














































































































































































































































































































































































18. 65. Cleidochasma fallax Canu and Bassler. Portion of a cOlony showin g the details of zooecia 
.nJ a ,"palu lalc av icu lar ium . 66. C/eidoc/wJllw prorrusa (Thornely). 67. Cleitioc/u/J/l1a .HlIIl/wda sp. 1101'0. 
i Zoar ial view. b. Enlarged view of a colony showing the delails of zooecia . avicul ar ia and ovicells. 
,'.ulgfl1icella lIlarginaTa (Canu and Bassler). a. Form oflhe colony. b. Flared peristome. 



Plate 19. 68. ulgellia/Ja II/argillaf(/ (Canu and Bassler l. c. Zooec ia with two minute lateral avic ular i3. 
~4.lilgenireff{/ plIl/ul/fora (Gabb and Hor n). a. Zoaria l view. b. En larged view of the zooecia with tub ular 
r~rbtome 3nd two minute 13teral 3vicu l3ria. 70. RhYIlc/w:ml/1 rOlllf)(lCflim (Thornely).7 1. Rhr("/1O:ool1 
'drrryr (Au dou in l. 72. RhYIICho:ooll gfolJO.lulII Harmer. A matu re colon y. 



Plate 20. n Ml'{(IC/l'idoc/w.mw plol/lllata (Canu and Bassler), Portion of a colony showing the details 
illlOecia. 74. Triphyllo:ooll/IIIJ11/a/11II1 (Busk), a. Fronta l and ven tral view of lhe colony, b. Ven tral view 

:nIJrg~d. c. Frontal view, d. Frontal view enlarged showing the details of zooecia. 75. a. Triphylfo:ooll 
·.:ilipl'ien.fiJ (Busk). a. Fronta l and ventral view of the colony. 



Plate 21. 75. Triphyl/o:OOIlI'hilippielHix (Busk). b. Vent ral view en larged. c. Frontal view. d.En larged 
;rllOw l \'iew of a mat ure colon y. 76. COlleJc/wreffil1a jtl('wu/a Can u and Bassler. 77. Esclwril1{1 pemllSeriJ 

·Smill ). a. Portion of a mature colony showing the detai ls ofzooecia . b. En larged view of the orifice and 
Jli.'u laria. 



Plate 22.78. PmI1O.\"c;I/{/ 1{/lI/ell(li'nI C<lnu and B<l ssler. <I. Form of the colony. b. Enl<lrged view of the 
,wium. 79. Cri.l"ill I'follgllfll Milne Edwards. Form of the colony. n. Frontal view. b. Ventral view . 

. , Filiai.l"ia sp. a. Form of the colony. b. Enlarged view of the colony. 



Plate 23. 81. Aetea al!~lIina (L innaeus). Form of the colony. 82. Electra cI"IIstlllellt(l (pallas). Portion 
Ilf a live colony showing detai ls of the zooec ia. 83. Electra Cr!HIU/ellla var. borgii Menon and Nair. Rim 
Ilf a colony showing the simple nature of the less calcified zooecial walls. 84. Afderil1{1 arabiallel1siJ Menon 
Jnd Nair. 85 CaleKlwra mexicm/(/ Osburn. 86. Synl101I1I1111egrptiaclIlII (Audouin). 



Plate 24. 87. BI/gl/fa CI/CI/flala Busk. a. A vicu laria, ovicelL b Ponion of a colony showing the details of 

l!X1!!cia. 88. T/w/all/o/HJreflo ro::.ierii (Audouin). 89. Cribrilioria sp .. a. Zooecia at different stages of 
,Tllw[h. b.lnterzooecial spaces. 90. Parasmillil1{1 m'iell/ala ( Mawatar i). 



Plate 25.91. Stomatopora granulata (Milne-Edwards), Portion of a colony showing the uniserial zooecia. 
92. Aicyonidium erectum (Silen). 93. Victorelfa pavida Kent, a. A simple zooid. 94. Bowerbankia gracilis 
leidy, a. Zooecium with protruded lophophore 95. Triticella korenii Sars, a. A single zooid, b. A bud. 
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Plate 26. 93. Victorella pavida Kent, b. Zooecium with protruded lophophore, c. 
Lophophore, d. Disintegrated polypide. 94. Bowerbankia gracilis Leidy, b. A zooid with 
a caudate end, c. An empty zooid. 95. Triticella korenii Sars, c. A portion of the colony. 
96. Nolella papuensis (Busk), a. A single zooid. b. A zooid with a brown body. c. An 
empty zooid. 97. Electra bengalensis Menon and Nair, a. Portion of a colony showing 
the details of zooecia, b. Zooecia without marginal spines, c. Operculum; i-v. Opercula 
with varied spines. 98. Electra indica Menon and Nair, a. Portion of a colony showing 
the details of zooecia, b. Lateral tubercle, proximal tubercle, c. A zooecium with an 
elongated tubercle. 99. Labioporella sinuosa (Osbum). 100. Parasmittina tubula 
(Kirkpatrick), a. Portion of a colony showing the details of zooecia, b. A zooecium with 
the avicularium (see the Lyrule and the cardelles). 101. Schizoporella cochinensis Menon 
and Nair, a. Portion of a colony showing the details of zooecia, b. Two fertile zooecia. 
102. Fenestrulina malusii Audouin, a. Portions of a colony showing the details of 
zooecia, b. A fertile zooecium. (Courtesy Menon, 1967; 1972 b, c and Menon and Nair, 
1970 a) 
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Chapter 2. Taxonomic account 

Genus Ellisina Norman, 1903 

Ellisina Norman, 1903: 596; Canu and Bassler, 1917: 19; 1920: 84; Osburn, 1950: 104. 

Genus Ellisina was created by Norman (1903) to include specimens originally assigned 

to the genus Membranipora. The species described by Hincks in 1882 as Membranipora 

levata was designated as the genotype. Osburn (1950) has quoted the distinguishing 

characters of three species described by Hastings (1945) under Ellisina to assign the 

generic character. Therefore, the genus Ellisina was created from three species and 

those characters are ovicells immersed in kenozooecia, vicarious avicularia and an 

autozooecium. Apart from these, the other characters are membraniporine zooecia; 

endozooecial ovicells often closed by the operculum, vicarious pointed avicularia and 

lateral pore chambers. Confusions still exists regarding this genus since when erected 

by Norman (1903), the type specimens were from Queen Charlotte Islands although the 

diagrams were prepared from Gulf of St. Lawrence. Curiously enough the Gulf of St. 

Lawrence specimens belong to another genus. However Hastings (1945) corrected this 

error. Examination of various species coming under this genus especially those 

described by Canu and Bassler (1923) has resulted in assigning some of the species 

coming under this genus to a new genus Ellisinidra. This genus is noted for 

representations from tropical, subtropical and temperate waters. 

103. Ellisina levata (Hincks), 1882 

Membranipora levata Hincks, 1882: 249. 
Ellisinidra levata Canu and Bassler, 1933: 18. 
Ellisina levata Hastings, 1945: 87; Osburn, 1950: 104. 

Plate 27: Fig.103 

Occurrence: Found encrusting on other bryozoans collected from Antarctic waters at a 

depth of 200 m. 

Salient features: Lz= 965 \.I; Iz=550 \.I 

Encrusting zoaria although showing smooth surface under simple microscope is 

provided with distinct gymnozooecial and cryptozooecial tubercles. The size of the 

zooecia varies between 900 to 1000\.1 and 500 to 600 \.I. The zooecia are separated by 

conspicuous wedges. Gymnocyst is very narrow and should be manifested clearly 

laterally. Cryptocyst is tuberculated and broad proximally. Opesial chamber could be 

elliptical, oval or sometimes elongated. Zooecia at the area of branching, possess 

broadened gymnocyst. The ratio between opesial area and the calcareous zooecial 
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Chapter 2. Taxonomic account 

walls is very high. Interzooecial avicularia are invariably present and are laterally 

directed. There are distinct calcareous protuberances separating the proximal part of the 

avicularia from the distal portion. The distal part of the avicularia is slightly elevated and 

the mandibular tip is triangular. Pore chambers are present with porous dietellae. The 

elevation of the rostral part of the avicularium is provided with smooth calcareous 

deposits. The ooecium is embedded in between zooecia. The proximal portion of the 

ovicell is not calcified. The margin between the zooecia and ovicell is not frontally 

visible. The position of the ovicell on the proximal part of the zooecia enables opercular 

closure of the zooids. 

Remarks: The present record of this species from Antarctica extends the distributional 

domain of this species to the Southern Ocean. A very interesting feature is the 

conspicuous difference in the dimensions of the zooecium. While Hastings (1945) and 

Osburn (1950) found colonies of moderately smaller zooecium. The material under 

observation here is distinctly large, although morphologically similar. This probably 

indicates the possibility of extended growth of the colony before attaining sexual 

maturity. It is not clear whether changes in morphometries could substantiate placement 

of the material under a new variety. Not withstanding this it looks logical to assign them 

to the already existing species and possibly look into the reasons for enlargement of the 

zooecium. The bulbous kenozooecia harbouring the ovicell is typical and probably 

Hastings (Ioc.cit.) demands the creation of a new species, which she named as E. 

antarctica under E. levata by Osburn. 

Records from the Antarctic waters: This is the first record of this species from the 

Antarctic. 

Distribution: Houston Stewart Channel, Cumshaw, British Columbia (Hastings, 1945); 

Santa Barbara Islands, California (Osburn, 1950). 

Genus Amphiblestrum Gray. 1848 

Amphiblestrum Gray, 1848: 660. 

Encrusting zoaria, opesia trifoliate. 

104. Amphiblestrum inermis (Kluge), 1914 

Membranipora inermis Kluge, 1914: 663. 

Plate 27: Fig.104 
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Chapter 2. Taxonomic account 

Occurrence: Specimens obtained from collections made at a depth of 200 m during the 

Third Antarctic Expedition. 

Salient features: Lz= 720 - 9001-1; Iz= 4201-1 

Encrusting zoaria, with large hexagonal either narrow or broad zooecia. The margins of 

the zooecia are raised and typically rounded and minutely denticulate giving a distinct 

margin, separating the adjacent zooecia. The cryptocyst proximally granulated and 

distally smooth. The opesia is trapezoid. The varied development of the cryptocyst and 

bilateral projections into the opesia in distinct manner at four locations give the opesium 

a very characteristic trifoliate structure. There are well-developed ovicells, which have 

distinct, median, less calcified and proximodistally raised margins giving them typical 

hooded appearance. The vicarious avicularia superimposes the proximal region of the 

zooid and the greater development of the rostra I structure gives them a bulbous 

appearance. The pointed mandibles have a medium sclerite with a distinct triangular 

distal portion and a rounded proximal end. The zooids are characteristically calcified. 

Very minute adventitious avicularia could be noticed in some zooids. Pore plates 

present. 

Remarks: The present finding of substantially grown, sexually mature specimens from 

the Antarctic is of immense distributional importance. Harmer who has done intensive 

work on distribution of bryozoans of the Indo-Australian Archipelago has not come 

across A. inermis. The bathymetry of this particular species is of interest since they are 

normally found in deeper waters ranging from 20-300 m where the bottom 

characteristics have been described basically formed of stone, gravel or silt. The 

present material was collected from a depth of 200 m were the temperature was -2°C 

and possibly below 1 % light depth. The nature of calcification in the present material is 

of interest in that, the zooecia are very delicate in structure and possibly contain more 

refined calcium carbonate which would be having a greater shear strength once the 

skeleton is incorporated with chitinous material. The presence of ovicells with "miter-like" 

shape, which is less calcified probably, is due to replacement of the operculum, which 

normally shields the opening of hyperstomial ovicell. M. inermis was described by Kluge 

(1914), as a new species from the collections of German south polar expedition 1901-

1903 and any further comment would be made after inspecting the specimens of Kluge 

deposited in the Berlin museum. 
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Records from the Antarctic waters: Gauss station, Antarctica (Kluge, 1914). 

Distribution: Antarctic waters (Kluge, 1914). 

Family Chaperiidae Jullien, 1881 

Family Chaperiidae has been given new diagnosis and has resulted in the inclusion of 

numerous species majority of which were made by Gordon 1982. Though Jullien 

established the family in 1881, Canu (1900) erected a new genus based on an extinct 

genus Marginaria that was also grouped under Chaperiidae by Jullien. Canu (loc.cit.) 

placed the specimens referred by Jullien in a different family resulting in a single genus 

for the family Chaperiidae. Jullien (loc.cit.) emphasises the size of opesia and occlussor 

laminae associated with the insertion of occlussor muscles. However, Waters (1898) 

realized that certain genera or species assigned to Membranipora (sensu lato), 

belonged to Chaperia. However he had to stick to the basic characters of 

Membranipora, especially the absence of ovicells and avicularia, when he included the 

additional genera or species. Levinsen (1909) recognized the importance "of occlussor 

laminae" although unfortunately, placed Chaperia in Bicel/ariidae. Canu and Bassler 

(1923) followed by Harmer (1926) retained Chaperia under Membraniporidae. 

Notwithstanding the above reasons Canu and Bassler (1923) recognized two groups of 

species under Chaperia. Those lacking ovicells and avicularia and those with 

hypostomial ovicells and avicularia. Harmer (1926) however, felt that the above 

characters should help in subdividing genus should that happen. Now Gordon (1982) 

has assigned around 50 species both recent and fossil falling into two groups as 

indicated by Canu and Bassler (loc.cit.). Uttley (1949) proposed a new genus 

Chaperiopsis to include those groups which has got avicularian ovicells. Brown (1952), 

however, rejected this classification. The findings of Uttley and Bullivant (1972) 

introduced three new generas with species which has ovicells, avicularia and variously 

developed orificial laminae. 

Genus Ice/ozoon Gordon, 1982 

Zoaria encrusting, uniserial, dichotomous. Extensive cryptocyst granular typically 

delimited from the smooth bordering gymnocyst. Occlussor laminae conspicuously well 

developed. Oral spines present. Avicularia lacking. Ovicell hood-like with a narrow 

proximo-frontal fenestra. Multiporous mural septula present. 
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105. Icelozoon lepralioides (Kluge), 1914 

Chaperia dichotoma Kluge, 1914: 668. 
Iceloloon lepraloides Gordon, 1982: 16. 

Chapter 2. Taxonomic account 

Plate 27: Fig.105 

Occurrence: Found encrusting on other bryozoans collected from Antarctic waters at a 

depth of 200 m. 

Salient features: Lz= 550 - 64011; Iz= 330 - 51011 

Colony encrusting, uniserial, dichotomously branched. Opesia transversely oval, 

encircled by a smooth narrow rim, which is slightly elevated. Cryptocyst broad, granular 

distinctly delimited by the narrow, smooth gymnocyst. Spines not found but the zooecia 

provided with eight circular bases from which the spines would have been dislodged. 

Well-developed occlussor laminae with a very distinct broad, distal base, which gives 

the structure a characteristic flat shelf like appearance. Ovicells and avicularia not 

noticed. 

Remarks: Gordon (1982) has basically used the species described by Kluge (1914) to 

create this genus and used Chaperia dichotoma as the type species. He has also 

brought C. lepralioides under the genus Icelozoon and has remarked that this species is 

very similar to C. dichotoma but for variations noticed in the mode of branching. These 

characters were considered by Uttley (1949) to split the genus Chaperia into two 

genera. Brown (1952) rejected this idea "If one accepts Brown's contention that 

Chaperia includes Kluges' species as well as those considered here to be referable to 

Chaperiopsis, then we have a genus-group-taxon considerably more heterogeneous 

than most other cheilostome genera" (p.16 Gordon, 1982). Convincingly the name 

Iceloloon means 'similar animals' aptly coined by Gordon. 

Records from the Antarctic waters: Wilhelm II coast (Kluge, 1914). 

Distribution: Antarctic waters (Kluge, 1914). 

Genus Chaperia Jullien, 1881 

Colony encrusting. Opesia large, cryptocyst narrow to a distinct shelf. Negligible 

gymnocyst. Avicularian chambers may obliterate the gymnocyst. Occlussor laminae 

present variously developed. Spines present bordering the opesia. Avicularia present on 

the gymnocyst, at times absent. A typical median distal avicularia present. Vicarious 
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avicularia occasional. Hyperstomial ovicells with frontal ridges could be mounted by an 

avicularia. 

106. Chaper;a quadr;sp;nosa Kluge, 1914 Plate 27: Fig.106 

Chaperia quadrispinosa Kluge 1914: 668. 

Occurrence: Specimens obtained from collections made at a depth of 200 m during the 

Third Antarctic Expedition. 

Salient features: Lz= 800 - 102511; Iz= 600 - 65011 

Colony encrusting pyriform zooids, truncated proximally. Large opesia circular, bordered 

by a smooth narrow cryptocyst, bounded on both sides by a thin raised mural rim. 

Gymnocyst slightly developed and smooth. Four spines present, two each latero-distally 

placed. The nature of the spine not fully known as majority of them was dislodged from 

the colony during processing. Occlussor lamina well developed, the lateral part of which 

is slanting and joining distally in such a fashion that two paired laterodistal concavities 

are formed. A distinct tapered small avicularium present on the distal ends of the 

zooecium while a large median bulbous avicularia present at the proximal region of 

some zooids. However, the raised rostral portions of these avicularia are not found 

probably, dislodged during processing. The rostral portion of the median avicularium is 

at the tip. There are no pivot bars although the foramen is considerably large. Vicarious 

avicularia rare not encountered in the process of photography. Hyperstomial ovicell 

small. 

Remarks: Kluge's (1914) original description of the species based on the material 

collected from the Gauss station of South Antarctic shows median bulbous avicularia he 

considered the centrally placed and distally directed avicularium are adventitious based 

on the size and contiguity with the mother zooid. He has even suggested that these 

avicularia can be considered as separate group showing distinct proximally smooth 

mandibles. The spines that has been described and figured are stout. He found three 

distinct pore-plates laterally which contained 8-14 pores. The ovicells, which were 

hyperstomial, was provided with a distinct opening that was strengthened by its rim. 

Records from the Antarctic waters: Gauss station (Kluge, 1914). 

Distribution: Antarctic waters (Kluge, 1914). 
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Genus Clipeochaperia Uttley and Bullivant, 1972 

C/ipeochaperia Uttley and Bullivant 1972: 19. 

This genus was created to include those genera of Chaperiidae, which have a frontal 

shield form of 2 to 4 avicularia bearing processes which are anchored to the gymnocyst 

proximally and fusing distally. Two oral spines present, possibly as part of the avicularia. 

Occlusor lamina not distinctly developed. Grooved oral rim. Vicarious avicularia present. 

Ovicells with a foramen. 

107. Clipeochaperia funda Uttley and Bullivant, 1972 Plate 27: Fig.107 

C/ipeochaperia funda Uttley and Bullivant, 1972:19; Gordon, 1984: 37. 

Occurrence: Found encrusting on other bryozoans collected from Antarctic waters at a 

depth of 200 m. 

Salientfeatures: Lz= 1015 -116011; Iz= 615 - 62011 

Encrusting colony very small in size. Small zooids with a completely hidden opesia due 

to a frontal calcareous shield formed by the fusion of the basal portions of the rostra of 

2-4 avicularia. This fusion has produced a bizarre looking frontal area for the zooecia 

and often the rising tips of the avicularia give a characteristic rugged appearance to the 

front. The fusion of the avicularian bases and the extension up to the orifice gives the 

species probably characteristic ascophoran morphology. 

Remarks: The electronmicrographs very clearly indicate the obliterated front of the 

zooecium. The randomly distributed minute avicularia gives the surface of the colony a 

macrotuberculated appearance. Calcification seems to have occurred in different stages 

resulting in small concavities, which are so characteristic of ascophorans. The 

hyperstomial ovicell very clearly seen in the figure has a median finely granulated 

portion as in the case of Amphib/estrum and the rim beginning from the proximal lateral 

portion of the ovicells and ending in a distal tip giving it a typical inverted V-shape. 

Records from the Antarctic waters: This is the first record of this species from the 

Antarctic. 

Distribution: New Zealand (Uttley and Bullivant, 1972); Otago Shelf (Gordon, 1984). 
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Family Onychocellidae Jullien. 1882 

Family characters given in Sec. 2.7, p. 67. 

Genus Chondriovelum Hayward and Thorpe. 1988 

Chondriovelum Hayward and Thorpe 1988: 6. 

Species coming under this genus have thick well-defined marginal gymnocyst, well­

developed cryptocyst reduced opesia, characteristic vicarious avicularia with well­

developed rostral cryptocyst. Ovicells merged. 

108. Chondriovelum adeliense Hayward and Thorpe, 1988 

Labioporel/a adeliense Livingstone 1928: 41. 
Chondriovelum adeliense Hayward and Thorpe 1988: 6. 

Plate 27: Fig.108 

Occurrence: Specimens obtained from collections made at a depth of 200 m during the 

Third Antarctic Expedition. 

Salient features: Lz = 90011; Iz =48011 

Zoaria bilaminar and frondose. Dry colonies very white in colour. Dimorphism apparent 

with enlarged vicarious avicularia with a characteristic bend. Tubercles present. Opesia 

very much proximal in position and relatively reduced in size. Pore-plate present on the 

distolateral walls. The vicarious avicularium has a porous rostrum bearing characterized 

trifoliate calcareous ridges, which forms a relative depression at the distal end of the 

vicarious avicularium. Mandibles not noticed but could be asymmetrical when judged 

from the shape of the large vicarious avicularia. Typically Antarctic in distribution. The 

opesial margin in the distal portion mildly crenulated. 

Remarks: No material is available with the author for comparison. Similarly no 

description of the species could be found in recent literature available. This species has 

been described by Hayward and Thorpe (1988) [personal communication Gordon]: The 

characteristic shape of the vicarious avicularium and the distal structure of the 

cryptocyst are characters, which might help distinguishing the species from the other 

species of selected genera coming under family Onychocellidae. Cryptocyst well 

developed but distally less calcified. In that respect this comes very close to Ogiva/ia 

elegans. 

170 



Chapter 2. Taxonomic account 

Records from the Antarctic waters: Adelie Land, Antarctic (Hayward and Thorpe 

1988). 

Distribution: Antarctic waters (Hayward and Thorpe 1988). 

Family Steginoporellidae Hincks. 1884 

Family characters given in Sec. 2.7, p. 69. 

Genus Steginoporella Smitt. 1873 

Generic characters given in Sec. 2.7, p. 69. 

109. Steginoporella magnilabris (Busk, 1854) Plate 28: Fig.109a & b 

Membranipora magnilabris Busk, 1854: 62. 
Steginoporella magnilabris (Busk) Hincks, 1882: 123; Busk, 1884: 75; Harmer, 1900: 

279; Thornely, 1912: 145; Osburn, 1914: 196; Harmer, 1926: 277; Cook, 1964: 
53; Pouyet and David, 1979: 784; Winston, 1984: 10; Soja and Menon, 2005: 11. 

Occurrence: Specimens obtained from collections made at a depth of 200 m during the 

Third Antarctic Expedition. 

Salientfeatures: Lza= 84411; Iza= 55511: Lzb= 115011; Izb= 61511. 

Colonies encrusting. Alcohol preserved material brownish in hue. Large zooecia 

dimorphic with smaller 'A' type zooids and larger 'B' type zooids, which are commonly 

interspersed. Elongated zooecia has raised granular proximal margins with a distinct 

round distal rim, separating the zooecium from the succeeding one. The orifice, which is 

distally placed, has a distinct A- shape which is due to the presence of the strikingly 

flared cryptocystal armature. Elevated distal rim of the zooecia gives a very 

characteristic appearance to the species. Apart from the meristic differences between 

the 'A' and 'B' zooid, there are structural variations like semicircular operculum in 'A' 

zooids reinforced by 'u' shaped sclerite and bordered by a rake-like chitinous teeth. The 

'B' zooid on the other hand have larger opercula and are more rounded, sclerite with A­

shaped and the marginal teeth larger. Ovicells absent. 

