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Summary

Species list of the Black Sea free-living benthic ciliates was compiled using most of the
published sources available as well as original data. The total list presented contains
476 species from 147 genera. The Romanian and Bulgarian coasts were the richest
ones (299 and 253 species), then followed the northeastern part of the sea (144 species)
and the northwestern part (83 species). Statistical analysis using species/genera ratio,
average taxonomic diversity and its variance showed that the latter two regions had
significantly low taxonomic diversity due to disproportional under- or over-
representation of some taxa. The Black Sea benthic ciliofauna appears to be the richest
one of all the seas studied.
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Introduction

Protozoological studies at the Black Sea have a long
history, especially at Romanian and Bulgarian coasts and
in the Crimea (Merezhkovsky, 1880; Andrussova, 1886;
Perejaslawzewa, 1886; Lepsi, 1926a, 1926b; Jeliaskova-
Paspalewa, 1933; Valkanov, 1934, 1935, 1936). These
regions had been repeatedly studied during the second
half of the XXth century. Nevertheless, there are no
inventories that summarize and review the data
accumulated up-to-date. The estimates reported by some
authors were based upon fragmented and obviously
incomplete data and yielded rather low figures (Tuco-
lesco, 1961; Kovaleva and Golemansky, 1979; Djur-
tubaeva and Mokhammed, 1995). Since these bio-

diversity figures were noticeably lower than those for some
other well-studied seas, the Black Sea has long been
recognized as relatively poorly populated by ciliates
(Agamaliev, 1983; Burkovsky, 1984).

However, even a cursory overview of the publi-
cations suggests that the diversity of benthic ciliates of
the region may be rather high. Therefore the objectives
of this study have been as follows: (i) to summarize and
unify (as far as possible) the literature data and to
compile a total species list of the Black Sea benthic
ciliates; (ii) to estimate taxonomic diversity of the sea
and its parts; (iii) to compare the parts as to their species
richness and composition.

We have not attempted to undertake any com-
prehensive taxonomic revision of the Black Sea  fauna,
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Rasheid, 1999a, 1999b; Foissner and Dragesco, 1996a,
1996b).

 In particular, Trachelocercidae family is now being
most radically revised. As a result, some species have
been re-described, some new genera and families have
been established, one genus was abolished, and some
species were transferred to other genera or even classes.
However, a few species of this family have not yet been
re-investigated, and most species cannot be presently
identified in the context of the new system. This presents
significant difficulties for faunistic and ecological
studies, in particular, for comparison of formerly
published lists. The species re-described and the
synonymy arisen are given below in accordance with
the new system: Trachelocerca sagitta (Syn.: Trache-
loraphis striata Raikov 1962), Trachelocerca incaudata
(Syn.: Tracheloraphis incaudatus (Kahl 1933) Dragesco
1960), Tracheloraphis phoenicopterus, T. prenanti (it is
rather close to T. phoenicopterus and they probably form
one species complex) (Foissner and Dragesco 1996)),
Tracheloraphis longicollis (Syn.: Trachelonema longi-
collis Dragesco 1960), Tracheloraphis oligostriata (Syn.:
Trachelonema oligostriata Raikov 1962), Kovalevia
sulcata (Syn.: Trachelonema sulcata Kovaleva 1966),
Tracheloraphis kahli. Trachelonema entzi Kahl 1927 was
re-described as Trachelotractus entzi (Kahl 1927)
Foissner 1997 in the order Prostomatida. For other
trachelocercid species we used the old nomenclature,
including the abolished genera Trachelonema, but with
nomenclature emendations from Foissner and Dra-
gesco (1996a).

so only the most evident changes and corrections were
made, necessary for the unification of the species lists
compiled from different sources (see Material and
methods).

Material and methods

Data sources. Compiling the species list, we used
the data from the following sources: Perejaslawzewa,
1886; Lepsi, 1926a, 1926b; Jeliaskova-Paspalewa, 1933;
Valkanov, 1934, 1935, 1936, 1954, 1957; Czapik, 1952a,
1952b; Tucolesco, 1961, 1962; Kovaleva, 1966; Bacescu
et al., 1967; Detcheva 1973, 1977, 1980, 1981, 1983;
Groliere and Detcheva, 1974, 1979; Groliere et al.,
1974; Petran, 1963, 1968, 1976; 1997; Djurtubaev,
1977; Kovaleva and Golemansky, 1979; Gulin et al.,
1986; Djurtubaeva and Mokhammed, 1995; Azovsky,
2002; Azovsky and Mazei, 2003.

