
ISSN: 2148-9173 Vol: 7 Issue:3 Dec 2020 

International Journal of Environment and Geoinformatics (IJEGEO) is an international, 
multidisciplinary, peer reviewed, open access journal. 

Chief in Editor 

Prof. Dr. Cem Gazioğlu

Co-Editors  

Prof. Dr. Dursun Zafer Şeker, Prof. Dr. Şinasi Kaya, 

Prof. Dr. Ayşegül Tanık and Assist. Prof. Dr. Volkan Demir 

Editorial Committee (December 2020) 

Assos. Prof. Dr. Abdullah Aksu (TR), Assit. Prof. Dr. Uğur Algancı (TR), Prof. Dr. Bedri Alpar (TR),  Prof. Dr. 
Levent Bat (TR), Prof. Dr. Paul Bates (UK), İrşad Bayırhan (TR), Prof. Dr. Bülent Bayram (TR), Prof. Dr. Luis M. 
Botana (ES), Prof. Dr. Nuray Çağlar (TR), Prof. Dr. Sukanta Dash (IN), Dr. Soofia T. Elias (UK), Prof. Dr. A. Evren 
Erginal (TR), Assoc. Prof. Dr. Cüneyt Erenoğlu (TR), Dr. Dieter Fritsch (DE), Prof. Dr. Çiğdem Göksel (TR), 
Prof.Dr. Lena Halounova (CZ), Prof. Dr. Manik Kalubarme (IN), Dr. Hakan Kaya (TR), Assist. Prof. Dr. Serkan 
Kükrer (TR), Assoc. Prof. Dr. Maged Marghany (MY), Prof. Dr. Michael Meadows (ZA), Prof. Dr. Nebiye Musaoğlu 
(TR), Prof. Dr. Masafumi Nakagawa (JP), Prof. Dr. Hasan Özdemir (TR), Prof. Dr. Chryssy Potsiou (GR), Prof. Dr. 
Erol Sarı (TR), Prof. Dr. Maria Paradiso (IT),  Prof. Dr. Petros Patias (GR), Prof. Dr. Elif Sertel (TR), Prof. Dr. Nüket 
Sivri (TR), Prof. Dr. Füsun Balık Şanlı (TR), Prof. Dr. Uğur Şanlı (TR), Duygu Ülker (TR), Prof. Dr. Seyfettin Taş 
(TR), Assoc. Prof. Dr. Ömer Suat Taşkın (US), Assist. Prof. Dr. Tuba Ünsal (US), Dr. İnese Varna (LV), Dr. Petra 
Visser (NL), Prof. Dr. Selma Ünlü (TR), Prof. Dr. Murat Yakar (TR), Assit. Prof. Dr. Sibel Zeki (TR)

Abstracting and Indexing: TR DIZIN, DOAJ, Index Copernicus, OAJI, Scientific Indexing Services, International Scientific 
Indexing, Journal Factor, Google Scholar, Ulrich's Periodicals Directory, WorldCat, DRJI, ResearchBib, SOBIAD

Mussel: a potential pollution indicator in the aquatic ecosystem and effect of 
climate change 

Şebnem ATASARAL, Umar KHAN, Yahya TERZİ, Kadir SEYHAN



300

Mussel: a potential pollution indicator in the aquatic ecosystem and effect of climate 

change 

Şebnem Atasaral
1,*

,       Umar Khan
2
,       Yahya Terzi

1
,       Kadir Seyhan

1

1 Karadeniz Technical University, Faculty of Marine Sciences, Trabzon, 61530, Turkey 
2 Fırat University, Faculty of Fisheries, Elazıg, 23119, Turkey 

