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Study area Changes of the total phytoplankton biomass and structure in relation of environmental factors
Location: Northeastern Bulgaria, right bank of the Danube River between 393 - 391 river km .
(Fig.1.) Material and methods
Coordinates: Latittude 44° 07' N, Longitude 27° 04' E Investigated period: 2002 - 2007. Lliterary data (Stoyneva, 1998, 2000) have been used for comparison about the period before 2002.
Open water surface: 0.6 km? Sampling: Samples (0.5 |) were taken monthly (2002 - 2004), or every two months (2005 - 2007), from the whole water column and preserved with formalin (to 4 %).
Mean depth: 2.5 m Phytoplankton processing: counting in haemocytometer chamber by normal light microscope (200 x), biovolume estimation by method of geometrical approximations (Rott, 1981).
. Chemical and physical variables used as explanatory variables in the analyses: water level (m. a. s. |.), water temperature (°C), conductivity (uS m™), pH, transparency (Secchi depth, m);
D&"Ube Rlver NH,-N; NO,-N; NO,-N; PO,-P (mg I'"); dissolved O, (mg I") (Hiebaum et al., 2000). Statistical analyses applied: Redundancy analysis (RDA), Canonical correspondence analysis (CCA).
Ordinations were implemented by the CANOCO statistical package version 4.5 (Ter Braak & Smilauer, 2002).
'i Results
Romania
. ; After reconnection between the lake and the Danube River the lake water level has increased substantially (Vasilev et al., 2008), (Fig. 2). It was closely related with increase of Secchi depth
. & DﬂﬂﬂbeRwer i
BY Srebarna - transparency (Fig. 3).
A
. T *Sofia
i _; Bulgaria 14.0 — ' ' ' ' ' ' ' ' ' ' ' ' ' 3.5 1 : - 15.5
§ L _ ] —@&— Secchi depth, m -
e 8Ty g, T —~ 1995-2007 ' '
§ o ! ey, ! - - - —A— Lake water level, m. a. s. I. - 15
S 13.5 - -6 - 1991-1993 3 1 : _
_ — _ ] - 14.5
13.0 | T / ]\u—g\[ L - 2.5 : z
£ |~ | ~, £ L 14
3 12,5 . S R £ ,: P
. 2 L= L] o 2 135
£Y O (- _ _ - T T _ - T - —_ B . . © : ((}]
+, \.Srebarna Biosphere g 120/ = g 2
% 3 O Y I Q
\ Resel've © 115 SR ik i G TN 8 [ ©
L~ . Gnmom O =" < o~ < ~& oo DY w i R 12-5 ;
S 7" " 1 - ; )
S - ] oo L 12§
11.0 | | ] : R
B L 0.5 - [
N - - - 11.5
10.5 i
0 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I [ 11
10.0 ' — ' R R R e e
) c 0 S b~ > c E (@) Q "5 > (&) OO0 00OO00000000O0O0OO0O0O0OO0O0O0O0O0OO0OO0O0O0O0O0O0OO0O
-~ s 22 2 8§3332838 28 SREEEBRRRRRRN NSRRGSR
...... e D W = O < O Z 0 R=2TSSSRNXF=273533X=2>35XX=2735%=">53
- * Months Months-Years
T }h — Fig. 2. Seasonal changes of water level of the Srebarna Lake before period 1991-1993 and Fig. 3. Changes of the lake water level and Secchi depth during the period
~ * after period 1995 - 2007- the reconnection to the river. September 2002 - October 2007.

