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Abstract In the last decades, human and industrial activities in the coastal areas
have increased and that resulted in different types of contamination, including trace
elements. Therefore, investigations of the southeastern Adriatic marine environment
quality are intensified following seawater, biota, and sediment quality related to
metals pollution. Since standard chemical analysis methods cannot provide accurate
information about concentrations of trace elements in seawater, the seagrass Posi-
doniaoceanica (L.) Delile and the mussel Mytilusgalloprovincialis Lamarck, 1819,
were used as water pollution bioindicators for identifying, especially, toxic trace
elements in the Mediterranean. Surface sediment, seawater, seagrass (P. oceanica),
and mussel (M. galloprovincialis) samples were collected in different seasons from
the coastal area of Boka Kotorska Bay in the last 10 years (2006–2016), and analyzed
in order to determine the seawater quality mainly related to Fe, Mn, Zn, Ni, Cu, Co,
Cd, As, Pb, and Hg. Based on the analysis of the metal pollution index values (MPIs)
in both species the highest metal concentrations were measured in winters for most
of the studied trace elements. The Hg accumulation in both investigated organisms
was the lowest and almost the same.
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1 Introduction

Boka Kotorska Bay is located in Montenegro, in the southeastern Adriatic Sea. It is
a semi-enclosed bay situated in the southeastern Adriatic Sea (Mediterranean Sea),
along the Montenegro coastline. Given its natural and cultural values, it is on the
UNESCO’s World Heritage List. The Boka Kotorska Bay was formed by fluvial
erosion and the entrance width of the bay is 2.95 km; its coastline length is 105.7 km
long and its total surface is 87.3 km2 with a maximal depth of about 70 m. The bay
is naturally divided into four smaller bays: the Herceg Novi, Tivat, Risan-Morinj,
and Kotor Bays. The bay contains submerged springs of freshwater, contributing
to sediment resuspension, transport, and changing the deposition and distribution
of trace metals into the water. Due to the specific geographical and hydrological
structure of the bay, characterized by a low flow of water, the anthropogenic impact
is pronounced [1].

The seagrass Posidoniaoceanica (L.) Delile and the mussel Mytilusgalloprovin-
cialis (Lemarck, 1819) are part of the key bioindicator species which respond to the
pollution of trace elements [2–4] in the Mediterranean, such as in the southeastern
Adriatic Sea.

The mussel M. galloprovincialis is a native species of the Mediterranean, Black
and Adriatic Seas, a sedentary, filter-feeding animal that through feeding not only
assimilates the food necessary for growth and development but also accumulates
contaminants present in the water column. This mussel is also a seafood product [5].

The protected P. oceanica is an endemic species in the Mediterranean and it can
absorb trace elements directly from the water column or/and from interstitial water
in sediments and has a high capacity for accumulating trace elements occurring in a
marine environment [6].

The main goal of this study was to determine the concentrations of trace metals
(Fe, Mn, Zn, Ni, Cu, Co, Cd, As, Pb, and Hg) in marine species, P. oceanica andM.
galloprovincialis, in order to follow the marina pollution, and to compare these two
species as bioindicators in the examined 10 years in different seasons and from four
different locations in the bay. Based on the average trace-metal concentrations, the
metal pollution indexes (MPIs) were determined for both species.

2 Materials and Methods

Seagrass was collected from four and mussels from nine different locations in the
bay, in the winter, spring, and fall for the 2006 –2016 period, as indicated in Fig. 1.

Only at four locations it was possible to collect seagrass and mussels simulta-
neously. In these 10 years, the samples in the spring and fall were sampled shortly
before the beginning and shortly after the end of summertime and tourist season, i.e.,
at the end of May and in the last week of September, respectively.



Who Is a More Reliable Bioindicator—Mussels or Seagrass? … 2187

Fig. 1 Sample locations in the Boka Kotorska Bay

3 Results

The range of metal concentrations from minimum to maximum of Fe, Mn, Zn, Ni,
Cu, Co, Cd, As, Pb, and Hg found in M. galloprovincialis (L.) and P. oceanica (L.)
from the different locations and seasons is given in Tables 1 and 2.

On the basis of the average element concentrations, their order in the seagrass
was the next: Fe > Mn > Zn > Ni > Pb > Co > Cu > Cd > As > Hg.

The average element concentrations in mussels are calculated, the same as in the
P. oceanica, from three seasons at four locations in the period of 10 years, and their
order was given as Fe > Zn > Mn > Ni > As > Co > Cu > Pb > Cd > Hg.

On the basis of the equation for the MPI, MPIs were counting for the seagrass
and mussels:

MPI = (Cf1xCf2x . . .Cfn)1/n (1)

where Cf1, Cf2… Cfn are the element concentrations and n is the number of
investigated elements. The MPI values are shown in Table 3.

Table 1 The range of elements in P. oceanica (mg/kg dry weight) for 2006–2016

Fe Mn Zn Ni Pb Co Cu Cd As Hg

334-1896 23.4–289 18.5–232 10.6–57.7 1.7–5.4 0.4–14.6 9.6–107 0.6–9.3 0.9–4.2 0.04–1.4

Table 2 The range of elements inM. galloprovincialis (mg/kg dry weight) for 2006–2016

Fe Zn Mn Ni As Cu Co Pb Cd Hg

54–752 34.4–280 3.2–28.7 1.4–20.3 2.7–17.8 1.7–16 2.4–16.3 1.9–14.5 0.9–4.2 0.1–0.5
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Table 3 The average of MPIs for the investigated species

Spring Fall Winter Average

M. galloprovincialis

Kukuljina 5.3 9.5 11.8 8.90

H. Novi 5.0 8.2 10.8 8.40

Krasici 4.6 6.6 10.3 7.90

St. Stasija 4.0 6.5 8.30 6.30

P. oceanica Spring Fall Winter Average

Kukuljina 14.3 15.6 24.9 16.5

H. Novi 9.50 16.6 21.3 16.2

Krasici 11.8 15.9 20.6 15.8

St. Stasija 9.80 15.5 19.9 15.1

4 Discussion

In both species as the bioindicators, the highest metal concentrations were measured
in winters for most of the studied trace elements. Mainly, the metal pollution index
values (MPIs) found for M. galloprovincialis follow the sequence winter > fall >
spring, and for P. oceanica, winter > spring > fall. The MPI values for the investi-
gated organisms correspond to the degree of pollution level of the individual sites.
The seagrass MPIs were almost three times higher than the mussel MPI values at
the same location. It offers the possibility of monitoring the metal burden of the
environment near seagrass meadows via MPI values for mussels. A large difference
observed between MPI values for P. oceanica and M. galloprovincialis sampled at
the same locations can be explained by P. oceanica trace element absorption from
the water column and from surface sediments. This phenomenon may be one of the
explanations for the disappearance of seagrass in the bay from the 70 s until now,
when the bay was almost covered by meadows of P. oceanica. A significant surface
reduction covered by this plant has been observed along the entire coastal area of
Montenegro, too [7].

5 Conclusions

From the obtainedMPI values, it is obvious that themusselM. galloprovincialis is the
better seawater bioindicator, while on the seagrass P. oceanica there are influences
of heavy metals not only from seawater, but also from the surface sediment since
MPIs were higher almost three times in the seagrass. These results could suggest the
one more possible reason for the seagrass disappearance in the bay.
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