelming majority of trichonymphs from termites. The only excep-
tion is Trichonympha magna. However the data of Cleveland (1965 a) show that
sexuality in 7. magna is of little value from the standpoint of biparental inheritance
and evolution. This only corroborates the hypothesis about the secondary loss
of the sexual process in flagellates inhabiting termites.

Since the sexual process is the source of genotypic variation arising through
genetic recombination its loss must have led the respective species of Trichonympha
onto the road of very restricted evolutionary changes. The exclusively agamic re-
production must have resulted in standardization of the progeny whose monotonous
genotypes were of little value for evolution.

Trichonymphs of Cryptocercus which had retained the sexual process in the course
of their evolution, had a greater evolutionary potential as compared to trichonymphs
of termites, owing to stronger recombination possibilitics of the gene pool during
the sexual process.

Consequently, the differences in the character of evolution between phylogene-
tically related trichonymphs from Cryptocercus and those from lower termites seem
to be caused by transition of the flagellates populating termites to exclusively agamic
reproduction.

We have considered the evolution of only one genus Trichonympha, and thus
we cannot insist that loss of the sexual process has influenced in the same way the
character of evolution of other representatives of the termite intestinal fauna. For
example, rapid instantaneous speciation related to polyploidy is possible in some
flagellates (for instance, in the polyploid series of species of Spirotrichosoma from
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the termite Stolotermes ruficeps (Cleveland and Day 1958). It is not unlikely that
other types of specific differentiation that are still unknown also exist in protozoa
reproducting only agamically.

Summary

Intestinal flagellates from the hindgut of the Far-Eastern wood-feeding roach
Cryptocercus relictus were studied. Some questions of the origin, distribution and
evolution of flagellates of the orders Oxymonadida and Hypermastigida in both
roaches and termites are discussed.

The flagellate fauna of Cr. relictus includes: Barbulanympha cryptocerci, Urinym-
pha cirrata, Trichonympha major, T. ussuriensis, T. lutea, Leptospironympha varia-
bilis, L. popularis, L. lepida, Bispironympha unica, Eucomonympha nana (order Hyper-
mastigida), Sacinobaculus gloriosus, S. spatiatus, S. scabiosus, Notila proteus ussur-
iensis, Oxymonas nana ussuriensis (order Oxymonadida), Hexamita cryptocerci (order
Diplomonadida). Morphological descriptions of all these species are given.

The comparison of the faunas of the North-American roach (Cryptocercus punct-
ulatus) studies by Cleveland and of the Far-Eastern roach has revealed identicas
generic but different specific compositions of their flagellates. As Cr. punctulatul
and Cr. relictus developed as independent species under conditions of prolonged
geographical isolation (Bei-Bienko 1950), the strict specificity of their flagellates
toward the host species must have arisen by parallel divergent evolution of both the
Tertiary Cryptocercus and of their intestinal parasites. In this case the evolution of
the host and its parasites was strictly and completely parallel. Speciation in flagel-
lates, based on the geographic isolation of the hosts, is one of the common ways
of species formation in the animal kingdom. The rate of evolution, estimated by the
rate of formation of similar taxons, was found to be identical in the host and its
parasites.

Our data support the hypothesis that primary hosts of flagellates of the orders
Oxymonadida and Hypermastigida were paleozoic Blattodea, from which termites
diverged in the late Paleozoic or early Mesozoic. It is likely that contemporary relict
roaches of the genus Cryptocercus are survivors of this ancient group of Blattodea.

Hormone-induced sexual processes exist in flagellates from Cryptocercus relictus.
They proceed similarly to those in flagellates from Cr. punctulatus. The hypothesis
about the primarity of sexuality over asexuality among of the orders Oxymonadida
and Hypermastigida is discussed and found likely. Asexuality of flagellates from lower
termites appears a secondary phenomenon.

Using the genus Trichonympha, common to intestinal faunas of both termites
and roaches, evolutionary pathways of flagellates from two host groups — termites
and roaches — were compared. The evolution of trichonymphs from two Crypto-
cercus species — Cr. relictus and Cr. punctulatus — went in parallel to that of their
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hosts. On the other hand, no parallelism has been observed in evolution of termites
and their trichonymphs since the Tertiary i. e., the time of phylogenetic differentia-
tion of termites into subfamilies and genera.

The flagellates of the genus Trichonympha from two host groups underwent dif-
ferent evolutionary changes for about the same period of time. The evolution of
trichonymphs from Cryptocercus was a divergent speciation. At the same time in
termites Trichonympha species showed resistance and stability. The evolutionary
inertness of trichonymphs of lower termites seems to bs determined by transition
of the flagellates to an exclusively agamic mode of reproduction.

PE3IOME

IlpoBeseHO M3y4YeHHE BHIOBOro cocrasa (ayHbl ATYTHKOHOCIEB, OOHTAIOmEH B 3aaHCM
OT/IC/Ie KHUICYHHKA JaJbHEBOCTOMHOrO JIecHOro Tapaxana Crypiocercus relictus. D10 Mccnenopanue
DPENCTABIANO MHTEPEC KaK JUIS PEIICHHS YACTHBIX BOMPOCOB O NPOMCXOXKACHHH, pacopocTpa-
HCHHH ¥ 3BOJIIOLHH KIYTHKOHOCLCB oTpsgos Oxymonadida w Hypermastigida, Tax ® mns obcyx-
JCHHA psiga oOHMX BONPOCOB 3BOJIOUHOHHON TCOPHH.

(1) Omucana dayna KryTHKOHOCUEB, coctoamas u3 10 suaoe orpana Hypermastigida u 3 pu-
0B 1 2 nogsuaos orpsiga Oxymonadida. YToureH pag MophOIOrMYecKHX aeraseif B CTPOCHHH
3THX IpocTeifmnx.

(2) Cpasrenre napasurodays cesepoamepuxanckoro tapakana (Cr. punctulatus), mo JaHHbIM
Kmnsnenza, u ganeaeBocTouyHoro (Cr. relictus), mokasajno, 4TO OHH MMEIOT WACHTHYHBIE pPOO-
BOf COCTaB JKTYTHKOHOCIIEB, HO Pa3Hbli BHAOBOI cocras. Ha ocHOBE NaHHBIX O QOPMHPOBAHHH
Cr. punctulatus n Cr. relictus xax camocrostensupix eaaos (Beit-Buenxo 1950) noxazauno, 9ro
cTporas cneuM(pHYHOCTE ATYTHKOHOCUEB K BHIY XO3AHHA BO3HHK/IA B XOA€ HApPaJUICILHON am-
BEPreHTHOH 3BOIOLHHE TPEeTHYHOro Cryptocercus M HaceNSIOMMX HX KAMICYHHK KTYTHKOHOCICB,
IPH 3TOM B XOI€ IBOJIOUHH XO3fACB M NAPa3uTOB HaOMOAAeTCs CTPOruil M monHbii (uioreneTn-
geckuii mapasienn3M. Buaoobpa3oBanue y KIyTHKOHOCIEE NPOTEKAJIO HA OCHOBE reorpaduyeckoit
H30/SIMA XO3SHHA M NPEACTaBNAeT cobOi OMH H3 YHHBEPCANbHBIX cnocoboB BHAOOGpa3oBaHAS
B KHBOTHOM Mupe. Temmn 3BOMOLAH, onpeaensieMsiil no ckopocTH oOpa30BaHHA HOBBIX TaKc-
OHOB, Y XO3AMHA M MAP3HTOB OKA3AJICH OIWHAKOBEIM.

(3) VrouneHa rumore3a O NEPBHYHBIX XO3ACBAX KIYTHKOHOCUEB OTpsAmoB Oxymonadida
n Hypermastigida. Tlpe/monaraercs, ¥T0 WMH OBIH Najie030HCKHe TapaKaHsl, OT KOTOPHIX B 103~
JTHCM TasIe030¢ HIH PAHHEM ME3030¢ JHBCPrEPOBATH TePMHTSI. BO3MOKHO, COBPEMEHHBIE PEJTHK-
TOBbIE Tapakausl poma Cryprocercus SBIAIOTCA TCMH BLDKHBIIAMH [0 HAIAX AHEH NpeacraBHTe-
JIAMM CTBOMA TAPAKAHOBBIX, OT KOTOPHIX 3BOMIOHPOBAIH TEPMHTHL.

(4) V xryraxonocue m3 Cr. relictus oOHapy)eH 1onoBoif Npouecc, KOTOPHIH NPOHCXOIWT
BO BpeMA JIHHBKH XO3fHHA M NPOTEKAeT CXOHHO C TAKOBBIM Y XryTuxorocues Cr. punctulatus.
OGcyxpnaercs rumore3a O NCPBHYHOCTH ABJICHHS CEKCYAJBHOCTH CPENH JKTYTHKOHOCHEB OTPANOB
Oxymonadida w Hypermastigida % 0 COCTOSHHH aCEKCYaJbHOCTH Y KI'YTHKOHOCLEB, OOHTAFOIIHX
B HM3IIEX TEPMHTAX, KaK BTOPHYHOM SBJACHHM. YTpara NOJOBOro NPOLECCA Y KIYTHKOHOCUEB,
OOHTAIOWMX B TEPMHTAX, BEPOATHO, NPOM3OLLIA B XOAE IBOMIOUMH B CBA3M C (OPMHPOBAHHEM
ocoboro cnocofa 3apakeHHs TEPMHTOB JKTYTHKOHOCLAMI,

(5) Ha npumepe poga Trichonympha, obwero ana napasurodayR TEPMHTOB M TapaKkaHOB,
NPOBE/ICHO CPABHECHHE MyTCH OBOJIONHA XTYTHKOHOCHEB H3 ABYX IDYNN XO35CB — TCPMHTOB
H TapaxaHoB. [TOKa3aHO, YTO XI'YTHKOHOCHEI 3TOTO DPOJ@ NPETCPIEIH PAa3HbIC 3BOTIOMHOHHLIC
M3MCHCHHS NPHMEPHO 32 OJAHAKOBBIH NEPHOI BPEMEHH. DBOIONHA TPAXOHEM®D H3 IBYX BHIOB
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tapakaHoB Cryptocercus — Cr. punctulatus w Cr. relictus npoTexajna NapauvieibHO C IBOIIOIHEH
HX XO3f€B, IPH TECHOH CBA3M (JHIOTEHE30B XO3AHHA M NAPa3uTOB. B 3BOMOIMH TpUXOHMM] H3
HM3IUMX TEPMHTOB, HAYMHAR C TPCTHYHOIO nepHoga — BpeMeHH duiorenernyeckoit quddepen-
LUMPOBKH TCPMHTOB Ha NOJCEMEHCTBA M POJEI, HC Haba0AaoCh NAPALIC/IN3ZMA B 3BOJIOLHH Na-
Pa3sHTOB M X03A€B. BhICKa3kIBacTCA NMpEINONOKEHHE, YTO HAapylIeHHe NPHHIMNA NApajUieIH3Ma
B 9BOJIIOLIMH NIAPAIATA M XO3AHHA Y AKTYTHKOHOCLEB H3 TEPMHTOB CBA3QMO C BRIMAACHHEM II0JIOBOIO
Hpouecca M3 HX KH3HEHHOTO HMKJA.

(6) DOpomounoHHEkIH 1nyTh TpuXoHMMd H3 Cryptocercus — 3TO NyTh AHBEPIEHTHOrO BHA000-
pa3oBaHuA. DBOJIOUHMOHHBIL MyTh TPHXOHMMG H3 TCPMHTOB CBA3AH C YCTOHYMBOCTHIO M CTaOHIL-
HOCTBIO BHIOB BO BpeMeHH. BO3MOXHO, 3BOMIONHOHHAS MHEPTHOCTH TPHXOHMM(, ob6MTarommx
B KHIUCYHMKE HH3LIMX TEPMHTOB, OOYCIIOBJICHA NEPEXOJOM XKIYTHKOHOCLUEB K MCKJIOYMTENLHO
araMHOMY Crocoly pa3sMHOKCHHA.

-
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EXPLANATION OF PLATES I-XIII

Pl. 1. Barbulanympha cryptocerci. Total preparations. Impreganation according to Uhlig.

1,2 — Lateral view, 1 — focus onto two identical flagellated areas separated by a strip of cyto-
plasm free from flagella, 2 — focus onto atractophore, nucleus and parabasal bodies. 3,4 — ver-
tical view of the anterior end of the body, 3 — focus on to axostyle ring, 4 — focus onto axo-
style fibrils at the base of the cap
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Pl. 1. Barbulanympha cryptocerci. 5, 6, 7, 8 — total preparations, impregnation according to
Uhlig. 7, 8 — sections, Heidenhain’s hematoxylin

5 — Anterior part of the body, focus onto parabasal plates and atractophore, 6 — vertical
view of the flagellated areas, parabasals and nucleus, 7, 8 — mitosis, 7 — prophase, 8§ —
anaphase

Pl. I1I. Urinympha cirrata. Total preparations. Impregnation according to Uhlig

9, 10 — lateral view of the entire organism, 9 — specimen with elongated and narrow body,
10 — pyriform specimen, 11 — lateral view of anterior part of the body, focus onto one flagel-
lated area, one group of parabasal bodies and axostyle bundle

PlL. 1V. Trichonympha major. Total preparations; impregnation according to Uhlig

12 — lateral view of the entire organism, 13, 14 — anterior end of the body, 13 — focus on-
to nuclear sleeve with nucleus, 14 — focus onto surface of the nuclear sleeve

Pl. V. 15, 16, 19 — Trichonympha major. 15 — total preparation, impregnation according to
Dragesco; anterior end of the body, focus onto dense region of ectoplasm. 16, 19 — sections;
Heidenhain’s hematoxylin, 16 — transversal section at the level of rostrum, 19 — longitudinal
section at the level of circular fissure. 17, 18 — total preparations, impregnation according to
Dragesco, 17 — lateral view of parabasal bodies of Trichonympha lutea. 18 — vertical view of
parabasal bodies of Trichonympha lutea

Pl. VI. Total preparations; impregnation according to Uhlig. 20, 21 — Eucomonympha nana,
20 — attached form, 21 — free form, 22, 23 — Leptospironympha variabilis, lateral view of
the entire organism

Pl. VII. Eucomonympha nana. Total preparations; impregnation according to Uhlig. Vertical view

24 — focus onto flagellar rows, 25 — focus onto parabasal filaments, 26 — focus onto dictyo-
somes.

Pl. VIII. Leptospironympha popularis 27-30, L. variabilis — 31. Total preparations, impregna-
tion according to Uhlig. 27, 28 — lateral view, focus on to flagellar bands. 29 — lateral view,
focus onto dictyosomes. 30 — vertical view, focus onto flagellar bands at the base of cap. 31 —
vertical view of the rostrum

Pl. IX. Total preparations; impregnation according to Uhlig (34 — Heidenhain’s hematoxylin)
32 — lateral view of Leptospironympha popularis and L. lepida. 33-36 — Leptospironympha
lepida. 33, 36 — focus onto flagellar bands, 3¢ — focus onto nucleus, 35 — focus onto dictyo-
somes

Pl. X. 37-39 — Bispironympha unica, total preparations; impregnation according to Uhlig.
Focus onto flagellar bands and nucleus. 40 — Norila proteus ussuriensis, total preparation
Heidenhain’s hematoxylin, fusion of pronuclei.

Pl. XI. Total preparations, impregnation according to Uhlig. Lateral view. 41, 42 — Saccino-
baculus spatiatus, 43 — S. scabiosus, 44 — S. gloriosus, 45 — Oxymonas nana ussuriensis

Pl. XII. Total preparations, impregnation according to Uhlig. 46 — pseudocyst of Urinympha
cirrata, 47, 48 — the stages of fusion of pronuclei in Eucomonympha nana, 49 — zygote of Euco-
monympha nana.

Pl. XIII. Total preparations, impregnation according to Uhlig. 50 — gametocyte of Lepro-
spironympha variabilis, 51 — gametocyte of L. popularis, 52 — fusion of nuclei in Saccinobactlus
scabiosus, 53 — zygote of S. spatiatus

Abbreviations on the Text-figures and Plates

A — Atractophore, Ax — Axostyle, Axf — Axostyle fibrils, Axr — Axostyle ring, Axsh —
Axostyle sheath, C — Cap, Cf — Circular fissure, D — Dictyosomes, Dr — Dense region of
ectoplasm, ExI — External lay of ectoplasm, Fla — Flagellar area, Flb — Flagellar band,
Flr — Flagellar row, fas — fasciculus of flagella, G — Grooves in external layer of ectoplasm,
g — granules, Inl — Internal layer of ectoplasm, N — Nucleus, n — pronucleus, Ns — Nuclear
sleeve, Pb — Parabasal body, Pl — Parabasal filament, Pp — Parabasal plate, Pth — Para-
basal thread, Rt — Rostral tube, V — Vacuoles, Wp — Wood particle
The scale in all text-figures and plates corresponds to 10 um
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Phyllis Clarke BRADBURY

Conidophrys pitelkae, a New Species of Pilisuctorian
from Cuticular Hairs of Crangon crangon (Linneus)

Synopsis. A new species of Conidophrys is described from shrimp at Roscoff, thereby
expanding the family (Conidophryidae) to include ecto-symbionts of decapod Crustacea.
Conidophrys pitelkae’s size and shape, as well as the shape of its macronucleus differ
somewhat from previously described species. Protargol impregnations of tomitogenesis
show a direct continuity between the infraciliature of the adult and the more complex
infraciliary pattern of the tomite. Protargol also reveals a blind-ending tubule opening
on the tomite’s ventral surface. This tubule has never been reported from Conido-
phrys, and its function is unknown.

Introduction

Pilisuctorian ciliates spend most of their lives perched on cuticular hairs of Crus-
tacea, growing at the expense of their hosts (Chatton et Lwoff 1934, 1935). Their
structure is so specialized that they cannot be placed with confidence in any existing
order of ciliates, although Chattonet Lwoff (1936), who first described the family,
tentatively placed them in the Trichostomatida. Although rarely noted, probably
they are widespread since Conidophrys pilisuctor, the more common species, has
been reported from France (Chatton et Lwoff 1934, 1936), England (Jones
and Khan 1970, Mohr and LeVeque 1948), Scandinavia (Fenchel 1965) and
California (Mohr and LeVeque 1948). The family has been characterized as pa-
rasites of edriophthalmic Crustacea, but now the discovery of Conidophrys on shrimp
means that the definition of the family must be enlarged.

Conidophrys completes its life cycle on a single host. A ciliated migratory stage,
the tomite, fastens by its cytostome to the tip of a cuticular hair, encysts, and loses
its cilia. The encysted ciliate, now the feeding individual (trophont), grows in length
and after achieving a certain size, begins to form a tomite at the free end of its body.
As one tomite completes its differentiation and separates from the tomont, another
begins to form directly beneath the first so that eventually tomonts may have three
or four tomites stacked one above the other. The tomites are released one at a time,
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and each settles on a cuticular hair and repeats the cycle. No sexual stages have
ever been observed.

In the summer and fall of 1973 a species of Conidophrys was observed on the
cuticular hairs of Crangon crangon at Roscoff and Penpoull. Because it differs
from previously described species in certain structural characteristics and also by
its choice of host, it is herein described as a new species and named Conidophrys
pitelkae for Dr. Dorothy R. Pitelka.

Materials and Methods

At the Station Biologique de Roscoff, Crangon was collected on the incoming tide by dip net.
Shrimp were pinched in half by forceps and each half examined under low magnification for Conido-
phrys. Fragments of exoskeleton with infected hairs were fixed in 3% glutaraldehyde in sea water
and later impregnated with protargol (Kirby 1950). Living organisms were observed by phase
contrast microscopy.

Observations

The living organism

Perhaps the dearth of descriptions of species of Conidophrys is due to their immo-
bility and inconspicuous appearance. On a relatively large crustacean like a shrimp,
Conidophrys can easily escape notice, especially as infections on adult shrimp are
usually sparse, 20 ciliates being a relatively heavy infection. The mature trophonts
on the tips of their hairs are attenuated inverted pyramids, always completely mo-
tionless, long and slender, with a colorless granular cytoplasm and without cilia or
any other obvious indication of their taxonomic class. Each trophont has a water
expulsion vacuole usually in diastole, in the proximal half of its body. (In this report,
the adjectives, proximal and distal, refer to the orientation of the ciliate relative to
the host.) Only under high magnification is the cyst wall easily visible. Trophonts
vary in length from tiny tear-drop-shaped, recently settled and transformed tomites
(30 wm) (Fig. 3) to long, slender, predivision forms (100 um). However, on adult
hosts, by far the most common form of C. pitelkae is the tomont with a single tomite
forming (Fig. 1, 2). Probably the tomont continues feeding during reproduction,
because even after a tomite leaves the cyst, the cytoplasm of the tomont seems to
elongate to replace the released tomite. Growth stops at the host’s molt, and tomonts
with four or five tomites in their distal extremities may be observed during the last
stages of molting. The cyst itself has no pore or operculum. During excystment the
tomite’s water expulsion vacuole expands, and the cilia on its ventral surface (pro-
ximal to the tomont) beat strongly. The tomite appears to push its dorsal surface
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against the distal cyst wall until finally the wall breaks and the tomite’s dorsal surface
bulges through the rent. However, the tomite does not just pop out. One end slips
out first. Chatton et Lwoff (1936) have determined that in C. pilisuctor the same
end of each tomite escapes first, and since the tomite swims in this direction, this
end is anterior.

1 2

Fig. 1-3. 1 — A left lateral view of a tomont of Conidophrys pitelkae. The cytosome attached
to the host’s cuticular hair marks the ventral surface. A tomite has been formed on the tomont’s
distal surface but not yet released. 2 — A right lateral view of the same tomont. The water expulsion
vacuole is near the proximal end of the body. 3 — A very young trophont with a serpentine
macronucleus containing endosomes and a cytostome in the distal end of the body

The empty cysts remain on the cuticular hairs, and occasionally a single tomite
may be seen in an otherwise empty cyst, implying that the entire tomont divides into
tomites without leaving a residuum. The cyst itself is thin and transparent and re-
mains so after protargol impregnation. The living ciliate fills the entire cyst except
for a small cone at the proximal end which surrounds the cuticular hair. After fixa-
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tion the organism shrinks causing the unaffected cyst to form loose folds around
its body. Living tomonts bearing at least one tomite ranged from 80 to 145 pm in
length and 18 to 27 pm in width, but fixed animals had shrunk 40-45%,, averaging
70 pm by 12.5 pm.

Supposedly, pilisuctorians are fixed on secretory hairs and feed on the secretion
that otherwise would be released by the hair. Crangon crangon is covered with hairs
of various shapes and sizes, and C. pitelkae seems to attach to hairs that differ visibly
from one another. The ciliate is easiest to discover on the downward-directed hairs
outlining the periphery of the pleura. Not all of these hairs are alike,
but by far the most common is a long stout bristle with two opposing lateral
rows of barbs. C. pitelkae is most likely to fix on the apex of this bristle. However,
it seems most improbable that all these bristles are secretory. In only one instance
did an infected bristle appear any different than its fellows. When the old exoskeleton
was slipped off the new exoskeleton in a premolt shrimp, the inner base of an infect-
ed hairseemed to have a cell or some substance associated with it while the bases
of all the uninfected hairs were bare. Uninfected hairs were never observed giving
off any secretion. Individuals of C. pitelkae could be observed scattered along the
row of bristles, or four or five bristles in a row could be infected. When the very
short hairs on the dorsal surface of the abdomen were infected, C. pitelkae’s cyst
extended to the exoskeleton itself, covering the hair completely.

The ciliate is firmly attached to its hair. Probably the strength of the attachment
is due to the enclosure of the shaft of the hair by the cyst since the hair itself stops
short just inside the cytostome. In very young trophonts the hair runs in a straight
longitudinal groove in the pellicle for 2/3 the length of the body before it enters
the cytostome (Fig. 3). The ciliate grows distally, and the mouth is gradually displaced
posteriad. In grown trophonts it is always in the last quarter of the body and in
a few specimens almost at the posterior tip. C. pitelkae is always completely color-
less, never with the posterior accumulation of pigment visible in C. pilisuctor.

By convention, the cytostome of a ciliate identifies its ventral surface. The oppo-
site or dorsal surface of C. pitelkae is marked by the opening of the water expulsion
vacuole near the plane of cytostome. Lateral “furrows” on full-grown living trophonts
represent the infraciliature. However, the younger the trophont, the less likelihood of
observing an infraciliature either in living or silver impregnated material. When, after
silver impregnation, the infraciliature first becomes visible, in young growing trophonts,
it appears as very delicate thin lines, unlike the appearance of kineties in mature
trophonts or in other ciliates. Chatton et Lwoff (1936) have described the almost
instantaneous metamorphosis of the tomite to the young trophont after attachment,
and they also were mystified by the immediate disappearance of the actively beating
ciliature and the conspicuous infraciliature. As in other ciliates probably some form
of the infraciliature persists during the growth of the trophont, but the trophont
itself is never ciliated. The segments of its kineties that migrate into the tomite be-
come ciliated during tomitogenesis.
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Drawings of C. pilisuctor and C. guttipotor (Chatton et Lwoff 1936) indicate
that these species are shorter and stouter than C. pitelkae. The hairs on isopods
and amphipods to which C. pilisuctor and C. guttipotor attach, bend, perhaps owing
to the ciliate’s weight or perhaps for some physiological reason. The bodies of the
ciliates themselves are slightly flexed, the ventral surface being convex and the
dorsal surface concave. In contrast, C. pitelkae is longer and proportionately more
slender than the species on edriophthalmic Crustacea. Its body is long and
attenuated without a concave or convex surface. The hair to which it attaches does
not bend and consequently the ciliate is borne at aright angle to its host following
the natural orientation of the hair.

Protargol impregnations

Protargol impregnations of C. pitelkae confirm that the infraciliature of this
species, like that of C. pilisuctor and C. guttipotor (Chatton et Lwoff 1936) is
confined to the right and left surfaces of the ciliate (Fig. 1, 2). The left surface has
a field of 6 kineties, arranged in 3 pairs more or less parallel to the ciliate’s longitudinal
axis. On the right surface there is a ficld of 4 kineties (2 pairs) also oriented longitu-
dinally. The distal portion of these 2 fields form the tomite’s ciliature during tomito-
genesis, perhaps the only function of the infraciliature in the trophont.

Although the cytostome is very small, some differentiation can be discerned after
protargol impregnation. The close-fitting junction of the hair and the cytostome is
outlined by a dark deposit. The cytostome forms a chamber sunk in the cytoplasm,
circular in outline, sometimes with dark lines radiating from the junction. The circle has
adark border and sometimes thin rays radiate from it into the cytoplasm (Fig. 1, 3).
The nature of the food and how it is ingested is still a mystery. Recognizable food
vacuoles have never been observed. When after long compression under a coverslip,
an organism degenerates, its cytoplasm rapidly becomes vacuolate, but how these
vacuoles arise is also unknown.

Protargol impregnations of the trophont’s macronucleus reveal that it is a slender
serpentine column extending almost the entire length of the body and increasing
in length as the organism grows. Several large endosomes are scattered along its
length (Fig. 3). With the beginning of tomitogenesis, the shape of the macronucleus
changes markedly, thickening along its length and fanning out dorso-ventrally in
the distal half of the body. Therefore in protargol preparations, the shape and extent
of the macronucleus appears to vary according to the surface of the ciliate that is
uppermost. The macronucleus observed edge-on resembles the serpentine column
of the young trophont, and only by focussing optical sections through it, can its
extent be estimated. The macronucleus observed broadside occupies almost the whole
width of the distal half of the ciliate (Fig. 1, 2).

During tomitogenesis the endosomes disappear, and fine lines oriented more or
less longitudinally appear within the macronucleus. Macronuclear division is a sim-
ple scission of its distal extremity. The tomite’s macronucleus is therefore a rod with
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tapering ends. The micronucleus is difficult to recognize in the young trophont, but
during tomitogenesis a large spindle-shaped micronucleus is easily visible close
to the left surface of the distal tip of the macronucleus (Fig. 2).

Tomitogenesis

Chatton et Lwoff (1936) have described a complicated morphogenesis of the
tomite in C. pilisuctor, based on the observation of many living specimens. The fol-
lowing description of tomitogenesis and the infraciliature of the tomite in C. pitelkae
is based on protargol-impregnated tomites developing or retained within the cyst.

The first visible sign of beginning tomitogenesis is the rupture of the kineties in
the same plane in each of the two fields. The distal fragments of the two fields, the
anlagen of the tomite’s infraciliature, incline toward the ventral surface (Fig. 4 A, B).

A B

Fig. 4. A — The left lateral field of kineties early in tomitogenesis. The anlage of the tomite's
left lateral ciliature has separated from the tomont’s infraciliature and begun to migrate to
a_position normal to the direction of the tomont’s Kkineties. A granule can be seen distal to
kineties 9 and 10. B — The kineties of the right lateral field of the same organism, showing that the
right anlage of the tomite’s ciliature moves into position first. Kinety 1 has diverged from its fellows

The distal tips of the kineties in each field converge to a point and the kineties are
no longer so obviously paired. In the right field of kineties, the most ventral kinety
of the four is now the most proximal. It separates from its fellows along all its length
except for its distal end which remains close to the distal ends of the other three
kineties. Instead of 2 pairs the field is now divided 1 and 3, and the cytoplasm in the
gap begins to invaginate. In the left field the ventral pair of kineties is always a little
shorter than the others. A granule just distal to it impregnates with protargol. The
cytoplasm distal and dorsal to the short pair begins to invaginate, carrying this pair
and the middle pair of kineties on the invaginating surface. The third pair remains
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at the edge of the growing depression. These infoldings of the cytoplasm are the first
signs of the physical separation of the tomite from the tomont. The anlage of the
right field is the first to become perpendicular to the tomont’s long axis, while the
anlage of the left field remains for some time at only a slight angle to the kineties from
which it originated (Fig. 4 A, B). After both new fields are at 90° to the tomont’s
nfraciliature and cytoplasmic fission is well-advanced, the schema for the disposi-
tion of the kineties in the tomite can be discerned (Fig. 5).

