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ABSTRACT. Sediment samples were collected at low tide from various 
localities of Jubail Marine Wildlife Sanctuary in the Arabian Gulf 
during 1996-1997 for the study of the marine interstitial ciliate fauna 
of the Sanctuary. Nineteen species belonging to the order 
Heterotrichida were identified, eleven of these represent new records 
for the fauna of the Arabian Gulf and Saudi Arabia: Blepharisma 
seculum, B. hyalinum, Gruberia beninensis, Pseudoblepharisma tenue, 
Spirostomum teres, Me/opus contortus, Condylostoma acuta, C. 
/ongicaudata, C. tardum, Linostoma vorticella, and Stentor niger. The 
distribution and main taxonomic characters of each species were 
compared to those in similar habitats worldwide. 

At the end of the 1991 Gulf War, an environmental rehabilitation plan, together with 
the establishment of the lubail Marine Wildlife Sanctuary (JMWS) north of lubail 
city were proposed by the concerned agencies in Saudi Arabia in conjunction with a 
Task Force from the European Union (Krupp and Khushaim 1996). One of the aims 
of the project, besides assessing ecological effects of oil spill, is to assess and 
document biological diversity of the various fauna and flora in order to generate 
baseline information on species and species assemblages, and to monitor the 
rehabilitation of coastal and marine habitats (Abuzinadah and Krupp 1994), 

Great attention has been paid to the distribution of interstitial ciliates in 
sediments of coastal and estuarine localities, and many surveys have been 
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undertaken worldwide (Hartwig 1980, Patterson et at. 1989, Carey 1992). However, 
the marine interstitial ciliates of Saudi Arabia have long been neglected. Recently, 
some studies were undertaken on the ciliate fauna of Saudi Arabia (AL-Rasheid 
1996, 1997a, b, 1998), nevertheless, the ciliates of Arabia remain poorly known. In 
conjunction with the establishment of JMWS several studies are being undertaken on 
the ciliate fauna of the Sanctuary. The current paper reports on the ciliates of the 
order Heterotrichida. 

Materials and Methods 

Samples were collected from August 1996 till December 1997 from coastlines 
of Jubail Marine Wildlife Sanctuary (JMWS) - (temperature ranged from 16 to 37°C 
and salinity ranged from 34-61 %0, see AL-Rasheid 1998 for complete description, 
map of the study area and outlined methodology) . Undisturbed sediment samples 
were collected from the topmost 1-3 cm of submerged areas of the Sanctuary, 
between high and low tide marks and transferred to the laboratory in thermal 
containers. In the laboratory, ciliate samples were removed from the sand grains as 
described by Faun!-Fremiet (1951), studied in vivo in hanging drops over depression 
slides, and under cover slips supported by Vaseline rings. Intravital and specific 
stains were employed to observe the structure of the organisms (Foissner 1991). The 
infraciliature was revealed by Wilbert's (1975) method of protargol impregnation. 
Stained cells were studied, measured and photographed with a Nikon® 
Photomicrographic System attached to Nikon Alphaphot® microscope. The 
characteristics of each organism were then compared to descriptions in Carey 
(1992), Foissner et at. (1992) and Kahl (1932). 

Results and Discussion 

The present study revealed the presence of 19 species of heterotrich ciliates, 11 
of which are new (marked by asterisks) to the fauna of Saudi Arabia, and of the 
Arabian Gulf at large. Specimens as slides of protargol impregnated cells of each 
species have been deposited in the Museum of Zoology Department, College of 
Science, King Saud University, Riyadh, Saudi Arabia. The following is a checklist 
of the recorded species arranged systematically according to Corliss (1979), each 
species is followed by a brief description. All data of the Saudi populations are based 
on measurements of at least 10 protargol impregnated specimens. Micrographs of 
each species are presented in Figs. 1-23. 

Family: Spirostomidae Stein 1867 
1. B1epharisma melana Borror 1963 (Fig. 1). 

Elongate, cylindrical, 330-450 x 42-73 11m in length. Adoral zone of 
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membrane lies (AZM) occupies one-third to one-half of body length. Thirty 
longitudinal somatic kineties. Undulating membrance (UM) well-developed, running 
from cytostome to apex of cell. Macronucleus moniliform. Contractile vacuole 
terminal. This species resembles the original description in shape of body and AZM, 
the number of somatic kineties, and moniliform macronucleus, but smaller in size 
(450-640 x 64-100 11m). 

Distribution: Alligator Harbour in USA (Borror 1963), Caspian Sea (Agamaliev 1983), 
Saudi Arabian Gulf Island of Tarut (AL-Rasheid 1997b). 

2. Blepharisma seculum* Isquith et ai. 1965 (Fig. 2,3). 
Small, pink color in vivo, 70-90 11m in length. Dorsal border curved. Somatic 

kineties 12-20, longitudinally arranged, narrow-spaced on one side, widely-spaced 
on the other side of the cell. AZM occupies one-half length of body. Macronucleus 
glabular to reniform, 10-14 x 4-8 11m. Contractile vacuole terminal. This species 
corresponds in size, shape, macronucleus and infraciliature with the original 
description. 

