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Résumé

Faune interstitielle des Ciliés des Bermudes.
La présence de onze espèces de Ciliés mésopsammiques récoltés dans les

sédiments de deux stations des Bermudes (Tuckers Town Beach: eu littoral;
North Reef: sublittoral) est signalée et ces Ciliés sont décrits par leurs caractères
morphologiques.

Sept espèces sont déjà connues de la côte orientale des Etats-Unis.
Les possibilités de colonisation («means of dispersal») des Iles sont discutées

et l'auteur essaie de montrer les difficultés de revision en ce qui concerne les
possibilités de la distribution.

Introduction

The taxonomic studies concerning the interstitial ciliates conduc-
ted recently in widely separated parts of the world have shown a
remarkable degree of identity of species reported from different con-
tinents (Agamaliev, 1969; Burkovsky, 1970 a). This supports the
hypothesis of Fauré-Fremiet (1950), that the interstitial ciliates as
well as the meiofauna of the lacunar system of marine beaches
(Rao, 1974) have a cosmopolitan distribution. Our knowledge of the
geographical distribution of the interstitial ciliates is still incomplete
due to lack of sufficient data from many parts of the world. There
is a considerable lack of information concerning the coasts of South
America, Africa, Australia, the Far East and the islands of the
Indo-Pacific region.

From the east coast of the United States faunistic-systematic
papers on interstitial ciliates are known from Borror (1963 a, b),
Fauré-Fremiet (1951) and Jones (1974). The Islands of Bermuda,
nearly 800 miles off the east coast of North America, are still proto-
zoologically virgin territory. An intense study of the ciliate fauna
of these islands is of special interest and in comparison with the
fauna of the atlantic coast of North America means of dispersal for
the interstitial ciliates could be discussed. The studies shall be a
first contribution to the ciliate fauna of Bermuda.

(1) The paper is Contribution No. 673 from the Bermuda Biological Station
for Research.
CAHIERS DE BIOLOGIE MARINE
Tome XVIII - 1977 - 113-126.



114 E. HARTWIG

Material and Methods

The sampling was carried out at Tuckers Town Beach and on
the North Reef (Fig. 1) during September 1975.

Tuckers Town Beach is located in a small secluded bay opening
to the South-West into Castle Harbor. The bay is well protected
and the beach consists of fine calcareous sand with a mean grain
size of 250 µm (Farris, 1975). Two sites were chosen, called «flat»
and «sandbar».

The North Reef is located nearly 7 miles off the North coast of
Bermuda. The sediment from a depth of 3 to 4 m had a mean grain
size of more than 500 µm. It consists of calcareous sand.

The ciliates were extracted from the sediment by the seawater-
ice-method (Uhlig, 1968; Uhlig, Thiel and Gray, 1973) and worked
out alive. The drawings were made from living material and by
known stainings and fixation (see Hartwig, 1973 a).

For the classification of species the scheme proposed by Corliss
(1975) was used.
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DESCRIPTION OF SPECIES

The 11 species, recorded at the two sampling stations, were
described in systematic order.

CLASS KINETOFRAGMINOPHORA

Order Karyorelictida

Family Geleiidae

Geleia nigriceps Kahl, 1933 (Fig. 2 A)
Locality:

Tuckers Town Beach (sandbar and flat).
Body length between 500 and 800 µm by a mean width of 42 µm

in the anterior and 94 µm in the posterior part of the cell. Ante-
riorly the clearly pointed beak («bec», Dragesco, 1960) is lacking,
which is present at the rest of the Geleia species. The anterior
margin of the peristome is vaulted forward and clearly rounded.
The frontal groove present at the rest of the Geleia species is lacking.
The posterior end is narrowed and conically rounded. The 25-35
somatic ciliary rows are reaching the anterior end of the complete
breadth, but end posteriorly polarly. The length of the somatic
cilia is 8 µm, The body is brownish pigmented and the vacuolated
cytoplasm contains diversely distributed granules: the anterior end
is not as much granulated as specimens described by Dragesco (1960)
and is therefore lighter up to the end of the «neck» as the rest of
the cell. The nuclear apparatus, in the center of the cell, consists
of 2 macronuclei (MaN) with an intercalary micronucleus (MiN).
Algues were taken up as food.