Fig. 5. Later in the morphogenesis of the tomite of Conidophrys pitelkae

when both anlagen of the ciliature have lost all connection with the tomont’s

infraciliature and are now in position for the tomite’s subsequent allometric
growth

Allometric growth of the cytoplasm and the kineties change the final pattern
that is achieved, but each kinety in the tomite can be traced back to a kinety from
the left or right field (Fig. 6). In the tomont the kinety on the right nearest the cyto-

Fig. 6. Ventral view of the tomite of Conidophrys
pitelkae. The tube is marked X, and the cytostome
is Cy

stome gives rise to the kinety at the right of the tomite’s cytostome, and by defini-
tion is kinety 1. Diverging very early in tomitogenesis from its three companions,
in the mature tomite it originates in the depression around the cytostome. In a few
tomites faint dark-staining rays extend from kinety 1 toward the cytostome. Kinety 1
itself proceeds across the floor of the depression to the lateral rim of the organism
where it veers posteriad and runs along the right edge of the tomite to end posterior-
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ly. The other 3 kineties form a ribbon around the right side of the tomite, and where
the 3 are joined by kinety 1 the ribbon is 4 kineties wide. On the left side only kine-
ties 5 and 6, the pair most distant from the cytostome, form a ribbon. Kineties 7
and 8, still distinctly paired, run along the anterior wall of the oral depression and
into another depression at the posterior, over its floor and along its posterior wall,
apparently ending at the tomite’s posterior rim. Kineties 9 and 10 are medial, origi-
nating in the posterior third of the body on the floor of the posterior depression.
Originating from the shortest pair in the field, they are now only a few micra long,
but more intensely impregnated than the other kineties (Fig. 6). They end next
to kineties 7 and 8 at the tomite’s posterior rim. The dark granule first observed
early in tomitogenesis, just distal to kineties 9 and 10, differentiates into a tiny tube
that plunges into the cytoplasm at a right angle to the ventral surface. Although its
walls do not impregnate with protargol, its blind end impregnates very intensely.
It retains its spatial relationship with kineties 9 and 10 and is completely separate
from the cytostome described by Chatton et Lwoff (1936), a deeper, more conspi-
cuous invagination some distance anterior to it. Because it is only a micron or two
in diameter, probably only electron microscopy will give a clue to its function.

In summary, the mature tomite is a small, somewhat flattened, hemisphere (25 pm
by 12 pm in life), encircled by a fringe of cilia formed from kineties 2, 3, and 4 on
the right and 5 and 6 on the left. Its water expulsion vacuole is posterior, a little to
the right of kineties 9 and 10. The micronucleus is at the right of the origin of ki-
neties 9 nad 10. The elongate oval or rod-shaped macronucleus is oriented antero-
posteriorly at the right of the micronucleus. The tomite’s ventral surface has two
rather deep depressions separated by a prominent ridge of cytoplasm, the anterior
depression leading to the cytostome, and a posterior heavily ciliated depression (Fig. 6).

Discussion

The two previously described species of Conidophrys differ from one another in
minor details of their structure and in their hosts, C. pilisuctor being on amphipods
and C. guttipotor on isopods. Although C. pitelkae sp. n. resembles these two species,
the shape of its macronucleus, the slightly different proportions of its body, and its
occurrence on decapods justify its description as a new species. When it was first
observed, the possibility that it was C. pilisuctor on a new host was considered. Coni-
dophrys has never been reported from Roscoff. Chatton et Lwoff (1936) state
that species of amphipods and isopods that in other regions show heavy infections
of Conidophrys, at Roscoff are never infected. A cursory examination of amphipods
and isopods from the same habitat as infected Crangon revealed no Conidophrys.
Therefore it seems unlikely that the shrimp at Roscoff are infected by the Coni-
dophrys of edriophthalmic Crustacea, and so the definition of the genus must be
expanded to include species found on decapods.
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The diet and manner of feeding in Conidophrys has yet to be explained. Chat-
ton’s et Lwoff’s assertion (1936) that Conidophrys feeds on the secretions of special
cuticular hairs has not been tested. With the exception of a Conidophrys from Jaera
ishiosetosa (Jones and Khan 1970) (described from formalin-fixed collections of
the isopods), Conidophrys is always attached to a hair of its host. Since individuals
are always enclosed in a cyst, the inference is that the ciliate draws up substances
from the host through the hair and grows at the expense of its host. Whether these
substances are secretions normally released into the water or another of the hosts’
internal fluids is yet to be determined. Jones and Khan (1970) offer no suggestions
as to how the species on J. ischiosetosa feeds. They describe it as attached to the host’s
exoskeleton by a thick stalk which never encloses a hair. Although in some respects,
their drawings resemble C. guttipotor from the isopod, Spheroma serratum, the
existence in their species of a cytopharynx distal to the infraciliature is a significant
structural difference from all other species of Conidophrys.

Besides Conidophrys, two other ciliate parasites of Crustacea, the apostomes,
Synophrya (Chatton et Lwoff 1935) and Terebrospira (Bradbury and Goyal
1974) also feed and grow while encysted. Synophrya, an invader of the gills of port-
unid crabs, is surrounded by a stout cyst wall as well as host cuticle, yet it enlarges
at the expense of its host to become several hundred micra in diameter. Terebrospira
dissolves galleries through the endocuticle of shrimps while it is surrounded by a thin
cyst wall. The infraciliature of these genera like that of Conidophrys is dedifferen-
tiated, but in the case of the apostomes, the kineties are meridional (Bradbury
et al. 1974, Chatton et Lwoff 1935) rather than restricted to two ficlds. A signi-
ficant difference in structure between encysted feeding apostomes and pilisuctorians
is the complete lack of a cytostome in the former. However, the apostomes are sur-
rounded by their food while Conridophrys’ only contact with its putative food supply
is at the hair. Protargol stains of this junction indicate a complexity which only
the electron microscope can resolve.

T —

Species Diagnosis of Conidophrys pitelkae

Life cycle: trophonts and tomonts on the cuticular hairs of Crangon crangon
(Linneus). Migratory tomites differentiated singly and freed singly from apex of
the tomont to reinfect bost or spread infection to new individuals.

Trophont: body — anelongate slender cone, enclosed in thin transparent cyst,
attached proximally by cytostome to cuticular hair of host. Four short, straight,
unciliated kineties, longitudinally oriented on trophont’s middle right surface. Similar
field of six kineties oriented longitudinally in middle left lateral surface. Macronuc-
leus: long, serpentine, with conspicuous endosomes.

Tomont: trophont transforms in situ. Kinetal fields divide transversely. Distal
fragments of both fields orient at right angles to parent kineties, migrate to tomite
differentiating on tomont’s distal surface.

http://rcin.org.pl



170 P. C. BRADBURY

Macronucleus: long, thickened. fan-shaped at distal end. Spindle-shaped
micronucleus at left distal end of macronucleus.

Tomite: flattened hemisphere with curved surface dorsal. Two large ventral
depressions, anterior leads to cytostome. Kineties 2, 3, 4, 5, 6 form ciliary fringe
partly encircling tomite’s lateral surface. Kineties 1, 7, 8, 9, 10 form ventral ciliature.
Tubule (function unknown) opening at surface of anterior wall of posterior depres-
sion. Rod-shaped macronucleus oriented antero-posteriorly, micronucleus in post-
erior half of body at left of macrcnucleus.

RESUME

La description d’une nouvelle espéce de Conidophrys sur une crevette de Roscoff étend le para-
sitisme externe de cette famille (Conidophryidae) aux Crustacés décapodes. Les dimensions et la
forme de Conidophrys pitelkae, de méme que la forme de son macronoyau, différe sensiblement de
celles des espéces décrites précédemment. Des imprégnations, au Protargol, de la tomitogenése
font apparaitre une continuité directe entre I'infraciliature de I'adulte et 'organisation infraciliaire,
plus complexe, du tomite. Le Protargol révéle également 'ouverture d’un tubule aveugle sur la
surface ventrale du tomite. Ce tubule n’avait jamais été signalé chez les Conidophrys et sa fonction

est inconnue.
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Drilocineta perionyxi sp. n. (Hysterocinetidae)
a New Thigmotrich Ciliate
from the Earthworm Perionyx excavatus E. Perrier of India

Synopsis. A new thigmotrich ciliate belonging to the genus Drilocineta Raabe, 1972
obtained from the posterior part of the intestine of the oligochaete Perionyx exca-
vatus E. Perrier occurring in Barrackpore, Dist. 24-Parganas, West Bengal, India
is described in this paper. It is named Drilocineta perionyxi sp. n. This is the first
record of the genus in India.

Introduction

The family Hysterocinetidae Diesing, 1866 contains some interesting endoparasitic
thigmotrich ciliates inhabiting the posterior part of the alimentary tract of certain
molluscs and oligochaetes. While revising the family Hysterocinetidae, Raabe
(1972) created the genus Drilocineta designating Drilocineta libyodrili (de Puytorac
1968) as its type species and included Drilocineta pontodrila (Wichterman 1942).
The present paper deals with a new species of Drilocineta obtained from the posterior
one third of the intestine of the earthworm Perionyx excavatus E. Perrier occurring
in Barrackpore, West Bengal, India. This is the first record of the genus in India.
The type specimens are deposited in the National collection of Zoological Survey

" of India, Calcutta.

/

Materials and Methods

One hundred and fourteen specimens of Perionyx excavatus collected from Barrackpore, Dist.
24-Parganas, West Bengal, India during November 1971 to September 1973 were dissected and
examined. Approximately 80% of the worms were found to be infected with a thigmotrich ciliate.
They were examined alive in physiological saline. For making permanent preparations the isolated
specimens were fixed in Schaudinn’s fluid and stained in Heidenhain’s iron-haematoxylin. Klein’s
dry silver method was employed to observe the ciliary rows. All the measurements were taken with
the aid of a calibrated ocular micrometer.
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Description

Body is elongated (Fig. 1) measuring 85-195 pum (average 125 pm) in length
and 43-85 um (average 47 pm) in breadth. The anterior end is bluntly pointed and
slightly curved. The posterior end is truncated. The dorsal side is slightly convex
and the ventral side is incurved. At the antero-ventral region an inverted “U”-shaped
sucker with unequal ams is present. The long arm of the sucker measures 20-22 um
and the short one 12-15 pm. The skeletal fibres within the sucker are feebly developed
and arranged in close rows parallel to arms lengthwise. In between the arms of sucker
there are five to six short ciliary rows. The long ciliary rows number from 20-22
(Fig. 2) on the ventral side and 28-30 on the dorsal side of the body. Ciliation is
dense and uniform in general. At the posterior end is located the transverse peristome

Fig. 1-2. Drilocineta perionyxi sp. n. 1 — ventral view (nuclear apparatus, contractile vacuole
and food vacuoles are visible). 2 — the arrangement of ciliary rows and buccal ciliature on
the ventral surface of ciliate
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bearing cilia of 7-9 um long and a small undulating membrane. The cytopharynx
measures 7-10.5 pm in length. A contractile vacuole with three to four accessory
vacuoles is present just below the macronucleus. The macronucleus is long, measu-
ring 33-99 pm (average 64 u.m) in length and 3.5-6.5 pm (average S wm) in diameter
with its posterior end rounded and anterior one acuminated. It is placed median and
lies on the longitudinal axis of the body. The micronucleus is single, 2-2.5 pm in dia-
meter and lies by the side of macronucleus (Fig. 1). The posterior part of the body
contains 15-20 food vacuoles congregated below the macronucleus.

Species: Drilocineta perionyxi sp. n.

Host: Perionyx excavatus E. Perrier

Habitat: Intestine (posterior part)

Type locality: Barrackpore, West Bengal, India
Holotype: Z. S. I. Reg. No. Pt. 1750

Paratypes: Z. S. I. Reg. Nos. Pt. 1751, 1752, 1753, 1754

Dtagnosis of Drilocineta perionyxi sp. n.

Body elongated, size 125 pm (85-195 um) by 47 pm (43-85 pm), anterior end
bluntly pointed and curved, posterior end truncated, dorsal side slightly convex
and ventral side incurved, an inverted “U”-shaped sucker of unequal arms, long arm
20-22 pm, short one 12-15 pum, skeletal fibres within su:ker feebly developed, five
to six short ciliary rows in between arms of sucker, 20-22 long ciliary rows on ven-
tral and 28-30 on dorsal side, transverse peristome at posterior end with a small
undulating membrane, cytopharynx 7-10.5 pm, food vacuoles congregated at the
posterior part, single contractile vacuole with three to four accessory vacuoles below
the macronucleus, macronucleus elongated with rounded posterior and acuminated
anterior ends, 33-99 um by 3.5-6.5 um, placed median and parallel to linear axis
of body, micronucleus 2-2.5 p.m diameter located by the side of macronucleus. Para-
ite of the posterior part of intestine of Perionyx excavatus E. Perrier.

Discussion

The long macronucleus, the short ciliary rows between the arms of sucker and
the small congregation of food vacuoles in the posterior part of the form described
above render it to be placed in the genus Drilocineta Raabe. The inverted “U”-shaped
sucker and the lower number of ciliary rows on the ventral and dorsal sides differ
the present species from D. libyodrili (de Puytorac) having the heart-shaped sucker
and the greater number of ciliary rows (24-28 on the left side and ca. 80 on the right
one) reported from Libyodrilus violaceous Bzddard from Gabon, Africa.

The form and size of sucker and dimensions of both components of nuclear
apparatus differ D. perionyxi sp. n. from D. pontodrila (Wichterman), characterized

5 — Acta Protozoologica vol. 14, z. 2
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by “V”-shaped sucker with unequal arms measuring 41 and 34 pm respectively,
macronucleus 65 pm long and 10 pm wide and micronucleus 3 x4 recorded from
the marine earthworm Pontodrilus bermudensis Beddard from Tortugas, Florida,
USA.

Hence the present form is described as a new species and named Drilocineta
perionyxi sp. n.
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RESUME

On décrit un nouveau cilié appartenant a Thigmotricha, genre Drilocineta Raabe, 1972, trouvé
dans la partie postérieure de I'intestin de I'oligochéte Perionyx excavatus E. Perrier provenant de
Barrackpore, Dist. 24-Parganas, West Bengal, Indes. On lui a donné le non de Drilocineta perio-
nyxisp. n. C'est la prémiére fois qu’'on note la présence de ce genre aux Indes.
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Myxobolus eeli sp. n. (Myxobolidae) a New Myxosporidium
from Indian Spiny Eel Mastacembelus armatus (Lacepede)

Synopsis. A new species of Myxobolus (Protozoa: Myxosporidia) parasitizing the intes-
tinal wall of the Indian Spiny eel, Mastacembelus armatus (Lacepéde), is described
in this paper. It is named Myxobolus eeli sp. n.

Introduction

In March—April 1972 out of the thirty eight specimens of Mastacembelus armatus
(Lacepede) collected from Champahati, 24-Parganas, West Bengal, India, four spe-
cimens are found to be infected by a new myxosporidian parasite of the genus Myxo-
bolus. The infection is localized on the intestinal wall in the region just posterior
to the stomach. From the body cavity of the same host occurring at Hyderabad,
India. Qadri and Kumari (1965) described Myxobilatus mastacembeli. The type
slides of the new species are deposited in Zoological Survey of India, Calcutta.

Material and Methods

The cysts from the intestinal wall of the fish were removed and the liberated spores were exa-
mined in physiological saline. All measurements were taken from the fresh spores. Lugol’s iodine
was used for observing the iodinophilous vacuole as well as the polar filaments. For making perma-
nent preparations the spores were fixed in Schaudinn’s fluid and followed by staining in Heiden-
hain’s iron-haemotoxylin. Spores were also stained with Leishman’s stain.

Description

Cysts are small, more or less oblong in shape, creamy-white in colour, measuring
329-400 pm in length and 200-300 pm in breadth and located in the internal wall of
the intestine just below the stomach. Spores are subspherical in front view (Fig. 1)
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and lenticular in lateral view (Fig. 2), measuring 10.5-14.0 um in length (average
12.5 pm), 8.2-11.5 pm in breadth (average 9.75 um) and 6.5-7.5 um in thickness
(average 7.0 um). The spore wall is smooth having a uniform thickness 1-1.2 um,
with two to three triangular folds connecting the sporoplasm. The sutural line at
the middle of the prominent ridge (Fig. 2) is distinct. Polar capsules, two in number,

10um

Fig. 1. Front view of Myxobolus eeli sp. n.
Fig. 2. Lateral view of Myxobolus eeli sp. n.

are pyriform, equal in size, convergent and measuring 4.5-5.5 um in length and 2.5~
3.0 pm in breadth. Each capsule possesses a separate foramen at the apex of its ter-
minal tube. The filament inside the polar capsule is small with six coils and in ex-
truded condition measures 28.0-32.0 um in length. The sporoplasm is comparatively
big, more or less hemispherical in shape with three little projections, measuring 7.0 um
diameter and located below the polar capsules. The iodinophilous vacuole in the
sporoplasm is prominent, circular and measures 2.5-3.0 um in diameter.

Type host: Mastacembelus armatus (Lacepede)

Habitat: Inner wall of intestine

Type locality: Champahati, Dist. 24-Parganas, West Bengal, India.
Holotype: Z. S. I. Reg. No. Pt. 1587

Diagnosis of Myxobolus eeli sp.n. .

Spore is sub-spherical in front view, lenticular in lateral view. Average size of
spore is 12.5 pm (10.5-14 pm) by 9.75 pm (8.2-11.5 um) by 7 pm (6.5-7.5 pwm),
spore wall smooth 1-1.2 um with two to three triangular folds, polar capsules two,
equal, pyriform, convergent, size 4.5-5.5 by 2.5-3.0 um. Polar filament js with six
coils and in extended condition measures 28.0-32.0 um. Sporoplasm is more or less
hemispherical having 7 um diameter. Iodinophilous vacuole measures 2.5-3.0 ym
in diameter, parasitic on the intestinal wall of Mastacembelus armatus (Lacepede).
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Discussion

Fourteen determined and one undertermined species of Myxobolus have so far
been reported from various Indian fishes. Southwell (1915) reported one undeter-
mined species of Myxobolus from Rasbora daniconius (Hamilton). Subsequently
Southwell and Prashad (1918) described M. nodularis from the same host. Chak-
ravarty (1939) described M. calbasui from Labeo calbasu (Hamilton), L. rohita
(Hamilton) and Cirrhina mrigala (Hamilton) and M. mrigalae from Cirrhina mrigala.
(Hamilton). The same author (1943) described M. clarii from Clarius batrachus
(Linnaeus) and M. catlae from Catla catla (Hamilton), Labeo rohita (Hamilton)
and Cirrhina mrigala (Hamilton). In 1948, Chakravarty and Basu described
another species M. bengalensis from Catla catla (Hamilton). Tripathi (1952)
while reviewing the protozoan parasites of Indian fishes described M. indicum and
M. sphericum from Cirrhina mrigala (Ham.), M. branchialis, from Barbus sarana
(Ham.), and M. barbi from Barbus ticto (Ham.), Bhatt and Siddiqui (1964) de-
scribed M. aligarhensis and M. ophicephali from Ophicephalus punctatus (Bloch).
From the same host Ray Chaudhuri and Chakravarty (1970) described M.
punctatus from West Bengal. Karamchandani (1970) described M. batae from
Labeo bata (Hamilton).

The species described here resembles M. sphericum Tripathi, 1952 in having
triangular folds in the spore wall but differs in size (10.5-14%x8.2-11.5 pm Vs.
9-9.5x 7.2 um) and shape of the spore. It is closely allied to M. intestinalis Kudo,
1929 described from Pomoxis sparoides Gilbert in shape and size of the spore. But
the present one can easily be differentiated from M. intestinalis in having smaller
polar capsules (6.5-7.5 um Vs. 7.5-8.0 pm), lesser number of coils in the polar fila-
ments (6 Vs. 10-12) and larger sporoplasm. Therefore, the species under report
is considered as new and named Myxobolus eeli sp. n.
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RESUME

Les auteurs décrivent une nouvelle espéce de Myxobolus (Protozoa: Myxosporidia) parasite
du paroi de l'intestin d’une anguille indienne Mastacembelus armatus (Lacepéde). 1ls lui donnen
le nom Myxobolus eeli sp. n.
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Données complémentaires sur I'ultrastructure
de Neobursaridium gigas Balech, 1941
(Ciliatea, Hymenostomatida, Peniculina)

Synopsis. L'auteur fait une courte description ultrastructurale de Neobursaridium
gigas recontré au Brésil, en complétant les observations de ses prédécesseurs et insis-
tant plus particuli¢rement sur I'analogie de ce Cilié avec quelques espéces de Para-
mecium. L'occurrence de glycogéne au sein de I'endoplasme est signalée et son destin
au cours de situations non favorables & I'animal est discuté. La présence de bactéries
endonucléaires, son mode de pénétration et son action sont rapidement examinés.
La disposition du matériel chromatique en gros et en petits corpuscules est également
traitée.

Introduction

Appuyé sur P'observation d’exemplaires de Neobursaridium gigas provenant
d’Uganda, Nilsson (1969) fait une excellente étude de I'ultrastructure de cet In-
fusoire. On note toutefois que quelques compléments 4 son travail sont nécessaires,
surtout en ce qui concerne les éléments permettant I’analogie de ce protozoaire par
rapport & plusieurs espéces de Paramecium.

Dans une note antérieure, Kattar (1972 a) signale la présence de Neobursaridium
gigas au Brésil, donc sa redécouverte en Amérique du Sud, et fait une courte descrip-
tion de I'animal, tout en soulignant les ressemblances et les différences des spécimens
brésiliens par rapport aux excmplaires de I’Argentine et de I'Afrique.

Matériel et Méthodes

Les Neobursaridium étudiés au microscope électronique provenaient d’une souche obtenue
a Minas Gerais (Brésil) et qui sont depuis 1971 cultivés en laboratoire. Il s’agit d’une “race™ ami-
cronucléée, dont les spécimens présentent en moyenne 600 wm de longueur.

Boursier du Conselho Nacional de Pesquisas (Centre Brésilien de la Recherche Scientifique).
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La fixation a ¢été assurée par la glutaraldéhyde & 4%, dans le tampon phosphate & pH 7.0, pen-
dant 15 min, suivie d'une post-fixation au tétroxyde d’osmium a 1%, dans méme tampon, pendant
60 min. Le matériel a été enrobé dans la gélose a 1.3% et inclus définitivement dans P'araldite. Les
coupes ultrafines ont été contrastées par I'acétate d’uranyle et le citrate de plomb selon Reynolds,
et examinées au microscope Philips sous une tension de 80 Kv.

Résultats

La couche alvéolaire corticale est trés épaisse et détermine des sillons profonds
dans lesquels les cils sont partiellement logés. A I'intérieur de ces alvéoles se trouvent
les crétes ectoplasmiques trés développées. Les crétes ectoplasmiques, les alvéoles
et les cils sont recouverts par la membrane unitaire (Pl. I 1).

Les cinétosomes, généralement disposés par couples, sont ciliés et se situent entre
les alvéoles pelliculaires. Ils se disposent en lignes longitudinales ou cinéties. On
observe juste autour de la région distale du cinétosome un anneau pelliculaire fusionné.
Cet anneau peut envelopper soit seulement un cinétosome, soit une paire de cinéto-
somes. A proximité de la paire de cinétosomes se trouve I"ouverture du sac parasomal
qui est une invagination digitiforme de la pellicule (Pl. VI 8, 9).

Tout au long des cinéties, au niveau des crétes ectoplasmiques, courent sous la
pellicule les fibrilles cinétodesmales (PL. I 1). Sur des coupes longitudinales ces
fibrilles se présentent allongées et avec des stries périodiques transversales; elles sont
plus amincies a 'une des extrémités et s’attachent au cinétosome postérieur de chaque
paire (Pl. II 2). Sur des coupes transversales on observe a l'intérieur de chaque
créte ectoplasmique généralement cing fibrilles cinétodesmales superposées, les
quatre inférieures étant a peu prés de la méme épaisseur et la supérieure étant moins
épaisse \PL. I 1). En partant également des cinétosomes, en direction de I'endoplasme,
on peut voir des fibrilles tubulaires rétrociliaires (Pl I 1).

Les trichocystes, du type Paramecium, s’implantent perpendiculairement sous la
pellicule entre les alvéoles. Ils ont & peu prés la forme d’une carotte (Pl. III 3, IV 4).
Sur des coupes longitudinales ils se présentent avec un corps et une pointe cu téte.
La pointe (PL. IV 5), trés osmiophile, présente approximativement 2.2 y.m et se montre
dense aux électrons; elle a la forme d’un clou et se revét d’une coiffe ou capuchon
dont 'ultrastructure révéle sur des coupes transversales une série de structures inter-
nes semblab'es a des dents (Pl. V 6, 7). Cette coiffe ainsi que le corps du trichocyste
sont recouverts, a leur tour, par une membrane qui ne s’applique pas sur toute la
longusur du trichocyste et le sépare du cytoplasme adjacent. On reconnait donc, sur
des coupes transversales de la pointe, une capsule pourvue de structures internes
sous forme de dents et un tube contenant & son intérieur une substance intratubulaire
plus contrastée que la substance capsulaire. L'ensemble est recouvert par une membra-
ne unitaire vacuola ire. Entre les couches capsulaire et tubulaire on observe un espace
qui se présente en clair sur les électromicrographies.
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Dans le trichocyste adulte le corps se présente peu contrasté sur les électromicro-
graphies parce que la substance dont il est formé n’a aucune affinité par ’osmium,
tandis que chez les trichocystes jeunes il se montre trés osmiophile (PL IV 4).

Dans le cytoplasme de Neobursaridium gigas se rencontrent des mitochondries,
du reticulum endoplasmique, des granules de glycogéne, des ribosomes, des goutte-
lettes de lipides.

Les mitochondries se présentent approximativement sous une forme ovale et
mesurent en moyenne 1.2 pm de longueur par 0.5 pm de largeur; leurs microvilli
ont un diamétre de 200 A (PI. II 2, IV 5). Elles sont trés abondantes et, bien qu’elles
soient distribuées sur toute la masse du cytoplasme, elles tendent a se concentrer
préférablement dans sa région plus périphérique.

Le reticulum endoplasmique granuleux se présente sous la forme de saccules
applatis isolés, entourés de ribosomes. Ces saccules, trouvés surtout aux environs
de la superficie de 'endoplasme parmi les mitochondries, ne se disposent pas 'un
sur l'autre, empilés ou organisés en amas réguliers comme chez beaucoup d’autres
protozoares (Pl. VII 10, 11).

Le reticulum endoplasmique agranuleux est moins fréquent.

On rencontre abondamment dans le cytoplasme des granules dont le diameétre
oscille autour de 100 A et qui sont probablement des réserves alimenta‘res de gly-
cogéne (Pl IV 5, VII 10, 11). IIs sont disséminés dans presque tout le cytoplasme
mais se disposent plus particuliérement & >6té du reticulum endoplasmique rugueux
et autour de quelques trichocystes. 1l faut bien remarquer que dans le cytoplasme
des bactéries ingérées et contenues dans les vacuoles digestives du Cilié, on peut
également constater la présence de ces granules interprétés comme du glycogeéne.

Les gouttelettes de graisse, dont le diamétre oscille de 0.5 & 1 pm, ne se préservent
pas facilement dans le matériel inclus dans I’araldite. Elles prennent des formes irré-
guliéres avec une tendance a la sphéricité (Pl. VI 9). Elles se présentent avec une con-
sistence homogeéne, sont trés osmiophiles et se montrent avec une coloration foncée
sur le matériel examiné au microscope photonique avant ’'inclusion. Dans les coupes
de matériel inclus dans les résines, les gouttelettes de graisse sont moins vivement
contrastées. Elles sont plus abondantes dans ’endoplasme situé entre le macronoyau
et la cavité buccale. Enveloppant certaines gouttelettes on peut voir une mince mem-
brane plus contrastée. Certaines vésicules, apparemment vides, représenteraient pro-
bablement des espaces occupés préalablement par des lipides extraits au cours de
’inclusion.

Les vacuoles digestives sont recouvertes par une simple membrane unitaire;
a leurs environs on observe de nombreuses mitochoadries et des fragments du reti-
culum endoplasmique. La Planche IX 15 montre une vacuole digestive au début
de son développement; les bactéries contenues a son intérieur, vues sur des coupes
transversales ou longitudinales, sont pratiquement intactes.

Dans la cavité buccale ou infundibulum on voit deux péniculi et un quadrulus
(P1. VI 8, 9, VII 10, 11). Chaque péniculus est formé par quatre rangées de cinétoso-
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mes ciliés. Les cinétosomes qui constituent le quadrulus se disposent anarchiquement.
De chaque péniculus partent de longues fibrilles rétrociliaires connectant chaque
péniculus avec la rangée externe de cinétosomes (Pl. VI 8). Il faut noter que sculs
les cinétosomes de la quatriéme et de la huitiéme rangées des péniculi portent des
fibrilles rétrociliaires. C’est justement dans cette région ou I’on peut observer le mieux
les sacs parasomaux et I'anneau pelliculaire fusionné qui recouvre distalement le
cinétosome.

Toujours dans I’endoplasme on signale la présence des faisceaux de fibrilles dont
les éléments constitutifs ne sont pas trés nets (Pl. IIT 3, V 7), ainsi que des tubules
a parois membraneuses dont le diamétre oscille autour de 60 A (PL. I 1).

Le macronoyau est enveloppé par la double membrane pourvue de pores de
650 A de diamétre (P1. VIII 12, 13, 14). A son intérieur se trouvent des corpuscules
denses aux électrons et un réseau fibreux moins dense. Les corpuscules denses sont
les uns gros (0.7 um de diamétre) et correspondent sirement aux nucléoles; plus
nombreux sont les petits corpuscules (0.06 & 0.1 pm de diamétre) assimilables a de
la chromatine. En plus, on trouve parfois des bactéries endonucléaires longues de
1.2 um et larges de 0.4 um. Autour de ces bactéries et a leurs environs n’existe plus
de matériel chromatique, c’est-a-dire de gros ou de petits corpuscules électrodenses
(P1. VIII 14).

Aucune coupe passant sur les vacuoles contractiles n’a été obtenue.

Discussion

Au point de vue de I'ensemble de I'ultrastructure nos observations sur Neo-
bursaridium gigas est en accord avec les travaux de Nilsson (1969) et Dragesco
(1968). Il est donc certain que Neobursaridium se rapproche de Paramecium parti-
culiérement par ['ultrastructure des trichocystes, du cortex et des péniculi. En plus,
les systémes fibrillaires présentent une analogie frappante avec ceux de Paramecium
aurelia, espéce bien étudiée par Jurand et Selman (1969).

La présence de glycogéne dans le cytoplasme de Neobursaridium semble due
a l'ingestion de bactéries. En fait Estéve (1969) a démontré cela chez Paramecium
caudatum. Accumulées dans le cytoplasme de Neobursaridium gigas, ces réserves
alimentaires seraient responsables de la coloration laiteuse a jaunitre de I’animal.
En effet quand les Neobursaridium sont soumis a un jefine prolongé ils deviennent
transparents a cause probablement de la perte ou utilisation des réserves glvcogéni-
ques.