Distribution: Maryland in USA (Isquith el ai. 1965). 

3. Blepharisma hyalinum* Perty 1849 (Fig. 4). 
Elongate, ca. 70 11m in length. Anterior curves over peristome. AZM occupies 

one-half to one-third of body length. UM present. Somatic kineties longitudinal, 
number 12-14. Macronucleus ellipsoidal, 15 x 10 11m. Contractile vacuole terminal. 
Although this is a freshwater and soil species, the Saudi population agrees with the 
redescri ption by Foissner (1989). 

Distribution: Eutrophic pond in the Danish Island of Funen (Larsen and Nilsson 1983), Ivory 
Coast in West Africa (Dragesco and Dragesco-Kemeis 1986), soil samples from Austria (Foissner 
1989), freshwater from Greenland (Larsen 1992). 

4. Gruberin aculeata Ozaki and Yagiu 1941 (Fig. 5). 
Elongate, lanceolate, 350 11m in length. Anterior does not curve over peristome. 

AZM occupies one-third of body length. UM well developed, consists of many 
dikinetidal fragments. Somatic kineties number 24-30. Macronucleus large, 
moniliform, consists of 10-15 ellipsoidal beads, each 15-25 x 7-21 Jlm. Twenty to 
thirty four micronuclei, 2-3 11m in diameter. No information of 
protargol-impregnated specimens was found in the available literature. 

Distribution: Japan Sea (Ozaki and Yagiu 1941), Saudi Arabian Gulf Island of Tarut 
(AL-Rasheid 1997b). 

5. Gruberin beninensis* Dragesco and Dragesco-Kerneis 1986 (Fig. 6). 
Lanceolate, orange in color, 200-300 Jlm in length, anterior curve over 

peristome, sharply-pointed posteriorly. AZM occupies one-half length of body. UM 
well developed, consists of many small, dikinetidal fragments. Somatic kineties 
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number 38-50. Macronucleus moniliforme, consists of 18-27 ellipsoidal beads, 9-12 
x 4-6 ~m. Micronuclei 40-50, 2-3 ~m in diameter. Agrees with the original 
description by Dragesco and Dragesco-Kerm!is (1986). 

Distribution: Atlantic West African coast (Dragesco and Dragesco-Kerneis 1986). 

6. Pseudoblepharisma tenue* (Kahl 1926) Kahl 1927 (Fig . 7) . 
Elongate, 160 ~m in length. Anterior part bluntly truncated , posterior rounded. 

UM and AZM extends one-quarter length of body. Somatic kineties longitudinal, 
number 9-12. Appeared rose in color due to many rod-shape symbiotic bacteria. 
Macronucleus ellipsoidal, 35 x 25 11m. Resembles the description in Foissner et al. (1992). 

Distribution: Southern Louisiana (Bamforth 1963), Latvian rivers (Liepa 1978). 

7. Spirostomum teres* Claparede and Lachmann 1858 (Fig. 8). 
Elongate, vermiform, cylindrical, contractile, 300 11m, 560 11m in vivo in length . 

Peristome occupies one-half 'of body length. Somatic kineties spiraling when 
contracted, numbered 20-27. Macronucleus ellipsoidal, 31-54 x 10-17 11m. 
Contractile vacuole terminal, with canal to anterior. Resembles the description of 
Foissner el al. (1992). 

Distribution: Dee Estuary in UK (Webb 1956), French Atlantic coast (Dragesco 1960), Gulf 
of Mexico (Borror 1962), Mobile Bay in USA (Jones 1974), Mediterranean Po Delta (Ghidoni 
1975), Hamburg Harbour in German Bight (Bartsch and Hartwig 1984),Shediac Harbor in Canada 
(Varma 1985), Caspian Sea (Agamaliev 1986), West African Ivory Coast and Cameroon 
(Dragesco and Dragesco-Kerneis 1986). 

Family: Metopidae Kahl 1927 
8. Metopus contortus* (Quennerstdt 1867) Kahl 1932 (Fig. 9). 
Ovoid, I 00 ~m in length. Anterior, rounded, twisted, posterior rounded. AZM 

long, curving down to two-third length of body. Somatic kineties 27-33. Tuft of 
caudal cilia present. Macronucleus ovoid, 10-15 11m. Contractile vacuole terminal. 
The Saudi population match well the redescription by Dragesco (1996). 

Distribution: Gulf of Mexico (Borror 1962), New Hampshire coast in USA (Borror 1972), 
Baltic Sea (Czapik and Jordan 1976, Czapik and Fyda 1992), British Isles and North Sea (Wright 
and Knight-lones 1990), Mediterranean French coast (Dragesco 1996). 

Family: Condylostomatidae Kahl in Doflein and Reichenow 1927-9 
9. Condylostoma acuta* Dragesco 1960 (Fig. 10) . 
Elongate, cylindrical, 170-220 11m in length. Tail needle-like. Peristome short, 

wide, with UM and AZM, occupy one-fifth length of body. Pellicle pleated on 
contraction. Somatic kineties number 19-22. Macronucleus vermiform, 80-11 0 ~m 
in length, 10-15 11m across. Matching the original description, except for the 
kineties number (14). 

