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A qualitative and quantitative assessment of the fouling community on a sequential,
progressive and cumulative basis carried out at the Cochin Harbour is presented in this paper.
A ltal of 67 species were recorded in this study. The index of dominance of various animals
was found. Mud-tube worms dominated during the pre-monsoon, cirripedes during monsoon
and post-monsoon period. A comparison is attempted on the number of micro and macro
foulers recorded from various Indian and world harbours. In India, Cochin ranks second in
s0 far as the occurrence of macrofoulers are concerned. The correlation coefficient of the setled
organisms was found and the modulus values are presented in the form of a matrix diagram.
To separate out the groups of foulers with higher correlation eoefficient, a dendrogram was
constructed using correlation matrices and based on the clustering of animal groups.

The organisms that constitute the foul-
ing community comprise a large assemblage
of animals and plants. There is a growing
awareness that improved anti-fouling sys-
tems can be developed only on the basis of
a thorough understanding of the biology of
fouling organisms, Several studies have
been reported on the fouling communities
inhabiting different harbours of the world
(Mistakidis, 1951; Skerman, 1958, 1959:
Mawateri & Kobayashi, 1954; Nair, 1962;
Bastida, 1968; Haderlie, 1968, 1976
Ghobashi, 1976; Matricardi et al, 1980;
Viviyani & Disalvo, 1980; Huang, 1984).

Important works in Indian harbours in-
clude those of Paul (1942), David (1954),
Ganapati ef al. (1958), Karande (1968).
Menon et al. (1977) Dharmaraj & Nair (1981),
Meenakumari & Nair (1984) and Nair (1984).
The purpose of the present study was to col-
lect more detailed information on several
aspects of the ecology of common micro and
macro fouling organisms inhabiting the
Cochin harbour.

Materials and Methods

Glass panels of size 150 x 100 mm were
used to collect foulers for qualitative and

quantitative assessment of fouling com-
munity on a sequential, progressive and
cumulative basis. Observations were con
ducted during 1981-82 at North Oil Tanker
Berth of Cochin Harbour. The panels wer
put in a grooved wooden rack suspended |
m below the lowest tide mark and one panel
each was removed at an interval of one
month to give an idea of the foulers for 1 year
period. Salinity and oxygen content of the
water were determined following Strickland
& Parsons (1968). Air temperature and sus-
face water temperature were measured with
a mercury thermometer correct to 0.1°C. For
finding the index of dominance, the methaod
employed by Simpson (1949) was used. The
index of dominance, c =X {ni/Ni)", whereni
is the importance value for each species and
Ni is the total importance value. For estimat-
ing the number of sessile as well as free living
epifauna on the panels, random points sam-
pling system was employed. The glass panel
was divided into 1() mm”squares by placing
a modular grid over it and the organisms
presentin 30 random squares were counted,
The data were then scaled up to read the
number per square metre. Matrix diagram
and dendrograms were prepared by finding
the correlation coefficient (Snedecor &
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Cochiran, 1968) of the animal fouling groups.
Results and Discussion

The fouling community at the Cochin
harbour consisted chiefly of sponges,
hydroids, sea anemones, bryozoans, mud-
tube dwelling polychaetes, calcareous-tube
dwelling polychaetes, barnacles and bival-
ves, The settlement pattern of the most im-
portant groups of foulers are shown in Fig.
1. Bryozoans and barnacles were present on
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Figd The pattemn of settlhement of sessile fouling or-
ganisms on glass panels al Cochin harbour.,

the panels throughout the year. There was
no settlement of mud-tube worms, cal-
careous-tube worms and sea anemones
during the monsoon. Settlement of bivalves
wis also restricted during the low salimty
period. Salinity of the surface water Huc-
tuated between (1.8%o and 32.6%. (Table 1).
During the monsoon period (June - Sept) the
salinity was very low due to precipitation
and land drainage into the estuary. This low
saline condition consequent on the monsoon
imposes restricions on the otherwise con-
tnuous settlement of fouling organisms in
Cochin harbour (Meenakumari & Nair,
1984).

A total of 67 species were recorded in

Table 1. Hyedragraphical parameters of fest sie
1951-82 Adi Burface  Salinity  Dissolyved
Muonth Temp. Water %= iy ml 1

" Temp.