Remarks: Steginoporella is a genus, which has received enormous attention from 

bryozoologists. Steginoporellids from the Caribbean according to Winston (1984) 

contain more than one species. Cook (1964) and Pouyet and David (1979) thought that 

these species especially S. magnilabris is tropical and sub-tropical in distribution. In an 
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excellent treatise of the anatomy of this species, Harmer (1900) has gone into 

dimorphism and its relation to reproductive organs, structure of opercula, mandibles, 

associated muscles and pore-plates. In fact, there are at least 7 species of this genera 

distributed in the Indo-Australian Archipelago. The present material was obtained from 

69°54'OO"S and 12°49'OO"E at a depth of 200 m where the temperature was -2°C, which 

is highly significant. Previous records of this species have all been from either tropical or 

subtropical areas. No clear-cut morphological difference between the present and that 

of Winston (1984) who got this material from the Caribbean, the second largest reef of 

the world. It is surprising that two populations of the same species, which are so wide 

apart geographically, exhibit the same morphological characteristics irrespective of 

contrasting environmental situations. 

Records from the Antarctic waters: This is the first record of this species from the 

Antarctic. 

Distribution: Cosmopolitan in tropical waters. Antarctic waters (Soja and Menon, 2005). 

Family Cellariidae Hincks, 1880 

Family characters given in Sec. 2.7, p. 77. 

Genus Cel/aria Ellis and Solander, 1786 

Generic characters given in Sec. 2.7, p. 77. 

110. Cel/aria tecta Harmer, 1926 Plate 28: Fig.110 

Cellaria tecta Harmer, 1926: 340. 

Occurrence: Specimens obtained from collections made at a depth of 200 m during the 

Third Antarctic Expedition. 

Salient features: Lz= 800Il; Iz= 320ll 

Zoarium formed of branches connected at nodes. The internodes moderately stout and 

may contain 10-11 zooecial rows. A colony is formed of straight or slightly sinuous 

forked branches. Zooecia five serial, pentagonal with rounded distal angles. The opesia 

distal, a small median process protrudes into the opesia. This process is highly calcified, 

rounded broad tubercle-like, sometimes giving two lateral drawn-out spaces. The 

proximal horizontal portion occupies the greater part of the front. The front is depressed 
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often inverted arch-like producing a clear-cut depression centrally. The cryptocyst is 

surrounded by a pair of ridges, which has a groove in the center. The proximal part of 

the cryptocyst rugged and does not give any clear-cut prominent calcareous tubercles. 

The avicularia latero-distallydirected with no conspicuous median process. The distal 

portion of the avicularia tapers and the lateral sides elevated giving a typical arched 

nature. Ovicell present, inconspicuous, represented by the presence of openings at the 

distal part of the zooecia. 

Remarks: The basic difference noticed between C. tecta described by Harmer (1926) 

from the Indo-Australian Archipelago Islands and the present material from the Antarctic 

is the variation in the shape of the avicularia and the direction. The figures given by 

Harmer (loc.cit.) shows avicularia, which are distally directed. However, the absence of 

a complete median process is a common feature in both the materials. Harmer (loc.cit.) 

has not given serious reference in the direction of the avicularium. The common 

comparable feature is the triangular mandible, which is broad at the base and tapers 

distally. Harmer (loc.cit.) has examined colonies, which had rootlets. The present 

material consists of only fragments and hence does not give any indication of having 

rootlets. But the presence of fragmented internodes probably indicates the possibility of 

having rootlets to help anchorage as in the case of any cellariform bryozoans. An 

important feature to be noticed here is the presence of this species as south as 

69°54'OO"S near the Antarctic Circle. The relatively heavier calcification is another factor 

to reckon with. 

Records from the Antarctic waters: This is the first record of this species from the 

Antarctic. 

Distribution: Celebes (Harmer, 1926). 

111. eel/aria prae/onga Harmer, 1926 Plate 28: Fig.111 

Gel/aria prae/onga Harmer, 1926: 342. 

Occurrence: Specimens obtained from collections made at a depth of 200 m during the 

Third Antarctic Expedition. 

Salient features: Lz= 880Il; Iz= 320ll 
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Delicate zoarium with nodular joints branched, attached by basal bundle of rootlets, 

cylindrical internode with quinquncially arranged zooids. Zooecia triserial and two zooids 

on the frontal area widely spaced. The median zooecia deciding the distance between 

the opesia of the succeeding zooecia. A distinct median ridge facilitates joining of the 

zooecia. This median ridge is slightly raised and distinctly calcified. The proximal 

cryptocyst convex except at the base of the distal median elevation where it could be 

slightly depressed. The opesia very near to the distal end with two distinct proximal 

teeth placed laterally. The opesial margin raised throughout with distinct calcification. 

Nonporous cryptocyst with spinule-like elevations, which gives it a distinct puckered 

appearance. The electronmicrographs of the lateral view of the cryptocyst also reveals 

that the median separation distinctly raised and could be provided with these spinule­

like structures. Neither ovicell nor avicularia were noticed. 

Remarks: This species of Gel/aria appears to have a clear-cut difference from the rest 

of the Cellarids collected from the Antarctica. Harmer (1926) created this species to 

incorporate long and narrow triserially arranged zooecia with opesia, which is almost 

distally placed. The presence of spinules on the cryptocyst was not noticed by Harmer 

(loc.cif.) probably due to the absence of facilities for higher magnification. Curiously 

enough, he has not mentioned this in his descriptions also. The specimens were 

collected from south Celebes by Harmer and the present material came from Antarctica 

thereby, extending the distribution to typical Antarctic boreal waters. 

Records from the Antarctic waters: This is the first record of this species from the 

Antarctic. 

Distribution: Celebes (Harmer, 1926). 

112. eel/aria aurorae Livingstone, 1928 Plate 28: Fig.112a & b 

Gel/aria aurorae Rogick, 1965: 404; Hayward and Thorpe, 1988: 12. 

Occurrence: Specimens obtained from collections made at a depth of 200 m during the 

Third Antarctic Expedition. 

Salient features: Lz= 75011; Iz= 60011 

Moderately slender zoarium with hexagonal zooecia arranged quinquncially. Zooecial 

margins separated by distinct calcareous walls, which are slightly elevated so as to give 
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the appearance of calcareous ridges. Gymnocyst virtually absent. Cryptocyst well 

developed with marginal minute pores and provided with small tubercles, which gives 

the front a distinct rugged appearance. The orifice is squarish with the proximal margin 

distinctly raised and arched. Two minute tubercles present on the lateral sides of the 

proximal margin. The thickened ridge of the orifice seems to be a distinct feature of the 

species. The proximal portion of the orifice has an elevated hump like structure, which 

could be reinforced calcareous thickening of the cryptocyst. Two small fenestrae on both 

sides of this hump were noticed. Ovicells endozooecial with openings touching the distal 

zooecial margin. Vicarious avicularia not noticed in the material available for 

examination. 

Remarks: No material is available with the author for comparison. Similarly no 

description of the species could be found in recent literature. This species has been 

described by Hayward and Thorpe (1988) [personal communication Gordon]: The 

characteristic shape of the zooecia and structure of the cryptocyst are characters, which 

might help to distinguish the species from the other species of selected genera coming 

under family Cel/ariidae. 

Records from the Antarctic waters: Antarctic (Hayward and Thorpe 1988). 

Distribution: Antarctic waters (Hayward and Thorpe 1988). 

Genus Swanomia Hayward and Thorpe, 1989 

This genus was created by Hayward and Thorpe (1989) to include species, which are 

Cellariform and has zooecial characters comparable to other species of the genus. 

Profusely distributed and relatively large sized vicarious avicularia and distinct zooecial 

margins exemplified by deep grooves. At present this genus represents only Antarctic 

species. 

113. Swanomia membranacea (Hayward and Thorpe), 1989 Plate 29: Fig.113 

Gel/aria membranacea Thornely 1924: 12. 
Swanomia membranacea Hayward and Thorpe 1989: 16. 

Occurrence: Specimens obtained from collections made at a depth of 200 m during the 

Third Antarctic Expedition. 

Salient features: Lz= 680/1; Iz= 500/1: La= 7501-1; la= 4001-1 
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Zoaria cellariform. Tubular branches of the colony contains 8-10 jointed zooecia giving it 

a circular shape. Zooids are more or less squarish in shape and difference between the 

length and the width of the zooecia not as different as those found in other cellarids. 

This itself makes the present form under consideration unique. Gymnocyst not well 

developed although the zooecial margins are considerably calcified and raised. 

Cryptocyst broad proximally and is provided with minute granule-like elevations and not 

tuberculated. The opesia is relatively deep and more or less oval in shape with relatively 

broader proximal region. Vicarious avicularia characteristic, numerous and the 

mandibular portion triangular, relatively extended, proximally raised. The rostrum having 

a structure and shape not normally found in cellariforms. The proximal portion of the 

avicularia seems to be edentate so as to create, a typical triangular area, which gives 

this portion the structure and nature of an elevated process. This phenomenon gives the 

impression that the proximal part of avicularia is immersed in the interzooecial space. 

The margins of the zooecia are very distinct. No ovicells noticed. 

Remarks: The specimens were collected from Antarctica but not from the type locality. 

Distribution of bryozoans is rather abundant towards the Australian region of the 

Antarctic and the present finding of this species very near to the Antarctican continent 

significantly enhances the distributional area of this species. The genus Swanomia is 

not represented in the Indian Ocean. The vicarious avicularia looks to be gigantic and in 

this respect supports the assumption that these structures may be involved in capturing 

larger particles, which must be a rarity in the deeper part of the Antarctic Ocean. This 

character could be described as anomalous since gigantism in vicarious avicularia 

seldom occurs in cellariforms. 

Records from the Antarctic waters: Antarctic (Hayward and Thorpe 1989). 

Distribution: Antarctic waters (Hayward and Thorpe 1989). 

Genus Melicerita Milne-Edwards, 1836 

Melicerita Winston 1983: 690. 

"Zoarium compressed, bilaminar, rigid, lobate, ligulate or foliaceous, articulated or 

continuous. Zooecia usually dispersed in transverse rows, surface areolated, and area 

rhomboid or hexagonal. Orifice sub-central, semicircular or oblong, border entire with 

two articular teeth below and sometimes also above" Busk (1884). 
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114. Melicerita obliqua Thornely, 1924 Plate 29: Fig.114 

Melicerita obJiqua Winston, 1983: 690. 

Occurrence: Specimens obtained from collections made at a depth of 200 m during the 

Third Antarctic Expedition. 

Salient features: Lz= 720~; Iz= 480~ 

Colonies are flattened, straight or curved reaching around 10 cm length and to 1 to 1.5 

cm in width. Colonies tend to be broader distally and rather pointed proximally getting 

attached by rootlets. Zooecia are hexagonal in shape. The frontal pores are numerous 

and those located centrally tend to get enlarged in size. Hexagonal zooids are arranged 

in longitudinal rows. The zooidal boundaries are distinct and the separation could be 

detected by the presence of thin calcareous margins. The presence of distinct rows of 

zooids and their longitudinal distribution give the colony a fascicled appearance. The 

ascopores are within the orificial margin and are not discernible externally. Operculum 

when dislodged by crushing gives a typical orificial shape. The ovicells are embedded. 

Remarks: This species is found in abundant number in Antarctic waters. Silen (1980) 

while considering the mode of attachment of bryozoan Scrupocel/aria, where the 

attachment is ephemeral mainly attained by the ancestrular rhizoids noticed that 

subsequent attachment is effected by rhizoids developed from each zooid. Attachment 

in the case of erect colonies with highly calcified zooids is important since lack of 

calcification would result in breakage of colonies by water movements. It may be 

assumed that in the case of Antarctic benthic bryozoans, the presence of highly calcified 

colonies necessitates the development of rhizoids. In the case of MeJicerita, which have 

large colonies, the capacity for the formation of rhizoids is limited to the basal portion of 

the colony. This would help them to oscillate under water currents. However, 

dislodgement would result in the death of the colony, since regaining perpendicular 

posture would be difficult without the help of lateral rhizoids. The colonies examined in 

the present instance were found to have over growth of other bryozoans like Lacerna 

sp. and Reginel/a sp. This might be an indication of partial mortality of the colony. 

Records from the Antarctic waters: Ross Sea and Adelie Land (Rogick, 1965; 

Androsova, 1972; Winston 1983). 
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Distribution: Antarctic waters (Rogick, 1965; Androsova, 1972; Winston, 1983, Geetha, 

1994) 

Family Cribrilinidae (Hincks, 1879) 

Family characters given in Sec. 2.7, p. 80. 

Genus Reginella Jullien, 1886 

Zooecia with the front formed by voluminous ribs on the exterior surface, with the pores 

diminishing in size from the talon of the rib to its extremity. These intercostal furrows 

traverse over the entire zooecium and each pair of ribs separated transversely. Orifice 

arched with the inferior lip mucronated, marginal spines mayor may not be present on 

the proximal arch. Avicularia unknown. 

115. Reginella sp. Plate 29: Fig.115 

Occurrence: Found encrusting on other bryozoans collected from Antarctic waters at a 

depth of 200 m. 

Salient features: Lz= 1080 -13001-1; Iz= 800 - 8801-1 

One colony consisting of 20 zooecia was obtained from the Antarctic waters. The front 

with numerous costae of very minute size exemplifies the costal character only in the 

margins. Numerous minute intercostal pores, which even tends to merge at the center in 

some zooecia. The orifice is elevated with 2 distinct spinules placed proximolaterally 

and provided with slight calcareous thickening. Apart from the proximal protuberances 

very minute calcareous tubercles present on the distal portion of the circular vase-like 

orifice. Presence of avicularia is a distinct feature and they seem to be placed at the tip 

of minute extended calcareous peduncles. Avicularia variously placed and with minute 

pointed mandible. No ovicells noticed. Until the time when fresh material is obtained, the 

present colony is retained in the genus Reginel/a. 

SUB-ORDER ASCOPHORA (Levinsen, 1909) 

Characters given in Sec. 2.7, p. 82. 
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Family Romancheinidae Jullien, 1888 

Zooidal frontal wall with marginal pores only. Primary orifice typically with Iyrula and 

condyles; enclosed by a well-developed peristome and with conspicuous oral spines. 

Avicularia present. Ovicell prominent, imperforate. Basal pore-chambers present. 

Genus Escharella Gray, 1848 

This includes species having a frontal wall with marginal pores only. The primary 

aperture typically with Iyrula and condyles, which are enclosed by a peristome and 

provided with oral spines. Avicularia absent. Prominent ovicells, non-porous. 

116. Escharella mammillata Hayward and Thorpe, 1989 Plate 29: Fig. 116 

Escharella mammillata Hayward and Thorpe, 1989: 371. 

Occurrence: Specimens obtained from collections made at a depth of 200 m during the 

Third Antarctic Expedition. 

Salient features: Lz= 16501-1; Iz= 8251-1 

Encrusting zoaria like coherent sheets. The colony can also be in the form of narrow 

lobes consisting of one or two series of autozooids. These lobes could merge to form 

irregular sheets with varying orientation. Zooecia are large broadly rounded, distally 

often tapering to give a volcanic appearance. The proximal portion of the raised area 

may have varying calcareous thickenings. Interzooecial borders are well defined with 

deep ridges because of the mammillate shape of the zooecia. Coarsely granulated front 

provided with two or three series of minute marginal pores. The primary orifice broader 

than long with an indistinct Iyrule. Typically oral spines are absent but one or two spine 

bases present in zooecia. Ovicells not noticed. 

Remarks: The mammillate appearance of the zooecia according to Hayward and 

Thorpe (1989) can become distally tapered in later ontogeny. The zooecia are very 

large as long as 1.6 mm and as broad as 0.82 mm. The species was collected from the 

Antarctic from a locality, which recorded a temperature of _2°C indicating extreme 

thermal tolerance by the species. This species, which was created by Hayward and 

Thorpe in 1989 were mainly from the Clarence Island collected by the Discovery 
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Expedition. The present material was collected by Sagar Kanya during the 3rd Indian 

Antarctic Expedition. 

Records from the Antarctic waters: Clarence Island (Hayward and Thorpe, 1989). 

Distribution: Antarctic waters (Hayward and Thorpe, 1989). 

Genus Escharoides Milne Edwards 1836 

Encrusting colony. The frontal wall with conspicuous marginal areolae. The proximal 

border of the orifice with denticles or a projection described as "spout-like" (pg. 71 

Gordon, 1984) peristome. Oral spines present, number variable. Avicularia paired lateral 

to the orifice. Prominent ovicells with tatiform ancestrula. 

117. Escharoides praestida (Waters), 1904 

Smittina praestida Waters, 1904: 67. 
Escharoides praestida Rogick, 1955: 444. 

Plate 29: Fig. 117a; PI. 30: 117 b 

Occurrence: Found encrusting on other bryozoans collected from Antarctic waters at a 

depth of 200 m. 

Salient features: Lz =720 IJ; Iz= 565 IJ 

Encrusting zoarium with areolate pleurocyst. Convex frontal often converging towards 

the primary orifice projecting onto a non-areolate peristome. Conspicuous short oral 

spines characteristically four in number, these dislodged spines having distinct areolate 

tubercle. Ovicells present and when present the oral spine reduced to two. Ovicell 

globose with lateral areolae. Oval avicularia when present placed high up at either or 

both sides of the peristome. There is a distinct beak in the peristome which is laterally 

placed. Mandible broad typically thimble shaped. Lyrules and cardelles absent. 

Remarks: This species was collected from the Antarctic waters and a well-preserved 

colony was available for examination. The scanning electronmicrographs at lower 

magnification gives the impression that the zooecia has a front which is shaped like a 

tent terminating in distinct porous marginally elevated areolae. It seems that calcification 

increases, as a function of age and older zooids will possess valley-like calcareous 

thickening ending in areolae. Slight raising of the tip of the rostrum has resulted in the 

development of a thimble like mandible. Reduction in the number of spines in the case 
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of fertile zooecia probably indicates dislodgement of the spine or involvement of the 

spines in the formation of ovicell. Rogick (1955) had given an extensive description of 

this species, which she redescribed from the materials; collected by Waters (1904). A 

character of the species that she observed was the laterally placed avicularia on the 

peristome, which she felt as the shoulder of the zooecia. Indirectly referring to the tent­

like shape of zooecia she has remarked that the orifice is terminal, which is not in 

confirmative with the vocabulary used to describe ascophorans. This species looks to be 

typically Antarctic in character collected from deep stati9ns where the temperature was 

nearer to 0°. The present specimens were recorded from a station where the 

temperature maintained was -2°C which seems ideal for delicate calcification. 

Records from the Antarctic waters: Ross Sea (Rogick, 1955; 1965). 

Distribution: Antarctic waters (Rogick, 1955; 1965). 

Family Sclerodomidae Levinsen, 1909 

Celiarinelia, is one of the most abundant bryozoan species of this family present 

abundantly in Ross Sea. The most striking feature .of the species is the lack of 

operculum. Sexual reproduction is minimal and increase in number is known to be 

effective by fragmentation and subsequent growth by asexual reproduction. Some 

species have colonies formed of delicate tube like branches, assuming a height of a few 

centimeters. There are species with stout flattened branches. The zooids have a thick 

calcified front with large pore~. They lack external boundaries, which are evidences of 

separation or demarcation of individuals. Extensive calcification below the orifice creates 

bumpy protuberances on the surface of the colony. The Celiarinellids are totally different 

from other cheilostomes in that they lack operculum. Open orifice leads to a long curved 

passage with extensive calcification and internal avicularia. Embryos develop inside the 

ovicelis that are embedded frontally. 

Genus Cellarinella Waters, 1904 

Cellarinella Winston, 1983: 689. 

This genus is characterized by massive colonies which are erect. The zooids are 

arranged as fascicles. The highly umbonated orifice facing both the sides. Vicarious 

avicularia or avicularia embedded in the peristome may be present or absent. Highly 
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porous tremocyst gives the colony coralline structure. Avicularia when present placed on 

an umbo. This genus is exclusively distributed in the Antarctic. 

118. Cellarinella laytoni Rogick, 1956 Plate 30: Fig. 118a & b 

Cellarinella laytoni Rogick, 1965: 405; Winston, 1983, 689. 

Occurrence: Specimens obtained from collections made at a depth of 200 m during the 

Third Antarctic Expedition. 

Salientfeatures: Lz= 1080J..l; Iz= 5401-1 

Erect colonies formed of zooids arranged multiserially in a circular fashion give the 

colony fascicled appearance. Zooid rows may vary from three to six at areas of 

bifurcation. A conspicuous feature of this species is the drawn out umbonal structure. 

The orifice deeply embedded and not visible on superficial examination. The tremocyst 

highly perforated. Vicarious avicularia placed frontally with their mandibles directed 

laterally. Normally single avicularia placed at the umbonal projection, therefore, hidden. 

Avicularian mandibles triangular in shape with pointed tip. Highly porous tremocyst has 

uniformly arranged tremopore's. These tremopores give serial sequences at the points of 

bifurcation. No ovicells noticed. 

Remarks: This genus represents an important member of the family Sclerodomidae. 

The species of this genus had a wide bathymetry and are known to reach physical 

diversity at great depths. The reasons for wide benthic distribution may be due to the 

lack of uniform hydrographical features of the benthic regions. It is known that broad 

depth zonations of the species of Cellarinella occur covering several hundreds of meters 

in the Antarctic waters C.laytoni is having a restricted spatial distribution. Moyano (1978) 

estimated that cyclostome bryozoans share about 50% 'of species with the Antarctican 

bryozoans. However, among the cheilostomatous bryozoan of the Antarctic Cellarinella 

occupies a very important position. 

Records from the Antarctic waters: Ross Sea (Rogick, 1965; Winston, 1983). 

Distribution: Antarctic waters (Rogick, 1965; Winston, 1983). 

119. Smittina favulosa Hayward and Thorpe, 1989 Plate 30: Fig.119 

Smittina favulosa Hayward and Thorpe, 1989: 365. 
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Occurrence: Found encrusting on other bryozoans collected from Antarctic waters at a 

depth of 200 m. 

Salientfeatures: Lz= 120011; Iz= 72011 

Erect colony whitish in hue, could be encrusting also in habit. Zooecia nearly oval with 

the distal portion distinctly raised in the form of secondary orifice. Zooecial margin 

distinct, canaliculated and' provided with conspicuous calcareous thickening. 

Tremopores highly porous. The marginal pores merging to form larger concavities, this 

is especially so in the area where the peristomial elevation occurs. Peristome with 

calcareous thickening and a distal flare elevated from the succeeding zooecia. A clear­

cut suboral avicularium present occupying either the lower portion of the peristome or 

slightly displaced depending on the axis of growth of zooid. 

Remarks: This species was created by Hayward and Thorpe from Terra Nova material 

collected from St.No.339 from the Ross Sea. They have opined that this species 

resembles S. punctata of Powell but lacks avicularia. The present material differs from 

S. favulosa described by Hayward and Thorpe (loc.cif.) in the absence of ovicells which 

invades into the succeeding zooecium. The ovicells described by the authors was found 

to have 4-6 irregular frontal foramina. The material at hand was collected from off Prince 

Astrid Land at 200 m. The depth of sampling of the Terra Nova material from the Ross 

Sea was 256 m and the present material came from a station further north located at 

69° 54'S and 12°49'E . Probably this species is a typical representative of the Antarctic 

waters. The meristic characters of the present specimens are very similar to that of 

those examined by Hayward and Thorpe (1989). 

