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ABSTRACT

KEYWORDS

The Gulf of Mannar between India and Sri Lanka is a biodiversity hotspot renowned for its coral reefs, seagrass beds, 
and mangrove ecosystems. This region, especially the Gulf of Mannar Marine Biosphere Reserve (GOMMBR), 
supports a diverse array of marine species, many of which are of ecological and economic importance, and this 
paper records the presence of invasive alien Charru mussel Mytella strigata along the mangrove and estuarine 
regions of the Gulf of Mannar, Tamil Nadu, India. The invasion of this mussel affects the native gastropod and 
bivalve species in the GOMMBR and the adjacent zones. This situation warrants urgent strategies and action 
plans to control their population in the GOMMBR and potential policies to manage the invasive species on the 
Indian coast, besides a detailed investigation of their invasion biology. Thorough scientific studies on the invasion 
biology of M. strigata could help understand the behaviour of the alien species, its ecological impacts, and 
potential control methods, besides better realising its economic implications. By integrating rainfall-related factors 
into management strategies, conservationists and policymakers can work towards mitigating the adverse effects 
of invasive mussels and preserving the health of aquatic ecosystems.
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Human-induced intentional or unintentional translocations 
of species outside of their natural range have been 
accelerated and facilitated through the process of 
globalisation (Seebens et al., 2021; IPBES, 2023), and 
biological invasions are now global concerns and one of the 
primary driving forces for biological extinctions (Bellard et 
al., 2016). Only foreign species that can establish themselves 
and spread are deemed invasive (Blackburn et al., 2011), 
and aquatic invasions may impact ecosystem services 
(Pejchar and Mooney, 2009), displacement of indigenous 
species (Grosholz, 2002; Perrings, 2002; Wallentinus and 
Nyberg, 2007; Molnar et al., 2008; Troost, 2010; Vilà et 
al., 2010), and predation of local species (Katsanevakis 
et al., (2014). Information on marine bioinvasion and 
their pathways are still limited compared to terrestrial or 
freshwater ecosystems, and therefore, understanding the 
causes and effects of marine invasion processes and their 
implication on ecosystems, their vectors, and routes of 
introduction is essential in developing effective control and 
management strategies (Biju Kumar and Ravinesh 2017; 
Ros et al., 2023). 
Ballast water and fouling are the major sources of invasive 
species introductions in marine ecosystems globally 
Padilla and Williams (2004); Steven (2021), and molluscs, 
particularly mussels, are one of the major marine taxa that 
have established successfully in non-native environments, 
primarily because of their evolutionary resilience and 
long evolutionary history (Lim et al., 2018). The mytilid 
mussel Mytella strigata, a native of South America (Boehs 
et al., 2004; Darrigrán and Lagreca, 2005; Boudreaux and 
Walters, 2006), has been reported recently from different 
Asian countries such as the Philippines (Rice et al., 2016; 

Mediodia et al., 2017; Vallejo et al., 2017 and Fuertes et 
al., 2021), Singapore (Lim et al., 2018; Yip et al., 2021), 
Thailand (Sanpanich and Wells, 2019), Caribbean (César 
et al., 2021), Taiwan (Huang et al., 2021) and India (Biju 
Kumar et al., 2019 and Jayachandran et al., 2019). In India, 
the invasive alien mussel M. strigata spreads extensively 
in most estuarine and brackish water ecosystems of Kerala 
(Biju Kumar et al., 2019; Jayachandran et al., 2019). This 
species impacts the native Asian green mussel Perna viridis 
fishery in India (Biju Kumar et al., 2019) and Thailand 
(Sanpanich and Wells, 2019). Biju Kumar et al. (2019) also 
recorded the gradual decline in the population of backwater 
oysters such as Magallana bilineata, Saccostrea cuccullata 
and native clams Marcia recens and Villorita cyprinoides 
due to the invasion of M. strigata in Ashtamudi estuary, 
southwest coast of India. 
The Gulf of Mannar Marine Biosphere Reserve (GOMMBR) 
lies between India and Sri Lanka. It encompasses the 
territorial waters of the southeast coast of India, from 
Dhanushkodi in the north to Kanyakumari in the south. 
GOMMBR consists of several ecosystems, such as coral 
reefs, rocky shores, sandy beaches, mudflats, seaweeds, 
seagrasses, and mangroves, supporting characteristic 
biocoenosis (Kumaraguru et al., 2006; Ramesh et al., 2020 
and Edward et al., 2022). These ecosystems support a wide 
variety of marine biodiversity in this region. The molluscan 
diversity of the Gulf of Mannar is very high; more than 
1466 species were recorded from this locality (Edward et 
al., 2022).
This study records the invasion of M. strigata in the 
GOMMBR and forwards comments on its possible 
impacts on the mangrove and brackish water molluscan 
communities.
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3. Results and Discussion

