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Abstract
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Archive dataanalysis showsthat during the different periods of anthropogenic impact phytopl ankton produc-
tion reaches pathologically high levels. Thus, phytoplankton is assumed as an indicator of marine water quality
and ecological health. Itslong-term excess in the Black Sea suggests the steps forward for better understanding

and management of the existing process.

Phytoplankton surplus production exhausts the ecosystem and |eads to blooms with respective consequences:
changesin water color (red, brown), bad smell, sliming of the body, indigestion after consumption of seafoods.

Blooms may last from 10 to 20 days which is disastrous for the bottom coenoses and tourist business.

The article presents the main phytoplankton species dynamics during the period 1991-2003 which hasled to

the above mentioned conditions.
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I ntroduction

Since many yearsthe biocoenosis of Varnaand
Belodlav L akes has been affected by eutrophication
processes induced by high content of biogenes,
ProvadiiskaRiver inflow—carrier of anthropogenic
load and contaminantsfrom Devnyaplants, hest pol-
lution form Heeting Power Station—Varna, (Trayanov,
1991; Trayanova, 2002).

These processesareassociated with strongly nega
tiveimpact on lakeswater quality and tourist busi-
ness. Aberration in microal gae number, low water
trangparency, foam polluted beaches, degth of fishand
jellyfishes, and man’silinessesare consegquenceswhich
excludelakesasaplacefor tourism and recreation.

From ecological view point thestability of Varnal ake
system was distorted to an extend at which the phy-
toplanktonitself became of component of eutrophi-
cation, (Moncheva, 1997; Trayanova, 2003).

Why do we often return to the historical records
of the bloom phytoplankton species, their taxonomy
and frequency of occurrence?

Becausethe prognosisfor phytoplankton blooms,
respectively water quaity, isanimportant component
for determining thefutureexploitation of thelakezones.
Moreover, the casesof massmortaity of fishand crus-
taceous have become frequent along the coast at
seemingly normal hydrobiological characterigtic of the
water body-oxygen concentrationswithinthenorm,
domination of phyto-specieswithout reaching bloom
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concentrations. It happensalso to register high phy-
toplankton concentrations and even thewater color
being changed when no hypoxiaisobserved.

VarnalL akeplaysastrategic rolein the economi-
cal development of thetown Varna. That istherea
sonwhy itsecological statusisbeing of constant in-
terest for scientific analyses. Thelatter areessentially
supported by the data base of the Institute of Fisher-
iesand theexisting literature evidence (Moncheva,
1997; Velikova, 1999).

Material and Methods

Archival databasewas consisted information that
in70'=, alot of unfavorable consequenceswere ex-
hibited concerning fisheries, tourismand aguaculture.
Large hypoxiazonesled to mass mortality of mus-
sels, crustaceousand fish, Mee, 1992.

Regular monthly observationsonthelake ecosys-
temby thelngtitute of Fisherieshascommenced since
1991 to 2003. Before and after this period the ob-
servationswere sporadic.

The80'=are period of progressive eutrophication
with prevalence of Dinophyceae (Moncheva and
Krastev, 1997).

In 90'=therewasareal reduction of the anthro-
pogenicimpact in result of the Black Seacountries
economic collapse (Velikovaet a., 1999).

Fig. 1. Varna and Beloslav Lakes (picture from
Google Earth)

Bacillariophyceae dominated within the period
1991-1998. Between 1990-1992, the highest mean
biomass belonged to Euglenealgae (121.11g.n3).

Regular monthly observationson thelake ecosys-
tem by the Institute of Fishing resources has com-
menced since 1991 to 2003. Before and after this
period the observationswere sporadic.

TheBelodav Lake(A-10,A-14), and VarnaL ake
(A-16, A-18, A-22, A-23) were surveyed (Figure
1).