Records from the Antarctic waters: Ross Sea (Hayward and Thorpe, 1989). 

Distribution: Ross Sea (Hayward and Thorpe, 1989). 

120. Dakariella concinna Hayward, 1993 Plate 30: Fig.120 

Dakariella concinna Hayward: 1993:1410. 

Occurrence: Found encrusting on other bryozoans collected from Antarctic waters at a 

depth of 200 m. 

Salient features: Lz= 1800 -21 OOjJ; Iz= 900 -1050 jJ 
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Colony foliaceous, unilaminar, probably detached from substratum on which the 

encrusting part of the colony .grows. The zooecia of enormous size often achieving a 

length of 20001-1 and a width of 10001-1. Characteristically marginal pores enlarged. The 

rest of the front provided with median size to minute pores. The zooecial margins 

separated by thin calcareous thickenings. Orifice with a characteristic sinus. The 

laterodistal portion of the orifice elevated and slightly flared. Avicularia not noticed. The 

absence of pores in this region of the zooecia gives the secondary orifice a distinct 

bedecked appearance. 

Remarks: This species was originally described from the Antarctic waters by Hayward 

in 1993. It is assumed that this species is very common in the higher latitudes. The 

present material collected in copious quantities came from the Antarctic at a latitude of 

60054'00"S but the lack of literature regarding this species makes further comparison 

difficult. 

Records from the Antarctic waters: Ross Sea (Hayward, 1993). 

Distribution: Antarctic waters (Hayward, 1993). 

Family Lacernidae Jullien, 1888 

Front a pleurocyst with numerous areolar pores. The aperture is rounded with a 

furrowed narrow sinus. A vestibular arch present, suboral or lateral avicularia near the 

aperture. Peristome with stout oral spines. Hemispherical, hyperstomial ovicells, not 

closed by the operculum. 

Genus Lacerna Jullien, 1888 

Characters same as that of the family. 

121. Lacerna waters; Hayward and Thorpe, 1989 Plate 30: Fig.121 

Lacerna waters; Hayward and Thorpe 1989: 371. 

Occurrence: Found encrustir:Jg on other bryozoans collected from Antarctic waters at a 

depth of 200 m. 

Salient features: Lz= 745 - 8751-1; Iz= 630 - 6901-1 

Encrusting colony distinctly whitish in hue. When not disturbed grows into broad flat 

sheets. Hexagonal autozooids, typically rounded, broad and flat. Interzooecial 
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demarcation by means of distinct grooves formed by channel-like calcareous 

thickenings. The front with minute calcareous tubercles giving a distinct shape of hills 

and valleys. Pores are absent at the central portion of the zooids. The margin provided 

with regular stellate pores characteristically placed on the marginal space adjacent to 

the interzooecial grooves. Primary orifice wide with a characteristic sinus. The median 

sinus and the raised lateral proximal margins obliterate the condyles, which are 

otherwise not distinguishable. The orifice gives the shape of the English alphabet '0'. 

The horizontal bar of the '0' occupying the center proximal portion with centrally placed 

'U' shape sinus. Ovicells well developed typically placed distally, highly calcified and 

provided with stellate marginal pores very similar to those found in the autozooids. The 

placement of the ovicell is such that the operculum is snuggly closed by the orificial 

openings. The globose ovicell very common in mature zooids. Spines absent. 

Remarks: This species according to Hayward and Thorpe (1989) is endemic to the 

Antarctic. L. watersii was created by these authors as they found that this was different 

from the well established L.hosteensis, which has short primary orifice and ridged 

condyles. The nodular calcification of the front was also considered as a distinct specific 

character of this species by these authors. The species described by Levinsen in 1928 

as L.hosteensis therefore was considered as a synonym of this species mainly because 

of the concept that this species is endemic to the Antarctic. The present collection is 

from a locality further north of Ross Sea which looks to be the main geographical area of 

distribution. 

Records from the Antarctic waters: Ross Sea (Hayward and Thorpe, 1989). 

Distribution: Antarctic waters'(Hayward and Thorpe, 1989). 

122. Rhynchozoon tubulosum (Harmer, 1957) 

Mucronella tubulosa Hincks, 1880: 383. 
Rhynchopora longirostris Hincks, 1881 :125. 
Mucronella tubulosa Thornely', 1905: 124. 
Rhynchozoon longirostris Hastings, 1930: 729; 1932: 439. 

Plate 31: Fig.122 

Rhynchozoon tubulosum Harmer, 1957: 1064; Menon and Nair, 1967a: 2; 1974a: 117; 
Gordon and d'Hondt, 1997: 59. 

Occurrence: Found encrusting on other bryozoans coll~cted from Antarctic waters at a 

depth of 200 m. 
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Salientfeatures: Lz= 15001-1; Iz= 675 1-1 

Encrusting with the distal ends of zooecia raised from surface in the young condition. 

Zooecia arranged in quincunx, convex, separated by distinct grooves. Peristome, 

conceals the primary orifice, which is rounded with a slightly arched proximal border. 

Sinus wide and shallow. Conspicuous mucros present, usually three in number but in 

some, there may be only two. Mucros very conspicuous, usually long, the median one 

associated with the two lateral ones when the number of mucros is three. The median 

mucro may be flat or knob like, while the lateral ones comparatively shorter than the 

median one. Sub-oral avicularia rarely represented. Frontal avicularium large placed 

horizontally, the tip directed proximally, rostrum with a rounded tip. Ovicells 

hyperstomial, the ectooecium calcified and imperforate, represented as a narrow rim. 

The exposed frontal surface of the ovicell bears tubercles. 

Remarks: These specimens though resembling Rhynchozoon tubulosum do show 

variations. Harmer (1957) noticed that the median mucro in his specimens was minutely 

denticulate and recurved, but in the present form the median mucro does not possess 

any denticulation. The recurring of the median mucro was noticed in cases where the 

same has grown long. The number of the mucro was more or less constant. The nature 

of the zooecia placed at the centre of the colony and ,towards the periphery showed 

minor variations. Areolar pores are noticed in the zooecia placed at the rim of the colony 

whereas they are inconspicuous in the regions where high calcification has taken place. 

The sinuation of the secondary orifice was noticed in few cases where the number of 

mucros was only two. The number of frontal avicularia was much less, sometimes even 

absent in few colonies examined. Harmer (loc.cit.) reports the same feature in the 

colonies collected from Siboga station 810. The ovicells are similar to the descriptions 

and figures given by Harmer. From the descriptions of R. tubulosum it seems that 

characters like the nature of ,spreading, the sub-oral avicularia and mucros may show 

variations. The differences noticed in the present instance may probably be considered 

as those that come within the range of variations that occur in this species. Detailed 

examination of more material and comparison with the type material are essential before 

reaching a final conclusion. 

Records from Antarctic waters: This is the first record of this species from the 

Antarctic. 
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Distribution: South Africa (O'Donoghue and Watteville, 1935); Indian Ocean (Thornely, 

1912); Ceylon (Thornely, 1905); Sulu Archipelago and Kei Island (Harmer, 1957); 

Australia (Hincks, 1880); Great Barrier reef (Thornely, 1912); Victoria (Mac Gillivray, 

1883; 1890); Bass Strait (Hincks, 1880; Hastings, 1930). 

Family Phidoloporidae Gabb and Horn, 1862 
I 

Family characters given in Sec. 2.7, p. 136. 

Genus lodictyum Harmer 1957 

Fenestrate zoarium, calcareous part brilliantly coloured or white. Peristome dimorphic. 

At first projecting their orifices with more or less distinct teeth and denticles. Spines 

absent. Descending lamina of ovicells produced into a labellum with a median keel, 

generally terminating distally in a minute pore, which is the stigma. Avicularia present. 

123. lodictyum anomala sp. novo Plate 31: Fig. 123a, b, c, d & e 

Material: 

Holotype: MOD: Reg. No: 2006.98.123, Third Antarctic Expedition, Station 

bearings Lat. 69°54'00"S and Long.12°49'00"E . 

Paratype: Third Antarctic expedition, Station bearings Lat. 69°54'00"S and 

Long.12°49'00"E. 

Occurrence: Specimens obtained from collections made at a depth of 200 m during the 

Third Antarctic Expedition. 

Salient features: Lz= 780 IJ; Iz= 425 IJ 

Zoarium lattice like. Whitish in hue and merger of zoarial branches results in the 

formation of fenestrae of varying size although typically it is elongated oval. Zooecia 

arranged quinquncially on the branches, the merger of which forms the lattice. Various 

type of avicularia profusely distributed on the frontal and basal surface. Essentially 

based on the shape and size, three types of avicularia are very common. Two types are 

elongated oval and the third one is adventitious. The elongated oval avicularia are of 

two types, larger one usually placed proximal to a blunt umbonate structure. Some 

zooecia will harbour a second avicularia, which will then be invariable smaller. The 
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direction of the rostrum of the avicularia could either be towards the proximal portion or 

distal. As a rule every zooid harbours one avicularia frontally. The frontal umbonate part 

is placed on the proximal portion of the secondary orifice. These structures are distinct 

calcareous elevations which may be pointed though with a semicircular blunt frontal 

portion in the scanning electron micrographs. The more or less straight part of the umbo 

descends into the secondary orifice, which is compressed spatulate in shape. There are 

two ill-defined condyles and very mild Iyrules. Frontal pores are present and are placed 

normally on either side of the avicularia near the base of the umbonate structure. The 

adventitious avicularia of which a few have been noticed are placed on the sides of the 

fenestrae they are huge and, are provided with a tapering mandible and rostrum. The 

adventitious avicularia are elevated and in size more or less equal to that of the zooecia. 

The zooecial margins are delineated by thin calcareous crenulations. The distal portion 

of the secondary orifice is relatively sunk into the proximal part of the succeeding one. 

The basal portion is characteristically provided with numerous avicularia of 2 types and 

shape. Minute pores are also present. The presence of these avicularia makes the 

material a unique one. 

Remarks: Harmer (1934) who created this genus under the family Reteporidae based 

on the character of the ovicells, which he found having k.eeled labellum. He also created 

two groups of species in this genus. He has described 12 species belonging to both the 

group among which four where new to science. The material before me can be placed 

under the genus lodictyum mainly by virtue of shape and number of avicularia, the , 
shape of the orifice and the presence of sinus but no ovicell was noticed in the present 

material. Among the species described by Harmer (loc.cif.) under this genus, the 

present material come very near to I.sanguineum but differs clearly by virtue of the 

possession of a stout flat umbonate structure often bigger than the secondary orifice 

and more or less placed like a wall in the proximal portion of the orifice giving the orifice 

a sunken posture. It is convinced that the present material has not been described by 

anybody and the fact that it came from Antarctic waters helps me in placing this under a 

new species. The material was dried and has therefore lost colour. 

Records from the Antarctic waters: This is the first record of this species from the 

Antarctic waters. 

Distribution: Antarctic waters. 
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Genus Reteporella Busk, 1884 , 

Zoarium typically ramose or fenestrate. The zoarial branches anatomizing to form 

narrow slit-like fenestrae. Frontal pores present normally two in number. Peristome with 

a closed labial pore with labial avicularia on one side of it. Spines could be represented 

by spine bases. Ovicells immersed and usually persisting as a narrow median fissure 

and the descending lamina. 

124. Reteporella parva Hayward, 1993 Plate 32: Fig. 124a, b & c 

Reteporella parva Hayward, 1993: 1424. 

Occurrence: Specimens obtained from collections made at a depth of 200 m during the 

Third Antarctic Expedition. 

Salient features: Lz= 10501-1; Iz= 325 1-1 

Zoarium reticulate, fenestrae formed by anastomosing branches. Junction where the 

anastomosing takes place there could be 7 to 8 serially arranged zooecia. Zooecial front 

is more or less smooth with 2 marginal pores, which could be variously placed. Wide 

primary orifice with less conspicuous denticulations. Sinus typically circular formed by 

the fusion of the lateral walls of secondary orifice. This could be displaced to sides 

depending on the mode of growth of zooecium. Wheri. laterally placed invariably the 

front will be slightly elevated at that part of the zooecium to give it a cylindrical posture. 

Oral spines represented by two spine bases. A minute' avicularian structure noticed in 

one zooecia. Ovicells sunk and represented by a semicircular flat calcareous disc. In 

zooecia where the ovicells are not developed the portion is represented by elongated 

slit with a minute pore. Probably this could be also a denuded fertile zooecia. Two types 

of avicularia present basally. Variously directed avicularia, could be small or large. 

Horizontal rostra I septum present in all types of avicularia. The avicularian mandible 

distinct frontally and specifically demarcated basally by thin calcareous ridges. 

Remarks: The species under observation can be placed under R.parva described by 

Hayward (1993). The material used by Hayward is the Discovery collection from the 

Antarctic and Sub-Antarctic region. The material examined did not have the large 

marginal fenestral avicularia, which are seen in figure given by Hayward. The elevation 

of the front giving the secondary orifice a peristome like structure with tuberculation, 

where the reasons for the creation of this species by Hayward. He did notice small 
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avicularia with oval rostrum with conspicuous pores on the basal side of the zoarium. 

However, his material did not have ovicells and he remarked that ovicells unknown 

which is not the case in the present materials where the typical reteporelline ovicells 

were observed. Since the type locality is very near to the place from where the present 

material was collected they are assigned to this species. 

Records from the Antarctic waters: Ross Sea (Hayward, 1993). 

Distribution: Antarctic waters (Hayward, 1993). 

Family Plagioeciidae Canu, 1918 

This family includes species of various genera mainly here marked by the nature of the 

ovicell. The ovicell is oblong transverse sac obliterating a specific number of zooecial 

tubes and it tends to develop nearby zooecial margins. The ooeciostome is small equal 

to or less than the zooecial diameter. The zoarial tubes are distinct and there are no 

adventitious tubes. 

Genus Plagioecia Canu, 1918 

The ovicell long transverse sac obliterating a certain number of zooecial tubes. Usually 

developed in the vicinity of the zoarial margins. The opeciostome is smaller than the 

zooecial diameter. The peristomes are isolated from each other. 

125. Plagioecia patina (Lamarck, 1816) Plate 32: Fig. 125 

Tubu/ipora patina Lamarck, 1816: 163. 
Diastopora patina Hincks, 1880: 458; 0' Donoghue and 9' Donoghue, 1923: 14. 
Plagioecia patina 0' Donoghue and 0' Donoghue, 1926: 21; Osburn, 1953: 631. 

Occurrence: Found encrusting on other bryozoans collected from Antarctic waters at a 

depth of 200 m. 

Salientfeatures: Lz= 750IJ; Iz= 125 IJ 

The zoarium variable in form rounded or lobate totally encrusting or partially free. The 

zooids are embedded through most of their length but vertically erected by short , 
peristomes. Minute pores present throughout the zooecial front. The peristomial 

aperture not circular could be elongated oval or irregular. The tip of the peristome is thin 
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but the damaged ones exhibit the layered porous nature of the peristome. Ovicells not 

noticed. 

Remarks: The material was collected from the Antarctic. and the examined colonies did 

not possess ovicells. The peristome also did possess minute pores at the base. Only the 

distal tip was devoid of these pores. Lack of fertile colony makes any further comparison 

difficult. 

Records from the Antarctiq waters: This is the first record of this species from the 

Antarctic waters. 

Distribution: Chatham Island, Galapagos, Lower California (Osburn, 1953). 

, 
Family Horneridae Smitt 1867 

Zoarium erect branching like a tree with rounded stem and branches. Zooids opening on 

the frontal side. Inflated gonozooid. Ovicell on the frontal· side. Inflated gonozooid. 

Genus Hornera Lamouroux, 1821 

Characters same as that of the family. There is moderate sized encrusting base, 

branching similar to that of the tree but the girth of the branch significantly reduced in , 
successive branches. The species of this genus are highly coloured, red or purple. 

126. Hornera spinigera Kirkpatrick, 1888 Plate 32: Fig. 126a & b 

Homera spinigera Kirkpatrick, 1888: 80; Harmer, 1915: 178. 

Occurrence: Specimens obtained from collections made at a depth of 200 m during the 

Third Antarctic Expedition. 

Salient features: Lz= 850~; Iz= 300 ~ 

Zoaria branching without clear-cut internodal separations. The zooecia completely 

merged to forma a clear-cut stem like structure for the colony. The interzooecial margins 

evidenced by very inconspicuous calcareous lines. The frontal pores present variously 

distributed. The lateral side of the branches evinces more number of longitudinal pores. 

The peristome bent and elevated, in younger branches projecting out of margin of the 

branch. Minute spinules present at the tip of the peristome of colonies belonging to the 
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old part of the zoarium. The preserved material did not show any clear-cut colour 

differences. The peristomiallumen has minute denticles jutting into the lumen. 

Remarks: One conspicuous difference noticed between the present specimens, 

collected from the Antarctic and those described from Harmer (1915) from the Celebes 

was the produced tips of the peristome in younger colonies; Harmer (loc. cit.) has 

remarked that such spine like structure need not be present in the peristome of older 

zooids. The broadest area of the present material had quadriserial arrangement of 

zooids, though this was disrupted at the area where the branches emerge. Clear-cut 

edendations has been noticed in the axis of a branch, which probably represents a 

damaged ovicell. Not withstanding some morphological variations, the material is 
I 

assigned to H.spinigera. 

Records from the Antarctic waters: This is the first record of this species from the 

Antarctic. 

Distribution: Sulu Archipelago, Celebes (Harmer, 1915). 
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Plate 27. 103. ElliIill(l fewu(f (Hinds). A fenile zooecia. 104. AmphibfeJlrWII illermiJ (Kluge). Portion 
ora colony showing the prox imal ga in t avicula ri a. 105 . lcelo:ooll /eprafioideJ (Klu ge). A young colony. 
106. Cltaperia qlladrispil10sa Klu ge. A matu re colony with two type of avicularia. 107. C/6podwperia 
11111(10 Utt ley and Bull iva nt. 108. Cfumdriol'ellllll adefiellSe Hayward and Thorpe. Port ion of a colony 
,howing vicarious avicu laria. 



Plate 28. 109. Slegilloporeffll 1I111!!,lIifll/JriJ (Busk). a. Form of the colony. b. Enla rged view of the zooids . 
. 1). fI'l/will 1('("((1 Harmt:r. Portion of a colony showing the proximal latera lly directed av icularia. 
!1. Cdf(/ria prellfollga Harmer. 11 2. CeI/aria mmml(' Li vingstone. a. Form of the colon y. with other 

' r ~{lLOanS allached on it. b. Enlarged view of the zooids. 



Plate 29. II I SlI'tll/omia II/emb,.(///(/cea Hayward and Thorpe. Cellariform colony wi th vica rious 
J\ ll'u laria. 114. Metieeriw ohliq"a Thornely. a. Ce ll ari form colony. b. Zooids en larged. 11 5. Regillel/a sp .. 
Pllflion of a colony. with other bryozoans auached on il 116. E5('iJarl'll(lllwmmillala Hayward and Thorpe. 
11 7. E.~('I/(/milles prae.Hida (Waters). a. A fertile colony. 



Plate 30. 117. Escharoides praestida (Waters), b. Colony attached on other bryozoans. 11 8. Cellarinella 
!lloni Rogick, a. Cellariform colony, b. Zooids enlarged showing orificial avicularia. 119. Smiftjlla favulosa 
Hay",'ard and Thorpe. Zooids enlarged showing medianly placed avicu laria. 120. Dakariella condllna Hayward. 
!:!. Lacema warersi; Hayward and Thorpe, A fertile colony. 



Plate 31. 122. Rhynchozoon rubulosum (Hincks). 123. lodict)'um alJomala sp. novo., a. Frontal and 
wnlral view of the colony, b. Ventral view enlarged, c. Frontal view en larged, d. Pointed avicularia at 
Ihe rim of the fenestrae, e. Frontal view enlarged showing the details of orifice and rounded aviculari a. 



~ale32 . 124. Reteporella PlllT{/ Hayward. a. Ventral view enlar ged. b. Frontal view enlarged . c.F rontal 
;~ 'howing the detail s of orificial avicularia and ovicells. 125. PI{/giof!ci{/ "milla (Lamarck). 
:- HOrllera spil1igera Kirkpatrick. ~ Form of the colony. b. Ponion of a colony showing branchin g. 
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Bryozoans are a widely distributed taxa. However, its abundance and diversity vary 

geographically and seasonally according to the environmental conditions. The inherent 

capacity of many bryozoans to tolerate wide rang,e of abiotic variables has also favoured 

its geographical distributions. The tolerance to environmental factors may either be 

genetic or non-genetic. An aspect adding to the wide distribution of this group is its 

potential to withstand physical abrasion due to water-transported particles and rubbles. 

Evolutionary success of this group has been explained in terms of the ways in which 

they have solved the problem by increasing calcification and thereby support and 

protection of soft tissues and feeding organs without sacrificing the hydrostatic method 

of lophophore protrusion (Cheetham, 1971; Schopf, 1977).The compressive strength of 

bryozoan walls both frontal and lateral (Best and Winston, 1984) and their contribution 

to overall colony protection revealed that compressive strength of bryozoan walls is 

comparable to that of corals, bivalve shells, echinoid spine and vertebrate bone. The 

capacity of the animal to tolerate the high pressure at greater depths has helped in 

expanding the bathymetric distribution of this group to a depth of 6000m. 

The capacity to adapt varying environmental conditions by the ancient cheilostome 

bryozoan species is indicated by their presence as fossils in limestones and shales 

deposited in shallow and deep waters. This group has a very impressive 

palaeogeological history and the distributional patterns would be essentially controlled 
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by larval transport. The assumption that latitudinal discontinuity in distribution in 

microbenthos is basically mode of reproduction dependant, could be cited as an 

example for the absence of bryozoans in all latitudinal boundaries, notwithstanding the 

uniqueness in environmental characteristics. Characteristic faunal assemblages have 

been recognized in various geographical locations, very clearly exemplified by the 

assemblages in Galapagos Islands, Baja California, Indo-Australian archipelago, the 

Great Barrier Reef region, the European Mediterranean, various Pacific Islands, the 

Antarctica etc. 

Ekman (1953) felt that the ultimate aim of zoogeography was not only the understanding 

of the present regional system by revealing the history, but also the way which led to the 

establishment of the present faunistic systems. The goals of zoogeographic research 

can generally be applied for the study of (1) delineation and characterization of each 

distinct faunal area (2) tracing the history of the fauna and (3) using zoogeographic data 

to augment our knowledge about the course of evolution. Researchers, who have had 

the privilege of working on the systematics of marine animals that are widespread, have 

found a close relationship between distributional and evolutionary patterns. This means 

that the accumulation of detailed knowledge about the distribution of species and higher 

categories can often be very useful in reconstructing the path of evolutionary change 

within a given group. Zoogeographers are interested in the various faunal areas of the 

world and in the distributional patterns of individual animal groups. Studies along these 

lines are rewarding, since they lead to a better understanding of the faunal areas, their 

history, and perhaps - most important of all -, the phylogeny of certain widespread 

groups of animals (Briggs, 1974). 

The landmass that now forms the continent of Antarctica is formed of two unequally 

sized fragments that were once part of the large continental landmass of Gondwana. In 

the early Cretaceous, about 120 million years ago, the southern hemisphere was 

dominated by Gondwana, with the Tethys Sea to the north and the proto-Pacific to the 

south. By the early Cenozoic, Gondwana had fragmented significantly and South 

America, Africa and India had all moved well away from Antarctica and Australia. Many 

of the details of the break-up of Gondwana are still unknown (Clarke and Crame, 1997). 