§ The total phytoplankton biomass has changed conversely to the lake water level fluctuations Fig. 4. As have been already established for the period till 2005 (Beshkova et al., 2008) the phytoplankton
:1 biomass showed hypereutrophic status. Similar results showed primary productivity and Chl-a concentration (Vasilev et all., 2008). In years with the highest water level (2005 and 2006) the
5_,; phytoplankton biomass was close to the boundary value between eu- and hypereutrophy (according to scale of Likens, 1975). It started to increase again in 2007, when the water level begun to
s decrease.
Sreba rna 5 Decrease of phytoplankton biomass was due mainly to the reduction of Cyanophyta rate in summer (Fig. 5).
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The Srebarna Lake was designated as a Monument of World Cultural and Natural Heritage (1983), @ ] g g 60 - [ 13 g
UNESCO biosphere reserve (1977), Ramsar site (1975) and Important Bird Area (1990) because of its £ 100 - - o - [ S
extremely rich ornithofauna and role as breeding site of globally threatened species like Dalmatian Pelican _g ] T>’ 8 50 A ?;
(Pelecanus crispus), Pygmy Cormorant (Phalacrocorax pygmeus) and Ferruginous Duck (Aythya nyroca). S 80 | 2 ,E 40 ] - 12.5 q>,
The main stages and important events in the recent lake ecological development were described by £ 60 - ] 1 § = | o
Stoyneva & Michev (1998) and may be summarized as follow: ¢_% g 8— 30 - [ 12 ..%
Q 40 - c . I
e Natural stage: up to 1948, at which time it was supposed to have meso to slightly eutrophic status with -g 1B 1 % g. 20 - [ d;J
regular annual flooding of Danube waters. T 20 - 10| - 11.5 EU
e Disturbance period: the dike building in 1948 caused interruption of the connection with the river. As a 0 o ' o ' c ' o ' o ' o T 0 1 ‘ ﬂ _ 11
result water exchange decreased twice, water area, lake volume and depth diminished, eutrophication 8 & o0 8§ 88 8 8 ' '
and bottom siltation, accelerated (PO, increase from 0.02 to 0.2 mg I"), blooms of cyanoprokaryota g § g g - T ° 2002 2003 2004 2005 2006 2007
occurred frequently, Bosmina and Daphnia species in zooplankton disappeared, zoobenthos degradated 2 & g @2 Years Years
(rare or absent) fish yield and species number were reduced several times. £
« Restoration activities: the main recovery measure (besides cutting and burning the reed in the past) was Fig. 4. Inter annual changes of the tqtal phytoplankton biomass and_wate_r level in the Fig. 5. Inter annual changes of the Cyanophyta share (% of the total biomass) and
Srebarna Lake during the periods before and after reconnection with the water level during the period 2002 - 2007.

the construction and operation start of an artificial canal between the lake and the Danube Riverin 1994. Danube River.

e Effects by restoration activities
Based on the data reported by many authors concerning different aspects of lake ecosystem restoration

