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ABSTRACT
Here, we report the first record of the invasive
mussel species Mytella strigata Hanley, 1843 in
Panguil Bay, southern Philippines confirmed
through its conchological features. Mussels
appeared in dense mats attached to rocks, wood,
and substrate in the intertidal region in the
innermost portion of the bay. Locals first noticed
the species in late 2018, which, according to them,
adversely affected their catches of mangrove crabs
Scylla spp. and the Asian hard clam Meretrix
meretrix Linnaeus, 1758. There is a need to
ascertain the distribution of the species within the
bay, investigate socio-ecological and economic
impacts, and formulate monitoring, surveillance,
and impact mitigation measures.
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INTRODUCTION
Biological invasions are a grave problem faced by native species and marine
ecosystems worldwide (Lim et al., 2018). The success of an invasive species lies in its
ability to survive a wide range of environmental conditions outside its native range and
its capability to reproduce rapidly to establish large populations (Jayachandran et al.,
2018). In Asia, Mytella strigata Hanley, 1843 in Hanley (1842-1846) is considered an
emerging invasive mussel species that has expanded from its native range in Central
and South Americas to North America and Asia. Ballast waters of ship hull spread these
mussel species (Spinuzzi et al., 2013; Rice et al., 2016; Mediodia et al., 2017; Vallejo
et al., 2017; Lim et al., 2018; Biju Kumar et al., 2019; Jayachandran et al., 2019;
Sanpanich and Wells, 2019).
In the Philippines, this species— formerly identified as Mytella charruana
d’Orbigny, 1846 in d’Orbigny (1834-1847), now considered as a junior synonym of M.
strigata— was first reported by Vallejo et al. (2017) in 2014 during a survey in Manila
Bay. Since then, the species has spread to the adjacent provinces of Cavite, Bulacan,
Bataan, Pangasinan, Cagayan, La Union, Ilocos Sur, Zambales, Pampanga and in the
cities of Parañaque and Navotas in Metro Manila (Rice et al., 2016; Mediodia et al.,
2017, Fuertes et al., 2021). The recent survey by Fuertes et al. (2021) in 2018–2019 did
not record the occurrence of this species in the Visayas region while no survey has been
conducted in the Mindanao region.
The present study aims to report the occurrence of M. strigata in the inner
portion of Panguil Bay in the southern Philippines, whose identification has been
confirmed morphologically. This paper brings initial attention to the occurrence of this
invasive species in the bay to elicit rapid response to prevent their expansion and
establishment and mitigate socio-economic and ecological impacts.

MATERIALS AND METHODS
The presence of dense mats of black mussels not previously recognized and
morphologically different from the native species of brown mussel Modiolus
modulaides Röding, 1798 were first noticed to occur in the ponds of the Brackishwater
Fisheries Research and Development Center and the nearby coastal area in Lala, Lanao
del Norte. The black mussels in the ponds were semi-infaunal; that is, half of its shell
is buried in the substrate, while in the coastal area, it was observed that they attached
using its byssal thread to stones and wood. Hence, in February, a survey of its
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occurrence in nearby coastal areas in Barangays Pacita and Camalan in Lala and
Barangay Taguitic in Kapatagan, Lanao del Norte (Fig. 1) was conducted. Informal
interviews with fisherfolk were done to determine the first occurrence, utilization, and
problems encountered with the presence of the species in the area. Samples (n= 28)
were taken for morphological identification of the species with the shell length
recorded using a ruler (precision: 0.01cm). Photo documentation was done in the areas
where the species occurred.

Figure 1. Map showing the sites visited with thriving Mytella strigata Hanley, 1843
populations in the innermost part of Panguil Bay in Lanao del Norte (A- Philippine
Map, B- Northwestern Mindanao, C- Panguil Bay).

