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ABSTRACT

Ciliated protozoa of the Suborder Oligotrichina are abundant and are considered signifi-
cant organisms in the microbial food chain in aquatic environments. The taxonomy of
these non-loricate forms has been neglected despite the presence of several large genera. An
extensive revision has been undertaken of the Family Strombidiidae, one of three families
in this suborder. All 134 original descriptions of species reported as belonging to this family
were examined. Among these, 117 species and their synonyms were considered as true
species, including 5 species designated as the new species or new name, and are described
in detail with the aid of diagrams.
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AN ILLUSTRATED GUIDE TO STROMBIDIIDAE 1

I. INTRODUCTION

The population of microzooplankton less than 200 um in size is considerable and from
early studies it has been demonstrated that these organisms are a significant food source for
larger animals in the aquatic environment (Ryder, 1881). Microzooplankton also seems to
support the detritus-based food chain processes and helps the heterotrophic microorganisms
to take part in higher trophic levels; that is, the food pathway from bacteria to higher
animals is known to be mediated by microzooplankton in aquatic habitats (Berk et al. 1977;
Sorokin, 1981; Maeda et al. 1983). Among microzooplankton populations ciliated protozoa
are dominant organisms which may exceed 90 per cent of total microzéoplankton numbers
(Beers et al. 1975). According to Beers et al. (1971) more than 75 per cent of ciliated
protozoa were identified as belonging to the Oligotrichida in samples collected from a
Peruvian upwelling seawater area. Endo et al. (1983) showed similar results in the sub-
tropical Pacific Ocean. In addition to the taxonomic works which had largely been com-
pleted prior to the 1950’s, many results on the qualitative distribution of oligotrichs have
been reported from a variety of marine habitats (Fauré-Fremiet, 1924; Fenchel, 1968;
Borror, 1963, 1965, 1972; Beers, et al. 1971 ; Agamaliev, 1972, 1974; Rassoulzadegan, 1977,
Taniguchi, 1984). These oligotrichs were found in the interstitial spaces of the sediment
as well as in the water column. These observations have also been extended to the Arctic
and Antarctic Ocean by Suzuki (1967), Hada (1970) and Thompson (1972). Despite
extensive data on the distribution of oligotrichine ciliates, little information is available
on the ecology of these organisms. Such information we have indicates that this group is
worthy of further investigation. For example one species, Strombidium oculatum Gruber,
1884 is known to exhibit a characteristic tidal rhythm (Fauré-Fremiet, 1948), This rthythm,
taking the form of repeated encystation and excystation cycles, enables this ciliate to sub-
sist in large populations in a“habitat whose liquid environment is renewed periodically at
each tide. There are also species which are ectosymbionts (Jankowski, 1974) and endo-
symbionts (Yagiu, 1933).

Corliss (1961, 1979) has noted the lack of extensive taxonomic works on this group.
Of the two suborders now recognized, the Tintinnina have been served by major, although
dated, revisions but the non-loricate forms have clearly been neglected despite the presence
of several large genera, such as Strombidium and Strobilidium. Key features of the Suborder
Oligotrichina include an extensive adoral zone of membranelles (AZM), often with two dis-
tinguishable parts, a somatic ciliature often reduced to a few widely spaced and shortened
rows of specialized cilia or bristles; and an ovoid to elongate non-compressed body, enclosed
in a thickened pellicle and sometimes tailed. The first organism that can be attributed to
the oligotrichs was described by Miiller (1773). Trichoda grandinella Muller, 1773 was later
placed in the new genus Halteria by Dujardin (1841) as H. grandinella (Miller, 1773)
Dujardin, 1841. Concerning the family Strombidiidae, the first species to be described from
the genus Strombidium were S. sulcatum and S. turbo Claparéde and Lachmann (1858).
When Kent (1881—1882) summarized the species of the Family Strombidiidae, eight species
were listed. Awerinzew (1901) listed seven species and a number of synonyms. In the
extensive revision of Kahl (1932, 1935) 54 species were described of which many were new.
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Since that major work few realistic revisions have been made. Bock (1967) and Bick (1972)
attempted a key to species but the important reviews by Fauré-Fremiet (1969) and Corliss
(1979) on the systematics of the oligotrichine ciliates alone remain prominent. Kahl’s
major work omitted some species and others have been described since. Clearly before
any attempts are made to understand the role of these ciliates in the aquatic environment,
the taxonomy of the group must be given an extensive revision. )

In general many ciliates can be seriously damaged or distorted by fixatives, therefore
for correct identification it is advisable that living material should be examined whenever
possible with the light microscope. Many of these pelagic species move quickly, although
some reagents or slowing agents such as nickel sulfate, methyl cellulose and polyethylene
oxide are useful for decrease swimming velocity of protozoa, and a fragile, on death they
usually fragment. If these factors are not taken into consideration, the observer can easily
fail to collect the essential taxonomic features. Silver staining techniques clearly reveal
details of the ciliate cortex but for rapid ecological surveys identification using silver impreg-
nation is considered too burdensome. Instead, a video recording system with slow play-back
linked to a microscope equipped with Nomarski interference optics is considered essential
to store the key information necessary for identification of fast moving species. This in-
strumentation in combination with an identification guide in the form of a diagnostic key
should enable the non-specialist engaged in aquatic ecology to identify these ciliates to the
species level.

The family Strombidiidae includes four genera, Buehringa, Laboea, Strombidium and
Tontonia according to Corliss (1979). In this work all the species of the genera Buehringa
and Laboea have been transferred to Strombidium and the genus Metastrombidium to which
one species belonged has been moved to the family Strombidiidae from the family Halteriidae.
The genus Tontonia includes three species. Therefore the majority of species in this family
belong to the genus Strombidium of which 70 species are listed here. The descriptions of
134 species were checked in this work, among which were a considerable number of species
described by Meunier (1910), Leegaard (1915), Wulff (1919), Busch (1921, 1930, 1950)
and Hada (1970), were diagnosed after fixation. Although most of the specimens still
retained the key features, they were distorted or constricted in some areas. We included
these species until such time as they are redescribed and definite decisions can be taken as
to their validity.

A detailed analysis of original diagrams and descriptions has been undertaken with the
intention of presenting a taxonomic guide to all species in the Family Strombidiidae. It
is hoped that this guide will enable those interested in the taxonomy or ecology of oligo-
trichine ciliates to identify and gain a better understanding of these protozoa which are a-
bundant in marine and freshwater habitats.

g T S T
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II. GLOSSARY OF TERMS
(Figs. 1,2,3 and 4)

right side left side

AZM

AZM

Ma

Tr

Fig. 1. Strombidium sulcatum Claparéde and Fig. 2. Strombidium macronucleatum Dra-
Lachmann, 1858 (after Fauré-Fremiet and Ganier, gesco, 1960 (after Dragesco, 1960)

1970)

AZM, Adoral zone of membranelles

Membranelles located in the apical area, around the peristome. They are generally
bipartite, one part situated within the buccal cavity and the other on the body surface en-
circling the anterior pole. Those outside the peristome have been termed “apical mem-

branelles” by some authors.
BC, Buccal cavity

CV, Contractile vacuole
EC, Equatorial cleft
Ma, Macronucleus

Mi, Micronucleus

Pa, Peristomial area
Entire oral area including the buccal cavity

PC, Peristomial collar
Collar-like protrusion located at the apical extremity, surrounding the peristomial

area.
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Pe, Perilemma .
An additional outer membrane covering the pellicle or polygonal cortical platelets.

PM, Paroral membrane
Ciliary organelle lying along the right side or border of the buccal cavity, composed of
cilia arising from a single row of kinetosomes.

PP, Polygonal cortical platelet

Thickened pellicle mainly composed of polysaccharide platelets which covers the
posterior and in some cases almost the whole body. The terms “polysaccharide plate”
and “polysaccharide plaque” are also used.

Tr, Trichite
Unique skeletal structure, hollow, rod-like and of a proteinaceous nature, usually ar-
ranged radially beneath the pellicle of the posterior hemisphere of the body.

VC, Ventral cleft
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: Fig. 3. Strombidium lagenula Fauré-Fremiet, Fig. 4. Strombidium mirabile Penard, 1916
= 1924 (after Fauré-Fremiet, 1924) (after Penard, 1916)
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II. DESCRIPTIONS OF THE SUBORDER OLIGOTRICHINA, FAMILY
STROMBIDIIDAE AND GENERA STROMBIDIUM, TONTONIA AND
METASTROMBIDIUM

Suborder Oligotrichina Biitschli, 1889
(Syn. Strombidiina)

Body typically small, ovoid or posteriorly attenuated, several species with a distinctive
tail. Somatic ciliature reduced to a few short rows of bristles or an equatorial belt of short
sensory cilia, one genus displays holotrichous ciliation. AZM in two distinct parts, the
“somatic” portion used primarily for locomotion. Pellicle may be strengthened by skeletal
elements in the form of platelets or rods, predominantly in the posterior half of the body.
Perilemma present in some species. Principally marine but freshwater species well docu-
mented.

Family Strombidiidae Fauré-Fremiet, 1969
(Syn. Tontoniidae)

Circlet of apical membranelles is more or less oblique and open. Peristomial area
apical, extending to the ventral area. Somatic ciliature is absent or very much reduced.
Polygonal cortical platelets of polysaccharide composition are present mainly on the
posterior half of body. Trichites present, bundles of which make a characteristic band or
funnel-shape form in many species. Perilemma present in several species. Most species in
marine habitats, but some common fresh water forms present. Three genera Strombidium
Claparéde and Lachmann, 1858, Tontonia Fauré-Fremiet, 1914 and Metastrombidium
Fauré-Fremiet, 1924 are included in this family.

