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Abstract 

 

Mucilage is one of the harmful substances for marine environment since it prevents oxygen 

transfer by covering the area from the sea surface and causes significant threats for marine 

organisms such as fish, fish larvae and eggs. In recent months, the Turkish Straits, 

including the Istanbul and Çanakkale Straits and the Marmara Sea, have been exposed to 

serious mucilage events. This paper aims to investigate mucilage effects on maritime 

shipboard operations by using the bow-tie method, which is one of the practical risk 

analysis approaches. The method is capable of understanding potential root causes and 

consequences of mucilage since it provides a systematic approach. Besides its theoretical 

concept, the paper contributes to marine environment researches and safety inspectors to 

minimize mucilage effects by investigating potential root causes and consequences.     
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Introduction 

 

Mucilage, commonly described as marine snow, aggregated mass, foam 

deposition, floc formation, cloud or gelatinous and mucous agglomeration, is a 

particulate organic substance that consists mostly of viscous or creamy particles 

or mass. Many studies have been conducted on the formation of mucilage, and 

multiple reasons have been identified as the results (Suzuki and Kato 1953; Riley 
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1963; Lancelot 1995; Rinaldi et al. 1995; Precali et al. 2005; Galloway et al. 

2020).  

 

The layers covering the sea surface along the coastline, long filamentous and 

network structures spreading in the upper water column, tangles, and formations 

that age and settle to the bottom, forming thick layers that can cover the seabed 

and the creatures that live there, and whose dimensions and spread areas can reach 

hundreds of kilometres, are all explanations of marine mucilage (Fogg 1995; 

Danovaro et al. 2009). 

 

It is made up of polymeric components and extracellular polysaccharides 

generated, released, or leaked by many aquatic organisms (Leppard 1995). It is 

high in dissolved and as hydrogel characteristics, and is thick and viscous 

(Myklestad 1977; Schuster and Herndl 1995). Mucilage may hold a wide range 

of sea organisms, including viruses, bacteria, phytoplankton, and even 

zooplankton, due to its gel-like and sticky characteristics (Najdek et al. 2002; 

Danovaro et al. 2009; Altug et al. 2010; Tas et al. 2020; Toklu-Alicli et al. 2020).  

 

Direct or indirect anthropogenic effects (Yentur et al. 2013), sea water 

temperature anomalies and stratification due to climate change (Mecozzi et al. 

2005), increase in the temperature of the upper water layer and thermal 

stratification in stagnant water bodies with limited water mobility, introduction of 

land-based pollutants into the marine environment as a result of increased 

urbanization and industrialization in coastal strips (Danovaro et al. 2003) 

eutrophication (Yentur et al. 2013), overfishing (Yentur et al. 2013) negatively 

affect the natural balances in the marine ecosystem to cause the occurrence of 

mucilage phenomena (Danovaro et al. 2009; Tüfekçi et al. 2010; Genitsaris et al. 

2019; Tas et al. 2020). 

 

There have been many studies on the formation of marine mucilage (Molin et al. 

1992; Lugliè et al. 2008; Balkis et al. 2011; León-Martinez et al. 2014; Özalp 

2021) and it creates social and economic concerns and problems in many areas 

such as coastal areas, maritime transport and fisheries.  

 

In the Marmara Sea, the very first mucilage was detected in the northern region 

in mid-autumn 2007. During the calm weather period, it spread from Izmit Bay 

to the Çanakkale Strait; it was thicker and lasted longer in Izmit Bay, which is 

impacted by heavy industry and has weak water circulation than the Marmara Sea 

(Aktan et al. 2008). Afterwards, many studies were carried out examining the 

structure, movements and damage of mucilage observed in Turkish seas 

(Marmara Sea, Izmit Bay, Istanbul Strait, Çanakkale Strait) (Aktan et al. 2008; 

Lugliè et al. 2008; Tüfekçi et al. 2010; Aktan and Topaloğlu 2011; Balkis et al. 

2011; Ergül et al. 2018; Keleş et al. 2020; Toklu-Alicli et al. 2020; Özalp 2021; 

Öztürk et al. 2021). 
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Mucilage effects to marine environment 

Marine mucilage does not directly pollute the environment, but it does have a 

variety of harmful effects. The aforementioned are the most prevalent adverse 

effects (Öztürk et al. 2021). The regions where mucilage was observed in 2021 

in the Turkish Straits System, especially the Sea of Marmara, are shown in Figure 

1. 
 