The data were grouped according to the four
regions where the investigations had been carried out
(Fig. 1): a) Bulgarian coasts (BC); b) Romanian coasts
(RC); c) the northwestern part (the Gulf of Odessa and
the Crimea, NW); and d) the northeastern part
(Russian shore sector from Adler to Anapa, NE).

Taxonomic remarks. The species list compilation
was based on the review by Carey (1991). In the study
we mainly followed the rather conservative system of
Corliss (1979), which is accepted in the above review.
The main results of recent revisions of some groups were
also taken into account (Esteban et al., 1995; Foissner,
1995, 1996 1997a, 1997b; 1998; Foissner and Al-

Fig. 1.  Map of the Black Sea showing approximate location of the regions considered (see text for the
denotations).
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In his review of the genus Kentrophoros, Foissner
(1995) re-described K. fistulosus Faure-Fremiet 1950
and included into the genus two species: K. longissimus
Dragesco 1954 и K. tubiformis Raikov et Kovaleva
1966.

Esteban et al. (1995) have recently revised the genus
Metopus. Seventy-six nominal species described by that
time were reduced to 22 morphotypes. As a result, the
number of Metopus species earlier reported for the Black
Sea was reduced significantly.

Most of other species names are given following
Carey (1991). Forms unidentified to the species level
were included only if they were the single representatives
of the genus for the given sea region.

Statistical analysis. The total number of species and
genera and species/genera ratio (S/G) were calculated
for the whole sea and for each region under consi-
deration.

In addition, the following diversity indices
recently developed were used in order to compare the
ciliate taxonomic diversity of the regions: a) average
taxonomic distinctness (AvTD) as defined by Clarke
and Warwick (1998): ∆+ = 2 (ΣΣ

i<j
 ω

ij
) / [s (s - 1)],

where ω
ij
 is the taxonomic path length between

species i and j, and s is the number of species in the
list; and b) variation in taxonomic distinctness
(VarTD) as defined by Clarke and Warwick (2001):
∆+ = 2 (ΣΣ

i<j
 ω

ij
2 ) / [s (s - 1)] - (∆+)2. These indices

can show not only species richness but also the
taxonomic relatedness of species in the regional
inventory. So, an assemblage comprising a group of
closely related species must be regarded as less
«taxonomically diverse» (and having lower AvTD
value) than an assemblage of the same number of
more distantly related species belonging to different
taxa. Another aspect of diversity measured by VarTD
is the «evenness» of the taxonomic structure. High
VarTD value shows that some taxa are over-re-
presented and others under-represented in a given
regional list as compared with the total species pool,
either because of specific reaction of some taxa or
because of subjective selectivity of registration. Both
indices do not depend on the degree of sampling
effort involved in the data collection. This is of
particular importance for comparison of historic
species lists compiled from different sources, with
different and uncontrolled sampling efforts (Clarke
and Warwick, 1999). Unity step lengths were used
between each taxonomic level from species to classes,
giving path-length weights ω=1 for pairs of species
in the same genus, ω=2 for species in the same family
but different genera, etc.

All these statistics (S/G-ratio, AvTD and VarTD),
calculated from the actual species lists, can be tested

for departure from the expectation by constructing a
simulated distribution (funnel) from random subsets of
species from the total species inventory (Azovsky, 1996;
Clarke and Warwick, 2001). For each regional list, 1000
random subsets were performed repeatedly. Actual
values of the statistics falling within the 95% probability
funnel mean that the ciliate assemblage has the same
taxonomic structure as a random selection from the
total species pool.

 To estimate similarity between the regions by their
species composition, we used two indices: the
Czekanowski-Sørensen index (Jongman et al., 1995):
S

CS
 = 2a / (2a + b + c); and the Simpson’s index

(Simpson, 1960): S
S
 = a / (a + min (b, c)); where a is

number of species common for the both regions
(species lists) compared, b and c are numbers of species
found in the first or the second region only. Both
indices vary from 0 (no common species) to 1
(completely coincident lists). The difference between
these indices is that Simpson’s index is insensitive to
the disparity in the total number of species and is thus
more appropriate for comparison between unequal or
incompletely studied faunas  (Simpson, 1960).
Significance of similarities found was tested by
comparing the values of similarity observed with a
probability distribution of the values obtained from
random occurrence model (Randomly Arranged
Matrices procedure realized in ECOS package,
Burkovsky et al., 1995). The rationale behind this
approach is that if any groups of species tend to be
conjointly present (or absent) in some regions, the
similarity values observed would significantly differ
from the values expected from the situation where  all
taxa occur randomly and independently over all
species lists. In the  presence/absence matrix, the data
for each species were randomly rearranged between
regional lists and similarity was calculated for each lists
pair. Five hundred permutations were performed
repeatedly, and 1% and 5% probability levels for the
expected «random species’ occurrence» similarity
were deter-mined and used as criteria for non-
randomness of the values observed (two-tailed test).