Fig. 1. Map showing the areas of occurrence of Mytella strigata in the Tuticorin coast of the Gulf of Mannar 

2. Materials and Methods
The Mytella strigata populations were initially documented 
at GOMMBR in August 2020. Subsequent periodic 
molluscan surveys conducted at the GOMMBR region 
from June 2020 to June 2022, recorded the invasive Mytella 
strigata populations in the estuarine, brackish water and 
mangrove regions, Punnakayal, Mottaigopuram and Inigo 
Nagar of Tuticorin, Tamil Nadu, southern east coast of 
India. They were found buried in muddy-sand sediments 
and attached to protective walls, floating artificial structures, 
rocky substrates, bridges and mangrove regions of the Gulf 
of Mannar, Tamil Nadu (Fig. 1). Sample collections were 
done during low tide; the mussel diversity was studied 
using randomly placed 1m x 1m PVC quadrates. All the 
M. strigata and associated molluscs were collected by 
handpicking and digging. The collected specimens were 
identified with appropriate research literature (Huber, 
2010; Coan and Scott, 2012; Biju Kumar et al., 2019; Scott 
et al., 2020 and Edward et al., 2022).

Invasive species can alter the physical and ecological 
characteristics of habitats (Middleton 2018). They may 
modify soil chemistry, disrupt natural water flow, or change 
the structure of ecosystems, making them less suitable for 
native species (Pyšek and Richardson, 2010; Middleton, 
2018; Mayfield et al., 2021). The populations of Mytella 
strigata were recorded from different habitats of the Gulf 
of Mannar Biosphere Reserve, southeast coast of India 
(Fig. 2A-F). This study documented the average population 
of  1069m2 (Fig. 3). The average population density in 
various regions is as follows: muddy, sandy regions along 
the shoreline (1151m2); floating cages, pillars, bridges and 
artificial structures (2012m2); mangroves and associated 
environments (46m2). 

The population density was maximum (2040m2) during the 
premonsoon  (April 2021 to August 2021 and April 2022 to 
July 2022) and less during the monsoon and post-monsoon 
(September 2021 to March 2022)(390m2). Because these 
mussels are filter feeders and rely on plankton as a food 
source, reduced rainfall and drought can lower water levels 
and decrease plankton availability, potentially affecting the 
invasive mussel population’s survival and reproduction. 
Rainfall can affect water quality, which may indirectly 
influence the competitive advantage of invasive mussels. 
Sudden heavy rains can cause temperature fluctuations, 
particularly in smaller water bodies. These fluctuations 
can stress invasive mussels; low salinity and temperature 
stress can affect their metabolic rates and overall fitness, 
potentially impacting the competitive ability of the M. 
strigata. They can also survive large fluctuations in salinity 
for long and short periods; M. strigata tolerates a wide 
range of salinities as low as 2 ppt and as high as 40 ppt 
(Yuan et al., 2010; Rice et al., 2016).
In one of the extensive studies on the molluscan diversity 
of the Ashtamudi estuary, Ravinesh et al. (2021) did not 
record Mytella strigata from the region from February 
2017 to January 2018. Therefore, it may be assumed that 
the rapid spread of M. strigata was started after the very 
severe cyclonic storm Ockhi (November 2017). After 
the cyclone, from March 2018 onwards, Biju Kumar 
et al. (2019) recorded M. strigata from the Neendakara 
Barmouth, Ashtamudi estuary, southwest coast of India. 
Simultaneously, Jayachandran et al. (2019) recorded M. 
strigata from the Cochin backwaters from May 2019 
onwards. There are no other records of  M. strigata from the 
mainland coast of India and oceanic islands. In the present 
study, we report the expansion of the range of M. strigata 
in the Gulf of Mannar on the east coast of India, and it has 
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Fig. 2A. Venerid clams and associated with invasive Charru mussel Mytella strigata (red colour arrow mark); 
B. Invasion started from the Magallana bilineata bed (red colour circle); C. 1x1m2 quadrat muddy region; 
D. Underwater photo M. strigata on beds of ornamental gastropod Clithon oualaniense; E. Mussel collected from muddy bottom; 
F. Venerid clams and ornamental gastropods associated with invasive Charru mussel Mytella strigata (red colour arrow mark).