Mesopsammal distribution:
Kiel Bay (Bock, 1952 a; Kahl, 1933), Norwegian Coast (Fjeld, 1955), boreal

coasts of the U.S.S.R. (Burkovsky, 1970, a, b, c; Kovaleva, 1967; Raikov, 1960,
1962), French Atlantic Coast (Dragesco, 1960), Black Sea (Kovaleva, 1966; Petran,
1968 a, 1971), Japan Sea (Raikov, 1963; Raikov and Kovaleva, 1968), North Sea
Island Sylt (Hartwig, 1963 a, b).

Geleia orbis Fauré-Fremiet, 1950 (Fig. 2 B)
Locality:

Tuckers Town Beach (sandbar).
Body length: 1360 µm. Very slender, cylindrical and flexible

body shape with a long extended, hook-like tail. The animals were
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of brown colour, the shade of which became lighter towards the
anterior end. Nearly 40 ciliary rows at each body side. The ante-
rior end is above the clearly visible peristome extended to a «beak».
The nuclear apparatus consists of 2 MaN, which are forming a
single group (MiN were not visible).

Mesopsammal distribution:

French Coast (Dragesco, 1953, 1960; Fauré-Fremiet, 1950), Norwegian Coast
(Fjeld, 1955), Black Sea (Kovaleva, 1966; Petran, 1967, 1968, a, 1971), White Sea
(Burkovsky, 1970 a, c; Raikov, 1962), Barents Sea (Kovaleva, 1967; Raikov, 1960),
Japan Sea (Raikov, 1963; Raikov and Kovaleva, 1968), Cap Cod (East Coast of
the U.S.; Fauré-Fremiet, 1951), Brazilian Coast (Kattar, 1970), Gulf of Naples
(Nobili, 1957).

Family Trachelocercidae

Tracheloraphis incaudatus (Kahl, 1933)
Locality:

North Reef (3-4 m depth).
Body length 900 µm. Body form slender with «burled» body

sides visible by contraction (Dragesco, 1960). Broadly rounded pos-
teriorly. Mouth terminal, funnel-shaped, without a longitudinal
slit at its dorsal edge. Wide glabrous stripe. The nuclear apparatus
consists of 6 MaN forming a single group.

Tracheloraphis incaudatus is placed together with other species
of this genus in an «incaudatus»—complex (Borror, 1973). The
morphological features of these «incaudatus»—species are listed up
by Hartwig and Parker (1976).

Mesopsammal distribution:

Baltic Sea (Bock, 1952 a, 1960; Kahl, 1930-35), Coast of North Yorkshire
(England; Hartwig and Parker, 1976), French Atlantic Coast (Dragesco, 1960),
Gulf of Naples (Nobili, 1957), Bay of Bengal (Rao and Ganapati, 1968), Japan
Sea (Raikov, 1963; Raikov and Kovaleva, 1968), Caspian Sea (Agamaliev, 1967 a,
b, 1970), Russian and Rumanian Coast of the Black Sea (Kovaleva, 1966; Petran,
1967, 1968 a, 1971), White Sea (Burkovsky, 1969, 1970 a, b, c, 1971; Raikov,
1962), Norwegian Coast (Fjeld, 1955) and the Northern Adriatic Sea (Kiesselbach,
1936).

Order Prostomatida

Family Colepidae

Coleps tesselatus Kahl, 1930 (?)
Locality:

Tuckers Town Beach (flat).
Very large specimens (128 µm). The body is laced at equator.

The specimen was determined as Coleps tesselatus according to the
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type of pellicular plates as described by Kahl (1930; p. 133, fig.
19.17). The plates are of the following shape: no arrangement of
a frame or «windows» (as at Coleps hirtus, C. nolandi and others),
the main ridge is developed in the middle of the plate, the wave-
like main ridge is caused by arched stiffening of the bottom side
of plates (therefore clearly to separate from Coleps pulcher). 3 late-
ral anterior spines at each body side. A difference to the descrip-
tions of Coleps tesselatus by Kahl (1930) consists in the number of
caudal spines: altogether 7 spines are partitioned into three groups;
a terminal group of 2 spines, one latero-terminal group of 2 and
one latero-terminal group of 3 spines (Kahl, 1930: 3-5; Hartwig,
1973 a: 3-4 spines). A number of papers correspond in the opinion
that the number of caudal spines is not the important species-
specific feature, but that the type of the ectoplasmatic plates is
more important and such a species-specific feature. So this speci-
men is determined as Coleps tesselatus.