 
 

Figure 1. The regions where mucilage was observed in 2021 in the  

Turkish Straits System 

 

According to the Istanbul Technical University report (Öztürk et al. 2021), the 

effects of mucilage are listed as follows: 

1. Extinction of aquatic life 

2. Fishery 

3. Tourism  

4. Maritime transportation and vessels 

5. Release of harmful gases into the atmosphere 

 

The correct strategy is to eliminate the elements that cause mucilage formation 

before it occurs; otherwise, the only option is to collect mucilage from the water 

using different marine boats and technologies.  

 

Observation of mucilage in the Turkish Straits and potential causes  

Öztürk et al. (2021) determined the marine pollutants that can cause mucilage as 

follows:  

 

 Pollution from household waste that occurs due to the direct or indirect 

mixing of wastes such as sink wastes into the sea, with or without treatment 

in sewage systems. 

 Pollution from industrial wastes that arises when industrial wastes (cooling 

water and chemical wastes including heavy metals and chemicals) from 
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densely located industrial facilities along the Marmara Sea reach the sea 

after being directly/partially treated/purified. 

 Agricultural waste caused by chemical fertilizers and pesticides used in 

agricultural activities reaching the sea in various ways. 

 Pollution from ships and marine vehicles.  

 Waste and pollution transported from other seas by surface and 

undercurrents transferring pollutants and microplastics to the Sea of 

Marmara due to the interconnection of seas and rivers. 

 Other waste due to air pollution, which is not mentioned in the above 

articles, direct pollution of the seas by waste, dust, pollen, etc.  

 

Maritime operations on ships are very hazardous and need tremendous caution. 

The implications of any faults in these operations, which should be carried out 

with precisely by the whole ship crew, might be catastrophic. There are also 

uncontrolled external variables that impact marine operations, such as weather, 

environmental issues, warfare, etc. Mucilage is one of these external variables 

affecting ship operations, and it has recently caused considerable challenges for 

ships navigating through the Turkish Straits and the Sea of Marmara. When 

analysing the effects of mucilage on ship operations, whether directly or 

indirectly, it is obvious that the effect of mucilage on systems operating with 

seawater will be higher. These systems are listed below: 

 

Seachest Filters: 

In seachest filters, the mucilage settled in the filter pores can clog the filter in a 

short time and causes the flow of seawater to decrease (Denizhaber 2021). Figure 

2 depicts the seachest filter of a ship sailing through the mucilage area. 

 

 
 

Figure 2. Seachest Filters after mucilage  

Photos: Bayram Öztürk 

 

Insufficient seawater flow causes thermal stress on the main engine, generators, 

compressors, cooling dampers and cause damage to the machines. Unexpected 
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failures caused by excessive heat during manoeuvring in narrow channels and 

strait passages can endanger the operations of the ship. 

 

Sea Water Low Temperature Coolers: 

Even if the seawater cooling towers have a filter at the seawater inlets, mucus 

particles can leak from the filters between the plates and cause sudden blockages 

in the cooling channels. The cooling regime in the sea water cooler can be 

disrupted, and the jet cooling water temperatures in the main engine generator 

diesels suddenly increases. 

 

Disruption of cooling flow in sea water towers causes thermal stress in machinery 

and equipment, resulting in malfunction and costly damage. 

 

Air Coolers and Lubrication Oil Coolers:  

Mucilage deposits can condense at the inlets of the towers and cause a sudden 

increase in temperature by preventing the flow of cooling water. 

 

The sudden increase in the main engine lubricating oil temperature decreases the 

lubricating ability and accelerates the wear firstly in the turbine bearings and then 

in the arm bearings. It increases the overheating of the oil due to the low 

lubricating ability of the metals. 

 

It is inevitable for the turbine to wrap around the bearing and the machine to wrap 

the arm bearing. The mucilage particles, which create overheating in the air 

cooler, prevent the cooling of the air passing through the air cooler, where they 

block the cooling channels. Because of the lack of oxygen in the air that cannot 

be sufficiently cooled, the combustion order of the machine is disrupted, the 

exhaust temperatures increase, and the efficiency of the machine decreases. 

