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Abstract. Littoral diatom communities in two reservoirs in Bulgaria - Koprinka and Zhrebchevo — were studied to
determine the qualitative and quantitative composition in relation to major environmental factors. The total
number of diatom taxa recorded in the epilithon was 173. Canonical correspondence analysis was used to
explore the relationships between environmental variables and patterns in the epilithic diatom assemblages.
Transparency, temperature, pH and dissolved oxygen were found to be the most important environmental
factors which determined the distribution of diatoms in summer and autumn in the Zhrebchevo Reservoir.
Conductivity and concentrations of calcium and bicarbonate ions were the most important environmental
factors for the distribution of diatom communities in the Koprinka Reservoir. The Zhrebchevo Reservoir,

which is infested by Dreissena polymorpha, was characterized by much higher rates of benthic primary

productivity than the uninfested Koprinka Reservoir.
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Introduction

Rapid spread of an invasive bivalve mollusc species
from genus Dreissena was recently reported in the in-
land waters of Bulgaria (Hubenov 2002, 2005; Trichk-
ova & al. 2008, 2009). The potential threat of negative
ecological and economic impacts necessitates the un-
dertaking of urgent steps, including regular monitoring
and risk assessment, along with the control measures
for recreation, fishing, aquaculture, and other industri-
al activities in the reservoirs (Trichkova & al. 2009).
Diatoms have been used extensively as biomoni-
tors of water quality and they are one of the most suit-
able biological components of aquatic ecosystems for
tracking environmental disturbances. Epilithic taxa
may be especially useful indicators owing to the fact

that: 1. rock substrates are abundant in most regions,
whereas some sites lack other substrates, such as mac-
rophytes or filamentous algae; 2. rocks often support
a diverse diatom flora, thus increasing the robustness
of biomonitoring models; and 3. unlike some taxa liv-
ing attached to plants, epilithic algae are rather less de-
pendent on the substrate as a nutrient source, hence,
epilithic populations are more likely to track ambient
water quality (Reavie & Smol 1998).

Most of the published data on diatoms in the res-
ervoirs of Bulgaria were related to phytoplankton in-
vestigations (Naidenow & Saiz 1977, 1987; Saiz 1977,
1981, 1987; Beshkova 1995, 1996; Beshkova & Botev
1994, Beshkova & Saiz 2006). Surveys of diatoms in
periphytic communities have not been published so
far. The present study is the first detailed investiga-
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tion of the periphytic diatom flora in two reservoirs

in Bulgaria within the drainage basin of River Maritsa

(Aegean Sea Basin): Koprinka and Zhrebchevo water

reservoirs.

The objectives of this study were:

e To explore the relative abundance and diversity of
diatom flora;

e To examine the relationship between diatom flora
and major environmental factors;

e To compare the community composition of dia-
toms in the Zhrebchevo Reservoir, which is infest-
ed by Dreissena polymorpha, with that of Koprinka
Reservoir, which is uninfested.

Material and methods

The Koprinka and Zhrebchevo reservoirs were stud-
ied (Fig. 1). They are located along River Tundzha, in
the drainage area of River Maritsa, Aegean Sea Basin.
The Koprinka Reservoir is located upstream, at an alti-
tude of 397 m a.s.l., it has a surface area of 840 ha and a
maximum depth of about 30 m. The Zhrebchevo Res-
ervoir is located at an altitude of 274 m a.sl, it has a
much larger surface area of 2580 ha and a maximum
depth of 52 m. The two reservoirs are used for power
generation, irrigation, aquaculture, recreation, and rec-
reational fishing. Our preliminary results showed that
Zhrebchevo Reservoir was heavily infested by the Ze-
bra Mussel (Dreissena polymorpha), while Koprinka
Reservoir was uninfested (Tyufekchieva & al. 2010).

Samples of water chemistry were collected in Au-
gust 2009 and October-November 2010, while sam-
ples of diatoms were collected in August 2009, May
2010 and October-November 2010. Three sites were
sampled in the Koprinka Reservoir and four sites in
the Zhrebchevo Reservoir (Fig. 1).

Water chemistry was sampled from the surface
(0.5 m, by means of one litre Friedenger sampler) at
each site. Conductivity, pH, dissolved oxygen, and tem-
perature were measured in situ by instruments and
electrode type WTW Conductometer 3110 Set 3, Elec-
trode KLE 325, WTW pH Meter 3210 Set 2; Electrode
SenTix 41 and WTW Oxi Meter 3210 Set 3, Electrode
DurOX 325-3, without stirring during measurements.
Secchi depth transparency was measured in situ as well.
The rest of the parameters were measured in the labora-
tory. Ammonia-nitrogen was measured by spectropho-
tometry and Indophenol blue. Ortho-phosphate phos-

phorus was determined by spectrophotometry and
ammonium molybdate method with ascorbic acid re-
duction and total phosphorus, using the same meth-
od after persulfate digestion. Total dissolved nitrogen
was measured by spectrophotometry, using persulfate
digestion with cadmium reduction. Dissolved reactive
silica was determined by spectrophotometry ammoni-
um molybdate, KNa-tartarate method with SnCl, re-
duction. Sulfate, chloride, nitrate, calcium, magnesium,