* Corresponding author: Şebnem Atasaral Received 31 Aug 2020 

* E-mail: satasaral@ktu.edu.tr Accepted 16 Sept 2020 

Abstract 

The study of ecological indicators, defining and establishing the means of measuring the health of the environment, is of great 

importance. The most important elements of ecosystems are the biological components, and environmental impact assessment of 

ecosystems will therefore require that these components are seriously laid out. It is, for example, not sufficient to assess the water 

quality by the use of physicochemical parameters, although their determination can be carried out much more rapidly. There exists, in 

general, a relation between species composition and water quality. It is well known that mussels are extensively utilized as a 

biological indicator of pollution of both marine and freshwater ecosystems. The reason is that the mussel is a sessile, filter-feeding, 

and able to accumulate within its tissues many of the contaminants. In addition, mussels show a wide geographical distribution as 

they permit the survey of extensive coastal and inland areas. The contaminants accumulated in the tissues of mussels may cause a 

“stress syndrome” with alteration to their physiology. On the other hand, global warming does affect the pH level, especially the 

marine water resulting increase in acidity. This can be the outcome of the existing genetic variation in natural populations of mussels. 

They because allow themselves to adapt to declining pH levels in the aquatic ecosystem caused by carbon emissions. We, therefore, 

focus on the factors that possibly affect the mussel biodiversity in aquatic ecosystems in relation to climate change as well as 

pollution concerned. 
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Introduction 

Anthropogenic CO2 emissions have led to increasing 

global mean temperatures and ocean acidification. 

Because both processes are occurring instantaneously, to 

better recognize their significances on marine species 

their combined effects must be experimentally evaluated. 

The existence of both organic and inorganic pollutants in 

the marine environment is referred to as marine 

pollution. The occurrence in excess quantity of such 

compounds can adversely affect the ecological quality of 

the ecosystem, which can lead to alterations in 

characteristics of the ecosystem (Viarengo and Canesi, 

1991). Among several types of similar organic 

compounds, polycyclic aromatic hydrocarbons (PAHs) 

are present in aquatic ecosystems and are capable of 

inducing carcinogenic or mutagenic effects to organisms 

(Figure 1), and hence they have received considerable 

attention in the literature (Balcıoğlu, 2016; Necib and 

Mzoughi, 2017). Inorganic compounds can include 

metals as a natural constituent of the marine 

environments, but metals and other inorganic 

compounds that might naturally occur can also become 

toxic if present at levels beyond certain thresholds 

(Necib and Mzoughi, 2017). An important factor that 

contributes to imbalance in organic and inorganic 

compounds which adversely affects the ecological 

quality of aquatic environments is anthropogenic 

activities (Holt and Miller, 2010). Evaluations of the 

ecological conditions of marine and coastal ecosystems 

are thus particularly important so as establish important 

baselines where data is lacking, and such as for the 

purposes or regular monitoring efforts at high impact 

locations, e.g., where domestic and industrial waste 

discharges are higher (Viarengo and Canesi, 1991; 

Ponce-Vélez et al., 2006). 

Biological Indicator 

Several species have been used as bioindicators of 

environmental pollution, ultimately serving to help 

describe the ecological quality of the ecosystem 

(Gazioğlu, 2018; Ogbeibu and Oribhabor, 2002; Clarke 

et al., 2003). Certain criteria and properties that must be 

fulfilled by a species for it to be considered as a 

bioindicator. These include that the species is: 

(i) sedentary or sessile;  

(ii) tolerant to wide ranges of salinity and potentially 

high concentrations of contaminants,  

(iii) abundant in the surveyed area,  

(iv) possible to collect quickly and in sufficient 

amounts for laboratory analyses; and  

(v) a species for which a simple correlation should 

exist between the average concentrations of 

contaminants in the environment and tissues of the 

organism (Phillips, 1990; Alkan et al., 2020).  
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Several species which meet such criteria have been used 

as bioindicators to provide an estimation of temporally 

related changes in the concentrations of pollutants in 

ambient environments around them (Holt and Miller, 

2010). 

Fig. 1. Fate and toxic effects of PAHs in the aquatic ecosystem (Honda and Suzuki, 2020). 

