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Abstract: Microbial communities colonizing the hulls of vulnerable vessels, such as those with lengthy harbor 

residence instances, low speeds, and Long periods of motionlessness in Water changes as a result of 

environmental variables during ocean voyages are expected but rarely studied. Microbial communities were 

discovered on the hull of the TS Golden Bear, a ship operated differently during a voyage from the port of San 

Francisco to the South Pacific and back. We demonstrate that bacterial communities are highly resilient and can 

withstand physiologically demanding journeys through extreme temperature and salinity changes. After leaving 

San Francisco Harbor south toward Long Beach, a 42% decrease in biomass from bacteria and a 62% decrease 

in algal cellular abundance suggest a community-wide negative response to increasing salinity and temperature. 

The ship lost 36% of its biomass and 26% of its cellular abundance when it reached the hot, high-salinity seas off 

Hawaii. In Hawaii the efficiency of cellular fluorescence was reduced by 17%.  Following a return to temperate 

seas off the coast of Vallejo, California, biomass rose 230%, cellular abundance remained constant, and 

intracellular fluorescence efficiency increased. This study's methods for analysing microbial (and macrofouling) 

populations are efficient and cost-effective. The goal of this paper is to solve Scale weights are based on GRA 

integers with interval values. The Gray Relational Analysis (GRA) method is used to solve MCDM problems with 

unknown knowledge. The traditional GRA method's basic idea, Evaluation of scale weights, is used to create some 

optimisation models. “Vallejo, Long Beach, Lahaina and Vallejo taken this alternative in this method and 

evaluation parameters is Parameters C1 for evaluating practices is Temp (◦C), C2 for Salinity, C3 for Pelagic 

cellular abundance (×103 cells/L), C4 for Pelagic biomass (μg Chl a/L), C5 for Pelagic photosynthetic efficiency 

(Fv/Fm) and C6 for Average speed of advance (kts)”. This analysis's conventional The GRA method's fundamental 

concept Determines the long-term solution from the short-term and negative-best solutions, but this comparison is 

not deemed significant. “From the result it is seen that Vallejo 1, CA   is got the first rank where as is the Long 

Beach, CA is having the lowest rank. This paper shows the Vallejo 1 CA highest biofouling regulations recently set 

by California State Lands.” 

1. INTRODUCTION 

Aquatic scum is a major vector of introduced aquatic organisms worldwide. More than 257 species that are not 

native have established in California's coastal waters, 48% of which can be ascribed entirely to shipping vectors 

such as hull contamination, water from ballast, dry ballast, and cargo. Over fifty percent of the non-native 

species that have become settled in California were discovered along the Bay of San Francisco coastline. 

Biofouling communities are divided into two size categories of organisms: macrofouling communities and 

microfouling communities. Biofouling is populations of organisms and microorganisms have the potential to 

cause significant environmental issues and ecological harm, as well as significant costs to the shipping industry 

and its constituents. When polluting organisms attach to the sides or bottom of a ship, they increase drag and 

significantly reduce fuel efficiency.  Microfouling (a thin layer of algae, debris and bacteria) can automatically 

increase fuel consumption by up to 15%, while reducing sail speed by 20%. Lower fuel efficiency results in 

higher emission levels, which are harmful to the environment and result in higher operating costs for the 

maritime sector. Although there has been an abundance of scientific research on macrofouling and its associated 

environmental risks, little is known about the biosecurity risks associated with microbial populations and their 

movement through hull biofouling. There have been few published studies on the impacts of in-service ships, 

abiotic variables, and transportation on microbial species including diatoms. 
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A variety of risk variables, including ship type, impact biofouling buildup across the worldwide fleet, including 

tactical profiles, characteristics, and behaviors. The presence of a vessel in one location for extended periods of 

time, whether anchored in an anchorage or in a harbor, increases the likelihood of collecting casualties and thus 

transporting species that are not native, but the connection is usually inadequately measured. While the majority 

of ships, such as shipping containers, spend less time in port, that are some that remain for months or weeks at a 

time. These 'differently managed' ships, by definition, stay in port for ten days or more before returning to 

regular operations and voyages. Military vessels, movable platforms (boats), and training vessels are examples 

of such vessels. The number of ships operating differently can be significant: 7800 dollars in vessel landings in 

California seas for over ten days without performing any biofouling control were recorded from ports around the 

globe from 2011 to 2015. The California State Lands Commission's Marine Invasion Program was one of the 

first regulatory bodies in the country to address biofouling as a health hazard by implementing maritime 

regulations to reduce the risk posed by highly fouled boats arriving in California ports. In order for regulators to 

effectively prioritize limited resources as a function of transport type and activity profile, a better quantitative 

knowledge of the proportional risk of transporting non-native species to the biowaste ecosystem is required. TS 