Koprinka Reservoir

Tundzha River
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Fig. 1. Sketch map of the survey area with studied reservoirs within
River Tundzha basin. K1, K2. K3, Z1, Z2, Z3, Z4 - locations of
environmental samples. K18, K1A, K28, K2A, K38, K3A, Z1aS$,
Z1bS, Z1aA, Z1bA, 728, Z2A, 73S, Z3A, Z4S, Z4A - locations of
diatom samples. S = Summer; A = Autumn.
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sodium, potassium, all were measured by ion chroma-
tography (DX-120 Dionex), with electrochemical flu-
ent suppression. Total organic carbon was determined
by TOC 5000 Shimadzu Analyzer.

A total of 23 epilithic diatom samples were collect-
ed in the two reservoirs. Methods for epilithon sam-
pling followed those described by Cameron (1997).
The samples were cleaned, according to the standard
methods described by Battarbee (1986). The cleaned
diatoms were identified and counted under oil im-
mersion at magnification of c. x 800 or x 2000, with
a light microscope. A minimum of 300 valves was
counted in every sample (Renberg 1990). In general,
nomenclature followed Krammer & Lange-Bertalot
(1986-1991), Round & al. (1990) and Hofmann & al.
(2011). Preparation for scanning electron microsco-
py followed Hasle & Fryxell (1970) and samples were
examined on Jeol JSM-5510. The spectra of physico-
chemical tolerance of the identified diatom taxa were
based mainly on Lowe (1974), Krammer & Lange-
Bertalot (1986-1991), Van Dam & al. (1994), and Ra-
kowska (2001).

The minimum-variance clustering (Ward’s meth-
od) based on squared Euclidean distances was used to
group the samples on the basis of their diatom species
composition.

Principal component analysis (PCA), based on a
correlation matrix by centring and standardization,
was used to summarize the major patterns of variation
within environmental data. For the purpose of mul-
tivariate analysis, diatom species were expressed as
relative abundance (% total diatoms) and only those
taxa exceeding 2 % in any single sample were retained.
For DCA and CCA analysis, the most diverse diatom
sample per lake was chosen. Detrended Correspond-
ence Analysis (DCA) (Hill & Gauch 1980) - detrend-
ing by segments — was run with diatom assemblages
to estimate the length of gradient as a measure of beta
diversity in community composition. When the gra-
dient length was >3, the relationships between the di-
atom assemblages and environmental variables were
explored in more detail, using Canonical Correspond-
ence Analysis (CCA) (ter Braak 1986, 1995; ter Braak
& Prentice 1988; ter Braak & Verdonschot 1995). Only
the diatom samples and environmental variables from
August 2009 and October-November 2010 were in-
cluded in the analysis. Ordinations were implement-
ed by the CANOCO statistical package (ter Braak &
Smilauer 2002).

Results

Water chemistry

The results of all measured environmental data are
shown in Table 1. Principal Component Analysis was
used to summarize the major patterns of variation
within the samples from August 2009, and the results
are presented as a PCA correlation biplot in Fig. 2.
In the biplot, variables with high positive correlation
have generally small angles between their arrows. Var-
iables with long arrows have high variance and are
generally more important within the data.

The first two principal components (\; = 0.733,A; =
0.125) account cumulatively for 85.8 % of the total var-
iance and capture effectively the main patterns of vari-
ation in the environmental data. The first axis is related
to conductivity, calcium, magnesium, potassium, bicar-
bonate ions, sodium, chloride ions, sulphate, dissolved
nitrogen, dissolved reactive silica, dissolved organ-
ic carbon, pH, orthophosphate, total phosphorus, and
contrasts the sites in Zhrebchevo Reservoir — Z1, 72,
Z3, Z4 (with higher values of these parameters) plot-
ted on the left side of the diagram, with the ones in Ko-
prinka Reservoir - K1, K2, K3 (with lower values of the
above parameters, but higher orthophosphate and to-
tal phosphorus plotted on the right side of the diagram
(Table 1). Axis 2 is related to transparency, nitrate ni-
trogen, ammonium nitrogen, and separates the shal-
low sites in the two reservoirs — Z4, K3 (located close
to the ecotone zone) and plotted on the top of the di-
agram, which have the lowest values of transparency
and nitrate nitrogen, and especially site Z4 which has
the highest values of ammonium nitrogen (69 pgN/1)
(Table 1). The highest values of transparency (above
350 cm) were measured in deeper sites in the Zhreb-
chevo Reservoir.

Relative abundance and diversity of the
diatom flora

The total number of diatom taxa recorded in the ep-
ilithon and the sediment samples from the surveyed
lakes was 173. They were referred to 40 genera, be-
longing to three classes: Coscinodiscophyceae, Fragi-
lariophyceae and Bacillariophyceae. Nineteen forms
could not be identified beyond the generic level, and
they were listed as “sp.” In terms of taxonomic di-
versity, the classes Fragilariophyceae and Bacillario-
phyceae prevailed (90.4 %). Identification of diatoms
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Table 1. Physical and chemical parameters of the Koprinka and Zhrebchevo Reservoirs in August 2009 and October and November
2010. NH4-N = ammonium nitrogen; NO3-N = nitrate nitrogen, DN = dissolved nitrogen; PO4-P = ortho-phosphate phosphorus,
TP = total phosphorus; DRSi = dissolved reactive silica; DOC = dissolved organic carbon.