Evidences demonstrated by the distribution of fossil and extinct plants and animals say 

that South America, Africa, Antarctica, New Zealand and Australia were formerly part of 

the super continent Gondwana (Moyano, 1996). Marine invertebrates and vertebrates 

also show zoogeographical links between these very isolated lands. Bryozoans, due to 
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their highly calcareous exoskeleton, offer an excellent material for the study of 

zoogeographical links. 

The Indian Ocean is the third largest of the world oceans. The boundaries of the Indian 

Ocean are roughly defined from the African coast at 200E to the Australian and 

Indonesian coasts in the west and from being landlocked in the north by the Indian 

subcontinent to 60° S, where it meets the Southern ocean. It is defined to include the 

Red Sea, Andaman Sea, Arabian Sea, Flores Sea, Gulf of Aden, Gulf of Oman, Java 

Sea, Persian Gulf, Savu Sea and Strait of Malacca, with 38 countries making up the 

coastal states of the Indian Ocean Region. The principal bathymetric features of this 

ocean are the Southwest Indian Ridge and Mid-Indian Ridge in the west and the 

Southeast Indian Ocean Ridge and Ninety east Ridge in the east. The Indian Ocean 

region's climate is dominated by the northeast monsoon (December to April) and 

southwest monsoon (June to October) and the currents that these monsoons generate 

(Keesing and Irvine, 2005). 

The Indian EEZ is home to a diverse array of ancient and unique faunal assemblages. 

The dissimilarities between the west and east coasts are remarkable. The west coast is 

generally exposed with heavy surf and rocky shores and headlands whereas the east 

coast is generally shelving with beaches, lagoons, deltas and marshes. The west coast 

is a region of intense upwelling associated with southwest monsoon whereas the east 

coast experiences only a weak upwelling associated with the northeast monsoon, 

resulting in marked differences in hydrographic regimes, productivity patterns and 

qualitative and quantitative faunal composition. The Bay of Bengal, which receives 

enormous quantities of freshwater from the rivers emptying into it from the Indian 

subcontinent, essentially has a relatively less saline upper layer, limiting conventional 

mixing of waters form greater depths. 

Zonation of the Antarctic bryozoans is greatly linked to the presence of ice, both along 

the coastline, where scouring ice action prevents the colonization of shallower depths as 

well as offshore and deeper water, due to the input of fine and coarse sediments 

discharged by ice melting. These inputs interact with the currents creating a large-scale 

mosaic of environmental situations, which in turn cause patchiness in the distribution of 

benthic assemblages. Though several expeditions have been exclusively devoted to 

research on the marine ecology of the Ross Sea and Weddell Sea regions, "The 

Challenger Expedition" (1873-1875) is one of the pioneer efforts to study the faunal 
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compositions of this secluded hostile environment [Fig. 6]. Studies on the physical 

environment and the flora and fauna have helped to understand the physiological 

process that governs its functioning. The Third Antarctic Expedition by India was 

conducted with the objectives of research on the physical, chemical and biological 

environments. The stations, from where collection was made, fall within a coastal belt 

and the fauna is well characterized by the frequency of bryozoans. All these specimens 

were easily recognizable due to their larger size and peculiar morphologies. 

It is not known whether in the case of those species which show cosmopolitanism, the 

present records are of evidences to a once established continuous distribution, not 

being affected by various changing environmental characteristics. The present study, 

which was based on the samples collected from the continental shelf of the Arabian Sea 

and the Bay of Bengal of the Indian subcontinent and the Antarctic, has indicated 

regional differences in the case of a few groups of species. These unique bryozoan 

assemblages available in dredge samples provide a powerful tool for understanding the 

past, present and future by focusing on a taxonomic subset of these organisms. 

It is customary to obtain more species and less numbers of individuals in a benthic 

collection. The mode of collection and sampling restrictions are clear-cut limitations to 

explain distributional pattern of micro-epibenthos from different geographical locations in 

the sea. Accepting this as a limitation attempts were made to explain the zoogeography 

of bryozoan fauna of the Indian Ocean. This section gives the details of distribution and 

faunistic comparisons from other localities based ,on primary and secondary data. 

3.2 Material and methods 

3.2.1 Geographical existence 

The Antarctic bryozoans were obtained from the collections made during the Third 

Antarctic Expeditions. The bryozoans from the continental shelf area of the Indian EEZ 

were collected during the FORV Sagar Sampada Cruise No. 177 along the west coast 

and Cruise No. 186 along the east coast. Cruise details are given in Chapter 2 (Sec. 

2.2). The data of list of species of these collections and secondary data of their 

geographical distribution were used to prepare the tables [Table 4 and 5]. 

3.2.2 Statistical analysis 

Statistical data helps to simplify massive data for clear interpretation. The data of the list 

of species and the numerical abundance of each species from three stations were 
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selected for PRIMER (Plymouth Routines In Multivariate Ecological Research) analysis. 

The stations selected were: 

1. Station No. 623; at a location of 12°15'00" N latitude and 80 °07' 13"E longitude in 

the east coast of India. 

2. Station No. 15; at a location of 09°46'26" N latitude and 75 °41 '42" E longitude in 

the west coast of India. 

3. Antarctic station; at a location of 69°54'00" S latitude and 12°49'00" E longitude 

beyond the Antarctic Circle. 

Similarity between these stations with respect to bryozoan species was calculated 

using PRIMER 5 for windows (version 5.2.8). For this Bray-Curtis similarity index with 

square root transformation was opted. Dendrogram was plotted using the group 

average cluster mode for grouping stations with respect to bryozoan species 

3.3. Results 

3.3.1 Similarity Index 

The similarity in percentages showed that the species number and abundance within 

two localities comparable latitudinally in the Arabian Sea and the Bay of Bengal ranged 

between 40-60 % [Fig. 7]. On the other hand, these two assemblages qualitatively 

depicted no similarity with the Antarctic fauna «5%). 
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Fig. 7. Dendrogram showing similarity (%) in bryozoans from 
Arabian Sea, Bay of Bengal and the Antarctic 
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Table 3: Species of bryozoans and their numerical abundance from the 
A A b' S h B f B I f ntarctlc, ra lan ea and t e ay 0 enga or statistical analysIs 

No. of species 

Species Antarctic waters Arabian Sea Bay of Bengal 
Ellisina levata 1 0 0 
AmphibJestrum inermis 1 0 0 
Electra crustulenta 0 6 0 
Parellisina curvirostris 0 6 1 
Antropora erecta 0 0 5 
Antropora granulifera 0 0 1 
Antropora tincta 0 1 1 
Gupuladria indica 0 3 0 
Nellia occulata 0 0 1 
Icelozoon Jepralioides 8 0 0 
Ghaperia quadrispinosa 10 0 0 
Gleipochaperia funda 11 0 0 
Smittipora abyssicola 0 3 1 
Ghodriovelum adeliense 10 0 0 
Steginoporel/a magnilabris 4 0 0 
Thalamporel/a rozierii 0 1 4 
ThaJamporel/a hamata 0 1 0 
Gel/aria tecta 9 0 0 
Gel/aria praelonga 7 0 0 
Gel/aria aurorae 10 0 0 
Gel/aria punctata 0 1 0 
Melicerita obliqua 15 0 0 
Puel/ina vulgaris 0 0 3 
Gribrifiaria sp. 2 1 0 
Reginel/a sp. 0 1 1 
Trypostega venusta 0 1 6 
Adeona foliacea 0 1 0 
Gel/eporaria granulosa 0 1 2 
Gel/eporaria pilaefera 0 0 1 
Parasmittina aviculata 0 0 1 
Parasmittina parsevalii 0 1 3 
Parasmittina signata 0 2 0 
Smittina favulosa 4 0 0 
Escharel/a mammillata 17 0 0 
Escharoides praestida 14 0 0 
Gel/arinel/a laytoni 14 0 0 
Schizomavel/a inclusa 0 2 0 
Dakariel/a concinno 5 0 0 
Schizoporel/a cochinensis 0 1 0 
Schizoporel/a inarmata 0 0 2 
Lacerna watersi 16 0 0 
Microporel/a orienta/is 0 0 3 
Microporel/oides hawaiiensis 0 1 0 
Fenustrulina malusii 0 2 1 
Gleidochasma fal/ax 0 6 1 
Gleidochasma biavicularium 0 0 1 
Lagenicel/a marginata 0 1 0 
Rhychozoon larreyi 0 4 1 
Rhychozoon tubulosum 6 0 0 
Jodictyum anomala sp. novo 3 0 0 
Reteporel/a parva 5 0 0 
Plagioecia patina 1 0 0 
Hornera spinigera 5 0 0 



Species 

SI.No 
11Aetea anguina 
21Acanthodesia sp. 
31Acanthodesia savartii 
41 Electra indica 
51Electra crustulenta 
61Electra crustulenta var borgii 
71 Electra bengalensis 
81 Conopeum reticulum 
91 Parellisina curvirostris 

101 Crassimarginatella sp. 
111 Cranosina coronata 
121Alderina arabianensis 
131Antropora erecta 
141Antropora granulifera 
151Antropora tincta 
161Antropora marginella 
171Antropora claustracrassa 
181Antropora sp. 
191 Caleschara levinsenii 
201 Caleschara mexicana 
211Setosellina constricta 
221Cupuladria indica 
231 Cupuladria guineensis 
24 1 Chartella arabica sp.novo 
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Chapter 3. Biodiversity and geographical linkage of bryozoans 

3.3.2 Geographical distributions of bryozoans from the Indian EEZ and the Antarctic 

The pattern of distribution of Bryozoa in the various seas is tabulated and presented in 

Table 4 and 5. Although a total of 126 species were examined and described in this 

study, hardly 15 species were found to enjoy cosmopolitan distribution except the polar 

waters. Of these, 7 species are well established marine foulers. This evidently indicates 

the role of various methods of transport of adult colonies by way of shipping, driftwood 

etc. to the subtidal and littoral areas of the oceans. Three species were found to be 

present in the arctic and they are often recorded as epizoic on crabs, turtles etc. The 

European arctic also had representation from among the species recorded from the 

Indian waters. By and large, the major number of species recorded in the present 

studies was confined to areas of Indian EEZ, the Indo-Australian archipelago and the 

Pacific and Australian waters. Only two species was found to occur in the south-west 

Atlantic and one species in the Antarctic. 

3.5. Discussion 

Investigation on the species abundance of various benthic regions in tropical seas is an 

important aspect of faunistic distribution. It is well known that the pattern of species 

abundance is controlled by various features, both biotic and abiotic, in the benthos. This 

has triggered studies on the benthic community structure to analyse changes that could 

occur due to recognized variables. Warwick and Clarke (1991) did some pioneering 

work on this aspect and opined that the temporal or spatial similarities of regions need 

not reflect on the species distribution and it is necessary to analyse various subsets of 

environmental data to recognize changes in community structure. This field of enquiry 

was essentially the product of necessity that arose out of situations which demanded 

explanations on biodiversity variabilities observed in geographically comparable areas 

subjected to anthropogenic influences. The studies were essentially directed towards 

understanding the faunistic composition and its variations in polluted and unpolluted 

benthic regions. This methodology can be a useful tool even to assess the nature of 

variabilities in level bottom benthic communities. 

Bryozoans are important components of the microbenthos of the world oceans. The 

present investigation has shown that variabilities could occur in species composition of 

latitudinally comparable localities. To test this, analysis was made on the distribution of 

species from two comparable localities and a non comparable locality. Warwick (1988), 
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Chapter 3. Biodiuersity and geographical linkage of bryozoans 

in his studies to determine effects of pollution at the community level, selected and used 

benthic assemblages of subtropical waters from various sub littoral areas, macrofauna 

of Norwegian waters, meiofauna of the Belgium and microfauna of Canada. He felt that 

macrofauna and meiofauna could be compared and utilized for this study since 

sampling regimes and species concepts were similar. In majority of cases, studies 

based on Primer analysis were to indicate increase in variability as a symptom of stress 

in marine communities. Stress from a biological stand point could be due to numerous 

factors experienced by a benthic marine invertebrate among which anthropogenic 

effects are the major reason (Warwick and Clarke, 1993). In the literature, the aspect of 

variability in the structure of marine benthic populations and communities are many. The 

causes, however, for such variabilities have generally been not looked into. The main 

reason for this is lack of information regarding the physicochemical and biological 

factors of the area of collection. Since this is site specific, generalization normally 

becomes rather difficult. Notwithstanding this, the species that inhabited three regions in 

the marine environment were analysed using multivariate diversity indices. The number 

of species was within 20-23. Among the stations considered one station was 

experiencing conditions totally different from those prevailing in the other two. 

Thorson (1964) and Remane and Schlieper (1971) have studied extensively the nature 

of level bottom communities. They conceptualized the existence of similarities between 

communities living in the same latitude irrespective of difference in geographical 

regions. The similarity percentage of 40-60 support, the broad theory that latitudinally 

bryozoan species occurring in the benthic realm of Bay of Bengal and the Arabian Sea 

exhibit similarity. It would be interesting to compare this with the distribution picture of 

other benthic species from these two seas as well. Probably this would help us to 

hypothesize parallel level bottom community concepts more explicitly. 

A clear cut endemism was discernable with reference to Antarctic waters. The northern 

extend of distribution of the Antarctic species was found to culminate on the Indo­

Australian Archipelago area. The Indian fauna represented species from almost all the 

tropical regions of both the Indian Ocean and the Pacific Ocean. Faunistic information 

available on the Bryozoa of the Indian waters is limited. While considerable efforts have 

been made to study the Atlantic Pacific, the Arctic and the Antarctic, only limited 

attempts were made to study this group from the Indian Ocean. Therefore, "the 

patchiness" may be more an indication of lack of information than nature of distribution. 

This should necessarily be so since, various authors have commented that bryozoans 
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are an important group lophophorates enjoying of wide distribution in the world oceans. 

A luxurious fossil history of both extinct and recent bryozoan supports this assumption. It 

was attempted to find out the extend of distribution and the causative factors by 

selecting a few species. This examination showed that the ctenostomes and the 

anascans seem to enjoy wider range of distribution except Rhynchozoon tubulosum, an 

ascophoran, which was found to be present in the Indian waters as well as the Antarctic. 

Structurally the genus Rhynchozoon possesses hard skeleton with a variable 

calcareous thickenings. The warmer conditions of tropical and subtropical seas are 

found to support a wide range of bryozoan species. There are geographical areas, for 

example, N. Zealand waters, the Indo-Australian Archipelago, the Great Barrier Reef 

and the Antarctic, where rich bryozoan fauna exist. The present study added 54 species 

to the already described 130 species from the Indian Ocean (Men on and Menon, 2006). 

The new records from the Indian Ocean were essentially from the benthic regions of the 

Indian EEZ obtained from the collections of FORV Sagar Sampada cruises during 1998-

2002. 

A study on the zoogeography of benthic invertebrates can be carried out by various 

methods. Since the samples are obtained from shallow to greater depths, the pattern of 

distribution can vary from taxa to taxa. The distribution patterns seem to be strongly 

affected by physico-chemical and edaphic factors. Among these, substratum 

morphology and exposure heavily affect shallow water rocky biotopes (Barnes and 

Clarke, 1995) while depth, bathymetry and edaphic factors produce larger variations on 

bryozoan assemblages. Assuming that eurybathy and stenothermy are the common 

feature of epibenthos of greater depths, wider distribution of such species is a possibility 

since pressure and temperature pattern of the deep Sea are more or less universal in 

the world oceans. Biotic factors, such as the local presence of other organisms also 

largely influence benthic assemblages. 

There is a tendency for many ecological studies to subordinate the effects of pressure to 

those of other variables perhaps on the misleading assumption that pressure is 

important to only animals, which have compressible gas bladder or bubbles. However, 

hydrostatic pressure has profound influence on many physiologic systems and to the 

kinetics and stereospecificity of physiological biochemistry (Kinne, 1975). Most of the 

benthic invertebrates showing distinct vertical zonation that might be due to pressure 

effect also possess larval dispersal stages. Many physical variables change with depth, 

preventing the attribution of any changes in fauna to simple hydrostatic pressure. Since 
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pressure, light, temperature and nature of benthic deposits vary with changing depth, it 

is rather difficult to assign any particular physical feature accompanying depth variations 

to changes in biotic characteristics based on a single factor. The distribution of 

microbenthos with well developed planktonic larvae with all the positive attributes could 

be the result of various reasons hitherto not properly explained by marine biologists. In 

the Antarctic, where there is very little temperature variation with depth changes, there is 

still marked vertical zonation of the benthic fauna. Similar zonation is found in lower 

latitudes where there is a marked temperature changes (Hedgepeth, 1957). 

Bryozoans are almost absent from the mesolittoral and upper infralittoral zones of the 

Antarctic down to ca 4m, because of the ice action preventing their settlement (Barnes 

and Clarke, 1995; Rosso and Sanfilippo, 2000). Hard bottoms of the lower infralittoral 

zone (4 to 35 m) are heavily colonized by macroalgae, encrusted by sessile epibionts, 

among which bryozoans are very abundant. Circalittoral and upper pseudobathyal 

zones comprise of rocky and soft bottoms, normally colonized by dense populations of 

bryozoans. Sandy and muddy coverings occur at depths ranging from about 60 to 140 

m of rocky bottoms and here species richness is higher than that in the infralittoral 

bottoms. 

The method of feeding and mode of reproduction are two important factors which control 

the distribution of microbenthos especially epibenthos. Therefore, it is logical to consider 

factors like filter feeding, suspension feeding, feeding on detritus and dissolved organic 

matter when distributional patterns are assessed. Possible relations between turbulence 

and faunal distribution in deeper regions have not been explored in detail. But this need 

not indicate the irrelevance of turbulence on distribution. Even as far down as the 

abyssal-hadal boundary of hard substrate the presence of filter and suspension feeding 

organisms would suggest that differing levels of turbulence must be important in all 

submarine positions. 

The high correlation between substrate grain size and fauna indicates that ecology was 

important in the past as evidenced by the distribution of bryozoans during the different 

geological era. Rough water morphologies for colonial organisms are notable in this 

regard. Thomsen (1977) describes the thicker-walled bryozoan colony from a high 

current-velocity situation as contrasted with thinner walled forms of the same species in 

a lower current velocity situation. Thomsen (loc.cit.) also deals with the relevant 

sedimentary parameters with the distribution of bryozoans. 
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Any community concept must account for the commonly encountered patchy distribution 

so characteristic of benthic communities. In the case of marine organisms occupying 

relatively greater depths, a real uniform dispersion over any extensive tract is rather 

difficult. Patchiness could be due to gregariousness, reproductive behaviour (so typical 

of bryozoans) or owing to heterogeneity of the habitat. In the polar extremes, organisms 

capable of surviving will occur in environments where they would be outnumbered 

elsewhere by more capable species. Thus the patch size tends to increase with 

proximity to the poles and patch kind decreases. (Soucot, 1981). 

Analysis of bryozoan fauna during the Holocene (before 11,000 years) to understand 

links between Australia, New Zealand, south America and Antarctica have shown that 

clear-cut links do exist between the bryozoan fauna of these regions although the 

richness per serfs varied between regions. This has affected the quantum of taxonomic 

units represented in these different geographical areas. Commenting on this feature 

Moyano (1996) remarked that species richness and genus richness are normally 

encountered in lower latitudes within the bryozoan group itself. The genus Smittina, 

which exhibits the highest diversity in the Antarctica, exhibits remarkable comparability 

in the distribution of Smittina genera in the various geographical areas including the 

Indo-Australian Archipelago. This necessitates a look into the causative factors affecting 

zoogeographical distribution and the possible links between widely separated fauna. 

Some species, which indicate links between bryozoan fauna of widely separated areas 

and certain species of cyclostomes belonging to the genera Crisia, Hornera, 

Lichenopora and Tubulipora, have shown links between Antarctica and S. America. 

Clear cut zoogeographical connections have been recognized in the case of 

cyclostomes of Antarctica and the Magellanic area. The contrasting result from the 

above assumptions if obtained could normally be connected to temperature effects 

(Soja and Menon, 2005). If Eurythermy is an accepted quality of benthic bryozoans, we 

should expect similarities in the bryozoan of the hadal regions of the Indian Ocean with 

the Antarctic. Unfortunately no attempt has so far been made to connect the benthic 

bryozoan distribution of the Indian Ocean with that of the Antarctic notwithstanding the 

"hydrological proximity" of the two major oceans with no land mass restricting 

distribution of animals between these two oceans. This aspect is of importance because 

no well defined guyots, submarine volcanoes, archipelagos or submarine ridges exist 

between these two oceans but for the enormity of physical distance. Contiguity in 

distribution of bryozoans between the Indian Ocean and the southern oceans if proved 
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to exist would necessitate explaining the mode of larval transport that would have 

affected the distribution. 

A valuable discussion of the gymnolaemates of high southern latitudes from the 

zoogeographical point of view was given by Hastings (1943), who pointed out that the 

9ymnolaemates of sub Antarctic and Antarctic zones are in general distinct. Curiously 

enough the distribution of bryozoan fauna of many discontinuous geographical regions 

has shown certain degrees of similarities. Studies have shown that there are some basic 

resemblances between the Indo-Australian and the Pacific bryozoan fauna at least 

latitudinally (Menon, 1972e). Another aspect, which could be brought in as a causative 

factor for variations in patterns of distribution between the world oceans, could be 

discontinuity in faunal assemblages during the geological periods. 

In terms of taxic diversity and modifications, t~ere is a normal fauna for every time 

interval. It is difficult to define what 'normal' means. Part of the meaning is implicit in the 

presence of widely distributed taxa as the phylum 8ryozoa. If one deduces that 

phanerozoic marine organisms had their origin in the sea, in a medium possessing 

properties little different from those of modern tropical- subtropical sea water, it is 

reasonable to conclude that any deviation in seawater composition from the average will 

have a faunistically restrictive effect. Of the 126 odd species described here, many 

enjoy a very extensive paleontological distribution. This probably indicates that 

cheilostomatous bryozoans, which are essentially marine in origin, enjoyed a very wide­

ranging distribution from the early geological era itself. 
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4. P.nvironment of joufing 
6ryozoans 

Cochin backwater, situated in the northward extensions of the Vembanad Lake, having 

an area of 300 km2
, is the largest estuarine water body on the southwest coast of India. 

Cochin harbour (Lat. g058'N and Long. 76°17'E) is the second largest port along the 

west coast of India. A narrow gut with a width of about 450 m connects the harbour with 

the Arabian Sea. This passage has three dredged channels - the Approach Channel 

lying in the east-west direction, the Mattancherry Channel oriented in the north-south 

direction with Willington Island and Mattancherry bordering the east and west side and 

the Ernakulam Channel oriented in north-south direction bordered by Ernakulam and 

Willington Island [Fig.8]. This natural harbour is well known for progressive 

industrialization, tourism and trade as many cargo and passenger ships frequent the 

harbour. 