The sampleswere collected by bathometerstype
“Niskin” and“Nansen” at standard horizonsfromsur-
faceto bottom. They wereput in 0.5l plastic contain-
ers, fixed in 2% formalin solution and precipitated.
Counting was performed in achamber (0.05 or 1ml)
using alight microscope” Nikon E400”.

Results and Discussion

Thelong-term monitoring on Belodav and Varna
Lakesshowsaggravated state of the ecosystem. How-
ever, recently inthe so called hyperproductive aquatic
zoneatendency for returning to the class c schemeof
devel opment spring—autumn with shifting of thehigh
biomassestoward the end of summer isobserved.

Numberswithintheframesof 50-100.10° cell.I*
during 1998-2003 in VarnaL ake are associated only
with Pr. cordatumand Oscillatoria sp. In compari-

Biomass, g/m 3

Fig. 2. Phytoplankton biomass (g.m) in Varna
Lake during 1991-2002
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son with previousyears specieswith numbersover
100.10°cell.I"* are not observed. Phytoplankton bio-
massfor 1998-2003 isthreetimes|ower in compari-
sonwith theperiod 1992-1997 (Figure 2).
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Fig. 3. Seasonal dynamics of phytoplankton
biomass (g.m3) in Varna Lake

Most probably thisison theaccount of winter and
autumn biomasses. Nevertheless, theregular hypoxia
at theend of summer isacommon phenomenon for
thelake (Figure3).

Major bloom producing speciesis Heterocapsa
triquetra. It isone of the dominating blooming spe-
ciesfromthegroup of Peridineswhich prevalenceis
anindicator of eutrophication. The specieshasbeen
studied by many researchers. According to somestud-
iesintroduction of biogenesplaysanimportant partin
bloomsinitiation by H.triquetra. In Beloslav and
Varnal akes (1991-1997) concentration of 83.10°
cells|* wasmeasured and respective biomassof 144
g.m3in March, 1995 in the eastern part (A-22) of
VarnaLake.

In spring-summer monthsthe speciesregularly
developsinthelakeswith numbersover 1 min. cellsl-
1 amost without exception, considered from 1991.

By the end of the period studied it does not exceed
thenumber measured in 1995.

In conformity with the recorded tendency for de-
creas ng anthropogeni cimpact during therecent years,
the graph shows almost two timesreductioninthe
maximum bloom number of H. triquetra.

After 1997, the highest number of the species
(24.10°%cells.I'Y) wasobserved in Beloslav Lakein
February, 2000.

During the period of the present study H. trique-
trareached far less concentrationsthan in 90ies but
still it devel oped tensof millionscellsper liter inthe
lakewaters(Figure4).

Another representative of Dinophyceaeand ma-
jor bloom speciesnot only inthelakesbut aswell in
the Black Seainfront of the Bulgarian coast is Pr.
cordatum. After 1991 up to 1997 this speciesexhib-
ited high biomass 150-160 g.m™ and number of
107.10%cdlIs| ™.

Thetoxic speciesPhaeocystiswaswidely spread
with low bloom concentrationsin May-June 1990,
accompanied by mass mortality in Varna Lake,
(Velikova, 1999).

In 1991, more concentrated bloom phenomena
were dueto Sc. costatum and N. delicatissima. In
1992 that state of phytoplankton biomass was re-
peated but during the winter season. In the second
half of April, bloom of Sc.costatum was again ob-
served, lasting about aweek and followed by another
oneinMay with 2-3 daysduration.

1992-Belodav Lakepeculiarity ingpringisabloom
of the three most abundant species: S costatum, C.
caspia, E. viridis. In VarnaL ake the number of dia-
toms dropped more than 30 times but the speciesi.
triquetra and E. viridis were found in the bloom
concentrations. Thetwo-component bloom devel oped
only inthe surfacelakewaters. Microal gae biomass
was21g.m?.

