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Fouling load in a tropical Indian harbor: 
spatial and temporal pattern
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Abstract
Biofouling is a serious problem in marine environment particularly 
in tropical waters. Among various quantitative methods of 
fouling estimation, biomass built up is a reliable one. Thus, 
fouling biomass on monthly and cumulative wooden panels was 
quantified at three stations, namely, Slipway Complex, Ore Berth 
and Marine Foreman Jetty of Visakhapatnam harbour for a 
period of two years from February 2007 to January 2009. 
Average fouling load on monthly panels was highest at Ore 
Berth (1.705 kg.m-2) and Marine Foreman Jetty (0.933 kg.m-2) 
during 1st and 2nd years, respectively and lowest at Slipway 
Complex (0.340 kg.m-2 and 0.340 kg.m-2) during both the years. 
This spatial variation was significant (P/%) during 1st year only 
that too for Slipway Complex alone. This parameter was 
relatively high during 1st year than 2nd year at Ore Berth and 
Marine Foreman Jetty, but vice versa at Slipway Complex. 
Temporal variations at the said stations were insignificant except 
for Ore Berth. Fouling biomass on cumulative panels was 
highest at Marine Foreman Jetty (18.878 kg.m-2) and lowest at 
Ore Berth (0.592 kg.m-2). Present report of fouling load from 
Visakhapatnam harbour was the highest biomass ever recorded 
on wooden panels in India.
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Introduction

Biofouling is a universal phenomenon in marine environment, 
especially along the coasts; affecting a wide array of structures 
(made of a range of materials) introduced by man for exploiting 
the vast resources of the seas. In general, fouling problem is 
acute in tropical waters than temperate waters because of 
warmer temperatures that support continuous breeding and 
recruitment of fouling organisms (Nagabhushanam and Alam, 
1988). India being a tropical nation, naturally experiences a 
comparatively high degree of fouling activity almost all along 
its shores throughout the year. Considering the magnitude 
of fouling and concomitant economic losses (Holmstrom et 
al., 1996 and Callow, 2002), several studies were initiated 
in India. Among several others, recent studies on biofouling 
are that of Sriyutha Murthy et al. (2008) and Sahu et al. 
(2008) at Kalpakkam; Satheesh and Godwin Wesley (2008a 
and 2008b) at Kudankulam; Sreeja (2008) at Kochi; Patil and 
Anil (2008) and Gaonkar et al. (2010) at Goa. The success in 
controlling fouling depends upon generation of quantitative 
information such as growth, biomass, numerical abundance, 
density, percentage cover, etc. of the organisms concerned 
as such knowledge is essential for estimating the fouling 
potential of a given area (Satheesh, 2006). However, biomass 
built up is a reliable and better index of fouling development 
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Fig. 1. Map of Visakhapatnam harbour.

Results

Fouling load on monthly panels at Slipway Complex during 
1st year ranged from ~0 kg.m-2 in June ’07 to 1.265 kg.m-2 in 
December ’07 averaging at 0.340 kg.m-2; from 0.280 kg.m-2 
in August ’07 to 2.797 kg.m-2 in July ’07 with a mean of 1.705 
kg.m-2 at Ore Berth and from 0.443 kg.m-2 in March ’07 to 
3.187 kg.m-2 in May ’07 with an average of 1.608 kg.m-2 at 
Marine Foreman Jetty (Table - 1). During 2nd year, fouling load 
at Slipway Complex varied from 0.080 kg.m-2 in January ’09 
to 1.114 kg.m-2 in July ’08 averaging at 0.390 kg.m-2; from 
~0 kg.m-2 in June ’08 to 0.443 kg.m-2 in September ’08 with a 

than any other type of quantitative estimation (Lewis, 1981). 
Thus, fouling load was quantified on spatial and temporal 
scale at Visakhapatnam harbour (17° 40´N and 83° 16´E) 
in the Andhra Pradesh state of India (Fig.1). Visakhapatnam 
harbour is a polluted water body mainly due to eutrophication 
but with a decreasing gradient from inner harbour to outer 
harbour (Tripathy et al., 2005).

