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SEASONAL DYNAMIC OF POTENTIALLY TOXIC AND TOXIC 

PHYTOPLANKTON AND BIOTOXINS ON MUSSEL FARM  

(Mytilus galloprovincialis Lamarck, 1819) IN KAMENARI  

– BOKA KOTORSKA BAY 

 

SUMMARY  

Results about toxic and potentially toxic phytoplankton species and 

biotoxins are given in this paper. Investigation is conducted on mussel (Mytilus 

galloprovincialis Lamarck, 1819) farm situated in Kamenari (Tivat Bay) from 

January 2015 up to September 2016. In total six harmful phytoplankton taxons 

are identified, with clear seasonal variation in their abundance. Pseudo-nitzchia 

spp. were the most abundant (maximum abundace 1.1×10
5
 cells/l), while 

Prorocentrum micans and P. cordatum reached maximum abundance up to 10
3
 

cells/l during some seasons. Other toxic taxons had low abundance, while in 

some seasons were completely absent. Results about quantitative and qualitative 

analysis of biotoxins showed that all obtained values were below limit of 

detection (LOD), what implies on good quality of mussels meat on investigated 

farm, safe for human consumption. 

Integrated monitoring of harmful phytoplankton and biotoxins should be 

continued in order to prevent possible negative consequences caused by increased 

growth of harmful algae (harmful algal blooms – HABs) and biotoxins.  

Key Words: harmful phytoplankton, biotoxins, mussels, Boka Kotorska 

Bay, Adriatic Sea  

 

INTRODUCTION 

Boka Kotorska Bay is situated on southeastern part of Adriatic Sea. The 

Bay can be devided in three entities: Kotor-Risan Bay, Tivat Bay and Herceg 

Novi Bay (Mandić S. et al., 2016). It is semi-enclosed aquatorium with specific 

hydrography compare to open waters. Surrounded by karst Mountains (Orjen and 

Lovćen) the Bay is during winter and spring under influence of fresh water, what 

significantly affects physical, chemical and biological characteristic. Inflows of 

freshwater in Boka Kotorska Bay are numerous: rivers, springs, streams and 
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submarine springs. Currents in the Bay depend on meteorological conditions 

(primary winds) and freshwater inflow from the coast and underwater sources 

(Bortoluzzi et al., 2016). Currents on the surface mainly depend on winds, while 

currents on the bottom layer depend on freshwater inflows (Bellafiore et al., 

2011). 

It is known that changes in physical and chemical parameters of water 

significantly affect phytoplankton. Temperature, salinity as well as nutrients 

(SiO4
-
, PO4

3-
, NO3

-
, NO2

-
, P, N) are among most important parameters affecting 

quantitative and qualitative phytoplankton composition (Drakulović, 2012; 

Pestorić et al., 2019). 

Diatoms and dinoflagellates are two main phytoplankton groups in marine 

ecosystems with crucial role in marine ecosystems as primary producers. There 

are about 300 phytoplankton species considered as harmful (Arapov, 2013). In 

general, regarding the effect they cause, harmful phytoplankton species can be 

observed as: high-biomass producers and toxin producers (Arapov, 2013). 

Phytoplankton toxins, also known as biotoxins, are associated with harmful algal 

blooms (HABs). HABs are influenced by a number of factors, including climate 

change and nutrient inputs from anthropogenic activities (Watson et al., 2015; 

Brooks et al., 2016). Due to increasing eutrophication around the world, HABs 

are occurring in more locations than ever before, and in contrast to large-scale 

blooms that are dominated by mesoscale circulation, Mediterranean HABs are 

more localized phenomenon, commonly related to areas of constrained 

dynamism, such as bays, lagoons, ports, beaches and estuaries (Ferrante et al., 

2013). 

Biotoxins can cause serious consequences and even death to aquatic 

organisms and humans (Visciano et al., 2016). Based on symptoms they cause in 

humans, biotoxins can be divided in six groups: diarrhetic shellfish poisoning 

(DSP), paralytic shellfish poisoning (PSP), amnesic shellfish poisoning (ASP), 

neurotoxic shellfish poisoning (NSP), azaspiracid shellfish poisoning (AZP) and 

cuguatera fish poisoning (CFP) (Arapov, 2013; Gvozdenović et al., 2015). 

Depending on their solubility, biotoxins can be classified as hydrophilic and 

lipophilic, where hydrophilic toxins involve ASP, PSP and the emerging 

pufferfish poisoning (PFP), while the lipophilic toxins are associated with DSP, 

AZP, as well as emerging CFP, NSP and cyclic imines (CIs) (Estevez et al., 

2019). Europe Union legislation set regulatory limits for marine biotoxins (EC 

No. 853/2004; 854/2004; 15/2011, 786/2013).  

Aquaculture is the fastes growing food production sector in the world, 

which can be serious affected by HABs and biotoxins. Because of that, different 

monitoring programmes (HABs and biotoxins monitoring) has been established 

worldwide.  