RESULTS AND DISCUSSION
The collected specimens from Panguil Bay were typically mytiliform in outline,
with terminal umbones and rounded posterior margin. Individuals ranged from 3.60cm
to 5.80cm with a mean of 4.72±1.00cm in shell length. The external shell coloration
was greenish-brown to grey and entirely black, while a bluish to purplish nacreous
interior was observed. Internally, the shell hinge has a pitted resilial ridge along the
base of the ligament on each valve. In addition, small but distinct teeth on the inner
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anterior margin are observed. A curved pallial line is present with the posterior
adductor muscle scar confluent with the byssus retractor muscle scar (Fig. 2).
These conchological features agree well with the American charru mussel M.
strigata found in Singapore (Lim et al. 2018) and India (Jayachandran et al. 2019).
Moreover, the curved pallial line described by Mediodia et al. (2017) unique to M.
charruana (=M. strigata) was present in the collected samples from Panguil Bay. Table
1 shows the comparison of the shell morphological characteristics and unique
identifying features of common mussel species. Among all the common mussel species,
M. strigata can be uniquely identified based on the presence of a curved pallial line
towards the adductor muscle scar (Mediodia et al., 2017). In addition, its anterior scar
has only one retractor scar and the shape of the valve is more angular with radial ribs.
Moreover, various experts (Dr. Michael Rice, 2021, The University of Rhode
Island, U.S.A.; Dr. Yu-San Han, 2021, National Taiwan University, Taiwan; Dr. Tan
Koh Siang, 2021, National University of Singapore, Singapore; Dr. Paravanparambil
Rajakumar Jayachandran, 2021, Cochin University of Science and Technology, India)
confirmed the morphological identification of the mussel samples from Panguil Bay as
M. strigata. However, they all expressed that a final verification through molecular
techniques is necessary.
Dense populations of an unknown mussel species grew in the ponds of the
Brackishwater Fisheries Research and Development Center in Pacita, Lala, Lanao del
Norte (Fig. 3D-E). Upon examination, the species is morphologically different from M.
modulaides, the native species of brown mussel abundant in the area. The field survey
conducted in nearby areas revealed that the same species is abundantly growing
attached to rocks, wood, and seabed in the intertidal area (Fig. 3A). Informal interviews
with local fisherfolk revealed that these fisherfolks first observed these mussel species
in late 2018. Moreover, they perceive the prevalence of the mussel as a problem, which
adversely affected both the mangrove crab fishery and culture in the area. Accordingly,
with the occurrence of the mussel, their catches of mangrove crabs have lowered.
Locals have observed mangrove crabs attached by mussels on their carapace and eye
sockets (Fig. 3C). Moreover, they noted that populations of local bivalve species such
as the Asian hard clam Meretrix meretrix Linnaeus, 1758 have lowered, which may be
caused by the mussels attaching to the clam (Fig. 3B). While locals tried to consume
the mussel as food, they still preferred the native brown mussel species.

Shell is generally brown to maroon
with irregular areas of light brown
and green.
Size ranges from 34-60 mm in
length.

The shell is smooth or slightly
ribbed in some species and the
shiny, smooth periostracum is
black or brown. Its size ranges
from 80-120 mm in length.

Shell is triangular and elongated
with round edges of purple or blue
color. It is smooth with a
sculpturing of fine concentric
growth lines but no radiating ribs.
Size ranges from 25-60 mm in
length.

Perna perna

Perna canaliculus

Mytilus edulis

The shell is brilliant emerald-green
for juveniles while dark green with
a more significant proportion of
brown color observed for adults.
Size ranges from 4994 mm in
length.

Shell is predominantly dark brown
to a black color and a bluish to the
purplish nacreous interior. Size
ranges from 2870 mm in length.

Mytella strigata (=M.
charruanna)

Perna viridis

Shell color and description

Species

Anterior adductor is always
present with one retractor scar.
It has no primary lateral teeth
and has one to two dysodont
teeth and with pitted resilial
ridge.

There may be one or two teeth
but no laterals. Further, lightcolored zigzag markings are
most common in this species.