also been observed in other estuarine regions along the east 
coast of India. 
Bivalve production from Tamil Nadu and Pondicherry 
was estimated at 1,441 tonnes; clams contributed 50.6%, 
followed by mussels (26.1%) and oysters (23.3%) (CMFRI 
2019). The native molluscs have been recorded in the 
locality through the ongoing survey of the researchers 
(Table 1).
The list of co-occurring native molluscs in GOMMBR, 
along with alien M. strigata, are listed in Table 1. As the 
exotic mussels may develop massive populations quickly 
in major biomes in GOMMBR, such as sandy, muddy, 

mangroves, artificial structures, bar mouth and brackish 
water, their impact on native species may be studied in detail 
to realise the biodiversity and ecosystem impacts. Mytella 
strigata is an active filter feeder that forces water through 
its gills to remove particles. All the invasive mussels can 
consume organic matter, bacterial colonies, phytoplankton 
and detritus. M. strigata competes with native filter-feeding 
bivalves such as clams, oysters and other natives. 
Mytella strigata is a marine invasive species (MIS) that 
established considerable populations outside its natural 
range (Boudreaux and Walters, 2006; Gillis et al., 2009; 
Rice et al., 2016; Mediodia et al., 2017; Vallejo et al., 
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Table 1. List of native species of molluscs co-occurring with the alien Mytella strigata in GOMMBR. 

No List of Species Uses
    Family: Trochidae
1. Umbonium vestiarium (Linnaeus, 1758) Ornamental and Food 
      Family: Neritidae
2. Clithon oualaniense (Lesson, 1831) Ornamental 
3.       Neripteron violaceum(Gmelin, 1791) Ornamental
       Family: Potamididae
4. Pirenella cingulata (Gmelin, 1791) Ornamental and Lime Industry 
5.       Telescopium telescopium (Linnaeus, 1758) Ornamental
       Family: Nassaridae
6. Nassarius jacksonianus (Quoy and Gaimard, 1833) Ornamental
7.       Nassarius pullus (Linnaeus, 1758) Ornamental
       Family: Mytilidae
8. Modiolus modulaides (Röding, 1798) Ornamental, Food and Lime Industry
9.       Modiolus philippinarum (Hanley, 1843) Lime Industry
 Family: Ostreidae
10.  Magallana bilineata (Röding, 1798) Food and Lime Industry
11.   Saccostrea cucullata (Born, 1778) Food and Lime Industry
   Family: Mesodesmatidae
12. Atactodea striata (Gmelin, 1791) Ornamental, Food and Lime Industry
   Family: Tellinidae Lime Industry
13. Jitlada philippinarum (Hanley, 1844)
14.   Quadrans gargadia (Linnaeus, 1758) Lime Industry
15.   Gastrana multangula(Gmelin, 1791) Lime Industry
   Family: Psammobiidae
16. Gari maculosa (Lamarck, 1818) Lime Industry
17.   Gari squamosa (Lamarck, 1818) Lime Industry
   Family: Veneridae
18. Dosinia cretacea (Reeve, 1850) Ornamental, Food and Lime Industry
19.   Dosinia histrio (Gmelin, 1791) Ornamental, Food and Lime Industry
20.   Gafrarium pectinatum (Linnaeus, 1758) Ornamental, Food and Lime Industry
21.   Gafrarium tumidum Röding, 1798 Ornamental, Food and Lime Industry
22.   Marcia opima (Gmelin, 1791) Ornamental, Food and Lime Industry
23.   Marcia recens (Holten, 1802) Ornamental, Food and Lime Industry
24.   Meretrix aurora Hornell, 1917 Ornamental, Food and Lime Industry
25.   Meretrix casta (Gmelin, 1791) Ornamental, Food and Lime Industry
26.   Pelecyora ceylonica (Dunker, 1865) Food and Lime Industry
27.   Ruditapes bruguieri (Hanley, 1845) Food and Lime Industry
   Family: Solenidae
28. Solen vaginoides Lamarck, 1818 Food and Lime Industry
   Family: Laternulidae
29. Laternula anatina (Linnaeus, 1758) Lime Industry