The genus Laboea Lohmann, 1908 possesses the characteristic arrangement of poly-
saccharide plates which display 3 — 6 cone-shaped forms and partly overlap each other at
the posterior of the body. Species of the genus Buehringa Busch, 1921 possess two different
shapes of polysaccharide plates covering the body. All the species of these two genera
have been transferred to the genus Strombidium because the possession and arrangement of
polysaccharide plates is not sufficient reason to erect a new genus.

Genus Strombidium Claparéde and Lachmann, 1858
(Syn. Strombidion)

Body conical, irregularly ovoid or posteriorly elongated. In most species somatic
ciliature is absent, trichites form a characteristic band, and polysaccharide plates or platelets




6 M. MAEDA and P. G. CAREY

cover posterior half of body. Predominantly in marine habitats though several common

fresh-water forms.

Genus Tontonia Fauré-Fremiet, 1914

Large size (80-540um). Deep peristome is open on the ventral side where AZM is
located on the left edge. A characteristic tail is present, originating from the posterior dorsal
area. It is contractile and extensible to several times the body length. All species in marine

habitats.

Genus Metastrombidium Fauré-Fremiet, 1924

The body is globular in shape, slightly depressed anteriorly. The form of the peristomial
area is reniform. Adoral membranelles locate at the left area of the perisotme intrude into
the buccal cavity. The body has no somatic ciliature.. The heterogeneously reticulated
cytoplasm contains some oil drop-like granules. One species was described from the marine

hatitats.
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IV. SPECIES LIST

Strombidium acuminatum (Leegaard, 1915) Kahl, 1932

“

“

“1

Syn. Laboea acuminata Leegaard, 1915
acutum Leegaard, 1915
alveolare Bullington, 1940
antarcticum (Busch, (1930) Kahl, 1932
Syn. Buehringa antarctica Busch, 1930
arenicola Dragesco, 1960
armatum Burger, 1908
Syn. Strombidium nasutum Smith, 1897
atlantica (Busch, 1921) Fauré-Fremiet, 1969
Syn. Buehringa atlantica Busch, 1921
buehringae Busch, 1921-
calkinsi Fauré-Fremiet, 1932
capitatum (Leegaard, 1915) Kahl, 1932
Syn. Laboea capitata Leegaard, 1915
caudatum Fromentel, 1874
cinctum Kahl, 1932
clavellinae Buddenbrock, 1922
compressum (Leegaard, 1915) Kahl, 1932
Syn. Laboea compressa Leegaard, 1915
L. emergens Leegaard, 1915,

Stombidium emergens (Leegaard, 1915) Busch, 1921
S. emergens (Bush, 1921) var. constanziense Busch, 1921,

conicoides (Leegaard, 1915) Kahl, 1932
Syn. Woodania.conicoides Leegaard, 1915
conicum (Lohmann, 1908) Wulff, 1919
Syn. Laboea conica Lohmann, 1908
constrictum (Meunier, 1910) Wulff, 1919
Syn. Conocylis constricta Meunier, 1910
Laboea constricta (Meunier, 1910) Leegaard, 1915

cornutum (Leegaard, 1915) Kahl, 1932

Syn. Laboea cornuta Leegaard, 1915
cornucopiae (Wailes, 1929) Kahl, 1932

Syn. Laboea cornucopiae Wailes, 1929
coronatum (Leegaard, 1915) Kahl, 1932
Syn. Laboea coronata Leegaard, 1915
costatum Tucolesco, 1962
crassulum (Leegaard, 1915) Kahl, 1932

Syn. Laboea crassula Leegaard, 1915
cylindromorphum Perejaslawzewa, 1886
delicatissimum (Leegaard, 1915) Busch, 1921

Page
48

56
29
54

25
29

53

56
14
51
58
34

33
52

49

16

42

45

46

46

38
53

28
51
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Page
Syn. Laboea delicatissima Leegaard, 1915
S. diversum Busch, 1930 57
S. elegans Florentin, 1901 34
S. elongatum (Leegaard, 1915) Kahl, 1932 44
Syn. Laboea conica var. elongata Leegaard, 1915
S. faurei Dragesco, 1960 27
S. filificum Kahl, 1932 23
S. fourneleti (Dragesco, 1960) Maeda and Carey, 1985 26
Syn. Strombidium sauerbreyae Kahl, 1932 var. fourneleti Dragesco, 1960
S. globosum Fromentel, 1874 42
S. grande Levander, 1894 36
S. hadai (Hada, 1970) Maeda and Carey, 1985 45
Syn. Strobilidium elegans Hada, 1970
S. kahli Bock, 1952 35
S. kielum Maeda and Carey, 1985 27
S. lagenula Fauré-Fremiet, 1924 13
S. latum Kahl, 1932 32
S. longipes Meunier, 1910 58
S. macronucleatum Dragesco, 1960 26
S. minor (Kahl, 1935) Maeda and Carey, 1985 22
Syn. Strombidium caudatum Calkins, 1901
S. calkinsi Kahl, 1932
S. styliferum var. minor Kahl, 1935
S. mirabile Penard, 1916 18
Syn. Psilotricha fallax Zacharias, 1895
Strombidium fallax (Zacharias, 1895) Kahl, 1932
S. obliguum Kahl, 1932 37
S. oblongum (Entz, 1884) Kahl, 1932 31
Syn. Strombidium sulcatum Entz, 1884
Clypeolum corsicum Gourret and Roeser, 1888
S. oculatum Gruber, 1884 15
S. opisthostomum Tucolesco, 1962 37
S. ovale (Leegaard, 1915) Kahl, 1932 47
Syn. Laboea ovalis Leegaard, 1915
Strombidium oblongum Leegaard, 1915
S. prorogatum Busch, 1930 57
S. pseudocinctum Wang, 1934 31
S. pulchrum (Leegaard, 1915) Kahl, 1932 44
Syn. Laboea pulchra Leegaard, 1915 :
S. purpureum Kahl, 1932 20
S. rapulum (Yagiu, 1933) Jankowski, 1974 40
) Syn. Strobilidium rapulum Y agiu, 1933
S. reticulatum (Leegaard, 1915) Busch, 1921 49
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Page Page
Syn. Laboea reticulata Leegaard, 1915 .
57 S. sauerbreyae (Sauerbrey, 1928) Kahl, 1932 30
34 Syn. Strombidium coronatum Sauerbrey, 1928
44 S. schizostomum Kahl, 1932 35
S. spirale Busch, 1950 57
27 S. strobilum (Lohmann, 1908) Wulff, 1919 39
23 Syn. Laboea strobila Lohmann, 1908
26 Conocylis helix Meunier, 1910
dragesco, 1960 S. stylifer Levander, 1894 21
42 S. sulcatum Claparéde and Lachmann, 1858 11
36 Syn. Strombidium minutum Wulff, 1919
45 S. symbioticum Jankowski, 1974 41
S. syowaensis (Hada, 1970) Maeda and Carey, 1985 55
35 Syn. Strobilidium syowaensis Hada, 1985
27 S. testaceum Anigstein, 1913 19
13 S. tintinnodes Entz, 1884 25
32 Syn. Strombidium typicum (Lankester, 1874) Biitschli, 1889
58 S. acuminatum Stein, 1867
26 S. turbo Claparéde and Lachmann, 1858 12
22 S. turcicum Hovasse, 1932 13
S. urceolare Stein, 1867 28
S. velox Beardsley, 1902 24
S. vestitum (Leegaard, 1915) Kahl, 1932 50
18 Syn. Laboea vestita Leegaard, 1915
' S. virgatum Wulff, 1919 43
S. viride Stein, 1867 17
37 Syn. Strombidium nasutum Smith, 1897
31 ' S. wulffi (Wulff, 1919) Kahl, 1932 43
Syn. Strombidium strigtum Wulff, 1919
Tontonia appendiculariformis Fauré-Fremiet, 1914 61
15 T. caudata (Lohmann, 1908) Kahl, 1932 61
37 ‘ Syn. Strombidium caudatum Lohmann, 1908
47 T. gracillima Fauré-Fremiet,1924 62
Metastrombidium sonnifer Jankowski, 1980 63
57
31
44
20
40

49
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V. SPECIES NOT INCLUDED IN THE FAMILY STROMBIDIIDAE

All original descriptions and diagrams of species reported as belonging to the Family
Strombidiidae were examined, the total number of which was 134. Among these, 117
species and their synonyms were listed as belonging to this family, the rest were considered
either dubious species or were transferred to other genera.

