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Abstract: Biofouling particularly micro-fouling is a very complex phenomenon to understand. This present work is 
carried out to understand the influence of wood type on the development of microfoulers. The panels were constructed by 

using commercially important hard wood such as Tectona grandis, Pterocarpus Sp, Thespesia populnea and Mangifera 

indica. The assembled panels were immersed and studied for the period of 21 days in velar estuary, Porto-Novo. The 

result shows that the settlement of microfoulers are high on the panel constructed by Mangifera indica (89 X 10-5 

CFU/cm2) and low on the panel constructed by Pterocarpus Sp (71 X 10-5 CFU/cm2). Thus, the selection of materials for 

the marine structures must be heedful and well established to prevent the loss due to the fouling process. 

Keywords: Biofouling, microfoulers, panels, wood, Tectona grandis, Pterocarpus Sp, Thespesia populnea and 

Mangifera indica etc. 

 

INTRODUCTION  

Marine fouling is an undesirable accumulation 

of biotic and abiotic depositions on a submerged 

engineered surface in sea water [1]. Deposits of abiotic 

materials such as organic and inorganic substances 
called molecular fouling and deposits of biotic 

molecules such as micro and macro organisms known 

as bio fouling [2]. The fouling process occurred by 

three phases i.e. (a) Molecular, (b) Microfouling and (c) 

Macrofouling. The first phase-molecular fouling or 

abiotic fouling is the accretion of organic and inorganic 

molecules from solution onto immersed structures [3]. 

The structures may have several characteristics that are 

important in the addition process [4, 5]. The 

establishment of microbial colonization raise as the 

surface irregularity develops [6]. Adhesion of abiotic 

materials alters the property of any substratum making 
all surface becomes wet [7, 8]. Many researchers 

reported that microorganisms fasten more rapidly to 

hydrophobic, non polar surface such as teflon and other 

plastic than to hydrophilic materials such as glass or 

metals [9, 10, 11]. Molecular fouling or abiotic fouling 

is hasty, reversible and is synchronized by the laws of 

mass action and the chemistry of molecular bonding 

relations [12]. The second stage- microfouling is the 

establishment of microorganisms such as bacteria, 

fungi, algae, etc on the immersed structures [5]. 

Adsorptions of abiotic molecules, the microorganisms 
started colonizing on the surface of substratum [13]. 

Microfouling is a dynamic process and also reversible 

[14]. Substrate appears to influence microfouling at all 

stages of development (15]. In any aquatic 

environments, microbial cells attached to the 

submerged substratum, including metals, immobilized 

cells grow, reproduce and produce extracellular 
polymers forming a biofilm [16]. Microbial 

colonization of a solid-liquid interface may occur in 

sequence. First in transport of cells to a surface by three 

different modes i.e., by diffusive transport, connective 

transport of cells and by active movement. The next 

occurrence is initial adhesion. After the bacterium 

deposited special structures fibrils form strong link 

between cell and solid surface [17, 18]. After 

attachment, microorganisms initiate production of slimy 

adhesive substances termed extracellular polymeric 

substances (EPs) which assist in the formation of micro 

colonies and microbial films [19]. Last in the sequence 
is surface colonization. Followed by micro fouling the 

macro organisms such as plants and animals started 

colonizing on the immersed surfaces [20]. This is 

highly irreversible process [21]. These macrofouling 

secretes a proteinaceous adhesive [22]. Macrofouling 

further divided into soft fouling (algae, ascidians, 

bryozoans etc.) and hard fouling such as calcium 

corbonate secreters of barnacle and oysters [23]. These 

macrofoulers react to physical and chemical natures of 

the substratum [24, 25, 26 27, 28, 29, 30]. The mussel 

forms many threads by secreting an adhesive protein 
from the foot and attaches with more than 50 byssal 

threads which makes most mussels clump together. But 
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in benthic diatoms, it attach by mucus secretion [31, 

32]. After the major settlement steps the fouling 

community evolves continuously by mechanisms such 
as disturbances, facilitation inhibition, tolerance etc. 

[33, 34]. 