There is an absence of an
anterior adductor muscle and
the gaping behavior.

The pallial line showed a
curved line towards the
adductor scar. In addition, the
anterior scar has only one
retractor scar and the shape of
the valve is more angular with
radial ribs.
There is a presence of enlarged
sensory papillae along the
edges of the mantle.

Unique identifying feature

Siddall (1980); Akumfi and Hughes (1987);
Quayle and Newkirk (1989); Mediodia et al.
(2017)

Siddall (1980); Quayle and Newkirk (1989);
Zeldis et al. (2004); Skelton and Jeffs (2020)

Hicks and Tunnel (1995);
Rajagopal et al. (2003); Lourenco et al. (2012);
Oliveira et al. (2016); Biju Kumar et al. (2019);
Alves et al. (2020)

Siddall (1980); Rajagopal et al. (2006); Gobin
et al. (2013); Gracia and Rangel-Buitrago
(2020)

Rice et al. (2016); Vallejo et al. (2017); Lim et
al. (2018); Biju Kumar et al. (2019);
Jayachandran et al. (2019); Fuertes et al.
(2020); Huang et al. (2021)

Author

Table 1. Comparison of the shell morphological characteristics and unique identifying features of common mussel species.
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Earlier comprehensive mollusks resource assessment conducted by De Guzman
et al. (1991) in 1990-1991 only identified M. modulaides (formerly M. metcalfei) as the
only mussel species in Panguil Bay. However, in the rivers of Losno and Migpangi, the
local divers collected freshwater mussel species locally called tahong-tahong, which
was not scientifically identified and characterized as "tiny mussels."

Figure 2. The shell of Mytella strigata Hanley, 1843 collected from Panguil Bay,
southern Philippines, showing the inner valve with different conchological features (A)
and outer right (B) and left (C) valves of the shell. Abbreviations: aa, anterior adductor
muscle scar; at, anterior teeth; brm, byssus retractor muscle scar; lig, ligament; pa,
posterior adductor muscle scar; pl, pallial line; prr, pitted resilial ridge.
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Figure 3. The invasive mussel Mytella strigata Hanley, 1843 observed in Panguil Bay:
A) newly collected specimens growing on rocks in the mangrove area, B) small
invasive mussel observed attaching to the Asian hard clam (Meretrix meretrix) as
indicated by the red arrow, C) small invasive mussel observed attaching below the
eyestalk of a mangrove crab (Scylla sp.) as indicated by the red arrow, and D–E)
drained fishpond showing the abundance of M. strigata (red arrow: close-up
photograph).
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The same findings were reported in the succeeding resource assessments in 1995-1996
by MSUNFSTDI (1996) and in 2005 by Jimenez et al. (2009). Moreover, Rosell (1991)
reported another mussel species in the bay, the green mussel Perna viridis. However,
there was no mention of any mussel species with the same characteristics as described
in this present study.
Vallejo et al. (2017) suggested that the invasion of M. strigata in the Philippines
was mediated by ballast water discharge from ships or biofouling on the hulls of
shipping boats. A similar model is suggested here, as Panguil Bay hosts the Port of
Ozamiz, one of the Philippines' major gateway ports. While our survey sites were
located in the innermost portion of the bay, it is still unknown whether populations of
M. strigata have been established in the outer region. However, the inner portion of the
bay is an ideal habitat for this species due to the lower salinities (< 16.0 ppt, Jumawan
et al., 2020). Mussel M. strigata can survive both in marine environments—e.g.
salinities higher than 25 ppt and in estuarine environments—e.g. salinities as low as 5
ppt (Rice et al., 2016). Furthermore, this species can acclimate to gradual changes in
salinity, further increasing its potential to invade a wide variety of habitats (Yuan et al.,
2010; Rice et al., 2016). Thus, the establishment of this invasive species in the bay may
not only have adverse impacts on the local species that may be displaced but will also
have socioeconomic implications.