To represent the relations between regions, cluster-
analysis was performed using the average linkage
method.

Results

The total list (Table 1) includes 476 species belonging
to 147 genera, 65 families and 15 orders. Among the sea
regions, the Romanian and Bulgarian coasts are the
richest ones (299 and 253 species, Table 2), whereas the
northwestern part is noticeably poorer (83 species
found). More than half of the species (292) were found
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in one region, whereas only 34 species occurred in all
the four regions. Most of them are widespread or
cosmopolitan, specifically psammophilous forms.

Taxonomic diversity. Analysis of taxonomical
diversity statistics showed that NW and NE regions were
distinguished obviously and highly significantly. Their
average taxonomic diversity was much lower than it
could be expected from the null-hypothesis (the actual
points lay far from the 5% funnel, Fig. 2A).

Their diversity variances were also significantly
above the expected level (Fig. 2B), suggesting a very
uneven representation of different higher taxa. Indeed,
in NW region, the orders Colpodida, Nassulida and
Cryptophorida are absent, Scuticociliatidae is repre-
sented by only 4 species (out of 59 noted in the total
list); Haptorida - by 3 species out of 48; Trichostomatida
- by the one species out of 20. On the other hand, more
than 50% of the species fall into the orders Karyo-
relictida and Hypotrichida (Table 1). A similar picture
could be seen for NE region: Colpodida and Peritricida
orders are absent, there is only one Nassulida species (out
of 6), two Cryptophorida species (out of 27), and four

Trichostomatida species (out of 21). At the same time,
almost half of the fauna is constituted by Karyorelictida,
Prostomatida and Haptorida species; Synhymeniida is
represented in this region only.

Faunas of Bulgarian and Romanian coasts are
richer and more taxonomically diverse. Among the
genera reported for these regions, 38 genera (33%) were
found only at BC and 21 (22%), only at RC.

S/G ratio for the sea fauna on the whole was 3.24,
being rather close to the values obtained for other
relatively well-studied seas: Caspian - 3.36; White -
3.18; Baltic - 2.89; North Atlantic - 3.33 (Agamaliev,
1983; Azovsky, 1996). However, for the separate sea
parts except Bulgarian coast, the S/G ratios were
significantly higher than expected (Fig. 2C), indicating
that more congenerics were found at each of these
regions.

Comparison of species composition between regions.
Comparison of the regions using Sørensen’s similarity
index showed that the two richest regions, Romanian
and Bulgarian costs, were also the most similar by their
species composition, whereas the poorest north-western
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part significantly differed from the others (Table 3, Fig.
3A). As can be seen from the dendrogram, all regions
were grouped according to their total richness. Indeed,
when the Simpson’s index was used, which is insensitive
to the disparity in total number of species, this difference
disappeared (Fig. 3B). All pair-wise similarities were
significantly higher than it could be expected from
«random species’ occurrence» null-hypothesis.

So, the ciliofaunas of all four regions could be
treated as derivatives from the common species pool,
the differences between them mainly resulting from the
inequality in total number of species. More detailed
investigations are necessary to reveal any possible
differences in faunistic composition.

Discussion

Analysis of between-region similarity indices shows
that the regional faunas could be treated as derivative
subsets from the total species pool, and the differences
observed in their species composition may be partially
explained by differences in the summary sampling effort
and hence in total number of species found. Nevertheless,
the regions appear to be much less similar by their species
composition than it was reported, for example, for
different parts of the Caspian Sea (Agamaliev, 1983).
Taxonomic diversity indices also indicate a significant
disproportion in the taxonomic composition. High S/G
ratios also confirm the fact that some genera were over-
represented in regional lists while some others were
under-represented. It may be caused by discordance in
the approaches used by the researches who worked at
different times and in different regions. The specificity
of Romanian and Bulgarian fauna mentioned above may
be explained by the fact that some authors had considered
as «benthic» many species found in rather specific
habitats (brackish-water littoral sites, macroalgae,
attached Peritricha, etc.) (Tucolesco, 1961, 1962; Petran,
1963, 1968, 1976, 1997; Detcheva, 1981, 1983). This
taxonomic dispro-portion may be a result of different
attention paid to some groups of ciliates by one or another
author due to the personal differences in experience and
techniques used. This is supported by the fact that most
groups under-represented in NE and NW regions are
small-sized, not specifically psammophilious forms.
Besides, some studies carried out in these regions were
extended to the upper sublittiral zone where the specific
psammophilous forms, such as Kariorelictids, are rather
numerous (Djurtubaeva and Mokhammed, 1995;
Azovsky and Mazei 2003), whereas investigations on
RC and BC regions were only restricted to the littoral
zone.