L’occurence de bactéries endonucléaires attire toujours I’attention du chercheur.
La littérature protistologique est trés riche en observations a ce sujet, mais on ne
connait pas encore le type précis d’association réalisée entre les deux organismes.
Puytorac et Kattar (1969) chez Helicoprorodon multinucleatum et Kattar (1972 b)
chez Pseudoprorodon arenicola accusent également la présence de bactéries a I'in-

http://rcin.org.pl



L'ULTRASTRUCTURE DE NEOBURSARIDIUM GIGAS 183

térieur du macronoyau de ces ciliés ol 'on peut voir nettement une lyse de la chroma-
tine. Nilsson (1969) indique chez les Neobursaridium africains une intense invasion
de bactéries intranucléaires. Chez les spécimens brésiliens examinés au microscope
électronique nous n’avons observé que de rares bactéries. Il nous semble que ces
microorganismes auraient pénétré a I'intérieur du noyau a travers les pores nucle-
aires, parce que nous n'avons constaté aucune lyse de la membrane nucléaire.

La distinction du matériel macronucléaire en granules ou corpuscules gros et
granules ou corpuscules petits est trés évidente sur nos électromicrographies. Ils
ressemblent d’ailleurs assez bien aux corpuscules de Paramecium caudatum et de
Blepharisma intermedium. Seshachar (1964) chez Blepharisma intermedium inter-
préte les corpuscules petits comme des fragments ramifiés dans toutes les directions
a lintérieur du nucléoplasme. Nous croyons toutefois que chez Neobursaridium
les corpuscules petits sont indépendants I'un de I’autre au sens qu'ils ne constituent
pas de fragments d’un cordon ou filament.

SUMMARY

The author presents a brief ultra-structural description of Neobursaridium gigas collected in
Brazil, in addition to the observations made by his predecessors and emphasizes the analogy of this
Ciliate with some Paramecium species.

The occurrence of glycogen in the endoplasm is mentioned and the destiny of this substance
in the unfavourable situations is also discussed.

The presence of endonuclear bacterias, the way of penetration and their action are briefly exa-
mined.

The disposition of the chromatic material in small bodies and larger bodies is also treated.
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EXPLICATION DES PLANCHES I-IX

L'ultrastructure de Neobursaridium gigas Balech, 1941

1: Coupe légérement oblique montrant les crétes ectoplasmiques, les alvéoles pelliculaires et les
fibrilles cinétodesmales. Les fieches indiquent quelques tubules & paroi membraneuse. X 47 900
2: Coupe a peu prés longitudinale de fibrilles cinétodesmales, montrant la périodicité des bandes
transversales. Le cinétosome postérieur est en rapport avec une fibrille cinétodesmale x 75200
3: Des trichocystes adultes coupés longitudinalement. Noter le point d’implantation de la pointe
cont(r)esgg pellicule entre les alvéoles et des faisceaux de fibrilles dans I'endoplasme (fléche).

2

4: Coupe longitudinale d'un trichocyste adulte (2 gauche) et d'un trichocyste jeun (adroite). Re-
marquer que le corps du trichocyste jeun est fortement osmiophile. x 14500

5: Détail, sur coupe longitudinale, de la pointe d’un trichocyste adulte. x 47500

6: Coupe transversale intéressant la pointe de deux trichocystes. x 65200

7: Coupe transversale passant par la pointe et le corps de plusieurs trichocystes adultes. La fleche
indique un faisceau de fibrilles dans I’endoplasme. x 32600

8: Coupe au niveau de I'infundibulum mettant en évidence les péniculi, des fragments du quadrulus
et deux rangées de fibrilles rétrociliaires connectant les cinétosomes de la quatriéme et de la hui-
tiéme cinéties des péniculi. Entre les cinétosomes on observe I'ouverture de quelques sacs para-
somaux. x 7000

9: Coupe de I'infundibulum intéressant les péniculi. Observer les anneaux fusionné set I'ouverture
d’un sac parasomal (fleche) a cdté des cinétosomes. x 13000

10: Coupe a peu prés longitudinale passant par le péniculus montrant les cils recouverts par la
membrane unitaire et leurs microtubules. Dans I’endoplasme on observe les rideaux de microtu-
bules connectés aux cinétosomes, des fragments de reticulum endoplasmique et du glyogéne. x 39300
11: Coupe oblique au niveau d'un péniculus mettant en évidence des cinétosomes et les rideaux
de microtubules. Chaque cinétosome est enveloppé distalement par un anneau pelliculaire fu-
sionné. Noter I'abondance de granules de glycogéne et les fragments du reticulum endoplasmique.
% 39300

12: Coupe a travers le macronoyau, montrant la chromatine constituée par de gros et de petits
corpuscules, x 10000

13: Electromicrographie du macronoyau avec sa double membrane nucléaire pourvue de pores
(fleche). x 26700

14: Détail du macronoyau a lintérieur duquel on observe trois bactéries. Remarquer I’absence
de matériel chromatique aux environs des bactéries. x 47900

15: Coupe au niveau d’une vacuole digestive au début de son développement contenant 4 son
intérieur des bactéries intactes. x 14500

Abréviations: A — alvéoles pelliculaires, Af — anneau pelliculaire fusionné, B — bactérie,
CE — créte ectoplasmique, ER — reticulum endoplasmique granuleux, FR — fibrille rétro-
ciliaire, G — glycogéne, K — cinétosome, KD — fibrille cinétodesmale, LI — gouttelette
de lipide, m — mitochondrie, M — macronoyau, P — péniculus, PS — sac parasomal, Q —
quadrulus, R — rideau de microtubules, T — trichocyste, TC — corps de trichocyste, TP —
pointe de trichocyste, TF — coiffe de trichocyste, VD — vacuole digestive
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Insti of Ei logy, Dept. of Insect Pathology, Academy of Sci
Flemingovo n. 2, Praha 6, Czechoslovakia

Jaroslav WEISER and Zden&k ZIZKA

Stages in Sporogony of Plistophora debaisieuxi
Jirovec (Microsporidia)

Synopsis. Six distinct steps are characterized in the sporogony of Plistophora debaisieuxi
according to ultrastructures: (1) The sporont grows from a transformed diplokaryon
to a multinucleate plasmodium with nuclei in finger-like protrusions. ER-lamellae
grow from one single to several in parallel layers. The outer membrane is thin, adher-
ent to protrusions. A dense deposit is formed outside on their basal part. (2) The pros-
poroblast is still connected with the central mass. ER-lamellae form a multiple cap
on the nucleus. On the surface of the outer membrane are hemispherical EM-dense
coagula. (3) The young sporoblast is still connected with the central mass, its polar
filament begins to form. On the surface the coagula change to a fleece of tubular pro-
trusions. (4) The mature sporoblast is free, its polar filament is completed and coiled
posteriorly. A posterior body takes part in its construction and it remains active
till maturation. It is spongioid in structure and differs from Golgi’s complex. (5) The
young spore is shrunken after fixation. Its outer membrane has a fleece of tubular
protrusions. The posterior body (posterosome) is in a vacuole. Qutside, the host tissue
is digested and a periparasitic vacuole appears. (6) The mature spore is rigid, oval
with the electron transparent layer under the surface wall. On the surface the fleece
is maintained originating in a honeycomb-like layer. The interior of the spore is
inapparent.

Introduction

The genus Plistophora is characterized by a sporogony where the sporont develops
into many (more than 16) spores. Facing many new descriptions this definition given
by Kudo (1924) needs a revision. But the old generic definition is good enough for
the present study of some ultrastructures of the microsporidian Plistophora debai-
sieuxi Jirovec, 1943, a pathogen of blackfly larvae widely distributed in breeding
places of the Simuliidae.

Stages of sporogony are the only frequent stages in tumor-like cysts in the invaded
fatbody lobes. Their histology was well studied and depicted by Debaisieux and
Gastaldi (1919). Vavra (1963) described tubular projections on the surface of the
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186 J. WEISER AND Z. ZIZKA

spore walls and Maurand (1973) confirmed his observation. In his dissertation
Maurand defined the sporogony as the last steps of development after the diplo-
karyon stage. First sporonts are uninuclear, later they form multinuclear plasmodia.
Nuclei of the plasmodia move to the periphery and lose their dense, compact ap-
pearance. Then they break after observations of Maurand into 16 to 32 sporoblasts
which maturate separate into oval spores.

The definition of what are stages in sporogony, which of them are first and which
later depends very much on the estimation of the authors. In this paper we will dif-
ferentiate some fundamental stages in sporogony of P. debaisieuxi which would be
helpful to authors working with microsporidia in comparative studies of sporogony
in other species.

Material and Methods

Studies were performed on infected larvae of Odagmia ornata with prominent white elongate
cysts of the microsporidian in the fat body of the posterior segments. Living and motile larvae were
cut open under the dissecting microscope. Cysts with the parasite were extracted from the tissues.
One third of the cyst was used for preparation of a wet smear for identification of the pathogen.
The remaining tissue was brought into a drop of 4% glutaraldehyde in cacodylate buffer and after
the performed diagnosis this material was transfered into a vial with surplus gluteraldehyde and
fixed at 4°C over night. After washing in changed cacodylate buffer for 8 h it was refixed in 1%
osmic acid in cacodylate buffer for another 8 h. After washing of the material it was embedded in
Vestopal W and Durkupan after the procedures indicated by the producers. Material was cut on
a Tesla ultramicrotome with glass knife and studied in a Tesla BS 613 electron microscope after
staining with uranyl acetate and lead citrate.

The primary smear was used for studying in optical microscope after fixation with methyl alco-
hol and staining with Giemsa stain. One part of the material was hydrolysed with 0.1% hydrochloric
acid at 90°C for 30 sec to 1 min and after washing with tap water was stained with Giemsa for selec-
tive staining of the nuclei inside the spores. Other material was smeared on cover slips, fixed in
Bouin’s liquid and stained with Heidenhain’s iron hematoxylin.

Results
Stages of Sporogony in the Light Microscope

The starting point for the sporogony of Plistophora debaisieuxi is the end of the
large autogamic diplokaryon stages with well visible chromosomes as described
by Debaisieux and Gastaldi (1919). The next step. the sporont is a spherical
cell, 10-15 um in diameter with a large nucleus and chromosomes arranged in a coil
which is crossed in the centre by an achromatic bundle (Pl. I 2). The nucleus does not
come to a quiescent form, the chromosomes remain formed for most of the subse-
quent divisions. Binuclear, quadrinuclear and multinuclaer plasmodia can be seen
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in the mass of developmental stages, with well formed dividing figures. After the
third or fourth division of nuclei these proceed to the surface of the plasmodium
and one part of them protrude from the surface as spherical protrusions (PI. I 1).
These preceed the rest of the plasmodium and are shed off first. The remaining nuclei
are closed in finger-like protrusions which form morula-like groups where the pro-
trusions are connected in the centre with the remaining cytoplasm of the plasmodium
(PL. IIT 6). At the end the protrusions separate from each other and change to oval
sporoblasts which are free in host cells. There are no visible differences of structures
during the development of sporonts to sporoblasts. The sporoblasts are not closed
in any common membrane except the host cell. In mature cells the special staining re-
veals onesingle large nucleus in the central part. In most spores the polar filament is well
visible as a coil in the posterior end of the spore. In the anterior end of the spore the
vacuole which does not stain with Giemsa, represents the polaroplast. The posterior
vacuole is in young spores occupied by a metachromatic granule of irregular shape,
about half of the size of the nucelus.

Stages of Sporogony in the Electron Microscope

Ultrastructures of the dividing sporonts of P. debaisieuxi during the first three
divisions are very poor, but subsequent stages present specific morphological features
and may be divided into six steps (Table 1).

(1) Sporonts represented by plasmodia before the formation of finger-like pro-
trusions are cells with a thin membrane on the surface. with a large nucleus with
one or several nucleoli of different size. Only one or two lamellae of the endoplasmic
reticulum surround the nucleus which has a thin membrane. There is no visible dif-
ference in structure of the cytoplasm between the host cell and this stage of the para-
site. Mitochondria are present only in the host cell. After the third cycle of nuclear
divisions finger-like protrusions are formed (Pl II 4).

(2) During this procedure a multiple endoplasmic reticulum with flat lamellae
and parallel arrangement is formed around the nucleus. This remains during the rest
of sporogony. At the same time an electron-dense coagulum is formed on the sur-
face of the outer layer of the membrane (Pl. II 5). On the lateral and distal part it
breaks into flat, hemisphaerical particles evenly distributed over the surface. For this
stage we propose the term prosporoblast.

(3) The young sporoblast, the next step, is characterized by formation of the prim-
ordia of the polar filament. The ER-lamellac broaden in the distal part, some of them
change into vesiculae in the distal part of the “fingers” and a special structure, the
posterosome or posterior body is formed. It is a spongioid structure of tubu'es with
many interconnections (PL. III 6, IV 7, V 8) which are partially filled with some EM-
dense substance. They do not communicate with ER-lamellae or vesicles, they have
not the typical arrangement of the Golgi complex. When it first appears it is almost
a spherical structure closed up by a surface-layer of tubules. On its outer margin
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Table 1
Distribution of Structures in the Sporogony of Plistophora debaisieuxi
Sporonts Prospo- Zp‘::_’g ?;t:': Young | Mature
roblasts
blasts | blasts | o | PO

Outer membrane thin thin thick thick
Fleece . rerp i ek st
Chitinous layer HE BT
ER-lamellae

Flat . e e T o B

Vesicular 5 +4 4 +
Posterosome } ++++| +++ | +++
X-group | ++ :
Polar filament |+ ettt | b |
Polaroplast ‘ | ++ |++++
Plasmodium ++++ ' !
Fingers ++++ [ ++++
Free stages + +4+4+4 [ F+++ |+
Proteolysis of host tissue | Gt | 4+

i

Shrinkage | +4++4+

I ity of the develop of the structures: . — first appearance, + — under development, ++ — formed
4+ 4+ — functional, ++++ — full functi e = P but not d rated

(PL. IV 6, V 7) the dark substance concentrates in a system which helps to build the
polar filament. There is no analogy in structure of the tubules and of the polar fila-
ment, only the dark substance sticks to the newly built filament. All the rich system
of flattened and vesicular lamellae of the endoplasmic reticulum persists. The elec-
tron-dense substance spreads again over the surface and tubular projections of the
wall form a dense fleece on the surface. Their basis comes from a honeycomb-like
structure on the covering membrane of the sporoblast and the elongated tubules are
fixed to the surface in several points. With further growth of this stage which is still
connected with the central plasmatic area of the plasmodium, the tubules deteriorate
and open into empty shells (Pl. VI 10). The orientation of the future spore is well
fixed at this time: the posterior pole with the posterosome is distal, the antesior pole
proximal to the centre of the rosette (Pl. 1II 6).

(4) The mature sporoblast breaks the connection with the central plasmatic
area and becomes free. Remains without nuclei are autolysed and disappear. In
the interior, the polar filament is finished, with its basal cap separated by a narrow

http://rcin.org.pl



SPOROGONY OF PLISTOPHORA DEBAISEUXI 189

plasmatic bridge from the outer membrane of the spore. In fact, there is no connec-
tion of the polar filament with the polar cap and spore membrane, which may ex-
plain the process of extrusion and opening of the spore. The filament is coiled pos-
teriorly, the number of coils is varying from individual to individual. The postero-
some is located in the centre of the coil, still functional, with the dark substance in
the interior of the tubules, spongioid in its organization (Pl. V 8, 9). The outer mem-
brane of the mature sporoblast is thick and dense, not shrunken. Tubules of the
fleece are empty shells with C-like cross sections. First signs of a digested halo ap-
pears around that stage (Pl. VI 10).

(5) The young spore is characterized by a shrunken outer wall, its nucleus is
almost inapparent. The posterosome is well differentiated in a vacuole where the
dense pulp remains as a spongioid framework (Pl. V 8, VI 10).

(6) The mature spore is rigid and pear shaped to oval, the outer membrane is
covered with a dense growth of tubules and honeycomb like structures which are
curled in the digested parasitophorous vacuole. An electron-transparent thick layer
is deposed under the outer membrane. It corresponds with the chitinous layer. With
the hardening of the spore wall, the internal structures are not well visible. In the
spores the posterior vacuole which is the seat of the posterosome, is broken and
does not remain in sections. Around each spore there is a sheet of the host cytoplasm
which closes up the tubular fleece on the spore surface (Pl V1 13).

Discussion

With the complexity of its structures, Plistophora debaisieuxi is a special case
among the microsporidia. This special complexity allows to define subsequent steps
in sporogony, steps which occur in all microsporidia, but have not rich morpholo-
gical characterization in other species. We will not discuss in this study the host—
parasite relationship which is the object of another study.

The membranes of the sporont. During the growth and differentiation there
is no evidence cf any persistent membrane which may represent a persistent envelope
of the plasmodium and later a vesicle forming the wall of the pansporoblast. When
buds protrude from the plasmodium and grow to sporoblasts, the outer membrane
follows the morphological changes and sti:k to the finger-like protrusions as their
single and own membrane. The parasite is embedded into the cytoplasm of the host
cell and all communications of nutricnts are so ideal that on both sides there are
no differences in ultrastructures (except the mitochondria in the host) and the mem-
brane is very thin.

With further maturation a qualitative change is observed during the young spore
when the former stretched wall is shrunken and folded after fixation with glutaral-
dehyde-osmic acid. The permeability of the wall has very much changed and does
not allow the exchange of outer and internal osmotic pressure. The spore wall smo-

6 — Acta Protozoologica vol. 14, z. 2
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othens again during spore maturation when the thick chitinous wall is deposed in
the outer membrane. Whereas former changes of the wall proceed rather slowly, this
chitinous layer seems to be deposed very fast and there are no intermediary stages.
The only preparation for this change are multiple vesicles which are deposed under
the wall of the young spore. At the time when the definite spore wall is formed, they
disappear.

The tubular structures, the fleece on the surface of the prosporoblasts, sporoblasts
and spores, are characteristic for P. debaisieuxi but they may occur also in other
mcrospo ridia. The material for them is provided by the parasite and is deposed
first in a continuous layer on the surface of the stages. The mechanism of tubule for-
mation is not clear but may be connected with a secretion through the wall, perhaps
by pores mentioned by Liu and Davies (1973) in Thelohania bracteata spore-walls.
The formation of some stalagmites by coagulation of substances from liquids may
be armodel of this procedure. At the time when digestive processes outside the young
spoce form the parasitophorous vacuole, the tubules are not digested. The tubular
fleece is analogous to mucus deposits on spores of other microsporidia.

Lamellae of the endoplasmic reticulum appear first as solitary structures encir-
cling the nucleus. They form multiple layers with a parallel arrangement of the flat-
tened type. Later a system of vesicular ER appears beside of the first. It is first con-
centrated in the posterior part of the sporoblast, later they are spread over the whole
sporoblast and spore till formation of the chitinous layer.

The polar filament appears first in the young sporoblast. Its formation is connect-
ed with the function of what we propose to call the posterior body or posterosome.
This spongioid structure of anastomosing tubules is adherent to the newly formed
filament coil, on its surface it produces in the first period a foamy network which
is very similar to what was shown in spores of a Metchnikovella by Richards and
Sheffield (1970) (Pl. III 6). The electron dense mass which is coagulated around the
coiled part of the filament is also visible on cross sections of the other end near the
polar cap. The organization of the polar filament is that known from other studied
cases. In some figures signs of a granulation — longitudinal as well as circular — of
the filament can be recognized. The polar cap of the filament is separated from the
pole of the spore wall by a narrow plasmatic layer and there is no visible permanent
indication of the point where the spores open for the extruded filament. The polar
cap is cup-like and the neck of the polar filament is turned up in a collar (PL. VI 10,
12). There is an indication of a conical plug in the neck. Some authors tried to dif-
ferentiate microsporidia of identical spore size and shape with the use of the angle
of the arrangement of the coil of the polar filament and the number of cross sections
of the filament. This feature may need much more investigation. In our sections the
number of coils in the sporoblast and spores varied from 7 to 20 and it is not possible
to show any general development of this feature during the maturation of the spore.

The authors who studied the ultrastructures of microsporidian spores indicate
in accordance with Vavra (1965) and Sprague and Vernick (1969) the Golgi
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apparatus as the source of the polar filament. As a matter of fact there is no evidence
of a typical Golgi apparatus in microsporidia. It is absent in vegetative stages and
the structure occurring in sporoblasts and spores is far from the well known lamellar
arrangement of endoplasmic reticulum with lateral vesicles and its polarized orien-
tation to the nucleus. Liu and Davies (1972 a), did not find a typical Golgi complex
as the source of the polar filament of Thelohania bracteatain frozen-etched sections.
They found only expanded sacs located around the ascendent part the polar filament
and these sacs change later into lamellar structures of the polaroplast. In our mate-
rial of P. debaisieuxi we find the posterior body or posterosome as a structure which
was nol defined nor studied by any author. Maurand (1973) has this structure in
most ultrathin sections of spores, in Thelohania bracteata, T. contejeani, T. moenadis,
Nosema orthocladii, N. infirmum and Stempellia simulii. He takes it for a Golgi com-
plex. In one case, he takes another fragment of this system, appearing in the other
side of the spore for a mitochondrium (his Fig. 97). The question of the mitochondria
in microsporidia is still open. The posterosome is neither one nor the other. It ap-
pears at the time when the polar filament is formed but it remains in the sporoblast
and spore during the whole maturation and seems to be functional. It has no distinct
outer membrane and this makes it different from mitochondria. The anastomosing
branched spongioid structures of tubules remains as subspherical mass and later
it is more “transparent” as if there had formed a vacuole in which the dark pulp of
the tubules is well visible (Pl. VI 12). Evidence of this structure in at least 7 microspo-
ridia by Maurand makes it a normal structure for microsporidian spores. It is sig-
nalized from T. bracteatabut Liu and Davies (1972 b) do not mention it. But a study
of their freeze-etched materials reveal this structure on Figs. 1, 2 and 5 under
the designation of ER, endoplasmic reticulum. The fate of the posterosome in ma-
ture spores is not clear. They usually break one part of the section in the posterior
part and it does not stay (Pl. VII 13). It is just in the area where the posterosome is
located. ,

The nucleus and the polaroplast of the sporoblasts and spores is less prominent,
this may depend on fixation. Concerning the chromosomes and the presence of the
nucleus, methods with optic microscopy are more efficient than EM methods. Com-
pared with what can be seen in wet mounts and Giemsa smears, it is peculiar how
much the procedures in the plasmodium and pansporoblast differ in the EM from wet
mounts. It is well presented when we compare Pl. I 1 and PI. III 6. Surface buds,
irregular and spherical, differ very much from deep finger-like parts of the pansporo-
blast. After all, the surface buds are the first series of separation of sprooblasts which
makes the original number of nuclei and sporoblast in sporogony so irregular. A se-
cond interesting experience is that spores in pansporoblasts are not formed by a de-
liberate process. From the first period of the plasmodium, the anterior poles of fu-
ture spores are oriented to the centre and posterior poles to the periphery of the pans-
poroblast. There are no remains of nuclear material or other structures of the plasmo-
dium in the central area. During maturation the cementation of the spore wall cau-
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ses shrinking of the stage under outer pressure and without active transport of the
content through the membrane. This impermeability is present also during spore
maturation, but the incrustation of the wall with chitin resists to the pressure and does
not show the shrinking.

It is interesting that all nutrition of the parasite before cementation occurs in
a “friendly” way, without symptoms of cell damage. Only at late stages during spore
maturation symptoms of proteolytic destruction of the host cell are visible. The
sheaths of host tiusue around each spore remind very much the structures characteri-
zing the genus Tuzetia (Maurand 1973) and the definition of this genus must be
carefully studied again.

SOMMAIRE

La sporogonie de Plistophora debaisieuxi est dividé en six stades distinctes charactérisés par leur
ultrastructure. (1) Le sporonte se develope d'un diplokaryon transformé dans un plasmode multi-
nucleé, avec les noyaux déposés dans les protrusions spheriques. Lamelles du R. E. s’augmentent
d’une seule couche a une groupe déposée en bloc. La membrane extérieure est fine, elle adhere a tous
les protrusions. Une masse dense se depose sur la membrane extérieure dans la partie basaledes pro-
jections. (2) Le prosporoblaste est lié a la masse centrale du plasmode. Ses lamelles du R. E. produisent
un bonnet de plusieurs couches sur le noyau. Sur la membrane exterieure se forme une couche de
cogaulations hemisphériques. (3) Le sporoblaste jeune qui est aussi lié a la masse centrale, commence
a former le filament polaire. Les coagulations sur I'exterieur se transforment dans une couche de
tubules. (4) Le sporoblaste mure est séparé¢ du plasmode. Son filamen polaire est complet et enroulé
au postérieur. Le posterosome participe a la construction du filament et reste active jusqu’a la spore
mure. C'est une structure spongieuse, différente du complex Golgi. (5) La spore jeune est deformée
et comprimée apres la fixation. La membrane externe est couverte d'un poil des tubules. Le postero-
some est renfermé dans une vacuole. Autour du stade est dissolu une vacuole periparasitaire. (6) Spore
mure est ovoide et résistente, avec la couche transparente de matiere chitineuse. Le contenu de la
spore est peu visible.
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EXPLANATION OF PLATES I-VII

1: Mature spores of Plistophora debaisieuxi with visible oblique coil of the polar filament, In the cen-

tre a plasmodium buding into sporoblasts distributed irregularly over the surface. Phase contrast.

2000 x

2: Autogamic diplokaryon stages before sporogony. Typical transversal bundles divide both

chromosomal groups. Bouin, Heidenhain. 7000 x

3: A sporogonial plasmodium with three dividing nuclei and two retarded ones. Bouin, Heiden-

hain. 7000 x

4: The sporont stage with distinct nucleus (N) and nucleolus, and a single ER-lamella (E) in the host

cell (h). 22 000 x

5: The prosporoblast of P. debaisieuxi with the cap of ER-lamellae (E) over the nucleus which

divides by mitosis (A). On the covering membrane there are electron-dark coagula on the distant

part (0). n — nucleus of the host cell. 15 700 x

6: Section of the pansporoblast with finger-like protrusions, in the stage of young sporoblasts.

The central plasmatic remains (R) have vesicular ER-lamellae. In the sporoblasts we find erga-

stoplasmic lamellae (E), the posterosomes (P) and the polar filament in the process of formation

(see left lower corner). The tubular protrusions on the surface form the fleece. Between the spo-

roblasts is the system of the host cell with mitochondria (m) and host ER-lamellae. 16 200 x

7: The young sporoblast with the tubular fleece on the thickened covering membrane. N — nu-

cleus, E — flattened lamellae of the endoplasmic reticulum, V — vesicular ER-lamellae. The po-

sterosome (P) show the black secretion in the tubules and the polar filament close by (F). Another

specialized lamellar system (X) is connected with the posterosome. 40 000 x<

8: Cross section of two pansporoblasts: a with sporoblasts and b with mature spores. In the centre

(a) cytoplasm of the host cell with mitochondria. Sporoblasts have ER-lamellae, the polar filament

and the posterosome. Two are of the “young” type, with smooth membrane. Others are of the ce-

menting, shrunken type of young spores. The pansporoblast with mature spores (b) shows the spo-

res with the long tubular fleece and the digested periparasitic vacuole. The host cell produces

the thin membranous envelope of each spore. The nucleus of the host cell is excentrical (h). 6800 x

9: A mature sporoblast of P. debaisieuxi with smooth surface. Tubular fleece (T) on its surface.

The nucleus (N) with nucleolus. ER-lamellae and cross sections of the polar filament. On the pos-

terior pole the posterosome (P). Outside the host cell with mitochondria (m). 18 200 x

10: A young spore during cementation of the covering membrane and resulting shrinking of the body.

Visible are coils of the polar filament, the posterosome (P) in a vacuole and empty shells of the fle-

ece. The polar filament (F) ends in the polar cap which is separated from the spore wall by a plas-

matic layer. In the opening of the filament there is a darker plug. 20 200 x

11: Tangential section of a mature spore with structures of the tubular fleece. 21300 x

b?"): l:’ﬁlzo cap of a young spore with the ending of the polar filament. This is turned up in a collar
; X

13: A mature spore of P. debaisieuxi with shells of the fleece. The thick chitinous layer of the spore

wall is under the covering nembrane. Internal structures not well fixed, showing the polar filament

and a thick wall closing up the polaroplast. 29 500 x

On insert: Cross section of an adult spore with the posterior vacuole resistent to cuting 8700 x
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Institute of Zoology, Academy of Sciences of the Azerbaijan SSR, Baku, Krylova §
and Laboratory of Cytology of Unicellular Organisms, Institute of Cytology Academy of Sciences of the USSR,
Leningrad F-121, Prospekt Maklina 32, USSR

. I . ATAMAJUEBuP.M. BATUPOB
F. G. AGAMALIEYV and R. M. BAGIROV

CyTouHble BEPTUKAJIbHBIE MUrpauuu MH(Y30puii
(MHKpPOOEHTOC, MJIAHKTOH, NEPUPUTOH)
Kacnuiickoro mopsi

Diurnal Vertical Migrations of Microbenthic, Planctonic and Periphytonic Ciliates
of the Caspian Sea

Cunoncuc. CYTOMHBIC BCPTHKAJIbHBIE MHrpauud uHdy3opuit MukpobeHTOCa, niaHk-
ToHa W nepudurona Cpeanero u FOxuero Kacnusi H3yyanHch B Pa3sHbIC CC3O0HbI
rona. B MHKpOOEHTOCE BEPTHKAJIBHLIE MHrpaund ncaMModuIbHbLIX HHPY3OpHit
H3YYCHB! HA TPEX THMNAxX Mecka (MCJIKuit, reTeporeHHstif, cpeannif, KpynHelii). ¥ Beex
H3y4aeMbiX Irpynn HHQY30pHil MHrpaunsa B BEPXHHE TOPH3OHTHI HAYHHACTCA C BTO-
poii MOJIOBMHLI AHA, @ MHUIpauus Briydb ¢ paccseToM. B pesysibraTe B XO0J0aHOE
u Geanoe cseroM Bpems roaa MHQYZ0pHH npeObIBAIOT B NOBEPXHOCTHBIX CJI0SX
TPYHTa H BOIBI JOJBILC YeM B Temioe Bpems roga. CosHEYHAs Noroja Bbi3biBAcT
Bosee yCHACHHYIO MHIPALHIO OCHTHYCCKHX HHDY3OPHIt B HHIKHHE TOPH3IOHTHI ICCKa,
a4 TAKKE TOPH3OHTAJILHOE mepepacnpeneseHne (MUrpauds B TeHb Kamueil, noa
BOJIOPOC/IH H 1p).