The following ten species were transferred to the genus Strobilidium

Strombidium claparedi Kent, 1882
gyrans Stokes, 1887
gyrans (Stokes, 1887) var. transsylvanicum Lepsi, 1926
intermedium Maskell, 1887
marinum Fauré-Fremiet, 1910
minimum Gruber, 1884
mucotectum Busch, 1924
spiniferum Leegaard, 1915
. striatum (Meunier, 1910) Kahl, 1932
Strombidium sp. Meunier, 1910

Strombidium caudatum Lohmann, 1908 has been transferred to the genus Tontonia. S.
oblongum Kellicott, 1885 has been transferred to Halteria. S. comatum Wulff, 1919 and S.
polymorphum Eberhard, 1862 clearly belong in other genera. Laboea globosa Lohmann,
1908 could be included in the genus Strombidium, but its description is not sufficient to
give this animal a certain taxonomic position. Busch (1930, 1950) reported 3 Strombidium
sp. which were described using fixed specimens. Their poor descriptions and diagrams pre-
vent the erection of new names, although their diagrams are shown in this work. Jankowski
(1979) proposed a new scheme of classification for the Suborder Oligotrichina, including
establishment of the new genera. But as detailed information on these revisions was not
given, the Jankowskian scheme of classification was not followed in the present work.
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V1. SPECIES DESCRIPTIONS
JIDIIDAE )
Strombidium sulcatum Claparéde and Lachmann, 1858
Syn. Strombidium minutum Wulff, 1919
(Figs. 5, 6, and 7)
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Fig. 6. Strombidium sulcatum (Claparéde and Fig. 7. Strombidium minutum Wulff, 1919
Lachmann, 1858 (after Fauré-Fremiet and (after Wulff, 1919)
Ganier, 1970)
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Size, 30 — 60 um and 40 — 50 um according to Kahl (1932) and Fauré-Fremiet and
Ganier (1970), respectively. The form is ovoid and yellowish brown in colour according to
Claparéde and Lachmann (1858), but the small form just after cell division is short and coni-
cal (Kahl, 1932). A protuberance is situated on the apical area, where about 12 membranelles
of the adoral zone are massively developed. Conspicuous trichites are located in the posterior
one-third of the body, which make a funnel-like arrangement. Polygonal cortical platelets
are present but no necessarily conspicuous, and this species possesses a ventral cleft and
perilemma. A round macronucleus and a single micronucleus is present. The movement is
continuous but not extremely fast. It occurs in saprobic areas in the sea and feeds on
bacteria and small diatoms.

According to Fauré-Fremiet and Ganier (1970) it possesses highly differentiated somatic
ciliature which is possibly specialized in a sensorial function. The diagram of Strombidium
minutum displays the dorsal side. The shapes and arrangement of the apical protuberance,
polygonal cortical platelets and macronucleus are quite similar to S. sulcatum although the
size of S. minutum (30—40 um) is slightly smaller, probably because of shrinkage by the
fixative employed. S. minutum and S. sulcatum. have been synonymised.

Strombidium turbo Claparéde and Lachmann, 1858
(Figs. 8 and 9)

Fig. 8. Strombidium turbo Claparéde and Fig. 9. Strombidium turbo Claparéde and
Lachmann, 1858 (after Claparéde and Lach- Lachmann, 1858 (after Roux, 1901)
mann, 1858)
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Size, 35 um. Body is globose, slightly conical posteriorly. Its surface does not show the
furrow-like form of trichites. The circlet of apical membranelles is not completed, but
rather forms a spiral arrangement. The peristomial area shows a crescent-shaped cut like the
freshwater oligotrich Halteria grandinella. Freshwater species.

Claparéde and Lachmann (1858) were unsure if this species belonged in the genus
Strombidium. Kahl (1932) transferred it to the genus Strombidinopsis, as a synonym of S.
gyrans. Based on the description of Claparéde and Lachmann (1858) and a diagram of Roux
(1901), this species has been placed in the genus Strombidum.

Strombidium lagenula Fauré-Fremiet, 1924
(Fig. 10)

Size, 60 um. The peristomial lip-like collar is distinctly projected at the apical end and
the peristomial field extends to the posterior one-third of the body on the ventral side. The
AZM is thickly developed and is constituted of 16 — 20 membranelles. A band of trichites
is situated at the posterior end. Cortical platelets are recognizable. The endoplasm displays
a brown colour due to the digestive products. The macronucleus was not observed. This
planktonic species is extremely fragile and swims very fast, frequently occurring in the
marine environment.

Fig. 10. Strombidium lagenula Fauré-Fremiet,
1924 (after Fauré-Fremiet, 1924)

Strombidium turcicum Hovasse, 1932
(Fig. 11)

Size, 100 um. The body shape is ovoid, a peristomial collar present at the anterior end.
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The posterior extremity is bluntly pointed. A peristomial field extends almost to the pos-
terior end. Membranelles of the adoral zone are thick. A considerable quantity of granules
exists inside the body. Marine species.

This species seems to be similar to Strombidium lagenula, but shows a larger size and
possesses no transverse cleft or trichites.

Fig. 11. Strombidium turcicum Hovasse, 1932
(after Hovasse, 1932)

Strombidium calkinsi Fauré-Fremiet, 1932
(Fig. 12)

Size, 40 um. The body shape is irregularly ovoid and the basal region, hemispheric.
The peristomial area, more developed than in Strombidium sulcatum and less deep than in
Strombidium lagenula, extends towards the middle of the ventral side. Polysaccharide
plates and a transverse cleft are distinct. Trichites make a funnel-like arrangement. There
are two long dorsal membranelles, 35 — 40 um, independent of the adoral zone, the ends
of which can stick onto a substratum. The ovoid macronucleus lies in the body in the
posterior region above the bundle of trichites. The cytoplasm is hyaline, clear, enclosing

various digestive vacuoles, and contains some granulations which are refractile. Marine
species.
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Fig. 12. Strombidium calkinsi Fauré-Fremiet,

.
\ 1932 (after Fauré-Fremiet, 1932)
//( lw \\\\\\\\\\ |

Strombidium oculatum Gruber, 1884
(Figs. 13 and 14)

Size, 60 — 70 um. The shape varies from pyriform to ovoid or conical, depending
on the amount of green inclusions inside the body. The posterior area is narrowed and
shortly rounded at it extremity. There is a blunt protuberance at the anterior end. A
roughly triangular truncation of the anterior ventral side follows along the peristomial
depression. A bundle of trichites forms an internal armature in the shape of a truncated
cone. Polygonal cortical platelets cover half the body. Both equatorial and ventral cleft
are present. The macronucleus is round or oval. Marine species.

This species has a characteristic tidal rhythm concerning encystment and excystment
reported by Fauré-Fremiet (1948).
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Fig. 14. Strombidium oculatum Gruber, 1884
(after Fauré-Fremiet, 1948)

Fig. 13. Strombidium oculatum Gruber, 1884
(after Gruber, 1884)

Strombidium conicum (Lohmann, 1908) Wulff, 1919
Syn. Laboea conica Lohmann, 1908
(Figs. 15 and 16)

Fig. 15. Strombidium conicum (Lohmann, Fig. 16. Laboea conica Lohmann, 1908 (after
1908) Wulff, 1919 (after Kahl, 1932) Lohmann, 1908)
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Size, 50 — 70 um according to Kahl (1932). Lohmann (1908), Leegaard (1915)
and Wulff (1919) reported its size as 20 — 50 um, 45 — 75 um and 30 — 40 um, respectively.
These sizes are smaller than that measured by Kahl (1932) probably because of shrinkage by
fixative. The yellow coloured body is relatively wide at the anterior and narrowed pos-
teriorly. The band of trichites makes a funnellike shape. Cortical plates possess longi-
tudinal lines. There is a cirral row near the posterior extremity. The macronucleus is ovoid.
A planktonic marine species.

Strombidium viride Stein, 1867
Syn. Strombidium nasutum Smith, 1897
(Figs. 17, 18 and 19)

Size, 60 — 80 um and 40 — 80 um according to Penard (1920) and Kahl (1932), respec-
tively. The anterior part of the body is shaped like an inverted cone and there is a blunt,
unsharpened protuberance at the anterior extremity. The posterior area is slightly elongat-
ed, conical in form. Bundles of trichites make an equatorially encircling band in the middle
area of the body and several tubules are encircled with 3 — 4 folds in the same area. Poly-
gonal cortical platelets of polysaccharide composition are extremely small, around 1 — 2
um in size. Numerous green coloured cells are described, inside the body. Freshwater
species.

Stein (1867) did not show a diagram of this animal, however Penard (1920) and Kahl
(1932) redescribed it with a detailed diagram, although Penard’s (1920) S. viride has no

Fig. 17. Strombidium viride Stein, 1867 (after Fig. 18. Strombidium viride Stein, 1867 (after
Kahl, 1932) - Penard, 1920)
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Fig. 19. Strombidium nasutum Smith, 1897
(after Smith, 1897)

protuberance in the anterior area. Roux’s (1899) S. viride is different from Penard’s (1920)
and Kahl’s (1932) on the shape of the AZM and the body. Kahl (1932) observed three types
of S. viride. (1) Large round form (size, about 80 um) with dense colour from zoochlorellae,
and green algae inside the body. Abundantly distributed among aguatic plants. (2) Slender
form, size about 60 um. The posterior area is gently pointed. Found in deep lakes. A green
coloured body with zoochlorellae and their fragments (3) Small and round form, size 40 —
60 um. Yellow coloured species without zoochlorellae inside the body. Distributed in deep
lakes.
Strombidium nasutum was found in pond water, size about 50 um in length.

Strombidium mirabile Penard, 1916
Syn. Psilotricha fallax Zacharias, 1895

Strombidium fallax (Zacharias, 1895) Kahl, 1932
(Figs. 20, 21 and 22)

Size, 60 — 70 um. A yellowish or green coloured species. Similar in shape to S. viride
but there is no protuberance at the anterior area. The buccal cavity is deep with a wide
lip-like rim on the right side. Small splits are situated at the base of the adoral membranel-
les. Only 4 bundles of trichites present. Polysaccharide platelets are twice as large as those
of S. viride. Macronucleus has an oblique cleft. No tubules encircle the middle area of the
body, but an ‘“‘embryo-like” tube is present in the posterior area. The micronucleus is
single and large. Usually zoochlorellae and various Chlorophyceae are seen inside the body.
Freshwater species.