., ot
Jamuary 70 .0 .2 I8
February 3000 8.} 26.11 34
March Be 303 RS 4.2
April 13 3l 254 a7
May 12 M. 19.9 1
Turur 52 7 17 i3
July 7 R0 LI 1.1
August B n5 (R ] ar
Septermibier 290 9.7 157 58
Cictober 36 298 175 Al
Nuvember et 8 9.9 14.5 4.0
Elecember 28,0 293 90 ary
January 3.2 =7 316 38
Fehruary my 291 315 34
Table2.  Prevalence and devminomee of foulmyg growps
af Cochin farboir’

Amumal group Feriod

Pre-Mon-  Moansoon Post- Tor the

s Monsoon . year
Sea-anemones 1537 EOI[12) 1100(6)  2650(6)
[Manarians
{Flat worma) 682 207(11) 5568 1100100
Arypzoa Fr R 17806) 251N, N8
Felud-tube worme 440000(1) FINA)  AFRO0(%)  S7TT000(2)
Calogreous
tube-worms 14.7 5.55(100 1750 3IFFD0I)
Errant
polychneies  209(9)  126(R]  25400%)  202(%)
Cimnpedes LAST00EY) SOROOO(1) &1TIO0L) 153000001}
Caprellids SO0 217 HISOOA)Y 4420000 5)
Amphi 10005  ASHN00(I) 100003} 474
st TRia) 263(5) 36T 148(T)
Crabs 1:26(11) &2(9) BA0(12)  TLa0)
Bivalves GHGHNE)  ABBOOD(Z] TINKKKT) TrANT)

1. Mumbers are in millions m*, Mumbers in parenthesis mdicate
thir ordier of dominance among foulers.

this study (Table 3). Not all the organisms
in the community are equally important in
determining the nature and function of the
whaole community. The index of dominance
of various animals during the pre-monsoon,
monsoon and post-monsoon shows that
mud-tube worms were dominant during the
pre-monsoon and cirripedes  during  the
monsoon and post-monsoon periods. The
dominance for the whole year was exhibited
by cirripedes (Table 2), In a community, a



14

relatively few species or species groups
generally exert the major controlling in-
fluence by virtue of their number, size,
reproduction or other activities. Species or
species groups which largely control the
energy flow and strongly affect the environ-
ment of all the species are known as “Ecologi-
cal dominants’ and the degree to which
dominance is concentrated in one, several or
many species can be expressed by an ap-
proximate index of dominance that sums up
the importance of each species in relation to
the community as a whole.

Tabled.  Therumdberaf microand micro fouding andmds
recorded from differend Incdian harbotirs
Lecality Microy Macro  Reference
foulers foulers
Vmakhapatnam 11 43 Cianapat ot af, 1953
Madras 15 i1 Lianiel, 1954
Madras 44 - Dariel, 1955
Buoaribay an 54 Karande, 1964
Krusadi 7 il Kuriyam, 1950
Andamans . 30 Karande, 1978
Meendakara - 4 Pharmaraj &
Mair, 1961
Mangalore i Menon ef ol 1977
[II‘I..HJI.H'
firaling
Eroups)
Tutcorin . 1B Renpanathan
{major o w1982
Furabing
groups)
Cactiin 15 ir Movrakuman &
Nadr, 1964
Cochin 7 30 Mair, 1984
Cochin 19 48 Proaen stusly

Tables 3 & 4 present the number of
micro and macro fouling animals recorded
from various Indian and world harbours
respectively. With regard to the compesition
of fouling, some authors have ignored notab-
ly the free living and the microscopic forms.
Therefore, the numbers cannot be taken as
a true indication of the various fouling
species, but give an approximate picture of
the occurrence of fouling animals in the
various localities. A comparison of the
present study with those from other har-
bours of India (Table 3) shows that Cochin
harbour is not poor in fouling species even
though their settlement and growth are very
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much restricted during the monsoon period
(Fig. 1}. Cochin ranks second in so far as the
occurrence of macrofoulers are concerned,
the first being Bombay.
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Fig. 2 Modulus values of percentage correlation oo
fictent matrix of fouling organtsms at Cochin
harbour.

Co-existence of the animal groups was
found from the correlation matrices of the
fouling groups over time at Cochin harbour
(Fig. 2). Significant positive correlation can
be taken as an indication of the animal
groups existing together, and the negative
correlation as the index of competition be-
tween different animal groups in the com-
munity for existance. To separate out the
groups of foulers with higher correlation
coefficient, a dendrogram was constructed
using correlation matrices, and based on the
clustering of animal groups (Fig. 3). The
dotted line in the figure shows significant
coefficient of correlation at 5% level.

