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ABSTRACT 
The high mountain lakes in the Rila Mountains (Bulgaria) were studied in the years 2000 and 2001 considering the following 

groups of variables: geography, geology, morphology, hydrology, water chemistry of the pelagial, biomass and size structure of 
bacterio- phyto- and zooplankton, and occurrence of three fish species. Multivariate analysis (RDA) revealed that the nutrient con-
centrations in the lakes were significantly influenced by the soil percentage coverage of the catchment area. The explained variation 
in plankton components (bacterio-, phyto- and zooplankton) and plankton size structure was determined by biological as well as 
morphometrical and geographical variables. Changes in the Mg2+ and NO3-N concentrations were traced over the period 1993-
2001; the Ca2+ concentration, pH, nutrients, bacterio-, phyto- and zooplankton were monitored in the period 1995-2001. A nutrient 
decrease accompanied by an increase in size of zooplankton organisms in the period 1995-2001 led to a considerable increase of 
water transparency in the lakes. 
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1. INTRODUCTION 

There are over 140 lakes of glacial origin in the Rila 
Mountains. The morphology, chemistry and biology of 
the lakes began to be studied in the thirties of last cen-
tury. The first extensive quantitative research in the 
pelagial of some of these lakes was carried out in the 
period 1993-1995 as part of a French-Bulgarian project 
(Stoyanova et al. 1995, Botova et al. 1996). The Seven 
Rila Lakes were studied in the period 1995-1996 under 
a project financed by the Bulgarian National Fund for 
Scientific Research. The results relating to water chem-
istry (including nutrients), phytoplankton and zoo-
plankton were published by Botev (2000), Beshkova 
(2000) and Naidenow & Beshkova (2000), respectively. 
The high mountain lake ecosystems were further studied 
in the period 2000-2001 as part of the EMERGE project 
(European Mountain lake Ecosystems: Regionalisation 
diaGnostics & socio-economic Evaluation).  

The goal of the present study was to analyze the 
ecological relationships in the pelagial of the lakes, 
based on geographic, geological, morphometric, chemi-
cal and biological (plankton, fishes) data, and to evalu-
ate the changes which occurred in some of the lakes 
during the 6-8 years of the study. 

1.1. Description of lakes 

Three groups of lakes located above the timberline 
in different regions (cirques) of the mountains were 
studied. Four of the Seven Rila Lakes were considered 
in the investigations (Okoto - RI0008, Bubreka - 

RI0009, Sulzata - RI0010, Bliznaka - RI0011). They are 
all located in the northwestern part of the mountains. 
The two other groups, Mousala Lakes (Alekovo - 
RI0067, Ledeno - RI0070, Karakashevo - RI0071) and 
Maritsa Lakes (Dolno Marichino - RI0075, Gorno 
Marichino - RI0076) are situated in the eastern part of 
the mountains (Tab. 1). The codes of the lakes are the 
same as those used in the EMERGE project. 

The lake shores are stony, gravel and sandy, or cov-
ered with a thin soil layer, overgrown with grass and ju-
niper. The lakes are popular tourist sites. Grazing by 
sheep and other animals was observed only in the region 
of the Seven Rila Lakes. The lakes have been stocked 
regularly for 30 years, more intensively in the past, with 
brown trout (Salmo trutta fario Linnaeus) and brook 
trout (Salvelinus fontinalis Mitchill). European minnow 
(Phoxinus phoxinus Linnaeus) has also been found. 

2. METHODS 

The data on the catchment area and morphology of 
the lakes were taken from Ivanov et al. (1964). The data 
on the soil percentage cover of the lake catchments were 
taken from remote sensing analysis within the 
EMERGE project. 

Anthropogenic influence was estimated by means of 
a subjective scale (1-low, 2-moderate, 3-high), reflect-
ing the frequency of tourist visits and presence of ani-
mals (sheep, horses, cattle) in the lake catchment. 

The hydraulic retention time was estimated in two 
ways: by calculating the ratio between catchment area 
and lake surface area, and by calculations based on 
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evaporation data for previous years (Kyuchoukova 
1991) and mean precipitation data relating to the 
Mousala Peak (Koleva 1991). 

All samplings and measurements were taken in the 
deepest part of the lakes, during the autumn overturn of 
years 2000 and 2001 according to the unified sampling 
methods of the EMERGE project. Some general rec-
ommendations published by Straškrabová et al. (1999a) 
were also followed. The zooplankton samples were 
collected with several net hauls from the bottom to the 
surface. The chemical samples were taken from the sur-
face. Bacterioplankton, phytoplankton and chlorophyll 
were collected with the top end of the sampler 0.5 m 
below the surface in the lakes of 5 m depth or less. This 
was also performed in the deeper lakes during the com-
plete mixing. When the deeper lakes were thermally 
stratified, bacterioplankton, phytoplankton and chloro-
phyll were sampled at a depth 1.5 times the Secchi 
disc reading, but not deeper than 0.5 m from the 
bottom. 