 

Effects of biofouling 

Marine fouling phenomenon causes 

considerable economic losses in various industries 

throughout the world. These fouling organisms cause 

immense mechanical troubles through attaching on 

hulls of ship, power plants, cooling structures, 

aquaculture, fishing nets, pipelines and other marine 

infrastructures [35]. Once if the ship hull is fouled it 
increases drag and surface corrosion, followed to 

reduced velocity and thereby causing higher fuel 

utilization [36]. This in turn has economic and 

environmental issues, as increased fuel consumption 

leads to increased output of green house gases [37] and 

maintenance cost [38]. Parts of a ship other than the 

hull are also affected due to biofouling. The other 

structures with frequent contact in sea water such as 

heat exchangers, water cooling pipes, propellers etc. are 

also affected with biofouling [39]. Build up of matter 

inside cooling system pipes extends decreased 

performance due to biofouling [38]. A third important 
category of maritime industry plagued by biofouling 

problems are coastal power stations [40]. They draw 

vast quantities of seawater for cooling purposes [40]. 

Sessile organisms colonizing in cooling system 

components can reduce water flow and block condenser 

tubes affecting power generation and under certain 

circumstances may even cause safety problems [41]. 

 

There are very few works about the 

accumulation pattern of marine fouling bacteria on 

different woods. Thus, this present work aims to 
observe the bacteria fouled on different panels 

immersed in the Vellar estuary. With the objectives to 

study quantitatively the bacteria fouled on four different 

types of wooden panels such as T. grandis, P. indicus, 

M. indica, and T. populnea , which immersed in the 

velar estuary.  

 

MATERIALS AND METHODS 

Study area 

A study on the rate of biofilm formation of 

different types of wooden panels was carried out at 

Vellar estuary during January/February, 2015.  The 
study area of Vellar estuary is located along Lat. 

11°29'N and Long. 79°46'E near Parangipettai, 

Cuddalore District, Tamil Nadu. It has permanent 

connections with Bay of Bengal and near its mouth it 

gets connected with a complex system of backwaters 

extending southwards to Coleroon estuary, about 15 km 

away. 

 

 

 

 

Assembly and Deployment of different test panels 

Test panels consisting of different wood 

Triplicates of 10 x 20 x 1.5 cm of the pieces of 
T.grandis, M. indica , T. populnea  and P.indicus woods 

were collected from timber depot. They were fastened 

with nylon rope of about 10 m and used them as a test 

panel. 

 

Deployment of panels  

Before using, panels consists of different 

woods were sterilized with 10% HC1, washed with 

water and dried in an oven and kept in a dry place until 

being used. The primed panels were immersed about 1 

meter depth in surface waters (~l m) of the Vellar 
Estuary at low tide mark.  

 

Collection and estimation of fouling bacteria 

The samples were periodically (three days 

once) scraped randomly 1cm
2
 area and cultured [42, 

43]. The samples were serially diluted and cultured 

using Zobell marine agar medium by pour plate method 

[44]. The plates were incubated at (28°C ± 2°C) for 24 

hours in the incubator. After 24 hrs the CFU were 

counted.  

 

STATISTICAL METHODS 
Duncan's Multiple Range Test was performed 

using spss16 packages for all the data to know the 

significance. 

 

RESULTS 

Rate of bacteria fouled on different wood  

Panels constructed using 1. T.grandis 2. 

P.indicus 3. M. indica  and 4. T. populnea  influenced 

significantly on the rate of fouling of bacteria on the 

panels (Table 1 and 2).The variation on total viable 

count of biofilm bacteria during 3,6,9,12,15,18 and 
21days exposed in the Vellar estuary in Parangipettai is 

given in the tables 1,2,3,4,5,6 and 7. The scraped 

materials were serially diluted and CFU were 

calculated. Though the total viable count of CFU 

assessed by different dilutions (10-1 to 10-6) the 10-5 

dilution only considered for the statistical interpretation. 

The determined CFU of 3, 6, 9,12,15,18 and 21 days 

are on the T.grandis wood (20, 25, 33, 40, 46, 64, and 

84 X 10-5 CFU/cm2),  P.indicus wood ( 19, 22, 29, 35, 

49, 58 and 71 X 10-5 CFU/cm2) M. indica  wood (24, 

28, 45, 53, 71, 76 and 89 X 10-5 CFU/cm2) T. populnea  

wood    ( 22, 25, 38, 40, 56, 59 and 80 X 10-5 CFU/cm2) 
respectively.  

 

These observations clearly show that the rate 

of fouling is directly proportional to the time of 

exposures. If the duration of exposure increases the rate 

of fouling also increased.The type of wood shows 

significant variation on the rate of fouling of bacteria, 

the M. indica  wood showed the higher accumulation of 

bacteria i.e. 89 X 10-5 CFU/cm2 and the P.indicus wood 

showed lower accumulation i.e.71X 10-5 CFU/cm2 on 

the 21st day of the study.  
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Table-1: Bacterial densities on the wooden panel exposed to estuary of study area during different time intervals 

in different woods. 