Mesopsammal distribution:

Cape Cod (American East Coast; Fauré-Fremiet, 1951), Island of Sylt
(Hartwig, 1973 a; Kahl, 1930), Kiel Bav and Western Baltic Sea (Bock, 1952 a,
1960; Fenchel and Jansson, 1966), Hiddensee Island (Baltic Sea; Petzold, 1955),
Atlantic Coast of France (Roscoff, Dragesco, 1960; Concarneau, Fauré-Fremiet,
1950), Mediterranean Sea (Marseilles, Vacelet, 1961 a, b; Naples, Nobili, 1957),
boreal coasts of the U.S.R.R. (Burkovsky, 1969, 1970 b, c; Kovaleva, 1967; Raikov,
1960), Caspian Sea (Agamaliev, 1967 a, 1974 b), Japan Sea (Raikov, 1963), Bay
of Bengal (Rao and Ganapati, 1968), Black Sea (Petran, 1971).

Family Enchelyidae

Helicoprorodon multinucleatum Dragesco, 1960 (Fig. 3)

Locality:

Tuckers Town Beach (flat).
Large, worm-shaped species with body length of 1000 µm (one

specimen only 400 µm). The anterior end, filled with granules and
darker than the rest of the cell, has no «horns» like the more or
less pronounced in Helicoprorodon barbatus, H. maximus and
H. minutus (see Dragesco, 1960). The contractile vacuole is poste-
rior. The cytoplasm contains trichites irregularly distributed and
bundled. The nuclear apparatus consists of a large number of
small, spherical MaN (a clear separation from H. gigas). A diffe-
rence to H. maximus with a similar nuclear apparatus is existing
in the arrangement of ciliary rows at the mouth region: the ante-
rior ciliature of H. maximus curves in two horizontal rings (see
Dragesco, 1960; p. 90, fig. 28): in H. multinucleatum, the rings are
more inclined. Dragesco stated in H. maximus a more plicated
ectoplasm similar to that of the Trachelocercidae. This was not
found in H. multinucleatum from Bermuda.
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Mesopsammal distribution:

White Sea (Raikov, 1962), French Atlantic Coast (Dragesco, 1960), Brazilian
Coast (Kattar, 1970).

FIG. 3
Helicoprorodon multinucleatum.

A: general aspect; B: anterior part.
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Order Trichostomatida

Family Coelosomididae

Coelosomides marina Anigstein, 1912
Locality:

Tuckers Town Beach (flat).
Body length nearly 200 µm. The ovoid elongated, cylindrical

body shape is very variable. Mouth apical. The kineties are ending
bipolarly. The ectoplasm is reticular. The nuclear apparatus is
formed by one MaN lying in the center.

Mesopsammal distribution:

French Coast (Dragesco, 1960; Fauré-Fremiet, 1950), Caspian Sea (Agamaliev,
1967 a, b), Black Sea (Petran, 1971), Brazilian Coast (Kattar, 1970), Bay of
Bengal (Rao and Ganapati, 1968).

CLASS POLYHYMENOPHORA

Order Heterotrichida

Family Condylostomatidae

Condylostoma arenarium Spiegel, 1926
Localities:

Tuckers Town Beach (flat) and North Reef (3-4 m depth).
Body length nearly 600 µm. Body circular in cross-section,

contractile, bluntly flattened anteriorly, rounded posteriorly. Bet-
ween the 28 parallel ciliary rows yellow protrichocysts were irregu-
larly distributed. The nuclear apparatus moniliform with oval
fragments. Food vacuoles contain diatoms.

Mesopsammal distribution:

North Yorkshire Beaches (England; Hartwig and Parker, 1976), Helgoland
(Spiegel, 1926), North Sea Island Sylt (Hartwig, 1973 a, b), Kiel Bay and Oresund
(Bock, 1952 a, b; Fenchel, 1969; Fenchel and Jansson, 1966), Hiddensee Island
(Munch, 1955; Munch und Petzold, 1958), boreal seas of the U.S.S.R. (Burkovsky,
1970 a, b, c; Kovaleva, 1967; Raikov, 1960, 1962), French Atlantic and Mediterra-
nean Coast and the Gulf of Naples (Dragesco, 1953, 1960; Nobili, 1957), Black Sea
(Czapik, 1952; Kovaleva, 1966; Petran, 1963, 1967, 1968 b, 1971), Caspian Sea
(Agamaliev, 1967 a, 1970, 1972, 1973, 1974 a, b), Japan Sea (Raikov, 1963; Raikov
and Kovaleva, 1968), American East Coast (Borror, 1963 b), Bay of Bengal (Rao
and Ganapati, 1968), Coast of Mauretania (Dragesco, 1965),' Brazilian Coast
(Kattar, 1970).
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Condylostoma remanei Spiegel 1928

Locality:

Tuckers Town Beach (flat).