 

Water Ballast Treatment Systems: 

In order to ensure stability in ships, ballast water is discharged when cargo is 

loaded, and ballast water is loaded when cargo is unloaded. Sometimes ballast is 

taken in heavy weather conditions and ballast operations are carried out to provide 

the necessary draft. 

 

Mucilage can damage ballast pumps and systems, as ballast operations are carried 

out through seawater. It may cause blockage of filters in the system and 

overheating of pumps, resulting in breakdown of ballast pumps. It can also 

damage the Ballast Water Treatment System (BWTS), causing the ships to stop 

or slow down their operations in cargo operations or other situations. The 

permeability of the filters employed for Ultraviolet (UV) systems in BWTS is 

extremely low.  

 

The mucilage's sticky and dense composition can block these filters and cause the 

filtration system failure. Failure to carry out ballast operations can cause delays 
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in loading/unloading operations on ships and prolonging the port times of ships. 

In addition, the maintenance and repair of the systems causes financial damage to 

the companies that operate ships. 

 

Water Ballast Tank: 

The organisms found in mucilage can settle in the ballast tanks of the ships 

carrying out ballast operations in the regions where mucilage is present, and these 

organisms will be transported to other seas during the ballast exchange operations 

in the destination regions. These organisms are likely to spread further in the 

ballast tanks during a long voyage. 

 

Evaporator: 

The suction filters of the evaporators that take water from the sea and the mucilage 

particles passing through these filters block the ejector and plate towers, 

preventing them from holding sufficient vacuum, as well as piling up at the inlet 

of the plate heat exchangers and disrupting the condensation structure that can 

prevent the water from boiling sufficiently. 

 

Emergency Fire Pump: 

Emergency fire pumps on ships are typically utilized in anchor operations to keep 

them from becoming idle. Mucilage can block the pump's filter and even cover 

the seachest filter, preventing the seawater from being used in an emergency.  

 

Tank Cleaning System for Tankers: 

Tank cleaning operations are essential, especially in the chemical shipping 

industry. During the cleaning process, the vessels require a large amount of water 

to dissolve or remove wastes from the tanks, making sea water the primary agent 

for tank cleaning due to its availability. 

 

If mucilage organisms accumulate in sea water, the above-mentioned function of 

sea water must be discarded due to its sterility. The entire tank cleaning procedure 

must either be suspended, or the vessels may require a large amount of fresh water 

at a considerable expense to carry out the tank cleaning operation. 

 

All systems that operate with seawater on ships sailing in mucilage area are likely 

to be adversely affected. In conclusion, the following impacts are very likely to 

be observed in ship operations; 

 

 Even though mucilage is hard to remove from surfaces, it accumulates a layer 

on the filters and coolers. 

 Mucilage causes heat to build up in ship machinery, decreasing machine 

efficiency. 

 In heat exchangers, mucilage causes insufficient flow. 

 Mucilage causes filter blockage. 

 Corrosion is caused by mucilage. 
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 Mucilage clogs the hull and cooling pipes as it settles. 

 

The impacts of mucilage on maritime vessels and operations were assessed and 

quantified using the bow tie method in this study. 

 

Materials and Methods 

 

Bow-tie analysis is used in this study and the actual application of FTA and ETA 

methods in combination with Bow Tie to explore the effects of mucilage is 

demonstrated below. 

 

Bow-tie Analysis Approach 

This analysis is a model that informs the user visually, especially in risk 

assessment processes, and the processes are shown in Figure 3. In other regards, 

the bowtie approach seeks to study and to understand the risk routes from its 

causes to its outcomes. Identifying these reasons aids in minimizing the effects 

(“recovery”) and ultimately putting a cease to the hazards.  

 

The steps to be taken for this analysis are explained below. 

 

Step-1 The top event is determined. 

Step-2 All possible causes or threats that could cause the event to occur are listed 

(with expert opinions and literature review). 

Step-3 In the event of a hazard-related event, all possible outcomes are determined 

(with expert opinions and literature review). 

Step-4 Control measures are determined to prevent this possible cause from 

occurring. 

Step-5 Determine steps to limit or mitigate the potential outcome or outcomes 

from being affected. 