Mussel as an Indicator 

Mussels belonging to class Bivalvia from the phylum 

Mollusca fulfil the general prerequisites for being a 

bioindicator (Figure 2). Hence, mussels have been used 

rather extensively in environmental monitoring programs 

in the field (Alkan et al., 2020; Ülker et al., 2020; Simav 

et al., 2015; Viarengo and Canesi, 1991; Phillips, 1977) 

suggested that mussels are the best choice as 

bioindicators for use in evaluation and monitoring-based 

assessments of biological effects of pollutants upon 

ecosystems. Consequently, mussels have been used as 

bioindicators in marine and coastal environments to 

assess and monitor the levels of pesticides, 

hydrocarbons, metals, and microplastics (D. Phillips, 

1976; Viarengo and Canesi, 1991; Li et al., 2019). 

Furthermore, mussels have been used as bioindicators to 

facilitate the evaluation of the presence of zoonotics such 

as the Cryptosporidium andersoni C. parvum and C. 

meleagridis (Oliveira et al., 2016).  

Fig. 2. General anatomy of mussel (Delahaut, 2012). 
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Fig. 3. Oceanic acidification and its possible impacts on marine organisms (Rafferty, 2020). 

Climate Change Effect on Mussel 

Up to one third of global carbon dioxide emissions are 

absorbed by the oceans (Borunda, 2019; Ülker et al., 

2018; Townhill et al., 2017). The ocean is a natural sink 

for carbon dioxide (CO2); however, the increase of 

anthropogenic emissions is changing the ocean 

chemistry by lowering the seawater pH, and causing a 

reduction in the availability of carbonates (CO32-) and 

biogenic calcium carbonate (CaCO3), a process widely 

known as ocean acidification (Caldeira and Wickett, 

2003; Feely et al., 2009; Gattuso and Hansson, 2011; 

Gazioğlu and Okutan, 2016). 

From 1994 to 2007, the global oceanic sink for 

anthropogenic carbon dioxide was 34 billion metric tons 

(Gruber et al., 2019). This oceanic sink of carbon 

dioxide results in increasing ocean acidity (Figure 3), 

reduce carbonate ion concentrations and saturated states 

of biologically essential calcium carbonate and other 

minerals (Broecker and Peng, 1974, ; Williamson and 

Turley, 2012). The impacts of ocean acidification have 

been documented for varied marine organisms 

(Williamson and Turley, 2012). For mussels, several 

studies have indicated that increasing ocean acidification 

drastically and adversely effected growth rate (Berge et 

al., 2006), immune responses (Bibby et al., 2008), and 

larval survival through recruitment (Talmage and 

Gobler, 2009). In one study, mussels collected in the 

Pacific Northwest Ocean from 2009–2011 had shells that 

were 32 % thinner on average compared to shell 

thickness levels for samples collected in the same 

location in the 1970s (Pfister et al., 2016). This indicated 

the types of significant impacts that can occur from 

ocean acidification with respect to mussel shells and 

mussel ecology, and one example of how this taxon can 

be not just a short term bioindicator, but a potentially 

long-term one as well. Additionally, laboratory studies 

have indicated that certain mussel species or populations 

might have relatively unexpected high genetics-based 

resiliencies so as to be able to better withstand longer-

term changes in the environment, like from ocean 

acidification (Bitter et al., 2019; Gazioğlu et al., 2015). 

Discussion and Conclusion 

There is a clear need for careful assessment and 

monitoring of aquatic pollution using an appropriate 

bioindicator. Mussels, and even sometimes just the 

presence of certain mussels species that may be 

intolerant too low to moderate levels of pollutants (e.g., 

see Mychek Londer et al., 2020), are considered as 

suitable bioindicators of environmental pollution. 

Further, when mussels are used as bioindicators, they 

can facilitate determinations of anthropogenic impacts 

such as from climate change (Zippay and Helmuth, 

2012). Notably, particularly persistent mussel species 

that can adapt to harsher conditions, or others that cannot 

and which become locally extirpated where once 

previously documented, can both serve as bioindicators 

of environmental change. Thus, assessments are required 

to elaborate upon the dynamics that might influence such 

tolerances, including such as related to genetic, 

physiological, and mineralogical aspects of mussel shell 

dynamics. Additionally, because many environmental 

impacts impact relatively localized populations and 

ecosystems differently, the responses from mussels 

across different areas need to be accounted for. As the 

scales of such endeavours grow concomitantly with the 

potential looming impacts such as from climate change, 

needed approaches and assessments might become 

increasingly complex and will require the continued 

development of predictive models (Pfister et al., 2016). 