Body length nearly 400 µm. Conforms with the descriptions
by different authors in body shape (the cell body tapers towards
the posterior end to a distinct, short tail), ciliary rows and nuclear
apparatus (a chain of 15 MaN fragments; which serves as a clear
separation from Condylostoma fjeldi Hartwig, 1973 a).

Mesopsammal distribution:

Beaches of North Yorkshire (England; Hartwig and Parker, 1976), Kiel Bay
(Bock, 1952 a, 1960; Kahl, 1930-35; Spiegel, 1926), Island Sylt (Hartwig, 1973 a, b),
Oresund (Denmark; Fenchel and Jansson, 1966), Norwegian Coast (Field, 1955),
boreal seas of the U.S.S.R. (Burkovsky, 1970 a, b, c; Kovaleva, 1967, Raikov,
1960, 1962), French Atlantic and Mediterranean Coast (Dragesco, 1953, 1960, 1963;
Fauré-Fremiet, 1950; Vacelet, 1961 a), Gulf of Naples (Nobili, 1957), Black Sea
(Czapik, 1952; Kovaleva, 1966; Petran 1967, 1968 a, b, 1971), Caspian Sea
(Agamaliev, 1967 a, b, 1970, 1974 b), Japan Sea (Raikov, 1963; Raikov and
Kovaleva, 1968), American East Coast (Cape Cod; Fauré-Fremiet 1951), Brazilian
Coast (Kattar, 1970).

Family Peritromidae

Peritromus taurei Kahl, 1932
Locality:

Tuckers Town Beach (sandbar).

Body length of the examined specimens 100 µm. Oval body
shape. On the unciliated dorsal side, a dark granulated hump is
visible; this hump corresponds to the «dorsal body» by Kahl (1932).
Spines on this dorsal hump not clearly visible. The nuclear appa-
ratus consists of 2 nearly opposite macronucleus fragments.

Mesopsammal distribution:

Kiel Bav (Bock, 1952 a, 1960), Island Sylt (Hartwig, 1973 a, b), Norwegian
Coast (Fjeld, 1955), White Sea (Burkovsky, Ï970 a, b, c; Raikov, 1962), French
Atlantic and Mediterranean (England; Hartwig and Parker, 1976), Caspian Sea
(Agamaliev, 1967 a, 1968, 1972, 1974 b), Japan Sea (Raikov, 1963; Raikov and
Kovaleva, 1968), East Coast of the U.S. (Borror, 1963 b) and Black Sea (Czapik,
1952; Petran, 1971).

Order Hypotrichida

Family Spirofilidae

Urostrongylum caudatum Kahl, 1932
Locality:

Tuckers Town Beach (flat).

This widely distributed species goes conform with the descrip-
tions of different authors (Dragesco, 1960; Kahl, 1930-35; a.o.). By
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the intense granulation of the cytoplasm, the body is clearly distin-
guished from the light spine-like pointed tail.

Mesopsammal distribution:

North Sea Island Sylt (Hartwig, 1973 a), Western Part of the Baltic Sea
(Bock, 1952 a; Fenchel, 1969), French Atlantic Coast (Roscoff; Dragesco, 1960),
Gulf of Naples (Nobili, 1957), Caspian Sea (Agamaliev, 1967 a, 1972, 1974 b),
White Sea (Burkovsky, 1970 a, b, c), East Coast of the U.S. (Fauré-Fremiet, 1951),
Brazilian Coast (Kattar, 1970), Plymouth Area (England; Lackey and Lackey,
1963).

Family Urostylidae

Epidintes ambiguus (O.F. Mi l l ier, 1786)

Locality:

Tuckers Town Beach (sandbar).
Body length 200 µm. Body shape and ciliature correspond with

descriptions of different authors. More than 30 macronuclei, oval.