 

Cause

Event

Potential 

Outcome

Cause

Cause

Potential 

Outcome

Potential 

Outcome

HAZARD

Control Barrier

Control Barrier

Control Barrier

Mitigation Barrier

Mitigation Barrier

Mitigation Barrier

PREVENTION RECOVERY

 
Figure 3. The bow-tie approach 
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Investigation of Mucilage Effect by Bow-tie Approach 

Bow-tie method is one of the robust risk analyses approaches frequently used in 

maritime industry. The method integrates a group of causes and consequences to 

predict probabilities. It provides practical approach to estimate risk in 

probabilistic safety analysis (PSA). The bow-ties is sort of diagram which 

visualizes the potential risks (Arici et al. 2020). The method is consisting of fault 

tree and event tree analysis fundamentally which is presented in Figure 4. The 

aim of the method is to focus on causes and consequences of an event (Mokhtari 

et al. 2011). The basic illustration of bow-tie approach is provided in the figure.  
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The bow-tie integration with Fault Tree Analysis and Event Tree Analysis 

 

The bow-tie diagram captures a valuable conception for potential causes and 

analyses the past accidents (Mokhtari et al. 2011). Since the method is both 

proactive and reactive, most of safety practitioners have utilized for evaluating 

risks in different industries such as petrochemical, aviation, off-shore, etc. 

(Shahriar et al. 2012; Khakzad et al. 2013; Purton et al. 2014). 

 
Table 1. Experts collaborated in this study 

 

The causes under fault tree and the potential consequences under event tree are 

created by a group of experts who have wide knowledge and experience about 

Expert 

ID 
Gender Age Company Position 

Experience 

(as years) 

1 Male 43 Company A Opr. Manager 14 

2 Male 48 Company B HSEQ Manager 15 

3 Male 43 Company C Oceangoing Master 10 

4 Male 41 Company B DPA 18 

5 Male 44 Company B Oceangoing Master 13 

6 Male 64 Company C DPA 25 

7 Male 43 Company C Oceangoing Master 22 

8 Female 36 Company D CFS Opr. Manager 10 

9 Male 35 Company C HSEQ Manager 11 

10 Male 40 Company C HSEQ Manager 16 
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maritime environment and maritime safety. Table 1 shows details of experts. 

Before the survey, necessary circulars, class and P&I Club (A Protection and 

Indemnity) reports, forms were presented to experts for investigating potential 

mucilage effects and consequences on shipboard operations. Figure 5 shows 

potential mucilage effects and potential consequences under bow-tie approach. 

 

 
Figure 5. Potential mucilage effects and consequences under bow-tie approach 

 

Results and Discussions 

 

In Figure 4 showing that a bow-tie method was applied to investigate potential 

effects of mucilage on ship operations, the root causes and consequences were 

depicted. As detailed analysed in the fault tree part of the method, the potential 

root causes of mucilage were expressed. Household waste, industrial waste, 

agricultural waste, ships and marine vehicles-based wastes and other types of 

wastes are the main root causes that may cause marine mucilage. The potential 

effects of the mucilage on ship operations are illustrated on the right part of the 

Figure 5 in which an event tree analysis was adopted. The potential effects of 

mucilage on the shipboard operations can be seen on seachest filters, sea water 

low temperature coolers, air coolers and lubricating coolers, ballast water 

treatment system, ballast water tanks, evaporator, emergency fire pump and tank 

cleaning system which are critical component s and parts of the ship. At the time 

of any breakdown of above components due to effects of mucilage, the 
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operational process can be ceased or stopped, which may cause financial damage 

or environmental damage.  

 

The barriers are one of the most useful safety preventions measures in safety and 

risk engineering. In the bow-tie method, barriers are used as safety measures or 

layers of protection in fault tree. In Figure 3, the barriers appear on the left sides 

of the top event. Barriers on the left side interrupt the scenario so that the threats 

do not occur, and if they do, not result in a loss of control (the top event). 

According to the evaluation, increasing treatment quality, legal measures, 

inspection and training are the main barriers to prevent household and industrial 

waste in mucilage. Likewise, introducing remote control systems, adopting 

national and international rules, trainings, pollution fighting tools are the main 

barriers for ship-based and marine vehicles-based pollution.  