2017; Lim et al., 2018; Spanish and Wells, 2019, Biju 
Kumar et al., 2019; Jayachandran et al., 2019). In Kerala, 
Biju Kumar et al. (2019) recorded a higher population of 
M. strigata, up to 6240 individuals m2 along the shoreline, 
and 10152 individuals m2 in floating cages, pillars, bridges 
and artificial structures; they have documented the gradual 
decline in the population of backwater oysters such as 
Magallana bilineata and Saccostrea cucullata, short neck 
clam Marcia recens, black clam Villorita cyprinoides 
Asian green mussel Perna viridis and other mytilids such 
as Arcuatula sp., Brachidontes pharaonis, Brachidontes sp. 
and Modiolus modulaides from the Kerala, southwest coast 
of India.  
Introducing Mytella strigata to non-native areas can 
negatively impact local ecosystems and reduce biodiversity 
by displacing or competing with native species. This 
species can outcompete native species for resources, alter 
habitat structures, and disrupt local food chains. They often 
thrive in new environments without natural predators or 
competitors. Efforts to manage or control invasive species 
like Mytella strigata typically involve a combination of 
measures such as monitoring, containment, and eradication 
when feasible. Further research, including experimental 
introductions, case studies, and modelling, is crucial to 
understanding the behaviour and impact of invasive species 
in new environments. This information can help inform 

management strategies. Few other areas of research focus 
in India could be: (i) Analyse the factors contributing to the 
rapid dispersal and establishment of M. strigata populations 
in new environments; (ii) Explore genetic diversity and the 
potential for adaptive evolution in introduced populations; 
(iii) Assess the competitive advantage of M. strigata over 
native mussel species and its impact on native communities; 
(iv) Influences on ecosystem functions and services; (v) 
Physical alterations caused by M. strigata its consequences 
for native habitats; and (vi) Consider the influence of 
changing environmental conditions including climate 
change, on the distribution and impact of M. strigata.
Preventing the introduction of invasive species in the first 
place through measures such as ballast water management 
and stricter biosecurity regulations is a critical step in 
invasive species management (Giakoumi et al., 2019). 
Once invasive species become established, controlling 
or eradicating them can be challenging. Physical or 
mechanical removal may be labour-intensive and costly, 
especially for widespread populations. Chemical control 
should be used cautiously to avoid ecological impacts, 
often becoming unmanageable. Protocols for early 
detection, including the e-DNA approach, can be adopted 
to monitor M. strigata populations in vulnerable coastal 
areas. Promoting the use of invasive species as value-
added products or for human consumption can help reduce 
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their populations and provide economic incentives for their 
management. Field observations reveal that the mussel 
is currently used as duck and fish feed in regions around 
Ashtamudi Lake, Kerala. Promoting human consumption 
and manual removal may be a control method to reduce 
or manage population size. That is one of the controlling 
measures to address the rapid invasion. Presently, no 
assessment of the economic impacts of M. strigata has has 
been undertaken in India. This study recommends that the 
invasion of M. strigata and the possibility of threatening 
other estuarine molluscan communities in the future also 
need more exploratory surveys requiring large and minor 
estuaries all along the Indian coasts and collaborate with 
international organisations and neighbouring countries to 
address the issue of invasive species, especially through the 
legally binding ballast water management regimes.
Managing the invasion of alien mussel Mytella strigata 
in coastal ecosystems is a multifaceted challenge that 
requires a coordinated and science-based approach, 
first in understanding invasion biology and second, in 
appropriate region-based management strategies with 
stakeholder involvement, especially with the participation 
of fishing communities. Rainfall patterns can also influence 
management strategies for controlling invasive mussels. 
Annual rainfall can significantly impact the distribution, 
spread, and survival of invasive mussels in aquatic 
ecosystems. Understanding the relationship between 
rainfall and invasive mussels is vital for managing and 

Fig. 3. Population of Mytella strigata from August 2020 to July 2021.

We thank the SDMRI technical staff, Sahaya Mani and 
Stephan Raj, for their field work support. Thanks also to Dr. 
N. Gladwin Gnana Asir, SDMRI, for preparing the location 
map. The authors from the University of Kerala also thank 
the international research project ECOMARINE (Building 
a Comprehensive Mechanism for Preserving Marine 
Ecosystems and Life from the Negative Consequences 
of Climate Change and the Disposal of Plastic Debris) 
supported under the Erasmus + scheme of the European 
Union for the support.

