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 This study aims to assess the fouling community inhabiting in a man-made marina at 

Manila Bay.  It represents a one-off assessment of fauna at five areas in close proximity 

using artificial collectors. Fouler collectors were deployed in 5 sampling points for 60 

days and collected marine fouling organisms were viewed and identified using 
taxonomic keys.  Results of our study showed that a total of 9725 fouling organisms 

inhabiting all the 5 sampling points in the man-made marina at Manila Bay were 

observed. Of these total, 13 families of fouling organisms were identified. About 2 
species examined in the area was identified to be an invasive organism. The dominant 

species present was the Balanus amphitrite. Total abundance of the fouling organisms 

observed at different sampling points did not show significant differences. A relatively 
consistent diversity index was observed in all the study areas assessed. This study 

generates a list of fouling organisms that will be useful in the future evaluation of 

Manila Bay. Continuous monitoring of these organisms particularly the invasive species 
is necessary especially as these organisms may bring about consequent risks and 

damages to aquatic ecosystems. 
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INTRODUCTION 

 

 The Manila Bay is land-locked by several municipalities and is popular to both Filipinos and tourists as it 

provides a picturesque view, livelihood opportunities, recreational benefits and a marine port facilitating the 

movement of people and goods from the international and local waters. Through the years, the Manila Bay has 

provided an interoceanic marine route and a hub for shipping lines, hence facilitating the transport of species 

and biological invasions [1].  

 Biological invasions remain to be one of the forefront issues confronting us in the Philippines and the 

world.  Biological invasions have been recognized to bring about damages to the environment [2] and to the 

people whose livelihoods [3] are affected by their occurrence. The concern of biological invasions of marine 

non-indigenous species frequenting coastal communities and the increase in invasions over the years has 

heightened concern.   

 Studies [3, 4] have indicated that there are a number of vectors responsible for the introduction and 

translocation of non-indigenous marine species and most of these are brought about by anthropogenic dispersal 

that include fouling and ballast transport along shipping lines, aquaculture, and wildlife trading. Fouling is 

defined as the settling, attachment and growth of organisms both flora and fauna on surfaces in contact with 

water. Studies [5, 6] have indicated that the introduction of non-indigenous marine species leading to marine 

invasions have been facilitated through fouling. Biofouling has been recognized over the years as an important 

primary and secondary vector in the introduction of numerous species from one region of the globe to another 

[7]. In the Philippines, there is a paucity of literature that pertains to the occurrence of fouling organisms. The 

risk posed by these fouling organisms does not only led to the introduction of non indigenous marine organisms 

in new locations but can also result in the alteration in the indigenous species composition inhabiting the area 

eventually altering the environmental conditions. Likewise, a study [8] has indicated that once these non 

indigenous marine organisms persists in the environment, it can be difficult to eliminate or even control them 

from threatening ecosystems, habitats and species. Given the implications of biofouling in the waters of Manila 

Bay, there is a need for a substantial amount of information to be generated in this particular field. Hence, this 
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study aims to assess the fouling community inhabiting a man-made marina in Manila Bay. Results of this study 

provide important information on what constitutes the current fouling community thriving in the waters of 

Manila Bay. The study intends to generate data on the current conditions of Manila Bay, which will serve as 

baseline for future studies. Likewise, the study is important for the indication of introduced/invasive species in 

the area in the future.  

 

Methodology: 

 The study site is a man-made marina situated at the South Harbor of Manila Bay (Figure 1). The South 

Harbor of Manila Bay facilitates the maritime activities of the Bay and is used for large ocean-going vessels.  

Five sampling points were identified as the study areas as shown in Figure 2. The sampling points were 

identified randomly based on the direction determined by the watch’s second hand upon the glance of the 

researcher. Table 1 indicates the coordinates of the sampling points.  

 
Table 1:  Sampling Points in a man-made marina in Manila Bay. 

Sampling Point Coordinates 

1 14o34’83.2” N and 120o58’32.4” E 

2 14o34’76.6” N and 120o58’26.6” E 

3 14o34’71.6” N and 120o58’31.9” E 

4 14o34’70.7” N and 120o58’36.3” E 

5 14o29’85.8” N and 120o58’92.7” E 

 

 
 

Fig. 1: Location of study site at Manila Bay, represented by the star. Map generated through SimpleMappr . 