Beeaenne

BonpocaM BepTHKaJbHON MHIPAlHH MOPCKHX H IIPECHOBOJHBIX OPraHH3MOB
TOCBALLEHO OYeHb MHOro paboT. OaHaKo, NPUYHHBI CYTOYHBIX BEPTHKAJIBHBIX
MHTPALHH, CBA3aHBIX C YE€PEAOBAHHEM CBETJIOTO H TEMHOIO BPEMEHH CyTOK BBI-
SICHEHB!I ele HepocTaToyHo. OOHM aBTOPBI corjlacHo cBoaxke KoHCTaHTHHOBA
(1967) 0OBACHAIOT MHTPALHMH KaK peakLHIo POTOTPONH3MA, APYrHe — KaK pe3yiib-
TaT B3aMMOJEHCTBUS (POTO- M reoTponusMa. A mHorue apyrue asTopbl (Huxo-
naeB 1952, Maureiidenn 1960, 1972) yxa3piBaror, 4TO B BEPTHKAJIbHBIX MHIpa-
uusx GosbLIoe 3HAYEHHE MOTYT MMeTh Ouosiormyeckue u OHOIEHOTHYeCKHe (ax-
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TOpPHI, B YaCTHOCTH YXOJ XXEPTB OT XHIUHHKOB YTPOM B HHKHHE HEOCBELICHHBIC
cnou. Bce 3TH rHIOTE3b! OCHOBBLIBAJIMCL MaTepuajamMu HabGaroaeHud 3a MHOro-
XJIETOYHBIMH OPraHW3MaMHu.

Yto Xe KacaeTcs OJHOKJIETOYHBIX OPraHM3MOB, B YaCTHOCTH HWH(Y30pHi, TO
HX BepTHKAJbHble MHIpPalHH (OCOOGEHHO CYTOWHBIC BEPTHKAJILHBIC MHIPALHH)
B Pa3sIMYHBIX reorpaduyueckux palionax u3y4eHsl eule HeaocTaToyHo. Kax u3BecTHo
HH(Y30PHH IIHPOKO PACHPOCTPAaHEHbl B BOAOEMAaX BCEX KOHTHHEHTOB 3€MHOIO
miapa W CiyKaT OHOJOrHYECKHMM HWHAHKATOpPAMH 3arpsA3HEHHOCTH BOJOEMOB,
a TaKKe SBAAIOTCS NMHINEH IS MOJIOAHM MHOIHX NPOMBICIOBBIX Ppuib. IMomumo
3TOro, MHOTHE BH/BI HX IOCTOSIHHO HCHOJIL3YIOTCS B XaueCTBe OOBEKTOB A
LUTOJIOTHYECKHX, (DH3HOJIOrHYeCKHX, OHOXMMHYECKHX M ap. uccaegoBanmii. Ilo-
TOMY M3YYEHHE OKOJOIrMH MHGQY30pHil PpasJnyHBIX Treorpaduyeckux PpanoHOB
3eMHOTO LIapa NpeACTaBiseT OOJIBIIOH TEOPETHYECKHH M NPAaKTHYCCKHH MHTEpEC.

W3yyenne BepTHKaJbHONH MuIpanuu HHOY30pHi OCOGEHHO YCHJIHJIOCH TOCie
Beixoza pabor Uhlig (1964, 1965), paspaboTaBiiero HafexHyo METOAMKY KCTpa-
rupoBaHus ncaMmoduibHbIX HH(QY30pHii u3 rpyata. B pa6orax Fenchel and
Jansson (1966), Fenchel (1967, 1968 a, b, 1969), Aramanuesa (1967 a, b, 1970,
1972, 1973), Bypkoscxoro (1968, 1971), Petran (1968), Margalef (1963, 1968),
Beers and Stewart (1967, 1969), Mopo3oscxas (1971), 3auxa (1972, 1973),
Hartwig (1973) noapo6Ho paccMaTpHBAlOTCS BONPOCH! BEPTHKAJILHOM MHIPaLHH
GbayHbl B LeJIOM M OT/EJbHBIX BHAOB HH(DY30pHIi B IpyHTE M ToJwe BoAbl. OAHAKO,
CYTOYHBIC BEPTHKAJbHbIC MHIPAHH HHOY3OPHIi [0 HACTOSALIErO BPEMEHH HE H3Y-
Yaauck. B 9Tol 06acTin MOXHO Ha3BaTh TONbKO paboTsl 3auxa (1972), B xoTOpPOM
JaloTCsA CYTOYHBIE BEPTHKAJbHBIE MHIPALMH HECKOJILKHX BH/IOB IJJAHKTOHHBIX
undy3opHii.

B nacrosuiei paboTe M3IaraloTCs OCHOBHBIE pe3yJIbTAaThi M3YUEHHS CYyTOYHBIX
BEPTHKAJBHBIX MHUIPAIHi BCEX 3KOJOTHYeCKHX rpynn uH(ysopuit (MuKpobeHTOC,
IUIaHKTOH, nepHpuron) Kacnuiickoro mops.

MeTtoauka paboThl M -KpaTKas 3KOJOrHYecKas
XapakTepHCTHKA palOHa MCCICJOBAHHS

Pa6oTta nporoaunace B Teyenue 1969-1973 rr. B pasnununbix yyactkax Cpeauero
n IOxnoro Kacnus (Ha pa3pe3ax: Maxaukana, depbert, Xypart, Xaumac, Ycrse
p. Kypni, Kypunckas xoca, Jlenxopaunb, Dopr-Illesyenxo, Ilecuamwiif, bexram,
Kyynn-masx) 3aimBax 3amaflHoro M BOCTOYHOrO mobepexbs, a TAKXKe OCTpOBaX
Baxuncxoro u Ammeponckoro apxunenaros. CyToynsie HaGJII0/eHNs TPOBOAHIKCE,
B OCHOBHOM, Ha 4eThIpeX paspe3ax-Maxauxana, yctee p. Kypsi, Bexram, Kpacno-
BOJICKHii 3aJIHB M YaCTHYHO Ha noGepexse Anmeporckoro nojyoctposa. Ha ocrans-
HBIX pa3pe3ax Obun coOpaHsl TOJNBKO KauecTBeHHble npobbl. ITocneanne B MUKPO-
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Genroce u mepudurToHe ObuIM coGpanbl MyTeM COCKaGNMBAHMS TNOBEPXHOCTHBIX
CJIOEB TPYHTA M HENMOABHXXHBIX €CTECTBCHHBIX, & TAaXKe HCKYCTBEHHbIX OOBEKTOB.
KonuvecTBenHble mpobbl MuKpoOenToca coOupanuch NMOpLIHEBOH TpyOxoii (ama-
MeTp 2cm) nocaokino: 0-1, 1-2, 2-3 cm; u najnee ¢ MHTepBajamMu B 1 cm go riay-
Oounpr 20 cm. [Ins M3yveHHA CYTOYHOM BepTHKaAbHOM Murpauuu uHdy3opuit or6op
npo6 mpoBOAHMJICA B TOM ke Mecte 6 pa3 B cytku (16, 20, 24, 4, 8 n 12 4acos).
B obmeii cimoxHocTH u3yveno cppime 1000 npo6, u3 Hux 250 KOJIHYECTBEHHBIX.
ITocaenue H3yyaaucs, He NMo3/aHee, YeM yepe3 | 4ac mocne B3ATHA. Ui BBIICICHHS
uHpy30puit u3 necka 6l npuMener Metoa Yaura (Uhlig 1964, 1965), onucanune
KOTOPOIo JaeTcs B HALIMX mpeawsiayiunx paborax (Aramanmee 1970).

ITnankroHHble npobbl OblN: cOOpaHbl OOBIKHOBEHHOH CeThIO (MeJbHHYHBIMH
ras No. 75) u 6atomerpom Hancena. M3yuenne BepTHKAJILHOH MHIpPAlMH IIaH-
KTOHHBIX MH(QY30pH# NPOM3BOAMIOCH HA 5 CYTOUHBIX CTAHIHUAX MO CTAHAAPTHBIM
ropusontam 0-5, 5-10, 10-25, 25-50, 50-70, 70-100 m. Cyrounble HaGMIOACHHS
NPOBOAMIIMCE Hepe3 Kaxabie 4 yaca. Beero 6su10 cobpano u o6paborano 320 npob,
" 13 HuX 200 xonuuecTBeHHBIX. lomcueT unpy30pHii npou3BoAHACA B Npobax BOABI
o6semoM 5 ml Ge3 cryuienns, B CYCTHOMN Xamepe, IPH TPeX-YeThIPEX MOBTOPHOCTAX.

CyToYHBIE M Ce30HHBIE H3MeHCHHs (ayHbl nepHYUTOHHBLIX WH(Y30pHil H3yya-
JIKCh HA IKCIEPHMEHTAJBHBIX IUIACTHHAX, MOJBCIICHHBIX HAa CTAHAAPTHBIX IJy-
6unax 0-5, 5-10, 10-15, 15-20, 20-25 m. MaxcuManbHAA-IIPOAOIKHTENBHOCTE
9KCNO3NIUHM TJIACTHH B KaXA0oM ce3one coctapisana 10 amei. Beero 6uio obpa-
6orano 200 niaacTHHOK, 0OCiIeI0BaHHE KOTOPBIX NPOH3BOAMIIOCH XKax/able 4 vaca.

OpuoBpeMeHHO Opanu o6pasupl mecka Ui MEXaHHYeCKOro aHaim3a H s
onpejieJieHusl COJACPXKAHHSA B HEM OpraHHYeCKHX BEIIECTB, a TAaKKe NPOBOHJIM
H3MCPCHHs HEKOTOPBIX IHAPOJOTHYECKHX M I'MIPOXHMHMYECKHX IoKa3aTesed Mop-
CKOH M MHTEPCTHUIHAJIBHON BOABI (TeMNEpPaTyphl, COJICHOCTH, COJCPKAHHA KH-
ciopoja u Jp.).

Ha uccnenoBannoii wamu axsatopuu Cpeanero u IOxuoro Kacnus (Bkirouas
3aJIHBBI H OCTPOBA) TEMIEPATYpa NPHOPEKHBIX NOBEPXHOCTHBIX CIIOEB BO/IBI BAPbH-
pye'r ot 5 o 28°C. IlporpeB Bojbl 0OLMHO HAYHHAETCS C MapTa, a B Mae, Temrie-
paTypa BOJBI HAa NOBEPXHOCTH B CpejHeM jocTuraer yxe 13-15° B cpeamei,
16-21° B ¥0%HOI YacTH Mops. B aBrycre cpeamsisi TeMiepatypa BOABI NOBCEMe-
CTHO BBILIE 25°.

Conenocts Boant B Cpennem m FOxknom Kacnuu BapbupoBana oT 6.8%0 0
13.0%o. B BOCTOYHBIX MEJIKOBONBIX 3alMBaX MOpsi oHa jgoctHraeT 14.5%:.

CreryeT OTMeTHTb, YTO OT/eNbHBIC reorpaduueckue paitonsr Cpennero u FOx-
Horo Kacnus OoT/IMYAaXOTCSA APYr OT Apyra 1o COJAEPKAHHIO OPraHHYecKoro Belle-
CTBA B IPYHTE, MO 3EPHUCTOCTH NECKa M IO CTENeHH NpuOOHHOCTH.

3ona 3anmajgHoro nobepexns Cpeanero Kacnus OTKpHITA H OYeHb MaJio 3allH-
LieHa OT JeHCTBHA Mopckoro npubos. Bopa B oToit 3one Kacnus, yucras rpysr
COCTOHMT H3 MeJxoro (¢ mpumechio XpynHoii ¢paxuuyu Ha [depGentckom n Maxad-
aKJMHCKOM YyYacTKax) Iecka ¢ paxymeil pasnnuHoi Beimuuuel. Ha rayOunax
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25-50 m rpyHT npeiACTaBiseT COOOM 3aMJEHHBIH NECOX M mecyaHbli uia. Oprauu-
YeCKOe BEIIECTBO B IPYHTE JaHHOro paiona sapeupyer oT 0.30 mo 0.86%.

Paiton 3anajgnHoro nmobepexbs KOxuHoro Kacnus Xopouo 3auyiueH ot AeHCTBHS
npubos. Beper A0BOJILHO CHILHO PAaCHJICHEH PAJOM HAHOCOB, @ B MOPE HAXOAUTCS
LeJIBIH apXHUIesar rpa3eByJKaHHYeCKHX M JPYrHX ocTpoBoB. FOKHee pacnoIOKeHBI
ycrbe p. Kyper m Kypuuckas xoca, nepexojsuiue B npuooinyro JIEHKOpaHCKYIO
30Hy. ['pyHTHI JaHHOTO paifoHa Npe/ICTaB/IEeHbI Yalle BCEr0 MEJIKMMH, CIIErka 3anieH-
HBIMH MeCKaMH H PaxylleYHbMH HiaMHu. CanpoOHOCTh I'PYHTa COCTaBIAET B CPeji-
HeM 0.50-0.679%, opranuyeckoro BemuecTsa. MoJanbHbI pasMep MECYNHOK BapbH-
pyer B mpegenax ot 0.05 go 1.3 mm.

Bocrounsii G6eper Cpeanero Kacnust oTiinyaercs oT 3anagHoro Gepera LeJibiM
PAAOM KJIMMATHYECKHX M THAPOJOrHYeCKHX ocobeHHOCTeil. 3mecs B Goiee riry-
GOKOBOAHBIX 30HAX IIMPOKO PACHPOCTPAHEHBI KECTKHE TIPYHTHI (pakKylLeYHHKH,
rpaBuif, KaMHH). B nMpHOpPEeKHBIX 30HAX MOXKHO BBUIEJIHTH 4 THIA TPYHTOB: MECOK,
paxyia, WIHCTAsA paxyiia ¥ TBepAbni rpyHT. IlecuaHble TpyHTHI OOBIMHO pacrpo-
CTpaHeHbl Ha MEJIKOBOAHOM Mojoce paiioHa wuccinegosanus. OHa MPOCTHpaeTcs
B OCHOBHOM /0 I/TyOHHBI 25 m. DTH IpYHTBI MeCTaMH pacnpocTpaHneHsl 10 50-100 m
riy6uner (paspe3s Kasaxckmii 3aimB). Opranuyeckoe BemiecTBo B neckax Cpeauero
Kacmus cocrasisiio ot 0.24 10 0.67%,. MoxaneHsiit pasmep necunrox 0.78-3.00 mm.

Yro xacaercs BocroyHoro mobepexbs IOxnoro Kacmus, To 3TOT paiioH xa-
PAKTEPH3YeTCS CHIBHOH M3PE3aHHOCTBIO OeperoBoil JIMHHMHM, IIHPOKHM pacrpo-
CTPAHEHHEM MECYAHBIX MPYHTOB M HAJMYHEM MHOTOYHCJICHHBIX 3aJIMBOB M OyXTO-
yex. Hapsay ¢ mecyaHeIM IDYHTOM Ha HeXOTOpBIX YuacTkax (KpacHoBoackmit
u BasxaHckue 3aJMBBI) JAHHOIO paiioHa MpeobagaroT HAMCTHIE M MIIHCTO-paxy-
1IeYHble IpyHThI. OpraHHYeckoe BElECTBO B IPYHTax loro-socroynoro Kacmus
BapsupyerT oT 0.38 mo 2.70%. MoganbHeli pa3mep necumHox coctasiser 0.05-
-1.3 mm. Kax BHAHO H3 H3JOXKEHHOIO, OTAEJbHBIE reorpaduueckiue paioHbl He-
CKOJILKO OTJHHYAIOTCS ApYr OT Apyra. OAHaxo, JUlA CYTOMHBIX HAOmIoAeHHi ObuiH
BBIOpAHBI TIOMTH PABHOMEPHBIC YYAaCTKH M B CBfi3M C 3TMM B paboTe JaHbl o0uIHe
cpesnne H(ppoBbIe (CyTOYHBIE) AAHHBIE IO BCEH TEPPHTOPHH.

PesyabTaTht

B uccaeayemom paitone Obuto obGuapyxeno csbie 300 BumoB uHpyzopwii
MuKpobenToca, IUlaHKkToHa W nepudurona (obpacraumnit). OaHaxo, NpH H3yYEHHH
CYTOYHBIX BEPTHKAJbHBIX MHUTpaUMit HHPY30pHIi B rpyHTe ¥ B TOJILE BOALI y4H-
ThIBaJUCh aHib 130 4acTo BCTpeyaromUXCs BHAOB, O0Opa3ylOLIHX MAacCOBbLIE TO-
nyasiul B oTHocAlmxesa X 18 cemeiictBam. M3 Hux 57 BHIAOB OTHOCHTCH K MHKPO-
Gentocy, 30 BuAOB — X ruankTony M 43 Buaa X nepudurony (cm. Tabu. 1). Kax
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Tabauua 1
Table 1

Cocras dayHsl M3yYeHHBIX 3KOJNOrH4cckux rpymn uudysopuit Cpeanero u FOxHoro
Kacnus

A Quantitative Composition of Species within Ecological Groups of Cilliates in the
Middle and South Caspian Sea

CemeiicTsa ’ Hucno Yucno sunos No. of species
poIOB ; ——
Muxpo- ‘ Inan-
Family No. of | Gewroc | o |
genera | Micro- | Plancton ! Periphyton
l | benthos | ‘

l IMepuduron

| a2

Enchelyidae Ehrbg. ]
Colepidae Ehrbg.

Trachelocercidae Kent
Amphileptidae Biitschli

Loxodidae Biitschli .
Didiniidae Poche '
Spathidiidae Kahl

Dysteriidae Clap. et Lachm.
Frontoniidae Kahl

Pleuronematidae Kent |
Spirostomatidae Stein
Condylostomatidae Kahl
Folliculinidae Dons

Halteriidae Clap. et Lachm.
Tintinnidae Kofoid-Cambell
Codonellidae Kent

Ouxytrichidae Ehrb.

Euplotidae Ehrb.

Aspidiscidae Stein

Vorticellidae Stein
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Beero ' 43

Total

BUIHO M3 TaGuHUbI, B MHKpoOGeHTOCe (ME30MCAMMOHE) OCHOBHAs 4YacTh (hayHsbI
nHy30pHit majaeT Ha aoio cemeitcts Enchelyidae, Trachelocercidae, Amphileptidae,
Oxytrichidae w Euplotidae, B nanxrone — Halteriidae, Codonellidae, Oxytrichidae
u Euplotidae, a B nepudurone — Pleuronematidae, Vorticellidae, Dysteriidae w Eu-
plotidae.

ITpeacraBuTeH YKa3aHHBIX CeMEHCTB OblIM OOHAPYXEHBI BO BCE CE30HBI roja,
NMPEUMYILECTBEHHO B CaMbIX BEPXHHX CJIOSX BOJAbI M IpyHTa. B Tadu. 2 parorcs
Pe3yJIbTATHI FPaHyJIOMeTpHYecKkoro anaau3a rpyatos Cpeanero u KOxuoro Kacous.
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Tabnuua 2
Table 2

I'panyoMeTpHYECKasn XapaKTEPHCTHKA IpyHTOB Cpen-
cro u HOxuoro Kacnus

Granulometric Characteristic of Grounds of the Middle
and South Caspian Sea

Hazpauua rpysra Pa3mep 3epen
Gr Granule diameter
ound types ‘
: - eliib_ L
Hn Sloam | 0.01-0.03
IMecuaustii ua Sandy sloam 0.03-0.05
ITecox Sand ‘
Ouens menkuit Very fine 0.05-0.08
Menkuit Fine ] 0.12-0.4
Cpennnit Medium i 0.5-0.7
Kpynueiit Coarse , 0.8-1.3
I'paswuii Gravel l
Menkuii Fine | 1.3-3.0
Cpeanuit Medium ‘ 3.0-6.0
Kpymusiit Coarse ’ 6.0-10.0

Mcammoduabhnie HHPY30pHH (MHKPOGEHTOC)

Mzyyenne ¢ayHsr uH]y3 pHit B pasJHuYHBLIX THIAX TPYHTOB IOKa3ajio, 4TO
WJIHCTBIE TPYHTBI W rpaBHit Haunbonee Geansl. UTo xacaeTcss o4YeHb MEJIKOTO IecKa,
0COBEHHO MJIMCTOrO, TO OH MOXET MCIBITHIBATH PA3HYHYIO CTENEHb YIIOTHEHHS
M B BEPXHHX CJIOfAX JIeKaTh Oosiee pbIXjio, 4eM B HWKHHMX. [To Mepe yMIOTHeHMs
IPYHTOB MH(Y30PHH BCE B MEHbILUCH CTENEHH NPOHHKAIOT B ero Tomuy. [Tosromy
NPH H3YYEHUH CYTOUHOM BEPTHKAJIbHONH MHIpauMu HHPY30pHi yKa3aHHBIE TPYHTh
(W1, TpaBHi M OYEHb MEJIKHI II€COK) He paccMaTPHBAJIMCh.

BepTukanbHbie MHrpatun uHOY30puit MuxpoGeHTOoCca ObIIH H3YYEHBI, B OCHOB-
HOM, Ha TpeX THHax necka (Mejxuif reTeporeHHblil, cpeiHuii, Kpynusii). Creayer
OTMETHTh, YTO BEPTHKAJIbHble MUIpauuH HHQY30pHH BCeX SKOJOIHMYECKHX IPYynI
(MHKXPOBEHTOC, IUIAHKTOH, NEPH(UTOH) HOCAT CYTOuHBIH Xapaktep. Hauunarorcs
CHH C HACTYIIEHHEM BEYCPHHX CYMEpeK H 3aKaHYMBAIOTCs C mpubimxenueM pac-
cseta. ITo-BHAMMOMY, 3TO CBS3aHO € KOMIUIEKCHBIM BJIMSHHEM TeMIeEpaTyphl,
OCBELIEHHOCTH, COJICHOCTH, Fa30BOI0 DPEXHMAa, BOJIHEHHS M Jp.

TeMnepatypa OTHOCHTCA X 4YMCJIYy HanboJiee YHHBEPCAJBbHBIX KOJIOTHYECKHX
¢daxtopos. IIpH H3MepeHHH TeMIepaTypbli CBOGOAHON MOPCKOI H MHTEPCTHUHATb-
HOI BOABI OBIJIO BHIABJICHO, YTO TEMIEPATypa NOC/IEAHEH 3aBHCHT OT TEMIIEpPaTyphl
CBOGOAHOM MOPCKOI BOABI, TEMMEPATYphl BO3/yXa, CTENEHH WHCOJSIHH M HCHa-
penus. OHa MCHBITHIBAET OYCHb 3HAUMTEJIbHBIC CyTOYHble KosebGanus. Kak BHaHO
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Puc. 1. Cyrounsie konedanus TCMNCPaTypsl MOPCKOI M MHTEPCTHUMANBHOM BOb (1 — Mopckas,
2 — HHTEPCTHIMAILHAA HA TIyOHHE 4-5 M B MEJIKOM IeTepOreHHOM IeCKe); OCh OPJHHAT — TeM-
neparypa, ocb abcuMcc — BpeMsi CYTOK

Fig. 1. Daily fluctuations of temperature in sea and interstitial water (1 — sea water, 2 — inter-
stitial water at a depth of 4-5 ¢m in fine heterogenic sand). Ordinate — temperature, abscissa —
time in hours

Ha Puc. 1, Temnepartypa B MOPCKOH H MHTEPCTHLHAJILHON BOJE B MEJIKOM reTepo-
reHHOM recke Ha IuybunHe 4-5 cm u3MeHseTcs napauiesnbHo. Iiybokue ciou
necka (25-30 cm), HANpOTHB, NOYTH HE NPOrPEBAXOTCA TPH SPKOM COJIHEHYHOM
OCBEILCHUH, 32 MCKJIIOYCHHEM 30HBI Ype3a BOJLI M OTACNbHbIX MEJKHX JaryH, rje
HaOJIIOAAIOTCS CYTOUHbIE W3MEHEHHs TeMIlepaTyphl jaaxe Ha 3Toi ruiaybune. Ilpu
NPOJIOJIKUTEIILHOM MaCMYPHOM MOrojie CYTOYHbIX M3MEHEHWII TEMIEpaTyphl B HMH-
TEPCTHIHAZBHONM BoJe mouTH He Haburomaercs. B Mecrtax, rje NpoBOAHJIHCH OMNbi-
T, ObIJIO ONPEIEJICHO TAKXKe COJACPKAHHE PACTBOPEHHOTO KHCIOpPOoJa B CBOOOAHOM
MOpPCKOIf H HMHTEPCTHIHAJILHON BOJE MEJIKOro reTeporeHHoro mecka. B mepsoit
OHO cocTaBano 5.82-6.75 cm?/1, a Bo BTOpOIT (npn THXO¥ Moroae) — 3.14-4.17 cm?3/1
(cymMMapHbie JaHHBIE JUTA cios necka ray6unoit ot 0 mo 10 cm). ITpn mwropmoBo#
norose coaepxanue O, B MHTEPCTHIMAJILHON BOJE NeCKa 3HAYHTENBHO YBEJIHYH-
paetcs (B cpeanem 1o 5.09 cm?/l). Vxa3auubie GakTopsl, B NEPBYIO OYEpEab, ONpe-
JIeJIAI0T BEPTHKAJIbHOE pacnpeaesicHie HHOY30puii.

XapaxTep CyTOYHBIX BEPTHKAJbHbIX MHIpalHi HH(Y30pHIi OKa3aJICs HECKOJIBKO
Pa3JIMMHBIM B PA3HBIX THMAX MMecka, a TakkKe B pas3Hble CE30HbI roja.

B npo6Gax MeJKOro reTeporeHHOro mecka BCTPEYAFOTCA B OCHOBHOM MHKPO-
nopajbHble W 3BpHNOpaabHbie BUABI nHpy3opui. K unciay MaccoBeix Gopm 3/1ech
moxHO oTHectu Holophrya simplex, Lacrymaria coronata, Trachelocerca coluber,
Tracheloraphis prenanti, Litonotus lamella, Remanella rugosa, Mesodinium pulex,
Paraspathidium fuscum, Frontonia marina, Pleuronema coronatum, Anigsteinia
clarissima, Condylostoma arenarium, Holosticha manca, Euplotes raikovi, Aspidisca
caspica, v ap. Bee 3T BUAB! ObuTH 0OHApyXKEHb! B Pa3iMuHOe BPeMs CYTOK M BO BCe
CEe30HBI roja.

Ha Puc. 2 npejacrTaBiieHbl XOJIMYeCTBEHHble JAaHHBIE MO CYTOYHON JHHAMMKE
BEPTHKAJILHOIO pacnpeliesieHust HH(Y30puif B MEJIKOM IeTepOreHHOM Tecke B pas-
Hble ce30HbI roaa. M3 pucyHxa BHAHO, YTO BO BCC CE30HBI B TEMHOE BpEMS CYTOK

http://rcin.org.pl



202 ®@. . ATAMAJIMEB M P. M. BATMPOB

Jil
Y
1

h

BRSO I ) . e oot I )

Coed b Gt ey ot

=~
@
et hrahas bed i bl

cm 20

x> A o

3

 oaa I N N T

6
cm 20

Puc. 2, Cyrounsie BEpHTKAILHBIE MHTpauuH HH(GY3OPHH B MENKOM rereporeHHoM necke (Mo =
0.25-04 mm) B pa3ssle ce30Hs! Toma A — BecHa, B — nero, C — ocens, D — 3mma (mus
ACHOM MOrozsl); OCh OPAMHAT — IJIyOMHA B CAHTHMETpAx, ock abcumec — Bpems cyTok. Orpesox
B NpaBOM HIKHEM yriy rpaduxa npeacrasnser 200 skzeMmispos mHbY30pHE
Fig. 2. Daily vertical migrations of ciliates in fine heterogenic sand (Mo = 0.25-0.4 mm) in
various seasons. A — spring, B — summer, C — autumn, D — winter (sunny weather). Ordi-
nate — depth in centimetres, abscissa — time in hours. Scale in right lower corner of diagram
represents 200 specimens of ciliates

HH(DY30pHH YHCIEHHO NpeodsaZlaloT B BEPXHHX CJIOAX TpyHTa. BecHOIO M JIeTOM
HOYBIO (B 24 m 4 vaca) OCHOBHAas 4acTh (hpayHbI COCPEAOTOYMBAETCS B Closix 0-2
A 0-4 cm. OceHbIo 1 0COBEHHO 3UMOIT BBIXO HH(Y30PHil HA TIOBEPXHOCTH B HOYHOE
BpeMst HacTynaeT panbre (x 20 yacam), Ho BeIpaxeH crabee; HH(Y30pHHA B TEMHOE Bpe-

/
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M3 YHCJIEHHO npeobianaroT ocenpro B ciosx 0-2u 1-4 cm, 3umoiiB ciosx0-4u 0-5cm.
CrieiyeT OTMEYTHTD, YTO B TEMHOE BPEMs CYTOK HMEET MECTO He TOJBKO KOHIEHTpa-~
1A HHQY30pHH B CAMOM MOBEPXHOCTHOM CJI0€ I'PYHTA, HO ¥ YACTHYHBIH Nepexo He-
xotopsix Bujos (Holophrya simplex, Frontonia marina, Pleuronema coronatum w np.)
U3 I'PYHTA B TOJILY NPUAOHHOH BOJBI.
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Puc. 3. Cyrounbie BepTHKaJbHBIE MHrpaudd HHOY30pHH B CpeaHE3epHHCTOM necke (Mo =
0.5-0.7 mm) B pa3Hblie ce30HbI roga A — BecHa, B — nero, C — oceHs, D — 3uma (s
SICHO# MOrobl); OCh OPAHHAT — TJIyOMHA B CAHTHMETpax, ock abcumucc — Bpems cyTok. OTpe3ok
B NPaBOM HHAKHEM yriy rpaduxa npeacrasaser 200 3xk3eMnaspos HHQY30pHH
Fig. 3. Daily vertical migrations of ciliates in medium sand (Mo = 0.5-07 mm) in various seasons.
A — spring, B — summer, C — autumn, D — winter (sunny weather). Ordinate — depth
in centimetres, abscissa — time in hours. Scale in right lower corner of the diagram represents
200 specimens of ciliates
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C paccBeTOM OCHOBHas Macca uH(y3opuii nepemewaerca B Gosee rayboxue
rOPH30HTHI, MPHYEM 3MMOIi 3TO NPOMCXOAMT no3xke (mocae 8 wac. yrpa, Puc. 2).
Bo Bce ce30Hbl rojia B CBETJIOE BpeMs CYTOX HH(Y30pHM HHCICHHO Npeobsajaior
B CpeiHHX CJOsAX mecka (2-4, 4-8 cm).