Acknowledgements

4. References

mitigating the negative impacts of these invasive species on 
native ecosystems. Researchers or policy makers can use 
data on rainfall and invasive mussel distribution to develop 
predictive models that help anticipate where invasive 
mussels are likely to establish and spread. These models 
can inform proactive management and prevention efforts. 
By integrating rainfall-related factors into management 
strategies, conservationists and policymakers can work 
towards mitigating the adverse effects of invasive mussels 
and preserving the health of aquatic ecosystems. This study 
suggests that in order to execute efficient management 
strategies and design management programmes, the 
invasion of M. strigata and its effects on native molluscan 
communities and ecosystem services, as well as the 
economic repercussions of invasion, need to be studied in 
detail.

Bellard, C., Cassey P. and Blackburn T.M. 2016. Alien species as a driver of recent extinctions. Biology Letters, 12 (4), 20150623, DOI: 
10.1098/rsbl.2015.0623

Biju Kumar, A., Ravinesh, R., Oliver, P.G., Tan, S.K. and Sadasivan, K. 2019. Rapid bioinvasion of alien mussel Mytella strigata(Hanley, 
1843) (Bivalvia: Mytilidae) along Kerala Coast, India: Will this impact the livelihood of Fishers in Ashtamudi Lake? Journal of 
Aquatic Biology & Fisheries, 31-45. 

Biju Kumar, A. and Ravinesh, R. 2017. Climate Change and Biodiversity. pp 99-124. In: Sabu, A., Pradeep, N.S. and Shiburaj, S. (Eds) 
Bio-resources and Bioprocess in Biotechnology. Springer Nature, 443pp.

Blackburn, T.M.. P. Pyšek, S. Bacher, J.T. Carlton, R.P. Duncan, V. Jarošík, J.R.U. Wilson, and Richardson, D.M. 2011. A proposed 
unified framework for biological invasions. Trends in Ecology & Evolution, 26:333-339, 10.1016/j.tree.2011.03.023

Boehs, G., Absher, T.M., and Cruz-Kaled, A.D. 2004. Composition and distribution of benthic molluscs on intertidal flats of Paranaguá 
Bay (Paraná, Brazil). Scientia Marina, 68 (4): 537-543.

Boudreaux, M.L. and Walters L.J. 2006. Mytella charruana (Bivalvia: Mytilidae): a new, invasive bivalve in Mosquito Lagoon, 
Florida. Nautilus, 120: 34–36.



Journal of Aquatic Biology & Fisheries 33

Ravinesh et al.

César, L., Dailos, H.R., José, M.S., Manuel, R.M. and Nieves, G.H. 2021. First report of the mussel Mytella strigata (Hanley, 1843) in 
the Venezuelan Caribbean from an invasion in a shrimp farm, Latin American Journal of Aquatic Research, 49 (3) 531-537.

CMFRI 2019. CMFRI Annual Report 2018-19. Technical Report. CMFRI, Kochi. http://eprints.cmfri.org.in/13922/
Coan, E.V. and Scott P.V. 2012. Bivalve seashells of tropical West America: marine bivalve molluscs from Baja California to northern 

Perú. Santa Barbara Museum of Natural History Monographs Number 6. Studies in Biodiversity Number 4, 1258 pp.
Darrigrán, G.Y. and Lagreca, M. 2005. Moluscoslitorales del estuario del río de la Plata, Argentina. ProBiota, FCNyM y UNLP, Serie 

Técnica Didáctica No. 8, Buenos Aires. 41 pp.
Edward, J.K.P., Ravinesh, R. & Biju Kumar, A. 2022. Molluscs of the Gulf of Mannar, India and Adjacent Waters: A Fully Illustrated 

Guide (Dekker, H. & Oliver, P.G. Eds.). Suganthi Devadason Marine Research Institute, Tuticorin, Tamil Nadu & Department of 
Aquatic Biology & Fisheries, University of Kerala, Kerala, India, 524pp.

Fuertes, V.N.B., de los Reyes, R. A., and Monteclaro, H.M. 2021. The spread of the non-indigenous mussel species Mytella strigata 
(Hanley, 1843) in the Philippines: Ensuing issues and responses of local communities. Regional Studies in Marine Science, 101576, 
1-8. 