Strombidium fallax is yellow coloured. Size, 80 um. The ventral side is slightly and the
dorsal side is prominently arched. The middle area of the body equatorially expanded. The
peristomial field extends near to the posterior end. Trichites were overlooked by Zacharias
(1895) but the transverse furrow at the dorsal side suggests their possible presence. A
round shaped macronucleus is situated posteriorly. It feeds on small diatoms and Peri-
dinium. Planktonic animals in freshwater habitats.
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Fig. 21. Strombidium mirabile Penard, 1916
(after Penard, 1916)

Fig. 20. Strombidium mirabile Penard, 1916
(after Penard, 1916)

Fig. 22. Psilotricha’ fallax Zacharias,
(after Zacharias, 1896)

Strombidium testaceum Anigstein, 1913
(Fig. 23)

Size, 70 — 84 um. The body is wide in the anterior region and round or obovate pos-
teriorly. The AZM is distinctive and the ends of the membranelles are frayed. There are
narrow creases at the base of the membranelles. Inside the peristome a paroral membrane
is present. Bundles of trichites make a equatorial band encircling the body. Polygonal
cortical platelets are thick covering the posterior half of the body. The oblique row of
short bristles runs from the right side to the left side on the dorsal and extends to the ventral
area. The macronucleus is elongate in form. It feeds on small ciliates. A marine species.
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Fig. 23. Strombidium testaceum Anigstein,
1913 (after Anigstein, 1913)

Strombidium purpureum Kahl, 1932

(Fig. 24)

Fig. 24. Stombidium purpureum Kahl, 1932
(after Kahl, 1932)
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A small species, size 40 — 50 um. Almost cylindrical in form. The middle area of the
body is narrowed where the equatorial cleft is present and the posterior area is wide and
rounded. The peristomial field is not very well developed and shows little activity. Tri-
chites are very slender but are distinct and make an equatorial band. Small rod-form purple-
bacteria which may be a symbiotic fill the inside of the body. Movement is convulsive but
elegant. It occurred in brackish water (salt concentration, 1 — 2%) and saprobic places where
H, S content is high.

Strombidium stylifer Levander, 1894
(Figs. 25 and 26)

Size, 70 — 90 um without the cytoplasmic stylet which is 10 — 25 um in length. Yel-
lowish green in colour. The frontal area is widened and the posterior part is cone-shaped.
There is a small protuberance at the anterior extremity and a long pointed thorn is present
at the posterior end. This thorn seems to be used to attach temporarily onto the sub-
stratum. Trichites are very dense which form an equatorial band in the middle area. Ac-
cording to Kahl (1932) the posterior region is covered with polygonal cortical platelets
which are extremely small and soft, and the ventral cleft is conspicuous just in front of the

Fig. 25. Strombidium stylifer Levander, 1894 Fig. 26. Strombidium stylifer Levander, 1894
(after Levander, 1894) (after Kahl, 1932)
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stylet. The macronucleus is oblong in shape. It feeds on various groups of algae and small

Peridinium. A marine species.

Strombidium minor (Kahl, 1935) Maeda and Carey, 1985 nom. nov.
Syn. Strombidium caudatum Calkins, 1901

Strombidium calkinsi Kahl, 1932

Strombidium styliferum var. minor Kahl, 1935

(Fig. 27)

Size, 35 um without the “thorn-like” tail. The body is pyriform and broadly truncate
at the anterior end, the middle of which rises as a small protuberance. The tail is about
half as long as the body, structureless, hyaline and sharply pointed. Trichites are abundant
in the cortex. The macronucleus is large, spherical and placed in the center of the body.
The contractile vacuole lies in the posterior area. This marine species occurs in saprobic
places and feeds on Peridinium.

According to Kahl (1932), this animal has three distinct long membranelles among the
AZM. The name S. styliferum var minor was erected by Kahl (1932) in place of S. calkinsi
(Kahl, 1932) which was occupied. Kahl (1932) had proposed the new name S. calkinsi
after the incorrect identification of a species of Strombidium by Calkins (1901).

Fig. 27. Strombidium minor (Kahl, 1935)
Maeda and Carey, 1985 (after Calkins, 1901)
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Strombidium filificun Kahl, 1932
(Fig. 28)

Size, 30 — 35 um not including the thread-like extensions. The peristomial area is
conspicuous. Trichites make an equatorial band in the middle of the body. From the short
pointed area at the posterior, long threads extends, sometimes 500 um in length, from which
mucous material is produced. Using a such thread the animal attaches to the substratum and
rotates or waves freely. This thread can be temporary lost but a new one is easily produced.
Another “pin-like” organelle was once observed near the posterior extremity by Kahl
(1932). The macronucleus ovoid. A marine species.

Fig. 28. Strombidium filificum XKahl, 1932
(afrer Kahl, 1932)
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Strombidium velox Beardsley, 1902
(Figs. 29 and 30)

Size, 40 — 50 um. The form is turbinate, varying to obovate and broadly elliptical.
The peristomial field extends along the ventral side to nearly half the body length. Mem-
branelles of the adoral zone are thick, about half as long as the body. The body is colorless
and its surface is smooth without supplementary cilia. There is a slender thread at the pos-
terior extremity for fixing to the substratum, this is contractile and contains a gelatinous
substance. The macronucleus is irregularly spherical situated sub-centrally, and the round
contractile vacuole is in the anterior area. The movement is extremely rapid and erratic,
frequently gyrating for a time around a fixed point, then suddenly darting away. The food
consists of diatoms. Found in a pond water with Vaucheria.

Fig. 29. Strombidium velox Beardsley, 1902 Fig. 30. Strombidium velox Beardsley, 1902
(after Beardsley, 1902) (after Beardsley, 1902)
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Strombidium tintinnodes Entz, 1884
Syn. Strombidium acuminatum Stein, 1867

Strombidium typicum (Lankester, 1874) Biitschli, 1889
(Figs. 31 and 32)

A small size species (20 — 40 um) with a yellow coloured body probably due to ingested
foods. The apical area bears a short distinct protuberance which is the characteristic feature
of this species. The posterior area is slim and its extremity is pointed, which exhibits an
elastic contractile movement. Trichites are present below the middle of the body. The
macronucleus is ovoid and the contractile vacuole is round. A marine species.

The description of Strombidium acuminatum Stein, 1867 is as follows. The body
colour is more or less intensive yellow, and it exhibits a blunt projection at the anterior
end and a long cone shape at the posterior. The peristomial area is at the center of the an-
terior body. Although Stein (1867) did not show the diagram of this animal, S. acuminatum
has been synonymised with S. tintinnodes.

Fig. 31. Strombidium tintinnodes Entz, 1884 Fig. 32. Strombidium typicum (Lankester,
(after Entz, 1884) 1874) Butschli, 1889 (after Butschli, 1887—
1889)

Strombidium arenicola Dragesco, 1960
(Fig. 33)

Size, 50 — 100 um. Body is ovoid. The adoral membranelles are very long and there
is a paroral membrane in the peristome. The trichites are long and few in number. The
macronucleus js ovoid. It possesses numerous sand grains inside the cell. Found in fine
sand in the seashore at Roscoff.
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Strombidium fourneleti (Dragesco, 1960) Maeda and Carey, 1985 nom. nov.
Syn. Strombidium sauerbreyae Kahl, 1932 var. fourneleti Dragesco, 1960
(Fig. 34)

Size, 50 — 65 um (diagram indicates 70 um). The body is globular. The peristomial
field is confined to the apical area and adoral membranelles are very fine. Two thigmotactic
membranelles are present, apart from the AZM. The band of trichites is conspicuous and the
posterior area is covered with polygonal cortical platelets. The large vacant space can be
seen at the posterior extremity. The macronucleus is oval, with a small and spherical micro-
nucleus. Several sand grains and diatoms are included inside the cell. This organism is fre-
quently found in marine sand and in brackish pools.
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Fig. 34. Strombidium fourneleti (Dragesco,
Fig. 33. Strombidium arenicola  Dragesco, 1960) Maeda and Carey, 1985 (after Dragesco,
1960 (after Dragesco, 1960) 1960)

Strombidium macronucleatum Dragesco, 1960
(Fig. 35)

Size, 80 — 135 um. The body shape is elliptical. The peristome is large and a thick
paroral membrane is present. Trichites are more numerous and smaller than those of S.
arenicola.
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The round posterior area is covered with polygonal cortical platelets. The macronucleus is
oval, with a small and spherical micronucleus. Several sand grains and diatoms are included
inside the cell. This organism is frequently found in marine sand and in brackish pools.

Strombidium faurei Dragesco, 1960
(Fig. 36)

Size, 75 um (diagram indicates 100 um). The body is ovoid and a peristomial collar
is present. There are two long thigmotactic cirri in addition to the adoral membranelles.
Trichites are numerous on the somatic area. The left lateral side is furnished with fine cirri.
The macronucleus is oval and several sand grains are included inside the cell. Polygonal
cortical platelets are not seen. A marine species found in the fine sand at Roscoff.

Fig. 35. Strombidium macronucleatum Dra- Fig. 36. Strombidium faurei Dragesco, 1960
gesco, 1960 (after Dragesco, 1960) (after Dragesco, 1960)

-Strombidium kielum Maeda and Carey, 1985 sp. n.