OO01as YHCJICHHOCTh MH(DY30pHH B MEJIKOM TeTEPOreHHOM [ECKe PE3KO majaer
¢ ray6uHoM. BecHoro, 1€TOM M OCeHbIO HHke 14 cm uH(Y30pHH NMOUTH HE BCTpe-
yarotcs. 3umoii uHdy30pHH TpoHHKAKOT B Gosiee riyGoxue ciou (a0 16 cm). 3nech
yaile JApyrux BCTpedaroTcst BuAB! pouoe Trachelocerca, Tracheloraphis, Trachelo-
nema, Remanella, Anigsteinia.

B cpeanesepuucTom necke (Puc. 3) cyTouHble BEepTHKaJbHbie MHIPALHM HOCAT
B 00LIEM TOT e XapakKTep, YTO B MEJKOM reTeporeHHoM necke. BecrHoit u sieToMm
B TeMHOe BpeMs cyTox (24 u 4 yacos) 60-70%, ocobeii nHpy30pnii 0OHaPYKHBAIOTCHA
B noBepXHOCTHBIX cyioAX necka (0-1, 0-4 cm). Ocerblo M 31MOM HOYHON MOBEpX-
HOCTHBIH MaxcuMyM 6oJjiee pacTaHyT B rayouny (0-6 cm). daysa B 3THX ClofAX
npe/ICTaBjieHa B OCHOBHOM BHAAMH poaoe Prorodon, Lacrymaria, Coleps, Litonotus,
Uronema, Euplotes, Aspidisca. B WiKHHX CIOSX necka OOHAPYKHBAIOTCS IJIABHBIM
06pa3oM MHKPONOPAJIbHbIE H HEKOTOPBIE 3BpHTOMNHbIC BHABI nidy3zopuit (Trachelo-
raphis prenanti, Loxophyllum helus, Paraspathidium fuscum, Remanella rugosa, Ken-
trophoros uninucleatum, Anigsteinic. clarissima).

B cBeTsioe BpeMs CYTOXK MaXCHMYM YHCJIEHHOCTH MH(Y30pHIi cMellaercs B riay-
OUHY CHIIbHEe, MeM B MEJKOM necke — 10 6-8 cm netom u 6-10 cm ocenbro. Max-
cHUMasibHas riyOMHA MPOHHUXHOBEHHSA HH(Y30PHI B rPYHT B CPEIHEM MECKE JOXO/HT
1o 16-17 cm BecHO#, JIETOM H OCEHbIO H A0 18 cm 3MMON M CPaBHHIEJIBHO MAJo
MEHSETCS B Te4YeHHE CYToK. B oceHHee M 0COOEHHO B 3MMHEE BpeMs CYTOUHbIE
MHUTpauMH BOOOIE BhIpaXeHb! csabee, YeM BECHOH M JICTOM.

MuTepecHas u elle He BNOJIHE NOHATHAS YepTa BEPTHKAJBHBIX MMIpPaLHil HH-
(hy30pHit B MEIKOM M CpeIHEM T1eCKe — BbIXOJ HA MOBEPXHOCTH MAKCHMYMA YHCJICH-
HocTH MH(y30puit oxono 12 vac. aHs, nmpHYeM ToasKo BecHoi (Puc. 2 u 3). Dror
BLIXO/l KPATKOBPEMEHHBIN NMOCKOJALKY B 8 M 16 4acoB MaxCHMYM YHCJICHHOCTH
NPUXOAMHTCSH, KaK OOBIYHO /1A CBETJIOrO BpeMeHu CyTok, Ha OoJiee ruybokue ciou.
Moxket 6bITh, 3TO SBJICHHE CBA3AHO C NOJIOKHTEIBHBIM (OTOTAKCHCOM OOHIILHBIX
BECHOM 3€JICHbIX KXI'YTHKOHOCIEB, XKOTOPLIMH HMHTAKTCH MHOrHe MHby3ophnu.

CyTOuHBIC BEPTHKAJIbHBIC MUTPAUMH HHQY30pHI B KPYMHO3EPHOCTOM MeECKe
(Puc. 4) XapaKTepH3yIOTCS TEMH K€ YEPTAMH, YTO H B CPE/IHE3EPHHCTOM, HO CPe/IHss
# MaKCHMAaJIbHas YHCJICHHOCTh HHQY30pHil 31eCh HHXe H riyOHHA NPOHHKHOBEHHS
MX B IpyHT Gonbure (10 20 cm). D10 0BYCIOBICHO GOBLINMH Pa3MepaMK Top,
ayviued LUPKYJAUHed BOAbI, OonbliMM coaepxanneMm kuciopoaa (5.93 cm?/l)
B MHTEPCTHUHMANBHON BoJe M 0ojice PABHOMEDHBIM pACIpede/ieHHEM TUILEBLIX
06bexTOB (a3p00OHbIC GAKTEPHH, OAHOKICTOUHBIC BOAOPOCIH I (POTOCHHTE3HPYIOLINE
KIYTHKOHOCHUBI). dayHa COCTOMT B OCHOBHOM M3 Hecneuu(pHuHBIX BHIOB HHY-
3opuit. Cneuu¢uynbie (MHTEPCTHUHAIBHBIE) BHAbI B JAHHOM IECKE COCTABISAIH
oxosno 10°% (Tracheloraphis prenanti, Loxophyllum setigerum, Remanella rugosa,
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Kentrophoros uninucleatum, Gruberia binucleata w np.). Hounol MakcCuMyM 1no-npex-
HEMY COXpAHSET NOBEPXHOCTHOE MOJIOKEHHE, KPOME 3MMbI, KOI/la OH HECKOJbKO
cMmeltieH B rayouny (1-4, 2-6 cm). JIHeBHOM MaxCHMYM B KPYITHOM NECKe CMeLIaeTcs
B IJIyOMHY ClUEe CHIIbHEE, YEM B CpECIHEM TMeCKEe M NMPUXOAMTCS BECHOH HA CJIOH
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Pac. 4. Cyrounsic BepTHkaabHble Murpaumu uHOY30pHil B KpynHosepuuctoM necke (Mo =
0.8-1.3 mm) B pa3usle ce30Hnl roga A — BecHa, B — jero, C — ocenb, D — 3uma (11s
SICHOM TIOrO/IBl); OCh OPAMHAT — TJIyOMHA B cCAaHTHMETpax, och abcumce — Bpems cyTok. OTpe3ox
B MpaBOM HHXHeM yriy rpaduka npeacrasisier 200 ax3eMmispor HHOY3OpHH
Fig. 4. Daily vertical migrations of ciliates in coarse sand (Mo = 0.8-1.3 mm) in various seasons.
A — spring, B — summer, C — autumn, D — winter (sunny weather). Ordinate —' depth
in centimetres, abscissa — time in hours. Scale in right lower corner of the diagram represents
200 specimens of ciliates

7 — Acta Protozoologica vol. 14, z. 2
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4-8 cm, netom Ha caou 6-14 cm u ocenpro — 2-10 cm. 3MMOM BEpTHKAJIBHBIE
CYTOYHBIE MHUIPAlMK BhIpakeHsl ¢1abo, a Jetom — Haubosee CHIBLHO, 4TO, BEpO-
ATHO, CBA3AHO C CHJIbHBIM NPOIPEBOM I'PYHTA B 3TOT ce30H. Becennuit 12-yacosoit,
MAaKCYMyM ¥ IIOBEpXHOCTH BbIpaX€H B KpYHHOM necke ciabo.

Jins BBIACHEHHMs BIMAHMS HHCOJAIMM HA CYTOYHBIE MHIpauuH WHY30pHil
HAMH TPOBOKIIOCH CPABHEHHE HMX BEPTHKAJILHOIO PACIIPE/IC/ICHHsI HA OJHHX H TeX
JKe y4acTKax JIMTOpaju B OJHO M TO e BpeMs cyTok (12 vac. aus), HO B COJIHEYHBIE
M nacMypHbIe AHH. B pesyabTaTe ObUIO BBISBICHO, YTO BO BCEX THNAX MECKA JIETOM
NpH COJHEYHOH IOrojie JHEBHAA MMIpPaUus MHQY3OpPHI B HHKHHE CJIOM TIDYHTA
BBIpAaXKEHA ropas/io CHibHee, YeM B nacMmyphyio (Puc. 7 a, b, ¢, I). B MeaxoBoanbiX
paitonax (0.3-0.5 m), rae Ha necke MHOrO AETPHTA WJIH OTHEJIbHBIE CKOIJICHHS
BOJIOPOCJICH, @ TaXXkKe KaMHH, B Xapkyio noroay Habnrogaercs “nsaTHucToe” pac-
npejeienye MHby3opHit. BeposaTHO, 3TO 06BACHAETCA TeM, UTO NpH KapKoi Coji-
HEYHOMH IMmoroje 4acTb (ayHsl yXOAMT BriayOb mecka, a 4acTh YKphIBAETCA NOJ jie-
TPHTOM, BOAOPOCIAMH H B TEHM KaMHel. Buapl, yXoasuue Briy6p necka, COCTOSIH
HCKJIFOYHTENBHO M3 CHeHHpHYHBIX (MHTePCTHIHANLHBIX) BHAOB HHbY30phit (Tra-
chelocerca binucleata, Tr. coluber, Tr. prenanti, Tr. teissieri, Remanella rugosa, R. gra-
nulosa, Kentrophoros uninucleatum, Anigsteinia clarissima, Gruberia binucleata n np.).
Bujasl, nepemeuraromuecss B OCHOBHOM B TOPH30HTAJILHOH TIIJIOCKOCTH M COOM-
PAOIHECS 110/l KAMHSAMH ¥ BOJOPOC/ISIMH — B OCHOBHOM 3BPHTOIHbIE, HECTICIH-
(uunble Takue xax Prorodon binucleatus, Lacrymaria coronata, Coleps pulcher Buabi
cemeiictBa Amphileptidae, Frontoniidae, Pleuronematidae, Oxytrichidae w Euplotidae.

Kax BuaHO M3 Puc. 7, B macMypHyIo morojy (Bo BCEX THIAX NeCKa) OCHOBHOE
CKOMUIEHHE MH(Y30pHH He TOJLKO HOYBIO, HO M JIHeM OOHApYXHBaJOCh B TIOBEPX-
HOCTHBIX CJIOAX IMecKa. Tak, /Ui MEJIKOro I'eTEPOreHHOro necka MakCHMYM YHCJICH-
HocTH (B 12 wac. aus) mpuXojauics Ha cjod 1-6 cm, cpeanero mecka — 0-7 cm,
Juist XpymHoro necka — 0-8 em (em. Puc. 7 a, b, c, II).

[TnankTonHble uHby30puu

CyTouHble BePTHKaJbHbIe MHIPALKH IUVIAHKTOHHBIX HH(Y30pHiA ObUIH H3YyYeHb
Ha 30 Buaax. Jomunupyrouwmmu Obiin Buael cemeicts Halteriidae, Codonellidae,
Oxytrichidae w Euplotidae. OctanpHbie BHABI BCTPEYaJHCh B MajbIX KOJMYECTBAX.

BecHo¥0 B NUIAHKTOHE B MACCOBOM KOJIMYECTBE OTMEYAJIHCh MCTHHHO IeJard-
yeckue Buabl undyzopuit (Tintinnididae, Codonellidae). B mae Temnepatypa B 1O-
BEPXHOCTHOM cJi0oe BoAbI Kosnebanace ot 18 mo 20°C, riy6xe (20-25 m) ona 6wura
nopsaxa 6-10°C. B 3ToM ce30oHe yTpoM (8 4ac.) oCHOBHOE KOJHYECTBO HMH(Y3OpHil
HAXOAMJIOCh B cpeaHux caosx Boabl (10-25 m), rae YHCIAEHHOCTH HMX COCTaBiAsSNA
oxoJio 2.5 muH. 3x3/m>. Oxono 12 yacoB aus (mpu Temmepatype 20°C) ocHOBHas
Macca MH(pY30pHif KPaTKOBPEMEHHO BBIXOAMWJIA B CaMble IOBEPXHOCTHBIC CJIOH
Boasl (0-5 m), a x 16 yacam CHOBa MMIPHPOBAJa B 25-MeTpOBbIit ropu3oHT (Puc. 5).
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Oxono 20 yacos, ¢ NpubIHKEHHEM TEMHOTHI, Ha0J10/1aJI0Ch NEpeABHKEHHE HHDY-
30pHil B BEPXHHE TOPH3OHTHI, a X 24 yacaM HA BCEX CTAHUHAX MAaXCHMAajbHOE KO-
JIMYECTBO MH(Y30PHI OTMEYAJIOCh B TIOBEPXHOCTHOM JIECATHMETPOBOM CJIOE BOJIBI.
OnHaxo yxe B 4 yaca yTpa HAUHHACTCs MUIpaltist HHQY30pHit B TyOHHY: HX MaKCH-
MYM TNPUXOAHTCH Ha ciaon 10-25 m.

JleToM npooJIKAeTCs POrpeBaHHe BEPXHEro CJOsi BOABI, KoTopoe, biaronaps
BePTHKAJILHOW LMPKYJIALHH, NOCTENCHHO OXBaThiBaeT U Oosiee riyboxue CIIOH.
Tax, B KOHILIE HIOJNA M Hayalle aBrycra TeMIepaTypa MOBEPXHOCTHOIO CJIOsi BOJBI
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Puc. 5. CyrovHbie BEPTHKAJIbHBIC MHIPALMH IUIAHKTOHHBIX HHOY30pui Kacmuiickoro wmops
B pa3Hble ce30HBI roga A — pecha, B — nero, C — ocewb, D — 3uma (wis sCHOM morojst)
OChb OpAMHAT — IJIyOHHA B METpax, och abcumcc — Bpems CyTOK. OTPE30K B NPaBOM HIKHEM
yray rpaduka npeacrasiser 200 IK3eMIUIAPOB MH(Y3OPHH
Fig. 5. Daily vertical migrations of planctonic ciliates in the Caspian Sea in various seasons.
A — spring, B — summer, C — autumn, D — winter (sunny weather). Ordinate — depth
in metres, abscissa — time in hours. Scale in right lower corner of the diagram represents 200 speci-
mens 0. ciliates
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6nu1a 26-28°C, Gosee rayboxux ciaoes (25-50 m) — mnopsaaxa 10-12°C. B srom
CEe30HE YJUIMHSAETCA JIeHb W YCHJIMBACTCS HHCOJSIMS.

B 3T0 Bpems rojia B IUIAHKTOHE 00pa3yroT MmaccoBble nonyisuuu Enchelyodon
sulcatus, Prorodon marinus, Mesodinium pulex, Didinium balbianii, Uronema marinum,
Pleuronema coronatum, Cyclidium bergeri, Strombidium calkinsi, Tintinnopsis tu-
bulosa, Holosticha manca, Euplotes balteatus w apyrue manocneuuduysbie BHBL
OO6uiuit xapaxTep CyTOYHOI BepTHKaibHOM Murpauuu uHdysopuii (Puc. 5) Taxoi
ke, KaK BECHOM; OJJHAKO KPATKOBPE/ICHHBIN MOBEPXHOCTHBIH MAKCHMYM YHCIIEHHOCTH
B 12 yac. gHs JeTOM OTCYTCTBYeT. JIHEBHOM MakCHMyM HPHXOAMTCs Ha Gosbuine
riy6unbr, 4Yem BecHoil (25-50 m).

B kxoHue oxTa6ps TeMnepaTypa MOBEPXHOCTHOrO CJ10s BOAbI XoJsebaac B 1pe-
aenax 16.2-18.7°C. I'ny6xe (25-50m) Temnepatypa pasusnack 6-8°C.

OceHpl0 M OCOOEHHO 3WMMOM, B CBA3H C COKPALUEHHEM NPOAOIKHTENLHOCTH
JIHSl, YMEHbILIEHHEM OCBEILCHHOCTH IOBEPXHOCTHBIX CJIOEB BO/bLI M HAYAJIOM LUTOP-
MOBBIX BETPOB, BHI0BOE pa3HooOpasne u oblias YucIeHHOCTh HHPY30pHit yMeHb-
maetcst B 2-3 pa3a. M3 miankTtoHa mcyesaror Buawl Didinium, Uronema, Strobi-
lidium, Tintinnopsis w ap.

B ocenHe-3uMHMI MEPHO/ BEPTHKAJIbHBIC MUIPALMH IJIAHKTOHHBIX MHQY30pHIt
BeIpaxkens! cinabo (Puc. 5). Ormeuaercs Juiub yXoa HH(DY30pHii H3 NOBEPXHOCTHBIX
cnoeB OKoJIo cepeAMHbl AHA (B 12 wacoB). B Teuenme Kpyribix CyTOK OCHOBHAast
Macca uHQy30pHi HaxomuTCs B ropusontax 10-50 m. ITo cpaBHEHHIO ¢ JAPYIHMH
CE30HAMH, B ITOT NEPHOJ 30HA COCPEAOTOYCHHS HH(]Y30pHIl pacTsHyTa 1o riy-
GuHe, 4TO, BEPOATHO, CBA3aHO C YACTBIMH LITOPMOBLIMH BETPAMH H MHTEHCHBHOM
LHPKYSAHEH BOIBI.

CpaBHHUTEJNILHOE H3YYCHHE BEPTHKAJIBLHOIO pacnpefie/ICHUs TIAHKTOHHBIX WH-
(dy30pHit npu nacMypHOit H COJIHEYHOM nmoroae (JietoMm B 12 yacoB) nokasajo, YTo
IPU SICHOM TOTO/Ie OCHOBHBIE Macchl HH(DY30pHil Obiiin OOHApYKEHBI HA IJyOune
25-50 m (cm. Puc. 7, d I). Didinium balbianii, Frontonia marina, Cristigera minuta,
Strombidium marinum, Buaer cemeiictsa Codonellidae w Tintinnididae 06pa3oBbi-
BaJIM 3/1eCb MaccoBble monmysisuan (2-2.5 muH. 3x3/m?). [Tpu macMypHO#H moronae
aHeM (12 yac.) coxpausics “HOMHOM” (TOYHee, CBONCTBEHHBIH 4 yacaM yTpa) Xa-
PaKTep BEPTHKAJLHOIO PacHpeieSIeHUs MIAHKTOHHBIX HMHQY30pHii: MAaKCHMYM HX
YUCJICHHOCTH npHXoauscs Ha ciaoi 10-25 m (Puc. 7, d, II).

Wundyszopuu obpacranmi

CyTo4HBIE H3MEHEHUS YHCIICHHOCTH NMEepUuPHTOHHBIX MH(DY30pHii ObLIH B OCHOB-
HOM H3Y4YEHB! HA SKCTNEPHMEHTAJIBHBIX NMJIACTHHKAX, MOABEIUEHHBIX YEpe3 Kax/bie
Sm no obuweii ray6unnt 25 m. OAHOBPEMEHHO € ITHM NPOBOJAMIMCHL CYTOYHbIC
HaONIO/ICHHS. HA T'MAPOTEXHHYECKHX COOPYXKEHHAX M OT/ACHbHBIX CBasX. DKCrepH-
MEHTbI NPOBOJHJIHCH MCKJIIOMHTEIBLHO B 3alUMIUEHHBIX OoT mpubos paiionax Cpea-
Hero W FOxwnoro Kacnusa. B cyTOYHBIX HaONIOJACHHSAX YYHTBHIBAJHCH JIMIUL MOJ-
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BHXKHBIE BHIBI HHQY30DHH, JUIS KOTOPHIX MBbICIHMA BEPTHKAJIbHAS MHIpALUA.
O6paboTka MaTepuasia 1noxasaja, 4To ¥epe3 CYTKH I0CJ]e MOIPYKEHHA IUIACTHHKH
B BOJAY Ha €€ MOBEPXHOCTH OOHAPYXKMBAIOTCH NOABHXKHblE HHOY30opun. Camoe
6picTpoe 10 BpeMeHu (B TeueHue 6 wacoB) ocenanue HHGY3OpPHIl HA IIACTHHXH
NPOUCXOHIIO JIeTOM. 3MMOM macTHHKH oOpacTanu MeUICHHO, HHQY30pHH 3/1eCh
HOABJSJIMCE TOJIbKO HA BTOPBIC CYTKH.

Bo Bce ce30HbI BHIAOBOE pa3HOOOpasHe M YHCJICHHOCTH NOABHXKHBIX (opm
HHQY30pHI MAKCUMAJIbHBI Ha TPeTbH CYTKH, B TeYCHHE KOTOPBIX H IPOBOAMJIMCH
CyTO4YHbIE HAOJIOACHHS.

OGpaboTka MaTepUaioB NMOKasaja, YTO HECMOTPS HAa KaXyLLyIOCHd TPYAHOCTH
MHUrpauny NepuPHTOHHBIX HHQDY30PHI HAa 3HAYMTENILHBIC PACCTOSIHUA CKBO3b
TOJIY BO/bI, 3TH MHIPAalHH PEAJIbHO CYIUECTBYIOT M BBIPAXKCHBI BIIOJIHE YETKO.
OuesnHO, HHDY30PHH B TE€YEHHE CYTOK ABAX/bl YIJIBIBAIOT C OAHUX CyOCTpaTroB
¥ OCEAalOT Ha JPYTHX, HAXOAALMXCA Ha GosnbuieH HaM MeHbmel raydune (Puc. 6).
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Puc. 6. CyTodHBIC BCPTHKAJIBHBIC MMrpauud nepuduronssix uHbysopuit Kacrnmiickoro mops
B pasHbic Ce30HBI roga A — Becha, B — nero, C — ocenb, D — 3uMa (m1s sICHOH morojsr);
OChb OPIHHAT — TJIyOHHA B MeTpax, och abcumcc — BpeMsi CyToK. OTpE30K B MPaBOM HHIKHEM
yray npejacrasiser 100 axk3emMuiApoB uHQY30pHH
Fig. 6. Daily vertical migrations of periphytonic ciliates in the Caspian Sea in various seasons.
A — spring, B — summer, C — autumn, D — winter (sunny weather). Ordinate — depth
in metres, abscissa — time in hours. Scale in right lower corner of the diagram represents 100 spe
cimens of ciliates

Bechoit, npu Temnepatype Boasl 17-19°C, B TeMHoe Bpems CyTok (24 u 4 uaca)
CCHOBHAsi Macca MOJABHXKHBIX MH(y30pHi Obula oOHapyXeHa Ha IJIACTHHKAX, Ha-
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xozsumxcs B caosx Boabl 0-5 1 5-10 m ot nopepxHocTu. MaccoBriMu (popMamu
3/1eck oxasanuch Enchelys marina, Prorodon binucleatus, Coleps tesselatus, Cyclidium
bergeri, Uronema marinum v ap. Y1pom u auem (8 u 12 vac.) uudy3opns, HanpoTHs,
YHCJICHHO npeobnajajd Ha MJACTHHKAX, HaxoAaswwmxcs B ropomsurax 10-15,
15-20 m (cm. Puc. 6). Bewepom (16 m 20 wac.) mabnrogaiace NpoMeKyTouHas
KapTHHA.

Jletom (B mione) npu Temnepatype Boabl 27-28°C Ha NJIACTHHKAX MacCOBOTO
pasBuTHs nocturanu Hypotricha, (Buawl Holosticha, Oxytricha, Euplotes, Aspidisca).
OOwmit xapaxTep MX CyTOYHBIX MMIPallHifi — TOT e, 4TO Yy BECEHHbIX (opMm:
YTPeHHss Murpauus Ha 6osiee riiybok0 pPacrosiokKeHHbIe CYOCTPaThl i BEYEPHSA —
B CTOpOHY MoBepXHOCTH Mops (Pmc. 6).

OceHbI0 M 3HMOI, C MOHMWXEHHEM CpeaHell TemnepaTypsl Boabl (16.5 u 4.5°C),
YHUCJIEHHOCTh HH(Y30pHIi B nepuuTOHEe yMeHbIUaeTcs. Yalle BCero Ha mjiacTHHKax
obuapyxupatorca Litonotus lamella, Loxophyllum helus, Trochilioides recta, Dy-
steria monostyla, Chlamydodon triogetrus, Condylostoma arenarium f. proturostyla,
Aspidisca leptaspis, A. fusca w np.

B 3TH ce30HBI, B CBA3H C COKpAUIEHHEM CBETJIOTO NEPHOAA, “HOYHON" XapakTep
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Puc. 7. Mamenenne xapaktepa AHeBHOro (12 wac.) BepTHKanbHOro pacnpeiacnenus uHdy3opmit
JieroM npu conreyHoit (I) m nacmyproii noroae (I1). (a — Menkuit rereporennsiii necok, b — cpen-
HHit NIECOK, ¢ — KPYMNHBIi Necok, d — MNIaHKTOH, € — NepHPHTOH); OCH OPAHHAT a-C — IiyOHHa
B caHTHMerpax, d, e — riayOuna B Merpax. OTpe30K B NpaBOM HHAHEM yrjy rpadusa npeacra-
Baser 200 ax3emMmaspoB HHbYy30pHHM
Fig. 7. Changes in daily (12 h) vertical distribution of ciliates in summer, during sunny (I) and
cloudy (II) weather (a — fine heterogenic, b — medium, ¢ — coarse sand, d — plancton,
¢ — periphyton). Ordinate — depth in centimetres (a—) and in metres (d, ). Scale in right lower
corner of the diagram represents 200 specimens of ciliates
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pacnpesesieHus Hudy3opuii npeobnajsaeT B TeUeHHe MOYTH KPYIibiX CyToK. [lhes-
Ho¥M yxoa nH(py30pHii B riiyOuHY BhipaxeH ciabo u 3aMeTeH oceHbio B 8 i 16 vac.,
a 3umoit — B 12 vac. (Puc. 6). Ipu o6paboTxe cepur npod, B3ATHIX ¢ THAPOTEXHH-
YECKHX COOPYKEHHI M JEPEBAHHLIX CBail B pa3HoE BpeMs CYTOK (AHEM H HOYBIO-
ObUIM MONYYEHBI T K€ PEe3YJIbTAThl, YTO M HA IKCNEPUMEHTAJIBHBIX TJIACTHHKAX.
B TeMHOe BpeMs CYTOK OCHOBHAs YacTh NEepHUPHTOHHLIX MHPY30pmit Haxoaunach
B BEPXHMX y¥acTkax cybcrparta (cBam), a JAHEM MACCOBbIC NMONYJsuMM HWX oOHapy-
KHBAJHCh B HHKHMX yyacTxax (B ropmsonrtax 5-10, 10-15 m). Yro xacaerca cu-
aauux gopm HHQY30pHH, TO H3MEHEHHA HX YHCIEHHOCTH B TEYEHHE CYTOK, ecTe-
CTBEHHO, He Habmoaanock.

Pe3ysibTaThl M3y4YeHHS BEPTHKAJIBHOIO pacnpejeieHus NepupHUTOHHBIX HHOY-
30pHii B MACMYPHYIO ¥ COJHEYHYIO moroay (etoMm B 12 yac.) noxasaso, YTo B nep-
BOM Cay4ae OCHOBHasi Macca uHpy3opuit nHaxamauBaertcs B 0.5-MeTpOBOM IOpH-
30HTE, 2 BO BTOPOM Cilydyae HAHOONBILIAS “MHCACHHOCTh MH(Y30pPHIl 3aperHcTpH
pOBaHa B HHAKHHX ropusontax cyberparta (10-15 m) (Puc. 7 e, I, II). Hexotepsl
Buanl, xax Holosticha manca, Oxytricha tricornis, O. aeruginosa, Euplotes harpa,
E. raikovi, Diophrys scutum, Aspidisca fusca, A. caspica B yxa3aHHbiX c105X obpa-
30BBIBAJIM MAacCOBbIE MONYJSILHH,

O6c¢cyxkaeHue

MccneioBatus CYTOUHBIX BEPTHKAILHBIX MHUIpaluii Hupy3opuii MuxpobenToca,
IIAHKTOHA ¥ nepHpuToHa (0OpacTanmii) NOKA3aJH, YTO OHM PA3IHYAIOTCA B OTACb-
HBIE CEe30HbI roja. ¥ BceX Tpex 3Kosormyeckux rpynn uudysopuii nabiaropaercs
B 001eM cXojHast peaxuus Ha AcHcTsHe (PaxTOPOB BHEIIHEH Cpejibl (B YACTHOCTH,
Ha cBeT). Tax, B CBETJIOE BpeMs CYTOX OCHOBHasi Macca MHQY30pHH BCeX Tpex 3Ko-
JIOTHYECKHX T'PYNI MHIPHPYET BriayOb IPYHTA MJIH BOIbI, 2 B TEMHOE BpeMsl CyTOK
BO3BpAIIACTCA B camble BepxHue caou. Oauaxo, npu TiateabHoi obpaborxe
npob, B3ATHIX B PasjMuyHOC BpeMsi éyrox, BBISCHAIOTCA HEKOTOpbie BapHalyH
B BEPTHUKAJLHBIX MHTpauusaX uHQy3opHit B MuxpobeHTOCe, NIAHKTOHE W nepudu-
TOHe.

B MuxpobenToce (ICaMMOHE) AMIUIMTY/IA BePTHKAJIbHBIX MHIpauuii HHQy30pHit
pasaudaeTCs B OT/AEJBHBIX THMAX TNecka; oHa Tem OoJblue, yeMm KpYNHee MNecox.
B MeKOM reTeporeHHOM MNecKe BECHOI, JIETOM M OCEHbIO B HOYHBIC 4achl HHOIJA
JOCTHIAETCA OYEHb BBLICOKAR YHCICHHOCTh MH(DY30pHil B OTAEHBHBIX CHOAX (0CO-
GeHHO BEPXHHX). 3UMOIf, B CBA3H C MAJCHHEM TEMNEPATYpPbl, 0OIIAsS YHCIEHHOCTH
HH(DY30pHiT BO BCEX CJIOAX 3HAYHTENIBHO YMEHbIUaeTcs, obmas raybnHa npoHUKHO-
BeHMs WH(QY30pMil B IPYHT YBEJAHYMBAETCHA, 4 JHEBHBIC M HOYHBIC MAKCHMYMbI
YHCJICHHOCTH CTAHOBATCA MEHEE HETKMMH. BHIMMO, 3TO CBA3AHO C MEHEE MHTCH-
CHBHBIMH CYTOUHBLIMH MMIPAlMAMH B XOJIOHOE BpeMs roaa. B cpeanem M oco-
GEHHO KpYNMHOM Iecke oblas YHCiIeHHOCTh MH(pY30puii MeHbue, a raybmHa MX
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MPOHUKHOBEHUS B IPYHT GoJibLUe, YeM B MEJIKOM. BepTukajibHble MHTPALMH H 3/1Ch
Jlyylle BBIPAXeHbI B TEIUIOE BpeMs roJla IO CPABHEHHMIO C XOJIOAHBIM.