 

Conclusion 

 

The increase in trade capacity and potential in the world's seas is an important 

issue. Ships are subject to many rules and practices for the protection of the seas. 

The effect of mucilage on ship navigation and operations has been investigated in 

detail. Seawater is used in many areas in ship operations and it is used as cooling 

water especially in machinery operations. Machine failures that may occur in 

areas where mucilage is dense, especially in bottlenecks and canals, can cause 

environmental pollution, loss of life and property. For this reason, it is important 

to find and use methods and technologies that will both increase the prevention 

of mucilage and reduce the impact on ship operations by mucilage. To achieve 

this purpose, bow-tie risk analysis method was adopted to investigate mucilage 

effects on maritime shipboard operation. The main task in this regard is to 

evaluate the marine pollutants and to ensure that the marine ecosystem returns to 

its natural state. 

 

According to the Turkish Maritime Statistics published in 2020, cargo operations 

increased by 2.6 % in the country's ports and the highest amount of cargo handling 

was carried out within the boundaries of Kocaeli Port Authority which is located 

in the Marmara Sea (Guler 2021). Mucilage-related failures (particularly 

machinery faults) on ships navigating through this region may delay ship traffic 

and postpone cargo operations. 

 

As a result, in order to eliminate the factors that contribute to the mucilage 

phenomena, it is necessary to develop systems that control pollution from land 

and sea facilities, eventually to contribute to the natural cleaning systems of the 

marine ecosystem. The effect of mucilage on ship operations will be evaluated in 

future research using the quantitative bow tie analysis approach and expert 

opinions. 
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Deniz salyasının denizcilik operasyonları üzerindeki 

etkilerinin araştırılması 
 
Öz 

 

Deniz salyasının (müsilaj), deniz yüzeyini kaplayarak oksijen transferini engellediği ve 

deniz ekosistemi canlılarına ciddi etkileri olduğu için zararlı bir yapıdır. İstanbul Boğazı, 

Çanakkale Boğazı ve Marmara Denizi bölgeleri ciddi oranda müsilaj kirliliğine maruz 

kalmıştır. Bu makale, pratik risk analizi yaklaşımlarından biri olan papyon analiz 

yöntemini kullanarak denizcilikte gemi operasyonları üzerindeki müsilaj etkilerini 

araştırmayı amaçlamaktadır. Yöntem, sistematik bir yaklaşım sağladığı için müsilajın olası 

kök nedenlerini ve sonuçlarını anlama yeteneği sağlar. Teorik konseptinin yanı sıra, olası 

kök nedenleri ve olası sonuçları araştırarak müsilaj etkilerini en aza indirmek için deniz 

kirliliği araştırmalarına ve denizcilik sektörüne operasyonel anlamda katkıda bulunur. 

 

Anahtar kelimeler: Müsilaj, deniz salyası, deniz kirliliği, deniz çevresi,  

papyon analiz yöntemi 

 

References 

 

Aktan, Y, Dede, A., Ciftci, P.S. (2008) Mucilage event associated with diatoms 

anddinoflagellates in Sea of Marmara, Turkey. Harmful Algae News 36: 1-3. 

 

Aktan, Y., Topaloglu, B. (2011) First record of Chrysophaeum taylorii Lewis & 

Bryan and their benthic mucilaginous aggregates in the Aegean Sea (Eastern 

Mediterranean). J Black Sea/Medit Environ 17(2): 159-170. 

 

Altug, G., Cardak, M., Ciftci, P.S. (2010) Occurrence of mucilage and bacterial 

interactions in the Sea of Marmara. In: Proceedings of the Symposium-The 

Marmara Sea 2010 (ed., Öztürk, B.), Turkish Marine Reseach Foundation, 

Publication no: 32, İstanbul, pp: 456-463 (in Turkish). 

 

Arici, S.S., Akyuz, E., Arslan, O. (2020) Application of fuzzy bow-tie risk 

analysis to maritime transportation: The case of ship collision during the STS 

operation. Ocean Engineering 217: 107960. 

 

Balkis, N., Atabay, H., Türetgen, I., Albayrak, S., Balkis, H., Tüfekçi, V. (2011) 

Role of single-celled organisms in mucilage formation on the shores of Buyukada 

Island (the Marmara Sea). Journal of the Marine Biological Association of the 

United Kingdom 91(4): 771-781. 