The Ernakulam channel is around 5 km in length with a width of around 250-500 m. The 

Mattanchery channel has a length of 3 km and a width of around 170-250 m. Depth of 

the two channels vary between 1.5 m and 6.0 m in most parts except the dredged 

channels, which are 10-13 m deep. The sediments of these channels are a mixture of 

clay and silt and vary based on the season (Menon et al., 2000) 

The salinity gradient of this area is greatly influenced by the seawater intrusion and the 

emptying of rivers. Saline water intrudes the estuary through the bar mouth area in the 
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approach channel during the daily tidal rhythm. Major rivers such as the Periyar and the 

Moovattupuzha empty either into the Vembanad Lake or into the backwaters. Another 

factor influencing the salinity of this area is the yearly rainfall. Maximum rainfall is 

recorded in this region during the southwest monsoon, which bursts along the 

southwest coast during late Mayor early June. Some precipitation occurs during the 

northeast monsoon and also during the period October - December. The rainfall, during 

the two monsoons and the consequent drainage, influence the salinity of the backwaters 

from June to December, and in July and August the surface water of Cochin backwaters 

may almost be fresh. This fluctuating salinity conditions bring about variations in the 

availability of food, variation in the substrate characteristics and also other changes in 

the physical characteristics of the water body. The salinity gradient in Cochin backwater 

supports diverse species of flora and fauna according to their tolerance for saline 

environment (Men on et al., 2000). Bryozoans, however, prefer estuarine or marine 

environments to freshwater. 

According to the influence of the southwest monsoon and other associated 

meteorological conditions, the year may be conveniently split into three well-defined 

periods with characteristic hydrographic conditions. The pre-monsoon (1 February-31 

May) is comparatively a dry period with almost no rainfall and is characterized by 

distinctly high salinity and temperature for the surface water. The monsoon period 

(1June-30 September) is characterized by very heavy rainfall and a consequent 

lowering of salinity of the surface water, which may become almost fresh. The 

temperature also may show a decrease; this is due to the influence of southwest 

monsoon. The post-monsoon (10ctober-31 January) is characterized by the upward 

trend in surface salinity with fluctuations. Temperature also fluctuates during this season 

due to the influence of northeast monsoon and irregular rainfall. 

Extensive research work on the biological aspects of the Cochin backwaters have been 

carried out and the studies on the hydrography of Cochin backwaters (Menon, 1967, 

Lakshamanan et al., 1982) have shown that apart from the influence of monsoons 

during June to December and the evaporation during pre monsoon period from 

February to May, various phenomena such as upwelling, silting, coastal piling etc 

occurring in the Arabian Sea and the estuary result in characteristic variations in 

hydrography. Much more serious environmental threats which Cochin backwaters 

encounter are the intertidal land reclamation, pollution, expansion for harbour 

development, dredging activities and urbanization (Gopalan et al., 1983; Menon et. al., 

2000). 
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Other than natural changes in hydrography, Cochin estuary experiences continuous oil 

input associated with shipping, fishing vessel operation, transportation, recreation, 

urban run-off, accidental spillage during tanker operations etc. Menon and Menon 

(1998) opined that natural causes like effective flushing in monsoon controls the 

concentration and distribution of petroleum hydrocarbons (PHC) in the surface and 

subsurface waters of the estuary. 

4.2 Stations Investigated 

The Five Stations investigated during this study were selected to represent five 

significantly different ecological habitats in the Cochin Harbour (Fig. 8) with an aim to 

study the seasonal settlement and abundance of the bryozoans, which form an integral 

part of the fouling community in the estuary. 

Station 1: Ernakulam Channel-Site I-Indian Oil Jetty [9°57'81"N and 76°16'93"E] 

This station is situated in the Ernakulam Channel, adjacent to the Marine Science 

Campus of Cochin University of Science and Technology in Ernakulam. This is nearly 

4.5 km away from the bar mouth. The pier is used to load oil into barges and 

occasionally, oil pollution is bound to take place during these operations. Dredging in 

the channels release a cloud of detritus and silt, this raises the turbidity of the area. 

Depth of the station is about 2.5 m. 

Station 2: Ernakulam Channel-Site II-Oil Tanker Berth [9°58'04"N and 76°16'83"E] 

This station is located on the eastern side of the Ernakulam Channel, which is nearly 4 

km away from bar mouth. This berth is used for transferring crude oil and petroleum to 

Kochi Refinery and other oil companies. Foreign and inland ships frequent this berth. 

Siltation is high due to dredging operations in the channel. Depth of the station is 3 m. 

Station 3: Mattancherry Channel [9°58'04"N and 76°15'57"E] 

This station is situated in the Mattancherry Channel on the western side of the Willington 

Island nearly 3 km away from the barmouth. The water at this site is turbid due to 

dredging activities and is polluted as the cargo and passenger ships regularly anchor at 

this wharf. The cement factory ship 'Hathi' was anchored in this site throughout the year 
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Station I : Emakulam Channel-Site I-Indian Oil Jetty 

Station 2: Emakulam Channel-Site D- North Oil Tanker Berth 

Station 3: Mattaocheny Channel 

Station 4: Approach Channel 

Station 5: Vypeen Channel 

Fig.S, Satellite imagery of Cochin backwaters: Station location where test coupons 
were exposed to study incidence of bryozoan foulers. 



Chapter 4. Environment of fouling bryozoans 

other than in the months of August and September. The depth of the station is 5 m. 

Station 4: Approach Channel [9°58'34"N and 76°14'62"E] 

This station is located very close to the barmouth, in the approach channel. The water at 

this site is clear but constantly in motion due to waves. The salinity was high due to the 

saline intrusion from the Arabian Sea. The depth of the station is about 2.5 m. 

Station 5: Vypeen Channel [10000'80"N and 76°14'23"E] 

This site is almost 6 km away from the barmouth and situated in a rather unpolluted, 

less turbid and low saline, inner part of the estuary. There is a thriving mangrove near 

this area and the depth of the station is 2 m. 

4.3 Material and Methods 

The Surface water was collected using a clean plastic bucket of 5 litre capacity and the 

bottom water sample was collected at an interval of 7 days at station 1 and 30 days at 

the other four stations, using a Van Don Bottom sampler for the measurement of the 

following hydrographic parameters. 

4.3.1. Salinity 

Salinity was estimated immediately after collection using a calibrated Salinometer. 

4.3.2. Temperature 

Temperature was measured immediately after collection of water sample with a high 

precision mercury thermometer. 

4.3.3. Dissolved oxygen 

Dissolved oxygen (DO) was measured by Winkler titration method (Strickland and 

Parson, 1972). This method is based on the reaction between DO and Mn2++ions in a 

strong alkaline medium. Mn2+is oxidized to Mn3+ and is precipitated. It is then acidified to 

a pH range 1- 2.5 and is again reduced to Mn2+ by excess 12- and 12 is liberated. The 

liberated 12 corresponds to DO and is estimated by thiosulphate solution, using starch 

indicator. From the normality obtained amount of oxygen in the sample is calculated. 

Oxygen concentration (mg/l)= y X x X 8 X (10001 s X (b-c) b) 
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Where: y= normality of sodium thiosulphate. 

x= volume of sodium thiosulphate. 

s= volume of sample taken for titration. 

b= Volume of BOD bottles. 

c= volume of reagents added (Winkler A and B). 

4.3.4. pH 

pH was estimated using Pocket pH Tester (Eutech). 

The meteorological data was obtained from INS Garuda. 

4.4 Results 

Hydrographical Conditions: Salinity, Temperature, Dissolved Oxygen and the pH at 

different stations were analysed during the study period (2002-2003). The data are 

presented in Tables 6 to 10 and Figures 9 to 28. 

4.4.1. Salinity 

Salinity was recorded weekly at Station 1 and Surface salinity of the water (Table 6) 

ranged from 11.8 psu to 25.4 psu (practical salinity unit) during the post-monsoon 

period, the former being the average of the weekly salinity values for the month of 

October and the latter the average of the weekly values of the month of January 2001. 

Slight fluctuation was observed during pre-monsoon. A sudden drop to 12.5 psu was 

noticed during the month of May due to the onset of monsoon. Low salinity values were 

obtained during Monsoon and the surface layers recorded 3.3 psu in August while it was 

20 psu in the month of September. 

Bottom salinity was higher than the surface salinity. It is evident from Table 6 and Figure 

10 that the bottom salinity at station 1 ranged from 24 psu to 28.6 psu during post­

monsoon. The bottom salinity for the month of December was relatively high. During the 

pre-monsoon, the salinity of this site was in the range of 24 psu to 27.8 psu. In the 

monsoon season, high fluctuation in salinity was noticed. The salinity of the bottom was 

generally higher by an approximate value of 10 psu than the surface salinity during the 

period of investigation. The variation in the salinity of the surface and bottom was less 

during the months of the pre-monsoon season. The drastic change in salinity of the top 

and bottom layers is due to fresh water discharge or the southwest and the northeast 

monsoon. 

216 



Chapter 4. Environment of fouling bryozoans 

Surface water salinity fluctuated during the post-monsoon period at Station 2 [Table 7 

and Figure 14]. Pre-monsoon period had a mesohaline condition. During monsoon, 

there was a lowering of salinity with a rise to 20 psu in September. Highly saline 

conditions prevailed in this station throughout the year. Monthly variations in the surface 

and bottom salinity at this station were not noticeable. 

At Station 3, the post-monsoon season showed wide fluctuation [Table 8 and Figure 18]. 

During the pre-monsoon period there was a constant rise in the surface salinity value. 

During monsoon very low salinity was recorded. The surface water was nearly fresh in 

August. A sudden rise to 32 psu in September was very conspicuous. This drastic 

variation in salinity at Station 3 and 4 may be due to their proximity to the Barmouth. The 

bottom salinity of this site fluctuated between 6 psu and 32 psu during the post 

monsoon. However, stable and high saline conditions prevailed during pre-monsoon. 

Freshwater conditions prevailed during some months of the monsoon season. 

The sampling at Station 4 was from May, 2002 to April, 2003 [Table 9 and Figure 22]. In 

May 2002, the end of pre-monsoon, the surface salinity was low. During monsoon, the 

water was nearly fresh in August. During post-monsoon, the surface salinities ranged 

from 4 psu to 34 psu showing an increase towards the end of the season. Pre monsoon 

months from February to April 2003 showed constant high salinity. The bottom salinity in 

May showed a value of 10 psu and became nearly fresh in August. The post-monsoon 

season showed wide range in bottom salinity from 6 psu in October and 34 psu in 

January. The pre-monsoon season of 2003 had constantly high bottom salinity values 

(34, 30 and 35 psu) the difference in surface and bottom salinity of this station was 

negligible. 

Sampling at Station 5 was from April 2002 to March 2003 [Table 10 and Figure 26]. 

During the latter half of the pre-monsoon period in 2002, the salinity showed wide 

changes in April and May. Monsoon months recorded very low surface salinity from the 

beginning till the end. Post monsoon months of October and November showed low 

surface salinity. The pre monsoon period of 2003 registered high salinity. The salinity of 

the bottom waters at this site fluctuated markedly. The salinity gradually dropped 

reaching very low values during monsoon. This trend was recorded in the bottom waters 

also, showing more or less uniform salinity in the whole water column. 
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Table 6. The meteorological and hydrographical conditions at Station I 
(Ernakulam channel-site I-Indian Oil Jetty) during the year 2002 

Atmospheric Rainfall Relative Temperature Salinity Dissolved 

temperature (0C) (mm) humidity (0C) (psu) Oxygen (mlrl) 

pH 

Max. Min. (%) Surface Bottom Surface Bottom Surface Bottom Surface 

Pre Monsoon 
February 32.7 23.3 0.4 72 31.3 30.0 20.3 24.0 4.6 3.1 7.6 
March 33.1 25.1 0.3 75 31.1 30.5 23.3 25.8 4.6 3.8 7.2 
April 33.1 26.3 2.8 78 32.0 30.5 24.3 27.8 3.3 4.3 7.5 
May 32.4 25.6 16.4 82 32.6 31.3 12.5 16.0 3.5 3.0 7.6 

Monsoon 
June 29.9 23.8 17.1 88 30.3 28.8 8.5 17.3 5.6 4.4 7.3 
July 28.6 23.4 10.3 91 29.9 28.4 5.4 28.4 5.1 4.4 7.3 
August 29 23.5 19.9 87 30.2 29.0 3.3 12.7 5.0 5.1 7.6 
September 28.8 23.4 5.0 88 28.8 27.6 20.0 30.5 5.6 4.9 7.5 

Post Monsoon 
October 
November 
December 
January 

29.7 23.5 14.8 83 29.7 28.4 11.8 24.0 5.8 5.2 7.4 
29.9 22.9 4.5 82 29.3 28.5 9.5 23.3 5.2 5.8 7.4 
31.1 21.5 0.0 71 29.0 28.0 24.0 33.0 6.9 6.4 7.2 
31.2 21.0 0.5 70 29.9 28.8 25.4 28.6 3.6 3.5 7.5 

Table 7. The hydrographical conditions at Station 2 (Ernakulam channel-site 2-

North Tanker Berth) during the year 2002 

Temperature Salinity Dissolved pH 

Season ("C) (psu) Oxygen (mlrl) 
Surface Bottom Surface Bottom Surface Bottom Surface Bottom 

Pre Monsoon 
Feb. 30.5 30 26 29 4.3 3.5 7.5 7.7 
March 33 32 20 28 6.3 3.8 7.3 7.1 
April 32.5 32 21 30 4.8 3.0 7.3 7.8 
May 30.5 30.5 10 23 5.1 4.2 7.3 7.4 

Monsoon 
June 32 31 7 26 5.3 4.6 7.6 7.8 
July 29 29 10 21 4.5 4.2 7.1 7.4 
August 30.5 29 5 30 5.5 3.4 7.3 8.0 
Sept. 30 29 20 32 5.0 5.9 7.2 7.4 

Post Monsoon 
Oct. 30 28 3 26 5.9 5.3 7.1 8.0 
Nov. 30 28 11 26 6.4 6.2 7.3 7.8 
Dec. 29 28 30 34 7.2 6.7 7.8 7.9 
Jan. 31.5 30 20 21 4.5 3.1 7.6 7.3 

Bottom 

7.8 
7.4 
7.6 
7.8 

7.4 
7.6 
7.6 
7.5 

7.4 
7.6 
7.4 
7.6 
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Table 8. The hydrographical conditions at Station 3 (Mattanchery channel- Wharf) 
during the year 2002 

Temperature Salinity Dissolved pH 

Season ("C) (psu) Oxygen (mlrl) 
Surface Bottom Surface Bottom Surface Bottom Surface Bottom 

Pre Monsoon 
Feb. 30 30 27 28 3.4 2.6 6.7 7.1 
March 29.5 29 29 30 2.6 2.1 7.1 7.7 
April 30.5 29 30 30 3.6 1.9 7.5 7.8 
May 30 30 10 14 3.1 3.5 7.1 7.7 

Monsoon 
June 25 25 3 3 5.3 4.8 7.6 7.7 
July 28 27 5 15 4.7 4.6 6.9 7.0 
August 31 30 0 0 5.6 5.2 7.0 7.2 
Sept. 29 28 32 35 5.0 6.2 7.5 7.5 

Post Monsoon 

Oct. 28 28 5 6 4.9 5.9 7.7 7.7 
Nov. 29 29 21 29 4.8 6.0 7.9 8.0 
Dec. 29 28 33 33 5.6 6.1 7.3 7.2 
Jan. 28 27 30 32 5.7 4.6 7.4 7.9 

Table 9. The hydrographical conditions at Station 4 (Approach channel- Fort Kochi) 
during the period April 2002 to March 2003 

Temperature Salinity Dissolved pH 

Season CC) (psu) Oxygen (mlrl) 
Surface Bottom Surface Bottom Surface Bottom Surface Bottom 

Pre Monsoon 
Feb. 30 29 32 34 5.0 5.2 7.9 7.9 
March 31 30 30 30 4.4 4.9 7.1 7.7 
April 31 34 35 35 3.9 4.2 7.6 7.7 
May 30.5 30 9 10 4.5 4.0 7.0 7.0 

Monsoon 
June 28 28 3 3 5.1 4.7 7.1 7.1 
July 30.5 30 7 7 5.9 5.7 7.3 7.6 
August 30 30 0 0 5.3 4.3 7.5 7.7 
Sept. 29 29 31 35 4.5 4.0 7.2 7.7 

Post Monsoon 
Oct. 28 27 4 6 4.5 4.9 6.4 6.8 
Nov. 30 29 22 23 4.6 5.1 7.2 7.4 
Dec. 28 27 30 30 5.5 5.4 7.1 7.5 
Jan. 29 28 34 34 5.5 5.8 7.8 8.0 
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Fig. 23. Surface and bottom dissolved oxygen at station 4 (Approach channel) during the 
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Table 10. The hydrographical conditions at Station 5 (Vypeen channel-Ochanthuruth) 
during the period March 2002 to February 2003 

Temperature Salinity Dissolved pH 
Season ("C) (psu) Oxygen (mlrl) 

Surface Bottom Surface Bottom Surface Bottom Surface Bottom 

Pre Monsoon 
Feb. 31 30 25 27 3.3 4.2 7.7 7.6 
March 31 30 28 28 3.3 4.3 7.4 7.9 
April 32.5 31 20 24 3.6 3.7 7.3 7.6 
May 29 29 4 4 4.0 4.4 6.8 7.0 

Monsoon 
June 29 28 1 1 5.1 4.7 7.2 7.4 
July 31.5 30 1 1 6.7 5.4 7.6 7.8 
August 29.5 28 0 0 5.6 5.1 6.7 7.1 
Sept. 28 28 12 14 5.8 6.6 7.4 7.5 

Post Monsoon 
Oct. 28 28 3 1 5.7 6.4 6.9 7.0 
Nov. 31 30 9 9 5.2 6.0 7.0 7.2 
Dec. 29 28 20 20 5.4 5.9 7.4 7.8 
Jan. 30 29 28 28 5.3 5.0 7.8 7.8 
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4.4.2 Temperature 

Water temperature data are presented in Tables 6 -10. It is evident from the tables that 

the surface temperature at Station 1 (Ernakulam Channel- site 1) was uniformly high in 

almost all the months of the year except during April and May. Considering the bottom 

temperature, certain amount of uniformity was maintained throughout the year except in 

September, when it lowered to a value of 27.6°C. No drastic difference between the 

surface and bottom temperature was noticed at this site [See Table 6 and Figure 9]. 

At Station 2, the surface temperature recorded was high in the month of March. There 

was uniformly high surface temperature during the other months of the year. The bottom 

temperature also was uniform, in the range of 28°C to 32°C [See Table 7 and Figure 

13]. 

The surface temperature as well as the bottom temperature at Station 3 was in a 

uniform range. At the onset of monsoon, both the surface and bottom temperatures 

dropped [See Table 8 and Figure 17]. 

At Station 4, the surface and bottom temperatures where in the higher range of 28°C to 

32.5°C [See Table 9 and Figure 21]. 

Temperature recorded at Station 5 showed certain uniformity in both the surface and 

bottom [See Table 10 and Figure 25]. 

4.4.3 Dissolved Oxygen 

Dissolved oxygen (DO) values of the surface waters and bottom waters were calculated 

and presented in Tables 6 - 10. At Station 1, the surface dissolved oxygen values were 

comparatively higher during the post monsoon season. During pre-monsoon there was 

a gradual lowering of dissolved oxygen. Dissolved oxygen of the bottom water showed 

the lowest values and highest values in December [Table 5 and Figure 10]. 

Dissolved oxygen values for surface water at Station 2 showed wide fluctuations with an 

increase and decrease in the values in alternative months. There was a gradual rise in 

dissolved oxygen from September to December. The dissolved oxygen of the bottom 

water showed lowest values of 3.0 ml r1 in April [Table 7 and Figure 15]. 

At Station 3, dissolved oxygen values were low during pre-monsoon season. During 

monsoon and post-monsoon, the values ranged from 4.7 ml r1 in July to 5.63 ml r1 in 
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December. The bottom dissolved oxygen value was low in the pre monsoon season and 

the lowest value of 1.92 ml1"1 was recorded in March [Table 8 and Figure 19]. 

The dissolved oxygen of surface layers at Station 4 ranged from 3.88 mll-1 to 5.88 m11"1. 

The bottom layers showed values ranging from 3.38 ml 1"1 in April 2002 to 5.79 ml 1"1in 

January 2003 [Table 9 and Figure 23]. 

Dissolved oxygen of surface layers in Station 5 ranged from 3.31 ml 1"1 to 6.65 ml 1"1 in 

July, while the bottom layers showed a range of 3.67 ml 1-1 in March to 6.57 ml 1"1 in 

September [Table 10 and Figure 27]. 

4.4.4 m! 
The pH values of the surface layers and bottom layers recorded are presented in Tables 

6 -10. Comparing the values obtained for surface layers in all the 5 stations, the pH 

values recorded varied between 6.4 to 7.8. The pH of bottom waters at the various 

locations remained within 6.8 to 7.9 [Table 6-10 and Figure 9-28]. 

4.5 Discussion 

Cochin harbour, adjacent to the barmouth is an exceptionally informative study area for 

ecologists as environmental studies around the world are focused on ports, estuaries 

and inshore marine waters because of the increasing evidences that such areas have 

irreplaceable biological communities. Many researchers have attended well to the 

biological, chemical and physical features of the resident waters of the estuary, which is 

partially flushed during the tidal currents and is greatly influenced by the surrounding 

land water drainage as well as the freshwater influx. Hence studies focusing on the 

fauna of this inshore region need to be accompanied by the study of the physico­

chemical characteristics of the area capable of providing inorganic input for supporting 

of phytoplankton, holoplankton and meroplankton. The larvae of bryozoa are 

meroplanktonic which become sessile as adults and often form a prominent member of 

the communities on substrata in estuaries, ports and harbours. 

The physical configurations of estuaries are mainly affected by salinity gradients based 

on continual or almost continual freshwater flow from rivers and streams, interaction with 

a salinity wedge or tidal exchange (Soule and Sou le, 1979). However, fluctuations in 

salinity are not the only state of environment to which sessile and attached estuarine 

organisms must adjust. The temperature of estuaries is initially determined by the 
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temperature of the rivers and the sea and the proportions these forms of the mixture at 

different stages of the tide (Rodriquez, 1975). Dissolved oxygen, pH, inorganic and 

organic salts play an important role though not as much as salinity. The biological 

oxygen demand (BOO) and chemical oxygen demand (COD) of inputs to an estuary 

would quickly exhaust the dissolved oxygen in the water column if physical flushing and 

mixing did not occur (Soule and Soule, 1979) 

The sedimentation features at the Cochin port vary according to the three seasons. 

During the monsoon period, heavy rainfall results in high river discharge, which 

eventually reaches the estuary and waterways of Cochin harbour. Stratification often 

develops and results in conditions with less dense river water at the surface and high 

dense seawater at the bottom layers. Such typical hydrographic features and circulation 

pattern complicate the sedimentation characteristics of the estuarine channels. In post­

monsoon, river discharge gradually diminishes and tidal influence gains momentum as 

the estuarine conditions change to a partially mixed type, weakening the stratification. 

This is mainly a transitional period. In pre-monsoon, the river discharge is minimum and 

seawater influence is maximum upstream; the estuary is well-mixed and homogeneity 

exists in the water column. The maximum turbidity during high tide within the estuary is 

very noticeable. During pre and post-monsoon, sedimentation in the inner channels 

(Mattancherry and Ernakulam) is 1 m per annum, which is higher than that during 

monsoon due to tidal influence. The circulation pattern helps to bring more silt and clay 

into the estuary and especially during the tide slack period, sedimentation is the highest. 

But during monsoon, the physical processes alter, leading to sedimentation in the 

approach channel too (Gopinathan and Qasim, 1971; Menon et al., 2000). 