W3yyenue CyTOYHBIX BEPTHKAJBHBIX MHIPALMH MIAHKTOHHBIX HH(Y30pHIi B OT-
JIeJIbHbIE Ce30HBI TO/Ia MOKa3ajlo, YTO BECHOM M JIETOM, MUIPHPYS B BEYCPHHE YacChl
U3 HWKHHX FOPH3OHTOB BOJBI B BepXHHe, HHDy3opun X 24 u 4 wacam obpasyior
IUIOTHOE CKOIUieHHe B BepxHeM 10-MeTpoBoM ciioe. B cBeT/ioe BpeMsi CYTOK OCHOB-
Hoe cxomieHue uHdysopuii obHapyxkusaercs riyoke — B ciosax 10-25, 25-50 m.
Ocenbio # 3UMOM Kax H B MHKpoOeHToce, obliee KOJAHYECTBO IJIAHKTOHHBIX MH(DY-
30pHI HECKOJILKO COKPAILAETCd, a PasHHLA B KOJHMYECTBE MH(Y30pHil MEKAY OT-
JIeJIbHBIMH TOPH3OHTaMH yMeHbLIaeTcs. CyTouHble CABHIH BEPTHKAJBHOIO pacmnpe-
JeJIeHHs] CTAHOBSTCS MEHEe BBIPAakKEHHBIMH.

Kax B MukpoGenToce, Tax M B IUNIAHKTOHE M nepudepHTOoHe MoABEM HHPY30pHii
B BEpPXHHE FOPM3OHTHI HAYHHAETCS yXke CO BTOPOH MOJIOBHHBI [HS, KOTAQa MHTEH-
CHBHOCTb CBeTa B IJIYOHMHHBIX CJIOAX YMeHbLIaetTcs. B 20 wacoB 3HauMTEeNbHOE
KOJIH4eCTBO HH(Y30pHH, B 3aBHCHMOCTH OT C€30HA IOjAd, HAXOAWTCS B CPEAHHX
WJIM Jlake B CaMOM TIOBEPXHOCTHOM cioe. Cambiii paunnii noasém HHy3opHii
HabrogaeTcss OCeHb0 M 3uMOM. B 3T ce30oHbl B 20 wacoB MaxcHMasibHOE KOJIH-
YecTBO MH(Y30pHA HAXOAHTCH yKE B BEPXHHX ropu3oHTax. Hanpmmep, B MeJIKOM
reTeporeHHoM mecke oceHbio B 20 yacoB OCHOBHOe cKomjeHue mH(y3opuii obHa-
pyXKHBaeTcsi B ciofxX 2-6 cm, a 3uMOif — B CAMOM MOBEPXHOCTHOM CJIOE IeCKa.
AHaJIOrHYHOe fABJeHWe HAOJNIONaeTCs B CpeAHHMX M KpynHbpIX meckax. Cxoanas
KapTHHA Obljia 0OHapy’KeHA B MJIAHKTOHE, a Taxxke B nepudurone. Ocenbro B 20 yac.
OCHOBHAs Macca IUIAHKTOHHBIX HH(]Y30pHit AepxkuTtcs B caoe 10-25 m, a 3uMoit —
0-15 m. B nepudurTone, Kax OCeHbI0, TaK H 3uMOM, HHDy30pHuH B 20 yac. YUCICHHO
npeobaagaror B ropusonte 0-10 m.

Cnyck MHQY30pHil B HHXHHE TOPH3OHTHI HAYMHAETCA CO BTOPOH MNOJOBHHBI
Houu. B oT/enbHbie Ce30HBI Toja yxe B 4 yaca Houn GoJIbLIOE KOJIHYECTBO HHDY-
30pHil OMYCKAETCA B HHKHHE ropH3oHTHI. Camplil paHHuil cnyck uHdy3opuii Habmaro-
paetrcs jetoM. B 9To Bpems B 8 wacoB yTpa B MHKpOGCHTOCE OCHOBHas Macca
uH(Y30pHil HAXOAHTCA B cioe 3-6 cm (B MEJKOM reTeporeHHoM necke) u 4-8 cm
(B cpeaeM H KPYITHOM II€CKaX), B MJIAHKTOHE — Ha raybuse 25-50 m, a B nepudu-
TOHe — B 15-20-MeTpoBOM ropusonre. BeCHOM yTpennee omyckanue HH(DY30pHi
HAYMHAETCS HECKOJIBKO MO3XKE, 4 OCEHbIO W 3HMOH — ewie mozxe (Puc. 2-6) u npu-
OAM3UTEILHO COBNAJAET MO BPEMEHH C PACCBETOM.

Caeayer OTMETHTh, 4YTO HOYHOE pacnpejesieHue HH(py30pHi B 3aBHCHMOCTH
OT 3€PHUCTOCTH TPYHTA, a4 Takxke OT Ce30HOB rojla HeCKONbKO MeHseTcs. BecHoit
B MEJIKOM TIeTepOreHHOM fMecke MHQY30pHiL B OCHOBHOM CKAIUIMBAIOTCH B Cllo€
0-2 cm, a B CpeAHHX M XPYNHLIX neckax — B Oosee TonctroM cnoe (0-4, 1-4 cm).
B naaukTone obpasyercs CKOMJeHHe B BepXHeM 10-MeTpOBOM ropusonTe, a B nepu-
(uTOHE MX OCHOBHOE CKOIUIeHHe oOHapyxusaercs B cinosix 0-5, 5-10 m. nyGxe
YHCIIEHHOCTh HH(Y30pHii B 2-3 pa3a yMEHbIUACTCS, 4 B CAMBIX HHKHHX FOPH30HTAX
BCTPEYAIOTCS JIMIIL €AHHUYHbBIE 3K3CMIUISIPBI.
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Jlerom ocHOBHOE CKOIUIEHNEe HH(DY30PHIT HOYBIO HAGNIOAACTCS TAKKE B BEPXHHX
ropuzonTax. OHaxo, B OTJIHYHE OT BECEHHEIO CE30HA, 3/16Ch HH(Y30pHH HECKONBLKO
OoJiee paccpeZlOTOYHBAKOTCA M 3aHMMAlOT GoJice TOJICTHIC CAOM TPYHTA M BOJIBI
C JIMIUb NMOCTCNEHHBLIM YBCJIHYCHHEM KOJIHYECTBA MHQDY30pHIl K MOBEPXHOCTH (CM.
Puc. 2-6).

Ocenpio M 0COGEHHO 3MMOMH B HOYHBIE YAChl MAKCHMAJIBHOE KOJHYCCTBO MH(Y-
3opuif yacto HabirojaerTcs He B CAMOM HOBEPXHOCTHOM CJIOE, @ B CJICAYIOLIEM
3a HHM, M 3aMETHO PACTAHYTO 1Mo rayOune. BeposiTHO, 3TO CBA3ZAHO C TeM, 4TO
Ha CYTOYHYIO PHTMHKY MHIpallMii HAKJaJbIBAeTCsd AECHCTBHE ApPYrHX (akTopos
(TemnepaTypa, ABHXKEHHE BOJibI).

Taxum o6pa3om, CBET, MO-BHAHMOMY, SBJISETCS OCHOBHBIM (PaKTOpPOM, CTH-
MYJIHPYIOLUMM CYTOYHbIC BEPTHKAIbHbIC MUIPALMH KaK OEHTHYECKHX, TAK W NJIAHK-
TOHHBIX U NepupuTOHHBIX HHDY30pHit, Hapsay ¢ 9THM, NHILA TAKXKE MOXKET ABJIATChS
daxTopoM, MMeIOIHUM GOJibIlIOe 3HAYCHHE B CYTOYHBIX BEPTHKAJBHBIX MHIPAIMAX.
B uactHOCTH, MMEHHO OOmJmem nuuM (POTOCHHTE3UPYIOLUHX JXIYTHKOBBIX) MBI
CKJIOHHBI OOBSCHUTH HEOOBIYHBIH KPaTKOBPEMEHHBI BO3BpaT MHOIHX MHQY30pHii
B caMble MOBEepXHOCTHbIE ciou necka (Puc. 2-4) u Boawr (Puc. 5) oxono 12 wac.
JIHs, HaOJIOJaeMblif TOJIBKO BECHOM, T.e. BO BpeMs ‘‘LUBETEHHs” KIYTHKOBBIX.

B none3y npeacTaBieHHs, 10 XOTOPOMY CBET ABJISETCA OCHOBHBIM (haKTOpOM,
PEryJIMPYIOILMM CYTOYHBIE BEPTHKAIbHbIC MHIPaluy HH(DY30PHIT NCaMMOHa, IJIaHK-
TOHA M NEpHPUTOHA, TOBOPHT M TOT (aKT, YTO NPH NACMYPHOH IOroje JHCBHAs
Murpauus HHQy30puit BrilyOb I'PyHTa HJIM BOJIbI BbipaxkeHa ropasao ciabee, yem
mpH sAcHOl moroje. JlHeM 3/ech coXpaHsieTCs XapaKTep BEPTHKAJbHOIO pacnpeje-
nenus MHQy30puii, CBOMCTBEHHbIA paHHMM yTpeHHHM 4acam (Puc. 7).

BepruxanbHoe pacnpenenerue uepysopuit B rpyare Fenchel and Jansson
(1966) u Fenchel (1967, 1969) 00bACHAIOT BAMAHHEM CEPOBOAOPOAA H YXYAILCHHEM
KHCJIOPOJHOTO PpeXHMa C yBesuyeHueM riyOouubl. Hecomuenno, 3TH (axrops
JUMHTHPYIOT TPAaHHIBI CYTOYHBIX MHIPALMif, T.C. ONPEACJAIOT HMX JAHANA30H.
Opnaxo, caMH MHIPAalMH BBI3BIBAIOTCS, €3 COMHEHHS, NEPHOAHYECKHMH (axTo-
pamu. Jpyrumu (axTopamu, ONpeje/asiOLMMH AHANA30H CYTOYHBIX MHIPaLHii,
MOTyT OBITH pa3sMepbl IPOCTPAHCTB MEXAY YaCTHHAMH NeECKa, XapaxkTep T1emie-
PATYPHOTO peXHMAa M pacnpejiejieHue TNHILEBBIX OOBEKTOB B OTHEbHBLIX CHOsX
rpyara. M3BecTHO, 4TO MHOTHe HH(y3opuu (OeHTHYCCKHE M TUIAHKTOHHbIE) NH-
TAIOTCS OJHOKJIETOYHbIMH BOAOPOCAAMHM (JHATOMOBBIMH M ApP.), a Takke ¢oTo-
CHHTE3MpYIOIIMMH KryTHKoHocuamu. Kax nokasan (Faure-Fremiet (1950 a, b,
1951), atu ¢GopMbl caMu CIOCOOHBLI K BEePTMKaJIbHBIM MHIPALMAM B IPYHTE MO/
BO3/IEHCTBHEM NPUJIMBHO-OTJIMBHOIO PUTMA H, BEPOATHO, TAKKe M ApYrux ¢ax-
topoB. Taxum 006pa3oM, OZHHM H3 (PAXTOPOB, OOYCAOBJIMBAIOIIMX BEPTHKAJIbHbIC
MHrpaui HHQY30pHi, MOTYT ObITh CYTOYHbIC HJIM MHbBIC BEPTHKAIbHBIC MHIDALHH
MHILEBBIX OPraHU3MOB.

BoJIbIIOH HHTepeC NpeACTABiseT, HaKoHel, cam (axT crocobHocTH nepupu-
TOHHBIX TOJ3AIOUIMX, T.€., Ka3ajnoch-0bl, Mo MOABHAKHBIX HH(Y30pHiT K 3HAYH-
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TEJIbHBIM CYTOYHBIM MHIpauuaM. [locne/inue, HECOMHEHHO, CBSI3aHBI C YIUIBIBAHHEM
HX C OJTHHX CYOCTPAaTOB, NEPEMEIICHHEM HX B TOJiLe CBOGOIHOM BOJBI N OCEJIAHHEM
Ha rpyrue cybeTpathl. DTOT (axT paHee He ObIl M3BECTEH.

Kax oTmevyeHO BBIIIE, 710 HACTOALIETO BPEMCHH JIHTEPATYpa INOCBALICHHAS
CYTOYHOI BepTHKaJbLHON MHIrpauuu HHPy3opHii moutu orcyrcrsyer. Toabko B pa-
6ore 3auka (1972) (mo AtnanTHyeckomy oxeany H CpeanzMeHOMY MOPIO), NpH-
BOJIATCA CYTOYHBIE BEPTHKAIbHBIC MHTPAUMH P/ BUIOB IJIAHKTOHHBIX HH(Y30pHit.
Jlanubie 3TOro aBTOpa MOKA3BIBAIOT, 4TO B Cpean3eMHOM MOpe MaKCHMYM ILIOT-
HOCTH MHKPO300IUJIAHKTOHA NPHXOAWTCS HAa raybmny 20-30 m, HE3aBHCHMO OT
BPEMEHH CYTOK, a B ATJIanTH4YecKOM oxeaHne (CeBepo-3anagnoe nobepexse Adpuku)
JaBa MaxcumyMma B cioe 10-20 m u 50-75 m. Heckonbko MHas KapTHHA OTMEYAaeTCs
B KacnniickoMm Mope, rie B 3aBUCHMOCTH OT Ce30HOB Io/Ia YHCIEHHOCTb HH(y30pHit
B CJIOAX 3HAYMTEJIbHO MeHAI0TCA. Tak, BECHOM M JIETOM OCHOBHOE CKOIUIEHHE MH)Y-
30pHii OOHAapyXHBAaeTCs B CpefiHHX cjosX Boabl (10-25m), a ocCeHbXO M 3MMOI
30Ha COCPENIOTOYCHNS HH(Y3OPHIl CTAHOBHTCH PACTSHYTOM M OCHOBHAS MX Macca
HaXoAuTCAs B ropusontax 10-50 m.

B octanbHeIX paboTax NpPHBOJSATCS TOJILKO BEPTHKAJIbHBIC PaCHpeac/iCHuUs
OCHTHYECKHX M TUIAHKTOHHBIX MH(py3opuii. B 3ameuarensubix paborax Fenchel
and Hartwig (mo Bantuiickum u CeBepHbIM MopsiM) nomMumo o6ueit ¢ayHsr
MHKPOOEHTOCA [ETaNbHO Pa30MpaeTcs BEeTHKAJbHOE pACHpe/Ie/icHHe OTACbHBIX
BUJOB HH(Y3OPHI.

CpaBHeHue MoJIyYeHHBIX HAMH JAHHBIX C JJaHHBIMH 3THX aBTOPOB H C AaHHBIMH
Bypxosckoro (1968, 1971) (no benomy mopro), Petran (1968) (mo pymbiHCKOMY
nobepexpio Yeproro mops), Margalef (1963, 1968), (no CpeanszeMHOMY MOPIO),
Beers and Stewart (1969), (no Tuxomy oxeaHy) MOKa3biBaIOT, YTO HECMOTPS Ha
pasHoe reorpaduyeckoe IOJIOKEHHE ITHX MOpeil, BEPTHKAJbHOE pACNpe/escHHe
OCHTHYECKNX HH(Y30pHH NOAYHHACTCS OOLIEH 3aKOHOMEPHOCTH: C YBEIHYCHHEM
rJyOHHBI TIPOHCXOAMT 3HAYHTesbHOE OOcjaHeHHe (ayHbl. OAHAKO IPH ACTAJIBHOM
CPaBHEHMH BEPTHKAJBHOIO PACHpEe/IeHHs HEKOTOPBIX, MaccoBbiXx (opm uHpy-
30pHIl YKa3aHHBIX PAaiOHOB OOHAPYKMBAIOTCS HEKOTOPBIE PA3JH4YMA B CTENCHH
UX NMPOHUKHOBEHHS B I'PYHT M BCTPEHAEMOCTH B OTJEJIbHBIX CJI0sAX. Tak, B reckax
Besoro Mops MakxcuMasibHast IilyOMHA NPOHHKHOBEHHS HWH(Y30pHH J0XOAMT 10
6 cm. Huxe 6 cm uHOY30puM MOYTH OTCYTCTBYIOT. UYTO Xacaercs YMCICHHOCTH
nHQY30pHit B OTJEIBHBIX CIOfX, TO HEKOTOphie (opMsl, xak Mesodinium, Rema-
nella, Diophrys o6pa3yroT MaccoBbie nonyjsiiiun B camom BepxueM ciioe (0-0.5 cm).
Hexoropsie npesicraputenu Oxytrichidae w Trachelocercidae B 601b1110M KONHYECTBE
BeTpevarotest Ha raybunax 0.5-2 cm. B Kacnuiickom Mope yxa3aHHbie HHPY30pHH
0OHApYXHBAIOT MaKCHMMaJIbHOE pa3BuTHe B ciofx 0-4 cm. B HexoTOpBIX paioHax
Kacnus (3anagnoe u BocTouHoe mobepexne HOxuoro Kacnus) mudy3opuu cBoero
MaKCHMAaJIbHOIO Pa3BHTHA JOCTHraroT B cjosx 0-6 cm.

CpaBHenue HAlMX A3aHHBIX ¢ AauHbiMH Hartwig (1973) moxa3seiBaeT, 4TO
MaxCHMaJibHOe [POHMKHOBeHHe HHQYy3opuit B riybos rpynta B CeBepHOM Mope
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Oonbwe (25-30 cm), yem B Kacnmiickom Mope. I'panHua NpOHHKHOBEHHS HHOY-
sopwmii Briy6s rpyura B neckax Kacnus noxomut no 18-20 cm. Opnaxo npu cpas-
HEHHHM BEPTHKAJILHOH MUIpalMH OTAEJNBHBIX TIpynn HHEQY30puii (B 4aCTHOCTH
Trachelocercidae) 06enx Mopel MOKHO 3aMETHTb, YTO B BECEHHMIT H JIETHHIT CC30HBbI
ocHOBHas ux Macca (60-90%) xonunenTpupyercs B ciaoe 0-5 cm. OceHbIo H 3UMOIH
GoaBIIMHCTBO ocobeli 3aperncTpupoBansl B cioix 5-10 u 10-20 cm B Ceseprom
mope u 5-13, 13-20 B Kacnmiickom Mope (MeNKuit M KpYynHbIi TECOK).

Jausste Petran noka3seiBaroT, uTo HHpY30pHK B neckax YepHOro Mops npoHu-
xaroT a0 raybunsr 8-10 cm. Hekoropeie dopmbr — Condylostoma remanei, Anigs-
teinia clarissima, Loxophyllum setigerum, Diophrys scutum w Frontonia marina
B 6OJILLIOM KOJHYECTBE BCTpeyaroTcs B cinoe 1-2 cm M ocobenHo B cnoe 0-1 cm.
Pleuronema coronatum, Mesodinium pulex NOMWHHPYIOT B OCHOBHOM Ha riybuHe
5-6 cm. B otuinune ot Yepnoro mops, B Kacnun P. coronatum cBoe MakCHMaJbHOE
PasBUTHE MoOJyYyaeT B caMoM BepxHeM cioe (0-1 cm), a M. pulex — B cnoe 2-3 cm.
BepTuxanbHOe pacnpeleieHHe HeKOTOphIX MaccoBwIX (opm unbysopuit (Litonotus
lamella, Condylostoma arenarium, Anigsteinia clarissima, Frontonia marina, Pleuro-
nema coronatum, Diophrys scutum, Aspidisca fusca) 8 Bantniickom n Kacnuiickom
MOPSAIX HOCHT TIOYTH aHAJIOTHYHbIH XapakTep. YKa3aHHbIe BHABI CBOEI0 MaKCHMyMa
pocturarT B ciaoax 0-1 u 1-2 cm.

IIpu cpaBHeHuM pe3ysbTaToB nosydeHHbix Margalef, Beers and Stewart,
Mopo3oBckoif W 3auKa NO IUIAHKTOHHBIM HHQY30PHAM NPHOPEKHBIX BOJ
Ucnanuu (BoctouHoe mobepexsne), Kanudbopuuu (Tuxmii oxeaun), Yepnoro, A3os-
cxoro Mopei u Kacnus GbiiH OTMEYEHBI aHAJIOTHYHBIE MOJIOKEHHST BO BCEX OT-
MEYeHHBIX reorpauyeckux paionax. Mudy3opuu, B OCHOBHOM, THNHYHBIC HX
dopmer (Buasl, ponoB Tintinnopsis, Codonella) wanbonpuieii YUCICHHOCTH 06HA-
PYXHBAIOT B CAMBIX ITOBEPXHOCTHBIX CJIOAX NPUOPEXKHBIX yyacTkoB Boasbl (0-10 m).
B 3aBHCHMOCTH OT CE30HOB roja 30HBI MAKCHMAaJIbHOTO CKONJEHHS HHQY30pHii,
MensioTes B npeaenax or 0.5 mo 15 u 10-50 m.

Pe3oMe

B pasHble Ce30HBI rojia M3YYEHHI CYTOYHBIE BEPTHKAJbHbIE MHIPauuu HHDY-
3opuit MukpobenToca, miaukrona u nepupurona Cpeanero u FOxuoro Kacnus
na Marepuasie 130 yacTo Berpeyarouuxcs BuaoB (57 Bu1oB MukpobenToca, 30 Bu10B
mIaskToHa ¥ 43 Buaa mnepudurona). B MUKpoGeHTOCe M3y4YeHBI BEPTHKAJIbHBIC
MHTPaHA NCAMMOGHIbHBIX MH(Y30pHil HA Tpex THHAX mecka (MeJKHif reTeporeH-
HBIH, CpETHMI, KPYIHBIH).

Bo Bce ce30HBI rola M BO BCEX THIIAX MecKa B reMHOe BepMsa CyTOK (24 u 4 vaca)
OCHOBHOE CKOIUIEHHE HH(QYy30pmii Habyxojaercs B noBepXHOCTHOM 1-2 cm cioe
necka, a B CBETJIOE BPEMS CYTOR — HA HECKOJBKO CAHTHMETPOB IhyOke.

B xomoxnoe BpeMs roja (oceHbro M 3uMOM) 06IIas SMHCACHHOCTh HHQY30pHi
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YMEHBIIIAETCHA, 30HA MX BEPTHKAJIBLHOIO paclpeje/ieHHs CTAHOBHTCA 6oJiee BbI-
TAHYTOM, @ MX CYl10YHbIE MHIPALHH — MEHe:s BblpaxkeHHbIMH. CXOAHAS KapTHHA
obHapyxeHa NMpH H3YYEHHWH TJIAHKTOHHBIX M TOJBHXHBLIX NEPU(PHTOHHBIX HH(DY-
30pHii: BeYEPOM OHH MHIPHPYIOT H3 HHXHHMX TOPH3OHTOB BOJbI B BEPXHHI H X 24
u 4 yacam 0Opa3yloT MAaKCHMYM YHCJEHHOCTH B BepXxHem 5-10 m ropmu3omuTte.
B cBeTsioe BpeMsi CYTOK OCHOBHOE CKOMJIEHHEe HH(Y30pHH OGHapyXuBaeTcs B ro-
puzonTax 5-10, 10-25, 25-50 m. Murpanusi noABHKHBIX TEPHPHTOHHBIX HHOY-
30pHiil OCYIIECTBJACTCS CKBO3b TOJILLY BOJbI, NyT€M HX YIUIBIBAHHA C OAHHX CyO-
CTPAaTOB M OCEJIAHUA HA JpYIHE.

Kax B MuxpobenrToce, Tak H E IJIAHKTOHE H NEpHPHTOHE MHUrpaLms HH(Y30pHit
B BEPXHHE IOPH30HTHI HAYMHAETCS CO BTOPOM NoJoBHHBI AHs (16-20 wac.), a mu-
rpanus uxX Briayob — € paccBETOM H, BHAMMO, CBA3aHA ¢ H3MEHEHHEM OCBEILCHHO-
CcTH. BecHO¥ H JIeTOM BeYepHHH NOABLEM HH(Y30pHIH HAUYMHACTCA MO3XKe, a YTPEeH-
HUIl HX CIYCK — paHbllie, YeM OCEHbIO M 3UMOli. B pesynbTaTe B XonoaHoe u Gen-
HOE CBETOM BpeMs roja (OCeHbIo M 3uMOIN) HH(Y30pHH NpeObIBAIOT B MOBEPXHOC-
THBIX CJIOSIX TPYHTA MJH BOAbI OK0oJ0 16 yacos, BecHOH — okoso 12 wacos, a se-
TOM — OKOJIO 6-7 4acos.

B conmevHyio Morojy cMeleHHe MaKCHMyMa YHCJICHHOCTH HHPY30pHit B HHKHHE
TOPH3OHTHI MECKA MJIH BO/BI JIHEM BBIPaXK€HO CHJbHEE, YeM B nacMypHyio. Kpome
TOTO, HHCOJSILHS BBI3BIBACT W TOPH30HTAJIbHOE Iepepacnpe/ieieHHe OeHTHYECKHX
HHpy30pui (MErpaluns MX B TeHb XKaMHEH, IO BOAOPOCIH M T.IL), B pe3yJbTaTe
Yero WX pacnpejiejieHHe B MOBEPXHOCTHBIX CJOSIX TPYHTAa CTAHOBHTCA PE3KO He-
PaBHOMEPHBIM.

SUMMARY

Vertical daily migrations of microbenthic, plantonic and periphytonic ciliates of the Middle
and South Caspian sea have been studied in various seasons using 130 abundant species (57 micro-
benthic, 30 planctonic and 43 periphytonic). In the microbenthos, vertical migrations of psammo-
philic ciliates have been studied in three types of sand (fine heterogeneous, medium, and coarse).
In all seasons and in all types of sand, the main mass of the ciliates occurred in the superficial 1-2 cm.
thick layers of the sand during the night (24 and 4 h), and in several centimeters deeper layers during
the day. In cold seasons (autumn and winter), the general abundance of the ciliates decreases, the
zone of their vertical distribution widens, and their daily migrations become less prominent. The
daily migrations of the planctonic and of the motile periphytonic ciliates follow essentially the same
pattern although the migration amplitude is here much greater (meters and dozens of meters). In
the evening, they migrate upwards and produce by 24 until 4 h a superficial maximum in the upper
5-10 m thick water layer. During the day, the main mass of ciliates is in the 5-10, 10-25, and 25-50 m
deep layers. The migration of motile periphytonic ciliates must occur through the water thickness,
i.e., they leave one substrata and settle onto others.

In the microbenthos, the plancton and the periphyton, the upward migration of the ciliates
begins during late afternoon (16-20 h), and the downward migration, at dawn, and both seem to
be influenced by luminosity changes. In spring and summer, the upward evening migration begins
later, and the downward morning migration earlier than in autumn and winter. In result, during
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the cold and light-poor seasons, the ciliates remain in the surface layers of sand or water about 16 h
whereas in spring — some 12 h, and in summer — only 6-7 h.

The downward migration of the ciliates during sunny days is stronger as compared to dull
days. Insolation also causes horizontal re-distribution of the psammophilic ciliates as their migration
into the shadow of stones, under masses of algae etc. This results in highly uneven distribution of
these ciliates in the sand on sunny days.

JIMTEPATYPA

Aramanues ®.I'. 1967 a: Marepnanel no 3KoNOrHHM HHQY30pHI ME3ONCaMMOHA 3anajHOro
nobepexbs Kacrmitickoro mopsi. JIAH CCCP 176, 1524-1527.

Agamaliev F. G. 1967 b: La faune des Ciliés mésopsammiques de la cOte ouest de la mer Cas-
pienne. Cah. Biol. mar., 8, 359-402.

Aramanues @. I'. 1970: BeprukansHoe pacnpeaenenue ncaMmoduibnsix uady3opuit B Kacnuii-
CKOM Mope. 300i1. KypH., 49, 1277-1284.

Aramanues ®. . 1972: Undysopun MukpobGeHTOCa OCTPOBOB AmnuIepoHCKOro ¥ bakuHckoro
apxunesaroe Kacnuiickoro Mopsi. Acta Protozool., 10, 1-28.

Agamaliev F. G. 1973: Ecology of the ciliates of the Caspian sea. In: Progress in Protozoology,
Abstr. Fourth int. Congr. Protozool., Clermont-Ferrand, 7.

Beers J. R. and Stewart G. L. 1967: Micro-zooplancton in the euphotic zone at five locations
across the California current. J. Fich. Res. Bd. Can., 24, 10.

Beers J. R. and Stewart G. L. 1969: The vertical distribution of microzooplancton and some
ecological observations. J. Cons. Perm. Int. Explor. Mer., 33, 1.

Bypxosckuii U. B, 1968: KOAHYECTBEHHBIC AAHHBIC O BEPTHKAJILHOM PACMpEICICHHH MCaMMO-
dunbabx wHOY30pHit Beamxoii Canmer (Kanpanaxkwickuit 3anus, benoe mope). 3oom,
Kypu., 47, 1407-1410.

Bypxoeckuit M. B. 1971: Dxonorus ncammodunsHsix HHdy3zopuit Benoro mops. 3001 KypH.,
50, 1285-1302.

Fauré-Fresmiet E. 1950 a: Ecologie des Ciliés psammophiles littoraux. Bull. biol. Fr. Belg.,
84, 35-75.

Fauré-Fremiet E. 1950 b: Rythme de marée d'une Chromuline psammophile. Bull. biol. Fr.
Belg., 184, 207-214.

Fauré-gemiet E. 1951: The tydal rhythm of the diatom Nantzschia amphioxus. Biol. Bull,,
100, 173-177.

Fenchel T. 1967: The ecology of marine microbenthos. I. The quantitative importance of ciliates
as compared with metazoans in various types of sediments. Ophelia, 4, 121-137.
Fenchel T. 1968 a: The ecology of marine microbenthos. II. The food of marine benthic ciliates.

Ophelia, 5, 73-121.

Fenchel T. 1968 b: The ecology of marine microbenthos. 1II. The reproductive potential of
ciliates. Ophelia, 5, 123-136.

Fenchel T. 1969: The ecology of marine microbenthos. 1V. Structure and function of the benthic
ecosystem, its chemical and physical factors and the microfauna communities, with special
reference of the ciliated Protozoa. Ophelia, 6, 1-182.

Fenchel T. and Jansson B. 1966: On the vertical distribution of the microfauna in the sediments
of a brackish-water beach. Ophelia, 3, 161-177.

Hartwig E. 1973: Die Ciliaten des Gezeiten-Sandstrandes der Nordsecinsel Sylt. 1I. Okologie.
2rvlﬁclro?;llauna des Meeresboden (Academic der Wissenschaften und der Literatur, Mains),

Koncraurunos A. C. 1967: O6mas 'mapobuonorusa. Man. “Beicuas Ilxkona**, Mocksa, 1-431.