Giakoumi, S., Katsanevakis, S., Albano, P.G., Azzurro, E., Cardoso, A.C., Cebrian, E., Deidun, A., Edelist, D., Francour, P., Jimenez,
C., Mačić, V., Occhipinti-Ambrogi, A., Rilov, G. and Sghaier, Y.R. 2019. Management priorities for marine invasive species. Science 

of The Total Environment, 688, 976-982. https://doi.org/10.1016/j.scitotenv.2019.06.282
Gillis, N.K., Walters, L.J., Fernandes, F.C. and Hoffman, E.A. 2009. Higher genetic diversity in introduced than in native populations 

of the mussel Mytella strigata: evidence of population admixture at introduction sites. Diversity and Distributions 15: 784–795, 
Hayes, K.R. and Sliwa, C. 2003. Identifying potential marine pests–a deductive approach applied to Australia. Marine Pollution 

Bulletin, 46: 91–98 
Huber, M. 2010. Compendium of bivalves. A full-color guide to 3,300 of the world’s marine bivalves. A status on Bivalvia after 250 

years of research. ConchBooks, Hackenheim, 901pp.
Huang, Y.C., Li, Z.K., Chen, W.L., Chan, C.C., Hsu, H.Y., Lin, Y.T., Huang, Y.S. and Han, Y.S. 2021. First record of the invasive 

biofouling mussel Mytella strigata (Hanley, 1843) (Bivalvia: Mytilidae) from clam ponds in Taiwan. BioInvasions Records 10(2): 
304–312, https://doi.org/10. 3391/bir.2021.10.2.08

IPBES (2023). Summary for Policymakers of the Thematic Assessment Report on Invasive Alien Species and their Control of the 
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. Roy, H.E., Pauchard, A., Stoett, P., Renard 
Truong, T., Bacher, S., Galil, B.S., Hulme, P.E., Ikeda, T., Sankaran, K.V., McGeoch, M.A., Meyerson, L.A., Nuñez, M.A., Ordonez, 
A., Rahlao, S.J., Schwindt, E., Seebens, H., Sheppard, A.W., and Vandvik, V. (eds.). IPBES secretariat, Bonn, Germany. https://doi.
org/10.5281/zenodo.7430692

Grosholz, E. 2002. Ecological and evolutionary consequences of coastal invasions. Trends in Ecology & Evolution 17: 22–27, http://
dx.doi.org/10.1016/S0169-5347(01)02358-8

Jayachandran, P.R., Aneesh, B.P., Oliver, P.G., Philomina, J., Jima, M., Harikrishnan, K. and Nandan, S.B. 2019. First record of the 
alien invasive biofouling mussel Mytella strigata (Hanley, 1843) (Mollusca: Mytilidae) from Indian waters. BioInvasions Records 
8: 828–837, https://doi.org/10.3391/bir.2019.8.4.11

Katsanevakis, S., Wallentinus, I., Zenetos, A., Leppäkoski, E., Cinar, M., Oztürk. B., Grabowski, M., Golani, D. and Cardoso A. 2014. 
Impacts of invasive alien marine species on ecosystem services and biodiversity: a pan-European review. Aquatic Invasions 9 (4): 
391-423. 

Keller, R.P., Geist, J., Jeschke, J.M. and Kühn I. 2011 Invasive species in Europe: ecology, status, and policy. Environmental Sciences 
Europe, 23, 23: 1-17. https://doi.org/10.1186/2190-4715-23-23

Kumaraguru, A.K., Edwin Joseph, V., Marimuthu, N. and Jerald Wilson J. 2006. Scientific information on Gulf of Mannar - A 
Bibliography. Centre for Marine and Coastal Studies, Madurai Kamaraj University, Madurai, Tamilnadu, India, 656 pp.

Lim, J.Y., Tay, T.S., Lim, C.S., Lee, S.S.C., Teo, S.L.M. &Tan, K.S. 2018.Mytella strigata (Bivalvia: Mytilidae): an alien mussel 
recently introduced to Singapore and spreading rapidly. Molluscan Research, 38: 170–186.