Distribution: French Atlantic coast (Dragesco 1960). 
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Fig. 1-12. Micrographs of protargol-impregnated ciliate species found in the lubail Marine 
Wildlife Sanctuary. 1) Blepharisma melana; 2,3) Blepharisma seculum; 
4) Blepharisma hyalinum; 5) Gruberia aculeata; 6) Gruberia beninensis, 
7) Pseudoblepharisma tenue; 8) Spiroslomum leres; 9) Me/opus conlortus; 
10) Condylostol1U1 acuta; 11) Condylos/ol1U1 arenarium; 12) Condylostoma magnum. 
AZM, adoral zone of membranelles; CY, contractile vacuole; Ma, macronucleus; Mi , 
micronucleu s; SK, somatic kineties; UM, undulating membrane. Bars = 50 11m, unless 
otherwise indicated. 

10. Condylostoma arenarium Spiegel 1926 (Fig. 11). 
Elongate, cylindrical, 300-400 flm in length. Peristome wide, occupies one-third 

of body length. AZM consists of 70-80 membranelles. Tail rounded. Somatic 
kineties number 40. Macronucleus moniliform, consists of 10-17 parts each about 
11-15 flm across. Agrees with the redescription by (Dragesco and Dragesco-Kerneis 
1986). 
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Distribution: Gulf of Naples (Nobili 1957), Atlantic Coast at Roscoff (Dragesco 1960), 
Barents Sea (Raikov 1960, Kovaleva 1967), Gulf of Mexico (Borror 1962), Alligator Harbour in 
Florida (Borror 1963), Japan Sea at Ussuri (Raikov 1963) and at Posjet Gulf (Raikov and Kovaleva 
1968), Coast of Mauritania (Dragesco 1965), Black Sea (Kovaleva 1966, Bacescu et al. 1967, 
Petran 1975), Bay of Bengal (Rao 1969), White Sea (Burkovsky 1970), Coast of Brazil (Kattar 
1970), New Hampshire coast (Borror 1972), Baltic Sea and German coast of the English Channel 
(Bock 1952, Czapik 1952, Hartwig 1974), Louisiana salt marshes (Elliott and Bamforth 1975), 
Norfolk saltmarshes (Barnes et al. 1976), Bermuda (Hartwig 1977,1986), North Yorkshire in the 
U.K. (Hartwig and Parker 1977), South Wales in the UX (Wright 1982, 1983), Gulf of Somalia 
(Ricci et al. 1982), Caspian Sea (Agamaliev 1986), West African coast of Benin (Dragesco and 
Dragesco-Kerneis 1986), Saudi Arabian Gulf Island of Tarut (AL-Rasheid 1997b). 

11. Condylostoma magnum Spiegel 1926 (Fig. 12). 
Elongate, highly contractile, ca 500-850 11m in length. Head region spatulate. 

Tail long, tapering. Peristome deep, wide, equipped with UM and AZM (90 
membranelles), occupies one-forth to one-third of body length. Somatic kineties 
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Fig. 13-16. Micrographs of 
protargol-impregnated Condy­
lostoma longicaudata found in 
the Jubail Marine Wildlife 
Sanctuary, showing various 
shapes of the nuclear apparatus 
from specimens of one site. 
Arrows indicate macronuclei . 
Bar= 200 ~m. 

numbered 80-90. Macronucleus moniliform, consists of 30-45 globular beads each 
10-18 11m across. Agrees with the redescription by Dragesco and Dragesco-Kerneis 
(1986). 

Distribution: Gulf of Florida (Bullington 1940), Gulf of Mexico (Borror 1962), Mobile Bay 
in the USA (Jones 1974), Mediterranean Sea (Ghidoni 1975), Caspian Sea (Agamaliev 1983), 
Cotonou at the Eastern African coast (Dragesco and Dragesco-Kerneis 1986), AI-Hassa Oasis in 
Saudi Arabia (AL-Rasheid I 997a), Saudi Arabian GulfIsland of Tarut (AL-Rasheid 1997b). 
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12. Condylostoma longicaudata* Dragesco 1996 (Figs. 13-16). 
Elongate, transparent, ca 400-600 ~m in length. Tail long, pointed. Peristome 

small, equipped with UM and AZM (76-86 membranelles). Somatic kineties 30-36 
(32 in Fig. 13; 30 in Fig. 14; 36 in Fig. 15; 34 in Fig. 16). Macronuclear apparatus 
nodular to moniliform (highly variable in shapes and numbers; (Figs. 13-16). 
Despite the macronucleus variability, the Saudi population agrees in size and 
somatic kineties with the original description. 

Distribution: Mediterranean French coast (Dragesco 1996). 