Manreitdens B. IT. 1960: Bepruxaasusle MATpauuH Mopckax opraiu3mos. L. “Tp. Mu-ta mopd.
KHUBOTHBIX®, 13,

Mauteiidpens B. I1. 1972: Tpodonorus u moseaenue ruapobuonros. B ¢6: “Tpodon. soau
AHBOTHbIX'. U31-B0 “Hayka”, Mocksa.

Margalef R. 1963: Role des livies dans le cycle de la vie pelagique en Mediterrane. Rapp. P-V.
Reun. Cons. Perm. Int. Explor. Mer, 17, 2, 103-112.

Margalef R. 1968: Nouvelles observations sur la distribution des Cilies oligotriches dans le
?;ané:ton de la Mediterrane occidentale. Rapp. P-V. Reun. Cons. Perm. Int. Explor. Mer.,

http://rcin.org.pl



218 ®. . ATAMAJIMEB ¥ P. M. BATUPOB

Mopo3zosckan O. M. 1971: K pesusuu cuCTeMaTHYecKOro cocrasa YepHomopckux Tintinnoinea,
Mar. neps. cse3ga BOIIP, Baky, 59-60.

Huxonaes M. Y. 1952: CyTouyHsle MHrpauMd BOIHBIX opranu3MoB. Ilpupoma, 3, 112-511.

Petran A. 1968: Sur I’écologie des Cili¢s psammobiontes de la mer joire (littoral Roumain), Re.
roum. Biol. Ser. Zool., 13, 441-446.

Uhlig G. 1964: Eine einfache Methode zur Extraktion der vagilen mesopsammalen Mikrofauna.
Helgolander wiss. Meeresunters., 11, 178-185.

Uhlig G. 1965: Untersuchungen zur Extraktion der vagilen Mikrofauna aus marinen Sedimen-
ten. Verh. dt. zool. Ges., 151-157.

3auxa B. E. 1972: Muxpo3oomwiankTon Cpeau3eMHOro Mops M ATIAHTHYECKOrO OKeaHa y ce-
Bepo-3anagHoro mobGepexba Adgpuku. Okeanonorus, 12, 485-491.

3auka B. E. 1973: Mukpo3oomiaskTod Ka3aHTHNCKOro 3aimBa A30BCKOro Mopst B mione 1972 r,
Oxeanonorus, 12, 1089-1092.

Received 16 July 1974

http://rcin.org.pl



ACTA PROTOZOOLOGICA
VOL. 14 (No. 2) WARSZAWA, 15. XII. 1975 pp. 219-232

California Institute of Technology, Pasadena, California, 91125
and University of California, Los Angeles, California, 90024, USA

Anthony T. W. CHEUNG and Theodore L. JAHN

Helical Nature of the Continuous Ciliary Beat of Opalina

Synopsis. High speed cinemicrographs taken with Nomarski interference contrast
and phase contrast optics revealed that the cilia of Opalina beat with a continuous
traveling helical wave pattern. This observation differs from the generally accepted
discontinuous concept. In avoiding movements and in ciliary reversals the cilia just
change the directional orientation of the axis of the helix, and simply continue to beat
with this continuous traveling helical wave.

In comparison with the relatively complete description of the form of beat attain-
ed in studies of flagella (Brokaw 1971, 1972, Brown 1945, Gittleson and Jahn
1968, Holwill 1966, Votta et al. 1971), the description of the movement of cilia
are quite inadequate. There are many reasons for this — most cilia are extremely
small and the beat appears to be variable. In addition, unspecialized cilia when func-
tioning normally during locomotion, are difficult to be directly observed and analyzed
under the microscope because of their small size, their high angular velocity, their
density of distribution and their optical properties which are almost identical with
those of the cytoplasm as well as those of the surrounding fluid. All of these charac-
teristics create many optical illusions and visual problems.

It is not mere coincidence that all previous observations on the form of ciliary
activity were made on highly specialized organelles (e.g., cirri) with comparatively
slow movement, of considerable size and usually of a compound nature instead of
the unspecialized cilia used for locomotion. As a result, nearly all classical work on
ciliary beat had been made on the abfrontal cirri of Mytilus by Gray (1928, 1930),
Kinosita and Kamada (1939) and by Yoneda (1960, 1962). Gray designated the
form of beat of the abfrontal cirri of Mytilus to consist of two separate discontinuous
movements; a rapid effective stroke, and a slower recovery stroke along the same
plane. This planar discontinuous beat pattern had been regarded as the only form
of ciliary movement since the publication of Gray’s monograph in 1928, and this
idea had never been challenged until lately.

Utilizing a rapid fixation technique to avoid the rapid movement of locomotory
cilia, Parducz (1967) came to the conclusion that the ciliary beat for Paramecium

This work is jointly sponsored by NIH Grant USPHS AM 14388 and by NSF Grant GB 24840.

http://rcin.org.pl



220 A.T. W. CHEUNG AND T. L. JAHN

and Opalina was discontinuous, but differed from the previous concept in that the
recovery stroke was three-dimensional, returning to the starting position by tracing
a curved arc similar to that of the letter “D”. Jahn and Bovee (1968) suggested
the possibility of a three-dimensional recovery stroke and a bending of the cilia in
the effective stroke. Compared with the classical concept, the only discrepancy ap-
peared to center on the three-dimensional nature of the recovery stroke. Prior to
1968 (Kuznicki et al. 1968 a, b) the discontinuous nature of the ciliary beat had
never been questioned. It was only after the introduction of the technique of direct
observation of ciliary activity in Paramecium that the possibility of a continuous
(and possibly helical) pattern of ciliary beat was suggested and started to cast some
doubts on the generally accepted discontinuous theory.

Sleigh (1960, 1962, 1968) stated that the ciliary beat of Opalina was a simple
planar effective and recovery stroke, in accordance with Gray’s postulation. Other
than the work performed by Parducz (1967), the only other investigation on the
ciliary activity of Opalina was performed by Tamm and Horridge (1969, 1970),
with results identical to that reported by Parducz (1967), but in greater detail.
No direct analysis on the form of beat of freely swimming Opalina had ever been re-
ported until now.

It is clearly seen in the high speed movies and in subsequent analysis that both
the surface and profile views of the cilia on the same row of attachment show undu-
latory (propagatory) waves. Frame by frame tracings illustrate the fact that there
are two simultaneous undulatory waves propagating on the same cilium; traveling
at right angles to one another, and 90° out of phase. Geometrically, this constitutes
a continuous traveling helix. The fact that live organisms under normal free swim-
ming conditions were used in our analysis. as opposed to specialized compound
cirri (Gray 1928, 1930) and fixed specimens (Parducz 1967, Tamm and Horridge
1969, 1970), helps to enhance the quality and authenticity of this presentation. It
should be stressed, however, that not all ciliates locomote with this continuous helical
wave pattern. It had been shown conclusively in our laboratories (Boggs et al.
1970, Cheung et al. 1974) that the cilia of Spirostomum ambiguum beat with a typical
discontinuous pattern; a planar effective stroke, followed by an angularly deviated
recovery stroke.

The purpose of this research paper is to show that the cilia of a free swimming
Opalina, contrary to previous reports by Sleigh (1960, 1962, 1968), Parducz
(1967) and Tamm and Horridge (1969, 1970), beat with a continuous traveling
helical wave pattern.

Materials and Methods

Biological Material and Medium

Opalina obtrigonoidea were obtained from the rectum of common grass frogs pur-
chased from biological supply firms in Southern California. The organisms were
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isolated out, washed and then resuspended in Naitoh’s Opalina medium (Naitoh
1964). The organisms were normally used immediately, although they could be kept
alive for at least six days in the medium.

Naitoh’s Opalina physiological medium consists of:

NaCl 60 mM
KClI 5 mM
CaCl, 0.1 mM
MgCl, 1 mM
Tris buffer 10 mM

with the pH adjusted to 7.8
Optical Equipment

Camera

A Redlake Locam high speed camera (Model 162-4DC) was used. This camera
was capable of operating up to 400 frames per second. The speed of the movies were
determined on each film by an internal timing light which was projected onto the edge
of the film.

Microscope

A Zeiss Universal Research microscope was used. This microscope was equip-
ped with Nomarski interference contrast, phase contrast and dark field optics.
The general magnification of optical setup is 625-+20x.

Light Source

A 100 Watts tungsten halogen light source was used.
Films

Eastman Kodak Ektachrome Commercial 7225 ECO film was used for color
work, while Eastman Kodak 4 x Negative 7224 4 x N film was used for black and
white. Framing rates of up to 400 frames per second could be used with black and
white work £

Movie Analyzer

Analysis of the high speed movies were made by repeated viewing at various
speeds (2-24 FPS) with a flickerless L. W. Photo-optical analyzer, and also by frame-
frame tracing and analysis. Tracings were made of selected sequences, either by direct
reflection onto tracing paper, or by utilizing the rear window tracing technique.
Black and white prints were made from selected frames for analytical purposes.

Method

Opalina suspended in 20 pl of Naitoh’s medium was used each time to ensure
uniformity. Vaseline mount preparations were made to prevent evaporation and to
provide enough space for the Opalina to swim about freely.,
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High speed movies were made of Opalina in Naitoh’s medium with Nomarsk'
interference contrast and occasionally with phase contrast optics. The movies ob-
tained were later analyzed for the form of ciliary beat.

Results

It can be observed in analysis of the films that the pattern of ciliary movement
in Opalina is continuous. There is NO differentiation into effective and recovery pat-
terns, and NO recovery stroke has ever been observed or recorded in the 6000 feet
of available movies. Analysis of the movies also confirm the fact that the cilia of
freely swimming Opalina beat with a traveling helical wave, propagating from base
to tip along the entire length of the cilia. The propagation of such helical waves is
illustrated in PI I, Il and Fig. 1, 3. Plate I is a print which is composed of 24 succes-
sive frames of a movie sequence. It shows clearly the sequence of events in one cycle
of a cilium in profile. Figure 1 is a superimposed frame-by-frame tracing of Pl. L.
The tracings show clearly the propagation of the peak of the traveling wave along
the entire length of the cilium, and that the ciliary beat is not differentiated into two
discontinuous (effective and recovery) strokes. The nature of such a wave is discus-
sed in detail by Jahn and Bovee (1968) to account for the movement patterns of
certain blood protists, and was also described by KuZnicki et al. (1970) in a report
on the existence of a continuous helical ciliary beat in Paramecium multimicronucle-
atum. Geometrically, a traveling helical wave can be looked upon as consisting of
two simultaneous undulatory waves (as shown in actaal tracings in Fig. 3) propagat-
ing from base to tip along the entire length of the cilium, traveling at right angles
to one another and 90° out of phase. The three-dimensional and helical nature of
the wave can only be determined by considering tracings that are made from simul-
taneous surface and side cilia beating simultaneously on the same row of attachment.
Such a consideration is shown clearly in Fig. 2 and 3. Figure 2 shows a drawing
of the surface of a typical Opalina. Areas A and B indicate the location of tracings
A and B of Fig. 3. Figure 3 A and B show clearly thé'simultaneous propagation of
two different undulatory traveling waves, traveling at right angles to one another,
and 90° out of phase. Such a combination constitutes a traveling helix.

The frequency of beat of such continuous traveling waves is about 25-30 cycles
per second. It could be seen that even before one wave had ended at the tip of
the cilium, a new wave had already started at the base of the cilium. The speed of
propagation of the peak of the waves can reach as high as 250 um per second,
depending on the speed of forward propagation of the organism under consideration.
The average length of the cilia of Opalina obtrigonoideais 12--2 p.m and is long enough
to show at least one complete wave, as can be seen in PL. I, I and Fig. 1, 3. Usually
there is about 1-1 wave in a cilium at any given time.

Metachronal waves can be seen easily in free swimming Opalina. The wave crests
form a right-wound spiral on the uniform surface of the rather long cilia (1242 pum).
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Fig. 1. Actual superimposed tracings of the cilium under consideration in Pl. I. Note the pro-
pagation of the peak of the wave along the entire length of the cilium throughout the entire 24 frame
sequence. The markers are identical to the ones used in PL I

http://rcin.org.pl



. Fig. 2. A drawing of the surface of a typical Opalina. Areas A and
B indicate the locations of the tracings A and B of Fig. 3
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Fig. 3. Actual tracings of the movements of a surface and a profile cilium which are on the
same row of attachment. The exact location of the attachment of the two cilia are indicated in
Fig. 2. A and B are chosen from the same frames and the sequence of events is simultaneous. The
ciliary tracings in A and B serve to show two simultaneous undulatory waves, traveling at right
angles to one another, and 90° out of phase. Combined geometrically, they constitute a traveling
helix. The frames are indicated on the right (1 through 33 at interval s of 4) and the sequence of
events on the left (I through 1V). The arrow indicates the direction of forward propagation of
the organism
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High speed movies (taken at 400 FPS) viewed at 16-24 frames per second enable
one to see such waves clearly. The metachrony conforms to the symplectic type of the
Knight-Jones convention (1954) in that the cilia move in the direction of the wave
travel. The velocity of the metachronal waves can go as high as 200 um per second,
originating from the anterior and progressing regularly towards the posterior end
of the organism. Such metachronal waves can be seen clearly in PI II.

Opalina occurred in abundance in the rectum of frogs. Observations show that
they bump into one another readily. As a result, turning movements and ciliary
reversals are extremely common. In turning and avoiding movements, as well as
in ciliary reversals, the cilia just change the direction of orientation of the axis of
the helix, and simply continue to beat with the traveling helical wave. This avoiding
turning movement consists of a rotation of the cilia about their points of attachment
to the cell surface, and the rotation can be in either direction from the original po-
sition. In the case of ciliary reversal, the axis of the cilia rotates a full 180° from the
original position, thus propelling the organism in the reverse direction.

Discussion

In order to overcome the problems present when observing and analyzing the
movment of cilia, previous investigators had either used specialized compound cirri
or devised a special technique to stop the action and movement of the cilia; either
partially by using a quieting reagent, or completely by utilizing the rapid fixation
technique. Their conclusions were drawn on predications and speculations; predic-
ting that the stopped ciliary movement will give them an idea of the original contin-
uity and sequence of beat, and speculating that the chemicals that killed the organisms
so drastically would not hinder the original ciliary action at the moment of death.
Such a rapid fixation technique is extremely complicated and sophisticated and the
results obtained can be considered very illustrative and suggestive, but can never
be considered conclusive. The only acceptable conclusion is the one that is obtained
by using unspecialized cilia moving in their normal non-viscous environment, with-
out the application of any means to interfere with their normal live behavioral
patterns.

It was a generally accepted concept that high speed cinemicrography could over-
come the problems described previously. Such a technique had been utilized in Jahn’s
laboratory (1965, 1967, 1968) and had yielded important results in studies with fla-
gella, but had been much less rewarding with cilia. Brokaw (1966) stated: “Studies
on the nature of the control system re-emphasize the need for better methods of
photographing the behavior of individual cilia, so that cilia, as well as flagella, can
be used in experimental approaches”.

Since the publication of Gray’s work (1928, 1930), the planar discontinuous
pattern of ciliary beat had been considered the basic pattern for ciliary movement,
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and not much work had been done in this field until the perfection of the rapid
fixation technique by Grebecki (1964), Parducz (1967) and by Tamm and Hor-
ridge (1969, 1970). Other than the postulation described by Sleigh (1960, 1962,
1968), the only other description for the ciliary beat of Opalina was proposed by
Parducz (1967) and by Tamm and Horridge (1969, 1970). The pattern was con-
sidered to be discontinuous, with the forward effective stroke going in one direction
in a planar manner, and the slower recovery stroke returning to the original position
by tracing a pathway similar to that of the curved arc of the letter 'D’, as shown
in Fig. 4.

Fig. 4. Model proposed by Parducz (1967) to account
for the three-dimensional recovery stroke of Opalina

Analyses of the high speed cinemicrographs taken with the aid of Nomarski
interference contrast and phase contrast optics show that the ciliary beat pattern of
Opalina differs remarkably from the three-dimensional discontinuous stroke pattern
as proposed by Parducz, and also differs completely from the classical idea of Gray
(as shown in Fig. 5) and Sleigh (as shown in Fig. 6).

At first glance, the cilia of a freely swimming Opalina appear to undulate in a pla-
nar manner similar to that of sperm tails (Gray 1955) or the posterior flagella of Ce-
ratium (Brokaw 1962, Jahn et al. 1963). Careful analysis of the cilia on both surf-
ace and side views (as demonstrated in Fig. 2 and 3) indicate that ciliary beat is actual-
ly three-dimensional. This three-dimensional traveling helical wave is distally directed,
and exerts a locomotory force from base to tip along the entire length of the
cilia; thus, propelling the organism to move in a direction opposite to that
of the propagatory waves (Fig. 7). Tracings of the surface and profile ciliary beats

http://rcin.org.pl



CILIARY BEAT OF OPALINA 227

Fig. 5. A diagram of the movement of the abfrontal cirri of the beat pattern of Mytilus (Gray
1928). a — the effective stroke (1 through 6), b — the recovery stroke (6 through 12)
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Fig. 6. A diagram of a tracing of the ciliary movement of Opalina as reporied by Sleigh (1968)

on the same row of cilia (as shown by tracings A and B in Fig. 3) indicate that such
a helical wave really consists basically of two simultaneous propagatory waves,
traveling at right angles to one another, and 90° out of phase. The continuous nature
of such a helical wave is very obvious. NO differentiation into separate disconti-
nuous movements is noted, and NO recovery strokes have ever been observed.

An Opalina that is swimming straight forward is seen to be coated with trans-
verse lines which move progressively backward towards the posterior end. These
lines are the crests of the metachronal waves, and they can be seen easily when viewing
the high speed movies and as shown in PL. II. The wave crests are supposed to consist
of many cilia moving together in their effective strokes (Tamm and Horridge 1970).
However, no distinction into effective and recovery strokes had ever been noted in
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Fig. 7. A drawing illustrating the nature of a continuous traveling helical wave

in an individual cilium. The wave moves from base to tip along the entire length

of the cilium. This drawing was previously used by Jahn and Bovee (1968)
to explain the movement of some blood protists

the cinemicrographs. Careful analyses show that the metachronal wave crests are
actually the peaks of the traveling helical waves. The peaks of such traveling helical
waves travel along the entire length of the cilia. Since the cilia are all distally directed,
the peaks of the helical waves are moving towards the posterior end. Under such
circumstances, the metachrony is still considered symplectic. as the beat of the cilia
(which is continuous and distally directed) is in the direction of travel of the meta-
chronal waves.

It was generally accepted that when ciliary reversal takes place thecilia just change
the directions of the effective and recovery strokes, depending on the new direction
of forward movement. Analysis of the high speed movies revealed that this is not
the case, as the distinction into effective and recovery strokes has never been observed
in Opalina. In turning movement, as well as in ciliary reversals, the cilia just change
the direction of orientations of the axis of the traveling helical waves, and the cilia
simply continue to beat with this helical wave. The avoiding turning movement
basically consists of a rotation of the cilia about their points of attachment to the
cell surface, and the rotation can be in either direction from the original position.
In the case of a ciliary reversal, the axis of the cilia rotates a full 180° from the ori-
ginal position, thus propelling the organism to move in the reverse direction.

One very basic question can arise concerning the existence of such a continuous
traveling helical wave. Why is it that scientists in the last few decades could mistake
this continuous helical wave of Opalina to be discontinuous, and only partly three-
dimensional, if at all? The primary reason to account for this is the absence of the
high speed cinemicrographic techniques to record the fast and complicated move-
ments of individual cilium for analysis. The density of distribution of the cilia, their
high angular velocity and the lack of contrast between the cytoplasm and the cilia
actually made observations and analysis of the ciliary activity on the cell surface
impossible. Microscopy had always been called upon to help to examine and analyze
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minute objects and details, the fine structural elements of which were distinguished
only by very slight differences in their refractive index. The introduction of the No-
marski interference contrast optics served to enhance the previously negligible dif-
ferences in the refractive index and helped tremendously in the visualization of such
fine structural details. Also, the Nomarski optics had a very limited depth of field.
This optical property could serve to negate the neighboring interfering effects of the
densely packed cilia. Phase contrast optics were sometimes used to complete the ge-
neral picture if depth of field was desired. The use of such optics in combination with
high speed cinemicrography can help tosolve most of the problems that plagued pre-
vious investigators. The availability of a high speed movie camera that can perform
readily at 400 frames per second (or even up to 6000 FPS) as compared with the
maximum running speed of only up to 40-60 frames per second in the older models,
makes high speed cinemicrography an indispensable tool in recording and analyzing
ciliary activity.

It had been demonstrated in the same laboratory at the University of California
at Los Angeles that the cilia of Paramecium multimicronucleatum (Kuznicki et al.
1968, 1970), Tetrahymena pyriformis (Preston 1972), Opalina ranarum (Cheung
et al. 1973 ¢), Opalina obtrigonoidea (Cheung et al. 1973 a, b) and Colpidium (Wil-
son 1974) all beat with the continuous traveling helical waves. It should be stressed,
however, that by reporting the existence of such a wave pattern in Opalina, we are
NOT implying that all ciliates locomote in this manner. It had been shown in our
laboratories at the University of California at Los Angeles and also at the Califor-
nia Institute of Technology that the cilia of Spirostomum ambiguum beat in the gene-
rally accepted discontinuous manner (Boggs et al. 1970, Cheung and Winet 1974).
The ciliary beat of Spirostomum is differentiated into two separate movements:
a planar effective stroke and a slower three-dimensional recovery stroke, tracing
a slightly angularly deviated path that is similar to the curved arc of the letter ‘D’,
and is in accordance with the idea proposed by Parducz (1967) for other ciliates.
In view of the available evidence, it is obvious to conclude that the ciliary beat pat-
tern is not the same in all ciliates.

The distinction between cilia and flagella has never been clear when certain orga-
nisms of the traditional ciliate and flagellate subphyla are considered. It was popular-
ly believed that the internal structures and the biochemistry of cilia and flagella might
be different, because of the supposed difference in basic movement pattern.

The following ciliates, Opalina ranarum (Cheung et al. 1973 ¢), Opalina obtrigo-
noidea (Cheung et al. 1973 a, b), Paramecium multimicronucleatum (Kuznicki
et al. 1970), Tetrahymena pyriformis (Preston 1972) and Colpidium (Wilson 1974),
have all been proven to beat with a continuous traveling helical wave. Such a type
of wave is also the basic beat pattern of Ceratium, Trichomonas, Chilomonas, Tra-
chelmonas, Rhabdomonas and Menoidium (Jahn nad Votta 1972, Votta et al
1971), and such organisms are classified as flagellates (Jahn and Jahn 1949). It
had also been shown earlier in our laboratory that the flagellates Polytomella (Git-
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tleson and Jahn 1968), Mastigamoeba, Peranema, Petalomonas and Trichomonas
all locomote with the planar discontinuous effective and recovery stroke pattern which
is supposedly typical of ciliates. Such facts serve to illustrate that the usage of the
form of beat as a means to identify and classify ciliates and flagellates is not reliable,
and the beat patterns of ciliates and flagellates are not definitive.

It had been proven that both cilia and flagella contain the 942 proteinaceous
fibers as a fundamental structure, and are of the same basic diameter as well as func-
tion (Manton 1952, 1956, Afzelius 1969). Recent research had confirmed that
any differences that might be present were probably negligible, and that the cilia
and flagella were basically identical biochemically, structurally and physiologically
(Jahn et al. 1965, 1972, Grimstone 1966, Allen 1967, Allen and Eckert 1969,
Afzelius 1969, Gibbons 1960, Frey-Wyssling 1965). The only other popularly
held differences between cilia and flagella had been that of length, number, density
of distribution and the form of beat. It has been clearly shown that the form of beat
is not definitive and exceptions to the other supposed differences are not uncommon.
It is well known that in the termite flagellate Trichonympha,the flagella are short
and numerous and are of two distinctly short lengths (Jahn and Jahn 1949). Their
uniform and dense distribution, their abundance in number and their short lengths
resemble cilia more than flagella.

Frey-Wyssling (1965) recognized the great similarity of cilia and flagella, and
he suggested the adoption of the term UNDULIPODIA to denote cilia and
flagella collectively. With all the available evidence cited above, the collective term
appears to be a logical term to use when referring to cilia and flagella, and deserves
more credit and acceptance than it has received so far.

RESUME

L’régistrement cinématographique & haute cadence pris avec le contraste d’interférence de No-
marski et le contraste de phase démontre que les cils de I'Opalina en battant suivent la forme d’une
onde hélicoidale qui se déplace de fagon continue. Cette obsérvation est différente par rapport a la
conception généralement admise d'un battement discontinu. Pendant les mouvements de recul et
pendant le rebroussement ciliaire, les cils ne changest que I'orientation de I'axe des leurs hélices
et poursuivent simplement leur battement avec I'inde helicoidale.
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EXPLANATIONS OF PLATES I-1I

PL I. A composite print of portions of 24 successive frames of a selected movie sequence. The focus
is on one particular profile cilium in motion. The movie sequence was taken with Nomarski inter-
ference contrast optics at 400 FPS on a freely swimming Opalina in Naitoh’s Opalina medium.
This sequence was chosen to show one profile cilium going through one complete cycle of its beat
in a continouus traveling pattern, as observed in one plane.

<—is a marker indicating the same position in the frame, with reference to a point on the body
of the organism,! is a marker placed close to the cilium under consideration, with the dot of the
marker alongside the peak of the wave

Pl. II. Two successive prints showing the surface view of a freely swimming Opalina as opposed
to the profile view of Pl. I. The metachrony is shown clearly. Note the continuity of the wave pro-
pagation and the absence of a recovery stroke

The general magnification of optical setup is 625420 x
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The Biology of Euglena ehrenbergii Klebs. 1.
Fine Structure of Pellicular Complex
and its Relation to Euglenoid Movements

Synopis. The examination of the pellicular complex of Euglena ehrenbergii was car-
ried out by means of light, scanning and transmission electron microscope. The body
is covered by a very thick (1-1.2 uzm) layer of mucus. Beneath the mucus layer, the
typical tripartite plasmalemma is present. Periplast does not form continuous layer.
It is cut in each strip within the pellicular notch. In this arca periplasts of the neigh-
bouring strips are connected with a fan of 8-11 fibrils. Under the groove, periplast
splits in the large and little tooth. The large tooth is cut on 0.05-0.08 um pieces. 3-6
microtubules are found in each strip. In spite of so developed architecture of the peri-
plast it does not prevent the cell from wide euglenoid movements. The presence
of contractile elements in the cytoplasm between teeth within pellicular complex
is supposed.

Introduction

The biology of Euglena ehrenbergii Klebs, 1883, one of the largest euglenoids,
is not so well known as Euglena gracilis or many other species. This ribbon-shaped
organism is included into the group of euglenas characterized by flexible, metabolic
body (Chu 1946, Conrad and van Meel 1952, Pringsheim 1956, Heimpel
1972), whose ultrastructure have never been studied in detail.

It is generally accepted that the intensity of cuglenoid movements is parallel
to the pliability of the periplast (Hamburger 1911, Giinther 1927, Chadefaud
1937, Chu 1946, Pringsheim 1948, 1956, Leedale 1964, 1966, 1967, Mignot
1965, 1966). The elasticity depends on the thickness, compactness and architecture
of this part of cytoplasm. Besides, the arrangement and quantity of striations also
influences the intensity of body movements (Giinther 1927, Chu 1946, Mignot
1965).

The periplast of slightly metabolic species (e.g., E. spirogyra, E. acus) is thick
(500 A in E. acus) and under the groove it can form little and large teeth (Fig. 1 B).
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Fig. 1. Three-dimensional scheme of two patterns of the pellicular structures arrangement in

Euglena. A — metabolic species: type Distigma, B — rigid species: type Fuglena acus. R — ridge,

S — shaft, G — groove, N — notch, ER — endoplasmic reticulum, T — tooth, A, B, C —
microtubules, arrows show the anterior end of the cell (after Mignot 1965)

Periplast of especially metabolic species (e.g., Distigma proteus) is thin, and does
not form teeth (Fig. 1 A).

Generally speaking, metabolic species have more numerous and more densely
arranged strips than the rigid species. Gojdics (1953) in her monograph stated that
all species of Euglena have strips arranged in an anticlockwise directions except
E. oxyuris and perhaps two other species.

All authors are unanimous that the distinction of strips is not correlated with the
flexibility of a cell. Strongly marked strips may be found in metabolic species (e.g.,
E. granulata and species of Heteronema), as well as in rigid ones (e.g., E. tripteris).
On the other hand, there are metabolic species (e.g., E. mutabilis) as well as rigid
ones (e.g., E. acus) which have a very delicate striation.
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All living euglenoid cells are coated with a thin or wide layer of mucus (Leedale
1967, Barras and Stone 1968, Buetow 1968, Mignot 1966). The mucus appears
‘to be ejected as thick threads that fuse perpendicularly in rows along the pellicular
strips (Hollande 1942, Gojdics 1953, Pringsheim 1956). Sometimes, it accu-
mulates with extraneous materials as warts which are very well visible in E. spiro-
gyra (Leedale 1964, 1967, Echlin 1971).

The mucus is secreted from mucus bodies associated with pellicular complex.
In E. viridis (de Haller 1959), A. longa (Lefort 1963) and A. fennica (Fize and
Michel 1972) the mucus bodies within the cytoplasm have been observed.

Mucus can be involved in supplying the lubricant to the articulations of the pel-
licle during euglenoid movements (Leedale 1964) as well as in lubricating gliding
movement (Giinther 1927, Diskus 1956, Jarosch 1962). Besides, it can be in-
volved in the formation of envelopes — cysts and palmelloid stages (Barras and
Stone 1968, Buetow 1968).

In regard to the fact that, as it was demonstrated above, the pellicular complex
plays important role in euglenoid movements.it became the subject of present studies

in Euglena ehrenbergii.

Material and Methods

Material

The following two types of Euglena ehrenbergii were the subject of the studies: (1) Euglena
ehrenbergii consisting of a large, elongate, rodlike grains of paramylon. It was collected from the
ditch at the west region of Warsaw, and cultured in water taken from the same place. They were kept
in a diffusive light at 20-22°C. (2) Euglena ehrenbergii which is characterized by small grains of para-
mylon. This culture was grown from stock kindly supplied by Dr Eilo Hildebrand Inst. of Neuro-
biology, UFA, Julich, West Germany. The medium was also prepared according to Dr Hildebrand’s
instructions. Specimens were cultivated in an Erlenmayer bottle. The bottom of the bottle was
covered with a sand mixed with some grains of an artificial soil and a green pea. The flask was filled
up with a tap water. The medium was sterilized in a steam pot. The sterilized culture medium was
stabilized for no less than three days and then it was inoculated with an original culture. Cultures

were kept in a diffusive daylight, at 20-22°C.

