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Spatial and temporal diStribution of phytoplankton in lake Skadar
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Abstract - Phytoplankton seasonal succession and spatial heterogeneity were studied in lake Skadar from February to De-
cember 2004. A total of 167 taxa from 6 algal divisions were observed, with Bacillariophyta being best represented (52.8%). 
The general pattern of phytoplankton seasonal succession in lake Skadar was: Bacillariophyta in the spring, Chlorophyta 
in early summer, Cyanobacteria and Chlorophyta in late summer and Bacillariophyta and Chlorophyta in autumn and 
winter. Distinct spatial heterogeneity was observed. The central, open part of the lake (pelagic zone) was characterized 
by dominant euplanktonic species, mostly diatoms, whereas the western and northwestern parts (more isolated and shal-
lower) had higher abundance of greens and blue-greens and a higher percentage of resuspended benthic-epiphytic forms 
in the phytoplankton community. Comparison with former phytoplankton data showed distinct differences in terms of the 
qualitative and quantitative composition of the phytoplankton community of lake Skadar, which indicates lake deteriora-
tion.
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IntRODuCtIOn

Among the most relevant aspects of phytoplankton 
studies are those related to community abundance 
and diversity, and spatial and temporal distribu-
tion, as well as those referring to the ecological fac-
tors directly related to the determination of primary 
productivity levels of such communities (Padisak, 
2004). 

In temperate regions, seasonal successions of 
organisms belonging to different phytoplankton 
taxa are often observed. The annual phytoplankton 
development of lakes is driven mainly by a seasonal 
change of indirect allogenic and direct autogenic 
forces, often following a predictable organism suc-
cession as described, for example, in the PeG model 
(Sommer et al., 1986). 

The mechanisms explaining the species domi-
nance patterns in lakes during the vegetation period 
vary greatly and sometimes even show discrepancies. 
This is especially the case in shallow lakes, which are 
more responsive to changes in weather conditions. 
These lakes are typically polymictic, as strong winds 
can mix the whole water column and prevent the wa-
ter body from stable seasonal stratification (Wiedner 
et al., 2002). In very shallow lakes, benthic vegetation 
(submerged plants) can develop all over the lake and 
interact with phytoplankton by shading, reducing 
nutrients and resuspension, and enhancing grazing 
(Scheffer, 1998). Additionally, a fundamental prop-
erty of plankton populations is their spatial hetero-
geneity, especially in shallow lakes with high surface 
area. Phytoplankton patchiness can result from spa-
tial variations of biological processes such as growth, 
grazing, regulated buoyancy and vertical migra-
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tion (Reynolds, 2006) or from advective transports 
(Wiedner et al., 2002; Stocker and Imberger, 2003; 
Hillmer and Imberger, 2007; Blukacz et al., 2009), 
and it is disrupted by irregular or continuous mix-
ing. There is general agreement that the predominant 
drivers of spatial heterogeneity in phytoplankton dis-
tributions are physical (e.g., wind-driven currents) 
(Martin, 2003; Monino-Fernando et al., 2006).

The present study reports the results of a one-
year investigation of the phytoplankton community 
of lake Skadar. This paper is the result of the first 
comprehensive phytoplankton investigation con-
ducted in lake Skadar after a gap of almost 30 years. 
The aim of this study was to determine current spatial 
and temporal variations in phytoplankton composi-
tion and abundance in lake Skadar and to compare 
present results with those of 30 years ago.

MAteRIAlS AnD MetHODS

lake Skadar is located on the border between Mon-
tenegro and Albania at latitude 40º 10’ n, longitude 
19º 15’ e. The lake, which is located in karst terrain 
on the outer part of the southeastern Dinaric Alps, is 
the largest of the Balkan lakes and has a surface area 
that fluctuates seasonally from approximately 370 to 
600 km2. The lake’s water level also varies seasonally 
from 4.7 m (summer) to 9.8 m (winter) above sea 
level. The mean depth of the lake is 5 m and the total 
volume is 1890x106 m3. The direct drainage basin of 
lake Skadar is 5490 km2, of which 4460 km2 are in 
Montenegro and 1030 km2 are in Albania. The larg-
est inflow is the Morača River (Montenegro), which 
provides more than 62% of the lake water. lake Ska-
dar’s outlet river is the Bojana River, which converges 
with the River Drin just a few hundred meters down-
stream of the outlet. The Drin has a total drainage 
area of about 14,000 km2, which is almost three times 
larger than the catchment of lake Skadar. It is there-
fore not surprising that during high water discharges 
the Drin system impedes the outflow from the lake. 
lake Skadar is a subtropical water body lying in an 
area that has an extremely high evaporation rate. The 
large amount of precipitation, limited mostly to win-
ter months, coupled with high summer temperatures 