13. Condylostoma patens Dujardin 1841 (Fig. 17). 

Elongate, 500 ~m in length. Posterior broad, rounded. Peristome, UM and AZM 
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Fig. 17-19. Micrographs of 
protargol-impregnated ciliate 
species found in the lubail 
Marine Wildlife Sanctuary. 
17) CondylosLOma palenls; 

18) CondylosLOma remanei; 
19) CondylosLOma reichi. AZM, 
adoral zone of membranelles; F, 
food vacuole; Ma, macronucleus; 
Mi, micronucleus; SK, somatic o 
kineties; UM, undulating o 
membrane. 
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occupy one-fifth of body length. AZM consists of 50-64 membranelles. Somatic 
kineties number 60-73. Macronucleus moniliform, consists of 7-12 globular beads 
each 20-30 ~m across. No information of protargol-impregnated specimens was 
found in the available literature. 

Distribution: Plymouth (de Morgan 1925, Lackey and Lackey 1963), Yellow Sea (Wang and 
Nie 1932), Woods Hole in USA (Lackey 1936), French Atlantic coast (Faure-Fremiet 1948, 
Dragesco 1954), Cape Cod in east USA (Faun!-Fremiet 1951), Dee Estuary in the U.K. (Webb 
1956), Whitstable in England (Maghraby and Perkins 1956), Gulf of Mexico (Borror 1962), Bay of 
Bengal (Rao 1969), Baltic Sea (Hartwig 1974), Saudi Arabian Gulf Islands of AI-Batinah and Abu 
Ali (AL-Rasheid 1996), Saudi Arabian GulfIsland of Tarut (AL-Rasheid 1997b). 
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14. Condylostoma remanei Spiegel 1928 (Fig. 18). 
Elongate, broad, anterior spatulate, terminating in sharply pointed tail. Attains I 

mm in length. Peristome wide, occupies one-quarter of body length. AZM consists 
of 95-125 membranelles. Somatic kineties number 30-34. Macronucleus moniliform, 
consists of 13-20 beads, each 20-30 !lm in length . Agrees with the original 
descri pti on. 

Distribution: Mediterranean and Atlantic Coasts of France (Faure-Fremiet 1950, Dragesco 
1960, 1963, Ghidoni 1975), Cape Cod in east USA (Faure-Fremiet 1951), Gulf of Naples (Nobili 
1957), Barents Sea (Raikov 1960, Kovaleva 1967), Marseille Bay in Monaco (Vacelet 1961) , Gulf 
of Mexico (Borror 1962), Japan Sea at Ussuri (Raikov 1963) and at Posjet Gulf (Raikov and 
Kovaleva 1968), Black Sea (Kovaleva 1966, Bacescu el al. 1967, Petran 1975) , Caspian Sea 
(Agamaliev 1983), Baltic Sea (Bock 1952, Czapik 1952, Fenchel 1969, Hartwig 1974), Brazilian 
Coast (Kattar 1970), Island of Sylt in the German Bight (Hartwig 1973), North Yorkshire in the 
U.K. (Hartwig and Parker 1977), South Wales in the UX (Wright 1982, 1983), Chichester 
Harbour on the English Channel (Carey and Maeda 1985), Saudi Arabian Gulf Islands of 
AI-Batinah and Abu Ali (AL-Rasheid 1996), Saudi Arabian Gulf Island of Tarnt (AL-Rasheid 
1997b). 

15. Condylostoma reichi Wilbert and Kahan 1981 (Fig. 19). 
Elongate, 1.5-2.5 mm in length. Head region and peristome greatly enlarged. 

Body flattened ventrally. Highly contractile. AZM consists of more than 200 
membranelles . Somatic kineties number 72-98. Macronucleus moniliform, 15-22 
beads each 30-35 !lm in length. Contractile vacuole large, posteriorly located. 
Agrees with the original description from the Red Sea and with the recent 
redescription by Dr.agesco and Dragesco-Kemeis (1986). 

Distribution: Red Sea (Wi Ibert and Kahan 1981), Cotonou at the Eastern African coast 
(Dragesco and Dragesco-Kerneis 1986), Saudi Arabian Gulf Island of Tarnt (AL-Rasheid 1997b). 

16. Condylostoma nigra Dragesco 1960 (Fig. 20). 
Ovoid, 150-200 !lm in length . UM large, peristome occupies one-third of body 

length. AZM consists of 61-80 membranelles. Somatic kineties number 20-32. 
Macronucleus moniliform, consists of 10-13 beads, each 20-24 !lm in length . Agrees 
wi th the original description. 

Distribution: French Atlantic coast (Dragesco 1960), Saudi Arabian Gulf Islands of 
AI-B atinah and Abu Ali (AL-Rasheid 1996), Saudi Arabian Gulf Island of Tarnt (AL-Rasheid 
1997b). 

17. Condylostoma tardum* Penard 1922 (Fig; 21). 
Ovoid, 200-250 !lm in length. Peristome small, curving, occupies one-quarter 

length of body. AZM consists of 33-52 membranelles. Somatic kineties number 
30-35. Macronuclei consists of three large ovoid beads each, 27-38 !lm in size. 
Micronuclei three, 8-12 !lm in diameter. The size, shape of cells, and numbers of 
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macro and micronuclei conform with the original description. 
Distribution: French Atlantic coast (Dragesco 1960), Baltic Sea (Czapik and Jordan 1976). 