Manchester, S.J., and Bullock, J.M. 2000. The impacts of non-native species on UK biodiversity and the effectiveness of control. 
Journal of Applied Ecology, 37(5): 845–864. doi:10.1046/j.1365-2664.2000.00538.x

Mayfield, A.E., Seybold, S.J., Haag, W.R., Johnson, M.T., Kerns, B.K., Kilgo, J.C., Larkin, D.J., Lucardi, R.D., Moltzan, B.D., 
Pearson, D.E., Rothlisberger, J.D., Schardt, J.D., Schwartz, M.K. and Young, M.K. 2021. Impacts of invasive species in terrestrial 
and aquatic systems in the United States. In: Invasive species in forests and rangelands of the United States: A Comprehensive 
Science Synthesis for the United States forest sector, (T.M. Poland, T. Patel-Weynand, D.M. Finch, C.F. Miniat, and D.C. Hayes, 
eds. Springer, Heidelberg, pp. 5–39. https://doi.org/10.1007/978-3-030-45367-1_2

Mediodia, D.P., De Leon, S.M.S., Anasco, N.C. and Baylon, C.C. 2017. Shell morphology and anatomy of the Philippine charru mussel 
Mytella charruana (d’Orbigny, 1842). Asian Fisheries Science, 30: 185–194.

Middleton, B.A. 2018. Invasive Plant Species. Encyclopedia of Ecology (Second Edition), 431-440. https://doi.org/10.1016/B978-0-
12-409548-9.11175-3

Molnar, J.L., Gamboa, R.L., Revenga, C. and Spalding, M.D. 2008. Assessing the global threat of invasive species to marine biodiversity. 
Frontiers in Ecology and the Environment 6(9): 458–492, http://dx.doi.org/10.1890/070064

Padilla, D.K. and Williams, S.L. 2004. Beyond ballast water: aquarium and ornamental trades as sources of invasive species in aquatic 
ecosystems. Frontiers in Ecology and the Environment, 2(3), 131–138. doi:10.1890/1540-9295(2004)002[0131:bbwaao]2.0.co;2

Pejchar, L. and Harold, M. The Impact of Invasive Alien Species on Ecosystem Services and Human Well‐being’, in Charles Perrings, 
Harold Mooney, and Mark Williamson (eds), Bioinvasions and Globalization: Ecology, Economics, Management, and Policy 
(Oxford, 2009; online edn, Oxford Academic, 1 May 2010), https://doi.org/10.1093/acprof:oso/9780199560158.003.0012

Perrings, C. 2002. Biological invasions in aquatic systems: The economic problem. Bulletin of Marine Science, 70: 541–552.
Pimentel, D., Zuniga, R. and Morrison, D. 2005. Update on the environmental and economic costs associated with alien invasive 

species in the United States. Ecological Economics, 52: 273–288 
Pyšek, P. and Richardson, D. M. 2010. Invasive Species, Environmental Change and Management, and Health, 35:25-55. https://doi.

org/10.1146/annurev-environ-033009-095548

http://eprints.cmfri.org.in/13922/
https://doi.org/10. 3391/bir.2021.10.2.08
https://doi.org/10.5281/zenodo.7430692
https://doi.org/10.5281/zenodo.7430692
http://dx.doi.org/10.1016/S0169-5347(01)02358-8
http://dx.doi.org/10.1016/S0169-5347(01)02358-8
https://doi.org/10.1007/978-3-030-45367-1_2
https://doi.org/10.1016/B978-0-12-409548-9.11175-3
https://doi.org/10.1016/B978-0-12-409548-9.11175-3
http://dx.doi.org/10.1890/070064


Journal of Aquatic Biology & Fisheries34

Invasion of Alien Mussel Mytella strigata  in the Gulf of Mannar, India and Possible Threats to the Native Biodiversity

Ramesh, C., Koushik, S., Shunmugaraj, T. and Murthy, M.V.R. 2020. Current biodiversity of Mandapam group of Islands in Gulf of 
Mannar Marine Biosphere Reserve, Southeast coast of Tamil Nadu, India. Regional Studies in Marine Science, 101429, 1-13. 

Ravinesh, R., Biju Kumar, A. and Anjana, V.L. 2021. Diversity and distribution of molluscan fauna of Asthamudi estuary, Kerala, India. 
Wetlands Ecology and Management, 29: 745–765. https://doi.org/10.1007/s11273-021-09791-y

Rice, M.A., Rawson, P.D., Salinas, A.D. and Rosario, W.R. 2016. Identification and salinity tolerance of the western hemisphere mussel 
Mytella charruana (d’Orbigny, 1842) in the Philippines. Journal of Shellfish Research, 35: 865–873.