(Fig. 37)

This species was described by Kahl (1932) as Strombidium sp. Size, 70 — 80 um. The

body is almost cylindrical but slightly wider at the anterior area. The posterior area is round
and bluntly pointed at its extremity. The peristome is not extensive. Fine trichite bands
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are confined to the lateral areas. The macronucleus is oval. A marine species.

Strombidium cylindromorphum Perejaslawzewa, 1886
(Fig. 38)

A cylindrical species and yellow in colour. The size is not mentioned in the original
description. According to Kahl’s (1932) observation, the body is colorless, 40 um in length.
There is a wreath-like furrow in the posterior area. He also suggested that the shape of this
animal is variable in several different circumstances. The contractile vacuole is at the right
side of the posterior area. It occurs in saprobic places in the sea. A poorly described species.

Fig. 37. Strombidium kielum Maeda and Fig. 38. Strombidium cylindromorphum Pere-
Carey, 1985 (after Kahl, 1932) jaslawzewa, 1886 (after Perejaslawzewa, 1886)

Strombidium urceolare Stein, 1867
(Fig. 39)

This species was described by Stein (1867) without a diagram. Fauré-Fremiet (1932)
first produced the diagram of this animal which was sent to him from E. Maupas as a per-
sonal communication in 1907.

Size has not been quoted. The body is a bulky, almost pot-like in shape. There is the
projected peristomial collar in the apical area. The AZM is abruptly bent to the left side at
its posterior half, which includes three characteristic long membranelles for attaching the
body to the substratum. The macronucleus is oval. A contractile vacuole is present pos-
teriorly. This species was found in the Baltic Sea.

A T T e




yecies.

tioned in the original
tless, 40 um in length.
that the shape of this
vacuole is at the right
orly described species.

cylindromorphum Pere-
- Perejaslawzewa, 1886)

Fauré-Fremiet (1932)
ym E. Maupas as a per-

> in shape. There is the
r bent to the left side at
nelles for attaching the
vacuole is present pos-

AN ILLUSTRATED GUIDE TO STROMBIDIIDAE 29

Strombidium alveolare Bullington, 1940
(Fig. 40)

Size, 54 — 75 um, average 59 um. The body is dorso-ventrally flattened, somewhat
elongated and bluntly rounded at the anterior and posteior extremities. The middle area is
constricted. This species is characterized by its extreme alveolar or vacuolated appearance.
The body seems one mass of globules. A nucleus and contractile vacuole have not been

described. A marine species.

Fig. 40. Strombidium alveolare Bullington,

Fig. 39. Strombidium urceolare Stein, 1867
1940 (after Bullington, 1940)

(after Faure-Fremiet, 1932)

Strombidium armatum Burger, 1908
(Fig. 41)

Size, 50 — 60 um. The apical protuberance is conspicuous, like a elastic finger in form,
usually 9 um in length. The AZM is wide and pinnate in its anterior half. A dense band of
trichites is present at the dorsal side, extending from left to end at the right side near the
posterior area. One or two contractile vacuoles and an elliptical macronucleus is present.
It feeds on diatoms. A marine species.
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Fig. 41. Strombidium armatum Burger, 1908
(after Burger, 1908)

Strombidium sauerbreyae (Sauerbrey, 1928) Kahl, 1932
Syn. Strombidium coronatum Sauerbrey, 1928
(Fig. 42 and 43)

Size, 100 um and 80 — 100 um according to Kahl (1932) and Fauré-Fremiet (1950),
respectively. The yellow coloured body is elliptical and dorso-ventrally flattened. The
anterior extremity projects bluntly and the posterior end is sharpened. Membranelles of the
adoral zone are well developed, their length may reach one-third to a quarter of the body
length. The band of trichites shows a characteristic arrangement, which run from the pos-
terior end to both sides. One band turns around from the right side to the left in the middile
area of the ventral side. Another extends to the dorsal side and two bands are appear to
cross optically at the center of the body. There are small protrusions at the point at which
the trichites turn. Small polysaccharide plaques are present, each of which is about 4 um
in width. The macronucleus is globular. This species moves in circles rapidly, but sometimes
attaches to the substratum with two long thigmotactic membranelles adjacent to the AZM,
according to Fauré-Fremiet (1950). It feeds on diatoms. Present in marine habitats, es-
pecially in sands.

Kahl (1932) and Fauré-Fremiet (1950) mentioned animals with different arrangements
of the band of trichites. Fauré-Fremiet (1950) also described two smaller species, one was
very flat and posteriorly sharpened in form, size 50 um and the other was dorso-ventrally

flattened and more elliptical, size 75 um.
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Fig. 43. Strombidium sauerbreyae (Sauerbrey,
1928) Kahl, 1932 (after Fauré-Fremiet, 1950)

Fig. 42. Strombidium sauerbreyae (Sauerbrey,
1928) Kahl, 1932 (after Sauerbrey, 1928)

Strombidium pseudocinctum Wang, 1934
(Fig. 44)

Size, 36 — 55 um. The body is oblong, more or less flattened dorso-ventrally, slightly
convex at its right side and a little concave at its left. The anterior end is broadly truncated
in the middle from which rises a process, papillary in form. The posterior end is evenly
rounded. The peristomial area extends down obliquely and turns abruptly toward the left
into the cytopharynx. The posterior half of the body is furnished with the band of trichites,
bordering the periphery to form a distinctly expanded zone which bends from both sides to
make an equatorial sash. The macronucleus is elliptical, centrally or subcentrally located.
A marine species.

Strombidium oblongum (Entz, 1884) Kahl, 1932
Syn. Strombidium sulcatum Entz, 1884

Clypeolum corsicum Gourret and Roeser, 1888
(Fig. 45)

Size, 30 um according to Entz (1884) but Gourret and Roeser (1888) suggested about
115 um for Clypeolum corsicum although Kahl (1932) was not convinced. The body is
slender and ogival. The posterjor extremity is pointed. In transverse cross section the body
is seen to take a lentic form. Two thigmotactic membranelles are recognized in the AZM
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of C. corsicum. Bands of trichites are present at the lateral and posterior area but are not

conspicuous. A small and round macronucleus is situated at the middle of the body. A

marine species.

Fig. 45. Strombidium oblongum (Entz, 1884)

Fig. 44. Strombidium pseudocinctum Wang,
Kahl, 1932 (after Entz, 1884)

1934 (after Wang, 1934)

Strombidium latum Kahl, 1932
(Figs. 46, 47 and 48)
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Fig. 47. Strombidium latum Kahl, 1932 (after

! Fig. 46. Strombidium latum Kahl, 1932 (after
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Fig. 48. Strombidium latum Kahl, 1932 (after
Fauré-Fremiet, 1950)

Size, 100 — 140 um and 110 — 170 um according to Kahl (1932) and Fauré-Fremiet
(1950), respectively. The ventral side is flat but the dorsal is heightened. The posterior
area is wider and rounded. Membranelles of the adoral zone are numerous, 2 or 3 long
membranelles are present. Although the band of trichites is not very conspicuous, it sur-
rounds the body. The macronucleus is oval. Numerous diatoms were observed, packed
inside. It moves very rapidly and was found occasionally in marine sand.

Strombidium clavellinae Buddenbrock, 1922
(Fig. 49)

Size, 70 — 80 um. This species has a wide and rounded form, dorso-ventrally flattened.
The posterior area is distorted. Membranelles of the adoral zone are rather small, only 1/4 —
1/3 of the body length. Among them there are four characteristic membranelles which are
long and pinnate. A band of trichites, which is sometimes inconspicuous, run from the

Fig. 49. Strombidium clavellinge Budden-
brock, 1922 (after Buddenbrock, 1922)
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right to the left lateral side. The macronucleus is reniform. This species is probably a com-
mensal form on Clavelina and it usually moves by creeping. It feeds on small flagellates.
A marine species.

Strombidium cinctum Kahl, 1932
(Figs. 50 and 51)

Size, 40 — 50 um. Body is slender, obovoid and dorso-ventrally flattened, but the
frontal area is thick with about 20 membranelles of the adoral zone. In the AZM 3 or
4 membranelles are pointed. The peristomial area is considerable extending to at least one-
third of the body from the posterior end. Trichites are characteristically arranged and make
one transverse band from right side to left side in the dorsal area. Macronucleus is an el-
lipsoid with an associated micronucleus. This animal rotates while advancing and sometimes
fixes itself onto the substratum for a considerable time. It feeds on diatoms and is dis-
tributed in marine sand and in brackish water.

Fig. 50. Strombidium cinctum Kahl, 1932 Fig. 51. Strombidium cinctum Kahl, 1932
(after Kahl, 1932) (after Kahl, 1932)

Strombidium elegans Florentin, 1901
(Figs. 52 and 53)

Size, 40 — 60 um. The yellow coloured body is obovoid in form with a projected apical
collar. A cytoplasmic pad-like protuberance and a transparent thin plate are attached at
the left and right side, respectively. Membranelles of adoral zone are pinnate at their an-
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terior extremities. Trichites in a band are present on the dorsal side which runs from the
right side, transversely to the left side and extends laterally to the posterior extremity. The
macronucleus is round according to Florentin (1901), but Kahl (1932) described it as
ellipsoid. It is very active and feeds on diatoms and green algae. A marine species.