Material and methods

Wooden test panels (150×80×20mm) of Bombax ceiba 
for monthly observations and Pinus roxburghii for yearly 
cumulative observations were deployed at Slipway Complex, 
Ore Berth and Marine Foreman Jetty of Visakhapatnam 
harbour in the form of vertical ladders containing 6 panels 
each. One panel laid in the intertidal zone and remaining 
panels at subtidal zone for two years from February 2007 
to January 2009. In order to quantify fouling load, fouling 
accumulation on each panel was carefully removed and wet 
weight taken.

A single factor ANOVA followed by ‘Student-Newman-Keuls 
multiple-range test’ (Woolf, 1968) was conducted on monthly 
fouling biomass from the three stations to find out any 
differences among them within each year and between the 
two years at each station using Ms Excel 2007.

Table 1. Fouling biomass ( kg.m-2) on monthly panels at three stations in 
Visakhapatnam harbour from February 2007 to January 2009

Months and 
year

Slipway 
Complex

Ore Berth Marine Foreman 
Jetty

Feb-07 0.501 ND ND

Mar-07 0.233 ND 0.443

Apr-07 0.303 2.296 0.944

May-07 0.196 1.445 3.187

Jun-07 0.000 ND 1.136

Jul-07 0.291 2.797 2.855

Aug-07 0.350 0.280 1.783

Sep-07 0.198 ND 2.657

Oct-07 0.210 ND 0.489

Nov-07 0.181 ND 2.108

Dec-07 1.265 ND 0.482

Jan-08 0.346 ND ND

Minimum 0.000 0.280 0.443

Maximum 1.265 2.797 3.187

Mean 0.340 1.705 1.608

Feb-08 ND ND ND

Mar-08 0.211 ND ND

Apr-08 0.211 ND ND

May-08 0.150 ND ND

Jun-08 1.054 0.000 0.392

Jul-08 1.114 0.210 0.000

Aug-08 0.734 0.156 1.386

Sep-08 0.181 0.443 1.189

Oct-08 0.251 0.271 3.534

Nov-08 0.120 0.151 0.241

Dec-08 0.181 0.186 0.271

Jan-09 0.080 0.351 0.452

Minimum 0.080 0.000 0.000

Maximum 1.114 0.443 3.534

Mean 0.390 0.221 0.933
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mean of 0.221 kg.m-2 at Ore Berth and from ~0 kg.m-2 in July 
’08 to 3.534   kg.m-2 in October ’08 with an average of 0.933 
kg.m-2 at Marine Foreman Jetty (Table 1).

Fouling load on cumulative panels at Slipway Complex during 
1st year ranged from 1.672 kg.m-2 on 2 month old panel 
(mop) to 6.392 kg.m-2 on 6mop and 4.137 kg.m-2 on 8mop to 
10.838 kg.m-2 on 2mop during 2nd year (Table 2). The same at 
Ore Berth varied from 1.132 kg.m-2 on 3mop to 4.055 kg.m-2 
on 5mop during 1st year and ~0 kg.m-2 on 2mop to 0.592 
kg.m-2 on 5mop during 2nd year (Table 2). At Marine Foreman 
Jetty, this biological parameter ranged from 2.867 kg.m-2 on 
2mop to 18.878 kg.m-2 on 4mop during 1st year whereas the 
same extended from ~0 kg.m-2 on 2mop to 5.512 kg.m-2 on 
8mop during 2nd year (Table 2).

Table 3. ANOVA (Single-factor) of fouling biomass on monthly panels among 
stations during both years in Visakhapatnam harbour Study.