It is clear that there are many issues to be investigated in 

the use of mussels as an indicator for climate change. 

Further, unique ways to assess and monitor biodiversity, 

such as including the use of environmental DNA 

(eDNA) (Mychek Londer et al., 2020) to establish where 

https://www.frontiersin.org/articles/10.3389/fphys.2018.01349/full#B8
https://www.frontiersin.org/articles/10.3389/fphys.2018.01349/full#B8
https://www.frontiersin.org/articles/10.3389/fphys.2018.01349/full#B20
https://www.frontiersin.org/articles/10.3389/fphys.2018.01349/full#B27
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bioindicator species like mussels will be of paramount 

importance to understand their long term-responses from 

climate and increasing other numbers of anthropogenic 

impacts. 

References 

Alkan, N., Alkan, A., Demirak, A., Bahloul, M. (2020). 

Metals/metalloid in Marine Sediments, 

Bioaccumulating in Macroalgae and a Mussel. Soil 

and Sediment Contamination: An International 

Journal, 29(5), 569-594. 

doi.org/10.1080/15320383.2020.1751061. 

Balcıoğlu, E. B. (2016). Potential effects of polycyclic 

aromatic hydrocarbons (PAHs) in marine foods on 

human health: a critical review. Toxin Reviews, 35(3-

4),98-105. 

https://doi.org/10.1080/15569543.2016.1201513 

Berge, J. A., Bjerkeng, B., Pettersen, O., Schaanning, M. 

T., Øxnevad, S. (2006). Effects of increased sea 

water concentrations of CO2 on growth of the 

bivalve Mytilus edulis L. Chemosphere, 62(4), 681-

687. doi.org/10.1016/j.chemosphere.2005.04.111 

Bibby, R., Widdicombe, S., Parry, H., Spicer, J., Pipe, R. 

(2008). Effects of ocean acidification on the immune 

response of the blue mussel Mytilus edulis. Aquatic 

Biology, 2(1), 67-74. https://doi.org/10.3354/ab00037 

Bitter, M., Kapsenberg, L., Gattuso, J.-P., Pfister, C. 

(2019). Standing genetic variation fuels rapid 

adaptation to ocean acidification. Nature 

communications, 10(1), 1-10. 

https://doi.org/10.1038/s41467-019-13767-1 

Broecker, WS., Peng, TH (1974). Gas exchange rates 

between air and sea, Tellus, 26:1-2, 21-35, doi: 

10.3402/tellusa.v26i1-2.9733 

Borunda, A. (2019). National Geographic: ocean 

acidification, explained. Retrieved from 

https://www.nationalgeographic.com 19/07/2020 

Caldeira, K., Wickett, M. E. (2003). Anthropogenic 

carbon and ocean pH. Nature 425:365. doi: 

10.1038/425365a 

Clarke, R. T., Wright, J. F., Furse, M. T. (2003). 

RIVPACS models for predicting the expected 

macroinvertebrate fauna and assessing the ecological 

quality of rivers. Ecological modelling, 160(3), 219-

233. doi.org/10.1016/S0304-3800(02)00255-7 

Delahaut, V. (2012). Development of a challenge test for 

the blue mussel, Mytilus edulis. Bioscience 

Engineering, 103.  

Gattuso, J. P., Hansson, L. (eds) (2011). Ocean 

Acidification. Oxford: Oxford University Press. 

Gazioğlu, C. (2018). Biodiversity, Coastal Protection, 

Promotion and Applicability Investigation of the 

Ocean Health Index for Turkish Seas, International 

Journal of Environment and Geoinformatics, 5(3), 

353-367 . doi: 10.30897/ijegeo.484067 

Gazioğlu, C., Müftüoğlu, A., Demir, V., Aksu, A., 

Okutan, V. (2015). Connection between Ocean 

Acidification and Sound Propagation. International 

Journal of Environment and Geoinformatics, 2(2), 

16-26 . doi: 10.30897/ijegeo.303538 

Gazioğlu, C., Okutan, V. (2016). Underwater Noise 

Pollution at the Strait of Istanbul (Bosphorus). 