18. Linostoma vorticella* (Ehrenberg 1833) Jankowski 1978 (Fig. 22). 
Condylostoma vorticella (Dujardin 1841) Penard 1922 

Ovoid, ca. 100 11m in length. Peristome V-shaped, equipped with UM, occupies 

22 

Fig. 20-23. Micrographs of 
protargol-impregnated ciliate 
species found in the Jubail 
Marine Wildlife Sanctuary. 
20) Condyiostoma nigra; 
21) Condyiostoma tardum; 
22) Linostoma vorticella; 
23) Stentor niger. AZM, adoral 
zone of membranelles ; F, food 
vacuole ; Ma, macronucleus; Mi, 
micronucleus; SK, somatic 
IUneties; UM, undulating 
membrane. Bars = 100 ~m, 

unless otherwise indicated. 

one-half of body length. AZM consists of 40 membranelles. Somatic kineties 
number 30. Macronucleus moniliform, consists of 4-6 beads. Contractile vacuole 
terminal. The Saudi population agrees with the recent redescription by Foissner et al. 
(1992). 

Distribution: Atlantic coast of Cameroon (Dragesco 1970), Mobile Bay in USA (Jones 
1974), Hamburg Harbour in German Bight (Bartsch and Hartwig 1984), Caspian Sea (Agamaliev 
1986). 

19. Stentor niger* (Mtiller 1773) Ehrenberg 1831 (Fig. 23). 
Trumpet-shaped to avoidal, ca. 200 11m in length. AZM, UM spiraling; AZM 

consists of 150 membranelles. Somatic kineties spiraling on contraction, number 
55-60. Macronucleus ellipsoidal, 30 11m in diameter. Subpellicular granules 
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yellow-brown in color, which make the cells appear dark in vivo. Symbiotic algae 
absent. This genus have been revised by Foissner and Wolf] (1994). 

Distribution: Atlantic coast of Gabon (Dragesco 1966), Cameroon (Dragesco 1970), and 
Uganda (Dragesco 1972). 

Acknowledgements 

Supported by the Research Center Project No. ZooI1413/26. I would like to 
thank Dr. Irwin R. Isquith, School of Natural Sciences, Fairleigh Dickinson 
University (USA) for assistance in taxonomy of some of the species recorded. 
Thanks are also due to Prof. Dr. Norbert Wilbert, Zoology Department, University 
of Bonn (Germany), for providing working facilities and teaching me his unique 
method of protargol impregnation in his laboratory during 1996 through a visiting 
award by DAAD (German Academic Exchchange Service). Thanks to Prof. Dr. 
Wilhelm Foissner, Zoology Institue, University of Salzburg (Austria), for advice and 
access to his unique literature collection. Thanks to Prof. H.S. Hussein for reading of 
the manuscript. 



137 Khaled A. S. AL-Rasheid 

References 

Abuzinada, A.H. and Krupp, F. (1994) The Arabian Gulf environment and the consequences of 
the 1991 oil spill. Courier Forsch.-Inst. Senckenberg 166: 3-10. 

Agamaliev, F.G. (1983) The Ciliates of the Caspian Sea. Leningrad, 232 p. (in Russian). 

Agamaliev, F.G. (1986) Ciliates of the low-salinity lagoons of the Caspian Sea. Arch. Protistenk. 
131: 201-214. 

AL-Rasheid, K.A.S. (1996) Records of free-living ciliates in Saudi Arabia. I. Marine interstitial 
ciliates of the Arabian Gulf Island of AI-Batinah and Abu Ali. Arab Gulf1. Scient. Res. 14(3): 

747-765. 

AL-Rasheid, K.A.S. (1997a) Records of free-living ciliates in Saudi Arabia. II. Freshwater 
benthic ciliates of al-Hassa Oasis, Eastern Region. Arab Gulf 1. Scient . Res. 15(1): 187-205. 

AL-Rasheid, K.A.S. (1997b) Records of free-living ciliates in Saudi Arabia. III. Marine interstitial 
ciliates of the Arabian Gulf Island Tarut. Arab Gulf1. Scient. Res. 15(3): 733-766. 

AL-Rasheid, K.A.S. (1998) Records of free-living mariane interstitial Karyorelectid ciliates from 
lubial Mariane Wildlife Sanctuary in the Arabian Gulf-Shore of Saudi Arabia. Arab Gulf 1. 
Scient. Res. 16. (in press). 

AL-Rasheid, K.A.S. and Sleigh, M. A. (1995) Distribution and abundance of interstitial ciliates 
in Southampton water in relation to physicochemical conditions, metal pollution and the 
availability of food organisms. Est. Coast. Shelf Sci. 40: 61-80. 

Bacescu, M., Dumitrescu, E., Gomoiu, M. T. and Petran, A. (1967) Elements pour la 
caracterisation de la zone sedimentaire medio de la Mer Noir. Trav. Mus. Hist. Nat. Grigore 
Antipa 7: 1-14. 

Bamforth, S. S. (1963) Limnetic protozoa of Southeastern Louisiana. Proc. LA A cad. Sci. 26: 
120-134. 