Ros, M., Ashton, G.V., Cabezas, M.P., Cacabelos, E., Canning-Clode, J., Carlton, J.T., Ferrario, J., García-de-Lomas, J., Gestoso, I., 
Marchini, A., Martínez-Laiz, G. and Ruiz, G.M. 2023. Marine bioinvasions in the Anthropocene: Challenges and opportunities. In: 
Coastal Habitat Conservation (F. Espinosa, ed.). Academic Press, pp.  81-110, https://doi.org/10.1016/B978-0-323-85613-3.00006-
2.

Sanpanich, K. and Wells, F.E. 2019. Mytella strigata (Hanley, 1843) emerging as an invasive marine threat in Southeast Asia. 
BioInvasions Records, 8: 343–356.

Scott P.V., Coan E.V. and Zelaya D. 2020. Bivalve seashells of western North America. Marine bivalve mollusks from Punta Aguja, 
Peru to Isla Chiloé, Chile. Santa Barbara: Santa Barbara Museum of Natural History, 593 pp.

Seebens, H., Bacher, S., Blackburn, T.M., Capinha, C., Dawson, W., Dullinger, S., Genovesi, P., Hulme, P.E., van Kleunen, M., Kühn, I., 
Jeschke, J.M., Lenzner, B., Liebhold, A.M., Pattison, Z., Pergl, J., Pyšek, P., Winter, M.and Essl F. 2021. Projecting the continental 
accumulation of alien species through to 2050. Global Change Biology, 27: 970-982, 10.1111/gcb.15333

Steven, A.D. 2021. Managing the societal uses of phytoplankton: Technology applications and needs. Advances in Phytoplankton 
Ecology, 265-297. https://doi.org/10.1016/B978-0-12-822861-6.00017-0

Troost, K. 2010. Causes and effects of a highly successful marine invasion: Case-study of the introduced Pacific oyster Crassostrea 
gigas in continental NW European estuaries. Journal of Sea Research 64: 145–165, http://dx.doi.org/10.1016/j.seares.2010.02.004

Vallejo, B.J., Conejar-Espedido, J., Manubag, L., Artiaga, K.C.C., Damatac, A.M., Imperial, I.C.V.J., Itong, T.A.B., Fontanilla, I.K. 
and Cao. E.P. 2017. First record of the Charru mussel Mytella charruana d’Orbignyi, 1846 (Bivalvia: Mytilidae) from Manila Bay, 
Luzon, Philippines. BioInvasions Records, 6: 49–55.

Vilà, M., Basnou, C., Pyšek, P., Josefsson, M., Genovesi, P., Gollasch, S., Nentwig, W., Olenin, S., Roques, A., Roy, D and Hulme, P.E. 
2010. How well do we understand the impacts of alien species on ecosystem services? A pan-European, cross-taxa assessment. 
Frontiers in Ecology and the Environment 8(3): 135–144, http://dx.doi.org/10.1890/080083

Wallentinus, I. and Nyberg, C.D. 2007. Introduced marine organisms as habitat modifiers. Marine Pollution Bulletin, 55: 323–332, 
http://dx.doi.org/10.1016/j.marpolbul.2006.11.010

Wilcove, D.S., Rothstein, D., Dubow, J., Phillips, A. and Losos, E. 1998. Quantifying threats to imperiled species in the United States. 
Bioscience 48, 607–615.

Yip, Z.T., Lim, C.S., Taym, Y.C., Tan, Y.H.J., Beng, S., Tun, K., Teo, S.L.M. and Huang, D. 2021. Environmental DNA detection 
of the invasive mussel Mytellastrigata as a surveillance tool. Management of Biological Invasions, 12(3): 578–598. https://doi.
org/10.3391/mbi.2021.12.3.0

Yuan, W., Walters, L.J., Kimberly R.S., Eric A.H. 2010. Exploring the survival threshold: a study of salinity tolerance of the nonnative 
mussel Mytella charruana, Journal of Shellfish Research, 29(2): 415-422.https://doi.org/10.2983/035.029.0218

https://doi.org/10.1016/B978-0-12-822861-6.00017-0
http://dx.doi.org/10.1016/j.seares.2010.02.004
http://dx.doi.org/10.1890/080083
http://dx.doi.org/10.1016/j.marpolbul.2006.11.010
https://doi.org/10.3391/mbi.2021.12.3.0
https://doi.org/10.3391/mbi.2021.12.3.0
https://doi.org/10.2983/035.029.0218