CONCLUSION AND RECOMMENDATIONS
In this present report, we confirmed through morphological identification the
presence of the invasive mussel M. strigata in Panguil Bay, southern Philippines. While
this species has been recorded in the northern parts of the country, this is the first report
of its presence in the south. Informal interviews revealed that fishermen were adversely
affected by the presence of this species in the bay. In this sense, it is important to
develop a conservation and management framework for the early detection and impact
mitigation on the presence of marine alien invasive species.

ACKNOWLEDGEMENTS
The help and cooperation of the local fisherfolk in the survey sites during the
collection of samples and interviews are appreciated. The authors are thankful to the
following for the help in the confirmation of the identification of the new mussel
species: Dr. Michael Rice of the College of Environment and Life Science, The
University of Rhode Island, U.S.A.; Dr. YuSan Han of the College of Life Sciences,

Fabiosa et al.: First record of Mytella strigata in Panguil Bay… 43

National Taiwan University, Taiwan; Dr. Tan Koh Siang of the Tropical Marine
Science Institute, National University of Singapore, Singapore; and Dr.
Paravanparambil Rajakumar Jayachandran of the School of Marine Sciences Cochin
University of Science and Technology, India.

LITERATURE CITED
Akumfi, C.A. and R.N. Hughes. 1987. Behaviours of Carcinus maenas feeding on large
Mytilus edulis. How do they assess the optimal diet? Marine Ecology Progress
Series, 38: 213-216.
Alves, J.L., M.S.N. Galvao, C.F. Garcia and H.L.A. Marques. 2020. Productive
performance of brown mussels Perna perna (Linnaeus, 1758) cultivated on
ropes at low densities in Caraguatatuba, Brazil. Aquaculture Research, 00: 1-8.
Biju Kumar, A., R. Ravinesh, P.G. Oliver, S.K. Tan and K. Sadasivan. 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 and Fisheries, 7: 31-45.
De Guzman, A.B., J.N. Gorospe and E.P. Moleño. 1991. Mollusc resources. Resource
and ecological assessment of Panguil Bay. Terminal Report Volume 3.
Mindanao State University at Naawan, Naawan, Misamis Oriental, Philippines.
64 pp.
d’Orbigny, A.D. de 1834–1847. Voyage dans l’Amérique méridionale (le Brésil, la
république orientale de l’Uruguay, la République argentine, la Patagonie, la
république du Chili, la république de Bolivia, la république du Pérou), exécuté
pendant les années 1826, 1827, 1828, 1829, 1830, 1831, 1832 et 1833. Tome
5(3) Mollusques. P. Bertrand, Paris, V. Levrault, Strasbourg, pp. i–xliii, 1–758,
85 plates [pls 1–2, 1834; pp. 1–104, pls 3– 7, 10, 12, 1835; pp. 105–184, pls 89, 11, 13–23, 25–28, 1836; pls 24, 29–43, 41bis, 45–46, 1837; pp. 185–376, pls
44, 47–52, 55, 1838; pls 54, 56–65, 1839; pl. 66, 1840; pp. 377–488, pls 53,
67–77, 80, 1841; pp. 489–758, 1846; pls 78–79, 81–85, 1847]
Fuertes, V.N.B, R.A. de los Reyes and H.M. Monteclaro. 2021. The spread of the
nonindigenous mussel species Mytella strigata (Hanley, 1843) in the
Philippines: ensuing issues and responses of local communities. Regional
Studies in Marine Science, 41: 1-8.
Gobin, J., J. Agard, J. Madera and A. Mohammed. 2013. The Asian green mussel Perna
viridis (Linnaeus 1758): 20 years after its introduction in Trinidad and Tobago.
Open Journal of Marine Science, 3(2):62-65.