All the chemical analyses were carried out according 
to the methods described by Mosello & Wathne (1997) 
and Mosello et al. (1997) in the laboratory of the Insti-
tute of Zoology and Limnology - University of Inns-
bruck (Austria). 

The chlorophyll-a was filtered through GF/B 
Whatman glass fiber filters, extracted in acetone, meas-
ured with a spectrophotometer and calculated after Jef-
frey & Humphrey (1975). The biomasses of phyto-
plankton and zooplankton were measured with a micro-
scope according to the generally applied routine meth-
odologies. In order to ensure proper comparisons, all the 
plankton components (bacterio- phyto- and zooplank-
ton) were presented in carbon units. Their biomasses 

were converted to carbon units according to Strašk-
rabová et al. (1999a). 

Fishes were caught by gill nets and traps. Data on 
fish species occurrence in the lakes based on official re-
cords of the Rila National Park and fish-farm authorities 
were also used. Fish species occurrence was indicated 
by categorical variables, i.e. their presence was noted by 
"1", their absence by "0" (Tab. 2). 

The data of year 2000 were analyzed by the 
CANOCO statistical package for multidimensional 
analyses (Version 4.5). The multivariate analyses were 
carried out with chemical and biological (biomasses of 
bacterio-, phyto- and zooplankton and plankton size 
structure) variables, which were used in turn as response 
and explanatory variables. The temporal differences 
were tested by paired t-test. Spearman rank correlation 
was also applied. 

3. RESULTS 

3.1. Geographical, geological, chemical and plankton 
data  

Data on geological composition, soil structure and 
coverage of the catchment area as well as the hydraulic 
retention time (RT) of the lakes are presented here for 
the first time (Tab. 1). 

The chemical data (Tab. 2) show weak acidification 
in 1-2 lakes, with pH slightly below 6.0. In general, al-
kalinity and conductivity showed a strong positive cor-
relation with pH (Fig. 1). It seems that natural alkalinity 
was able to compensate for the recent acid input from 
the atmosphere or other sources. Only Ledeno Lake 
(RI0070), which has the highest altitude, pH below 6.0 
and alkalinity below 20 µeq l-1, seems to be endangered 

Tab. 1. Geography, morphology and catchment characteristics of the Rila Mountains Lakes studied. *Data after Ivanov et al. 1964; 
RTestim = estimated retention time from approximate average precipitation and evaporation (Koleva 1991, Kyuchoukova 1991); 
RTarea = estimated retention time by the ratio between lake and catchment areas; MMS = Mountain meadow soils; MTS = Mountain 
toust soils; Anthr. infl. = anthropogenic influence (1-low, 2-moderate, 3-high). 

Lake group Seven Rila lakes Mousala lakes  Maritsa lakes 
Lake code RI0008 RI0009 RI0010 RI0011 RI0067 RI0070 RI0071  RI0075 RI0076 
Geography & morphometry          
Latitude N (degrees) 42.19964 42.20556 42.19750 42.20122 42.19025 42.18206 42.19345  42.16413 42.16114 
Longitude E (degrees) 23.30584 23.30678 23.31028 23.31497 23.58314 23.589060 23.59060  23.59607 23.59615 
Altitude (m a.s.l.)* 2440 2282 2535 2243 2545 2709 2391  2368 2378 
Mean depth (m)* 12.5 13.7 2.1 6.5 5.7 5.4 3.1  1.8 4.3 
Maximum depth (m)* 37.5 28.0 4.5 27.5 14.5 16.4 6.6  5.5 10.8 
Water volume (103 m3)* 860 1170 15 590 135.5 97 80.5  20 92.3 
Water surface (ha)* 6.80 8.50 0.70 9.10 2.39 1.80 2.62  1.09 2.15 
Catchment environment           
Catchment area (ha)* 36 56 18 210 68 20 110  150 110 
RTestim (years) 2.70 2.40 0.09 0.33 0.23 0.54 0.08  0.02 0.10 
RTarea (rel. units) 0.19 0.15 0.04 0.04 0.04 0.09 0.02  0.01 0.02 
MMS (%) 0 0 0 0 100 100 100  100 100 
MTS (%) 100 100 100 100 0 0 0  0 0 
Soil percentage cover 77.1 95.3 82.4 87.0 18.7 8.6 31.9  64.3 58.6 
Granites (%) 80 80 100 95 100 100 100  100 100 
Gnaisses (%) 0 10 0 5 0 0 0  0 0 
Amphibolites (%) 20 10 0 0 0 0 0  0 0 
Anthr.infl. (rel. units) 2 3 2 3 2 2 3  1 1 
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by acidification. According to Honsig-Erlenburg & 
Psenner (1986), low alkalinity lakes in the Alps were 
more susceptible to acid impact. High Cl- and NO3-N 
concentrations were found in the high altitude lakes 
(Tab. 2). Both ions might derive from precipitation, but 
this cannot definitely be confirmed or refuted, due to the 
lack of chemical analysis of atmospheric deposition. 
The pooled pH data from 2000 and 2001 correlated 
(rank correlation after Spearman) significantly and 
negatively with NO3-N (RSp = -0,70 P = 0,001), and 
positively with SO4

2- (RSp = 0,672 P = 0,0023), and did 
not correlate with Cl- concentrations. 