Studies of Sutherland (1974). Suther-
rland & Karlson (1977) and Smedes (1984)
along the Atlantic coast have furnished in-
formation on the changes in the community
structure of developing fouling com-
munities. Recruitment of animals was found
to be highly seasonal, salinity playing a
strong influence on the composition and per-
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g 3, Dendrogram from affinity indices among the
ﬁ:ﬂﬁ of animals present in Cochin harbour,

mtted line represents significant coefficient
af correlation al p < 005

‘sistence over fime in this study. Several
species were represented in the community,
but no equilibrium number was attained at
Cochin harbour. Even though competitive
higrarchies were observed, there was no
direct order of colonisation and  estab-
lishment of a climax commumity as observed
nseveral temperate locations, Osman (1977)
also could not observe totally seasonal or to-
tally successional pattern in Cape Cod foul-
ing communities. Al the Cochin Harbour
there was total extinction of many of the foul-
ing communities particularly at the inter-
lidal zone, even though many of the animals
barnacles and oysters survive at deeper

Table 4. e swnptetr of sieecantd iedor foseliv anmmiis
regareded fram different world harboirs
Locality Micr  Macm  Keference
Joulers  foudkery
Eashier harbour of
Alesandria 7 5 Cihusbashi, 1976
Muontéry harbour 11 59 Haderlio 1969
Califiermia 2 132 Haderlis, 1976
Mar Dl Plata Argenting 34 33 Dastida, 1968
East coast of China 7 508 Huang, 1964
Strait of Florsda,
Flaridn 13 it} De Palma, 1963
Ago Bay, Japan . 13 Mmwvatin &
Eanhayashi, 1954
sk, Frgland i 7 Mistikhdis 1951
Alameda Marina,
San Francisco f a Ehiber &
vk, 1900
Western Norway a5 41 Mair, 1962
Auckland,
Mow Sealand I 33 Sherman, 1959
Port Latleton,
Mew Zealand 3 24 Skawman, 1953
Piart af Lnygenaberes
White, Argenting 1 52 Martines ef al,,
15984
Puserio Chuencpuaem,
Argentina 52 an Brakevich of ol
19840
Po River Delta; Taly . 33 Muatricaidi it
il 19RD)
Chilean cosstal bay
South Amirica e ] 2 Vivivani &
Dnsalvo, 1980
Pearl karbor 5 45 Giroyhoug &
Rastatter, 1950
Tyrrhendon Coast, Komi: . b s Rilirat et and, 15000
Suez Canal 11 Bl Ghobashy ot al,,
1960

waters owing to stratification of salinity con-
sequent on freshwater run off during the
monsoon. A long-term consistency in the
development of fouling community as
demenstrated by Dean (1977), Smedes (1978)
and Dean & Hurd (1980) was not observed
at Cochin owing to the restriction imposed
by the monsoon, Smedes (1984) also ob-
served a general tendency towards species
lower in the competitive ranking to appear
earlier in the year, This was true in the case
of Balanus amphitrite observed settling
throughout the year even though with fluc-
tuating intensity (Fig. 1),

During the beginning of the post-mon-
soon period at Cochin harbour, hydroids set-
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tled in large numbers and grew very fast.
This may be a survival mechanism to com-
pete successfully with bamacles and bival-
ves. Thus, i true biotic succession in the set-
tement of fouling organisms was lacking in
Cochin harbour. What exists is only ecologi-
cal succession brought about by short-term
changes in salinity uent on the mon-
soon. Biological competitions and death
coupled with salinity changes make sub-
strate space available on a fairly predictable
basis at Cochin harbour. Timing strategy in
reproduction of many poor competitors was
observed by Dayton (1971), Menge (1976),
Sutherland & Karlson (1977) and Dean &
Hurd (1980), The post-monsoorn pulse in set-
tlement of hydroids, barnacles and mussels
observed in this study is a typical example
of this phenomenon. In short, community
stability depends on biological and physical
properties of the community and type of
natural perturbations. The response of the
community was also influencgd by seasonal
short-term factors such as salinity in the
Cochin Harbour waters.

The fimst author &5 thankful o Mr. MR Mair,
focmer Director, Central Institute of Fisherivs Technol-
oy, Cochin for the permission 1o carry ol the work
at CIFT, Cochin
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