Site and month, year - - - - - -
H [=2) [=2) [=2) [=2) (=] (=] S S
T sl s 155|555 555|553
Parameters g' g' g' g' g' g' g' :' :' :' S' S' S' S'
S| 2| 2| ]| R | Q| ||| g | /| N8| Q| X
Temperature, °C 26.8 26.3 29.0 25.3 25.6 26.0 25.4 13.3 13.1 12.5 12.8 13.0 12.9 12.6
pH 9.13 9.03 9.04 8.70 8.70 8.71 8.69 8.00 8.08 8.33 7.95 8.04 7.97 8.03
Conductivity, uS/cm 195 194 192 322 360 339 341 231 231 230 337 341 345 352
Dissolved Oxygen, mg/1 9.7 9.0 9.1 9.7 9.5 9.3 102 86 8.8 9.3 8.1 8.4 8.0 9.2
Transparency, m 2.9 3.2 2.1 3.5 3.5 4.5 1.9 1.9 2.0 1.8 4.2 4.1 2.3 1.3
Ca2t, mg/l 25.67 25.15 2444 42,15 4381 4298 40.35 32.06 30.06 28.06 52.10 52.10 50.10 40.08
HCO3, mg/l 109.80 106.75 106.75 134.20 155.55 167.75 158.60 128.10 128.10 128.10 158.60 164.70 161.65 167.75
Mg2*, mg/l 703 699 710 1216 1214 1223 1240 - - - - - - -
Nalt, mg/l 4.68 4.71 4.80 12.03 11.89 1193 1226 - - - - - - -
Kt mg/l 1.32 1.33 1.29 2.19 1.99 2.03 2.00 - - - - - - -
NH4-N, ugN/1 5 31 1 4 3 35 69 - - - - - - -
NO3-N, pgN/l 114 112 10 452 507 322 104 - - - - - - -
5042', mg/l 13.82 13.82 1445 38.26 38.18 38.28 38.89 - - - - - - -
clt, mg/l 2.64 2.65 2.68 9.25 9.16 9.22 9.39 - - - - - - -
PO4-P, ugP/1 40.9 36.2 7.9 17.4 6.8 44 8.2 - - - - - - -
TP, ugP/l 541 471 241 321 156 97 188 - - - - - - -
DN, mgN/1 0.27 0.31 0.21 0.59 0.64 0.56 0.39 - - - - - - -
DOC, mgC/1 2.35 2.39 2.77 2.87 2.80 3.06 3.10 - - - - - - -
DRSi, mgSi/l 1.93 191 1.21 2.80 3.23 2.95 2.58 - - - - - - -
2 z° f schk., Craticula Grun., Hippodonta L.-Bert., Metz.,
NHaN Witk., Placoneis Mereshk., Stauroneis Ehr., Pinnular-
] Dissotved Oxygen ia Ehr., Caloneis Cleve., Diploneis Ehr, Anemoeoneis
poc \ o Pfitzer, Neidium Pfitzer, and Gyrosigma Hassall. The
Mg Na| 7103, Temperature most species—rich genera were Navicula Bory (32
1 Gt == ", ™| taxa), followed by Nitzschia Hassall (23), Cymbella C.

Transparency

1.5

Fig. 2. Correlation biplot based on the Principal Component Analy-
sis of 17 chemical variables from the Zhrebchevo and Koprinka
reservoirs, sampling August "2009. For abbreviation of chemical
variables see title of Table 1. For codes of samples see legend of Fig. 1.

belonging to the genera Achnanthes Bory sensu lato,
Fragilaria Lyngbye sensu lato, Cymbella Agardh sen-
su lato, Navicula Bory sensu lato, and Gomphonema
Agardh followed the accepted names in Hofmann &
al. (2011). The order Naviculales showed the great-
est generic diversity. Thirteen genera were identified:
Navicula Bory, Luticola D. Mann, Sellaphora Mere-

Agardh sensu lato (11), and Fragilaria Lyngb. (11).
The greatest species diversity was identified within
genus Navicula Bory. Most of these species were well
represented in almost all samples, but only some of
them were dominant in the diatom association: e.g.
N. capitatoradiata Germain, N. cryptotenella Lange-
Bertalot, N. tripunctata (O.Miill.) Bory, and N. vene-
ta Kiitzing (Plates 1-2).

