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ABSTRACT

In this study, it was presented composition and distribution of diatoms on mussel farms in
Boka Kotorska Bay.

Samplings were conducted one per month, from January to June 2013, on surface layer.
Samples were taken on eleven positions, including Kotor Bay, Risan Bay and Tivat Bay. Maximum
of phytoplankton abundance (microplankton) was noticed in June and it was 8.94 x 10° cells/l, while
minimum value was recorded in March (6.18 x 10* cells/l). Diatoms prevailed almost all
investigated period, except in June when dinoflagellates prevailed on diatoms and made maximum
of microplankton. Highest value of dominant group during investigation period was in February
when almost all microplankton abundance was consisting of diatoms. Among dominant diatoms,
prevailed species which preferred nutrient enriched area, such as: Cerataulina pelagica,
Chaetoceros affinis, Navicula spp., Pseudo-nitzschia spp, Thalassionema nitzschioides.

Due to increase of human impact at recent time, this study is useful for getting new
information and for further studding, especially knowing that there is a lack of information related
to distribution of diatoms on mussel farms in Boka Kotorska Bay.
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INTRODUCTION

Gap between consumer demand and seafood production from traditional capture
fisheries started to grow. The only way to fill this gap is worldwide expansion of aquaculture and
industry development needs to be promoted and managed to minimized negative impact on
environment (FAO, 2008).

Mussel farming in Boka Kotorska Bay started in the 1980s and today there are 16 farms
using the system of the floating buoys and ropes. As mussels are filter feeders which accumulate
phytoplankton, the problem can occur if there is a presence of toxic phytoplankton, mostly are
dinoflagellates and potentially toxic diatoms which can caused negative human health
consequences.

Phytoplankton is the main representative of primary production in estuarine ecosystems
(Williams, 1981) and the major component of the shellfish diet (Vili¢i¢ et al. 1994). A number of
factors define the role of phytoplankton in estuarine production such as salinity, temperature,
light (influenced by turbidity), nutrients, water dynamics and the configuration of the water
basin.
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Eutrophication triggers various physical and chemical changes in the marine
environment and exerts a pressure on algal populations, allowing the intensive growth of certain
harmful-toxin producing species or nuisance blooms that may create problems in the structure
of the ecosystem and public health. These blooms are collectively called Harmful Algal Blooms
(HABs). The greatest number of toxic species is found among dinoflagellates, but evidence has
been provided for several species of other taxa (diatoms, flagellates, cyanobacteria,
prymnesiophytes, rhaphidophytes) suggesting that they belong in this category (Codd 1999;
Vershinin 2008; Moestrup 2010).

The mucilage phenomenon of the Adriatic Sea had been usually related to an
extracellular organic matter production, of phytoplanktonic origin, without the identification of
a specific causative organism (Mingazzini & Thake, 1995). Historically, diatoms have always been
considered as the algal group mainly involved in this event due to their abundant presence in
mucilaginous aggregates (Rinaldi et al., 1995) and for their known extracellular release of
polysaccharidic substances (Myklestad, 1974, 1977, 1995; Myklestad et al., 1989).

In area of investigation, domination of diatoms was noticed in previous studies
(Drakulovi¢ & Vuksanovi¢ 2010; Drakulovié et al., 20115 2012, Bosak et al. 2012).

The aim of this paper is to show distribution of diatoms on mussel farms in Boka
Kotorska Bay and trying to emphasize on consequences which can be results of high diatoms
growth and presence of mucilage aggregates.

MATERIALS AND METHODS

Area of investigation in this paper is Boka Kotorska Bay. Bay is situated in southeastern
part of Adriatic Sea and it consists of four small Bays: Kotor Bay, Risan Bay, Tivat Bay and Herceg
Novi Bay. The Bays of Hercegnovi and Tivat are connected by Kumbor strait and the Kotor and
Tivat Bays are joined by Verige strait (width 340 m, length 2300 m) (Magas 2007). Verige strait
is the narrowest section of the Bay, which separate the inner Bay from the rest of the Bay. Current
study was conducted in inner and middle part of Boka Kotorska Bay where are situated mussels
farms (Kotor and Tivat Bay). The freshwater influx from 5 small rivers, numerous streams and
submarine springs greatly affects the hydrological and chemical properties of water column
(Milanovi¢ 2007)..