 

Danovaro, R., Armeni, M., Corinaldesi, C., Mei, M. L. (2003) Viruses and marine 

pollution. Marine Pollution Bulletin 46(3): 301-304.  

 

Danovaro, R., Fonda Umani, S., Pusceddu, A. (2009) Climate change and the 

potential spreading of marine mucilage and microbial pathogens in the 



151 

 

Mediterranean Sea. PLoS One 4(9):e7006.  

 

Denizhaber (2021) Does mucilage in the Sea of Marmara threaten the ships? 

Turkey. Available at: https://www.denizhaber.com/guncel/marmara-denizi-

ndeki-musilaj-gemileri-tehdit-ediyor-mu-h94109.html (accessed 24 Aug. 2021). 

 

Ergül, H.A., Aksan, S., İpşiroğlu, M. (2018) Assessment of the consecutive 

harmful dinoflagellate blooms during 2015 in the Izmit Bay (the Marmara Sea). 

Acta Oceanologica Sinica 37(8): 91-101. 

 

Fogg, G.E. (1995) Some speculations on the nature of the pelagic mucilage 

community of the northern Adriatic Sea. Science of the Total Environment 165(1-

3): 59-63. 

 

Galloway, A.F., Knox, P., Krause, K. (2020) Sticky mucilages and exudates of 

plants: Putative microenvironmental design elements with biotechnological 

value. New Phytologist 225(4): 1461-1469. 

 

Genitsaris, S., Stefanidou, N., Sommer, U., Moustaka-Gouni, M. (2019) 

Phytoplankton blooms, red tides and mucilaginous aggregates in the urban 

Thessaloniki Bay, Eastern Mediterranean. Diversity 11(8): 136. 

 

Guler, A. (2021) UTIKAD Logistics Sector Report 2020, 154 pp. (in Turkish). 

 

Keleş, G., Yılmaz, S., Zengin, M. (2020) Possible economic effects of musilage 

on Sea of Marmara fisheries. International Journal of Agriculture Forestry and 

          Life Sciences 4(2): 173-177. 

           

          Khakzad, N., Khan, F., Amyotte, P. (2013) Dynamic safety analysis of process 

systems by mapping bow-tie into Bayesian network. Process Safety and 

Environmental Protection 91(1-2): 46-53. 

 

Lancelot, C. (1995) The mucilage phenomenon in the continental coastal waters 

of the North Sea. Science of the Total Environment 165(1-3): 83-102. 

 

León-Martínez, F. M., Cano-Barrita, P. D. J., Lagunez-Rivera, L., Medina-Torres, 

L. (2014) Study of nopal mucilage and marine brown algae extract as viscosity-

enhancing admixtures for cement based materials. Construction and Building 

Materials 53: 190-202. 

 

Leppard, G.G. (1995) The characterization of algal and microbial mucilages and 

their aggregates in aquatic ecosystems. Science of the Total Environment 165(1-

3): 103-131. 

 

Lugliè, A., Satta, C., Padedda, B., Pulina, S. (2008) What is Chrysophaeum 

https://www.denizhaber.com/guncel/marmara-denizi-ndeki-musilaj-gemileri-tehdit-ediyor-mu-h94109.html
https://www.denizhaber.com/guncel/marmara-denizi-ndeki-musilaj-gemileri-tehdit-ediyor-mu-h94109.html


152 

 

taylorii Lewis & Bryan doing in Sardinia (Tyrrhenian Sea, Mediterranean)? 

Harmful Algae News 36: 4-5. 

 

Mecozzi, M., Pietrantonio, E., Di Noto, V., Pápai, Z. (2005) The humin structure 

of mucilage aggregates in the Adriatic and Tyrrhenian Seas: hypothesis about the 

reasonable causes of mucilage formation. Marine Chemistry 95(3-4): 255-269. 

 

Mokhtari, K., Ren, J., Roberts, C., Wang, J. (2011) Application of a generic bow-

tie based risk analysis framework on risk management of sea ports and offshore 

terminals. Journal of Hazardous Materials 192(2): 465-475. 