The total number of species found in the two inves-
tigated reservoirs was very similar: 138 in the Zhreb-
chevo Reservoir and 136 in the Koprinka Reservoir.
The investigated samples from the Zhrebchevo Res-
ervoir were generally dominated by Pseudostaurosi-
ra brevistriata, Achnanthidium minutissimum, Am-
phora pediculus, and Nitzschia sinuata var. tabellaria,
while the samples from the Koprinka Reservoir were
dominated by Cyclotella ocellata and Cymbella affinis.
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Plate 1
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1-2. Melosira varians Ag.; 3. Cyclotella ocellata Pant., 4. Navicula tripunctata (O. Miill.) Bory (right - internal valve view) and Achnanthidium
minitissimum (Kiitz.) Czarnecki (left); 5. Navicua capitatoradiata Germain (left - internal valve view) and Gomphonema parvulum (Kiitz.)
Kiitzing (right); 6. Navicula reinchardtii (Grunow) Grunow.
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Plate 2
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1. Navicula tripunctata (O. Miill.)Bory; 2. Navicula rostellata Kiitz.; 3. Navicula capitatoradiata Germain; 4-5. Freshwater sponges (Porifera);
6. Encyonema minutum (Hilse) D. Mann; 7-8. Encyonema caespitosum Kiitz.; 9. Gomphonema olivaceum (Horn.)Brébisson.
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More of the accompanying species in the samples
from Koprinka Reservoir were insignificantly small
in quantity (Table 2).

Results of the cluster analysis

The first group of clusters (A) combined samples from
the Koprinka Reservoir (summer 2009 and autumn
2010) (Fig. 3). All epilithic samples were dominat-
ed mostly by Cyclotella ocellata, subdominants were
Achnanthidium minutissimum and Nitzschia sinuata
var. tabellaria. Three subgroups were determined and
their taxonomical composition did not differ greatly:
the first one (A;) comprised the samples close to the
dam (K1S and K1A), the deepest part of the reservoir;
the second one (A;) combined the samples from the
summer period of 2009; the third one (A3) differed in
the subdominants - the abundance of Achnanthidium
minutissimum and Nitzschia sinuata var. tabellaria de-
creased in the autumn 2010 and Amphora pediculus
appeared in high amounts.

The second group of clusters (B) combined sam-
ples from the Zhrebchevo Reservoir (summer 2009
and autumn 2010). There were again three subgroups:
the first one (B;) comprised the samples close to
the dam (Z1aS and Z1laA). The most abundant spe-
cies were Achnanthidium minutissimum, subdomi-
nants were Cymbella affinis, Navicula cryptotenella,
Nitzschia sinuata var. tabellaria, and Amphora copula-
ta. The samples Z1bS and Z2S formed a subgroup B,
only in these samples the highest domination frequen-
cy was due to Pseudostaurosira brevistriata. The third
subgroup (B3) included samples from autumn 2010.

Ward's method
Squared Euclidean distances
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Fig. 3. Cluster analysis of all studied epilithic diatom samples
of summer *2009 and autumn "2009. For codes of samples see
legend of Fig. 1.

One of the most abundant species was the plankton-
ic Cyclotella ocellata, and subdominants were the spe-
cies Cymbella sensu lato: C. affinis, Encyonema caespi-
tosum, E. silesiacum. Sample Z3A was isolated in this
subgroup, because Navicula capitatoradiata had the
highest dominance - exceeding 50 % of all other iden-
tified species.

Relationship between diatom flora and major
environmental factors

Biogeographical information was available for 73
(42 % of the total) taxa. The diatom flora was main-
ly composed of cosmopolitan species (95.8 %). Only
2.7 % of the taxa were classified as “nordic-alpine”, and
1.4 % as “boreal”.

In regards to general and specific habitats (Lowe
1974; Krammer & Lange-Bertalot 1986-1991; Van Dam
& al. 1994, Rakowska 2001), periphitic species domi-
nated the flora; but there were several (19.8%) plank-
tonic and euplanktonic species: Cyclotella ocellata, Aul-
acoseira granulata, Fragilaria ulna, and E danica. There
were a few taxa, “mainly occurring in wet and moist,
or temporarily dry places” (Van Dam & al. 1994), i.e.
Hantzschia amphioxys. Most of these species had lower
relative abundance in the diatom association.

Grouping of diatoms according to their pH-prefer-
ences showed that alkaliphilous (68.1%) and pH-in-
different (19.2 %) diatoms clearly predominated.

According to the halobion system, the indiffer-
ent oligohalobous taxa predominated, there were on-
ly 4.5% of halophobous taxa. Five halophilous species
were determined, but some of them had high abun-
dance, such as: Navicula menisculus, N. cryptotenella
and N. minima.

Results of the Canonical Correspondence Analysis

The results of the Canonical Correspondence Analy-
sis (CCA) are shown in Fig. 4, as a species-conditional
triplot. The length of environmental arrows indicates
their relative importance in explaining the variation in
the diatom data and their orientation indicates their
correlation with the ordination axes.

The first two CCA axes (A = 0.540, A, = 0.489) dis-
play 40.4 % of the weighted variance in the abundance
of diatom data, and 60.2% of variance in the weight-
ed averages of species with respect to the environmen-
tal variables. Monte Carlo unrestricted permutation
tests (499 permutations) of Axis 1 and Axis 2 (with Ax-
is 1 as covariable) indicate that both axes are significant
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Fig. 4. Species-conditional triplot based on Canonical Corre-
spondence Analysis (CCA) of the epilithic diatom assemblages
from summer 2009 and autumn ’2009. For codes of samples see
legend of Fig. 1. For codes of species shown see Table 2.