contributes to chemical weathering and the develop-
ment of the karst landscape in the area. Mountains 
rise steeply from the southwestern shores of the lake, 
while its northern and northeastern shores are flat, 
thus providing an extensive semi-littoral zone with 
dense macrophyte cover. Frequent winds and shal-
low depths do not permit the formation of perma-
nent thermal stratification. The lake is regarded as 
mesotrophic with a tendency to become eutrophic in 
the summer months. lake Skadar has pronounced 
water-level fluctuations (high levels during winter 
and low during summer), which has resulted in a 
large wetland area sustaining rare and endangered 
bird species. The Montenegrin part of the lake and 
its surrounding area were declared a national park 
in 1983. In 1996, lake Skadar was included in the 
Ramsar list of wetlands of international importance 
by the Ramsar Convention on Wetlands. 

ten stations on the Montenegrin part of lake 
Skadar (covering the central, open part of the lake 
and the western and northwestern part, Fig. 1) were 
sampled monthly from February to December 2004. 
Six out of ten investigated stations were the same ones 
sampled in the last phytoplankton investigation (ap-

fig. 1. Map of Skadar lake with marked sampling stations (t1 – 
sublacustrine spring Radus, t2 - middle of the first transect, t3 
- left mouth of Moraca river, t4 - virpazar, t5 - vucko blato, t6 
- right mouth of Moraca river, t7 - Petrova ponta, t8 - middle of 
the second transect, t9 – mouth of Plavnica, t10 – sublacustrine 
spring karuc)
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proximately 30 years ago; Petković, 1981), chosen in 
order to compare present and former results. Samples 
were collected from 0.2, 1, 2 and 3 m depths. Water 
temperature, pH, dissolved oxygen concentrations 
and conductivity were measured in situ with a Multi 
340i water quality monitoring system. Water trans-
parencies were measured with a Secchi disk. Water 
samples were collected using a Ruttner hydrobiologi-
cal bottle and transported to the laboratory for the 
counting of phytoplankton and measurement of to-
tal phosphorus (molybdate blue procedure) and to-
tal nitrogen (indophenol  blue absorption spectrom-
etry). Phytoplankton abundance was determined 
using the sedimentation method (utermöhl, 1958) 
and expressed as cells/l. Samples for determining the 
qualitative composition of algae were collected with 
a 28 μm-mesh, with a Wisconsin plankton net drawn 
from the bottom to the top of the water column and 
fixed with formalin. Data comparison and the influ-
ence of environmental factors on the phytoplankton 
were evaluated by stepwise multiple regression using 
software StAtSOFt 7 (2004).

ReSultS

Physical and chemical variables

Physico-chemical variables changed with the season; 
monthly minimum, maximum and mean values of 
measured environmental factors are given in table 1. 

The water temperature of lake Skadar ranged 
from 4.2°C in February to 31.2°C in August. The very 
small vertical differences in temperature (ranging 
from 0 to 1.5°C) can be explained by the lake’s shal-
lowness and consequent absence of thermal stratifi-
cation (frequent and complete mixing events). Hori-
zontal differences were observed only at the mouths 
of the rivers Morača (t3 and t6) and Plavnica (t9), 
due to the cold-water inflow from these rivers.

Secchi depth ranged from 0.8 to 3.5 m, with high-
er values observed in winter (2.7 m) than in summer 
(1.7 m). At localities karuc (t10) and pelagic station 
t8 the transparency was greater in comparison with 

tab. 1. Measured physical and chemical parameters in Skadar lake – monthly average values and range (February-December 2004)

t
(°C)

Secchi 
(m) ph Oxygen

(mg/l)
tP

(μg/l)
tn

(μg/l)
Conduct.
(µS/cm)

II 8.1
(4.2-8.6)

2.5
(1.9-3)

7.9
(7.2-8)

9.6
(9-11)

6.5
(6-7.2)

150
(150-170)

258
(179-333)

III 13.8
(11.6-15.3)

2.7
(2-3.5)