Mesopsammal distribution:

Sylt (Hartwig, 1973 a), Baltic Sea (Bock, 1952 a, 1960; Kahl, 1930-35; Munch,
1955; Munch and Petzold, 1958), White Sea (Burkovsky, 1970 a, b, c; Raikov,
1962), Gulf of Naples (Nobili, 1957), French Atlantic and Mediterranean Coast
(Dragesco, 1953, 1960; Fauré-Fremiet, 1950; Vacelet, 1961 a, b), Black Sea
(Koyaleva, 1966; Petran, 1971), Caspian Sea (Agamaliev, 1971, 1974 b), Japan Sea
(Raikov, 1963; Raikov and Kovalepa, 1968), Bay of Bengal (Rao and Ganapati,
1968; Rao 1969), American Atlantic Coast (Borror, 1963 b; Fauré-Fremiet, 1951),
Coast of Mauretania (Dragesco, 1965), Brazilian Coast (Kattar, 1970), English
Coast (Hartwig and Parker, 1976; Lackey and Lackey, 1963).

CONCLUSIONS

7 from the 11 species recorded so far from the sand lacunar
system of Bermuda are already known from the East Coast of the
U.S. (Borror, 1963 b; Fauré-Fremiet 1951): Coleps tesselatus, Condy-
lostoma arenarium, Condylostoma remanei, Epidintes ambiguus,
Geleia orbis, Peritromus faurei and Urostrongylum caudatum. An
intense study of the ciliate fauna of the Bermuda would probably
reveal a high conformity with the fauna of the Atlantic Coast of
the United States. Sterrer (1973) determined for the gnathostomulids
of Bermuda, that over 50 percent of the gnathostomulid species
identified on these islands are known from the U.S. East Coast.
Here now the question for the means of dispersal concerning the
bridging of larger distances of open water for the interstitial sand
fauna is generally of special interest (Gerlach, 1976). The reply to
this question is interesting for two reasons and tough too: (1) for
the meiofauna, a reduction of free-swimming larval stages is known
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(Ax, 1966, 1969; Swedmark, 1964), (2) for the meio- and micro-
fauna (to this I add the ciliates) a world-wide distribution is
known in spite of their restriction to the lacunar system (Corliss
and Hartwig 1976; Rao, 1974). For the possible colonization of the
Bermuda, about one month's travel by Gulf Stream away from Flo-
rida, by the meiofauna from the U.S. East Coast, Sterrer (1973)
gives an explanation, which also can be valid for the sand micro-
fauna: «short-range transport by... rafting of small quantities of
sand on floating objects, or transport of organisms on rafts that
provide a quasi-interstitial biotope such as coconuts is a possibi-
lity». However a proof for this explanation must be still given.
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Summary

From two sampling stations on Bermuda (Tuckers Town Beach: eulittoral;
North Reef: sublittoral) 11 interstitial ciliate species are recorded and their
morphological features given; 7 species are known so far from the U.S. east
coast. In this connexion, the means of dispersal e.g. for the colonization of
island are discussed and the difficulties of verification of these means of
dispersal are shown.

REFERENCES

AGAMALIEV, F.G., 1967 . — Faune des Ciliés mésopsammiques de la côte Ouest de
la mer Caspienne. Cah. Biol. Mar., 8, pp. 359-402.

AOAMALIEV, F.G., 1967 b. — Ökologie der Infusioren im Mesopsammal der West-
küste des Kaspischen Meeres. Doklady Akademii Nauk Ud.S.S.R., 176,
pp. 1425-1427 (in russian).

AGAMALIEV, F.G., 1968. — Materials on morphology of some psammophilic ciliates
of the Caspian Sea. Acta Protozool., 6, pp. 225-244 (in russian; english
summary).

AGAMALIEV, F.G., 1969. — A contribution to zoogeography of psammophilous
ciliates of the Caspian Sea. Zool. Zhurnal, 48, pp. 957-961 (in russian;
english summary).

AGAMALIEV, F.G., 1970. — Vertical distribution of psammophilous ciliates in the
Caspian Sea. Zool. Zhurnal, 49, pp. 12/7-1284 (in russian; english
summary).

AGAMALIEV, F.G., 1971. — Complements to the fauna of psammophilic ciliates of
the Western Coast of the Caspian Sea. Ada ProtozooL, 8, pp. 379-404 (in
russian; english summary).

AGAMALIEV, F.G., 1972. — Ciliates from microbenthos of the islands of Apseronskij
and Bakinskij archipelagos of the Caspian Sea. Acta ProtozooL, 10,
pp. 1-28 (in russian; english summary).

AGAMALIEV, F.G., 1973. — Ciliates of microbenthos in the Krasnovodsk Bay of the
Caspian Sea. Zool. Zhurnal, 52, pp. 1597-1601 (in russian; english summary).