In summer 1993 in Varna Lake blooms of C.
bergonii and E. viridiswas observed. According to
themonitoring datadiatom agae prevailed in number
during thewholeyear. In spring and summer thenum-
ber of golden algaewas significant. Peridinea agae
biomasswasmaximal in summer and prevailed over
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Fig. 4. Maximal densities (x 102 cellsI?) of H. triquetra in st. A-22 (Varna Lake)
during 2000-2003

diatom onein all regionsexcept in VarnaBay. The
maximum annual phytoplankton biomassin Varna
Lake (22 g.m3) and Beloslav Lake (24 g.n3) was
registered inthe surfacelayer during the summer.

During thefirst half of 1994, I . triquetra domi-
natedin VarnaL akeand Sc. Costatum-in Belodav
Lake. InAugust, thehigher biodiversity indiceswere
associated mostly with the fact that the summer
bloomshad been over and the specieswerein equal
position. Obviously the“redtide” inthelakeswith
mass devel opment of eugleneagae had beenin June
and in the beginning of August C. bergonii and Pr.
cordatumwere blooming.

Inthespring of 1995 a*“redtide” wasregisteredin
Varnaand Beloslav Lakes, whereupon the crucial
valuesremained in the summer for Beloslav Lake.
Major specieswas| . triquetra (215 g.m?).

InAugust 1996, concentrationsin thelakeswere
higher thanthepreviousyears, particularly inBelodav
L ake where unprecedented bloom of C. granii (244
g.m®) was observed, accompanied by an absolute
maximum of nitritesand nitratesfor thelast yearsof
the monitoring which predetermined diatomeadomi-
nation over green, blue-green algae and Peridines.
In 1996, Pr. cordatum and Sc. trochoidea formed
biomassover 60 g.m= (Velikova, 1999).

In 1997, phytoplankton biomassin Belodav Lake

was higher than 1996 one and approached thelevel
of 1993. VarnaL ake biomasswasthreetimes|ower
thanthat in 1996, being thelowest one since 1990.

InJune 1997, VarnaL akewater transparency was
very low (30 cm) which wasdueto theregistered P.
cordatum bloom. The recorded phytoplankton bio-
mass at horizon Omis324.54 g.m3. The biomass of
the species pointed out is 321.52 g.m*. In May,
Diplopsalislenticula developed with number of 2.4
min.cellsl* Thereason for the observed phenomenon
could besought inthe higher temperaturesinthewhole
layer in comparisonwith June, 1996, aswell asinthe
richer biogeneinflow.

In 1998, in the western part of Beloslav Lake
dominated diatom Skel etonema costatum46.2 g.nr
3 (spring), Cyclotella caspia 23.112 g.m3(summer)
and euglene microal gae which were over 50% of the
total biomassand number in thelake. Biomassand
number were maximal for the period studied at st.
A10 (May)- surface layer 23.54 g.m?, 56.28 .10°
cells.|? (bloomsof Skeletonema costatum-46.3.10
6 cells?, Heterocapsatriquetra—1.41.10° cells.l?,
Eutreptiaviridis-1.84.10° cells.| ). Thalassiosira
rotula at st. A14 wasidentified with number of 853
000 cells.I* and biomass of 8.6 g.m3, Apedinella
spinifera—1.52.10° cells.I’* Autreptia viridis—
1.31.10°% cells.I*t, Phacus sp. —1.95.10° cells.|*
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Fig. 5. Month dynamics of phytoplankton
biomass (g.m=) on the station A-22 in Varna
Lake during 1998

In May 1998, uncommonly high numbers of
protozoi ¢ zooplankton were observed, especially of
Ebria tripartita, considered in the past for phy-
toplankton of the silocoflagellatesgroup. At st. A-10
A. tripartita had concentration of 306 000 cell.l?,
and the other Protozoa reached the number of 267
000 cdll.I* (Figure5).

In 1999 in Beloslav Lake bloomed the species
Cycl. caspia-20.02.10° cells.I* (spring), Pr.
cordatum- 92.79.10° cellsI™* (summer), andin Varna
Lake - Het. triquetra-18.78.10° cells.l%, Oscilla-
toriasp.- 54.03.10° cells.| .