8.3
(7.9-8.6)

11.7
(10.4-13)

6.2
(6-7)

160
(150-210)

248
(238-285)

Iv 15.5
(14-16.5)

2.3
(2-3.1)

8.2
(7.8-8.2)

11
(10-12)

10
(6-20)

170
(150-200)

250
(206-310)

v 24
(22-25.6)

2.4
(1-2.8)

8.2
(7.6-8.4)

9.3
(7.3-10)

12.5
(8-30)

330
(260-380)

249
(210-365)

vI 28.7
(24.9-29.9)

1.7
(1-2.2)

8.1
(7.7-8.4)

9.3
(7.6-11.9)

26.1
(10-50)

660
(360-990)

260
(199-378)

vII 28.5
(25.2-30.1)

1.3
(0.8-2)

8.2
(7.8-8.4)

8.8
(5.8-11)

25.2
(12-41)

620
(250-970)

251
(199-404)

vIII 28.6
(25.4-31.2)

1.2
(0.6-1.9)

8.3
(7.6-8.9)

8.7
(5.7-11.7)

19.4
(10-35)

480
(170-810)

238
(191-415)

IX 20.4
(17.8-21.9)

2
(1.2-2.6)

8.1
(7.8-8.3)

8.2
(7-9.1)

14.2
(8-24)

360
(160-700)

257
(207-371)

X 13.5
(12-14.8)

2.3
(1.3-2.6)

8
(7.6-8.4)

9.8
(8.5-11.4)

10.2
(8-18)

180
(160-330)

263
(197-310)

XI 11.2
(9.9-12.3)

2.5
(1.8-3)

8
(7.7-8.3)

10.3
(8.6-11.5)

6.2
(6-8)

280
(200-400)

288
(254-366)

XII 6.5
(4.4-8.8)

2.8
(2-3.5)

8.4
(8-8.7)

11.1
(10-11.6)

6.1
(6-7)

160
(150-180)

298
(255-303)
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the other investigated localities (summer average: 
2.5 and 2.2 m, respectively). The lowest transparency 
during summer characterized the locality vučko bla-
to (t5): 1.5 m. Previous investigations of lake Skadar 
(Petrović, 1981) documented a higher average trans-
parency during the summer months (2.5 m).

Dissolved oxygen concentrations ranged from 
5.7 to 13 mg/l with an average of 11 mg/l in winter 
and 8.8 mg/l in summer. The lowest oxygen concen-
trations characterized localities t9 (Plavnica) and t4 
(virpazar) during the entire investigated period.

The mean seasonal surface pH value ranged from 
7.2 in winter to 8.9 in summer. localities t9, t10 and 
t4 had lower pH values in comparison with other 
parts of the lake (pH < 8 during entire investigated 
period). 

Mean surface conductivity values ranged sea-
sonally from 260 μS/cm in summer to 330 μS/cm in 
winter. localities t4 (virpazar), t6 (right mouth of 
the Moraca) and t9 (mouth of the Plavnica) had the 
highest conductivity values, which is probably the 
consequence of riverine influence and waste waters 
from surrounding villages.

The mean total phosphorus (tP) concentrations 
of surface samples ranged from 6.1 to 50 μg/l. Sea-
sonal concentrations ranged from an average of 6.2 
μg/l in winter to 23 μg/l in summer, and are not only 
a consequence of inputs coming from inflows: low 
winter concentrations of total phosphorus in com-
parison with the summer months are usual for lake 
Skadar and are due to a higher number of falls and 
water discharges from the Morača River (a high water 
level during winter creates a dilution effect). Higher 
tP concentrations during the summer are also de-
rived from factors such as the release of tP from 
the lakebed sediments, resuspension of sediments 
due to wave action or input from near-shore areas. 
Higher summer tP concentrations were recorded at 
the following stations: virpazar (t4: 30 µg/l), mouth 
of the Morača (t6: 23 µg/l), mouth of the Plavnica 
(t9: 22 µg/l) and vučko blato (t5: 21 µg/l). On the 
other hand, stations t2 and t8 (pelagic stations) had 

lower tP concentrations (summer average: 13 µg/l) 
and the lowest tP concentration characterized sta-
tion t10, near the sublacustrine spring karuč (tP 
<10 µg/l during the entire investigated year). Former 
investigations (Petrović, 1981) recorded similar tP 
values in lake Skadar (4–40 µg/l), also with the high-
est concentration at the mouth of the Morača River.