AGAMALIEV, F.G., 1974 a. — Ciliates of the Turkmen Bay (Caspian Sea). Zool.
Zhurnal, 53, pp. 19-24 (in russian; english summary).



124 E. HARTWIG

AGAMALIEV, F.G, 1974 b. — Benthic Infusoria of the western part of the Caspian
Sea Bays. Hydrobiol. Zhurnal, 10, pp. 26-33 (in russi an; english summary).

AX, P., 1966. — Die Bedeutung der interstitiellcn Sandfauna für allgemeine
Probleme der Systematik, Ökologie und Biologie. Veröff, Inst. Meeresforsch.
Bremerhaven, 2, pp. 15-66.

AX, P., 1969. — Populationsdynamik, Lebenszyklen und Fortpflanzungsbiologie
der Mikrofauna des Meeresbodens. Verband. Dtsch. Zool. Ges., Innsbruck
1968, pp. 66-113.

BOCK, K.J., 1952 a. — Zur Ökologie der Ciliaten des marinen Sandgrundes der
Kieler Bucht. I. Kieler Meeresforsch., 9, pp. 77-89.

BOCK, K.J., 1952 b. — Über einige holo- und spirotriche Ciliaten aus den marinen
Sandgebieten der Kieler Bucht. Zool. Anz., 149, pp. 107-115.

BOCK, K.J., 1960. — Biologische Untersuchungen, insbesondere der Ciliatenfauna,
in der durch Abwässer belasteten Schlei (westliche Ostsee). Kieler
Meeresforsch., 16, pp. 57-68.

BORROR, A.C., 1963 a. — Morphology and ecology of some uncommon ciliates
from Alligator Harbor, Florida. Trans. Amer. Micros. Soc, 82, pp. 125-131.

BORROR, A.C., 1963 b. — Morphology and ecology of the benthic ciliated Protozoa
of Alligator Harbor, Florida. Arch. Protistenk., 106, pp. 465-534.

BORROR, A.C., 1973. — Tracheloraphis haloetes sp. n. (Ciliophora, Gymnostoma-
tida): Description and a key to species of the Genus Tracheloraphis. J.
Protozool., 20, pp. 554-558.

BURKOVSKY, I.V., 1969. — Quantitative data on the distribution of psammophilic
infusiorians according to depth and type of bottom sedimen in the inter-
tidal and sublittoral zones of Velikaya Salma (White Sea, Kandalaksha
Bay). Okeanologia, 9, pp. 874-880 (in russian; english summary).

BURKOVSKY, I.V., 1970 a. — Ciliates of sand littoral and sublittoral of Kandalaksha
Gulf (White Sea) and the analysis on the fauna of benthic ciliates of
other seas. Acta Protozool., 8, pp. 183-201 (in russian; english summary).

BURKOVSKY, I.V., 1970 b. — Die Infusorien des Mesopsammon des Litorals und
Sublitorals des Kandalaksha Golfes (Weibes Meer). Arb. Biol. Weissmeerstat.
Moskauer Univ., 3, pp. 51-59 (in russian).

BURKOVSKY, I.V., 1970 c. — Die psammophilen Infusorien des Kandalaksha Golfes
(Weibes Meer). Verlag der Moskauer Universität, pp. 1-21 (in russian).

BURKOVSKY, I.V., 1971. — Ecology of psammophilous ciliates in the White Sea.
Zool. Zhurnal, 50, pp. 1285-1302 (in russian; english summary).

CORLISS, J.O., 1975. — Taxonomic characterization of the suprafamilial groups in
a revision of recently proposed schemes of classification for the phylum
Ciliophora. Trans. Amer. Micros. Soc, 94, pp. 224-267.

CORLISS, J.O. and HARTWIG, E., 1976. — The «primitive» interstitial ciliates: their
ecology, nuclear uniquenesses, and postulated place in the evolution and
systematics of the phylum Ciliophora. Mikrofauna Meeresboden, 61 (in press).

CZAPIK, A., 1952. — Untersuchungen über die Infusorien und Rotatorien des
Küstengrundwassers und des Sandbodens der Stalin Bucht. Arbeiten aus
der Biolog. Meeresstation in Stalin (Bulgarien), 17, pp. 61-65.

DRAGESCO, J., 1953. — Sur l'écologie des Ciliés psammophiles littoraux de la région
de Banyuls-sur-Mer. Vie et Milieu, 4, pp. 627-632.