Fig. 52. Strombidium elegans Florentin, 1901 Fig. 53. Strombidium elegans Florentin, 1901
(after Florentin, 1901) (after Florentin, 1901)

Strombidium schizostomum Kahl, 1932
(Fig. 54)

Size, 50 — 70 um. This species has a slender ellipsoid form, and the frontal area is flat.
The peristome is located longitudinally with a thick lip-like protrusion at its right side.
Four long membranelles of the AZM are not pinnate at their end. Trichites are present at
the left, lateral side. The pad-like organ at the right side of the body possesses creases and
a cytoproct-like cleft. - The macronucleus is oval and in two sections. Found in mesosa-
probic seawater, but not a dominant species.

Strombidium kahli Bock, 1952
(Fig. 55)

Size, 70 — 80 um. The body is ovoid and cylindrical, narrowed posteriorly. There
is a protuberance at the anterior extremity. Trichites in a band are situated at the sides of
the body. A marine species.
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Fig. 54. Strombidium schizostomum Kahl, Fig. 55. Strombidium kahli Bock, 1952 (after
1932 (after Kahl, 1932) Bock, 1952)

Strombidium grande Levander, 1894
(Figs. 56 and 57)

Size, S0 um according to Czapik (1976). The posteior extremity is slightly pointed.
The band of trichites appears like a screwed sash, which starts from the right side of the
body, runs obliquely into the dorsal side, and appears again at the posterior extremity of
the ventral side. The food consists of brown algae and diatoms. It occursin brackish water.

Fig. 56. Strombidium grande Levander, 1894 Fig. 57. Strombidium grande Levander. 1894
(after Levander, 1894) (after Czapik, 1976)
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Strombidium obliguum Kahl, 1932
(Figs. 58 and 59)

Size, 50 um. The ventral side is flat and inclined. The band of trichites arises on the
dorsal side and extends to the ventral area. Macronuclei are elongate in shape and separated
into two segments. It shows characteristic movement;it waves to and fro and moves convul-
sively. During locomotion the apical area is not held forward. This species, found in meso-

saprobic seawater, is not common. It feeds on flagellates.

Fig. 58. Strombidium obliquum Kahl, 1932 Fig. 59. Strombidium obliquum Kahl, 1932
(after Kahl, 1932) : (after Kahl, 1932)

Strombidium opisthostomum Tucolesco, 1962
(Figs. 60 and 61)

Size, 80 — 85 um. The body is circular or slightly narrowed posteriorly, and dorso-
ventrally flattened. The peristomial area reaches almost to the posterior extremity. At the
right side of perisotme a lip-like protuberance is present. The macronucleus is very long.
It was found originally in the North Sea.
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Fig. 60. Strombidium opisthostomum Tuco- Fig. 61. Strombidium opisthostomum Tuco-
lesco, 1962 (after Tucolesco, 1962) lesco, 1962 (after Tucolesco, 1962)

Strombidium costatum Tucolesco, 1962
(Figs. 62 and 63)

1 Fig. 62. Strombidium costatum Tucolesco, Fig. 63. Strombidium costatum Tucolesco,
Al 1962 (after Tucolesco, 1962) 1962 (after Tucolesco, 1962)
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The size is not mentioned. The body is barrel shaped and dorso-ventrally flattened.
A very poorly described species. Marine habitats.

Strombidium strobilum (Lohmann, 1908) Wulff, 1919
Syn. Laboea strobila Lohmann, 1908

: Conocylis helix Meunier, 1910

L (Figs. 64 and 65)

Size, 65 — 100 um and 70 — 110 um according to Lohmann (1908) and Wulff (1919),
respectively. The conical body is surrounded with polygonal cortical platelets with 3 — 6
oblique clefts. The apical collar is low, wide and distinctly retractable. The numbers of
macronuclei are 36 — 72 according to Wulff (1919). Widely distributed in the sea.

The genus Laboea was established by Lohmann (1908) to include those species that
possessed polysaccharide plates or platelets. Fauré-Fremiet (1969) redescribed this genus to
sisthostomum Tuco- : include those animals which had a spiral form of polygonal cortical platelets. As Kahl
0, 1962) | (1932) suggested, the appearance and arrangement of polygonal cortical platelets are not
sufficient reason to establish the genus. This species has been retained in the genus Strom-
bidium in agreement with Wulff (1919) and Kahl (1932).

Fig. 64. Strombidium strobilum (Lohmann, Fig. 65. Laboea strobila Lohmann, 1908
1908) Wulff, 1919 (after Wulff, 1919) (after Lohmann, 1908)
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Strombidium rapulum (Yagiu, 1933) Jankowski, 1974
Syn. Strobilidium rapulum Yagiu, 1933
(Fig. 66)

Size, 85 — 129 um. The body is oval, tapering posteriorly and terminating in an elon-
gate tail. The length of the tail varies from 31 um to 55 um with a width of about 7 um at
the base. The peristomial area extends to half the length of the body. The adoral mem-
branelles are not thick. Trinchites and polysaccharide plates are not visible. The mac-
ronucleus is elongate and situated longitudinally. The micronucleus is single and located
in a depression of the macronucleus. There are many food vacuoles in the posterior third
of the body, containing fragments of sea weed, bacteria and small diatoms. This animal
was found in the intestine of Anthocidaris crassispina. When the intestinal contents are
teased into seawater, the ciliate is active and often leaves the substratum to swim into the
water. The ciliate tends to go forward in fairly straight lines, but frequently stops, back up
and then go forward again, these actions are combined with slow rotation on its longitudinal
axis. The backing movement is quick and the tail bends easily when it attaches to another
substratum. A marine species.

Fig. 66. Strombidium rapulum (Yagiu, 1933)
Jankowski, 1974 (after Yagiu, 1933)
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Strombidium symbioticum Yankowski, 1974
(Fig. 67)

Size, 39 — 44 um. The body is an elongate, slender goblet shape. The posterior ex-
tremity is pointed. The pellicle is abruptly thickened on the dorsal side and extends trans-
versally to the ventral side. Membranelles of the adoral zone are large and thick, 30 in num-
ber. The macronucleus, irregular in shape, is probably highly polyploid. A series of chro-
matin droplets of various sizes (0.5 — 8 um) but mainly large can be stained with hema-
toxylin. This species was found in Strongylocentrotus intermedius as an ectocommensal.
An marine species.

Fig. 67. Strombidium symbioticum Jankowski,
1974 (after Jankowski, 1974)
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The following species are not clearly described because they were mainly diagnosed
using fixed animals. The diagrams indicate the constricted or distorted parts of the bodies in
most cases, but they still present significant taxonomic features, such as the body shape,
arrangements of AZM and polygonal cortical platelets and size of frontal field. Therefore
these species have been included in this work.

Strombidium globosum Fromentel, 1874
(Fig. 68) '

Size, 47 um. The body is transparent and a spherical shape. The AZM is confined to
the apical area. There are fine cortical speckles on the surface of the body. Contractile
vacuoles are large, two in number, and are located posteriorly. A freshwater species.

Fig. 68. Strombidium globosum Fromentel,
1874 (after Fromentel, 1874)

Strombidium constrictum (Meunier, 1910) Wulff, 1919
Syn.. Conocylis constricta Meunier, 1910

Laboea constricta (Meunier, 1910) Leegaard, 1915
(Figs. 69 and 70)

Size, 40 — 50 um and 70 um according to Wuff (1919) and Leegaard (1915), respective-
ly. The body is slender and a conical shape. The posterior extremity shows a button-like
protrusion. According to Wulff (1919), trichites are conspicuous and lie close to the somatic
pellicle, and polysaccharide plates consist of 10 — 14 wide longitudinal stripes, among which
there are 10 — 12 fine stripes. The macronucleus is elongated in form, separated into two

segments. A marine species found in the atlantic Ocean and the North Sea.
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Fig. 69. Strombidium constrictum (Meunier, Fig. 70. Conocylis constricta Meunier, 1910
1910) Wulff, 1919 (after Wulff, 1919) (after Meunier, 1910)

Strombidium virgatum Wulff, 1919

Size, 40 — 50 um. No diagram is available. Very similar to Strombidium constrictum,
but the button-like protuberance at the posterior extremity is not present. The longitudinal
stripes, 4 um in width, are cleargr in the anterior area than those in the posterior. Each sixth
stripe extends to the pointed posterior extremity.

Strombidium wulffi (Wulff, 1919) Kahl, 1932
Syn. Strombidium striatum Wulff, 1919
(Figs. 71 and 72)

Size. 70 — 90 um. The body is elongate and conical with stripes in the somatic area.
The peristomial field is distinct. Ten to twelve trichites are present situated obliquely near
the equatorial cleft. Polygonal cortical platelets cover three quarters of the body. About
18 macronuclei are present. A marine species.

Wulff (1919) described this species under the name S. striatum. This was later changed
by Kahl (1932) as it was clear that Wulff (1919) had described a new species.
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Fig. 71. Strombidium wulffi (Wulff, 1919) Fig. 72. Strombidium strigrum Wulff, 1919
Kahl, 1932 (after Kahl, 1932) (after Wulff, 1919)

Strombidium pulchrum (Leegaard, 1915) Kahl, 1932
Syn. Laboea pulchra Leegaard, 1915
(Fig. 73) .

Size, 167 um. The posterior area is slender and narrowed into a cone. In the area
where polysaccharide plaques cover the body there are longitudinal stripes and also a long
spiral furrow. Macronuclei are present although not clearly described, they may be the dark
coloured particles visible, small and oval in shape. Present in the North Sea but rare. Kahl
(1932) suggested that the fixative damaged the body, resulting in the formation of the spiral
line of polysaccharide plaques.