 

 
 

Fig. 2: Sampling points in the man-made marina at Manila Bay. 

 

 A water quality assessment of the study area was made to describe the physicochemical conditions of the 

waters of Manila Bay during the study period.  Temperature was determined by submerging the thermometer 

and grab water samples were obtained at each sampling point at a depth of 5 m and parameters like pH, and 

salinity were measured in situ using a Horiba U-50 Series Multi-parameter Water Quality Meter.  Water quality 

assessment was performed on a weekly basis throughout the study period of 60 days.  

 A fouler collector adapted from the design of the North Pacific Marine Sciences Organization (PICES) [9] 

was used in this study.  Three fouler collectors were deployed and submerged at a depth of 5 meters at each 

sampling point for 60 days. The three fouler collectors deployed per sampling point were positioned 

approximately 1 m apart from each other.  The sampling period was done during the wet season in the 

Philippines between the months of November and December 2013. After 60 days, the foulers were retrieved and 

all specimens collected were preserved in separate containers with 10% formalin solution. Each specimen 

collected was brought in the laboratory and examined using a stereoscopic dissecting microscope, and 
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photographs were taken.  The plates’ morphological characteristics were initially compared with global online 

databases: SeaLifeBase, Marine Species Identification Portal, World Register of Marine Species and POLiKEY 

Version 2.  Further detailed taxonomic identification was done using taxonomic keys of Fauchald [10], Fauchald 

and Rouse [11] and Springsteen et al. [12].  

 The species diversity (H) through the Shannon Wiener Index and the Species Evenness (H/Hmax) were 

determined using the information obtained for every sampling point at the man-made marina in Manila Bay. 

Results of the water quality factors (temperature, pH, and salinity) and abundance of the fouling communities 

were assessed for normal distribution and were analyzed for significant differences across all the sites sampled 

using the Analysis of Variance. Statistical analysis was done using the IBM Statistical Package for Social 

Sciences.  Significance level was set at P < 0.05. 

 

RESULTS AND DISCUSSION 

 

 The water quality of the sampling points in man-made marina at Manila Bay is shown in Table 2.  Overall, 

the Mean+SD temperature reading in the study site was 27.70+1.02
o
C.  The Mean+SD water pH was 7.96+0.24, 

indicating that the water condition is slightly basic.  The Mean+SD salinity was 32.04+1.30 ppt. Results of the 

analysis of variance indicated that the water temperature, pH and salinity did not show significant differences 

among the different sampling points collected (F=0.51, P=0.995; F=0.31, P=0.865; F=0.34, P=0.847, 

respectively). 

 
Table 2: Water Quality Factors obtained in a man-made marina in Manila Bay. 

Sampling Points Water Quality Factors (Mean + SD) 

 Temperature (oC) Salinity (ppt) pH 

1 27.81+1.17 32.00+1.29 7.94+0.24 

2 27.63+1.02 32.40+1.17 7.97+0.25 

3 27.73+1.08 31.90+1.41 8.01+0.26 

4 27.63+1.09 31.75+1.47 8.00+0.27 

5 27.73+0.97 32.15+1.33 7.90+0.22 

 

 A total of 9725 fouling organisms were obtained in all the sampling points for a period of 60 days.  Of this 

total, the fouling organisms obtained belong to 13 families, 6 of which are from the Class Polychaeta, 2 from the 

Class Bivalvia, 1 from the Class Maxillopoda, 1 from the Class Gymnolaemata, 1 from the Class Anthozoa, 1 

from the Class Gastropoda and 1 from the Class Turbellaria.  Table 3 presents the full species list and total 

abundance of the fouling organisms observed in all the sampling points observed within the study period in a 

man-made marina at Manila Bay. The total abundance of the fouling communities colonizing the settling plates 

did not show significant differences (F=0.198; P=0.939) at the different sampling points in the man-made 

marina situated at Manila Bay. 

 
Table 3: Total Abundance of fouling organisms observed at each sampling point in a man-made marina at Manila Bay. 