Sampling was conducted one per month, from January to June 2013, on surface layer.
Samples were taken on eleven positions, including Kotor Bay, Risan Bay and Tivat Bay (Figure 1,
Table 1).

Six positions were located in the Kotor Bay, one position in Risan Bay and four positions
in the Bay of Tivat.
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Figure 1. Investigated area

Table 1. Investigated positions

Number Position N E
1 IMB 42°26" 11" 18° 45" 49"
2 Ljuta 42°29' 02" 18° 45’ 50"
3 Orahovac 42°29" 13" 18°45' 53"
4 COGI 42°29' 09" 18° 44' 44"
5 Drazin vrt 42°29' 01" 18° 43" 35"
6 Lipci 42°29'53" 18°39' 38"
7 Stoliv 42°28'39" 18° 41" 41"
8 Sveta Nedelja 42°27'31" 18° 40' 21"
9 Obala Durasevic¢a 42°24' 03" 18° 41" 44"
10 Ostrvo cvijeca 42°24" 15" 18° 42" 27"
11 Kalardovo 42° 24' 60" 18° 42" 39"

Samples were taken with Niskin sampler of sl. Physical parameters such as temperature,
salinity and dissolved oxygen concentration were measured in situ using a universal meter
(Multiline P4; WTW). Nutrient (nitrates, nitrites, silicates and phosphates) concentrations were
determined by standard colorimetric method (Strickland et al., 1972) using a spectrophotometer
type Perkin Elmer x 2. Phytoplankton samples were moved to 250 ml bottles and preserved in a
3% neutralized formaldehyde solution. After 24 h of sedimentation in sediment chambers, cells
were enumerated using Leica inverted microscope according to Utermohl method (1958). For
determination of phytoplankton species, it was used appropriate key for the specified field of
investigation (Hustedt 1959; Hasle & Syvertsen 1997; Round et al, 1990; Taylor 1987 and
Throndsen et al., 2007).
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RESULTS AND DISCUSSIONS

Physical parameter, temperature showed typical distribution with maximum value in
June 2013. (29.1°C), while minimum value (9°C) was recorded in January 2013 on position Stoliv
(Figure 2.).

Salinity varied during investigation period, decreasing to a minimum value of 3.9 at
surface layer (Figure 2.) in March on position IMB. This lower salinity usually means a stronger
freshwater inflow and this minimum was result of winter and early spring precipitation events.
Oxygen concentration ranged from 4.41 to 8.31 mg/I (Figure 2.). Lower concentration of dissolved
oxygen is attributed to the oxidation of organic matter and higher water temperatures prevailing
in summer (Dorgham et al., 2004).

Figure 2. Variation of temperature, salinity and oxygen concentration during investigated
period

Concentration of nutrients in the Boka Kotorska Bay was generally high during
researching period and favorable for phytoplankton growth. The maximum concentration of
nitrate was 22.98 pmol/l and it was recorded in January 2013. Peak of phosphate concentration
was noticed in June (0.53 umol/l), while peak of silicate concentration was 34.03 umol/l in March
2013 (Figure 3). The recorded values were similar to values noticed by Krivokapi¢ et al. (2011) for
Boka Kotorska Bay. Noticed results were higher in comparison to the values reported for the
Zrmanja river estuary (Vili¢ic et al., 2008, Svensen et al., 2007), where phosphorous was limiting
factor throughout the whole year and nitrogen sporadically in the summer. For SE
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Mediterranean (Krom 1991) and middle Adriatic (Vukadin & Stojanoski 2001), it was noticed
that phosphate is known as the limiting nutrient instead of nitrate.

Figure 3. Variation of nutrients concentration (nitrates, nitrites, phosphates and silicates)
during investigated period

Microplankton fraction showed maximum abundance in June 2013 and reached value of
8.94 x 10° cells/l on position Orahovac. Abundance up to 105 cells/l was also noticed in January,
February and May (3.45, 6.16 and 2.28 x 10°cells/l) while in other periods of investigation (March
and April) values were up to 10*cells/I (Figure 4.).