Strombidium elongatum (Leegaard, 1915) Kahl, 1932
Syn. Laboea conica var. elongata Leegaard, 1915
(Fig. 74)

Size, 77 — 100 um. A slender body with the posterior area tail-like, slightly distorted,
probably due to fixation. Polysaccharide plates are stripped and extend to the peristomial
area. Many dark coloured granules are present inside the body. A marine species.
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Fig. 73. Strombidium  pulchrum (Leegaard, Fig. 74. Strombidium elongatum (Leegaard,
1915) Kahl, 1932 (after Leegaard, 1915) 1915) Kahl, 1932 (after Leegaard, 1915)

Strombidium hadai (Hada, 1970) Maeda and Carey, 1985 nom. nov.
Syn. Strobilidium elegans Hada, 1970
(Fig. 75)

Size, 25 — 45 um. The body is small and slender. The posterior area is sharply pointed.
The surface of the body displays a number of longitudinal stripes, about 10 — 13 in total.
The macronucleus is ovoid, located near the center. Found in the Antarctic Ocean.

Hada (1970) failed to differentiate between the genus Strombidium and Strobilidium.

Strombidium cornutum (Leegaard, 1915) Kahl, 1932
Syn. Laboea cornuta Leegaard, 1915
(Fig. 76)
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L N Size, 90 — 115 um. Slender in shape. The posterior area is slightly distorted and its
10 extremity is round. The anterior area is expanded equatorially, Membranelles of the adoral
zone are very thick. Polysaccharide plates cover half the body. Trichites are distinct. The
protuberance near the posterior extremity indicates a cell just after division. The mac-
G ronucleus is not described. This species was found in the North Sea and the Atlantic Ocean.
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I Fig. 75. Strombidium hadai (Hada, 1970) Fig. 76. Strombidium cornutum (Leegaard,
B Maeda and Carey, 1985 (after Hada, 1970) 1915) Khal, 1932 (after Leegaard, 1915)

Strombidium cornucopiae (Wailes, 1929) Kahl, 1932
Syn. Laboea cornucopiae Wailes, 1929
(Fig. 77)

Size, 110 — 200 um. The body is gradually narrowed from the apical to the posterior
area and the posterior extremity is pointed. Membranelles of the adoral zone are pinnate.
The surface of polysaccharide plates is smooth, covering almost the entire body. Four
‘» longitudinal stripes are observed on the ventral side. Trichites make oblique bands, which
i are located near the peristomial area. The macronucleus was not described. A marine
' species. '

il Kahl (1932) suggested that this species was identical to the slender form of Strom-
! ; bidium acuminatum (Leegaard, 1915) Kahl, 1932.

B Strombidium coronatum (Leegaard, 1915) Kahl, 1932
1l Syn. Laboea coronata Leegaard, 1915
i (Fig. 78)
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Size, 100 um. The posterior area displays a conical shape and its extremity is sharply
pointed. The polysaccharide plate which extends to the middle of the body possesses
stripes but no obvious cortical platelets. Membranelles of the adoral zone are very thick
and of considerable length. The macronucleus is oval. Rarely described, from the North
Sea.

Fig. 71. Strombidium cornucopiae (Wailes, Fig. 78. Strombidium coronatum (Leegaard,
1929) Kahl, 1932 (after Wailes, 1929) 1915) Kahl, 1932 (after Leegaard, 1915)

Strombidium ovale (Leegaard, 1915) Kahl, 1932
Syn. Laboea ovalis Leegaard, 1915

Strombidium oblongum Leegaard, 1915
(Figs. 79 and 80)

Size, 60 um. An elongated form. The whole body below the AZM is covered with
polysaccharide plates. The newly formed daughter cell at the posterior area already has an
AZM. Found in the North Sea, but rare. '

Although Strombidium oblongum Leegaard, 1915 does not show polysaccharide plates,
it has been synonymised with S. ovale because of the resemblance of the body shape and the
AZM.
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Fig. 79. Strombidium ovale (Leegaard,. 1915) Fig. 80. Strombidium oblongum Leegaard,
Kahl, 1932 (after Leegaard, 1915) 1915 (after Leegaard, 1915)

Strombidium acuminatum (Leegaard, 1915) Kahl, 1932
Syn. Laboea acuminata Leegaard, 1915
(Fig. 81)

Size, 65 — 98 um. Leegaard (1915) showed two forms, slender and rotund, of this
ciliate. The posterior extremity is pointed and membranelles of the adoral zone are short.
Distinct polygonal cortical platelets cover the body. The macronucleus is round situated
in the posterior area: A marine species found in the Atlantic Ocean and the North Sea.

Fig. 81. Strombidium acuminatum (Leegaard,
1915) Kahl, 1932 (after Leegaard, 1915)
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Strombidium reticulatum (Leegaard, 1915) Busch, 1921
Syn. Laboea reticulata Leegaard, 1915
(Figs. 82 and 83)

Size 62 — 68 um. The shape is conical and the lateral view where distinct polysac-
charide plaques form a covering show straight lines. This species was infrequently recorded
from the North Sea.

Fig. 82. Strombidium reticulatum (Leegaard, Fig. 83. Laboea reticulata leegaard, 1915
1915) Busch, 1921 (after Busch, 1921) (after Leegaard, 1915)

Strombidium conicoides (Leegaard, 1915) Kahl, 1932
Syn. Woodania conicoides Leegaard, 1915
(Fig. 84)

Size, 40 — 50 um. This animal is easily differentiated from the polysaccharide plate
which displays a conical shape. Leegaard (1915) established the new genus Woodania with
this species. However, Kahl (1932) inferred from the diagram that the cell had shrunk due
to fixation. As a result, he transferred it to the genus Strombidium. Kahl (1932) mentioned
also that this animal resembled S. sulcatum. A marine species.
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Fig. 84. Strombidium conicoides (Leegaard,
1915) Kahl, 1932 (after Leegaard, 1915)

Strombidium vestitum (Leegaard, 1915) Kahl, 1932
Syn. Laboea vestita Leegaard, 1915
(Figs. 85 and 86)

Size, 28 — 38 um. A very small form. Almost the whole body is covered with poly-
saccharide plates. The equatorial region is shallowly constricted. The macronuclei are not
conspicuous. This species was found in the various areas of the North Sea.

Fig. 85. Strombidium vestitum (Leegaard, Fig. 86. Laboea vestita Leegaard, 1915 (after
1915) Kahl, 1932 (after Leegaard, 1915) Leegaard, 1915)
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Strombidium delicatissimum (Leegaard, 1915) Busch, 1921
Syn. Laboea delicatissima Leegaard, 1915
(Fig. 87)

Size, 19 — 25 um. A similar form to S. vestitum, but this species is smaller. Frequently
observed in the North Sea and the Atlantic Ocean.

Strombidium capitatum (Leegaard, 1915) Kahl, 1932
Syn. Laboea capitata Leegaard, 1915
(Fig. 88)

Size, 62 — 68 um. The shape of the posterior area is wide and conical. A transparent
peristomial collar is characteristically projected. Membranelles of the adoral zone are thick
and deployed over a wide area. Polysaccharide plates show wide stripes, among which finer
stripes are observed. The macronucleus was not seen. A species rarely encountered in the
Atlantic Ocean and the North Sea.

This species greatly resembles Strombidium lagenula Fauré-Fremiet, 1924. The fine
stripes at the posterior area appear to be trichites.

Fig. 87. Strombidium delicatissimum (Lee- Fig. 88. Strombidium capitatum (Leegaard,
gaard, 1915) Busch, 1921 (after Leegaard, 1915) Kahl, 1932 (after Leegaard, 1915)
1915)
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Strombidium compressum (Leegaard, 1915) Kahl, 1932
Syn. Laboea compressa Leegaard, 1915

Leboea emergens Leegaard, 1915

Strombidium emergens (Leegaard, 1915) Busch, 1921

Strombidium emergens (Busch, 1921) var. constanziense Busch, 1921
(Figs. 89, 90 and 91)

Size, 47 — 53 um. This species is very similar to Strombidium crassulum but differs
in the shape of the membranelles of the adoral zone and the body size. The polysaccharide
plate is striped but specimens without stripes were also described. The macronucleus is oval.
A rare species from the North Sea.

Fig. 90. Laboea emergens Leegaard, 1915
(after Leegaard, 1915)

Fig. 89. Strombidium compressum (Leegaard,
1915) Kahl, 1932 (after Leegaard, 1915)

Fig. 91. Strombidium emergens (Busch, 1921)
var. constanziense Busch, 1921 (after Busch
1921)

>
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Laboea emergens Leegaard, 1915 has been synonymised because of the similarity in
shape of the body, AZM and polysaccharide plates. Busch’s (1921) fixed specimen, S.
emergens var. constanziense, has a ventral cleft in the posterior area.

Strombidium crassulum (Leegaard, 1915) Kahl, 1932
Syn. Laboea crassula Leegaard, 1915
(Fig. 92)

Size, 58 — 70 um. The body shows approximately the same length and width. The
posterior area takes the form of a cone. Membranelles of the adoral zone are thick, long and
short membranelles being raised at the same place simultaneously. A polysaccharide plate
covers half of the body, and possesses no stripe. An oval macronucleus is present in the
middle area of the body. A marine species.
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Fig. 92. Strombidium crassulum (Leegaard,
1915) Kahl, 1932 (after Leegaard, 1915)

Strombidium atlantica (Busch, 1921) Fauré-Fremiet, 1969
Syn. Buehringa atlantica Busch, 1921
(Fig. 93)

Size, 26 um. The anterior area is oval and the posterior area is slightly shortened and
rounded. The anterior extremity is not covered with polysaccharide plates. The anterior
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part of the plates is considerably thickened and elongate, rounded at their top. The pos-
terior plates are hexagonal in shape. Near the peristomial field there is a bundle of mem-
branelles in pairs which are probably damaged by the fixative employed. Macronucleus
is large and ovoid. This species was frequently found in the Atlantic Ocean.