The changes in the hydrology controlled by the seasons play an important role in 

regulating the fauna of the estuary. The change in the hydrological conditions brought 

about by the influence of SW monsoon was noticed by many earlier workers (Menon 

and Nair, 1971; Joseph, 1974; Menon et al., 2000; Qasim, 2004). The monsoon period 

is characterized by very heavy rainfall. A rapid fall in the salinity of the water occurs 

during the latter half of June as a result of heavy rains, drainage and inflow of large 

quantities of freshwater from the west-flowing rivers of northern Kerala into the 

Vembanad Lake or the Cochin Backwaters. The onset of the monsoon season also 

causes a sudden drop in temperature. 

The study conducted by Menon and Nair (1971) and Lakshmanan et al. (1982) at 

various stations in the estuary revealed that the northern parts of the estuary were 
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subjected to higher salinity wedging and oscillatory movement with vertical temperature 

exchange than the southern parts, where mass movement of water with considerable 

mixing was observed. During the post-monsoon season (October - January), 

comparatively higher temperatures were observed in the southern than in the northern 

parts. In pre-monsoon (February - May), there was no salinity stratification whereas with 

the onset of monsoon (June), a rapid build up of stratification occurred. High saline 

conditions in the estuary during the premonsoon give access to the larvae of truly 

marine forms to the estuarine areas. 

The increase in salinity is a serious limiting factor for the continued existence of 

sedentary brackish water forms (Menon and Nair, 1971). The sedentary fauna of these 

areas are definitely prone to these fluctuating situations in the surroundings they live. 

Wide changes in the environment cause the typical brackish water sedentary animals 

into a stage of inactivity as well. The monsoon period extending from June to September 

showed a drastic change in the salinity and eventually that the species available during 

this season ought to be euryhaline in nature capable of surviving these drastic changes 

in the environment. 
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Fig. 29 Impoverishment of ectoproct 

species in the Baltic Sea [after data from 

Remane and Schlieper (1971 ). Ryland 

(1970) and Winston (1977a)] Area I. 

Salinity: 20-30; Area 2. Salinity: 10-20; Area 

3. Salinity: 6-10; Area 4. Salinity: 3-6; Area 

5. Salinity: <3. 

These wide ranges of fluctuations in the hydrography definitely influence the fauna of 

the estuaries. The bryozoan fauna available in the study area was negligible to that 

available in the open ocean due to the unstable nature of these inshore areas. 

According to Winston (1977a) who reviewed the literature on estuarine ectoprocts and 

tabulated data of the species found in diminished salinity in the tropical, warm-temperate 

and boreal-antiboreal provinces concluded that only 7% of cyclostome genera occurred 

in brackish water, where as 55% of ctenostome genera, 12% of the cheilostome 

anascan genera and 9% of the ascophoran genera were found in brackish waters (see 
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Fig. 29). The author also added that salinity in the case of bryozoans appeared to be 

the major environmental factor involved in the pattern of distribution. 

Temperature is another important environmental factor that affects the life and activity of 

marine animals. The degree of temperature tolerance of a given species may change 

during the ontogeny (Kinne, 1970). The effect of altering environmental factors at the 

time of metamorphosis of BuguJa larvae was studied by Lynch (1947; 1949a, b) and it 

was proved that raising the temperature to 30°C accelerates attachment and 

metamorphosis, but temperature of 32 to 35°C are fatal. Lynch (Joc.cit.) concluded that 

heat, light, salinity and relative proportions of ions in the seawater could profoundly 

affect the natatory period of BuguJa larvae and the subsequent growth of zooids 

(Hyman, 1959). Bryozoans were tested for their responses to environmental conditions 

by laboratory experiments by Menon (1972e) and revealed that temperature affects rate 

of regeneration. Menon (Joc.cit.) remarked that increased temperature accelerates 

growth rate and final colony size attained after prolonged exposure declines at higher 

temperatures and the size of the zooecia attained is inversely proportional to the 

temperature (Menon, 1972e; Kinne, 1977). A new record of Chartella arabica was 

noticed in the high saline and hot pre-monsoon signifying the importance of temperature 

and salinity to this species. The changes in meristic characters in the species 

Steginoporella magnilabris and Steginoporella buskii existing in the Antarctic and Indian 

waters respectively (Soja and Menon, 2005) have proved the hypothesis. The 

foliaceous, bilaminar nature of the species is a character and its relations to temperature 

are yet another aspect to be examined for further conclusions. This signifies the 

importance of high temperature and salinity for the growth of certain species. 

Raising the alkanity of sea water upto pH 9.6 had little effect on the length of natatory 

period but acidifying the sea water was deleterious, preventing normal metamorphosis 

even at pH 6. At pH 5.4 to 5.0, most larvae swam briefly but died in attempted 

metamorphosis or without attaching. At pH 4.6 ciliary actions was stopped with in 3 

minutes and the larvae sank to the bottom (Hyman, 1959). Mawatari (1951 b) recorded 

pH 7.0 to 8.5 as optimum for larvae of B.neritina. The pH of the backwaters varied less. 

The pH that existed in the estuary during the present investigation was found to be in 

the normal range of tolerance by bryozoans. 

Annandale (1907, 1911, 1912) and Robertson (1921) described several Membranipora 

species from Indian brackishwaters, with delicate walls, elaborate development of 

spines and a loose connection to the substrate and Robertson (Joc.cit.) considered 
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these morphological features to be the effects of the low saline environment. Borg 

(1931) distinguished between the mainly marine species Membranipora membranacea 

and the more truly brackishwater species Electra crustulenta. Borg (/oc.cit.) further 

observed reduced size and low calcification of zooids of Electra in more brackishwaters 

in the Baltic region. Menon and Nair (1974b) found that Victorella pavida and Electra 

crustu/enta show a wide range of salinity tolerance according to the period in which they 

were collected. Accordingly V.pavida and E. crustulenta collected in September 

exhibited salinity tolerance ranging from freshwater to 10 psu whereas colonies 

occurring in December showed a range of 16 psu to 22.4 psu on the basis of 100% 

survival for 24 hrs. 

This observation is in agreement with the present findings that Victorella pavida showed 

a high tolerance range in the monsoon and the former half of the post monsoon and 

was totally absent in the pre-monsoon when the salinity of the estuary was 

comparatively very high. Electra crustulenta as well as Electra crustu/enta var. novo 

were the two species obtained from Station 2. They were present in the monsoon 

season with varying morphology like absence of granulated cryptocyst and reduced 

calcification. These morphological changes ought to be due to changes in salinity. 

Station 3, located in the Mattanchery wharf, supported 14 species, where as only 3 

species were recorded from station 5 at Ochanthuruth, which had predominantly 

freshwater condition. This adds to the significance of salinity for bryozoan existence and 

proves that Bryozoa are hardy to pollution than salinity. Salinity of the environment is an 

important factor that controls the possibility of larval movement of sedentary animals 

and entry of larvae of marine species restricted by the low saline waters. 
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Growth of marine organisms on artificial substrata immersed at sea is designated as 

marine biofouling. Fouling results in frictional resistance affecting the speed of ships, 

and thereby increasing fuel consumption and duration of the voyage. Even a slime layer 

of 1 mm thickness can cause around 80% increase in friction and a 15% loss in ship 

speed compared with values obtained for a clear hull (Lewthwaithe et al., 1985; Gordon 

and Mawatari, 1992). The seawater intake conduit pipes used for cooling the machinery 

in industrial plants such as power stations, atomic reactors etc., when fouled would 

result in substantial reduction in the lumen of pipes and create stress on the pumping 

systems. Biofouling of acoustic sensors used in ships, submarines and other defense 

related equipments can affect the functioning and communication efficiency of 

sophisticated electronic equipments. Identification of background noise received by 

acoustic instruments used for naval operation is an important byproduct of biofouling. 

Bryozoans are important group of invertebrates in the fouling community. Although 

around 50 species of Bryozoa have been recorded on ships hulls, they are less 

significant foulers in terms of weight and certainly their thin encrusting mode offers least 

resistance to water flow on ships underway (Ryland, 1970). Notwithstanding this, 

bryozoans can cause damage through indirect effects, frequently as organisms critical 

to the ecological development of fouling communities. They are found to be hazardous 

once they establish their colony on antifouling paint coated surfaces. Its extensive crusts 

provide a safe substratum for the attachment of barnacles, serpulid worms and bivalves, 
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which together have a remarkable effect on the frictional resistance. Watersipora sp. is 

specially noticed as a hull colonizer, and is the most common copper-resistant 

macrofouler known (Ryland, 1970). Another factor is that the sulphate reducing bacteria 

occurring under encrusting bryozoans can accelerate metal corrosion (Srivastava and 

Karande, 1986). Tufted colonies like Bugu/a and Zoobotryon species are found to create 

a great nuisance by clogging intake pipes of cooling systems, and they cover ships' hull 

providing great impedance to passage through water. 

Fouling of ship is of zoogeographical interest, where a species is spread beyond its 

original area of distribution. There is vast difference between the organisms capable of 

surviving on wood, metal or plastic hulls of boats and ships that move through the 

waters, encountering varied temperature, salinities and other parameters, and those 

organisms that settle on fixed pilings, anchored boat or a stationery substratum (Soule 

and Soule, 1977). Some examples cited by Ryland (1970) are Watersipora sp. that was 

introduced to Australian ports, from there, to Auckland ports, New Zealand. Bugu/a 

neritina, essentially a tropical species, arrived in Britain and flourished in certain south 

coast ports, while B. flabellata, a typical temperate species has been carried to 

Australia. Ballast water is also a major vector for marine species introduction; though 

bryozoans were not listed among them earlier, Carlton (1985) has shown that species 

with cyphonautes larvae could certainly be transported in ballast waters. 

Bryozoan colonies begin life when a larva that develops from a fertilized egg attaches to 

a substratum, may be rock, piling, seaweed, boat hull etc. and metamorphoses to the 

first zooid of the colony - the ancestrula. This ancestrula buds to give more zooids 

either upwards in bushy and tufted colonies or radially in encrusting ones. So larva in 

particular is a critical stage in fouling. Typically, larvae swim in circles of decreasing 

circumference over the surface of the substratum appearing to 'test' it with its long 

bundles of cilia (Woollacott, 1984). It temporarily attaches and detaches, thus continuing 

to test new suitable sites. The ability to disengage from the substrate and continue 

exploring indicates its high capacity for discrimination in the selection of a suitable 

substratum. 

The nature of substratum is yet another factor of prime importance. Works have shown 

that wettability, an indication of the degree of surface hydrophilicity, is of paramount 

importance in influencing larval settlement (Woollacott, 1984). Bryozoan larvae tend to 

show habitat preferences based on reactions to light, water movement, substrate texture 

and colour and the physical or chemical properties of the surface (Ryland, 1970; Menon, 

238 



Chapter 5. Fouling bryozoans 

1967b; 1972d). Indeed, in the case of the most abundant, sub-cosmopolitan, marine 

fouling bryozoans the mature colonies may thrive in wider ranges of temperature, 

salinity, turbidity and pollution that prevail in ports and harbours than open coastal 

species (Gordon and Mawatari, 1992) and they are rarely found outside such settings. 

A positive aspect of biofouling is the biomedical application of various species of 

bryozoans. Many of these hazardous foulers are now used in clinical trials for extraction 

of bioactive compounds as a remedy for many ailments. Bryostatin extracted from 

Bugu/a neritina is now used as an anti-turn or, anti-cancer agent. Further, experimental 

studies to understand cloning and mapping of genes is a recent field of research in 

which bryozoans are being used extensively by genetic engineers. 

Fouling bryozoans are of great economic, zoogeographical and biomedical importance. 

The present study of fouling species of bryozoans gives an overview on the seasonal 

incidence of fouling bryozoans in four stations located in the three major shipping 

channels- the approach channel, the Mattanchery channel and the Ernakulam channel 

and a fifth rather unpolluted station in Cochin backwater; the Vypeen channel in the 

southwest coast of India. 

5.2 Material and Methods 

The three prominent seasons in the study area are Pre-monsoon (01 February to 31 

May), Monsoon (01 June to 30 September) and Post-monsoon (01 October to 31 

January). Bryozoan settlement during all the three seasons of the year 2002 at five 

stations (Refer Sec. 4.2) and also during February, May and June of the year 2003 at 

Mattanchery channel was studied with the aid of test panels. 

The test panels consisted of clear glass plates of 15cm x 10cm with one side smooth 

and the other rough. Use of panels with two types of surfaces enabled to note the 

influence of texture of the substratum on the settlement of bryozoans. Two method of 

panel exposure was done based on the depth of the stations. 

~ The panels were secured endwise in a wooden rack, which in turn was suspended 

by a plastic rope, 50cm above the mudline. The racks were held in position with 

the help of concrete block, which functioned as an anchor. This method was 

carried out at station 1, 2, 4 and 5 where the depth was less than 3 m. 
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~ Five pairs of glass panels were suspended on ropes from the intertidal region to 

the mud line at an interval of 50 cm. To avoid the effect of silting, the bottom 

panels were kept 50 cm above the mud-line. A concrete block was used as an 

anchor to keep the panels and rope in a vertical position. This pattern of exposure 

was the same as that previously experimented by Menon (1972d) to study the 

vertical distribution of bryozoans. This method was done only at Station 3 in the 

Mattanchery Channel where the depth is ca 5m. 

A series of short term and long term panels were immersed in backwaters. Short-term 

panels were those exposed for a short-term duration (a week/ fortnight! a month) at 

station 1 and 3. Long-term panels composed of the plates that were immersed together 

as a set of 16 or 12 panels and one panel each was withdrawn at the end of 7 or 30 

days respectively. Details of the short-term and long-term panel exposure are as 

follows: 

The short-term series (A-series) 

Short-term panels were put out and changed at the end of 7 days at Station 1 -

Ernakulam Channel-Site 1 and duration of 15* and 30 days at Station 3 -

Mattanchery Channel. [* - Two set panels of 15 days duration were immersed in May 

2003]. 

The long-term series (B-series) 

Sixteen panels were exposed together at the beginning of a season and removed one 

by one at intervals of 7 days at Station 1 -Ernakulam Channel-Site 1 for 112 days. 

Twelve panels were exposed together at the beginning of the experiment and one each 

was removed at intervals of 30 days at stations, Station 2 -Ernakulam Channel-Site 2, 

Station 4- Approach channel and Station 5 - Vypeen Channel. These panels gave 

information on the bryozoans, which settled and flourished during different months of 

the year. It also showed how the settlement was modified by animals that have already 

settled on the panels and the fate of bryozoan foulers for a period of one year growing 

on spatially restricted substrate. 
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5.3 Results: Settlement pattern of fouling bryozoans at different stations in the 

Cochin backwaters. 

5.3.1 Ernakulam Channel- Site 1 (Station 1) 

The results obtained on the seasonal settlement of bryozoans with the aid of glass test 

coupons placed in a wooden rack and exposed at Station 1 (Ernakulam Channel-Site 1) 

from January 2002 to December 2002 are tabulated and presented in Table 11 and 12. 

Both the short-term (A-series) and long-term (B-series) exposures were carried out at 

this station. This mode of panel exposure helped to ascertain the period when fresh 

settlement of the different species took place. The size of the colonies on the panels 

gave an idea of the probable time of settlement and the rate of growth. A continuous 

sampling was done for four months and then the next set of 16 panels was immersed. 

Four species viz, Victorella pavida, Bowerbankia gracilis, Electra crustulenta and 

Alderina arabianensis settled on the short-term panels. The long-term panels examined 

every week showed heavy settlement of some species during certain seasons. The 

species present on these panels were Victorella pavida, Bowerbankia gracilis, Electra 

crustulenta, Electra bengalensis, Alderina arabianensis and Bugula cucullata. The 

species, that established colonies on the panels, are dealt separately below: 

Victorella pavida: Settled on both the short term and long term panels mostly during 

the monsoon season, gradually declined in the post-monsoon season and vanished 

from the panels in the pre-monsoon season of the year. This species showed its 

presence on the short-term panels in July (A5) and continued to settle till the end of 

monsoon with periods of lush growth as evident on A11 and A12 of August and A13 and 

A14 of September. Settlement on the long-term panels occurred during five months of 

the year from July to November 2002. However, abundance of V. pavida was confined 

to the B5 to Be plates exposed during July. A comparison of the nature of settlement on 

the short term and long term panels clearly shows that there was greater settlement on 

the long term panels probably owing to the favourable influence of other forms already 

present on them or the availability of the substratum (B series) for longer time duration 

for settlement and growth of the established colony. The absence of this species on the 

panels during the high saline period (December-May) indicates that the conditions 

prevailing are not suitable for larval life, settlement and growth of this species in this 

locality. 
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Table 11. Bryozoans settled on Smooth (S) and Rough (R) surface of glass panels at a level 50 cm above the bottom at station 1 - (Emakulam 
channel: Site I) during 2001-2002. A-Series [Short term panels -lS0cm2

]; duration of exposure 7 days 

Al A2 A3 A4 A5 A6 A7 A8 A9 AIO All AI2 A13 AI4 AI5 AI6 
Season Specie 

S R S R S R S R S R S R S R S R S R S R S R S R S R S R S R S R 
yP - - - - - - - - r r c c r c r - c r c r c vc vc c vc vc vc vc r c r c 
Bg - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Monsoon EC - - c - c c c c - c - r - c c r r c c c c c r c c r r c r c r c 
01 June - EO - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
30 Sept. Aa - - r - r r r r r - - - - - - - - - - - - - - - - - - - - - - -

BC - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Ca - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
yP C - r c r r - - - - - - r r - - r - - - - - - - - - - - - - - -
Bg - - - - - - - - - - - - - - - - - - - - - - - - r r - r r - - r 

Post-monsoon EC r r r - r - r - r - r r - - r r - r - r - - - - - - - - - - - -
01 Oct. - EO - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
3Uan. Aa - - - - - - - - - - - - - - - - - - - - - - - - - - r r r r - r 

BC - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Ca - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
yP - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Bg - - - - - - - - - - - - - r - - r r - r r - r c c r r r r r - -

Pre-monsoon EC - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
01 Feb. - EO - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
31 May Aa r r r r r - r - - - r - r c r c - - - - r - - r - r - - - - r -

BC - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Ca - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

(yP - Victorella pavida, Bg - Bowerbankia gracilis, EC - Electra crustulenta, EO-Electra bengalensis, Aa - Alderina arabianensis, BL- - Bugula 
cucullata, Ca - Chartella arabica) [r- rare«5); c - common (6 to 10); vc - abundant (11 to 20); - - absent (0)] 
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Table 12. Bryozoans settled on Smooth (S) and Rough (R) surface of glass panels at a level 50 cm above the bottom at station 1- (Emakulam 
channel: Site 1) during 2001-2002. B-Series [Long term panels - IS0cm2

]; 16 plates exposed and removed one by one at the end of7 days. 

Season Bl B2 B3 B4 B5 B6 B7 B8 B9 B 10 B 11 B 12 B13 B 14 B 15 B 16 
(Period) 

Species 
S R S R S R S R S R S R S R S R S R S R S R S R S R S R S R S R 

yP - - - - - - - - vc vc vc c vc vc c vc r c c vc vc c c c vc r r c c c r c 
Bg - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Monsoon EC c c r c r c c r c c c r c r r c r - - r - r r - r r c r c c r c 
01 June - Ell - - - - - r r r - - - - - - - - - - - - - - - - - - - - - - - -
30 Sept. Aa vc c c c c c vc vc r c r r r r r r r r r r - - - - - - - - - - - -

BC - - - - - - - - - - - - - - - - - - - - r r r c c r r c - - - -
Ca - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
yP r r r r - - r - - r r - r - r r - - - - - - - - - - - - - - - -
Bg - - - - - - - - - - - - - - - - - - - - - - - - r - c r r c c C 

Post-monsoor EC vc vc vc C V( vc C vc vc vc C V( vc C C vc vc c c c c c c vc c c r c r c c r 
01 Oct. - Ell - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
3IJan Aa - - - - - - - - - - - - - - - - - - - - - - - - c c c c c c c r 

BC - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Ca - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
yP - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Bg r r r - r r - r r - r r r r r r c c r c c r c r r r r - r - - r 

Pre - EC r c r r c r r c c r c c r c r r c c r c c c r c c r c r c c c c 
monsoon Ell 
01 Feb. - - - - - - - - - - - - - - - r - - r - - - - - - - - - - - - - -

31 May Aa vc v c vc V( C vc vc c c vc V( vc C vc vc c c r c c c r c r c c r r r c c 
BC - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Ca - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I 

(yP - Victorella pavida, Bg - Bowerbankia gracilis, EC - Electra crustulenta, Eb - Electra bengalensis, A a - Alderina arabianensis, BC - Bugula 
cucullata, Ca - Chartella arabica) [r- rare( <5); c - common (6 to 10); vc - abundant (11 to 20); - - absent (0)] 
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Chapter 5. Fouling bryozoans 

Table 13. Bryozoans settled on smooth (s) and rough (R) surface of glass panels at 5 levels 
50 cm, 100 cm, 150 cm, 200 cm and 250 cm at station 3 (Mattanchery channel) during the 

year 2002. 
A-Series [Short Term Panels -150cm2

]; duration of exposure 30 days. 

Season Pre Monsoon 
(I Feb. t031 May) 

Monsoon 
(1 June to 30 Sept. 

Post Monsoon 
(1 Oct.-31 Jan.) 

Levels 
above 
mud 
line 
(cm) 

'" '" ·13 
'" c.. 
ell 

Al 

S R 

A2 A3 

S R S R 

A4 AS A6 A7 AB A9 A 10 A 11 AI2 

S R S R S R S R S R S R S R S R S R 

250 EC 

Aa 

Bn 

BC 

r r 

C C C C 

200 EC 

150 

100 

50 

A' C C C C C C r 

Bn YC YC YC YC C C 

BC r r 

C C C C r 

C C 

r -

EC r - C C -

A' C C C C C C C C r r r 

Bn YC C YC YC C C 

BC r r 

r r C C -

C C C C C 

EC r - r r 

A' C C C C C C C C 

Bn C C C C - r c 

BC C C C 

r -

r -

C C C C 

EC - r - r 

A' C C C r r C 

Bn - C C 

BC 

(VP - Victorella pavida, Bg - Bowerbankia gracilis, NP - Nolella papuensis, EC
_ 

Electra crustulenta, A a - Alderina arabianensis, Bn 
- Bugula neritina, BC - Bugula 

cucullata) 
[r- rare «5); c - common (6 to 10); vc - abundant (11 to 20); -:absent] 
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Table 14. Bryozoans settled on Smooth (S) and Rough (R) surface of glass panels 
at a level 50 cm above the bottom at Station 2 (Ernakulam channel: Site2) during 

2001-2002. 
B-Series [Long term panels-ISO cm2

]; 12 sets exposed together and removed one by 
one at the end of 30 days. 