(P < 0.05) (ter Braak & Smilauer 2002). Axis 1 is strong-
ly related to temperature, dissolved oxygen and pH (in-
traset correlation of -0.72, -63, -0.62, respectively) and
contrasts the summer samples of the Zhrebchevo Res-
ervoir (Cluster Groups B; and B,, with higher values
of these parameters), and their dominant species be-
longing to the genera Cymbella Ag. sensu lato, Fragi-
laria Lyngbye sensu lato, and Amphora Ehr. plotted on
the left side of the diagram with the autumn samples
(Cluster Group B3, with lower values of the above-men-
tioned parameters) of the same reservoir. These sam-
ples, with their characteristic planktonic Cyclotella spe-
cies — Cyclotella compta and C. bodanica and species of
genus Navicula sensu lato — N. oligotraphenta, N. anto-
nii, N. reinhardtii, N. viridula - are plotted on the right
side of the diagram. Axis 2 is strongly related to con-
ductivity, calcium and bicarbonate ions (intraset corre-
lation 0.89, 0.77 and 0.70, respectively) and sets aside all
samples of the Zhrebchevo Reservoir (Cluster Group
B) with higher values of these parameters, plotted on
the top of the diagram of all samples from the Koprin-
ka Reservoir (Group A), with lower values of the above-
mentioned parameters plotted at the bottom of the di-
agram, with their constituent taxa Asterionella formosa,
Melosira varians, Sellaphora bacillum, Nitzschia sinua-
ta var. tabellaria, Cyclotella ocellata and Cocconeis pla-
centula (Fig. 4).

Discussion

Transparency, temperature, pH, and dissolved oxy-
gen are the most important variables that determine
the structure of diatom distribution in the Zhreb-
chevo Reservoir during the three studied seasons
(August 2009, May and October-November 2010).
The dissolved oxygen interacted significantly with
the diatom pattern in sample Z4S, which is located in
the tail-end of the reservoir. Species belonging to ge-
nus Amphora: A. pediculus, A. copulata and A. ovalis
appeared in high amounts, which could be explained
by nutrient-polluted water (Van Dam & al. 1994).

Taxa plotted at the top in Fig. 4, such as Fragilar-
ia acus, F. vaucheriae, Gomphonema olivaceum, and
especially Navicula capitatoradiata (with the high-
est dominance of over 50 % above all other deter-
mined species), are associated with high conductiv-
ity (Van Dam & al. 1994).

Well-defined seasonal replacement of diatom as-
semblages was observed. Achnanthidium minutissi-
mum and Nitzschia sinuata var. tabellaria dominat-
ed the summer diatom assemblages. Achnanthidium
minutissimum was found to be the main component
in the samples in August 2009, which is very un-
usual, because its ecological preferences include
high concentrations of dissolved oxygen, as well
as low values of nutrients (Passy & al. 1999). Ac-
cording to our data set, water temperature in the
summer of 2009 had low values, untypical for the
season (Table 1). Pseudostaurosira brevistriata was
the dominant species in the deeper part of Zhreb-
chevo Reservoir (Z1S and Z2S), but species of the
genus Amphora as well as Cymbopleura cuspidata
appeared in great amounts only during this season.

The species richness, diversity and evenness in the
spring assemblages of 2010 were very different. The
species of genus Cymbella Ag. sensu lato (C. affinis,
E. silesiacum, E. minutum) were dominants, suggest-
ing a high river inflow, typical for the season. High
abundance of Cyclotella ocellata was observed in the
2010 autumn samples. According to Wunsam & al.
(1995), the high amount of this species might be ex-
plained by high values of conductivity, which is con-
tirmed by our results for that season (Table 1). Plank-
tonic species of high abundance were identified in
the deeper parts of the reservoir (Z1bA): Asterionella
formosa, Aulacoseira granulata, Cyclotella bodanica,
C. compta, Fragilaria acus, F. capucina, and E. ulna.
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Species richness and evenness of the assemblag-
es at the eutrophic locations before the tail-end of
the reservoir and close to the ecotone zone (river/
reservoir) were high. Navicula capitatoradiata was
the dominant species, but the assemblages were
dominated almost entirely by typical eutrophic in-
dexes: Gomphonema parvulum, Navicula antonii,
N. reichardtiana, N. viridula, Nitzschia palea and N.
dissipata.

As in other locations, different dominants were
observed in sample Z2A. Cymbella affinis, Encyone-
ma caespitosum, E. silesiacum, Fragilaria capucina,
E ulna, Gomphonema olivaceum and Sellaphora ba-
cillum were with high abundance there - species
which also indicate a high trophic state (Van Dam
& al. 1994). These specific preferences can be ex-
plained by the close location of a fish-breeding sta-
tion.