More than half of all the species were found in one
part of the sea only, and only 7% of species were

Fig. 2. Taxonomic diversity characteristics of the
whole sea and separate regions ordered by total
species number: A - average taxonomic diversity,
AvTD; B - variance of diversity, VarTD; C - species/
genera ratio. The 95 % probability funnels (solid lines)
and the mean expected levels (dotted lines) are
shown.

common for all four regions investigated. This situation
is rather typical for insufficiently explored regions. For
example, out of 178 species found in Britain, only about
50% have been found at more than one site (Patterson
et al., 1989). Analysis of the literature shows that the
proportion of species, reported as new for the sea, does
not change noticeably during the last half of the century.
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These values, expressed as the percent of the total
number of species found in the study, make up: 24.8%
(Tucolesco, 1961, 1962); 18.6% (Petran, 1968); 19.2%
(Kovaleva and Golemansky, 1979); 26.3 (Detcheva,
1977, 1980, 1983); 16.3 (Djurtubaeva and Mokhammed,
1995); 22.9 (Azovsky and Mazei, 2003). Such constant
increment of faunistic richness indicates that the Black
Sea ciliofauna is still explored rather imperfectly.
Among the species we found recently for the first time,
there were such widespread forms as Didinium nasutum,
Tracheloraphis oligostriata, Histiobalanthium majus; and
also some ciliates common for other seas but earlier
registered in the Black Sea only once (Gastrostyla
pulchra, Discocephalus rotatorius) (Azovsky and Mazei,
2003). This fact is another evidence of the imperfection
of our knowledge about the fauna.

These circumstances can apparently explain the
noticeable discrepancy in the estimates, reported earlier,
of the known richness of the fauna: 226 species -
Tucolesco, 1961; 300 - Burkovsky, 1984; 109 - Kovaleva
and Golemansky, 1979; 116 - Agamaliev, 1983; over 160
- Djurtubaeva and Mokhammed, 1995). These estimates
were obviously based on rather incomplete data and are
greatly understated. Our total list includes now 476
species. It is obvious that this list must be viewed with
some caution and needs a critical review. In particular,
this concerns some early inves-tigations (Lepsi, 1926a,
1926b; Tucolesco, 1961, 1962; and some others). Many
«new» ciliates reported by these authors are poorly
described and can hardly be distinguished with confi-
dence at the present-day level of taxonomic require-ments.
For example, among the ciliates found at Romanian coast,
a half (149) were only reported by Tucolesco (1961, 1962).
Among them, 47 species were first described by him
(Tucolesco, 1962) and have never been mentioned later
by anyone else, possibly because of poorly described
diagnostic features. Thus these species were not included
in the species list of marine benthic ciliates compiled by
Carey (1991).

The statements about the distribution of species or
any detailed between- or within-sea comparison must

be done with some caution because of undersampling
and uncertainty over taxonomic practice. Inconsistent
standards of taxonomic judgement may lead to biased
estimates of species diversity (Patterson et al., 1989;
Finlay, 1998; Foissner, 1999). Nevertheless, it is
reasonably safe to suggest that the number of the Black
Sea benthic ciliates recorded at present could be roughly
considered as at least 400-450 bona fide species, even if
some dubious species discussed above are not taken into
account. To all appearance, a considerable increase of
this  figure can be expected. However, even now this
conservative value is appreciably higher than the species
richness of such relatively well-studied seas as the
Caspian (351 species, Agamaliev, 1983; Alekperov and
Asadullaeva, 1996; Agamaliev and Suleymanova, in
press), the Baltic (318 species, Agamaliev, 1983) and
the White Sea (about 260 species, Burkovsky, 1984;
Mazei, 2002). Thus, the Black Sea benthic ciliofauna
may be considered as the richest one known to date.
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