as phytoplankton (Stoyneva et al., 1998, 2000, 2003), zooplankton (Pehlivanov et al., 2004, Tzavkova, Inter annual variations of phytoplankton divisions (Fig. 6) were higher than seasonal ones (Fig. 7) 1.5 :
2005), macrozoobenthos (Uzunov et al., 2001), fishes (Pehlivanov et al., 2004) and by own monitoring as the Secchi depth transparency appeared as a main explanatory factor along the first axis and I
dat ’ | Kalchev et al. (2007 b,I' hed ’ hensive literat ’ £ the ch £ th nitrate nitrogen along the second. Secchi depth followed the changes of water level (Fig. 3). !
ata analyses Kalchev et al. (2007) published a comprehensive literature survey of the changes orine Cryptophyta were most abundant at higher Secchi depth conversely of Cyanophyta. :
lake ecosystem before and after the reconnection and up to 2003. The authors reported many positive Bacillariophyta and Cyanophyta were competitors in respect to nitrate nitrogen (N:P ratio P yrr hophyta
effects as: water level rising, decrease of nutrient concentrations, phytoplankton abundance decrease, respectively). I
zooplankton species enrichment and reappearance of several Daphnia and Bosmina species, Seasonal variability was low and related to nitrate nitrogen and pH variations. Cyanophyta were |
reappearance of benthos organisms, of some bird species and general tendency to trophy decrease. close related to their increase (mainly in summer and autumn) followed by Bacillariophyta and : Bacillariophvt
_ _ , | ) ) | actllariophyta
However some negative observations also been reported as: the slow macrozoobenthos succession, Chlorophyta. Nitrate nitrogen appeared as an explanatory factor both on inter-annual and ;
fish abundance and composition being far away from the natural state, long-term trend fluctuations of seasonal time scale, which indicates that phytoplankton was nitrogen limited, as a result from the :
Secchi disk depth between 0.4 and 1.2 m estimating the lake as definitely hypereutrophic (OECD scale, low N:Pratio. Inthe years of high water levels, N:P ratio substantially increased. :
Vollenweider et al., 1982), long term trend of the chlorophyll-a putting the lake also in the hypereutrophic i
stage (only in some years the lake status might be estimated between eutrophy and hypereutrophy). 4 : E
« jyrthihe h i :
g Bl . NO3-N S
= i .
: . Cyanophyta
| Samples Euol hvt |
e uglenopnyta ,
| O Low WL 5
i . o I
| m High WL :
| O 2007 i
i i\ Chlorophyta
O /a_ . . = i PRy
0 O | Bacillariophyta |
q a
O ' a Pyrrhophyta
& - i
i . T m I I
C yanophyta. ; Samples |
M 3t i 5
ot O . @® Spring .
: Chlorophyta & ©m ™secchi depth i
L] gaa i 1
References U 5 | Chrysophyta ® B 1 \d i
Beshkova, M. B., R. K. Kalchev, V. Vasilev, R. L. Tsvetkova. 2008. Changes of the Phytoplankton 5 A Autum n :
Abundance and Structure in the Biosphere Reserve Srebarna (Northeastern Bulgaria) in Realtion to the ' Euglenophyta Cryptophyta i + Cryptophyta
Some Environmental Variables. Acta zool. bulg., Suppl. 2: 165-174. i A |
Hiebaum, G., V. Tsavkova, V. Vasilev, P. Khristova. 2000. Water quality. In: Management Plan of the _2_ 5 i
Srebarana Biosphere Reserve, Editon 2000, CLGE, BAS: 11-12. -3 _ : . _ _ _ . t t } t '
Kalchev, R., V. Vasilev, G. Hiebaum, V. Tzavkova, L. Pehlivanov. 2007. Recovery of Srebarna Lake: 9 ' ' ' ' ' ' ' 6 1.5 1.5
Experience and Perspectives. Journal of Balkan Ecology, 10, 2: 117-130. E ) )
Likens, G. E. 1975. Primary productivity of inland aquatic ecosystems. In: H. Lieth, R. Whittaker (Eds.),
Pri ductivity of the biosphere, Ecological Studies, 14, Spri -Verlag, Berlin, Heidelberg, : : L : : : : L :
NZZ?(;}/rIquSg-Z:)‘/ZIy Of #1e DIoSpActe, EEOI0gIEAL SIECIES Pringer-veriag, Betiin, Heldelbery Fig. 6. Relations between the annual variations of biomasses of phytoplankton divisions with Fig. 7. Relations between seasonal variations of biomasses of phytoplankton divisions
Rott, E. 1981. Some results from phytoplankton counting intercalibrations. Schweiz. Z. Hydrol., 161: 159- environmental factors based on Canonical correspondence analysis. Low WL years: sl ] e e o R ey el sk
171, 2002-2003; High WL years: 2004-2006.
Stoyneva, M. P. 1998. Development of the phytoplankton of the shallow Srebarna Lake (north-eastern
Bulgaria) across a trophic gradient. Hygrobiologia, 369/370: 259-267 . C | .
Stoyneva, M. 2000. Phytoplankton. In: Water quality. In: Management Plan of the Srebarana Biosphere onclusion
Reserve, Editon 2000, CLGE, BAS: 16-18. . : : : : : : :
Stoyneva, M., Michev T. 1998. Algae. In: Michev, T. M., B. B. Georgiev, A. V. Petrova & M. P. Stoyneva, 1998. As have been already noticed by Kalchev et al. (2007) the operation of the channel between the lake Srebarna and the Danube River has caused an alternation of periods of increasing and decreasing
Biodiversity of the Srebarna Biospere Reserve. Checklist and bibliography. Sofia, Co-publ. Context & trophy fluctuations mainly due to the lake water level changes predetermined and sustained by variations in water level of the Danube River. As a result the lake water level showed a tendency to rising
Pensoft. 10-37. after the channel building, while the concentrations of nitrates and phosphates in the lake became significantly lower and N:P ratio respectively higher than those in the Danube river. However,
Ter Braak, C. J. F. & P. Smilauer (2002). CANOCO Reference manual and CanoDraw for Windows User's because the water inflow from the river happened for a short time and in widely varying quantities depending on the precipitation-quantity in the Danube river catchments area in different years, the
guide: Software for Canonical Community Ordination (version 4.5). Microcomputer Power (Ithaca, NY, reduction of nutrient concentrations and of sapropel layer caused by the dilution effect has not led to a sustainable improvement of the lake trophic status. This is well demonstrated by the changes of
USA), 500 pp. phytoplankton, whose total biomass and Cyanophyta share decreased during the extremely high water years 2005 - 2006, but started to increase again in 2007, when the water level decreased. The
Vasilev, V., V. Tsavkova, G. Hiebaum, R. Kalchev, 2008. Primary production in the Srebarna lake and factors comparison of the lake with similar wetlands in Austria, Serbia, Croatia and Rumania in respect to vertebrate fauna, (mainly the groups of fishes and birds) shows that the number of fish species are
influencing on the seasonal and interannual variations. Acta Zool. bulg., Supll.2: 185-192. double and the birds about 100 species less in Sreburna thanin the other wetlands (Kalchev et al., unpublished data).
Acknowledgements: We are grateful of Ministry of Environment and Waters of the Government of Itis evident that the construction of the channel although presents an important step to lake recovery is not sufficient to support permanent and stable tendency to improvement of the lake trophic state.
Republic of Bulgaria funding the project “Monitoring of the biosphere reserve “Srebarna” with the view to The main reason is the availability of one channel only used for water inflow. The building of a second outlet channels and a proper operation of both inlet and outlet channels would provide each year
control its status and to create the scientific basis for its management”. We thanks to Ivan Botev for his help during high water periods an inexpensive and more effective removal of accumulated organic substances by natural forces and would favour a dynamic interaction between river and lake

in poster designing. ichthyocenosises.



	Page 1