During 2000 in Beloslav Lake bloomed
Heterocapsatriquetra—24.2.10° cellsl, Prorocen-
trum cordatum -59.43.10° cells.I, Flagellates-
10.24 min.cellsltandin VarnaL ake- Heterocapsa
triquetra — 19.74.10° cells.I, P. cordatum —
72.32.10° cellsI?, Cyclotella caspia — 19.5.10°
cdlsl|?t(Figure6).

On Figure 6 can be seen the higher biomassin
Varna Lake (1995-2000) than that in the Bay and
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Fig. 6. Dynamics of phytoplankton biomass
(g.m3) in Varna Lake-A-22, Varna Bay-B-5,
Galata-1mile, Galata-3miles

coastdl waters. Thiscorrelationisobserved duringthe
next yearsaswell.

In 2001 high density formed by Pr.cordatum-
12.18.10° cells.I%, C. caspia-6.91.10° cells.I %, Sk.
costatum+5.05.10° cellsl*inBelodav Lake, inVarna
Lake-C. pelagica-10.8.10° cells|™* 1, Sk. costatum-
5.67.10% cells ™.

In 2002 the mean annual biomass of the phy-
toplanktonin Belodav Lakeexhibited thelowest value
incomparison withtheentire 12-year period. InApril
2002, inVarnaL akethe high biomass-27.22 g.m?3,
formed by Heterocapsa triquetra-19.30 g.nm3.

InMay 2002 the bloom wasmonospecific, formed
by Prorocentrum cordatum (25.28 g.m3). In May
the arising main body of the speciesbloom was de-
fined. It continued in Juneaswell and between 6-12
June, 2002 “red tide” of that peridine (46.2 g.m™)
was observed. In November, 2002 in Varna Lake,
similar tothesituationin Belodav Lake, thelowest
mean biomass (3.9 g.m3) from 1992 up to now was
measured.
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For 2003 due to the lack of full data (sampling
carried out only inwinter), the seasonal phytoplank-
ton dynamicsin thelake could not beanalyzed.

Inthe spring of 2003 inVarna L ake high number
and biomassexhibited the peridineH. triquetra—(den-
Sity-9.7910° cell I, biomass-16.77 g.m?), atypical
species forming for years the blooms in the lake.
Salpingoeca spinifera-2.78.10° cells.| .

After 2000, diatom-peridine-euglenecomplex have
been formed. The heterotrophic Dinophyceaedomi-

nated during the greater part of theyear, mostly small-
Szed specieswith high rate of reproduction. Frequent
bloom concentrationsexhibited Apedinelaspinifera,
Pr. fiordatum, Auglena viridis , Heterocapsa tri-
quetra (Figure7).

Thedistribution of Shannon’sindex showsapos-
tivetendency for stabilization of the ecosystem but
nevertheless Varna Lake basin is still defined asa
hypereutrophic zonewith largefluctuationsintheoxy-
genregimeand surplusproductivity.
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The excess ve phytoplankton development inthe
surfacelayersdecreaseswater transparency. On Fig-
ure8itisclearly ssenwhenin summer thebiomassis
higher, water transparency isunder 2m.

Other lakeswhich ecological statushasbeen stud-
ied by the Institute of Fisheriesare Durankulak and
ShablaL akes, located in the northern part of the Bul-
garian Black Seacoastal zone. They are character-
ized withisolation from the sea by sand dikes, maxi-
mum depth of 4 m, autochtonous origin of species,
indggnificantindustrid activity intheir regions(Figure
9). Sampling was performed in A pril-June-Septem-
ber, 2001-2003.