Methods

Photographs of the body movements and the arrangement of strips (PL. I 1, 2, 3, 4) were taken
in Zeiss light microscope.

Preparation for scanning electron microscopy: Cells were fixed in glutaraldehyde (buffered
with 0.04 M cacodylate at pH 7.3), then rinsed in buffer alone (0.02 M) and remained in 0-4°C over-
night. The small drops of the solution with specimens were put on the aluminum stub which was
previously covered with the thin layer of 29 agar. The whole stub was rapidly immersed in liquid
nitrogen and then it was transferred to a microscopic column. The examination of the specimens
was carried out with a JEOL scanning electron microscope, set at 30 KV bean accelerating voltage
Stubs were viewed at an angle of 45°.

Preparation for transmission electron microscopy: All fixatives were buffered with 0.04 M ca-
codylate (pH 7.3). Cels were fixed in 7% glutaraldehyde for 1 h then rinsed in buffer alone for 1 h,
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and postfixed in 29, buffered osmium tetroxide for 1 h. All this procedure was carried out at 0-4°C,
After fixation the cells were dehydrated in alkohol series and after two changes of a propylene oxide
of 30 min each, transferred to the mixture of a propylene oxide and Epon 812 (1 : 1) for 24 h. At
last the specimens were embedded in Epon 812. Sections were cut with a glass or diamond knives
on an LKB or Tesla ultramicrotom, and were stained with uranyl acetate and lead citrate. The ma-
terial was examined in JEM 100B electron microscope.

Results and Discussion

Pellicular Complex

The periplast of Euglena ehrenbergii forms the pellicular strips. The 48 pellicular
bands are arranged helically along the cell from left to the right. Plate I 1-4 shows
them in light microscope and PI. II 5-9 in scanning electron microscope. The ar-
rangement of pellicular strips is changed depending on the body shape. The strips
are laying near parallel to the long axis of the body in an elongated part of a cell,
and perpendicular in cell region showing the shape of a flattened sphere (PL. I 1-4,
Pl. II 5-9). Strips, like in other euglenoid flagellates, bifurcate few times at the pos-
terior end and enter the canal of the reservoir at the anterior one (PL. III 10).

The strips are very distinctive. They are caved within the middle part of the strip’s
ridge (PL III 11, PI. IV 12). The width of the strips from notch to notch can oscillate
between 0.6 to 1.5 pm.

Euglena ehrenbergii is covered by a very thick layer (1-1.2 um) of mucus. The
mucus does not form warts. It occurs as uniform layer with a network of mucus
threads passing through it (Pl. IV 13, 14).

Periplast of the strip’s ridge (0.1-0.2 um thick) passes down and forms the strip’s
groove and then, under the groove, it splits on the large and little tooth (PL. V 15,16,
Fig. 2). Periplast is not the continuous layer. Its continuity is cut in each strip within
the pellicular notch (Pl. V 15, 16). In this area periplasts of the neighbouring strips
are connected with a fan of 8-11 fibrils(Pl. V 17). These fibrils are about 0. 07 »m long
and separated by the space (in the height of the fan) of 0.03 um. On the oblique
(to the long axis of the cell) sections these fibrils are shown as a striated layer (PI.
V 18).

The thickness of the pzriplast which forms the base of the teeth (under the groove)
is 0.1-0.2 um. The little tooth (0.1-0.5 .m long) is extended under the original band
while the large one (1.0-1.6 umlong ) is passing under the ridge of the next strip.
The large and little tooth are partially overlapped. They are separated by the cyto-
plasm of 0.1-0.13 um width.

The large tooth has not the continuous structure. It is cut on 0.05-0.08 um pieces,
and separated by the 0.03-0.06 um space of the cytoplasm (Pl. V 18).
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Fig. 2. Noncontractile structures of the pellicular complex of Euglena ehrenbergii. R — ridge,
G — groove, N — notch, F — fibrils, A, B, C — microtubules, LT — little tooth, BT —
large tooth, S — shaft, D — deppression

Microtubules are arranged parallel to each pellicular strip (PI. V 15). One or two
microtubules (A) connected by fibrillum, are lying near the notch, one is lying
beneath the ridge (B) and one to three (C) are lying under the large teeth.

The endoplasmic reticulum with ribosomes is embedded in the space of the cyto-
plasm between teeth (Pl. V 15, 16, Pl. VI 19) rcaching even the shaft of the strip
(PL. VI 20).

Relation Between Euglenoid Movements and Ultrastructure

Examination of Euglena ehrenbergii in clectron microscope allows to reveal the
structure and architecture of the pellicular complex of this cell. As it appeared, the
structure of E. ehrenbergii is similar to that one which is found in rigid species, for
example in E. spirogyra (Leedale 1964, Leedale et al. 1965, Leedale 1966, 1967)
E. acus or Cyclidiopsis acus (Mignot 1965, 1966). Although they have the similar
scheme of the inner structure of the pellicular complex (Fig. 1 B, Fig. 2), they are
distinctly different in regard to the degree of ability to euglenoid movement. In rigid
species changes of the body shape are very limited, while in E. ehrenbergii they are
very wide. E. ehrenbergii is able to wriggle, bulge, and assume the flattened sphere.
On the plates VII, VIII, IX, the consecutive stages of contraction to the flattened
sphere as well as relaxations, are demonstrated. The bulging (the body zone into
which the cytoplasm is pushing) may begin to move along the cell from the
anterior end (Pl. VIII 32-39), posterior end (Pl. IX 40-49) or even from both
ends simultaneously (Pl. VII 21-31).

Chu (1946), studying E. ehrenbergii has found that its periplast is neither compact,

9 — Acta Protozoologica vol. 14, z. 2
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nor stiff and it is elastic in nature. Perhaps, in this way the appearing of very strong
euglenoid movements in this species could be explained. However, no visible differ-
ences between, for example, periplast of E. spirogyra and E. ehrenbergii were ob-
served. The number of microtubules (3-6) does not deviate from the other species
havingteetheither. It is visible, that even such complicated architecture of the periplast,
which is moreover, very thick, does not prevent euglena from changing the shape
of its body, as was postulated by Giinther (1927), Hamburger (1911), Chadefaud
(1937), Chu (1936), Pringsheim (1948, 1956), Leedale (1964, 1966, 1967), Mig-
not (1965, 1966). 5

Localization of the contractile elements responsible for euglenoid movements
is still an open question. According to Chu (1946) ccntractile elements in E. ehren-
bergii are located beneath the periplast. Changes of the body shape appear as the
result of a fibrils contraction causing the compression of the periplast. When the pres-
sure is released, the periplast resumes its previous condition. So, Chu belongs to
the group of investigators who presume the presence of contractile elements within
cytoplasm (Pringsheim 1948, 1956, Lozina-Lozinsky and Zaar 1963, Leedale
et al. 1965, Leedale 1966, 1967). The structure and architecture of periplast would
play the passive role, limiting and defining the degree of intensity of the euglenoid
movements only.

Other authors suggest the presence of the contractile elements within pellicular
complex of the euglenoid cell (Dangeard 1902, Giinther 1927, Diskus 1956,
Mignot 1966, Schwelitz et al. 1970, Mikotajczyk 1973). According to Mignot
(1966) contractile fibrills (very often unnoticeable) join the teeth with the shaft.
Schwelitz et al. (1970) studying the ultrastructure of the pellicular complex of
E. gracilis uncovered the striated layer which spreads interiorly to the plasma mebrane,
and which suggests highly organized contractile elements. Diskus (1956) confirmed,
that the remaining of the cytoplasmic flow while the euglenoid movement is stopped,
suggests the presence of elements responsible for euglenoid movements within the
cortical part of the cell.

It seems that the rapid inhibition of euglenoid movements in E. gracilis evoked
by 2.4-DNP is caused by its effect on the contractile elements within the pellicular
complex of the cell (Mikotajczyk 1973).

The Euglena ehrenbergii ultrastructure of the pellicular complex as well as locali-
zation of the endoplasmic reticulum with ribosomes indicate the presence of the con-
tractile elements between teeth (Pl. V16, 19, 20). However, no structural elements
showing similarity to the filaments found in other protozoan cells or in muscle
cells could be found.
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RESUME

Le complexe pélliculaire de I'Euglena ehrenbergii était étudié en microscopie photonique et
éléctronique (systéme classique et scanning). Le corps est recouvert d’une couche de mucus trés
fine (1-1.2 pm). Au dessous on trouve la plasmalemme en forme de membrane tripartite typique. Le
périplaste est discontinu. Il est interrompu dans chaque bande & I'endroit d’une encoche latérale
au fond du sillon. A cet endroit les périplastes des bandes voisines sont réliés de 811 fibrilles disposées
en éventail. Au dessous du sillon le périplaste se divise en deux en formant une petite et une grande
dent. La grande dent est sémentée tous le 0.05-0.08 um. Dans chaque bande on trouve 3-6 micro-
tubules. Cette architécture du périplaste tellement compliquée n’empéche pas néanmoins la cellule
d'effectuertoute une gamme des mouvements euglenoides. On suppose la présence des éléments
contractiles dans le cytoplasme pénetrant entre les dents du compléxe pélliculaire.
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EXPLANATION OF PLATES I-1X

Arrangement of the strips of Euglena ehrenbergii visible in the light microscope

1: Slightly contracted euglena

2: The higher magnification of the middle part of the body.
3: The stage of flattened sphere

4: The same cell in higher magnification

Scanning electron microscope of Euglena ehrenbergii

5-9: The shape of the body and arrangement of the strips

10: Entering the strips into the reservoir of a cell

11: Fragment of the strips

Fine structure of the pellicular complex of Euglena ehrenbergii

12: General view on the cross section of euglena

13, 14: Sections showing the mucus layer

15: Cross section of the pellicular complex showing microtubules

16: Cross section of the pellicular complex showing the other part of the cell
17: The fan of fibrils connecting the periplasts of the neighbouring strips

18: Section showing the striated structure of the large teeth, and the striated layer of the fibrils
connecting the shaft with the pellicular ridge

19: Section of the cell showing the cytoplasm between teeth

20: Endoplasmic reticulum with ribosomes extended between teeth.

Consecutive stages of euglenoid movements leading to the flattened sphere and relaxations of the
body of Euglena ehrenbergii

21-31: Bulgings begining to move alcng the cell from both ends simultaneously

32-39: Bulging begining to move from the anterior end

40-49: Bulging begining to move from the posterior end

Abbreviations used:

ML — mucus layer, MB — mucus body, Chl — chloroplast, N — notch, F — fibrils, A, B, C —
microtubules, LT — little tooth, BT — large tooth, G — groove, R — ridge, ER — endoplasmic
reticulum, RB — ribosomes, S — shaft, D — deppression of the ridge part of the strip, CT —
cytoplasm between teeth.
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Studies on the Development of Trypanosoma congolense
in Tsetse Flies (Glossina : Diptera)
and the Factors Affecting it

Synopsis. During investigation into the development of 7rypanosoma congolense
in the tsetse flies, it was observed that about 50-609%, of them could carry trypanoso-
mes in the midgut up till 3 days after the infective feed. However, in only a few of
them did the development establish. Infections became mature in the flies only after
the trypanosomes had invaded the hypopharynx. Raising the temperature of mainten-
ance of Glossina morsitans from 26°C to 31°C did not affect their susceptibility to
T. congolense; at 20°C the development was not inhibited but only prolonged. The
duration of development was longer in G. austeni than G. morsitans. There were
also differences in the susceptibility of different strains of 7. congolense to G. morsi-
rans. The concentration of trypanosomes in the infective feed affected the initial in-
fection rate but not the number of established infections. In the populations of 7.
congolense which had undergone repeated syringe passage through mice only few
established infections became mature.

Introduction

Since Kleine (1909 a, b) demonstrated that the tsetse flies were biological vectors
of pathogenic trypanosomes, a large literature has accumulated on the relationships
of Glossina and trypanosomes. However, most of these investigations were conducted
with brucei group of trypanosomes to which the small laboratory animals are highly
susceptible. The congolense group of trypanosomes, to which the laboratory animals
are only moderately susceptible had received little attention. Between 1970 and 1972
comprehensive studies-on the development of 7. congolense in tsetse flies were under-
taken in the laboratory. The results and observations of these studies are reported
in this paper.

' Present Address: Department of Veterinary Pathology, University of Ibadan, Nigeria.
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Material and Methods

The Trypanosomes

Most of the experiments were conducted with derivatives of Trypanosoma congolense TREU
692; a second strain, 7. congolense LUMP 92, was also used. TREU 692 was isolated by the Edin-
burgh Veterinary Expedition to East Africa in 1966 while LUMP 92 was isolated from a cow at
Malakal, Upper Nile Province of the Sudan in 1969.

Each strain was firstly passaged cyclically through G. morsitans. The fly infected wit h each strain
was then allowed to feed on and infect a mouse. A series of syringe passages were effected from mouse
to mouse and the mice infected with the 2nd, 6th and 7th syringe passages of TREU 692 were killed
at parasitaemia and stabilates made from their blood. These were designated 692-A, 692-B, and 692-C
respectively. The populations of LUMP 92 which had been passaged twice and eleven times through
mice were also made into stabilates and designated 92-D and 92-E respectively. All stabilates were
preserved in liquid Nitrogen.

The Flies

Glossina morsitans were used for most of the experiments. Another species, G. austeni were also
used. The pupae of these species were obtained from the tsetse laboratory, Bristol (England) and
from the colony of the Zoology Department, a subcolony of the Bristol stock. The experimental
flies were maintained at 26°C and relative humidity of 65-70%,. After sexing, they were placed in
individual polystyrene cages of 1/2 in. diameter (Mews 1969). Unless otherwise stated, the first
feed of the flies was the infective feed given within 36 h of eclosion. The following day, female flies
were mated. Thereafter, flies were offered food on alternate days but those that did not feed within
10 min were removed and offered food daily until a meal was taken. The flies were maintained on
mice, one mouse being allocated to each fly. The apparatus for restraining the mice was constructed
as described by Cockings et. al. (1959). The flies maintained under these conditions were said to
be subject to “standard treatment”.

In the experiments where different factors were tested, the conditions were altered accordingly.
When the effect of temperature was tested, the fly cages were placed in wide mouthed glass jars
on perforated trays over a saturated solution of ptassium tartrate and the jars were kept in incubators.
The lids of the jars were quickly replaced when flies were removed for feeding, so that the flies were
exposed to a relative humidity of 759 for most of the time (Wiston and Bates 1960).

Throughout the period of investigation, the flies were given the infective feed by feeding them
through chicken skin membranes on the stabilated populations of 7. congolense after they had been
diluted 1 : 100 with defibrinated ox blood. This method of artificial feeding as well as the method of
dissecting the tsetse flies for the examination of trypansomes in the midgut had been described (Di-
peolu 1974, Dipcolu and Adam 1974). Mice were screened for infection by examination ofa wet
preparation of tail blood. If no trypanosomes were seen after scrutiny of 50 microscopic fields at
» 400 magnification, the animals were recorded as not infected. Mice were kept under observation
or at least 6 wecks after the last feed taken by a fly.

Results

Flies under Standard Treatment

(1) Initial development in Glossina — groups of 10 G. morsitans were infected
with 692-A. From the 3rd to the 12th day after the infective feed, one fly from each
groups was Killed each day and examined for trypanosomes. When present, their
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Table 1
Infections in G. morsitans which had Fed on T. congolense 692-A

‘Group No. Day of dissection
of flies l 3 | 4| s | 6| 7| 8|9 | 10| 1|
: ] | ‘ K
1 M M| M M‘M‘M“MMFF
2 (F)|(M)]M‘F sM| M | F F MM
3 lM M M| ® | M FIM;M MM
4 M F (F) M | M | M M| M F | F
5 M) | M '(M) M M | M M | M M M
6 P MM M| F | M M F | *F | M
7 |®| MM | F | F|F|F|F|M]|F
8 M | M M| M| M| M F M | F | *F
9 F |(M| M M F *F | M [ M M F
10 |[*F | ® | ® | F (M F F | R |F F
Total No. of flies | ' I ' | | !
with trypanosomes | 5 | 6 ' 5 1 1 | 1 1 0 1 1
in midgut ! { | | ' |
Key: M « Male, F = Female, ( ) = “Infected” fly, i.c.,tryp restricted to posterior scgment, * = “Estab-
lished" infecti i.e., tryp had migrated forward into the ectoparitrophic space of the middle and anterior
segments,

position in the midgut was noted. As an example, the results of the first 10 groups
(100 flies) are given in Table 1. About 50%, of the flies dissected on each of days 3,
4 and 5 had trypanosomes in the midgut. As from the 6th day onwards, this propor-
tion fell to a very low but almost constant number. It was observed that in flies killed
between days 3 and 5, the trypanosomes were confined to the posterior part of the
midgut, whereas in almost all those killed as from the 6th day the trypanosomes had
spread forwards but were confined to the ectoperitrophic space. This pattern of
development was repeated in all the groups of flies fed on 692-A. Consequently,
flies with trypanosomes in the posterior segment of the midgut were referred to
as “infected” while those in which the trypanosomes had migrated forward into the
ectoperitrophic space of the middle and anterior segments of the midgut were re-
ferred to as having “established” infections. The final results of the initial tests, in
which 670 G. morsitans were dissected (67 groups of 10 flies each) are shown in Fig. 1.
39 of the 67 flies (58%,) dissected on day 3 were “infected”. The proportion of infected
flies decreased with time until about the 8th day when it became almost constant.
Established infections were evident from as early as the 3rd day and the proportion
became almost constant as from the 4th day.

(2) Cyclical development — 400 G. morsitans were fed on stabilates of 692-A.
Since it was no longer necessary to dissect them daily, the flies were dissected in bat-
ches on days 3, 5, 7, 14 and 21 post infection. After day 7, the mice on which each
fly had been feeding were examined thrice wekly for parasitaemia, any fly which in-
fected its mouse was recorded as having a mature infection.
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No. of flies
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| =k ~— *x—’ \x/x
x it [ 1 1
J 4 5 6 7 8 .9 70 lf 2

Day of dissection

Fig. 1. Distribution of types of infections of Trypanosoma congolense, 692-A in 670 Glossina
morsitans. ——— No. of flies out of 67 which are “infected”. — — — No. of flies out of 67
with established infections

Table 2 shows that 64%, of the flies killed on day 3 were infected and there was
no established infection on this day. By the 5th day the proportion of infected flies
had fallen to 40% and 109, of these infections had already established. As from the
7th day onwards, almost all the established infections had matured. A single fly in
the 21 day group with a mature infection was detected by a probe test on the 14th
day post infection. It was kept for 60 days during which time it fed on and infected
6 mice. The prepatent period in all the mice was the same — 8 days. By examination
of the feeding records of other flies with mature infections, it was estimated that the
development of this strain of 7. congolense in G. morsitans took 7-10 days to be ac-

complished.

Modification of the Standard Treatment

In the following experiments the procedure was modified and the results were
compared with those obtained by the standard treatment (Table 2). The significance
of the difference was determined by calculating X? by means of a 22 contigency
table. When the total numbers for comparison were less than 200, Yates correction
was applied (Fisher 1941).

(1) Effect of temperature. After G morsitans had taken their infective feed on
692-A, they were divided into two groups: one group was kept in an incubator at
31°C, the other at 20°C. The results of these tests are shown in Table 2. The pattern
of infection in flies kept at 31°C the same as that of the flies kept under standard
treatment (26°C) and the proportions of established and mature infections were
also similar at both temperatures. By examination of the feeding records of the flies
which infected mice, it was estimated that the duration of the development cycle
at 31°C was 7-9 days. Hence, raising the temperature of fly maintenance from 26°C
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did not influence the rate of infection of this strain of 7. congolense in G. morsitans
and the duration of the development cycles was not affected.

The development of trypanosomes in those flies kept at 20°C was, however,
delayed since it was not until day 7 that a few infections became established (Table 2).
Moreover, none of the established infections had matured by day 21 possibly be-
cause insufficient time had been allowed for the trypanosomes to complete their
development. Another 200 G. morsitans were therefore infected and kept in an
incubator at 20°C. After 21 days, they were divided into two batches of 100 flies
each. One batch was transferred to the fly room at the standard temperature of 26°C
and kept there for a further 21 days; the other batch was retained in the incubator
at 20°C also for another 21 days. Each fly was maintained on a single mouse. The
results are shown in Table 3. At the end of the 42 days, 8 of the 100 flies transferred

Table 3
Infections of 7. congolense in G. morsitans Maintained at 20°C

No. of l No ' No. of No. of
Treatment flies infected l §wbll§hw .mau.u'e
infections infections
G. morsitans kept continuously , 100 ’ 8 8 ] 6
at 20°C for 42 days '
G. morsitans kept at 20°C I ;
for 21 days, then at 26°C 00 | 6 l 6 5

for 21 days |

to 26°C possessed established infections and 6 of these were mature while 6 of those
retained at 20°C possessed established infections and 5 of these were mature. Hence,
at 20°C, the development of 7. congolense in tsetse flies is not inhibited but only
prolonged.

(2) Species of fly — To test whether 692-A would develop equally well in another
species of tsetse flies, G. austeni was substituted for G. morsitans and kept under
standard conditions. As shown in Table 2, there was no significant difference between
G. morsitans and G. austeni in the proportion of mature infections on day 21
(P < 0.20). However, correlation between the number of established and mature
infections was delayed until day 21 and examination of the feeding records of the
2 G. austeni which infected mice showed that the infections became mature 18 and
19 days post infection. Hence, the duration of the development cycle of 692-A
in G. austeni (18-19 days) is longer than in G. morsitans (7-10 days).

(3) Strain of trypanosomes — 500 G. morsitans were fed on 92-D. The flies were
kept under standard treatment and dissected in batches of 100 on days 3, 5, 7, 14
and 21 after the infective feed. The results are shown in Table 2. The infection rate
of this strain was generally lower than that of 692-A. A fly of the 14 day group was
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detected as mature by probing on the 14th day and was kept for 60 days avring which
time it fed on and infected 3 mice. The prepatent periods in the mice were 16, 17,
and 19 days. This strain therefore differed from 692-A in:

(i) generally lower infection rate in G. morsitans

(ii) slower development in G. morsitans

(iii) longer prepatent period in mice.

(4) Concentration of trypanosomes in infective feed — The effect of feeding the
flies on different numbers of trypanosomes is shown in Table 4. A ten fold increase

Table 4
infections in G. morsitans which had been Fed on Different Concentrations of T.icongolem 692-A

Day of dis- Dilution of

Concentration of ' Total | Infected Established
section stabilates trypanosomes in , flies ' flies infections -
feed per ml. blood i used | per cent per cent

3 | 110 4.4%107 20 | 100 i 0
L 1:100 4.4x10° 0 64 0
5 1:10 , 4.4x107 20 45 | 5
1:100 | 4.4%10° 50 40 ( 10
7 1:10 44107 ‘ 27 | 16 8
1:100 | 4.4%10° 100 14 9

in the number of trypanosomes significantly increased the proportion of flies infected
at day 3 (P < 0.05) but by the 7th day the proportion of established infections in
each group was similar.

(5) Effect of syringe passage through laboratory animals: G. morsitans were
fed on 692-A, 692-B and 692-C which had been passaged through mice twice, six
and seven times respectively before preservation as stabilates. While all the establish-
ed infections among the G. morsitans which fed on 692-A became mature, the pro-
portions of established infection which became mature among G. morsitans which
fed on 692-B and 692-C were very low (Table 5). When the experiments were re-
peated with another strain of 7. congolense i.e., 92-D and 92-E, the only established
infection among flies which fed on 92-E (11 passages) did not mature. Hence, it
appears that repeated syringe passage of T. congolense through laboratory animals
tend to decrease its infectivity to tsetse flies.

General Observations

Infection of hypopharynx: 7. congolense completed its development cycle in
a total of 44 G. morsitans and 2 G. austeni since all these flies infected mice. When
these flies were dissected, all of them had numerous trypanosomes in the midgut,
proventriculus, labrum-epipharynx and hypopharynx. It was observed that in those
flies which had fed on populations of 7. congolense which had been passaged several
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Table 5
Effect of Prolonged Syringe Passages of T. congolense on Infectivity to G. morsitans*
I :
I No.of | oo Total Total
Strain Designation passages flies established mature
in mice infection infections
|
TREU 692 ’ 692-A | 2 I 100 | 6 ’ 6
. 692-B ; 6 | 80 10 1
| e92-C 7 50 6 2
LUMP 92 92-D 2 [ 100 2 2
92-E i ! o100 iz @

* The flies were dissected 21 days post infection.

times through mice (692-B, 692-C and 92-E) trypanosomes were found up to the
labrum epipharynx but the hypopharynx was not invaded and these flies did not
infect their mice. Consequently, it was concluded that the maturity of infection was
attained with the invasion of the hypopharynx.

Discussion

In the course of this investigation the midgut of several hundreds of G. morsitans
and G. austeni had been examined at different intervals after the flies had ingested
T. congolense. A consistent pattern of development of the infection has emerged
especially among those kept under standard conditions. Three days after the infective
feed, about 50-60 % of the flies possessed trypanosomes within and outside the peri-
trophic membrane of the posterior segment. These flies were referred to as being
“infected”. By the 5th day after infection, the proportion of infected flies
had fallen to about 25% and in only about 5% (Fig. 1) of these had the
trypanosomes migrated forward into the middle and anterior segments of the midgut
where they are confined only to the ectoperitrophic space. This latter type of infec-
tion was referred to as an “established” infection and by the 8th day only established
infections are usually found in the flies. All these show that initially many flies could
could carry trypanosomes in the midgut, but the proportion in which further deve-
lopment (establishment) can take place is very low. It appears therefore that the
establishment of -infections, that is, the migration of trypanosomes forward
from the posterior segment is one of the the barriers encountered by trypano-
somes in the midgut of tsetse flics. Similar observations had been made with 7. brucei
(Dipeolu and Adam 1974) while Stuhlman (1907) and Robertson (1913) had
also noticed the restriction of trypanosomes to the posterior part of the midgut
a few days after the infective feed.

After establishment of infections, it appears that the penetration of the proven-
triculus and the invasion of the mouth-parts present no obstacle. In the flies which
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had fed on 692-A and kept longer than seven days, almost all the established infec-
tions had become mature. In this investigation, the infection in a fly is recorded as
mature only if it infected the mouse on which it had fed. In the course of the experi-
ments, it became evident that the infection in a fly becomes mature only after the
hypopharynx had been invaded by trypanosomes because all the 44 G. morsitans
and 2 G. austeni which infected their mice had abundant trypanosomes in the hypo-
pharynx. It appears, however, that trypanosomes of 7. congolense which had been
subjected to repeated syringe passages in the laboratory had lost the ability to invade
the hypopharynx of the tsetse flies. This was observed among the flies which fed on
692-B, 692-C and 92-D. Although some of the flies carried established infections
(Table 5) and trypanosomes were found in the midgut, proventriculus and labrum
epipharynx, their hypopharynx were not invaded and they did not infect the mice
on which they have fed. These results suggest that there is a trend towards a reduc-
tion in the proportion of mature infections in tsetse flies following repeated syringe
passages of 7. congolense in the laboratory. It is, however, of interest that this trend
appears as early as the 6th and 7th artificial passages. In case of T. brucei up to 2'/,
years (Duke 1923) and 5!/, years (Murgatroyd and Yorke 1937) of syringe
passages were undertaken before this effect was manifested. This phenomenon
had been recorded for 7. congolense only by van Hoof et. al. (1937) They obtained
scanty infections only in the midgut of G palpalis infected with a strain of 7. congo-
lense which had been passaged artificially 200 times in the laboratory.

This investigation shows that factors such as temperature at which the experi-
mental flies are maintained, the species of tstse flies, the strain of 7. congolense and
their concentration in the infective feed influence either the initial rate of infection
in the flies or the prepatent period in the mice or the duration of the development
cycle in the tsetse. The observation that raising the temperature of fly maintenance
from 26°C to 31°C did not affect the susceptibility of T. congolense to G. morsitans
is directly opposite to what is known of brucei group of trypanosomes. Fairbain
and Culwick (1950) had shown that the susceptibility of T. rhodesiense to G. mors-
itans can be increased if the flies are maintained at 28°C. Similarly, Dipeolu and
Adam (1974) were able to obtain increased transmission rates with 7. brucei when
the temperature of maintenance of G. morsitans was increased from 26°C to 31°C.
Since these could not be obtained for 7. congolense, it is possible that the critical
temperature for increased transmission rates of this species of trypanosomes is
higher than 31°C. An attempt to maintain G. morsitans infected with T. congolense
at 37°C was abandoned during this investigation because of the high mortality
among the flies.

The results of this investigation cannot throw any light on the recent findings
of Mshelbwala (1972) that the haemocoele of the tsetse flies could be invaded by
all the development forms of the trypanosomes including the metacyclics. No attempt
was made to look for trypanosomes outside the midgut, since by dissection at daily
intervals, the sequence of the development of 7. congolense could be progressively
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and systematically followed from the time of the infective feed to the time when the
infection became mature. Further studies on the role of the haemocoele are, however,
desirable as they might throw some light on some unexplainable aspects of the de-
velopment of trypanosomes in the tsetse flies.

ZUSSAMENFASSUNG

Wiihrend Untersuchung an der Entwicklung der Trypanosoma congolense in Tsetse Fliegen
wurde es beobachtet dass, 3 Tage nach Aufnchmen des trypanosomenhaltigen Blutes 50-60%, der
Fliegen die Trypanosomen im Verdaungskanal tragen konnen; aber die Zahl, in der die Entwicklung
festgesetzt wird, niedrig war. Nur nach Eindringen der Trypanosomen in Hypopharynx der Fliege
war die Infektion reif. Erhdhug der Erhaltungs-temperatur von 26°C zu 31°C beeinflussts die
Empfanglichkeit der G. morsitans zu T. congolense nicht; aber um 20°C die Entwicklung wurde nur
prolongiert und nicht gechemmt. Die Entwicklungsdauer war in G. austeni linger als in G. morsi-
tans. Es waren auch Verschiedenheiten in der Empfanglichkeit von verschiedenen Linien von 7.
congolense zu G. morsitans. Die Konzentration der Trypanosomen im Blut beeinflusste das anfang-
liche Infektions-rate in G. morsitans; aber die Zahl der Fliegen in denen die Infektion festgesetzt
war, war nicht beeinflusst. Nur eine niedrige Zahl der festgesetzten Infektion wurde reif in den Po-
pulation der 7. congolense, die durch Méduse mehrmals im Labor passagiert worden sind.
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