S.NO Wood type Day 3 Day 6 Day 9 Day 12 Day 15 Day 18 Day 21 

1.  T.grandis 20.00±0.70 26.00±0.50 40.00±0.45 46.00±0.50 60.00±0.50 64.00±0.50 84.00±0.50 

2.  P.indicus 19.00±0.50 22.00±0.45 29.00±0.40 35.00±0.46 49.00±0.40 58.00±0.46 80.00±0.40 

3.  M. indica  24.00±0.50 28.00±0.45 45.00±0.50 53.00±0.50 71.00±0.45 76.00±0.50 89.00±0.45 

4.  T.populnea   22.00±0.50 25.00±0.50 38.00±0.50 40.00±0.48 56.00±0.50 59.00±0.48 71.00±0.50 

 

Table-2: Statistical observations for bacterial densities on the wooden panel exposed to estuary of study area 

during different time intervals in different woods. 

S.NO ANOVA 

Period  F Sig. 

1.  Day 3 47.581 .000 

2.  Day 6 75.000 .000 

3.  Day 9 536.000 .000 

4.  Day12 696.000 .000 

5.  Day 15 724.000 .000 

6.  Day 18 819.000 .000 

7.  Day 21 1001.000 .000 

S.NO ANOVA 

Wood   F Sig. 

1.  T.grandis  3.987E3 .000 

2.  P.indicus  5.791E3 .000 

3.  M. indica   7.294E3 .000 

4.  T. 

populnea   
3.987E3 

.000 

 

 
Fig-9: Bacterial densities on the wooden panel exposed to estuary of study area during different time intervals in 

different woods. 

 

DISCUSSIONS  

Deposition of molecules and microorganisms 

then macro organisms is the general phenomenon of 

marine fouling [45]. Biofilms occur spontaneously on 

both inert and living systems, being of concern to a 

wide range of scientific disciplines [46]. In industry, 

biofilms can have a detrimental impact on account of 

the undesirable effect of bio corrosion promoted by 
microbial cell accumulation at interfaces [2]. 

Competition for living space is more intense in marine 

environment; hence all submerged surfaces in the 

marine environment are rapidly colonized by bacteria 

and they form the important component in the 

development of a fouling community [47]. Biofilms are 

formed by microbial cells embedded in an 

exopolymeric matrix. The extracellular matrix is mainly 

composed of polysaccharides and proteins, although 
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other compounds such as DNA and humic substances 

[48, 49]. 

 
In the present study, four different woods 

(substrata) were exposed to seawater in order to 

determine their influence on the rate of fouling of 

bacteria along velar estuary, Southeast coast of India. 

During the experimental period, CFU is gradually 

increased according to the increase of exposure time. 

Thus the developments of colonies are directly 

proportional to the time of exposures in all the study 

panels. [50, 51] also observed similarly that the increase 

in the microfouling biomass was due to enhanced 

settlement and growth of already colonized microbes on 
the panel surface. 

 

Surfaces in contact with seawater medium are 

rapidly colonized by bacteria due to ease access to 

nutrients, protection against antibiotics, maintenance of 

extracellular enzyme activities and shelter for predation 

[52]. The materials which possess high wet ability also 

attract more foulant [7]. If the substratum has such 

properties the rate of fouling will be increased. In the 

present study, out of four substrata tested, M. indica 

show that the highest bacterial load; whereas, the lowest 

bacterial population is observed on the P. indicus. The 
highest population on the M. indica may be due to its 

surface nature and wetability, etc... It has been widely 

reported that rough surfaces are more favorable for 

settlement than the smooth surfaces [53]. 

 

In agreement with the present result, [54] 

stated that the pattern of colonization of the submerged 

surfaces by bacteria is influenced by the physical and 

chemical characteristics of the surface. Also [7] 

reported that absorbed molecules alter the property of 

the substratum making all surface wettable and 
influence the rate of attachment of bacteria to a variety 

of substrates. [55] Have reported that the rate of initial 

bacterial colonization is substratum dependent, i.e., not 

all surfaces are colonized at the same rate or to the same 

extent and hence the observed differences in total viable 

count with different substratum are obvious. 