Mean total nitrogen (tn) concentrations of 
samples ranged from 150 to 990 μg/l, with seasonal 
concentrations ranging from an average of 160 μg/l 
in winter to 590 μg/l in summer. The locality vir-
pazar (t4) had the highest tn concentration (sum-
mer average: 560 μg/l), followed by localities t1 (500 
μg/l), t5 (460 μg/l) and t9 (400 μg/l). Similar to tP, 
the lowest tn concentration characterized locality 
karuč (summer average 0.15 μg/l) and pelagic sta-
tions t8 and t2 (summer average: 0.25 and 0.30 μg/l, 
respectively). Former investigations (Petrović, 1981) 
recorded lower tn values in lake Skadar (year aver-
age 200 µg/l), which is half of the present tn concen-
tration (400 µg/l).

Generally, lakes are phosphorus-limited in the 
case of tn/tP>15, nitrogen limited in the case of 
tn/tP<7; f the tn/tP ratio is between 7 and 15, 
any of them – phosphorus, nitrogen or both – could 
be limiting factors (OeCD, 1982). The tn/tP ratio 
in lake Skadar was 22–26 during the dry period, but 
considering a whole year of investigation (all sea-
sons) it was 33, which indicates that phosphorus is a 
limiting nutrient in lake Skadar. Considering previ-
ous investigations in lake Skadar, the tn/tP ratio 
was much lower (6). Continuous utilization of fer-
tilizers in the agricultural area of lake Skadar basin 
during the last 30 years is probably the main reason 
for this shift in tn/tP ratio. 

Phytoplankton

The phytoplankton species composition of lake 
Skadar revealed the presence of 167 taxa, with Bacil-
lariophyta being best represented (87 species, 52.8%), 
followed by Chlorophyta (49 species, 29.7%). Cyano-
bacteria were moderately represented (20 species, 
12.1%). less well represented were Dinophyta (2.4%), 
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Chrysophyta (1.8%) and euglenophyta (1.2%), as 
shown in Fig. 2. earlier investigations of phytoplank-
ton in lake Skadar (Petković, 1981) reported a higher 
percentage of greens in the phytoplankton commu-
nity (>50%) because of the distinctly higher number 
of taxa from the order Desmidiales (29%).

The phytoplankton community of lake Skadar 
may be discussed generally in terms of pelagic popu-
lations (centric diatoms and greens, mostly Chloro-
coccales) and benthic-epiphytic populations (which 
contain a lot of taxa that are resuspended from ben-
thic and epiphytic communities, mostly pennate 
diatoms), represented in the general structure of the 
phytoplankton community with a ratio of 1:1.8.

The highest floristic diversity was recorded in 
August at locality t4 (46 taxa). In general, higher 
diversity was characteristic for littoral localities 
(t3, t4, t5, t9), probably because of the lower wa-
ter depth and closeness to macrophytic vegetation 
(benthic and epiphytic forms – Navicula, Cymbella, 
Gomphonema, etc. – resuspended from the lakebed 
and macrophytes). On the contrary, lower diversity 
was recorded at the pelagic localities (t1, t2, t7, t8) 
where euplanktonic species dominated in the phy-
toplankton community (Scenedesmus, Pediastrum, 
Oocystis, Microcystis, Merismopedia, Cyclotella, etc.). 
The lowest diversity characterized the right mouth 

of the Morača River (t3 – stronger water turbulence) 
and the sublacustric spring, karuč (t10 – station with 
the lowest nutrient concentration). 

The total phytoplankton abundance in lake Ska-
dar ranged from 100 cells/l (winter) to 5x106 cells/l 
(summer). In general, two peaks of abundance were 
recorded: the first (lower) peak in March (average 
8.7 x 105 cells/l), due to high density of diatoms, and 
the second (higher) peak in June (average 2.4 x 106 

cells/l) as a consequence of the explosion of greens 
(Fig. 3). The phytoplankton was distributed uni-
formly throughout the water column and seasonality 
did not apparently exert an effect on vertical phyto-
plankton zonation, which was absent during the en-
tire investigated period due to lake shallowness and 
frequent winds. 

using stepwise multiple regression, a correla-
tion was made between phytoplankton abundance 
and the investigated physico-chemical parameters 
(water temperature, transparency, oxygen concen-
tration, conductivity, pH, tn and tP), and 62% of 
phytoplankton abundance variation could be ex-
plained by the investigated parameters (R2=0.62; 
p<0.00005). The phytoplankton community in lake 
Skadar showed a marked variation in seasonal-abun-
dance, its peaks associated with the highest nutrient 
concentrations and water temperature values, which 

fig. 2. Percentage of algal divisions in phytoplankton commu-
nity of Skadar lake

fig. 3. Seasonal succession of main phytoplankton groups in 
Skadar lake during investigated period (monthly averages)
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were in turn influenced by the alternation of a dry 
season (low water level) and a rainy season (high wa-
ter level).