DRAGESCO, J., 1960. — Ciliés mésopsammiques littoraux. Trau. St. biol. Roscoff,
N.S. 12, pp. 1-356.

DRAGESCO, J., 1963. — Compléments à la connaissance des ciliés mésopsammiques
de Roscoff. II. Hétérotriches : III. Hypotriches. Cah. Biol. Mar., 4,
pp. 251-274.

DRAGESCO, J., 1965. — Ciliés mésopsammiques d'Afrique Noire. Cah. Biol. Mar.,
6, pp. 357-399.

FARRIS, R.A., 1975. — Systematics and ecology of Gnathostomulida from North
Carolina and Bermuda. Dissertation, Chapel Hill, N.C.

FAURÉ-FREMIET, E., 1950. — Ecologie des Ciliés psammophiles littoraux. Bull.
Biol. France-Belgique, 84, pp. 37-75.

FAURÉ-FREMIET, E., 1951. — The marine sand-dwelling ciliates of Cape Cod. Biol.
Bull., 100, pp. 59-70.

FENCHEL, T., 1969. — The ecology of marine microbenthos. IV. Structure and
function of the Benthic ecosystem, its chemical and physical factors and
the microfauna communities with special reference to ciliated protozoa.
Ophelia, 6, pp. 1-182.

FENCHEL, T. and JANSSON, B.-o., 1966. — On the vertical distribution of the
microfauna in the sediments of a brackish-water beach. Ophelia, 3,
pp. 161-177.



INTERSTITIAL CILIATES OF BERMUDA 125

FJELD, P., 1955. — On some marine psammobiotic ciliates from Drobak (Norway)
(with remarks on a method for quantitative studies of micropsammon).
Nytt. Mag. Zool., 3, pp. 5-59.

GEHLACH, S.A., 1976. — Means of Meiofauna Dispersal. Mikrofauna Meeresboden
61 (in press).

HARTWIG, E., 1973 a. — Die Ciliaten des Gezeiten-Sandstrandes der Nordseeinsel
Sylt. I. Systematik. Mikrofauna Meeresboden, 18, pp. 397-453.

HARTWIG, E., 1973 b. — Die Ciliaten des Gezeiten-Sandstrandes der Nordseeinsel
Sylt. II. Ökologie. Milkrofauna Meeresboden, 21, pp. 1-171.
(in press).

HARTWIG, E. and PARKER, J.G., 1976. — On the systematic and ecology of interstitial
ciliates from sandy beaches of North Yorkshire (England) (in press).

JONES, E.E., 1974. — The Protozoa of Mobile Bay, Alabama. University of South
Alabama, Monographs, 1, pp. 1-113.

KAHL, A., 1930-35. — Urtiere oder Protozoa. I. Wimpertiere oder Ciliata (Infusoria),
eine Bearbeitung der freilebenden und ectocommensalen Infusorien der
Erde, unter Ausschluss der marinen Tintinnidae. In cDie Tierwelt
Deutschlands und der angrenzenden Meeresteile» von Dahl, 884 pp.

KATTAR, M.R 1970. — Estudo dos protozoarios ciliados psamofilos do Litoral
Brasileiro. Zool. Biol. Marinh., N.S. 27, pp. 123-206 (in brazilian; english
summary).

KIESSELBACH, A., 1936. — Zur Ciliatenfauna der nördlichen Adria. Thalassia, 2,
pp. 1-53.

KOVALEVA, V.G., 1966. — Infusoria of the mesopsammon in sandy bays of the
Black Sea. Zool. Zhurnal, 45, pp. 1600-1611 (in russian; english summary).

KOVALEVA, V.G., 1967. — New data on the infusorian fauna of the mesopsammon
of the Barentz Sea. Acta Proiozool., 5, pp. 81-88 (in russian; english
summary).

LACKEY, J.B. and LACKEY, E.W., 1963. — Microscopic algae and protozoa in the
waters near Plymouth in Augst 1962. J. mar. biol. Ass. U.K., 43,
pp. 797-805.

MÜNCH, H.D., 1955. — Systematisch-ökologische Beiträge zur Fauna des Küsten-
grundwassers. II. (Ciliata Spirotricha, Peritricha; Oligochaeta; Copepoda;
Rotatoria; Archiannelida). Diplomarbeit, Leipzig, pp. 1-80.

MÜNCH, H.-D. und PETZOLD, H.D., 1958. — Biologische Untersuchungen zum Konnex
Oberflächen-/Grundwasser am marinen Sandstrand, Zschr. «Wasser-
wirtschaft-Wassertechnik», 8, pp. 462-465.