Organisms Total Abundance (Total No. of individuals) in the Sampling Points 

 1 2 3 4 5 

Actinia sp. 47 88 65 72 56 

Anemonia majano 1 1 2 3 1 

Balanus amphitrite 1292 708 1172 1296 1055 

Brachidontes sp. 5 3 11 13 5 

Bugula neritina 21 31 7 52 21 

Capitella capitata 12 3 9 13 4 

Ergalatax sp. 0 0 0 1 0 

Leptoplanidae Family 12 18 20 7 10 

Mytilopsis sallei 41 42 95 103 6 

Nereis sp. 154 39 149 260 99 

Nereididae Family 7 6 7 0 0 

Orbinia sp. 4 1 1 0 0 

Polydora sp. 366 377 721 687 211 

Polynoidae Family 39 22 44 74 32 

Dorvillidae Family 0 0 0 1 0 

 

 Table 4 shows the fouling species diversity over the 60 days study period.  The highest species diversity of 

1.42 and species evenness of 0.55 over the study period was recorded in sampling point 4.  The lowest species 

diversity index and species evenness was recorded in sampling point 5.   

 The most important result in this study is the documentation of marine fouling community evident in the 

man-made marina situated in Manila Bay.  The information on the fouling community in the man-made marina 

at Manila Bay is important because it potentially indicates the current fouling community and the occurrence of 

non-indigenous species in the waters of Manila Bay.  Although the data we present here is restricted to one 
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single man-made marina in the waters of Manila Bay, the present work constitutes an inventory and diversity of 

fouling species in the waters of Manila Bay. Little is known about the diversity and distribution of fouling 

communities in these waters and the present work constitutes the first non-indigenous species inventory for 

these waters. The existence of fouling communities in marinas and bays play different functional roles in our 

marine waters.  Marinas being man-made infrastructures are known to provide habitats for a wide array of 

marine invertebrates [13]. A study has indicated that fouling communities are linked in the marine trophic 

structures  [14]. However, there are those that consider these fouling organisms as pests as they are invasive and 

are responsible for the alteration of the environment [2]. The abundance and the diversity of taxa contributing to 

the fouling community at the waters of Manila Bay appears to be relatively consistent across the different 

sampling points.  Our study has showed that the most common fouling organism was the Balanus amphitrite. 

Two species that were observed in the man-made marina that are identified to be invasive species were the 

Mytilopsis sallei [15] and the Brachidontes sp. [16]. Our results are likewise corroborated by other studies 

where they were able to observe that barnacles, anthozoans, bryozoans, and polychaetes were the abundant 

organisms colonizing their settling plates conducted in marinas and bays across the globe [17, 18]. A number of 

polychaetes, particularly the Capitella capitata and the Polydora sp.  were observed in the study area and a 

study [19] has indicated that the presence of these polychaetes may indicate that the environment where these 

organisms inhabit is under stress particularly due to pollution. Studies have indicated that the occurrence of this 

fouling community including the invasive fouling species in the waters of Manila Bay may be attributed to 

several factors.  These factors namely, accidental introduction of the species by the movement of international 

ships in the interoceanic marine route [15] and environmental factors like temperature and salinity [20], have 

been recognized to be responsible in the introduction, growth and survival of the fouling organisms in their 

settling areas.  

 
Table 4: Species diversity and evenness among the marine fouling organisms in a man-made marina at Manila Bay. 

Sampling Points Marine Fouling Species Shannon-Wiener Index (H) Species Evenness (H/Hmax) 

1 13 1.20 0.47 

2 13 1.36 0.53 

3 13 1.33 0.52 

4 13 1.42 0.55 

5 11 1.06 0.44 

 

Conclusion: 

 The occurrence of a marine fouling community inhabiting a man-made marina at Manila Bay was studied.  

A total of 9725 marine fouling organisms were observed inhabiting the settling plates deployed and submerged 

in the sampling points of the study area. Barnacles made the large proportion of the marine fouling organisms 

obtained in the study area. Two invasive species were likewise observed in the study area namely, Mytilopsis 

sallei and the Brachidontes sp. A number of marine fouling organisms were likewise observed inhabiting the 

settling plates deployed in the study sites that include the barnacles, anthozoans, bryozoans and polychaetes. 

This study provides no proof to conclude that the source or means of introduction of the non-indigenous species 

and the no spatial differences in the fouling communities observed in the study areas were evident.  The 

generation of a list of fouling organisms inhabiting the study area provides a useful tool for the future evaluation 

of Manila Bay. The need for continuous vigilance on the possible damage that non-indigenous species may pose 

to the waters and organisms inhabiting the Manila Bay is warranted.   
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