Season 
Pre Monsoon (1 Feb. to 31 

Monsoon (1 June to 30 Sept.) Post Monsoon (1 Dct. - 31 Jan.) 
May) 

Bl B2 B3 B4 B5 B6 B7 B8 B9 BIO Bll B12 
Species 

S R S R S R S R S R S R S R S R S R S R S R S 

VP - - - - - - - - - - r r r r - - - - - - - - -
Bg - r r - - - - - - - - - - - - - - - - - - - -
Et c r r vc c r r c c c c c c r c c c vc vc vc vc c c 
ED - - - r - - - r - - - - - - - - - - - - - - -
A' vc vc vc vc vc vc vc c c c c vc c c c c c r r c r c c 
B" - - - - - - - - - - - - - - - - - - - - - - -
C· * - - - p - - - - - - - - - - - - - - - - - - -

(VP - Victorella pavida, Bg - Bowerbankia gracilis, EC 
- Electra crustulenta, Eh - Electra 

bengalensis, A a - Alderina arabianensis, Bn - Bugula neritina, Ca *- Chartella arabica; 
recorded once in Feb - March 2002) 

[r: rare«5); c : common(6 to 10); vc : very common(11 to 20), - : absent(O); p : present 
on wooden rack] 

Table 15. Settlement of Bryozoans on Smooth (S) and Rough (R) surface of glass panels 
immersed at 5 levels - 50 cm, 100 cm, 150 cm, 200 cm and 250 cm above the mud line at 

Station 3 (Mattanchery channel) during February, May and June in the year 2003. 
A-Series (Short term panels-150cm2

): 

February(30days*) May(15 days*) June(30 days*) 
AMI AM2 

Levels 
Smooth Rough Smooth Rough 

Smooth Rough Smooth Rough 

250 - - - - - - - -

200 Aea,Bg - NP - - Ale NP, Tk Tk , 

150 Aa, Bg Bg, Aa NP, Bg Bg Tk, Ale - Tk Tk , 

100 Aa NP Bg, NP Bg Fr
, NP Bg Fr, Tk -, 

50 Bg, NP, Ecvb Bg, Ecvb ECvb, Bg Bg Bg Fr NP -

(Bg - Bowerbankia gracilis, NP - Nolella papuensis, Fr 
- Farella repens, Tk - Triticella 

korenii, Ale - Alcyonidium erectum, Aea - Aetea anguina, Aa - Alderina arabianensis, ECvb 

- Electra crustulenta var borgii ) 
[AM1J May to 15 May, AM2J6 May to 31 May] 
*-Duration of panel immersion 
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Chapter 5. Fouling bryozoans 

Table 16. Settlement on Smooth (S) and Rough (R) surface of glass panels immersed at 
a level of 50 cm above the bottom at Station 4 (Approach channel) from 2002 April to 

2003 April. 
B-Series (Long term panels-150 cm2

); 12 panels exposed together and one by one 
removed at the end of every 30 days. 

Season 
Pre Monsoon (1 Feb. to 

Monsoon (1 June to 30 Sept.) Post Monsoon (I Qct. - 31 Jan.) 31 May) 

BI B2 B3 B4 B5 B6 B7 B8 B9 BIO BII 
Species 

S R S R S R S R S R S R S R S R S R S R S 

Bg - - - - - - r r - - - - - - - - - - - - -
EC r r r r r r r - c c c c c r r r c r r c c 

A" r c - r r r c c c - r c r c c r - - r r -
(Bg - Bowerbankia gracilis, A a - Alderina arabianensis, EC 

- Electra crustulenta) 
[r : rare«5); c : common (6 to 10); vc: abundant (11 to 20); - : absent (0)] 

R 

-
c 

-

BI2 
S R 

- -
c -
- r 

Table 17. Settlement on Smooth (S) and Rough (R) surface of glass panels immersed at 
a level of 50 cm above the bottom at Station 5 (Vypeen channel) from 2002 March to 

2003 March. 
B-Series (Long term panels-150cm2

); 12 panels exposed together and one by one 
removed at the end of every 30 days. 

Season 
Pre Monsoon (1 Feb. to 31 Monsoon (1 June to 30 Post Monsoon (I Qct. - 31 

May) Se pt.) Jan.) 

BI B2 B3 B4 B5 B6 B7 B8 B9 BIO BII BI2 
Species 

S R S R S R S R S R S R S R S R S R S R S R S R 

HSP - - - - - - r r - - - - - - - - - - - - - - Lost " 

Bg - - r r r r - r - - - - - - - - - - - - - -
" 

Et r r r r - - r - r c c c r r r r c r - - r -
" 

Aa c r r r r r c r r c r r - r r r - - - - " 
(VP - Victorella pavida, SS - Bowerbankia gracilis, EC 

- Electra crustulenta, A a - Alderina 
arabianensis) 
[r- rare( <5); c - common (6 to 10); vc - abundant (11 to 20); - absent (0)] 

" 

" 

" 
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Bowerbankia gracilis: Attached sparsely on the short term and long term panels during 

January and the settlement continued during the pre-monsoon season. Settlement on 

the short-term panels started in January, ceased in February and emerged by the end of 

March and continued till the end of May. The long term panels showed continuous 

settlement of this species from January to May with a slight increase in April. A 

comparison of the nature of settlement on the short-term and long-term panels clearly 

shows that there was a greater settlement on the long-term panels probably owing to 

the favourable influence of the prevalent salinity and the availability of substratum for 

longer duration for settlement at this site of the backwaters. 

Electra crustulenta: Settlement of E. crustulenta on the short-term panels was sparse 

when compared to their abundance on the long-term panels. The data on the freshly 

settled colonies on the short-term panels clearly reveal that they were found during six 

months of the year i.e., the entire monsoon period and the former months of post­

monsoon period. Settlement of this species ceased in December and did not occur in 

the pre-monsoon period on the short-term panels while on the long-term panels this 

species was found on almost every panel throughout the year, which could be the 

collective effect for each season. Their occurrence on panels 81 of October to 89 of 

December showed evidently higher settlement, which may be an indication of the 

settlement of this species during the favourable post-monsoon season. Though a high 

salinity is not conducive for the settlement of this species it is clear from the long-term 

panels that once they settle they can survive the high saline period. 

Electra benga/ensis: Sparse settlement of this species was noticed only on the long­

term panels in the month of June. 

Alderina arabianensis: Settlement of this species occurred on both short-term and 

long-term panels. They showed sporadic settlement on the short-term panels during 

June, January and the entire pre-monsoon period. Heavier settlement occurred on the 

long-term panels and they were found to occupy a bigger area and form one of the 

members of the aged fouling communities. 

Bugula cucullata: This species settled on the long-term panels in few numbers during 

August and September of the monsoon season. Menon and Nair (1971) recorded few 

colonies during the highly saline period of February - March on the long-term panels 

and remarked on the irregular nature of settlement of this species, which was indication 

of the occasional influx of larvae of this form into the estuary by tidal currents. The 
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presence of this species in August indicates the high tolerance of the larvae to 

fluctuating salinity. 

5.3.2 Ernakulam Channel-Site 2 (Station 2) 

Settlement pattern of bryozoans on the long term panels (8 Series) in the Ernakulam 

Channel at Station 2 during the period January 2002 to December 2002 revealed the 

presence of six species [See Table 14]. They were Victorella pavida, Bowerbankia 

gracilis, E. crustulenta, E. bengalensis, Alderina arabianensis and Chartella arabica of 

these Chartella arabica is new to science. 

Victorella pavida: This species attached to the panels in July and August during the 

monsoon season. They showed no preference to smooth or rough surface. 

Bowerbankia gracilis: Sparsely found only during the high saline, pre monsoon period 

and showed no preference to the texture of the substratum. 

Electra benga/ensis: Settlement occurred during the pre-monsoon and only two 

colonies were found on the panels. One having not more than 12 zooids settled in 

March and another of not more than 100 zooids settled in May. 

Electra crustulenta: This species was represented on the panels throughout the 

experiment period with peak settlement during the post-monsoon. November 2002 

showed heavy settlement which was evident by its abundance on both the smooth and 

rough surface of the panels, after which there was a gradual decline in the number 

settled. 

Alderina arabianensis: This species was found on the panels throughout the year. 

Pronounced settlement occurred during the pre-monsoon season. Its presence on 

almost all the panels throughout the year is an indication of predominant settlement on 

panels when exposed initially during the pre-monsoon. Their progressive growth was 

hindered during the unfavourable seasons of the year. 

Chartella arabica sp. novo: This species is new to science and this genus has hitherto 

not been recorded from this locale. Two big colonies were obtained in March and found 

attached by its base to the wooden rack. The size of the whole colony was as big as a 

shoe-flower, glistening white in colour and brittle in texture. 
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5.3.3 Mattanchery Channel (Station 3) 

Settlement of bryozoans on the short term panels immersed in the Mattanchery Channel 

during the period January 2002 - December 2002 and February, May and June 2003 

are tabulated and presented in Table 13 and 15. Twelve species settled were 

Alcyonidium erectum, Victorella pavida, Bowerbankia gracilis, Nolella papuensis, Farella 

repens, Triticella korenii, Aetea anguina, Electra crustulenta, Electra crustulenta var 

borgii, Alderina arabianensis, Bugula neritina and Bugula cucullata, of which, six are 

ctenostomes and six are cheilostomatous anascans. 

Alcyonidium erectum: Attached once on the smooth surface of the short term panels 

exposed in May 2003 [Table 15]. 

Victorella pavida: Settled on the panels during the monsoon season and ceased to 

settle by August. This species preferred a low saline condition and were present 

throughout the water column. 

Bowerbankia gracilis: Settled on the short term panels from March onwards (A­

Series). The settlement was prominent on the panels of the intertidal level. 

Nolella papuensis: This species was found on the short term panels immersed in 

February, May and June 2003 [Table 13 and 15]. The remarkably longer zooid of these 

stolonate species showed no preference for smooth or rough surface of the panels. 

Farella rep ens and Triticella korenii: These species were rarely present on the 

panels showing irregular settlement in May and June 2003 [Table 15] on short term 

panels (A series). 

Aetea anguina: Settled on the intertidal level panels in the month of February 2003 

[Table. 15]. 

Electra crustulenta: This species settled on the short-term panels (A Series) in July 

and continued to settle until January. The colonies showed no preference for the 

smooth or rough surface and settled only on panels immersed and kept 150 cm above 

the mudline. E. crustulenta did not settle during pre monsoon period at this station. 
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Electra crustulenta var borgii: This species was present on the bottom panels very 

sparsely in February and May 2003 [Table 15]. 

Alderina arabianensis: This species was present on the panels throughout the year 

except September. The reason for the absence can be the drastic change in salinity. 

There was a sudden increase in salinity in September and the animals did not settle 

during this month. 

Bugula neritina: This species was recorded only at this station. Settlement of this 

species occurred in February, March and sparsely in April. This settlement pattern 

shows that Bugula neritina prefers high salinity conditions similar to that recorded by 

Menon (1967). The salinity during these months ranged from 27 to 30 psu. 

Bugula cucullata: This species was found to be as common as Bugula neritina and 

was prominently seen during the pre-monsoon season. No preference for smooth or 

rough surface of the panels was noticeable. 

5.3.4 Approach Channel (Station 4) 

Settlement pattern of bryozoans on the long term panels immersed at this station for a 

period of one year are tabulated and presented in Table 16. Four species settled on the 

panels; Bowerbankia gracilis, Hislopia sp., Alderina arabianensis, and Electra 

crustulenta. There was considerable reduction in the number of colonies. The colonies 

that settled could have been sloughed off the panels as evidenced from damaged 

colonies. 

Bowerbankia gracilis: This species was found on the panels in less number during the 

pre-monsoon season. 

Hislopia sp.: This is a new record of this genus from the Cochin backwaters. This 

species settled in May of pre-monsoon season. 

Electra crustulenta: This species occurred on the panels very regularly, though in 

varying intensity, throughout the year. 

Alderina arabianensis: This species settled on the panels during 9 months. It did not 

settle during April, November and December. 
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5.3.5. Vypeen Channel (Station 5) 

This station was in a low saline unpolluted area situated very close to a mangrove 

forest. The panels exposed at this site developed a brownish hue due to the organic 

debris settled. Three species settled on the panels at this station as tabulated in Table 

17. They were: Bowerbankia gracilis, Electra crustulenta and Alderina arabianensis. 

Bowerbankia gracilis: Settled on the glass panels sparsely in May at this site. 

Electra crustulenta: This species settled on the glass panels throughout the year, in 

varying intensities. 

Alderina arabianensis: This species was found on all the panels throughout the year, 

except in October. 

5.4 Discussion 

Barnes and Clarke (1995) stated that in boreal regions the fouling community would 

vary greatly according to the season of immersion, whereas in tropical regions it may be 

largely nonseasonal unless the environment is influenced by what may be called 

meteorological factors, such as freshwater runoff arising from monsoon conditions. In 

this context, fouling studies in tropical estuaries is interesting since Cochin estuary is 

governed by seasonal fluctuations in the environment. The spatial settlement of these 

invertebrate species on the test panels seems not to be a random process but their 

distribution and settlement is greatly influenced by the behavioral responses of these 

animals to a range of environmental stimuli and a remarkable influence of the seasons. 

This seasonal sequence of settlement accounts for the differences noticed here in the 

species composition of bryozoan fauna during the three periods of the year. 

Experiments on salinity tolerance of two marine forms have shown that the populations 

growing during high saline periods cannot tolerate salinities below 26% for more than 24 

hours (Menon and Nair, 1974b). 

Although fouling occurs throughout the year, seasonality of settlement and variation in 

abundance exhibited by different species, however, are more marked in some species 

and focuses to a number of tentative conclusions. Based on this settlement behaviour, 

the fouling bryozoan species in Cochin backwaters could be grouped into three 

categories: 
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(1) Species that settled on test panels throughout the year and exhibited increased 

frequency of settlement during certain favourable periods of the year - Alderina 

arabianensis and Electra crustu/enta. 

(2) Species that settled only during some definite periods of the year - Victorella 

pavida, Bugula neritina, E.benga/ensis. 

(3) Species with sporadic settlement - Farella repens, Hislopia, Triticella korenii, 

Electra crustu/enta var borgii, Aetea anguina and Bugula cucullata. 

Within minutes of immersing a clean surface in water, it absorbs a molecular 

conditioning film consisting of dissolved organic material and bacteria. Unicellular algae 

and cyanobacteria colonize this surface. This phenomenon was evidently seen on the 

panels immersed for a period of 7 days when the biological layer had formed with some 

colonial coelenterates like hydroids, ciliates and unicellular algae. This is unrelenting 

from the time of immersion and Menon (1972d) has reported that panels immersed for 3 

days duration show primary film formation. This layer is essential for many of the larval 

forms to settle. The principle studies of larval attachment have been performed with sp. 

Bugula. Woollacott and Zimmer (1977) have studied the metamorphosis of Cellularoid 

larvae and revealed the unexpected complex morphogenetic movements involved in 

attachment of B. neritina. 

Data on the bryozoans obtained from careful observation of nearly 350 panels exposed 

at five stations in the study area during a period of 15 months are presented in this 

chapter. The present study revealed that a total of 15 species of fouling bryozoans 

occur in Cochin Backwater,s of which Chartella arabica is new to science. Nine species 

have been previously recorded as foulers from test surfaces and bottom of ships. They 

are Victorella pavida (Osburn, 1944; Carrada and Sacchi, 1964; Menon and Nair, 

1967b, 1971; Menon, 1972d), No/ella papuensis (Menon and Nair, 1971; Menon, 

1972b), Bowerbankia gracilis (Menon, 1972d; Rao and Balaji, 1988), Electra crustu/enta 

(Menon and Nair, 1967b, 1971, 1975), Electra benga/ensis (Menon and Nair, 1967b, 

1975; Rao and Balaji, 1988), Electra crustu/enta var borgii (Men on and Nair, 1975), 

Alderina arabienensis (Menon and Nair, 1975; Anil and Wagh, 1988), Bugula neritina 

(Kawahara, 1960, Menon and Nair, 1972b), Bugula cucullata (Menon and Nair, 1972b). 

Three species Alcyonidum ere ctum , Triticella korenii and Aetea anguina were obtained 

from the carapace, leg and telson of Peneaus indicus, appendages of spider crab and 

epizoic on Bryozoa, respectively from the same locality. In the present study, three of 

the species Chartella arabica sp. novo, Hislopia sp. and Farella repens are new records 

to the assemblage of fouling bryozoans from this area. 
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It is clearly evident that the horizontal distribution of these sedentary organisms was not 

uniform even though the area investigated was small. The station 3 (Mattanchery 

Channel) which is nearer to the open sea, recorded the maximum number of species. 

Of the fifteen species only Bowerbankia gracilis, Electra crustulenta, and Alderina 

arabianensis were represented at all the other stations and forms like Nolella papuensis, 

Farella repens, Triticella korenii, Aetea anguina and E. crustulenta var. borgii were 

restricted to the Mattanchery channel. If the number of species settled could be taken as 

a criterion to assess the suitability of the environment for successful settlement and 

growth of this interesting group of fouling organisms, Mattanchery Channel seems to 

offer the most congenial conditions in this area. The significance of the Mattanchery 

Channel as one of the important shipping Channel with a greater depth appends the 

increased bryozoan diversity at this station. Soule and Soule (1977) commented that 

fouling studies done with plates or racks suspended in areas where ships do not or 

cannot anchor are really studies of the local fauna, carried out by offering an additional 

artificial substrate choice and probably fouling occurs when ships are anchored or 

berthed in harbors. This adds to the significance of panel studies at jetty, berth and port 

as done in the present study. 

Settlement on a horizontal gradient shows that the intensity of occurrence is indirectly 

proportional to the distance of the locality from the open sea (Menon, 1972d). This may 

be explained by the populations of marine fouling bryozoans being replenished every 

year during the hot pre-monsoon period by transport of larvae of marine species into this 

locality. The ephemeral planktonic existence does not help the larvae to colonize 

successfully the interior regions. Those that succeed must be able to exist in a very 

dormant state during the monsoon period. 

Osburn (1944) made a survey of the Bryozoa of Chesapeake Bay which has served as 

a classic reference on the penetration of marine ectoprocts into freshwater. Osburn (/oc. 

cit.) described the change in the composition of the ectoproct fauna from the sea into 

the estuary, with ctenostomes and membraniporine cheilostomes proportionately better 

represented, and cyclostomes and ascophoran cheilostomes poorly represented in the 

Bay than in the sea. He also stressed that while the number of species were reduced, 

the number of individuals of these few species could be quite large at any given locality. 

Osburn (/oc. cit.) and Menon (1972d) opined that the successful colonization of the 

estuary by the brackish water forms during the monsoon and post-m on soon periods and 

the settlement of marine forms during the hot pre-monsoon period is a characteristic 
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feature of the estuarine fouling bryozoans. Similar results were obtained in the present 

study as ctenostomes showed a better representation than the cheilostomes; anascans 

thrived better than the ascophorans while cyclostomes representatives were not found 

in the estuary. 

Menon (1967) stated "not even a single species continued to settle throughout the year". 

Contrary to this observation, in the present study, two species A. arabianensis and E. 

crustulenta were present on the panels throughout the year. This shows that endemic 

population of species exists in the estuary. Victorella pavida, was grouped by Menon 

and Nair (1967b, 1971) as "a typical brackish water forms" not encountered in purely 

marine condition, while B. neritina and E. bengalensis appeared on the panels during 

the high saline pre monsoon period only. In the present study E. bengalensis settled 

very rarely on the panels and only four colonies were noticed, whereas heavy settlement 

was noticed on short term and long term panels in pre-monsoon during the biofouling 

studies conducted by Menon (1972d). The inability of larvae to survive and settle on 

panels is symptomatic of the charges undergone in the Cochin backwater system during 

the past four decades due to the increase in anthropogenic activities. The rest of the 

bryozoan foulers were present intermittently on the panels with any specificity for marine 

or brackish conditions. Charte/la arabica sp. novo was noticed only in March, the peak 

marine and hottest season of the year. 

Barnes and Clarke (1995) and Genovese and Witman (1999) attributed substrate 

limitation, as a physical factor limiting the distribution of epifaunal invertebrates. The size 

of the panels of 10 x 15 cm may be insufficient for all the species to attach on it. 

However, cheilostomes are capable to overgrow other fouling organisms and cause 

suffocation by avoiding environmental contacts resulting in the death of the organisms. 

Gregarious settlement of larvae can lead to a situation of overgrowth. Many studies of 

spatial competition among epifaunal invertebrates have been conducted in fouling 

communities where overgrowth competition is common (Sebens, 1986). The colonies 

which are not sloughed off or not smothered by the heavy settlement of barnacles (Nair, 

1965) may come back to activity by regeneration and succeed in producing larvae. The 

bryozoans were found to over grow the barnacles as an indication of limitation of space 

and an ability to regenerate. 

Settlement and succession of macrofoulers including bryozoans have been studied by 

many scientists (Schoener, 1982; Oshurkov, 1994). Formation of primary film and 

attachment of macrofoulers culminating in a climax community was very clearly 
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documented by Scheer (1945). Scheer (1945) found that fast growing hydroids, 

serpulids, bryozoans and ascidians controlled the climax community. This concept was 

subsequently supported and developed in many consequent studies including a newly 

established port in the southern India (Menon et al., 1977; Braiko, 1985; Khalaman, 

1989). The fast growing macrofoulers remain in the fouling community for periods up to 

2 weeks to 2 years. The present study also shows that panels exposed for about a year 

harboured animals belonging to the category of hydroids, polychaetes, barnacles, 

bryozoans. A majority of the studies on succession, fouling community has been studied 

near the coast and in shallow waters that is in unstable environment. Therefore, the 

there are limitations in identifying general processes of macrofouling succession. Under 

the condition of frequent disturbances of the physical medium, the stable climax state 

may not be achieved at all in a number of cases, this even gives us reason to doubt the 

very existence of climax community establishment in macrofouling (Railkin, 2004). 

Under unstable conditions the succession process may be often interrupted. 

It is well known that coastal biofouling is characterized by greater biomass and higher 

species diversity (Zevina, 1994). Since coastal marine areas represent unstable 

habitats, the communities do not reach the climax stage. Therefore, settlement studies 

employing smaller surface are likely to show the prevalence of fast growing species 

belonging to hydroids, cirripedes, polychaetes and bryozoans. This could be one of the 

reasons for the incidence of more number of species of bryozoans in the Mattancherry 

channel where large number of cargo ships berth. 

The settlement of sedentary organisms on artificial substrates is a relatively recently 

developed phenomenon. The appearance of anthropogenic surfaces in the sea and the 

exponential growth of their overall area has become an essentially new factor in the 

evolution of the settlement of organisms on anthropogenic surfaces. In the coastal areas 

these surfaces are represented primarily by technical objects, the largest total area 

being that of submerged parts of vessels. At the present stage, artificial surfaces have 

become an important factor in the concentration and micro evolution of marine 

organisms. It may be assumed that their role will be even more significant in the future, 

since human activity in the ocean especially coast and the continental shelf area is 

bound to increase. The concentration of organisms especially those well adapted to 

settle and grow on artificial materials, seriously hampers the use of technical objects in 

the marine environment and requires constant antifouling measures. 
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The estuaries of India cover an area of 2.14 x 106 ha, and are influenced by the semi­

diurnal tides. Almost all the estuaries are used for the exploitation of marine and 

estuarine living resources, with the intensity of use ranging from moderate to heavy. 

Around metropolitan cities [Kolkata (Calcutta), Chennai (Madras), Kochi (Cochin), 

Mumbai (Bombay) etc.], the intensity of utilization is heaviest and may at times even 

exceed the carrying capacity of the estuaries (Khan and Murugesan, 2005). The 

sustainable capacity of these coastal ecosystems is being subjected to stresses and 

degradation from inappropriate development activities within the coastal zone itself as 

well as in the ocean (open seas) and in the upland areas. 