 

CONCLUSIONS 

Despite the relationship between the fouling of 

bacteria on the substratum is highly complex, the 

following conclusion can be drawn from the present 

study executed to comprehend the influence of different 
wood on the rate of fouling of marine bacteria. The M. 

indica fascinated higher bacterial foulant than the other 

woods. The P. indicus attracted less bacterial colonies. 

Rate of settling and the exposure time of the substratum 

are directly proportional.  

 

Acknowledgement 

We sincerely thank to UGC-New Delhi for 

providing fund and the Annamalai University 

authorities for providing necessary facilities to carry out 

this work.  

 

REFERENCES  

1. Callow ME. 1986. Fouling algae from in-
service ships. Bot Mar 29:351 - 357. 

2. Characklis, W. G., & Cooksey, K. E. (1983). 

Biofilms and microbial fouling. Adv. Appl. 

Microbiol, 29(2), 93-138.  

3. Wotton, R. S. (2004). The essential role of 

exopolymers (EPS) in aquatic systems. 

Oceanography and marine biology: an annual 

review, 42, 57-94.  

4. Characklis, W. G. (1973). Attached microbial 

growths—II. Frictional resistance due to 

microbial slimes. Water Research, 7(9), 1249-
1258.  

5. Murphy, A. P., Moody, C. D., Riley, R. L., 

Lin, S. W., Murugaverl, B., & Rusin, P. 

(2001). Microbiological damage of cellulose 

acetate RO membranes. Journal of Membrane 

Science, 193(1), 111-121.  

6. Gharechahi, M., Moosavi, H., & Forghani, M. 

(2012). Effect of Surface Roughness and 

Materials Composition. Journal of 

Biomaterials and Nanobiotechnology, 3(04), 

541.  

7. Dexter, S. C., Sullivan, J. D., Williams, J. I. I. 
I., & Watson, S. W. (1975). Influence of 

substrate wettability on the attachment of 

marine bacteria to various surfaces. Applied 

microbiology, 30(2), 298-308.  

8. Dexter, S. C. (1979). Influence of substratum 

critical surface tension on bacterial adhesion—

in situ studies. Journal of Colloid and Interface 

Science, 70(2), 346-354.  

9. Fletcher, M. & Loeb, G. I (1979). The 

Influence of substraum characterization on the 

attachment of a marine pseudomonad to solid 
surfaces, Appl Env. Microbial., 37, 67-72.  

10. Pringle, J. H., & Fletcher, M. (1983). Influence 

of substratum wettability on attachment of 

freshwater bacteria to solid surfaces. Applied 

and Environmental Microbiology, 45(3), 811-

817.  

11. Bendinger, B., Rijnaarts, H. H., Altendorf, K., 

& Zehnder, A. J. (1993). Physicochemical cell 

surface and adhesive properties of coryneform 

bacteria related to the presence and chain 

length of mycolic acids. Applied and 

Environmental Microbiology, 59(11), 3973-
3977.  

12. Melo, L. F., & Bott, T. R. (1997). Biofouling 

in water systems. Experimental thermal and 

fluid science, 14(4), 375-381.  

13. Busscher, H. J., & Weerkamp, A. H. (1987). 

Specific and non‐specific interactions in 

bacterial adhesion to solid substrata. FEMS 

Microbiology letters, 46(2), 165-173.  

14. Walt, D. R., Smulow, J. B., Turesky, S. S., & 

Hill, R. G. (1985). The effect of gravity on 

http://scholarsbulletin.com/


 

 

Suresh E et al.; Sch. Bull.; Vol-1, Iss-2(Aug, 2015):48-53                 

Available Online:  http://scholarsbulletin.com/   52 
 

initial microbial adhesion. Journal of colloid 

and interface science, 107(2), 334-336.  

15. Marszalek, D. S., Gerchakov, S. M., & Udey, 
L. R. (1979). Influence of substrate 

composition on marine microfouling. Applied 

and environmental microbiology, 38(5), 987-

995.  

16. Whitehead, K. A., & Verran, J. (2009). The 

effect of substratum properties on the survival 

of attached microorganisms on inert surfaces. 

In Marine and industrial biofouling (pp. 13-

33). Springer Berlin Heidelberg.  

17. Allison, D. G., & Sutherland, I. W. (1987). 

The role of exopolysaccharides in adhesion of 
freshwater bacteria. Journal of General 

Microbiology, 133(5), 1319-1327.  

18. Geesey, G. G. (1982). Microbial exopolymers: 

Ecological and economic considerations. ASM 

American Society for Microbiology News, 

48(1), 9-14.  