The highest number was registered in spring in
Durankulag Lake (2.81.10° cells.I), in summerin
bothlakes: Durankulag Lake—24.92.10° cdllsl|* and
ShablaLake-11.15.10° cdllsI*. Theautumnischar-
acterized with high number in bothlakes: Durankulag
Lake—20.3.10° cellsI* and Shabla Lake—28.06.10°
cdlsl(Tablel).

The main speciesrepresented in the bloom con-
centrationsare Microcystis sp. and Oscillatoria sp.,
order Cyanophyta.

Thehighest biomass (27.97 g.m3) in Durankulag
Lakewasregisteredin June, 2001. Thedegreeof its
eutrophication washigher than that of ShablaL ake.

Fig. 9. Durankulag and Shabla Lakes (Picture from Google Earth)

Tablel

Predominating phytoplankton species (density, .10° cells|™ ) in Durankulag and Shabla L ake

| Spring 2001-2003 |

Summer 2001-2003 [ Autumn 2001-2003

Scenedesmus sp. (2.81)
Monoraphidium sp.(2.41)

Scenedesmus sp.(2.24)
Anabena sp. (3.49)
Monoraphidium sp. (6.94)

Scenedesmus sp.(3.01)
Monoraphidium sp. (9.57)
Microcystis sp. (20.3)

Durankulag
Lake C,yc!otella. - (3.81) Aphanizomenon sp. (4.3)
O‘?C'”ator.' a . (24.92) Merismopedia sp. (1.41)
Microcystis sp. (4.54) Anabena sp. (1.37)
Monoraphidium sp. (6.94)
Microcystis sp. (11.15) Microcystis sp. (28.06)
Shabla Actinastrum sp. (1.84) Micractinium sp. (2.31)
Lake Cyclotella sp. (1.65) Oscillatoria sp. (1.67) Cyclotella sp. (2.36)

Micractinium sp. (2.09)

Phormidium sp. (1.54)
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Inthe coastal water areasthereduction of anthro-
pogenicimpact intherecent yearsisrelated with the
relative reduction of phytoplankton number and bio-
meassof thecommon bloom producing species. Inspite
of the decreasing tendency and relative reduction of
thenumber of some bloom speciesin comparisonwith
80'=, biomassesremain comparatively highand mostly
during thewarm half of theyear changevisibly the
color of lakewater and sometimes of VarnaBay as
well. In 2003 thefirst bloom of Heterocapsa trique-
tra and Exuviella cordata was observed in April—
May whenit caused achangeinthecolor of [akeweter.

In comparison with the period of enhanced
eutrophicationintherecent yearsthefrequency of phy-
toplankton bloomsdecreasessignificantly.

Conclusions

Postivefeatures:

Increased quantity of vegetative species-191
(1998-2003) in comparison with 130 (1991-1997).

Mean annua phytoplankton biomass decreasesin
comparison with 1991-1997.

In spite of the high biomasses, no anoxiais ob-
served in both lakeswhich causesmassfish mortality.

Numberswithin the scope of 50-100.10° cells.|*
during the period studied are associated only with Pr.
cordatumand Oscillatoria sp. Specieswith numbers
over 100.10° cells.I"* are not observed.

Low frequency of blooming activity - 1-3 blooms
per year.

Thehighest biomassisformed during peridinePr.
Cordatum and diatomea C. belagica blooming
(113.55 g.m™) but in comparison with previousyears
itistwotimes|ower.

For thefirst timesince 1991 in 2001 and 2002 a
drastic reduction in theautumn biomasseswas estab-
lished —under 1g.m® mean seasond value.

Biomassreductionin the period 1998-2003 ison
theaccount of winter and autumn phytoplankton bio-
massreduction.

Tendency for restoration of theclassical schemeof
phytoplankton developmentinVarnalL ake. However,
biodiversity of |ake phytoplanktonin comparisonwith
VarnaBay and open seaisstill lower. Despitethe posi-
tivefeaturesof therecent ecological statusof thelake
system, water quality do not satisfy thecriteriafor its
intensive usefor tourism and recreational purposes.
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