Period Source of 
variation

SS df MS F P 
value

F 
critical

1st 
year

Among stations 10.89 2 5.44 8.51*** 0.00 3.42

Within stations 14.71 23 0.64    

Total 25.59 25     

2nd 
year

Among stations 2.26 2 1.13 2.47 0.11 3.40

Within stations 10.96 24 0.46    

Total 13.21 26     

***-Highly significant

Table 2. Fouling biomass ( kg.m-2) on cumulative panels at three stations in 
Visakhapatnam harbour

Slipway Complex Ore Berth Marine Foreman Jetty

Exposure 
span (in 
months)*

First 
year

Second 
year

First 
Year

Second 
year

First 
year

Second 
year

2 1.672 10.838 1.625 0.000 2.867 0.000

3 4.265 5.361 1.132 0.241 7.033 3.373

4 4.883 7.470 3.776 0.346 18.878 0.879

5 3.245 8.584 4.055 0.592 11.385 2.907

6 6.392 6.772 ND 0.070 3.356 3.449

7 5.226 7.770 ND ND 10.208 5.366

8 3.076 4.137 ND ND 11.886 5.512

9 3.985 5.430 ND ND 5.908 ND

10 2.377 ND ND ND 6.957 ND

11

12 5.978 ND ND ND ND ND

Minimum 1.672 4.137 1.132 0.000 2.867 0.000

Maximum 6.392 10.838 4.055 0.592 18.878 5.512

* periods of panel exposure at each station and year do not correspond

Discussion

Spatially, fouling load was highest at Ore Berth and Marine 
Foreman Jetty during 1st and 2nd years, respectively whereas 
the same was lowest at Slipway Complex during both the 
years.  Variation in fouling load among the three stations was 
proved to be highly significant during 1st year, but not during 
2nd year (Table 3). Post ANOVA for 1st year further showed 
that significant difference in fouling load existed in the case of 
Slipway Complex alone (Fig. 1).

Temporally, this biological parameter was relatively high 
during 1st year than 2nd year at Ore Berth and Marine Foreman 

Jetty, but vice versa at Slipway Complex. Variance of fouling 
load between the years at each station revealed that the 
difference was statistically significant only in the case of Ore 
Berth (Table 4).

Fouling load on monthly panels at the three stations was 
negligible (~0) during certain months which is either due to 
no recruitment or negligible colonization of individuals within 
the short span of a month. Maximum fouling load on monthly 
panels was found to be very high at Marine Foreman Jetty 
followed by Ore Berth. This is due to heavy recruitment of 
the invasive bivalve Mytilopsis sallei (Recluz, 1849) at the 
former and barnacles at the latter (Fig. 2b,c). In contrast, 
very low fouling load was recorded at Slipway Complex due 
to profuse recruitment of light forms such as serpulids and 
sabellids (Fig. 2a).

Similar to that on certain monthly panels, fouling load on a few 
cumulative panels, especially 2mop at Ore Berth and Marine 
Foreman Jetty was found to be almost negligible due to least 
fouling or even its absence. Fouling load on cumulative panels 
was found to be extremely high at Marine Foreman Jetty due 
to heavy recruitment and dominance of M. sallei as explained 
in the preceding paragraph (Fig. 2f). Anthropogenic load in 
port water would stimulate development of specific fouling 
communities which are characteristic with a high biomass 
and a limited set of eurybiont forms (Koryakova et al., 
2002 and Zvyagintsev et al., 2004). Unlike monthly panels, 
cumulative panels at Slipway Complex showed higher fouling 
load ranking next to Marine Foreman Jetty because of heavy 
recruitment of additional species such as barnacles, oysters 
and ascidians over the stretch of time (Fig. 2d). Fouling load 
on cumulative panels at Ore Berth was least among the three 
stations, particularly because recruitment of heavy forms like 
bivalves and ascidians was absent or just representative, if at 
all took place (Fig. 2e).

Generally, fouling load is expected to aggregate from 1st to 
nth month in direct correlation with the immersion period of 
the panels. However, fluctuating results indicate that certain 
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animals were dislodged from the panels due to sloughing off, 
etc. in due course of time and fresh recruits appeared in their 
place subsequently. This may especially hold good because 
certain forms like hydroids, bryozoans have very short life 
cycles (Smedes, 1984). Similar observations were reported 
by Relini et al. (2000) while studying fouling ecology on an 
offshore buoy in the Mediterranean. Comparison of present 
data with the past studies on fouling biomass built up (on 
wooden panels) in India (Karande et al., 1983; Sasikumar et 
al., 1989; Rajagopal et al., 1990 and Satheesh and Godwin 

Wesley, 2008b) revealed that fouling load is highest at 
Visakhapatnam harbour.
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