Golden Bear is a teaching vessel of the California State University Maritime Academy. Although the ship is in 

port for eight seasons of the year, each summer it departs from the San Francisco Bay Area (SFBE) on an annual 

training cruise to a different global destination. During this inspection in 2018, the ship's hull had not been 

washed in five years (the maximum allowed for any operational ship under the International Convention for the 

Safety of Life at Sea (SOLAS, 2020). Consequently, at this time there was a widely recognized biota 

community to observe the movement of the boat through the estuarine conditions of the SFBE to the marine 

environments of temperate coastal cities along the California coast before moving to tropical cities in the mid-

Pacific Ocean. At the start of this study, the hull fouling community included microorganisms from the SFBE as 

well as organisms from various places throughout the ship's recent instructional cruises to South Pacific, 

Western and Eastern regions during the last five years. Coasts of America, US Virgin Islands, Europe and 

Panama Canal. The 2018 trajectory enabled repeated assessments of biofouling community responses to 

temperature and salinity gradients in transit, as well as observational analyzes of microfouling and macrofouling 

populations. “The current study is the first to characterize the microbial organisms that grow on ships, 

particularly those that pose a greater risk to supporting well-developed communities that ships may be 

transported to other locations and longer static times in water; Second, it focuses on poorly studied microbial 

communities that often facilitate subsequent settlement of large macrofouling organisms (e.g., Wall, 1989); 

Third, we confirm whether differences in salinity and transport affect the physiological health of microbial 

communities”. 

2.MATERIALS AND METHODS 

The study vessel for this project is the instructional vessel Golden Bear, which was chosen to assess the impacts 

of traffic and dynamic conditions on a shipboard casualty community. “This large ship (length: 152 m; beam: 22 

m; gross tonnage: 12,517 tons) was an ideal site for this research for three reasons: 1) it is in port for eight 

months at a time and is therefore, by definition, a differently operated ship; 2) because it is an educational and 

training vessel operated by the California State University Maritime Academy, it allows access for researchers – 

a rarity in the maritime industry; and 3) it travels through a gradient of salinity and temperature conditions 

during its annual schooling trip in a relatively short period of time”. During a round-trip to San Francisco Bay 

for the South Pacific and return in mid-summer 2018, we inspected casualties on the hull of the TS Golden Bear. 

 

FIGURE 1.  Ship GOLDEN BEAR (Training Ship) Registered in USA  

https://www.marinetraffic.com/en/ais/details/ships/shipid:453948/mmsi:367978000/imo:8834407/vessel:GOLDEN_BEAR
https://www.marinetraffic.com/en/ais/details/ships/shipid:453948/mmsi:367978000/imo:8834407/vessel:GOLDEN_BEAR
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While in harbour (Vallejo, CA) or at rest, biological samples were collected from the hull of the TS Golden 

Bear. Because the waterline on the port side could not be reached, the starboard side of the vessel was tested 

forward, amidships, and aft. Physical scraping was limited to watershed depths due to security concerns and the 

possibility of additional sampling. Before moving the deceased from the ship, YSI sampling instruments at 

depths of one and two m at the surface were used to capture in situ surroundings near the forward, midship, and 

aft portions of the ship. Separate samples of water were collected compared to At each port stop, the surface of 

the water near the three main areas of the hull. To avoid contamination from hull scraping, Prior to hull 

sampling, pelagic sampling was carried out. Running a 6-inch soft-sided rubber window scraper throughout the 

vessel's hull within 1 square meter yielded a tangible exterior sample. After being collected, these samples were 

quickly put in plastic bags, iced by placing them in ice, and then kept in the dark to avoid photosynthesis. 