International Journal of Environment and 

Geoinformatics (IJEGEO) 3(3), 26-39. doi: 

10.30897/ijegeo.306478. 

Gruber, N., Clement, D., Carter, B. R., Feely, R. A., Van 

Heuven, S., Hoppema, M., Monaco, C. L. (2019). 

The oceanic sink for anthropogenic CO2 from 1994 

to 2007. Science, 363(6432), 1193-1199. 

doi.org/10.1126/science.aau5153 

Feely, R. A., Doney, S. C., Cooley, S. R. (2009). Ocean 

acidification: Present and future changes in a high-

CO2 world. Oceanography. 22, 36–47. doi: 

10.5670/oceanog.2009.95 

Holt, E. A. Miller, S. W. (2010) Bioindicators: Using 

Organisms to Measure Environmental Impacts. 

Nature Education Knowledge 3(10):8 

Honda, M., Suzuki, N. (2020). Toxicities of Polycyclic 

Aromatic Hydrocarbons for Aquatic Animals. 

International Journal of Environmental Research 

and Public Health, 17(4), 1363. 

doi.org/10.3390/ijerph17041363 

Li, J., Lusher, A. L., Rotchell, J. M., Deudero, S., Turra, 

A., Bråte, I., Sun, C., Shahadat Hossain, M., Li, Q., 

Kolandhasamy, P., Shi, H. (2019). Using mussel as a 

global bioindicator of coastal microplastic pollution. 

Environmental pollution, 244, 522-533. 

doi.org/10.1016/j.envpol.2018.10.032 

Mychek‐Londer, J. G., Balasingham, K. D., , Heath, D. 

D. (2020). Using environmental DNA metabarcoding 

to map invasive and native invertebrates in two Great 

Lakes tributaries. Environmental DNA(2), 283– 297. 

doi.org/10.1002/edn3.56 

Necib, M., Mzoughi, N. (2017). The distribution of 

organic and inorganic pollutants in marine 

environments. In T. N. Holloway (Ed.), 

Micropollutants: Sources, Ecotoxicological Effects 

and Control Strategies (pp. 129 ): Nova Science Pub 

Inc. 

Ogbeibu, A., Oribhabor, B. (2002). Ecological impact of 

river impoundment using benthic macro-

invertebrates as indicators. Water Research, 36(10), 

2427-2436. doi.org/10.1016/S0043-1354(01)00489-4 

Oliveira, G. F. M., do Couto, M. C. M., de Freitas Lima, 

M., do Bomfim, T. C. B. (2016). Mussels (Perna 

perna) as bioindicator of environmental 

contamination by Cryptosporidium species with 

zoonotic potential. International Journal for 

Parasitology: Parasites and Wildlife, 5(1), 28-33. 

doi.org/10.1016/j.ijppaw.2016.01.004 

Pfister, C. A., Roy, K., Wootton, J. T., McCoy, S. J., 

Paine, R. T., Suchanek, T. H., Sanford, E. (2016). 

Historical baselines and the future of shell 

calcification for a foundation species in a changing 

ocean. Proceedings of the Royal Society B: 

Biological Sciences, 283(1832), 20160392. 

doi.org/10.1098/rspb.2016.0392 

Phillips, D. (1976). The common mussel Mytilus edulis 

as an indicator of pollution by zinc, cadmium, lead 

and copper. I. Effects of environmental variables on 

uptake of metals. Marine Biology, 38(1), 59-69. 

doi.org/10.1007/BF00391486 

Phillips, D. (1977). The common mussel Mytilus edulis 

as an indicator of trace metals in Scandinavian 

https://doi.org/10.3402/tellusa.v26i1-2.9733


Atasaral, et al.,  / IJEGEO 7(3): 300-304 (2020) 

304 

waters. I. Zinc and cadmium. Marine Biology, 43(4), 

283-291. doi.org/10.1007/BF00396922 

Phillips, D. J. (1990). Use of macroalgae and 

invertebrates as monitors of metal levels in estuaries 

and coastal waters. Heavy metals in the marine 

environment, 81-99. doi.org/10.1201/9781351073158 

Ponce-Vélez, G., Botello, A., Díaz-González, G. (2006). 