Conductivity, calcium and bicarbonate ions are
the most significant variables, which determine the
structure of diatom distribution in the Koprinka
Reservoir during the three seasons (August 2009,
May and October-November 2010). A well-defined
seasonal replacement of the diatom assemblages was
observed. All samples in May 2010 had the highest
species richness and diversity. Species belonging to
genus Cymbella Ag. sensu lato ( C. affinis, C. cymbi-
formis, E. silesiacum, E. minutum) appeared in
great amounts during the spring season. Subdom-
inants were Asterionella formosa, Aulacoseira gran-
ulata and Navicula capitatoradiata. Achnanthidium
minutissimum and Nitzschia sinuata var. tabellaria
were most abundant in August 2009 and October-
November 2010, but their proportions were differ-
ent. Achnanthidium minutissimum was recorded in
great amounts in August 2009, while Cyclotella ocel-
lata was found in October-November 2010. In the
autumn season, the eutrophic species Melosira var-
ians, Amphora pediculus, Fragilaria vaucheriae and
Cocconeis placentula dominated.

The high abundance and biomass of the Dreisse-
na species in the infested reservoirs and their cru-
cial role in the distribution of other benthic mac-
roinvertebrate taxa was reported in our earlier
studies (Trichkova & al. 2008, 2013). Colonization
of water bodies by the Dreissena spp. alters the hab-
itats in several ways, the most pronounced of which
is the energy “shunt” (from pelagic to bottom com-
munities) (Mills & al. 2003). Many authors main-

tain that Dreissena may facilitate other macrozo-
obenthic species by increasing habitat complexity,
and by organic enrichment of the sediments (Stew-
art & Haynes 1994, Mitchell & al. 1996). Our pre-
sent findings confirm these results in relation to
epilithic diatom communities. The quantitative
parameters of diatom communities in the Zhreb-
chevo Reservoir infested by Dreissena polymorpha
were much higher than in the uninfested Koprin-
ka Reservoir (Table 2). Furthermore, we have found
chrysophycean stomatocysts and freshwater spong-
es (Porifera) in the Zhrebchevo Reservoir (Plate 2).
These sessile benthic communities can provide ad-
ditional and complementary information to that of
the diatoms only. Garton et al. (1993) predicted that
Dreissena polymorpha could cause a restructuring
of the benthic communities and suggested that the
species requiring hard substrates for attachment,
such as freshwater sponges may colonize the Zebra
Mussel shells. Without knowing the historical and
current distributions of native freshwater sponges,
however, it is impossible to identify changes in the
community composition.

Conclusions

Transparency, temperature, pH and dissolved oxygen
were found to be the most important environmental
factors which have determined the distribution of dia-
toms in summer and autumn in the Zhrebchevo Res-
ervoir. Conductivity and concentrations of calcium
and bicarbonate ions were the most important envi-
ronmental factors for distribution of the diatom com-
munity in the Koprinka Reservoir. The Zhrebchevo
Reservoir, which is infested by Dreissena polymor-
pha, was characterized by much higher rates of prima-
ry benthic productivity than the uninfested Koprin-
ka Reservoir.
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Table 2. Continuation.

wiuony

Stepneoa

Stepspl

Stepsp2

Suriangu

Suriminu

Surisubs

Surisp

Trybangu

Trybgrac

010T' 11 €)X

2 |Suriline

010’11 2

1

010z’ 1T I

0102°S0 9N

010T°S0 ®e)

0102°S0 92X

010T°S0 ®)

010Z°S0 11

6007°80 €1

6002°80 I

6007°80" I

010201 ¥Z

010Z°01 €Z

010201 ¢Z

010201 qIZ

010T°01 ®17Z

0102°S0 1Z

6002°80 vZ

6002°80 €7

600T°80 ¢Z

6007°80 217

600T°80 qIZ

600T°80 ®17Z

S

305 | 331 | 307 | 327 | 326 | 327 | 340 | 327 | 314 | 324 | 334 | 317 | 335 | 314 | 340 | 331 | 379 | 405 | 368 | 348 | 379 | 361 | 397

of sampling

Site and month, year

Taxa

S. neoastrea Hakansson & Hickel

Stephanodiscus sp.1

Stephanodiscus sp.2

Surirella angusta Kitzing
S. linearis W. Smith

S. minuta Brébisson & Kitzing
S. subsalsa W. Smith

Surirella sp.

Tryblionella angustata W. Smith

T. gracilis W.Smith

Total:

References

Battarbee, R. 1986. Diatom analysis. - In: Berglund, B. (ed.),
Handbook of Holocene Palaeoecology and Palaeohydrology. pp.
527-570. John Wiley & Sons, Chichester.

Beshkova, M. 1995. Structure and dynamics of the phytoplankton
in the Struma River — Pchelina Reservoir system under the influ-
ence of anthropogenic pollution. Ph.D Thesis. Faculty of Biology,
University of Sofia “St K1. Ohridski”, Sofia (in Bulgarian).

Beshkova, M. 1996. Horizontal distribution of the phytoplankton
and characteristics of the Struma River - Pchelina Reservoir
ecotone. — Hydrobiology, 40: 43-54 (in Bulgarian).

Beshkova, M. & Botev, I. 1994. Seasonal and annual changes of
the phytoplankton composition in the Pchelina Reservoir. -
Hydrobiology, 39: 17-32 (in Bulgarian).