Coastal zones of the world, constituting 15% of the earth's land surface, are major 

centers of human population as these are the areas of rapid development, due to the 

fact that the coastal waters serve as primary route for transport, tourism and 

communication among the different countries of the world. The changing development 

caused by population growth, increasing quality of life and the national economic 

restructuring, having forced nations to intensify and diversify the utilization of coastal 

and marine resources. 
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Despite the high potential development that can be offered by coastal estuarine and 

marine ecosystems and resources as described above, the threats to the sustainable 

capacity of marine ecosystems, to provide resources and environmental services have, 

in many cases, reached a critical level. Human activities which threaten estuarine 

biodiversity can be broadly grouped into five categories: 

• overexploitation of living resources 

• physical alteration of coastal and marine habitats 

• coastal and marine pollution 

• introduction of alien species 

• global climatic change 

Industrial clusters and oil terminals also release effluents into the estuaries. Shrimp 

farms in all the maritime states discharge the used water containing organic matter and 

chemicals into the estuaries (Hutomo and Moosa, 2005). The most serious and direct 

threats to coastal and marine biodiversity are the conversion of coastal habitats (e.g. 

mangroves and estuaries) into man-made land uses, such as industrial estates and 

settlement and harvesting of coastal and marine resources. Indirect threats to marine 

biodiversity would be in the form of pollution and sedimentation. However, these threats 

in essence are symptoms of more fundamental forces, which are causing the 

degradation of estuarine biodiversity. 

Accelerated loss of coastal marine biodiversity components over the last few decades 

has been of great concern. Environmental changes, overexploitation and habitat loss 

are among the major cause of species loss that, according to certain estimates, is of the 

order of a species per day (Venkataraman and Wafar, 2005). It is not known what 

fraction of this loss is from estuarine environment, a situation owing to a lack of 

systematic coverage of all faunal and floral classes with the prominence placed often on 

economically important groups. With every species lost, we lose not only a biological 

specimen but also the ecological, economic or livelihood security the species could offer 

the mankind. 

Equally important as knowledge of what lives in the estuary, is a prediction of what 

would live there in the future. This is especially true in regions where rapid loss of 

habitats and decline in water quality could be drastically altering the species diversity. 
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Estuarine regions with developing islands, cities around them analogous to Cochin 

estuary, are particularly vulnerable to this situation. 

The wide distribution of many gymnolaemate bryozoans may be attributed to dispersal 

on drifting seaweed, floatirtg pieces of wood and ship bottoms. Transport via ships is 

ever increasing in our waters and so the possibility of introduction of species is also 

increasing. Cochin harbour is frequented by cargo and passenger ships from around the 

world and hence these are sites for exchange of distinctly geographic species among 

regions of the world. Alien (1953) remarks that gymnolaemates never seen before in 

Australian coasts may suddenly become abundant, having been brought in on ships, 

evidently enduring passage through tropical waters. 

The important aspect of environmental monitoring is to detect changes or trends over 

time, with respect to biomass, biodiversity or ecological processes. These may be either 

negative trends due to human activities or natural disasters or positive trends due to 

effective management interventions, e.g., protection and restoration. These informations 

are lacking and are of great importance to ensure that adequate conservative measures 

are taken to protect the unique facets of the world biodiversity. 

Cochin estuary is a unique water body with its capacity to nurture flora and fauna of its 

own (Menon et al., 2000). This is why studies pertaining to fauna of the estuary are 

significant in giving information on the changes that would have happened or the 

changes that would happen in near future. A thorough knowledge of the composition 

and occurrence of sessile marine invertebrates, extend to which species are indigenous 

to Cochin backwaters requires assessment. Long term and periodical monitoring of 

spatial variability of bryozoans, the extent of their utility in assessing habitat 

deterioration, especially in situations of intense human intervention as in Cochin estuary 

(harbour and industrial activities and sewage) can predict the impact of development 

activities on diversity of estuarine bryozoans. Information on the opportunistic species 

and moderately tolerant species from intensively used estuaries can evaluate variations 

in bryozoan diversity and their use in assessing health of estuaries. 

6.2 Material and methods 

Incidence of various bryozoans on glass panels was examined during the period 

January 2002 to December 2002 and in February, May and June, 2003 at Mattanchery 
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wharf. For this a series of non-toxic glass panels were immersed in backwaters, for both 

long term and short term. The panels were immersed as mentioned in Sec: 5.2. 

The data on the bryozoan settlement in the estuary during the present investigation was 

compared with the results of a similar experiment carried out during 1964, 1965 and 

1966, to assess the rate and magnitude of bryozoan settlement on inert substrata 

(Menon, 1972d; Menon and Nair, 1971). 

6.3 Results 

Among the 15 species of bryozoans collected and studied during the present 

investigation one species was found new to science, one genera and two species were 

first records for this locale. The table listing the species in the present study (2002-2003) 

and those present on panels and other substrata in the Cochin estuary during the year 

1964-1966 are on hand for comparison in Table 18. 

Seven species belonged to the order Ctenostomes while eight were of the suborder 

Anasca which are the less calcified group of the order Cheilostomata. No ascophoran or 

cyclostome bryozoans were available on the test panels. The ctenostomes that attached 

to panels during the three seasons of the year were Alcyonidium erectum, Victore/la 

pavida, No/e/la papuensis, Bowerbankia gracilis, Hislopia sp., Fare/la repens and 

Triticel/a korenii. They were found to attach during their most favourable season within 

their preferred salinity and temperatures ranges while the cheilostomatous anascan 

species present were Aetea anguina, Electra bengalensis, Electra crustulenta, Electra 

crustulenta var. borgii, Alderina arabianensis, Charte/la arabica sp. novo, Bugula 

neritina and Bugula cucu/lata. 

In the studies conducted by Menon (1967) in 1965-66 he reported a total of 16 species 

from the Cochin estuary in a similar pattern of experiments. Among them four species 

were ctenostomes, eight species were of the cheilostomatous anascans while four were 

of the well calcified group of Ascophora. Menon and Nair (1971) reported three new 

species from this study area; they where Electra crustulenta var. borgii, Alderina 

arabianensis and Schizopore/la cochinensis. Of these, Electra crustulenta and Alderina 

arabianensis were readily available on the panels in the present study while the species 

E. crustulenta var. borgii and E. bengalensis were scarcely available in the pre-monsoon 

months of the year. The alarming decline of the heavy calcareous forms from the 

estuary is a signal of the changes that have taken place during the past four decades. 
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Table 18. Bryozoans present on the glass panels immersed for biofouling studies in the Cochin 

backwaters during the year 1964-1966 and the year 2002-2003. 

Year 1964 -1966 2002 - 2003 
Bryozoans 

1. Alcyonidium erectum 
2. Victorella pavida 

1. Victorella pavida 3. Nolella papuensis 
Ctenostomes 2. Nolella papuensis 4. Bowerbankia gracilis 

3. Bowerbankia gracilis 5. Hislopia sp. 
4.Aeverrillia setigera 6. Farella repens 

7. Triticella korenii 

1. Electra bengalensis 1. Aetea anguina 
2. Electra crustulenta 2. Electra bengalensis 
3. Electra crustulenta var. borgii 3. Electra crustulenta 

Cheilostomes 4. Electra crustulenta var. artica 4. Electra crustulenta var. borgii 
(Anascans) 5. Alderina arabianensis 5. Alderina arabianensis 

6. Membranipora savaratii 6. Chartella arabica 
7. Bugula neritina 7. Bugula neritina 
8. Bugula cucullata 8. Bugula cucullata 
1. Schizoporella cochinensis 

(Ascophorans) 
2. Schizomavella Iinearis var. inarmata 

Nil 
3. Watersipora subovoidea 
4. Savignyella lafonti 

Cyclostomes Nil Nil 

Table 19. Horizontal distributional gradient of fouling bryozoans in Cochin 
backwaters. 

Station1 Station2 Station3 Station4 
North 

SI. Indian Oil Tanker Mattanchery 
No. Species Jetty Berth Wharf Fort Kochi 

4.5 km 
away from 4 km away 3 km away 1 km away 

the from the from the from the 
Barmouth Barmouth Barmouth Barmouth 

1 Alcyonidium erectum * 

2 Victorella pavida * * * 

3 Nolella papuensis * 

4 Bowerbankia gracilis * * * * 

5 Hislopia sp. ** 

6 Farella repens ** 

7 Triticella korenii * 

8 Aetea anguina * 

9 Electra bengalensis * * 

10 Electra crustulenta * * * * 
11 Electra crustulenta var. borgii * 
12 Alderina arabianensis * * * * 
13 Chartella arabica sp. novo *** 
14 Bugula neritina * 
15 Bugula cucullata * * 

StationS 

Ochanth-
uruth 
6km 
away 

from the 
Barmouth 

* 

* 

* 

[* ·present; **. First record; ***. New species recorded; new species In bold letters] 
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The present study has shown that the quantum of bryozoan foulers who are typically 

marine have drastically come down. The typically marine bryozoans are very sensitive 

to changes in the physico-chemical characteristics of the seawater. This evidently 

shows that the quality of the resident water of the estuary has declined. 

6.4 Discussion 

The current rate of species extinction has been estimated to be of the order of 100-

10,000 per year, compared to one or so per year prior to the 'evolution people' 

(Venkataraman and Wafar, 2005). In tropical estuaries of Mexico, studies were made at 

Mazatlan harbour in 1957 and in 1973 and a comparison between the relative 

underdeveloped Mazatlan harbour with the urbanized Los Angeles - Long Beach 

Harbour (Sou le and Soule, 1979) by measuring the temperature, salinity, dissolved 

oxygen and pH at 1 m intervals through the water column distribution of invertebrates 

and sediment grain size revealed that some of the species have disappeared. A variety 

of wastes originated from both land-and marine-based activities eventually enter into the 

estuarine and marine environment. Sources of land-based pollutants include: coastal 

and upstream agriculture which discharge pesticide, fertilizer and sediment runoff; and 

urban and industrial development leading to discharge of untreated wastes and 

effluents. Sources of marine-based pollutants include: oil and gas related activities 

resulting in discharges of drilling wastes, chronic spills and potential major oil spills 

(tanker accidents, blow outs); and marine traffic accidents resulting in release of waste 

and toxic materials. The aforementioned environmental threats will either directly or 

indirectly reduce or degrade marine biodiversity at genetic, species or ecosystem levels. 

As a result of larval drift, the transport of foulers by ships, and their rafting upon various 

objects afloat on the sea surface, a number of invertebrates and macroalgae are carried 

to geographical zones, regions and biotopes new to them and in some cases could 

become naturalized there. This results in the extension of ranges of these species, in 

their biological progress, and in some cases, they replace native species. The problem 

of invasion by species and disturbance of marine (and freshwater) ecosystems is one of 

the ecological problems of the twentieth century (Carlton, 1985) 

The total absence of the highly calcareous ascophores and cyclostomes can be 

attributed to many factors of which one important character is the salinity changes 

encountered by these sessile animals in the estuary. The irregularity in the salinity of the 

estuary is a factor which the ascophorans cannot tolerate and the estuary is prone to 
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the sudden drop in salinity during the monsoon season. Of the many salts that influence 

salinity, calcium is one of the important component which is a key component for the 

formation of the chitinous outer covering of these advanced bryozoans. The 

characteristic change in calcium accompanied with changes in salinity in the 

environment of these immobile organisms can have direct regulatory effect on the 

formation of the calcareous armory of the ascophorans and the cyclostomes may be 

one of the many reasons for the total absence of these forms. 

Another limiting factor is carbon dioxide. CO2, like O2 may be present in water in highly 

variable amounts. Although present in low concentration in the air, CO2 is extremely 

soluble in water and seldom is a limiting factor in aquatic environment. Furthermore, 

unlike O2, CO2 enters into chemical combination with water to form H2C03 which in turn 

reacts with available limestone to form carbonates and bicarbonates. Other sources of 

CO2 in water are respiration, decay, soil and underground sources. Carbonates and 

bicarbonates not only provide a source of nutrients but also act as buffers, helping to 

keep the Hydrogen ion concentration of aquatic environments near to the neutral point. 

Moderate increase in CO2 in water seems to speed up the developmental process of 

many organisms. CO2 is an essential factor in the formation of the calcium carbonate 

exoskeletal armory of this animal. The enhanced size of the zooids in the Antarctic 

species could be an effect of the constantly high salinity and moderate CO2 

concentration. The above findings can be regarded as a confirmation of the suggestion 

that bryozoans synthesize their fine calcium based exoskeleton from the immediate 

water they live in. 

The first stages of colony dispersion are the reproductive strategies such as brooding, 

transport and selection of substrate; these are followed by adult strategies such as 

mode of attachment; colony form, resistance to predation, and tolerance to 

environmental stress. There are species with larvae capable of surviving as plankton for 

long periods of time and those that settle within a few hours after release. Ova with little 

yolk, develop into feeding (planktotrophic) larvae, capable of remaining in the plankton 

for days and sometimes weeks (Sou le and Sou le, 1977). The presence of the new 

species Chariella arabica at Station 2, North Tanker berth, needs special mention as 

this was a site frequented by oil tankers from geographical regions. This species was 

found during the high saline and hottest season of the pre-monsoon when the 

temperature and salinity was high. This can be regarded as the most favourable 

conditions for the release of the larvae to attach on to the substratum and accelerated 

vegetative growth of the colony. 
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The presence of Chartella arabica in the estuary is a clear indication of transport of 

marine bryozoans from outside the Arabian Sea. The species recorded as Chartella 

arabica could be a species abundantly surviving in the wild but not recorded so far. The 

Mattancherry channel near the main wharf recorded the maximum number of 

bryozoans. This clearly indicates that this region gets regular supply of marine bryozoan 

which could be from local endemic population or supplied via the hulls of ships that 

frequent Cochin harbour. 

The most important information obtained on bryozoan distribution in the Cochin estuary 

from the present investigation is the nearly total absence of Electra benga/ensis in the 

fouling community. Menon (1972d) and Menon and Nair (1971) found luxurious 

distribution of this species in all the stations situated in and around Cochin harbour. E. 

benga/ensis was described as E. anomala by Osburn (1950) on the ground that this 

species is typically marine and is found in abundance in marine localities. Menon (1967) 

has collected this species from various stations along the east and west coasts of India. 

This gymnolaemate probably represent a sensitive group of animals which might prove 

to be important indicator of the health of the coastal waters. 

In the case of ascophorans, absence of the genus Schizoporella cochinensis is also 

significant Menon (1972d) and Menon and Nair (1971) recorded one species of this 

genus in enormous numbers on glass panels and on other artificial substrata. Curiously 

enough, this species has been totally displaced from the Cochin estuary as it was not 

found on any of the panels immersed at various localities in the Cochin estuary. In this 

connection it becomes obvious that species diversity index alone may not give a correct 

picture of ecological disturbance due to pollution but comparison of specific species in 

space, time and abundance would be important to arrive at a better conclusion on the 

pollutional effects of benthic assemblages when the candidate species selected forms a 

group which has both highly tolerant and less tolerant species. 

Taking into consideration, 8ryozoa as a group to assess water quality criteria, the 

taxonomic category should be properly identified and any consideration of number of 

species alone may not give clear-cut evidences. In the present study many species 

recorded are fresh entrants into the estuary whereas established species (at least two) 

have been removed from the locality. This requires further clarification by more intensive 

sampling of areas along the Indian coast where conspicuous pollution has happened. 

Probably the Mumbai Harbour, Panambur, Kochi, Tuticorin, Chennai, Vishakapatanam, 
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Paradeep and Calcutta should form important localities to analyse variations in 

sedentary communities with reference to space and time commencing early 50's. This is 

possible as we have enough documentation on the sedentary fauna of these harbours. 

Mc Dougall (1943) noted selection of the slowest of water currents of varying speed by 

many bryozoans. The effect of water current is more obvious in very shallow water 

where characteristic assemblages of sponges, ascidians, serpulid worms and bryozoans 

occur in areas benefiting from particularly high mass transport of water such habitats 

may be large channels intake conditions or land locked bay with the sea. (Ryland, 

1970). The result obtained at station 4 Fort Kochi, clearly shows that constantly moving 

waters are less prone to bryozoan fouling. This was a site very close to the barmouth 

and high wave break was a constant phenomenon here. Not only the attachment of 

animals was lowered but the panels and rack did break at this site. This justifies the 

thought that the moving surfaces have less risk of sedentary attachers and ship-fouling 

process happens when stationary and anchored at the ports. 
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Summary 

The thesis deals with taxonomy as well as geographical distributional aspects of 

bryozoans of the Indian EEZ and a locality in the Antarctic in part one and bionomics 

and fouling, an economically relevant aspect of the bryozoan in part two. Bryozoan 

morphology is rather complicated and hence has deterred marine scientist for making 

any attempt to study in detail especially from the Indian continent. This is amply testified 

by the lack of serious work on the taxonomy and biology of this group. These animals 

have not been embarked by any marine biologists since a series of publications 

appeared in the early seventies. Considering the importance of a study on the 

biodiversity of microbenthos, which is normally composed of representatives from the 

EEZ of India, samples available was utilized to produce a very useful input. 

Analysis of bryozoan fauna during the Holocene (11,000 years) to understand links 

between Australia, New Zealand, south America and Antarctica have shown that clear­

cut links do exist between the bryozoan fauna of these regions although the richness 

varied between regions (Moyano, 1996). Marine invertebrates and vertebrates show 

zoogeographical links between very isolated lands and bryozoans due to their highly 

calcareous exoskeleton offer an excellent material for the study of zoogeographical 

links. Hence an attempt to study the zoogeographical linkage and evolutionary success 

of this group in the various geographical regions of the world is imperative. 
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Chapter 7. Summary 

Marine biofouling is found to be hazardous. Study of the organisms responsible for this 

process is essential to formulate methods to check foulers. Bryozoans are important 

group of invertebrates in the fouling community. 50 species of bryozoa have been 

recorded on ships hull, though they are less significant foulers in terms of weight, their 

thin encrusting mode provide a safe substratum for the attachment of barnacles, 

serpulid worms and bivalves, which together have a remarkable effect on the frictional 

resistance. The essential part of the fouling process involving attachment of larvae 

happens when a ship is anchored at a port or a harbour. For this reason, an 

investigation on the bryozoan species in the harbour, which are the key contributors to 

fouling, was essentially to formulate any anticipatory methods. 

An acquisition of fundamental knowledge of these sedentary and highly sensitive 

organisms that cause fouling is necessary to relate it to the changes in the environment 

that have happened and would occur in the near future. In the present work, an 

extensive study on the bryozoan foulers that occur at five selected site of the Cochin 

estuary had to be examined and since the hydrographic parameters such as salinity, 

temperature, pH and dissolved oxygen in the estuary, vary greatly from that in the open 

ocean, a frequent monitoring of these parameters was essential. 

The thesis is presented in 7 chapters: 

Chapter I. Introduction 

This chapter gives a general account on Bryozoa, an overview of the literature available 

on the various studies carried out on Bryozoa and significance of this animal on 

evolution, ecology and economy. The objectives of the present study are also given. 

Chapter 11. Taxonomic account 

Classification of the bryozoans identified from the Indian EEZ and the Antarctic waters 

are presented in this chapter. The species list of bryozoa from these two regions as well 

as a complete description including morphometrics, salient features, occurrence, 

remarks, previous records from the respective region, and the geographical distribution 

of the identified species with scanning electron micrographs attached as plates at the 

rear end of the section is the elements in this chapter. 
, ... ~/ UJ .. ' 
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Chapter 7. Summary 

The present taxonomic work on the bryozoans of Indian EEl accounts the details of 102 

species including 39 species of Anasca belonging to 23 genera of 17 families, 54 

species of Ascophora belonging to 34 genera of 22 families, 4 species of cyclostomes 

under 4 genera and 3 families and 5 species of ctenostomes belonging to 5 genera of 4 

families. 

Of the 24 species of bryozoans from the Antarctic waters 12 species of Anasca 

belonging to 10 genera of 5 families, 10 species of Ascophora belonging to 10 genera of 

7 families and 2 cyclostomes of 2 genera and 2 families have been identified and 

described. 

A total of 51 Anascans, 64 Ascophorans, 6 Cyclostomes and 5 Ctenostomes are 

systematically placed. Of these/54 species are first records from the Indian EEl and 11 ~ 
species from the Antarctic are premier records from the Antarctic waters. There are 3 

~-

records new to science; they are Chartella arabica from the Cochin estuary, 

Cleidochasma sampada from the EEl of India and lodictyum anomala from the 

Antarctic waters. 

Chapter Ill. Biodiversity and geographical linkage of bryozoans 

Bryozoan abundance and diversity show great variations geographically and seasonally 

according to environmental conditions in which they live. Hence diversity of bryozoans 

from two entirely different marine environments and their geographical distribution was 

studied with the help of the secondary data in this chapter. The study showed that major 

numbers of species recorded from the Indian EEl in the present study were confined to 

areas of the Indo-Australian Archipelago, the Pacific and Australian waters. 

The list of species and numerical abundance of each species from one station in the 

Arabian Sea, the Bay of Bengal and the Antarctic were selected for multivariate 

analysis of PRIMER (Plymouth Routines in Multivariate Ecological Analysis [Version 5]) 

to evaluate similarity in these bottom communities. The similarity in percentages showed 

that the species number and abundance within two localities comparable latitudinally in 

the Arabian Sea and the Bay of Bengal ranged between 40-60 %. On the other hand, 

these two assemblages qualitatively depicted no similarity with the Antarctic fauna 

«5%). 
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Chapter IV. Environment of fouling bryozoans 

Observations on variations in the hydrographic parameters at the five stations selected 

for biofouling studies is presented in this chapter. Surface and bottom water samples 

collected monthly from five stations in the Cochin estuary for a period of one year were 

analysed for changes in salinity, temperature, pH and dissolved oxygen. Drastic 

fluctuations in salinity were noticed during the monsoon season and post-monsoon 

while high saline conditions prevailed during the pre-monsoon. Temperature showed 

less variation but was high in the pre-monsoon season. Dissolved oxygen and pH 

showed slight variations. These parameters were mostly affecting the incidence of 

certain species. For e.g. Victorella pavida which was confined only to the low saline 

monsoon season while Chartella arabica sp. novo was present in the high saline and 

hot premonsoon season. 

Chapter V. Fouling bryozoans 

This chapter provides information on the different species of bryozoans that attached on 

the panels immersed for one year at stations 1, 2 in the Ernakulam channel, 4 in the 

approach channel and 5 in the Vypeen channel and a period of 2 years at station 3 in 

the Mattanchery channel. The spatial settlement of these invertebrate species on the 

test panels seemed not to be a random process but their distribution and settlement was 

greatly influenced remarkably by seasons and the behavioral responses of these 

animals to a range of environmental stimuli. This seasonal sequence of settlement 

accounts for the differences noticed here in the species composition of bryozoan fauna 

during the year. Of the fifteen species only Bowerbankia gracilis,-~~:crustulenta and A. 

arabianensis were represented at all the stations and forms like Nolella papuensis, 

Farella repens, Triticella korenii, Aetea anguina and E. crustulenta var. borgii were 
. 

restricted to the Mattanchery channel. 

Chapter VI. Bryozoan diversity in the Cochin estuary 

This chapter provides information about the composition and occurrence of bryozoans 

and the extent to which species are indigenous to Cochin backwaters. Long term and 

periodical monitoring of spatial variability of bryozoans, the extent of their utility in 

assessing habitat deterioration, especially in situations of intense human intervention 

(harbour, industrial activities and sewage)as in Cochin estuary, are employed to predict 

the impact of development activities on diversity of estuarine animals. Information on the 
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opportunistic species and moderately tolerant species in this intensively exploited 

estuary can evaluate variations in bryozoan diversity and their use in assessing health 

of estuaries. This section including changes in diversity of bryozoans is exemplified by a 

comparison with the data available on these animals based on the work, which was 

carried out four decades ago. 

Chapter VII. Summary 

This chapter includes an overall summing up of the main findings in the present study. 

The literature referred to are listed under References. 
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