In Montenegro exist about 20 farms all situated in area of Boka Kotorska 

Bay, where Mediterranean mussel (Mytilus galloprovincialis Lamarck, 1819) is 

dominant farming species (Mandić M. et al., 2016; Gvozdenović et al., 2017). 

Monitoring of qualitative and quantitative composition of toxic and potentially 



Seasonal dynamic of potentially toxic and toxic phytoplankton and biotoxins on mussel farm... 185 

toxic phytoplankton on farms is continuously conducted by the Institute of 

Marine Biology, University of Montenegro, while biotoxins monitoring is 

continuous conducted by Center for Eco- Toxicological Research. This integrated 

monitoring give the possibility to react on time in order to prevent possible 

negative consequences caused by HABs and biotoxins.  

The aim of this paper is to present results about seasonal dynamic of 

harmful phytoplankton and biotoxins on mussel farm in Kamenari. 

 

MATERIAL AND METHODS 

Investigation has been conducted from January 2015 up to September 2016 

on mussel farm in Kamenari – Boka Kotorska Bay (Figure 1).  

 
Figure 1. Map of Boka Kotorska Bay – black circle shows mussel farm situated in 

Kamenari 

 

The farm is situated on the entrance of strait Verige which connect Kotor-

Risan and Tivat Bay. Water sampling was done by ISO 5667-9:1992. Samples for 

analysis of temperature and salinity were taken by Niksin bottle between 2 and 3 

m depth, each month since January 2015 to September 2016. Temperature and 

salinity were measured in situ by CTD probe (Multiline P4; WTW). Samples for 

phytoplankton analysis were also taken by Niksin bottle between 2 and 3 m 

depth, seasonaly (winter 2015, spring 2015, summer 2015, autumn 2015, winter 

2016, spring 2016, summer 2016). Phytoplankton analysis were done by standard 

method (MEST EN 15204:2014). Samples were preserved in 4% formaldehyde. 

In laboratory, samples were dropped in 25 ml chambers for sedimentation during 

24 hours. Quantitative analysis (cells counting) were done using Leica DMI4000 
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B inverted microscope in subsamples of 25 ml (Utermöhl, 1958). Qualitative 

analysis involved using of keys for phytoplankton determination (Cupp, 1933; 

Hustedt, 1930; Peragallo and Peragallo, 1965; Dodge, 1985; Schiller, 1933; 1937; 

Sournia, 1989). 

Mussels for biotoxins analysis were sampled monthly in line with Europe 

laboratory for marine biotoxins protocol. About 2 kg of mussels was sampled, 

soft tissue was separated from shell and frozen until analysis. ASP toxin analyse 

(domoic acid) was done according to Quilliam et al. (1995) protocol using 

HPLC-UV-DAD, while PSP toxins (STX, dcSTX, GTX1,4, GTX2,3, NEO, 

C1,2) were analysed according to AOAC (2005) protocol using HPLC-FLD. 

Limit of detection (LOD) was calculated based on the standard deviation of the 

blank samples. 

 

RESULTS AND DISCUSSION 

Temperature and salinity values of sea water are given on Figure 2. The 

minimum temperature was observed during January 2016 (10.5 °C), while the 

maximum temperature was measured during August 2015 (26.5 °C). Average 

water temperature during investigated period was 18.7 °C. Temperatures below 

15 °C were present during winter months, while temperatures above 20 °C were 

observed during summer months what is in accordiance to the other results 

obtained for the Boka Kotorska Bay (Drakulović et al., 2013; 2014; 2015). 

 

 
Figure 2. Temperature and salinity value of water on mussel farm in Kamenari 

during investigated period 

 

Water salinity ranged from minimal value during February 2015 (19.8 ‰) 

up to maximum value during December 2015 (37.1 ‰). High salinity was also 



Seasonal dynamic of potentially toxic and toxic phytoplankton and biotoxins on mussel farm... 187 

present during summer period. Average water salinity during investigated period 

was 30.6 ‰. Salinity is abiotic factor strongly affected and depended on 

freshwater inflow; higher salinity is mainly present during summer, while lower 

salinity is present during winter. Obtained results are in accordiance with other 

results obtained for the Bay (Drakulović et al., 2013; 2014; 2015), although 

maximum salinity value during December 2015 is not usual. These „extreme“ can 

be explained by quite warm and dry period during November and December 2015 

with absence of rain. 

Abundance of toxic and potentially toxic phytoplankton is presented on 

Figure 3. In total six taxons are identified. Five species belonged to 

dinofllagelates (Prorocentrum cordatum, P. micans, Phalacroma rotundatum, 

Lingulodinium polyedra and Dinophysis acuminata), while one taxon belonged to 

diatoms (Pseudo-nitzchia spp.). Results show seasonal variations in 

phytoplankton abundance. Pseudo-nitzchia spp. was the most abundant during all 

investigated seasons, except season winter 2016, when this taxon was absent. 