Smaller fraction-nanoplankton was maximum in February 2013 (6.35 x 10° cells/l), while
minimum abundance was in March 2013 (2.12 x 10° cells/l) (Figure 5.).

Diatoms were dominant group almost during entire investigated period except June 2013
when prevailed dinoflagellates. Values of diatoms reached up to 10° cells/l and maximum was
noticed in February 2013 on position Stoliv (6.13 x 10° cells/l). This high values can be result of
enough nutrients supply by rivers which caused higher phytoplankton growth (Figure 6.).
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Figure 4. Abundance of microplankton on investigation position from January to June 2013.

Figure 5. Abundance of nanoplankton on investigation position from January to June 2013.
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Domination of diatom was already noticed in Boka Kotorska Bay by Drakulovi¢ et al.
2010, 2011, 2012 and Bosak ef al. 2011. Some authors noticed most abundant of diatoms in late
winter—early spring, which has been previously recorded in the northern Adriatic Sea (Vili¢i¢ et
al. 2009) and in the southwestern part of Adriatic (Caroppo et al. 2005). Diatom domination in
late winter-early spring most likely reflects their particular ability to survive relatively more
turbulent conditions.

Figure 6. Abundance of diatoms on investigation position from January to June 2013.

Diatom dominance is often described in connection with the appearance of large
mucilaginous aggregates that often occur during late spring/early summer in the northern basin
(Totti et al. 2005). The exact role of diatoms remains elusive, but some studies indicate the
importance of the intensive production of extracellular polysaccharide by several diatom species
(e.g. Skeletonema marinoi, Chaetoceros spp., Ceratoneis closterium) commonly found during
mucilage occurrences (Totti et al. 2005).

Dominant diatoms during investigated period were: Bacteriastrum hyalinum,
Chaetoceros affinis, Chatoceros diversus, Guinardia striata, Navicula spp., Proboscia alata, Pseudo-
nitzschia spp., Thalassionema nitzschioides.

Mostly of this dominant diatom species (Cerataulina pelagica, Chaetoceros affinis,
Leptocylindrus danicus, Pseudo-nitzschia spp., Thalassionema nitzschioides) are characterized as
nutrient preferred species in Adriatic Sea (Revelante & Gilmartin 1985; Pucher-Petkovi¢ &
Marasovic¢ 1980).
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Table 2. List of dominant and abundant diatoms in Boka Kotorska Bay

Species Abundance cells/l
Diatoms

Bacteriastrum hyalinum 10°
Chaetoceros affinis 10°
Ch. curvisetus 104
Ch. diversus 10*
Cerataulina pelagica 10?
Cocconeis scutellum 10
Leptocylindrus danicus 10
Melosira nummuloides 10}
Navicula spp. 10°
Proboscia alata 10%
Pseudo-nitzschia spp 10°
Skeletonema spp. 104
Thalassionema nitzschioides 10

Thalassionema nitzschioides was dominant species in this study and also is frequent
species in the Adriatic Sea (Vili¢i¢ et al. 1995) and in the Krka estuary usually is present in
summer period (Cetini¢ et al. 2006).

In current study frequently noticed diatom genus was potentially toxic Pseudo-nitzschia
spp. Diatoms of the genus Pseudo-nitzschia are dominant in the phytoplankton composition in
the middle (Buri¢ et al. 2008) and southern Adriatic (Buri¢ et al. 2008, Caroppo et al. 2005).

Diatoms belonging to the genus Pseudo-nitzschia are generally considered to be
dominant in the phytoplankton of the Adriatic Sea (Vili¢i¢ et al. 1995, 2009).

CONCLUSION

Presence of potentially toxic diatom genus Pseudo-nitzschia spp. and frequency and
higher abundance of species which prefer nutrients enriched waters show on necessary
monitoring of this area. Especially, knowing that investigated area is mussel farms and that
presence of potentially toxic organisms and possible blooms of diatoms can cause serious
problems to mussel farms and humans health.
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