Water temperature has a direct effect through 
metabolism and reproduction intensity, and an indi-
rect effect through nutrients (decomposition rate of 
debris by bacteria and intensity of internal loading) 
and the grazing of zooplankton. Other similar stud-
ies have detected strong relationships between tem-
perature and phytoplankton composition (del Gior-
gio et al., 1991; komarkova et al., 2003; Grover and 
Chrzanowski, 2005). In shallow lakes, the effect of 
warm weather is especially strong when it synchro-
nizes with low water level, and the deterioration of 
water quality usually takes place in the warm period 
(Pettersson et al., 2003; Sondergaard et al., 2003). 
nõges et al. (2003) and Padisák and koncsos (2002) 
stressed the increase of internal nutrient loading 
during low water levels. Similarly, long-term inves-
tigations of lake Peipsi showed a link between high 
phytoplankton density with periods of low water lev-
el, which can be explained by the increase in activity 
of bacteria, causing a higher uptake of oxygen and an 
intensive release of phosphate and ammonium from 
sediment to water (laugaste et al., 2001). 

In general, the seasonal succession of phytoplank-
ton in lake Skadar was complex, as often happens 
in many shallow lakes, especially those with a high 
surface area (Wetzel, 2001). Peaks of phytoplankton 
abundance did not appear at the same time at differ-
ent parts of the lake, and phytoplankton succession 
showed distinct spatial heterogeneity (Fig. 4).

In general, the highest phytoplankton abundance 
characterized localities t1, t4 and t5. Beside spatial 
differences in phytoplankton abundance, there were 
also evident differences as regards the dominant 
taxonomic groups of algae. Thus, localities t7 and t8 
were characterized by a domination of diatoms dur-
ing the majority of the year, even during the summer 
months. localities t1 and t2 had a higher abundance 
of blue greens, and localities t4 and t10 had a higher 
abundance of dinoflagellates in comparison with the 
other stations. locality t5 had the highest abundance 

of greens, which dominated during the entire warm 
period of the year (May–October).

Bacillariophyta dominated the phytoplankton 
community during spring and winter at most locali-
ties, with a peak in March. exceptions were the pelagic 
localities t7 and t8, where Bacillariophyta had their 
peak of abundance during summer (June). During 
spring, the main diatoms in the phytoplankton com-
munity were pennate species: Fragilaria capucina, 
Fragilaria ulna var. acus, F. ulna var. ulna and Syne-
dra acus var. angustissima. The summer months were 
characterized by centric species of diatoms, mostly 
Cyclotella glomerata and Cyclotella ocellata. Although 
centric diatoms were poor in number of species, they 
were much more abundant as individuals than the 
pennate forms and other algae in lake Skadar. Cen-
tric diatoms are one of the best-adapted algal groups 
to turbulent and turbid systems (Reynolds, 2006), 
whereas pennate diatoms are regarded as benthic 
forms. A high abundance during the summer months 
of Bacillariophyta, especially small Cyclotella species, 
can also be explained by selective grazing by zoo-
plankton, which is mostly based on size (Stoermer 
and Julius, 2003). Small algae have larger absorptive 
surfaces than larger algae, and the small size means 
that the settling rate is lower and that predation by 
some grazers may be lessened (Reynolds, 2006). 
Former investigations (Petković, 1981) showed that 
diatoms dominated the phytoplankton community 
in the sense of abundance during the whole year. At 
present, their domination is observed mostly during 
the period October–May in the majority of investi-
gated localities (exceptions were the pelagic localities 
t7 and t8, with a summer domination of diatoms).