44 J. Environment & Aquatic Resources, Vol 6. (2021)

Gracia, A.C. and N. Rangel-Buitrago. 2020. The invasive species Perna viridis
(Linnaeus, 1758 - Bivalvia: Mytilidae) on artificial substrates: A baseline
assessment for the Colombian Caribbean Sea. Marine Pollution Bulletin 152
(2020) 110926
Hanley, S. 1842–1846. An illustrated and descriptive catalogue of Recent shells, by
Sylvanus Hanley, B.A., F.L.S. The plates forming a third edition of the Index
Testaceologicus, by William Wood. W. Wood, London, 272+18 pp., pls 9–19.
[1–224: reissue of material published in 1842–1843; 225–272, pls 9–13: 1843;
pls 14–16: 1844; 9–18 (explanation to pls 9–13), pls 17–19: 1846].
Hicks, D.W. and J.W. Tunnell. 1995. Ecological notes and patterns of dispersal in the
recently introduced mussel, Perna perna (Linne, 1758), in the Gulf of Mexico.
American Malacological Bulletin, 11(2): 203–206.
Huang, Y.C., Z.K. Li, W.L. Chen, C.C. Chan, H.Y. Hsu, Y.T. Lin, Y.S. Huang and
Y.S. Han. 2021. First record of the invasive biofouling mussel Mytella strigata
(Hanley, 1843) (Bivalvia: Mytilidae) from clam ponds in Taiwan. BioInvasions
Records, 10(2): 304312.
Jayachandran, P.R., M. Jima, J. Philomina, V.F. Sanu and S.B. Nandan. 2018. Invasion
of biofouling mussel Mytilopsis Conrad, 1857 (Bivalvia: Dreissenacea) in the
Cochin backwaters, southwest coast of India. Current Science, 115(12): 21982200.
Jayachandran, P.R., B.P. Aneesh, P.G. Oliver, J. Philomina, M. Jima, K. Harikrishnan
and S.B. Nandan. 2019. First record of the alien invasive biofouling mussel
Mytella strigata (Hanley, 1843) (Mollusca: Mytilidae) from Indian waters.
Bioinvasion Records, 8(4): 828-837.
Jimenez, J.U., A.B. De Guzman, C.R. Jimenez and R.E. Acuña. 2009. Panguil Bay
fisheries over the decades: status and management challenges. Journal of
Environment and Aquatic Resources, 1(1): 15-31.
Jumawan, C.Q., E.B. Metillo and M.T. Mutia. 2020. Stock assessment of Arius
maculatus (Thurnberg, 1792) (Ariidae, Siluriformes) in Panguil bay,
Northwestern Mindanao. The Philippine Journal of Fisheries, 27(1): 40-53.
Lim, J.Y., T.S. Tay, C.S. Lim, S.S.C. Lee, S.M. Teo and K.S. Tan. 2018. Mytella
strigata (Bivalvia: Mytilidae): an alien mussel recently introduced to Singapore
and spreading rapidly. Molluscan Research, 38(3): 170-186.
Linnaeus, C. 1758. Systema Naturae per regna tria naturae, secundum classes, ordines,
genera, species, cum characteribus, differentiis, synonymis, locis. Editio
decima, reformata, Vol. 1. Laurentius Salvius, Holmiae [Stockholm], 824 pp.