Busch (1921) placed this species in the new genus Buehringa. But the presence of two
different polysaccharide plates are not considered sufficient reason to erect the new genus.

Fig. 93. Strombidium atlantica (Busch, 1921)
Fauré-Fremiet, 1969 (after Busch, 1921)

Strombidium antarcticum (Busch, 1930) Kahl, 1932
Syn. Buehringa antarctica Busch, 1930
(Figs. 94 and 95)

Size, 35 um. The peristomial field is inclined because of fixation. Hada (1970) showed
with normal morphology although he used a fixative as well before describing the animal.
The posterior area is “funnel-like” in shape, covered with polysaccharide plates. In the
middle area a different kind of polysaccharide plate is present, which are elongated in shape
with round edges at the top. Trichites are present. Busch (1930) suggested that the round
granule in the anterior area is probably a food vacuole. It was found in seawater of the
Antarctic region.
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Fig. 94. Strombidium antarcticum (Busch, Fig. 95. Strombidium antarcticum (Busch,
1930) Kahl, 1932 (after Busch, 1930) 1930) Kahl, 1932 (after Hada, 1970)

Strombidium syowaensis (Hada, 1970) Maeda and Carey, 1985 nom. noy
Syn. Strobilidium syowaensis Hada, 1970
(Fig. 96)

Size, 82 — 160 um. The body is large and ovoid. Well developed tﬁchites form an
inverted triangle. The round and conical posterior region contains numerous granules.
It was found in the Atlantic Ocean.

Fig. 96. Strombidium syowaensis (Hada, 1970)
Maeda and Carey, 1985 (after Hada, 1970)
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Strombidium acutum Leegaard, 1915
(Fig. 97)

Size, 37 um. The body is conical, its length and width are approximately the same.
Its posterior extremity is pointed. The macronucleus is oval. Rarely found in the Atlantic
Ocean and the North Sea.

Strombidium buehringae Busch, 1921
(Fig. 98)

Size, 55 um. The body is irregularly ovoid, bluntly rounded anteriorly and narrowed
in the posterior area. The peristomial field is large. Apical membranelles are thin and
round at the end, like a “rudder and helm”. The end of membranelles are occasionally
frayed. Polysaccharide plates or polygonal platelets were present but inconspicuous, from
the posterior extremity to the area below the perisotme. The macronucleus is oval, situated
under the peristomial area. A marine species.

Fig. 97. Strombidium acutum Leegaard, 1915 Fig. 98. Strombidium buehringae Busch, 1921
(after Leegaard, 1915) (after Busch, 1921)




- the same.
he Atlantic

| narrowed
2 thin and
ccasionally

1ous, from
al, situated

1sch, 1921

AN ILLUSTRATED GUIDE TO STROMBIDIIDAE 57

Strombidium diversum Busch, 1930
(Figs. 99 and 100)

Size, 39 um. The body is deformed by fixation. The peristomial area is projected
outward. Membranelles of the adoral zone are very long. There is a oblique furrow at the
surface of the posterior body region. The macronucleus is large and round. It was found
in the Antarctic current.

Hada (1970) also reported the same species in the Antarctic Ocean.

Fig. 99. Strombidium diversum Busch, 1930 Fig. 100. Strombidium diversum Busch, 1930
(after Busch, 1930) (after Hada, 1970)

Strombidium prorogatum Busch, 1930
(Fig. 101)

Size, 38 um. Body is slightly deformed but it is hard to designate this animal to a
specific taxon. The area of the apical extremity projects as a swelling. In the somatic area
there are a number of granules. It was found in the Antarctic Current.

- Strombidium spirale Busch, 1950

(Fig. 102)
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The size was not described. The anterior area of the body expands, as a swelling, and
is considerably distorted. The posterior area is narrowed where three spiraled furrows with-
out cirri or cilia are present. Found in the Atlantic Ocean.

Fig. 101. Strombidium prorogatum Busch, Fig. 102. Strombidium spirale Busch, 1950
1930 (after Busch, 1930) (after Busch, 1950)

Strombidium caudatum Fromentel, 1874
(Fig. 103)

; Size, 32 um without the tail. The body is transparent, wider in anterior area and
truncated at its extremity. The posterior area is narrowed and ends in a distinct tail. A
‘q contractile vacuole is situated one-third of the way down the body form the posterior end.
A freshwater species.

| Strombidium longipes Meunier, 1910
(Fig. 104)

Size, 80 um. The body is oval. The posterior area is tail-like, pointed at its extremity.

The circlet of apical membranelles is not closed. The macronucleus is oval. A marine
species.
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Fig. 104. Strombidium longipes  Meunier,
1910 (after Meunier, 1910)

Fig. 103. Strombidium caudatum Fromentel,
1874 (after Fromentel, 1874)

The following species were not named and also poorly described. Only diagrams are

shown in this work for completeness.

Strombidium sp. Busch, 1930
(Fig. 105)

Strombidium sp. Busch, 1930
(Fig. 106)

Strombidium sp. Busch, 1950
(Fig. 107)
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Fig. 105. Strombidium sp. Busch, 1930 (after Fig. 106. Strombidium sp. Busch, 1930 (after
Busch, 1930) Busch, 1930)

Fig. 107. Strombidium sp. Busch, 1950 (after Fig. 108. Tontonia appendiculariformis Fauré-
Busch, 1950) Fremiet, 1914 (after Fauré-Fremiet, 1914)
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Tontonia appendiculariformis Fauré-Fremiet, 1914
(Fig. 108)

Length of body, 140 um; the tail, 110 — 400 um. The body shape is irregularly ovoid.
The characteristic tail, originating from the posterior area of the dorsal side, is mobile and
contractile, a row of small bristles is present on the edge. On the ventral side a very large
buccal cavity opens, the AZM is situated on the left edge and a paroral membrane lies on
its right side. Four rows of short cilia are present situated longitudinally on the left lateral
side of the anterior area. Each row is 30 — 35 um in length and 6 of these cilia are especially
active. In addition on the dorsal side 3 cirri-like filaments are situated. The body is entirely
covered with polygonal cortical platelets of polysaccharide, the sizes of which are 3 — 5 um
at the anterior and 7 — 8 um at the posterior. Helicoid and oblique bands of trichites are
found in the middle and posterior areas; size, 20 um and 60 um in length, respectively.
Macronuclei are numerous, their size varies between 4 — 5 um. A marine species.

Tontonia caudata (Lohmann, 1908) Kahl, 1932
Syn. Strombidium caudatum Lohmann, 1908
(Fig. 109)

Size, 20 um without the tail. The body is lemon yellow in colour and takes a conical
form, bearing a thin wreath of very fine cilia in the anterior area. A peristomial field in the
shape of a reversed cone is present inside the wreath. The posterior extremity displays
a long whip-like tail, which can be used to move the organism very quickly. A marine
species.

Fig. 109. Tontonia caudata (Lohmann, 1908)
Kahl, 1932 (after Lohmann, 1908)
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Kahl (1932) recognized that the organism described by Lohmann (1908) was not a
species of Strombidium. He transferred this ciliate with its characteristic tail to the genus
Tontonia.

Tontonia gracillima Fauré-Fremiet, 1924
(Fig. 110)

The size varies between 48 — 52 um without the tail. The tail may reach 250 — 300
um. The body shape is globular with the anterior part narrowed and bole-like, with its
extremity truncated. The excavated peristomial area extends to the ventral side where
lip-like protuberances are furnished longitudinally on both its sides. The AZM is situated
on the left edge of the ventral peristomial field. At the apical extremity a collar-like swell-
ing is extended, below which approximately ten rows of cilia are located longitudinally.
These cilia are fine and 15 — 18 um in length and are not fused membranelles, which could
be used for swimming. Fauré-Fremiet (1924) called these cilia a “subordinate frange”.
The long tail is present at the hemispherical posterior area. It is contractile and also mobile.
A row of short bristles are observed on the tail, which are clearly different in structure
from the bristles of T. appendiculariformis. The macronuclei are numerous, connected to
each other like a string of beads. This marine planktonic species feeds on small Peridinium.

Fig. 110. Tontonia gracillima Fauré-Fremiet,
1924 (after Fauré-Fremiet, 1924)
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was not a
the genus Metastrombidium sonnifer Jankowski, 1980
This species was described by Fauré-Fremiet (1924) as Metastrombidium sp. Size, 90
um, The body is globular in shape, slightly depressed anteriorly. The form of the peristome
which is located at the anterior area is reniform. Adoral membranelles at the left area of the
peristome intrude into the buccal cavity. Among the membranelles four to five which are
located at the left side of the anterior body are smaller than others. The heterogeneously
reticulated cytoplasm contains some oil drop-like granules. The body has no somatic cilia-
50 B 390 ture. The macronucleus is cylindrical like a curved “horse-shoe” located under the peri-
» with its stom area. A marine species.
ide where
s situated \\\\\\
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Fig. 111. Metastrombidium sonnifer Jankow-
ski, 1980 (after Fauré-Fremiet, 1924)
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