Barnes, R. S., SatteUe, D. B., Everton, I. J., Nicholas, W. and Scott, D. H. (1976) Intertidal 
sands and interstitial fauna associated with different stages of salt-marsh development. Est. 
Coast. Mar. Sci. 4: 497-511. 

Bartsch, I. and Hartwig, E. (1984) Die bodenlebende microfauna im Hamburger Hafen. Arch. 
Hydrobio/. , Suppl. 61 : 543-586. 

Basson, P. W., Burchard, J. Jr., Hardy, J. T. and Price, A. R. (1977) Biotopes of the Western 
Arabian Gulf. Aramco Department of Loss Prevention and Environmental Affairs, Dhahran, 
Saudi Arabia, 272 p. 

Bock, K. J. (1952) Zur okologie der ciliaten des marinen sandgrundes der Kieler Bucht I. Kieler 
Meeresforschungen 9: 77-89. 

Borror, A. C. (1962) Ciliated protozoa of the Gulf of Mexico. Bull. Mar. Sci. Gulf Carib. 12: 
333-349. 

Borror, A. C. (1963) Morphology and ecology of the benthic ciliated protozoa of Alligator 
Harbor. Arch. Protistenk. 106: 465-534. 

Borror, A. C. (1972) Tidal marsh ciliates (Protozoa): morphology, ecology, systematics. Acta 
Protozoo/. 10: 29-72. 

Bullington, W. E. (1940) Some ciliates from Tortugas. Pap. Torugas Lab. 32: 179-221 . 

Burkovsky, I. V. (1970) Ciliates of the sand littoral and sublittoral of Kandalaksha Gulf (White 



138 Records of Marine Interstitial Heterotrichida (Ciliata) from ". 

Sea) and the analysis on the fauna of benthic ciliates of other seas. Acta Protozoo/' 8: 
183-201. 

Carey, P. G. (1992) Marine Interstitial Ciliates. An Illustrated Key. Chapman and Hall 
Publications, London, 368 p. 

Carey, P. G. and Maeda, M. (1985) Horizontal Distribution of psammophilic ciliates in fine 
sediments of the Chichester Harbour area. 1. Nat. Rist. 19: 555-574. 

Corliss, J. O. (1979) The Ciliated Protozoa: Characterization, Classification and Guide to the 
Literature. Pergamon Press, Oxford, 455 p. 

Czapik, A. (1952) Untersuchungen tiber die infusorien und rotatorien des ktistengrundwassers und 
des sandbodens der Stalin-Buchl. Arbeit. Bioi. Meeress/Qt. Stalin 17: 61-65. 

Czapik, A. and Fyda, J. (1992) Contribution a la connaissance Cilies psammophiles de la 
Baltique. Acta Protozool. 31: 109-114. 

Czapik, A. and Jordan, A. (1976) Les cilies psammophiles de la mer Baltique aux environs de 
Gdansk. Acta Protozool. 15: 423-445. 

Dragesco, J. (1954) Sur l'ecologie des cilies psammophiles Jittoraux de la region de 
Banyuls-Sur-Mer. Vie et Milieu 4: 627-632. 

Dragesco, J. (1960) Cilies mesopsammiques liuoraux. Trav. Stat. Rosco!! 12: 1-356. 

Dragesco, J. (1963) Complements a la connaissance des cilies mesopsammiques de Roscoff. 2. 
Heterotriches and 3. Hypotriches. Cah. Bioi. Mar. IV: 251-275. 

Dragesco, J. (1965) Cilies mesopsammiques d' Afrique Noire. Cah. Bioi. Mar. 6: 357-399. 

Dragesco, J. (1966) Quelques cilies libres du Gabon. Biologia Gabonica 2: 91-117. 

Dragesco, J. (1970) Cilies libres de Cameroun. Ann. Fac. Sci. Yaounde 141 p. 

Dragesco,J. (1972) Ci1ies libres de l'Ouganda. Ann. Fac. Sci. Cameroun 9: 87-126. 

Dragesco, J. (1996) Infraciliature st morphometrie de ciq especes de cilies mesopsammiques 
mediterraneens. Cah. Bioi. Mar. 37: 261-293. 

Dragesco, J. and Dragesco-Kerneis, A. (1986) Cilies libres de I' Afrique intertropica1e. Fauna 
Tropicale 26: 1-559. 

Elliott, P.B. and Bamforth, S.S. (1975) Interstitial protozoa and algae of Louisiana salt marshes. 
1. Protozool. 22: 514-519. 

Faure-Fremiet, E. (1948) The ecology of some infusorian communities of intertidal pools. 1. 
Animal Ecol. 17: 127-130. 

Faure-Fremiet, E. (1950) Ecologie des cilies psammophiles littoraux. Bull. Bioi. Fr. Beig. 84: 
34-75. 

Faure-Fremiet, E. (1951) The marine sand-dwelling ciliates of Cape Cod. Bioi. Bull. 100: 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 the ciliated protozoa. Ophelia 6: 1-182. 