Beshkova, M. & Saiz, D. 2006. Phytoplankton of the Yasna Polyana
Reservoir (Southeast Bulgaria) — Phytol. Balcan., 12(1): 37-46.

Cameron, N. 1997. Molar diatoms samplings protocols: Living
communities, traps. — In: Wathne, M. (ed.), MOLAR. Measuring
and Modeling the Dynamic Response of Remote Mountain
Lake Ecosystems to Environmental Change: A Programme of
Mountain Lake Research. MOLAR Project Manual. NIVA Report
0-96061: 106-113.

Garton, D., Berg, D., Stoeckmann, A. & Haag, W. 1993. Biology
of recent invertebrate invading species in the Great Lakes: The
spiny water flea, Bythotrephes cederstroemi, and zebra mussel,
Dreissena polymorpha. — In: MCKnight, N. (ed.), Biological
Pollution: The Control and Impact of Invasive Exotic Species,
Indianopolis, Indiana Academy of Sciences: 63-84.

Hasle, G. & Fryxell, G. 1970. Diatoms: Cleaning and mounting
for light and electron microscopy. — Transact. Amer. Microsc.
Soc., 89 (4): 469-474.

Hill, M.O. & Gauch, H.G. 1980. Detrended correspondence analy-
sis: an improved ordination technique. — Vegetatio, 42: 47-58.

Hofmann, G., Werum, M. & Lange-Bertalot, H. 2011. Diatomeen
im Stipwasser-Benthos von Mitteleuropa. A.R.A. Gantner Verlag,
Ruggel.

Hubenov, Z. 2002. Technological problems concerning Zebra
Mussel Dreissena polymorpha in Maritsa-East 2 TPP. - Hist. nat.
bulg., 15: 139-141. (in Bulgarian, English summary).

Hubenov, Z. 2005. Dreissena (Bivalvia: Dreissenidae) — systemat-
ics, autochthonous and anthropogenic areas. — Acta zool. bulg.,
57 (3): 259-268.

Krammer, K. & Lange-Bertalot, H. 1986-1991. Bacillariophyceae. -
In: Ettl, J., Gerloff, H. & Mollenhauer, D. (eds), StifSwasserflora
von Mitteleuropa, 1986, 2/1, Teil 1: 876 pp; 1988, 2/2, Teil 2: 596
pp; 1991, 2/3, Teil 3: 576 pp; 1991, 2/4, Teil 4: 437pp. G. Fisher,
Stuttgart & New York.

Lowe, R. 1974. Environmental Requirements and Pollution
Tolerance of Freshwater Diatoms. Bowling Greate State
University, Cincinati, Ohio.

Mills, E.L., Casselman, J.M., Dermott, R., Fitzsimons, ]J.D., Gal,
G., Holeck, K.T., Hoyle, J.A., Johannsson, O.E., Lantry, B.F,
Makarewicz, J.C., Millard, E.S., Munawar, I.F., Munawar,
M., O’Gorman, R., Owens, R.W., Rudstam, L.G., Schaner,
T. & Stewart, T.J. 2003. Lake Ontario: food web dynamics in a
changing ecosystem (1970-2000). — Canad. J. Fish. Aquatic Sci.,
60: 471-490.



322 Ognjanova-Rumenova, N. « Diatom diversity and environmental factors

Mitchell, J., Mills, E.L., Idrisi, N. & Michener, R. 1996. Stable
isotopes of nitrogen and carbon in an aquatic food web recently
invaded by Dreissena polymorpha (Pallas). - Canad. J. Fish.
Aquatic Sci., 53: 1445-1450.

Naidenow, W. & Saiz, D. 1977. The plankton of the Dospat
Reservoir during its first years after filling. — Hydrobiology, 5:
24-37 (in Bulgarian).

Naidenow, W. & Saiz, D. 1987. Ecological grounds for using the
plankton to monitor background pollution. - In: The Second
Biological Monitoring School, 15-17.02.1984. Pp. 151-156. Bulg.
Acad. Sci, Sofia.

Passy, S., Pan, Y. & Lowe, R. 1999. Ecology of the major periphytic
diatom communities from the Mesta river, Bulgaria. — Int. Rev.
Hydrobiol., 54 (2):129-174.

Rakowska, B. 2001. Indicatory values in ecological description of
diatoms from Polish lowlands. - Int. J. Ecohydrol. Hydrobiol.,
1(4): 481-502.

Reavie, E. & Smol, J. 1998. Epilithic diatoms of the St. Lawrence
River and their relationships to water quality. - Can. J. Bot., 76:
251-257.

Renberg, 1. 1990. A procedure for preparing large sets of diatom
slides from sediment cores. - J. Palaeolimnol., 4: 87-90.

Round, F, Crawford, R. & Mann, D. 1990. The Diatoms. Biology
and Morphology of the Genera. Cambridge Univ. Press,
Cambridge.

Saiz, D. 1977. Seasonal dynamics of phytoplankton in the Batak
Reservoir. — Hydrobiology, 5: 51-61 (in Russian).

Saiz, D. 1981. Phytoplankton development in the Tundza
River — Zhrebchevo Reservoir system. — Hydrobiology, 15: 8-21
(in Russian).