Fabiosa et al.: First record of Mytella strigata in Panguil Bay… 45

Lourenco, C.R., K.R. Nicastro, E.A. Serrao and G.I. Zardi. 2012. First record of the
brown mussel (Perna perna) from the European Atlantic coast. Marine
Biodiversity Records, 5: e39.
Mediodia, D.P., S.M.S. de Leon, N.C. Añasco and C.C. Baylon. 2017. Shell
morphology and anatomy of the Philippine charru mussel Mytella charruana
(d'Orbigny 1842). Asian Fisheries Science, 30(185): 185-194.
MSUNFSTDI. 1996. Post-resource and ecological assessment monitoring and training
project in Panguil Bay. Terminal Report. Mindanao State University at Naawan
Foundation for Science and Technology Development, Inc., Naawan, Misamis
Oriental, Philippines. 343 pp.
Oliveira, G.F.M., M.C. Machado do Couto, F. Freitas Lima and T.C.B. Bomfim. 2016.
Mussels (Perna perna) as bioindicator of environmental contamination by
Cryptosporidium species with zoonotic potential. International Journal for
Parasitology, 5(1): 28-33.
Quayle, D.B. and G.F. Newkirk. 1989. Farming bivalve molluscs: methods for study
and development. Advances in World Aquaculture, World Aquaculture
Society, International Development Research Centre, Canada. 1: 299.
Rajagopal, S., G. Van der Velde, M. Van der Gaag and H. A. Jenner. 2006. The
greening of the Coast: a review of the Perna viridis success story. Aquatic
Ecology, 40(3): 273297.
Rajagopal, S., V.P. Venugopalan, G. Van Der Velde and H.A. Jenner. 2003. Response
of fouling brown mussel, Perna perna (L.), to chlorine. Archives of
Environmental Contamination and Toxicology, 44: 369–376.
Rice, M.A., P.D. Rawson, A.D. Salinas and W.R. Rosario. 2016. Identification and
salinity tolerance of the western hemisphere mussel Mytella charruana
(d'Orbigny, 1842) in the Philippines. Journal of Shellfish Research, 35(4): 865873.
Röding, P.F. 1798. Museum Boltenianum sive Catalogus cimeliorum e tribus regnis
naturæ quæ olim collegerat Joa. Fried Bolten, M. D. p. d. per XL. annos proto
physicus Hamburgensis. Pars secunda continens Conchylia sive Testacea
univalvia, bivalvia & multivalvia. Trapp, Hamburg, viii + 199 pp.
Rosell, N.C. 1991. The green mussel (Perna viridis) in the Philippines. In: Menzel, W.
(ed). Estuarine and Marine Bivalve Mollusk Culture. CRC Press, Florida, USA,
p. 298-304.
Sanpanich, K. and F.E. Wells. 2019. Mytella strigata (Hanley, 1843) emerging as an
invasive marine threat in Southeast Asia. Bioinvasions Records, 8(2): 343-356.

46 J. Environment & Aquatic Resources, Vol 6. (2021)

Siddall, S.E. 1980. A classification of the genus Perna. Bulletin of Marine Science,
30(4): 858- 870.
Skelton, B.M. and A.G. Jeffs. 2020. The importance of physical characteristics of
settlement substrate to the retention and fine-scale movements of Perna
canaliculus spat in suspended longline aquaculture. Aquaculture, 521(735054):
1-9.
Spinuzzi, S., K.R. Schneider, L.J. Walters, W.S. Yuan and E.A. Hoffman. 2013.
Tracking the distribution of non-native marine invertebrates (Mytella
charruana, Perna viridis and Megabalanus coccopoma) along the south-eastern
U.S.A. Marine Biodiversity Records, 6(e55): 1-6.
Vallejo, Jr. B., J. Conejar-Espedido, L. Manubag, K.C.C. Artiaga, I.I. Damatac, M.
Amor, I.C.V. Imperial, T.A.B. Itong, I.K. Fontanilla and E.P. Cao. 2017. First
record of the
Charru mussel Mytella charruana d’Orbignyi, 1846 (Bivalvia: Mytilidae) from Manila
Bay, Luzon, Philippines. Bioinvasions Records, 6(1): 49-55.

Yuan, W., L. Walters, K. Schneider and E. Hoffman. 2010. Exploring the survival
threshold: a study of salinity tolerance of the nonnative mussel Mytella
charruana. Journal of Shellfish Research, 29: 415-422.
Zeldis, J., K. Robinson, A. Ross and B. Hayden. 2004. First observations of predation
by New Zealand Greenshell mussels (Perna canaliculus) on zooplankton.
Journal of Experimental Marine Biology and Ecology, 311(2): 287-299.