Foissner, W. (1989) Morpho1ogie und Infraciliature einiger neuer und wenig bekannter 
terrestrischer und limnischer Ciliaten (Protozoa, Ciliophora). Sber. Akad. Wiss. Wien 196: 
173-247. 

Foissner, W. (1991) Basic light and scanning electron microscopic methods for taxonomic studies 
of ciliated protozoa. Europ. 1. Protistoi. 27: 313-330. 



139 Khaled A. S. AL-Rasheid 

Foissner, W. and Wi:ilfl, S. (1994) Revision of the genus Stentor Oken (Protozoa. Ciliophora) and 
description of S. araucanus nov. spec. from South American Lakes. 1. Plankton Res. 16: 
225-289. 

Foissner, W., Berger, H. and Kohrnann, F. (1992) Taxonomische und okologische Revision der 
Ciliaten des Saprobiensystems - Band II : Peritrichia. Heterotrichida. Odontostomatida. 
Injormationsberichte des Bayerischen Landesamtesfor Wasserwirtschaft 5/92: 1-502. 

Ghidoni, F.G. (1975) I Ciliati psammofili ed altri protozoi presenti nei sedimenti del Delta 
Padano. Ateneo Parmense Acta Nat. 11: 551-578. 

Hartwig, E. (1973) Die ciliaten des gezeiten-sandstrandes der Nordessinsel Sylt. 1. Systematik. 
Mikrofauna des Meeresbodens 18: 387-453. 

Hartwig, E. (1974) Verzeichnis der im bereich der deutschen meereskuste anagetroffenen 
interstitiellen ciliaten. Mill. Hamburg Zool. Mus. Inst. 71: 7-21. 

Hartwig, E. (1977) On the interstitial ciliate fauna of Bermuda. Cah. Bioi. Mar. 18: 113-126. 

Hartwig, E. (1980) A bibliography of the interstitial ciliates (Protozoa): 1926-1979. Arch. 
Protistenk. 123: 422-438. 

Hartwig, E. (1986) Phylum Ciliophora (Ciliates). In: Sterrer, W. (ed.) Marine fauna and flora of 
Bermuda. John Wiley and Sons, 104-110 pp. 

Hartwig, E. and Parker, J.G. (1977) On the systematics and ecology of interstitial ciliates of 
sandy beaches in North Yorkshire. 1. Mar. Bioi. Ass. U. K. 57: 735-760. 

Isquith, I.R., Repak, A.J. and Hirshfield, H.I. (1965) Blepharisma seculum, sp. nov., a member 
of the subgenus (Compactum). 1. Protozool. 12: 615-618. 

Jones, E.E. (1974) The protozoa of Mobile Bay. Alabama. Univ. South Albama Monographs 1: 
1-113. 

Kahl, A. (1932) Urtiere oder Protozoa I: Wimpertiere oder Ciliata (Infusoria) 3. Spirotricha. 
Tierwelt Dtl. 25: 399-650. 

Kattar, M.R. (1970) Estudo dos protozoarios ciliados psamofilos do litoral Brasileiro. Zool. Bioi. 
Mar. 27: 123-206. 

Kovaleva, V.G. (1966) Infusoria of the mesopsammon in sand bays of the Black Sea. Zool. 
Zhumal45: 1600-1611. 

Kovaleva, V.G. (1967) New data on the infusorian fauna of the mesopsammon of the Barentz Sea. 
Acta Protozool. 5: 81-88. 

Krupp, F. and Khushairn, O. (1996) The Jubail Marine Wildlife Sanctuary, In : Krupp, F., 
Abuzinada, A.H. and Nader, I.A. (eds.) A Marine Wildlife Sanctuary for the Arabian Gulf 
Environmental Research and Conservation Following the 1991 Gulf War Oil Spill. NCWCD. 
Riyadh and Seckenberg Research Institute, Frankfurt, 17-32 pp. 

Lackey, J.B. (1936) Occurrence and distribution of the marine protozoan species in the Woods 
Hole area. BioI. Bull. 70: 264-278. 

Lackey, J.B. and Lackey, E.W. (1963) Microscopic algae and protozoa in the waters near 
Plymouth in August 1962.1. Mar. Bioi. Ass. u.K. 42: 797-805. 

Larsen, H.F. (1992) Susswasserciliaten aus Grbnland: Blephrisma. Tetrahymena und andere 
Arten. Mikrokosmos 81: 297-302. 

Larsen, H.F. and Nilsson, J.R. (1983) Is Blepharisma hyalinum truly unpigmented? 1. Protozool. 
30: 90-97. 



140 Records of Marine Interstitial Heterotrichida (Ciliata) from '" 

Liepa, R.A. (1978) Ecology of freeliving ciliates of the Latvian Rivers. Protozoologiya 3: 58-65. 

Maghraby, A.M. and Perkins, E.J. (1956) Additions to the marine fauna of Whitstable. Annals 
Mag. Nat. Hist. 12: 481-469. 

de Morgan, W. (1925) The marine ciliates living in the laboratory tanks at Plymouth , with a 

description of a new species, Holophrya corona/a. 1. Mar. Bioi. Ass. u.K. 13: 600-658 . 