 

Molin, D., Guidoboni, E., Lodovisi, A. (1992) Mucilage and the phenomena of 

algae in the history of the Adriatic: Periodization and the anthropic context 

(17th20th centuries). In: Marine Coastal Eutrophication (eds., Vollenweider, 

R.A., Marchetti, R., Viviani, R.), Elsevier, Amsterdam, pp. 511-524. 

 

Myklestad, S. (1977) Production of carbohydrates by marine planktonic diatoms. 

II. Influence of the NP ratio in the growth medium on the assimilation ratio, 

growth rate, and production of cellular and extracellular carbohydrates by 

Chaetoceros affinis var. willei (Gran) Huste. Journal of Experimental Marine 

Biology and Ecology 29(2): 161-179. 

 

Najdek, M., Degobbis, D., Miokovic, D., Ivančic, I. (2002) Fatty acid and 

phytoplankton composition of different types of mucilaginous aggregates in the 

Northern Adriatic Sea. Science of the Total Environment 24: 429-441.  

 

Özalp, H. B. (2021) First massive mucilage event observed in deep waters of 

Çanakkale Strait (Dardanelles), Turkey. Journal of the Black Sea/Medit Environ 

27(1): 49-66. 

 

Öztürk, İ., Yanalak, M., Arslan,Ö., Koyuncu,İ., Dilekgürgen, E., Erşahin, M.E., 

Türken, T. (2021) Opinions and Suggestions on the Sea Mucilage Problem in the 

Sea of Marmara Report. Istanbul Technical University, Istanbul, 73 pp. (in 

Turkish). 

 

Precali, R., Giani, M., Marini, M., Grilli, F., Ferrari, C.R., Pečar, O., Paschini, E. 

(2005) Mucilaginous aggregates in the northern Adriatic in the period 1999-2002: 

Typology and distribution. Science of the Total Environment 353: 10-23. 

 

Purton, L., Clothier, R., Kourousis, K. (2014) Assessment of technical 

airworthiness in military aviation: implementation and further advancement of 

the bow-tie model. Procedia Engineering 80: 529-544. 

 

Riley, G.A. (1963) Organic aggregates in seawater and the dynamics of their 

formation and utilization. Limnology and Oceanography 8: 372-381. 



153 

 

 

Rinaldi, A., Vollenweider, R.A., Montanari, G., Ferrari, C.R., Ghetti, A. (1995) 

Mucilages in the Italian seas: the Adriatic and Tyrrhenian seasduring 1988-1991. 

Science in the Total Environment 165: 165-183.  

 

Schuster, S., Herndl, G.J. (1995) Formation and significance of transparent 

exopolymeric particles in the northern Adriatic Sea. Marine Ecology Progress 

Series 124: 227-236. 

 

Shahriar, A., Sadiq, R., Tesfamariam, S. (2012) Risk analysis for oil & gas 

pipelines: A sustainability assessment approach using fuzzy based bow-tie 

analysis. Journal of Loss Prevention in the Process Industries 25(3): 505-523. 

 

Suzuki, N., Kato, K. (1953) Studies on suspended materials marine snow in the 

sea: Part I. Sources of marine snow. Bulletin of Faculfy of Fisheries, Hokkaido 

University 4(2): 132-135. 

 

Taş, S., Kuş, D., Yılmaz, I.N. (2020) Temporal variations in phytoplankton 

composition in the north-eastern Sea of Marmara: potentially toxic species and 

mucilage event. Mediterranean Marine Science 21(3): 668-683. 

 

Toklu Alıçlı, B., Polat, S., Balkis-Ozdelice, N. (2020) Temporal variations in the 

abundance of picoplanktonic Synechococcus (Cyanobacteria) during a mucilage 

event in the Gulfs of Bandırma and Erdek. Estuarine, Coastal and Shelf Sciences 

233: 106513. 

 

Tufekci, V., Balkis, N., Polat-Beken, Ç., Ediger, D., Mantikci, M. (2010) 

Phytoplankton composition and environmental conditions of a mucilage event in 

the Sea of Marmara. Turkish Journal of Biology 34: 199-210. 

 

Yentur, R.E., Buyukates, Y., Ozen, O., Altin, A. (2013) The environmental and 

socio-economical effects of a biologic problem: Mucilage. Marine Science and 

Technology Bulletin 2(2): 13-15. 