Within 12 hours, all samples from the vessel's hull and nearby water samples were transported to San Francisco 

State University's “Estuary & Ocean Sciences Center (EOS Center)” for further analysis or storage. Hull 

experiments were moved to 50-ml polyethylene flasks in the laboratory, and prefiltered saline was transported to 

10-ml volumes. Because samples could not be filtrated or frozen until analysis, they were incubated for 48 hours 

under controlled circumstances: the archives were kept at the in situ temperature at the time of gathering for 

12:12 h, in the light, Prior to preparation, algal biomass, photosynthetic capability, cellular abundance, and 

organism identification were identified in all samples for analysis in the dark.  Algal biomass was measured as 

chlorophyll a (Chl a) concentration using an in vitro acidification technique. Filtration and pigment analysis 

were conducted in a low-light setting to avoid photosynthesis. Salinity levels were higher in pelagic waters close 

the ship than in Vallejo estuarine waters, Long Beach, Hawaii, and Lahaina coastal and underwater waters, 

respectively. At the four sampling locations, Heat and salinities were elevated in Lahaina and both salinity and 

temperature increased at Vallejo a month later as seasonal freshwater runoff dropped. The mean cellular 

abundance dropped by 62% of the group from Vallejo to Long Beach. Although the temperature stayed 

constant, the vessel's cellular abundance decreased by 194,000 cells/m2 as it travelled from From the SFBE's 

lower salinity waters to the higher salinity waters off California's shore. The abundance of microalgal cells 

dropped considerably in Lahaina, where temperatures rose significantly from Virginia Beach: an average 

reduction of 26% across every part of the vessel, resulting in a reduction of 44,000 cells/m2. Following the ship 

arrived to Vallejo (final), the cell proliferation levels were not recovered. however, once the vessel hit the 

temperate yet very low estuary saline waters, cellular abundance remained reasonably constant. In 

photosynthetic "healthy" marine phytoplankton, Algal photosynthetic efficiency is usually found in the 0.55-

0.70 range, quantified as in vivo cellular fluorescence efficiency (Fv/Fm values). A section of the ship's hull 

typically had the lowest Fv/Fm values in port-to-port assessments of photocatalyst performance: the nested 

model showed that the aft of the ship had considerably higher Fv/Fm values compared to the midship and ahead 

portions of the ship. Fv/Fm mean hull numbers were obtained from three sampling sites on the ship's hull. 

Microfouling on operational ships is presently poorly understood, and while macrofouling studies abound, it is 

unclear how well macrofouling responses to major environmental changes can predict microfouling community 

responses. 

TABLE 1. Alternative 

 

Alternative methods are presented in Table 1. Alternative techniques for A1 in Vallejo 1CA, A2 in Long Beach 

CA, A3 in Lahaina HI, and A4 in Vallejo 2CA are available. 
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TABLE 2 .Evaluation parameters Criteria 

 

Table 2 presents the evaluation parameters. “Parameters C1 for evaluating practices is Temp (◦C), C2 for 

Salinity, C3 for Pelagic cellular abundance (×103 cells/L), C4 for Pelagic biomass (μg Chl a/L), C5 for Pelagic 

photosynthetic efficiency (Fv/Fm) and C6 for Average speed of advance (kts)”. 

 

2. GRA METHOD 

The method of Gray Relational Analysis (GRA) first developed by Deng and is successful used to solve various 

MCTM problems. GRA's performance of all alternatives first must be translated into a relative order. This step 

is gray relative is called creation. According to these sequences, a great destination the sequence is penalized. 

Then, for all comparison sequences the gray correlation coefficient between the best target sequences is 

calculated. Finally, this gray communication Based on the coefficients, for better target order between each 

comparison sequence Gray correlation degree is calculated. Translated from an alternative a comparative 

sequence between the ideal target line and itself High levels of gray contact, that alternative are the best choice. 

We solve MCDM problems We propose an extended GRA method where the scale values are in the form of 

linguistic variables, since the interval values are expressed and the information about the scale weights is 

unknown. Are expressed as interval values of traditional GRA Based on the basic idea, some optimization 

models to determine criterion weights have been established. A comparative sequence translated from a 

substitution then, for the computational Extended for MCDM Steps of GRA method, Sort the alternatives and 

select the preferred one Interval-valued triangular fuzzy estimate are presented. Summarize the GRA method 

Introducing Interval-valued with unknown weights describes MCDM problems The GRA method was 

developed to solve of the proposed method To explain compatibility, For a software company Select Computer 

Analysis Engineer a numerical example including the application is investigated. Gray Relational Analysis 

(GRA) in general Used in Asia. It is an impact assessment model, It is based on the degree of relationship 

between two orders Measures the degree of similarity or difference. The purpose of GRA is the study of factors 

affecting systems. It is independent and correlated data based on finding relationships in series. Using GRA, 

GRC (Gray Correlation Coefficient) is used to estimate Reference series and relationships between series 

TABLE 1. Given Ship Hull Fouling Place A Data Set 

 

Table 3 appears a set of data. “The data collection has high values for annual ship hull fouling place. The data 

set has low values for Lahaina, HI. The data set for the ship hull fouling using the MOORA method is shown in 

For information on Table 3's Temp (◦C), Salinity, Pelagic cellular abundance (×103 cells/L), Pelagic biomass 

(μg Chl a/L), Pelagic photosynthetic efficiency (Fv/Fm) and Average speed of advance (kts), see Table 3”. 
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FIGURE 2. Give a data set graph 

The data set for the following variables is shown in Figure 1: “Temp (◦C), Salinity, Pelagic cellular abundance 

(×103 cells/L), Pelagic biomass (μg Chl a/L), Pelagic photosynthetic efficiency (Fv/Fm) and Average speed of 

advance (kts)”. 