Saiz, D. 1987. Influence of the ecotone effect on the phytoplankton
development in the A. Stamboliyski Reservoir. - Hydrobiology,
31: 16-27 (in Russian).

Stewart, T.W. & Haynes, J.M. 1994. Benthic macroinvertebrate
communities of Southwestern Lake Ontario following invasion
of Dreissena. — ]. Great Lakes Res., 20: 479-493.

ter Braak, C.J.F. 1986. Canonical correspondence analysis: a new
eigenvector technique for multivariate direct gradient analysis. -
Ecology, 67(5): 1167-1179.

ter Braak, C.J.F. 1995. Ordination. - In: Jongman, R.H.G., ter
Braak, C.J.F., & Tongeren, O.F.R. (eds), Data Analysis in
Community and Landscape Ecology. pp. 91-173. Cambridge
Univ. Press, Cambridge CB2 2RU.

ter Braak, C.J.F. & Prentice, I.C. 1988. A theory of gradient analy-
sis. - Adv. Ecol. Res., 18: 271-317.

ter Braak, C.J.F. & Verdonschot, PEM. 1995. Canonical corre-
spondence analysis and related multivariate methods in aquatic
ecology. — Aquatic Sciences, 57(3): 255-289.

ter Braak, C.J.F. & Smilauer, P. 2002. CANOCO Reference manual
and CanoDraw for Windows User’s Guide: Software for Canonical
Community Ordination (version 4.5). Microcomputer Power,
Ithaca, NY, USA.

Trichkova, T., Kozuharov, D., Hubenov, Z., Botev, 1., Zivkov,
M. & Cheshmedjiev, S. 2008. Characteristics of Zebra Mussel
(Dreissena polymorpha) populations in infested reservoirs,
Northwest Bulgaria. - J. Nat. Hist. (London), 42(5-8): 619-631.

Trichkova, T., Kozuharov, D., Hubenov, Z., Cheshmedjiev, S.,
Botev, L., Zivkov, M., Popa, L. & Popa, O. 2009. Current dis-
tribution of Dreissena species in the inland waters of Bulgaria. —
Ecology & Safety, 3(1): 508-515. http://www.science-journals.eu.

Trichkova, T., Tyufekchieva, V., Kenderov, L., Vidinova, Y., Botev,
I., Kozuharov, D., Hubenov, Z., Uzunov, Y., Stoichev, S. &
Cheshmedjiev, S. 2013. Benthic macroinvertebrate diversity in
relation to environmental parameters, and ecological potential
of reservoirs, Danube River Basin, Northwest Bulgaria. — Acta
Zool. Bulg., 65(3): 337-348.

Tyufekchieva, V., Vidinova, Y., Botey, L., Trichkova, T., Kenderov,
L., Kozuharov, D., Uzunov, Y., Hubenov, Z. & Stoichev, S. 2010.
Preliminary data on benthic macroinvertebrate communities
in the reservoirs Koprinka and Zhrebchevo (Aegean Sea River
Basin, South Bulgaria). Abstract, p. 40. - In: Pesi¢, V. (ed.). The
Book of Abstracts and Programme, IV International Symposium
of Ecologists of Montenegro, ISEM4, Budva, Montenegro, 6-10
October 2010: 166.

Van Dam, H., Mertens, A. & Sinkelda, J. 1994. A coded checklist
and ecological indicator values of freshwater diatoms from the
Netherlands. - Netherlands J. Aquatic Ecol., 28(1): 117-133.

Wunsam, S., Schmidt, R. & Klee, R. 1995. Cyclotella taxa
(Bacillariophyceae) in lakes of the Alpine region and their rela-
tionship to environmental variables. — Aquatic Sci., 57(4): 361-386.



http://www.science-journals.eu

	PHYTOLOGIA BALCANICA 19(3): 307–322, Sofia, 2013
	Diversity of benthic diatoms in relation to environmental factors in two Bulgarian reservoirs
	Introduction
	Material and methods
	Results
	Water chemistry
	Relative abundance and diversity of the 
	Results of the cluster analysis
	Relationship between diatom flora and ma
	Results of the Canonical Correspondence 
	Discussion
	Conclusions
	References
	Fig. 1. Sketch map of the survey area with studied reservoirs withinRiver Tundzha basin. K1, K2. K3, Z1, Z2, Z3, Z4 – locations ofenvironmental samples. K1S, K1A, K2S, K2A, K3S, K3A, Z1aS,Z1bS, Z1aA, Z1bA, Z2S, Z2A, Z3S, Z3A, Z4S, Z4A – locations ofdiatom samples. S = Summer; A = Autumn.
	Fig. 2. Correlation biplot based on the Principal Component Analysisof 17 chemical variables from the Zhrebchevo and Koprinkareservoirs, sampling August ’2009. For abbreviation of chemicalvariables see title of Table 1. For codes of samples see legend of Fig. 1.
	Plate 1
	Plate 2
	Table 1. Physical and chemical parameter
	Table 2. List of diatoms found in all sa
	Table 2. Continuation.
	Table 2. Continuation.