Chlorophyta developed mainly from late spring 
to early autumn and attained their peak in abun-
dance in summer (mostly in June). exceptions 
were the river zones, t3, t6 and t9, where peak of 
abundance was recorded in autumn (September–
October). locality t5 (vučko blato) had the highest 
abundance of greens during the whole investigated 
period. The most abundant greens were Chloro-
coccales (Pandorina morum, Crucigeniella pulchra, 
Oocystis spp., Scenedesmus spp.) and the filamen-
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fig. 4. Seasonal succession of main phytoplankton groups in Skadar lake during investigated period (February – December 2004) at 10 
sampling localities (t1 – t10; monthly abundance expressed as cells/l)
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tous alga, Planktonema lauterbornii. Being almost 
entirely deprived of self-motility, Chlorococcales 
are completely dependent on water turbulence to 
keep them suspended in the water column. Conse-
quently, they exhibit their greatest population net 
growth rates and abundance in turbulent waters 
(Happey-Wood, 1988; Reynolds, 2006), like the 
polymictic lake Skadar. Planktonema lauterbornii 
was also abundant in the lake during summer, espe-
cially at station t5. This species usually dominates 
the phytoplankton assemblage in highly eutrophic 
lakes (Jensen et al., 1994; laugaste et al., 2001; Chen 
et al., 2003). Comparing a large number of Danish 
lakes of different trophic levels, Jensen et al. (1994) 
concluded that cyanobacteria were often replaced 
by green algae when total phosphorus in the lake 
water reached values above 1000 mg/m3. In lake 
Skadar, however, the filamentous green alga Plank-
tonema lauterbornii dominated the phytoplankton 
assemblage already at a total phosphorus level of 
50 mg/m3, and there is no explanation for its high 
abundance under such trophic conditions. It might 
be considered as a separate ‘stable state’ within phy-
toplankton, depending on the nature and latitude 
of the lake (Scheffer, 1998). Previous investigations 
of the phytoplankton in lake Skadar did not detect 
this species as significantly abundant.  

The maximal abundance of Cyanobacteria was 
recorded during late summer, with a peak in August 
at all localities and with the highest density at the 
pelagic localities (t2, t7, t8). At locality t2, a slight 
bloom of filamentous alga Anabaena variabilis was 
recorded in August (1x106 cells/l) and in addition to 
this locality, A. variabilis dominated the community 
of blue-greens at stations t1, t3 and t5. These algae 
are capable of storing phosphorus and fixing atmos-
pheric nitrogen, thus enabling them to survive in 
systems with different trophic levels. temperatures 
above 20°C and a decrease in transparency (Rey-
nolds, 2006) also contribute to the maximum com-
petitiveness and subsequent increase of blue greens’ 
density in the system. During the summer (dry) pe-
riod, the water temperature varied between 24.9 and 
31°C, and water transparency dropped to about 50% 
compared to that of the rainy period. Beside Ana-

baena variabilis, the contribution of Cyanobacteria 
was mainly due to colonial species Merismopedia 
punctata, Merismopedia glauca and Microcystis in-
certa that dominated the community of blue-greens 
at stations t4, t7, t8 and t9. In shallow lakes, where 
suspended particles influence underwater light, algal 
species with gas vesicles, such as Microcystis, can ei-
ther float up when underwater light conditions are 
poor or move down to avoid the high light intensity 
at the water surface (Brookes and Ganf, 2001). A 
summer peak of blue-greens in the phytoplankton 
community has also been recorded in many litera-
ture data (Fabbro and Duivenvoorden, 2000; Huszar 
et al., 2003; Mischke and nixdorf, 2003; Albay and 
Akcaalan, 2003; Chen et al., 2003).

Dinophyta showed low occurrence. They were 
mostly represented by Peridiniopsis beroliense and 
Peridiniopsis cuningtonii. exceptions were localities 
t4 and t10 where Dinophyta had a distinctly higher 
abundance and even dominated in the phytoplank-
ton community (June). One reason for this may be 
the clear-water phase due to nutrient limitations in 
the case of station t10. The high grazing resistance, 
ability of dinoflagellates to migrate vertically and 
to take up nutrients in deeper layers of the lake, 
and their mixotrophic abilities at times enable their 
dominance in the phytoplankton community (Rey-
nolds, 2006). However, localities t4 (virpazar) and 
t10 (karuc) had very different nutrient concentra-
tions: t4 had the highest and t10 the lowest tP and 
tn values in comparison with the other investigated 
stations. Apart from this, these localities were very 
similar in the abundance of Dinophyta (e.g. explo-
sion of Peridiniopsis beroliense in June). Both locali-
ties are quite isolated from the main water mass of 
the lake and protected from wind influence, which 
probably enables a stable stratification formation, at 
least for a certain time. Consequently, motile species 
like Peridiniopsis spp. gain a competitive advantage 
under such stable conditions.