Organic and inorganic pollutants in marine sediments 

from northern and southern continental shelf of the 

Gulf of Mexico. International Journal of 

Environment and Pollution, 26(1-3), 295-311. 

doi.org/10.1504/IJEP.2006.009113 

Rafferty, J. P. (2020). Ocean acidification: Encyclopædia 

Britannica. Retrieved from 

https://www.britannica.com/science/ocean-

acidification 20/07/2020 

Simav, Ö., Şeker, D.Z., Tanık, A. Gazioğlu, C. (2015). 

Determining the endangered fields of Turkish coasts 

with coastal vulnerability index. Journal of Map, 

153: 1- 8.  

Talmage, S. C., Gobler, C. J. (2009). The effects of 

elevated carbon dioxide concentrations on the 

metamorphosis, size, and survival of larval hard 

clams (Mercenaria mercenaria), bay scallops 

(Argopecten irradians), and Eastern oysters 

(Crassostrea virginica). Limnology and 

Oceanography, 54(6), 2072-2080. 

doi.org/10.4319/lo.2009.54.6.2072 

Townhill, B.L., Pinnegar, J.K., Righton, D.A., Metcalfe, 

J.D. (2017) Fisheries, low oxygen and climate 

change: how much do we really know. Journal of 

Fish Biology, 90, 723–750. 

Ülker, D., Bayırhan, İ., Burak, S. (2020). Assessment 

and Comparison of Commonly Used Eutrophication 

Indexes, Türkiye Su Bilimleri ve Yönetimi Dergisi, 

4(1), 4-30.  

Ülker, D., Ergüven, O., Gazioğlu, C. (2018). Socio-

economic impacts in a Changing Climate: Case 

Study Syria. International Journal of Environment 

and Geoinformatics, 5 (1), 84-93. doi: 

10.30897/ijegeo.406273. 

Viarengo, A., Canesi, L. (1991). Mussels as biological 

indicators of pollution. Aquaculture, 94(2-3), 225-

243. doi.org/10.1016/0044-8486(91)90120-V 

Williamson, P., Turley, C. (2012). Ocean acidification in 

a geoengineering context. Philosophical 

Transactions of the Royal Society A: Mathematical, 

Physical and Engineering Sciences, 370(1974), 

4317-4342. doi.org/10.1098/rsta.2012.0167 

Zippay, ML., Helmuth, B. (2012). Effects of temperature 

change on mussel, Mytilus, Integrative Zoology 7: 

312–327. doi. 10.1111/j.1749-4877.2012.00310.x. 

https://www.britannica.com/science/ocean-acidification
https://www.britannica.com/science/ocean-acidification
https://www.researchgate.net/profile/Irsad_Bayirhan/publication/338695323_Assessment_and_Comparison_of_Commonly_Used_Eutrophication_Indexes/links/5e275983a6fdcc70a140b7b6/Assessment-and-Comparison-of-Commonly-Used-Eutrophication-Indexes.pdf
https://www.researchgate.net/profile/Irsad_Bayirhan/publication/338695323_Assessment_and_Comparison_of_Commonly_Used_Eutrophication_Indexes/links/5e275983a6fdcc70a140b7b6/Assessment-and-Comparison-of-Commonly-Used-Eutrophication-Indexes.pdf
https://www.researchgate.net/profile/Irsad_Bayirhan/publication/338695323_Assessment_and_Comparison_of_Commonly_Used_Eutrophication_Indexes/links/5e275983a6fdcc70a140b7b6/Assessment-and-Comparison-of-Commonly-Used-Eutrophication-Indexes.pdf

	Boş Sayfa