TABLE 2. Normalized Data 

 

Table 2 given that the normalized data for A1(Vallejo 1, CA), A2(Long Beach, CA), A3(Lahaina, HI) and 

A4(Vallejo 2, CA). These values are calculated using by formulas 

 

FIGURE 3. Normalized data 

Figure 2 shows  that the normalized data for A1(Vallejo 1, CA), A2(Long Beach, CA), A3(Lahaina, HI) and 

A4(Vallejo 2, CA). These values are calculated using by formulas. 
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TABLE 5. Deviation sequence 

 

Table 5 shown that the deviation sequence values and is calculated that the formulas. 

TABLE 6. Grey relation coefficient 

 

A zeta value is constant and the values of 0.5. Table 6 is given for a grey relation coefficient. 

 

FIGURE 4. Grey relation coefficient  

Figure 3 A zeta value is constant and the values of 0.5. Table 6 is given for a grey relation coefficient. 

TABLE 7. GRG values 

Vallejo, CA 0.8181 

Long Beach, CA 0.5740 

Lahaina, HI 0.6667 

Vallejo, CA 0.5888 

Table 7 Obtained by using formulas to calculated the GRG values, the result of the method was shown above. 

Vallejo 1, CA in GRG values is 0.8181 and Lahaina, HI GRG values is 0.6667, Vallejo2, CA in GRG values is 

0.5888  and Long Beach, CA in GRG values 0.5740. 
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FIGURE 5. GRA values 

Figure 3 shown that  the vallejo 1, CA in GRG values is 0.8181 and lahaina, HI GRG values is 0.6667, vallejo2, 

CA in GRG values is 0.5888  and long beach, CA in GRG values 0.5740. 

Table 8. Rank 

Vallejo1, CA  1 

Long Beach, CA 4 

Lahaina, HI 2 

Vallejo 2, CA  3 

Table 5 given the values about the rank. Vallejo 1, CA is first ranking and Lahaina, HI is second ranking, 

Vallejo2, CA  is third  ranking and Long Beach, CA is third  ranking. 

 

FIGURE 6. Graph About Rank 

Figure 4 shown that the values about the rank. Vallejo 1, CA is first ranking and Lahaina, HI is second ranking, 

Vallejo2, CA is third ranking and Long Beach, CA is fourth ranking.  

3. CONCLUSION 

The recent biofouling regulations issued by the California State Lands Commission are an important first 

legislative step towards reducing the risk of marine invasive species transport via biofouling in ship hatches. 
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Given the risk of hull fouling causing penetration, especially on vessels that operate differently, clear guidance 

with well-defined, measurable limits is needed. Despite the introduction of such regulations that is still a lack of 

knowledge of the hazards posed by microbes carried on ships, and more study is required to look into the 

changes microbe communities go through during transport. This research clearly shows that microbial 

communities are extremely Resilient and capable of lengthy journeys through harsh abiotic conditions such as 

salinity and temperature. “Moving from southern California to Hawaii reduced biomass (36%), cellular 

abundance (26%), and photosynthetic efficacy (17%) even more. Despite the reductions observed in Lahaina, 

Hawaii, a final examination of the ship hull at Vallejo showed that the community recovered largely as it moved 

eastward, though cellular density remained reasonably constant. This cumulative recovery poses a substantial 

invasion risk to receiving systems: little is known regarding the in situ answers of macro fouling and 

microfouling populations to changes in external conditions; we argue that organisms attached to ship hulls 

preserve some level of invasion risk if they can survive stressful conditions (such as salinity or temperature 

changes) all through the ship's journey, whereas fouling organisms may experience stress”. Criterion weights are 

prepared by GRA process in the proposed system. MCDM outranking method GRA by various urban industrial 

districts Used to assess environmental impact. From the result it is seen that Vallejo 1, CA   is got the first rank 

where as is the Long Beach, CA  is having the lowest rank. This paper shows the Vallejo 1 CA highest 

biofouling regulations recently set by California State Lands. 
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