Chrysophyta also exhibited low occurrence and 
were represented only by Dynobryon divergens and 
Dynobryon bavaricum. Maximal abundance of this 
group was recorded at locality karuč (t10). This is 
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probably a consequence of the low water tempera-
ture and extremely low nutrient concentration near 
this sublacustrine spring, considering that Chryso-
phyta are well adapted to such environmental con-
ditions (Dynobryon species are mixotrophic, which 
gives them more opportunities under nutrient limi-
tation; Sandgren, 1988; Reynolds, 2006; Forsstrom et 
al., 2007). 

A pattern found in shallow lakes is a constant 
wind action promoting the resuspension of sedi-
ment particles. Sediment resuspension can affect 
the underwater light climate, nutrient concentra-
tions and phytoplankton density (Wiedner et al., 
2002). The shortage of light associated with turbid-
ity and wind-promoted turbulence in the lake Ska-
dar could be an important species-selection factor. 
Strong wind is a frequent summer occurrence at 
lake Skadar and these irregularly occurring mixing 
events are the predominant disturbance to the suc-
cession of phytoplankton, disabling stratification 
and consequently steady-state formation. Wind is 
also indirectly the power factor that pushes other 
physical and chemical factors in the system to act 
more directly on the phytoplankton community. As 
expected, plankton responds to wind-generated hy-
drodynamics with changes in the community struc-
ture, as many studies of shallow lakes have docu-
mented (Wiedner et al., 2002; Chen et al., 2003; 
lopes et al., 2005; Markensten and Pierson, 2007). 
In a general sense, the horizontal heterogeneity of 
phytoplankton comes from the spatial heteroge-
neity of some limiting factors for phytoplankton 
growth (i.e., local concentration of nutrients, light 
availability) or from water movement induced by 
the surface wind shear or by inlets, which can lead 
to highly heterogeneous spatial patterns (Blukacz et 
al., 2009). Thus, it is clear that a close relationship 
exists between hydrodynamics and phytoplank-
ton patchiness. For that reason, it can be said that 
both spatial and temporal distribution of the main 
groups of phytoplankton in lake Skadar are mostly 
connected to meteorological and hydrological fac-
tors. Results from this investigation are further 
proof that the seasonal succession of phytoplank-
ton in shallow polymictic lakes shows significant 

deviations from plankton-succession trajectories 
consistent with the PeG-model.

The central, open part of lake Skadar exhibited 
similarity with previously established phytoplank-
ton data (Petković, 1981): diatoms still dominate the 
phytoplankton community during a majority of the 
year and monitoring of the phytoplankton commu-
nity at this part of the lake can actually be reduced 
to the monitoring of diatoms. On the other hand, 
in the western and especially northwestern parts of 
the lake, which are more isolated and more affected 
by rivers and springs, there were evident differ-
ences in comparison with previous phytoplankton 
data. These differences are mostly reflected in the 
fact that diatoms (which previously dominated in 
terms of abundance during a whole annual cycle), 
are nowadays replaced with greens and/or blue-
greens during almost the whole warm period of the 
year. Additionally, in both parts of the lake a higher 
total abundance of phytoplankton is registered in 
comparison with old data (at several orders of mag-
nitude). The shift from diatoms to greens and blue-
greens may be connected with the higher tn/tP 
ratio, which has increased from 6 to 21 during the 
last 30 years. nydick et al. (2004) reported a similar 
trend: taxa that increased with nitrogen enrichment 
were small colonial Chroococcales (Cyanobacteria) 
and Chlorococcales (Chlorophyta), whereas taxa 
that diminished in relative importance were Chrys-
ophyta. 

All mentioned changes indicate that the troph-
ic level of lake Skadar has increased in the last 30 
years and that the lake has generally deteriorated, 
especially its shallow, northwestern part. In order to 
protect lake Skadar, it is necessary to utilize proce-
dures capable of assessing whether nutrient enrich-
ment is under control, especially regarding the influx 
of untreated sewage water and use of fertilizers in the 
lake’s environment. 
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