Maximum abundance of this taxon was during summer 2015 when reached 

values 1.1×10
5 

cells/l. Prorocentrum cordatum and P. micans reached values up 

to 10
3
 cells/l during spring 2016 and summer 2016, respectively. Phalacroma 

rotundatum, Lingulodinium polyedra and Dinophysis acuminata had low 

abundance ranged from 40–80 cells/l, while during most seasons were absent. 

Biotoxins analysis indicate absence of domoic acid and saxitoxins in 

mussles tissue, all obtained results were below LOD. LOD for all seven analysed 

biotoxins is given in Table 1. 

Phytoplankton blooms are not just result of increased nutrients, other 

abiotic factors like temperature and freshwater inflow can also be a reason (Price 

et al., 2015; Ninčević Gladan et al., 2020). Dinoflagellates are the group that 

includes the largest number of harmful species which can cause blooms and 

biotoxins production. Drakulović (2012) indicated that abundance of toxic 

dinoflagellates in area of Boka Kotorska Bay is not alarmant. 

Although results showed that Prorocentrum micans and P. cordatum did 

not exceed abundance above 10
3
 cells/l, Drakulović et al. (2012) reported 

abundance of P. micans in Boka Kotorska Bay in range of 10
6
 cells/l. For the 

same area, Bosak et al. (2011) indicate P. cordatum as dominant species in 

phytoplankton assemblage, with a maximum abundance 3.97×10
4
 cells/l. 

All five dinoflagellate species identified in this research are known to 

produce toxins as ocadaic acid and dinophysisitoxins, which can cause DSP in 

humans, as well as pectenotoxins and yessotoxins wich adverse effect in humans 

has not yet been confirmed (Arapov, 2013). 

Pseudo-nitzchia spp. are known as dominant phytoplankton taxons among 

central and south Adriatic Sea (Burić et al., 2008). Pseudo-nitzchia spp. and 

Nitzschia spp. produce domoic acid which cause ASP in humans (Arapov, 2013; 

Gvozdenović et al., 2015). Ujević et al. (2010) indicate that toxic species do not 

always express toxicity, and if the abundance does not reach 1.0×10
5 

cells/l, then 

the area can be considered safe with respect to ASP.  
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Figure 3. Seasonal dynamic of potentially toxic and toxic phytoplankton taxons 

on mussel farm in Kamenari 

 

Table 1. LOD for all seven biotoxins 

Biotoxin LOD 

Domoic acid (mg/kg) 0.326 

STX (µg/kg) 51.42 

dcSTX (µg/kg) 1.168 

GTX 1,4 (µg/kg) 55.5 

GTX 2,3 (µg/kg) 8.368 

NEO (µg/kg) 43.9 

C 1,2 (µg/kg) 7.368 

 

In this paper abundance of Pseudo-nitzchia spp. above 1.0×10
5
 cells/l was 

just during summer 2015. Also in all mussel samples domoic acid was below 

LOD. Arapov et al. (2017) identified five potentially toxic species from genus 

Pseudo-nitzchia in central Adriatic Sea: P. calliantha, P. delicatissima, P. 
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fraudulenta, P. pseudodelicatissima/ P. cuspidata and P. subfraudulenta, while in 

area of Kotor Bay, Bosak et al. (2010) identified P. calliantha. The same authors 

consider that blooms of this species appear in Kotor Bay. 

Species from genus Alexandrium, as well as Gymnodinium catenatum and 

Pyrodinium bahamense are known to produce saxitoxins (Arapov, 2013; 

Gvozdenović et al., 2015). Toxic phytoplankton species which can produce 

saxitoxins have not been identified during investigation on farm in Kamenari. 

Additionally, those species have not ever been identified for Boka Kotorska Bay 

area (Drakulović, 2012; Drakulović et al., 2017). Obtained results are also 

supported by negative results of saxitoxins, as all six investigated saxitoxins in all 

mussel samples were below LOD. 

Results of this paper are in accordiance to the results which are given by 

Pestorić et al. (2019) for mussel and fish farm in Orahovac which is also situated 

in area of Boka Kotorska Bay. 

 

CONCLUSIONS 

HABs can cause problems in marine ecosystems such as hypoxia and 

anoxia, as well as biotoxins producing which further accumulate in shellfish. On 

this way biotoxins became part of food chain and cause serious consequences, 

even fatal, in marine organisms and humans. Results obtained in this paper 

indicate that abundance of toxic and potentially toxic phytoplankton taxons is not 

alarmant, as well as biotoxins values bellow LOD, what implies on good quality 

of mussels meat on farm in Kamenari. Monitoring of harmful phytoplankton 

composition and biotoxins should be continued in future, so it can give the 

possibility to react on time in order to prevent negative consequences which can 

be caused by HABs and biotoxins. 
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