19. Azeredo, J., & Oliveira, R. (2000). The role of 

exopolymers in the attachment of 

Sphingomonas paucimobilis. Biofouling, 

16(1), 59-67.  

20. Roberts, D., Rittschof, D., Holm, E., & 

Schmidt, A. R. (1991). Factors influencing 
initial larval settlement: temporal, spatial and 

surface molecular components. Journal of 

Experimental Marine Biology and Ecology, 

150(2), 203-221.  

21. Zhang, J., Zuo, Z., Chen, Y., Zhao, Y., Hu, S., 

& Wang, C. (2007). Effect of tributyltin on the 

development of ovary in female cuvier 

(Sebastiscus marmoratus). Aquatic toxicology, 

83(3), 174-179.  

22. Walker G; In: Harrison FW, Humes AG, 

editors: Cirripedia, New York, Chichester: 
John Wiley, 1999. p. 249-311. 

23. Abarzua, S., Jakubowski, S., Eckert, S., & 

Fuchs, P. (1999). Biotechnological 

investigation for the prevention of marine 

biofouling II. Blue-green algae as potential 

producers of biogenic agents for the growth 

inhibition of microfouling organisms. Botanica 

Marina, 42(5), 459-465.  

24. Mihm, J. W., Banta, W. C., & Loeb, G. I. 

(1981). Effects of adsorbed organic and 

primary fouling films on bryozoan settlement. 

Journal of Experimental Marine Biology and 
Ecology, 54(2), 167-179.  

25. Crisp, D. J. (1984). Overview of research on 

marine invertebrate larvae, 1940-1980. Marine 

biodeterioration: an interdisciplinary study, 

103-126.  

26. Baier, R. E. (1984). Initial events in microbial 

film formation. Marine biodeterioration: an 

interdisciplinary study, 1, 57-62.  

27. Meyer, A. E., Baier, R. E., & King, R. W. 

(1988). Initial fouling of nontoxic coatings in 

fresh, brackish, and sea water. The canadian 

journal of chemical engineering, 66(1), 55-62.  

28. Rittschof, D., Branscomb, E. S., & Costlow, J. 
D. (1984). Settlement and behavior in relation 

to flow and surface in larval barnacles, 

Balanus amphitrite Darwin. Journal of 

Experimental Marine Biology and Ecology, 

82(2), 131-146.  

29. Rittschof, D., Shepherd, R., & Williams, L. G. 

(1984). Concentration and preliminary 

characterization of a chemical attractant of the 

oyster drill, Urosalpinx cinerea. Journal of 

chemical ecology, 10(1), 63-79.  

30. Holm, E. R., Cannon, G., Roberts, D., 
Schmidt, A. R., Sutherland, J. P., & Rittschof, 

D. (1997). The influence of initial surface 

chemistry on development of the fouling 

community at Beaufort, North Carolina. 

Journal of Experimental Marine Biology and 

Ecology, 215(2), 189-203.  

31. Cooksey, B., Cooksey, K. E., Miller, C. A., 

Paul, J. H., Rubin, R. W., & Webster, D. 

(1984). The attachment of microfouling 

diatoms. Marine biodeterioration: an 

interdisciplinary study, 161-71.  

32. Ferreira, S., & Seeliger, U. (1985). The 
colonization process of algal epiphytes on 

Ruppia marítima L. Botanica marina, 28(6), 

245-250.  

33. Connell, J. H., & Slatyer, R. O. (1977). 

Mechanisms of succession in natural 

communities and their role in community 

stability and organization. American naturalist, 

1119-1144.  

34. Bakus, G. J., Targett, N. M., & Schulte, B. 

(1986). Chemical ecology of marine 

organisms: an overview. Journal of Chemical 
Ecology, 12(5), 951-987.  

35. Wahl, M. (1989). Marine epibiosis. I. Fouling 

and antifouling: some basic aspects. Marine 

Ecology Progress Series, 58, 175-189.  

36. Youngblood, J. P., Andruzzi, L., Senaratne, 

W., Ober, C. K., Callow, M. E., Callow, J. A., 

& Finlay, J. A. (2003, March). New materials 

for marine biofouling resistance and release: 

Semi-fluorinated and pegylated block 

copolymer bilayer coatings. In Abstracts Of 

Papers Of The American Chemical Society 

(Vol. 225, pp. U713-U714). 1155 16th St, Nw, 
Washington, Dc 20036 USA: Amer Chemical 

Soc.  