Nobili, R. (1957) Contributo all'ecologia dei ciliato psammofili del Golfo di Napoli. Boll. Zool. 

24: 211-225 . 

Ozaki, Y. and Yagiu, R. (1941) Studies on the marine ciliates of Japan, mainly from the 
Setonaikai. II. J. Sci. Hiroshima Univ. (ser. b. div. 1) 9: 159-180. 

Petran, A. (1975) Donnees sur la distribution des cilies psammobiontes dans la profondeur du 
sediment. Rapp. Comm. Int. Mer. Medit. 23: 139-140. 

Patterson, D.J., Larsen, J. and Corliss, J.O. (1989) The ecology of heterotrophic flagellates and 
ciliates living in marine sediments , In: Patterson, D.J. and Corliss, J.O. (eds.) Progress in 
Protistology. Biopress Ltd., Bristol. 3: 185-277. 

Raikov, LB. (1960) La faune interstitielle des infusoires du littoral sableux de la Baie Dalniye 
Zelentzy (Mourmanie Orientale). Trav. Inst. BioI. Mar. Mourmansk. 2: 172-185. 

Raikov, I.B. (1963) Ciliates of the mesopsammon of the Ussuri Gulf, Sea of Japan. Zool. Zhurnal 
42: 1753-1766. 

Raikov, LB. and Kovaleva, V.G. (1968) Complements to the fauna of psammobiotic ciliates of 
the Japan Sea (Psojet gulf). Acta Protozool. 6: 309-333. 

Rao, G. Ch. (1969) The marine interstitial fauna inhabiting the beach sands of Orissa Coast. 1. 
Zool. Soc. Ind. 21: 89- 104. 

Ricci, N., Santangelo, G. and Luporini,P. (1982) Research on the coast of Somalia. 
Sand-dwelling ciliates. Monitore Zool. ltal. NS suppl. 8: 115-148. 

Vacelet, E. (1961) La faune infusorienne des "sables a Amphioxus" des environs de Marseile. 
Bull. Inst. Oceanogr. Monaco 58: 1-12. 

Varma, C.P. (1985) Diversity and ecology of psammolittoral ciliates (Protists) from Shediac 
Harbour, (N .B.), Canada. Acta Protozool. 24: 13-22. 

Wang, c.c. and Nie, D. (1932) A survey of the marine protozoa of Amoy. Contr. BioI. Lab. Sci. 
Soc. China 8: 285-385. 

Webb, M.G. (1956) An ecological study of brackish water ci liates. J. Anim. Ecol. 25: 148-175. 

Wilbert, N. (1975) Eine verbesserte technik der Protargolimpragnation fiir ciliaten. Mikrokosmos 
6: 171-179. 

Wilbert, N. and Kahan, D. (1981) Ciliates of solar lake on the Red Sea shore. Arch. Protistenk. 
124: 70-95. 

Wright, J.M. (1982) Some sand-dwelling ciliates of South Wales. Cah. Bioi. Mar. 23: 275-285. 

Wright, J.M. (1983) Sand dwelling ciliates of South Wales. Cah. Bioi. Mar. 24: 187-214. 

Wright, J.M. and Knight-Jones, E.W. (1990) Ciliophora, In: Hayward, P.J. and Ryland, J.S. 
(eds.) The Marine Fauna of the British Isles and North-West Europe. Clarendon Press, 
Oxford, 1: 14-70. 

(Received 17/05/1998; 
in revisedform 05/09/1998) 



141 Kaled A.S. AL-Rasheid 

~.):r;; 10 ...11 Of>" ~~I~.) ~I ~~..lf.ll ~ 

'-I-."JI ~I J ~~I~I~ :.ro Heterotrichida 

~~~I ~."JI ~4 

.).fA-" ...!.1JJ.1 ~4- - j #1.t)S - ~f..r.L1~c-i 
~.)yo-l/~"""";/~/-11 tol ~tUl-(rtoo)~. ~ 

4A.b:.l1 ~ u y,::>-i ~~Ir :.r' 4.;~1 JlA)1 :.r' u~~~ 
JJ\.>. ,-/-.rJ1~I~ 4.;~1 ~1~tskl~ ~ ).):-IJ -ll.1 ~ lA 

, ~ ~~ ~ , 6.:.k WI u~..y..ll ~.rU ~J ' i' ~ ~ V J , ~ ~ '\ ~ l>­

Ji~~I (~WI JlA)~ .i.iLd1) 4.;~1 ~) U::JI u~~I:.r' ~y 
.1!J' u~~1 Yl..,aj:.r' Yl..,aj i ~ l.Y'~i A j!iJ' Heterotrichida~) 
:.r'j5J~I~I~I'pI~eytsoyAJ}l ~~~y" 0i~~ 
e)'Y\:.r' J5 Ljy 4,;)~ ~.1!J' 4.;~~I ~.rJI o:L1lJ ,-/-.rJ1~I 

. u-JII~ JWI Lj'p~ ~I~~~)I 

http:4A.b:.l1