NOBILI, R., 1957. — Contributo all' ecologia dei ciliati psammofili del Golfo
di Napoli. Boll. Zool., 24, pp. 211-225 (in italian; english summary).

PETRAN, A., 1963. — Contributi la cunoasterea microfaunei de ciliate psamofile din
Marea Neagra — Litoralul Romaninesc. Stud, si cerc. biol. Acad. R.P.R.,
Ser. Biol. Anim., 15, pp. 187-197 (in roumanian; english summary).

PETRAN, A., 1967. — Cercetari asupra faunei de ciliate psamobionte la plajele diu
sudul litoralului romanese al nutrii negre. Ecologia marina, 2, pp. 169-171
(in roumanian).

PETRAN. A., 1968 a. — Sur l'écologie des ciliés psammobiontes de la Mer Noire
(Littoral roumain). Rev. Roum. Biol., 13, pp. 441-446.

PETRAN, A., 1968 b. — Les ciliés mésopsammiques de Mangalia et quelques
considérations sur la faune infusorienne des sables du littoral roumain de
la Mer Noire. Rapp. Comm. int. Mer Médit., 19, pp. 175-177.

PETRAN, A., 1971. — Sur la faune des ciliés des sédiments sablonneux du littoral
roumain de la Mer Noire. Cercetari marine, 1, pp. 149-166.

PETZOLD, H.-G., 1955. — Systematisch-ökologische Beiträge zur Fauna des
Küstengrundwassers. I. (Ciliata Holotricha; Heliozoa; Nematoda; Gastro-
tricha). Diplomarbeit, Leipzig, pp. 1-91.

RAIKOV, I.B., 1960. — La faune interstitielle des infusoires du littoral sableux de
la baie Dolniye Zelentzy, Mourmanie. Trav. Inst. Biol. Mar. Mourmansk,
2, pp. 172-185 (in russian).

RAIKOV, I.B., 1962. — Les ciliés mésopsammiques du littoral de la Mer Blanche
(U.R.S.S.) avec une description de quelqes espèces nouvelles ou peu connues.
Cah. Biol. Mar., 3, pp. 325-361.

RAIKOV, I.B., 1963. — Ciliates of the mesopsammon of the Ussuri Gulf (Japan Sea).
Zool. Zhurnal, 42, pp. 1753-1766 (in russian; english summary).

RAIKOV, I.B. and KOVALEVA, V.G., 1968. — Complements to the fauna of psammo-
biotic ciliates of the Japan Sea (Postjet Gulf). Acta Protozool., 6,
pp. 309-333.

RAO, G. ch., 1969. — The marine interstitial fauna inhabiting the beach sand of
Orissa Coast. J. Zool. Soc. India, 21, pp. 89-104.



126 E. HARTWIG

RAO, G. ch., 1974. — On the geographical distribution of interstitial fauna of
marine beach sand. Proc. Indian nat. Sei. Arad., 38, pp. 164-178 (1972).

RAO, G. ch. and GANAPATI, P.N., 1968. — The interstitial fauna inhabiting the beach
sands of Waltair Coast. Proc. Nat. Inst. Sei. Ind., 21, pp. 82-125.

SPIEGEL, A., 1926. — Einige neue marine Ciliaten. Arch. Protistenk., 55,
pp. 184-191.

STERRER, W., 1973. — Plate tectonics as a mechanism for dispersal and speciation
in interstitial sand fauna. Netherlands J. Sea Res., 7. pp. 200-222.

SWEDMARK, B., 1964. — The interstitial fauna of marine sand. Biol. Reu., 39,
pp. 1-42.

UHLIG, G., 1968. — Quantitative methods in the study of interstitial fauna. Trans.
Amer. Micr. Soc, 87, pp. 226-232.

UHLIG, G.; THIEL, H. and GRAY, J.S., 1973. — The quantitative separation of
meiofauna. — A comparison of methods. Helgoländer Wiss. Meeresunters.,
25, pp. 173-195.

VACELET, E., 1961 a. — La faune infusorienne des « sables à Amphioxus » des
environs de Marseille. Bull. Inst. Océanogr. Monaco, 1202, pp. 1-12.

VACELET, E., 1961 b. — Les ciliés de la microfaune des « sables mal calibrés » des
environs de Marseille. Trav. St. Mar. Endoume, 22, pp. 13-19.