37. Anderson, D. T. (1994). Barnacles: structure, 

function, development and evolution. Springer 

Science & Business Media.  

38. Hattori, T., & Shizuri, Y. (1996). A screening 

method for antifouling substances using spores 

of the fouling macroalga Ulva conglobata 

Kjellman. Fisheries science, 62(6), 955-958.  

39. Brizzolara, R. A. (2002). Adsorption of alginic 

acid to titanium investigated using x‐ray 

http://scholarsbulletin.com/


 

 

Suresh E et al.; Sch. Bull.; Vol-1, Iss-2(Aug, 2015):48-53                 

Available Online:  http://scholarsbulletin.com/   53 
 

photoelectron spectroscopy and atomic force 

microscopy. Surface and interface analysis, 

33(4), 351-360.  
40. Faimali, M., Pavanello, G., Greco, G., Trentin, 

I. & Sparnocchia, S (2014). Report on 

Biofouling Prevention Methods: Towards a 

Joint European Research Infrastructure 

network for Coastal Observatories. Joint 

European Research Infrastructure network for 

Coastal Observatories, 7th program, 2014, 1-

66.  

41. Sasikumar, N. (1991). Ecology and control of 

biofouling in a coastal power station with 

special reference to Megabalanus 
tintinnabulum. Ph. D. thesis.  

42. Bhosle, N. B., Nandakumar, K., & Wagh, A. 

B. (1990). Influence of particulate matter on 

microfouling biomass in the Arabian Sea. 

Biofouling, 2(1), 65-74.  

43. Bragadeeswaran, S. &  Kanagarajan, U (2007). 

Composition of microfouling on different 

panels exposed in Vellar estuary, Proceedings 

in 94th Indian Science congress. 

44. Wahl, M. (1995). Bacterial epibiosis on 

Bahamian and Pacific ascidians. Journal of 

experimental marine biology and ecology, 
191(2), 239-255.  

45. Callow, M. E. (1986). Fouling algae from'in-

service'ships. Botanica marina, 29(4), 351-358.  

46. Walker I; Non-toxic fouling control systems, 

Pitture Vemici. Eur., 1998, 13: 17-22. 

47. Mitchell, R., & Kirchman, D. (1984). The 

microbial ecology of marine surfaces. In 

Marine biodeterioration: an interdisciplinary 

study (pp. 49-56). US Naval Institute Press 

Annapolis, Maryland.  

48. Nielsen, P. H., Jahn, A., & Palmgren, R. 
(1997). Conceptual model for production and 

composition of exopolymers in biofilms. 

Water Science and Technology, 36(1), 11-19.  

49. Jahn, A., Griebe, T., & Nielsen, P. H. (1999). 

Composition of Pseudomonas putida biofilms: 

accumulation of protein in the biofilm matrix. 

Biofouling, 14(1), 49-57.  

50. Wiencek, K. M., & Fletcher, M. (1995). 

Bacterial adhesion to hydroxyl-and methyl-

terminated alkanethiol self-assembled 

monolayers. Journal of bacteriology, 177(8), 

1959-1966.  
51. Immanuel, G., Iyapparaj, P., Ramasubburayan, 

R., Palavesam, A., & Peter Marian, M. (2005). 

Screening of medicinal plant extracts for eco-

friendly antimicrofouling compounds. J. Biol. 

Res, 4, 181-188.  

52. Dang, H., & Lovell, C. R. (2000). Bacterial 

primary colonization and early succession on 

surfaces in marine waters as determined by 

amplified rRNA gene restriction analysis and 

sequence analysis of 16S rRNA genes. 

Applied and Environmental Microbiology, 

66(2), 467-475.  

53. Anderson, M. J., & Underwood, A. J. (1994). 
Effects of substratum on the recruitment and 

development of an intertidal estuarine fouling 

assemblage. Journal of Experimental Marine 

Biology and Ecology, 184(2), 217-236.  

54. Fletcher, M., & Marshall, K. C. (1982). Are 

solid surfaces of ecological significance to 

aquatic bacteria?. In Advances in microbial 

ecology (pp. 199-236). Springer US.  

55. Little, B. J., & Wagner, P. A. (1997). 

Succession in microfouling. Fouling 

Organisms of the Indian Ocean: Biology and 
Control Technology, Nagabhushanam R, 

Thompson M, eds.(New Delhi: Oxford and 

IBH) pp, 105-134. 

http://scholarsbulletin.com/