The total dissolved nitrogen (DN) to total dissolved 
phosphorus (TP) ratio shows that some of the lakes 
were not strongly phosphorus limited. Moreover, the 
soluble inorganic nitrogen and phosphorus components 
show a N P-1 ratio varying from an optimal condition to 
a nitrogen limitation for phytoplankton in some lakes 
(Tab. 2). The presentation of the three components 
(bacterio-, phyto- and zooplankton) in carbon units en-
abled a reliable comparison to be made between them. 

In two of the lakes phytoplankton biomass prevailed 
with Asterionella formosa Hassall as dominant species 
(RI0011) and Coenococeus sp., Peridinium sp., Cryp-
tomonas sp. as most abundant species (RI0071). In the 
other lakes the most abundant component was zoo-
plankton, dominated by Daphnia rosea Sars (in RI0009) 
together with nauplii and Polyarthra dolichoptera Idel-
son (in two Mousala Lakes - RI0067, RI0070) 

3.2. Multivariate analysis of pelagic data 

Chemical data were analyzed first as response vari-
ables by RDA. The soil percentage cover of the catch-
ment area was the only variable which could be evalu-
ated as an explanatory variable. It explained about 39% 
of the variance and was correlated positively with pH 
and phosphorus, and negatively with nitrogen (Fig. 1). 
Kopáčeck et al. (2000) described the same influence of 
soil percentage cover on nutrients for the Tatra Moun-
tains Lakes. 

The variables characterizing the bacterio-, phyto- 
and zooplankton components as response variables were 

Tab. 2. Physical, chemical and biological variables in the pelagial of the Rila Mountain Lakes investigated in Autumn
(September-October) of the year 2000. DN = total dissolved nitrogen; TP = total dissolved phosphorus; DRSi = dissolved
reactive silica; N P-1 = ratio between nitrogen and phosphorus; Bzoo Bphyto

-1 = ratio between biomass of zoo- and phytoplankton
expressed as fresh weight; Bphyto, Bzoo =converted to carbon units after Straškrabová et al. (1999a); AIV = average individual
volume obtained by dividing fresh biovolume (biomass) through total number of individuals; ACV = average cell volume
obtained by dividing fresh biovolume (biomass) through total number of cells; * - estimated Secchi depth values from the
linear regression between chlorophyll values and Secchi depth of deep lakes; ** 1-presence, 0-absence. 

Lake group Seven Rila lakes Mousala lakes  Maritsa lakes 
Lake code RI0008 RI0009 RI0010 RI0011 RI0067 RI0070 RI0071  RI0075 RI0076 
Physico & chemical variables           
Temperature (ºC) 10.0 10.0 10.5 12.5 12.0 10.0 10.0  10.0 10.0 
Secchi depth (m) 17.0 13.0 13.1* 12.5 11.0 14.5 11.4*  13.3* 13.3* 
pH 7.18 6.62 6.98 6.82 6.01 5.89 6.25  6.57 6.50 
Conductivity (µS cm-1 25°C) 25.9 25.8 35.3 32.5 13.3 12.4 17.0  21.6 20.5 
NH4-N (µgN l-1) 1 1 3 2 2 2 1  105 19 
Ca2+ (mg l-1) 2.93 3.31 2.58 4.13 1.29 1.48 1.84  2.62 2.49 
Mg2+ (mg l-1) 0.28 0.33 0.36 0.38 0.13 0.36 0.43  0.14 0.13 
Na+ (mg l-1) 0.85 0.63 1.81 1.09 0.51 1.92 2.05  0.93 0.70 
K+ (mg l-1) 0.63 0.31 0.60 0.47 0.11 0.32 0.26  0.28 0.29 
Alkalinity (µeq l-1) 115.4 139.4 94.3 208.5 22.4 12.6 54.6  102.8 79.9 
SO4

2- (mg l-1) 3.78 2.95 4.46 2.99 2.23 2.82 3.29  2.83 2.63 
NO3-N (µgN l-1) 58 0 0 46 109 210 63  0 18 
Cl- (mg l-1) 0.33 0.37 2.07 0.32 0.54 3.07 3.21  0.71 0.43 
DN (µgN l-1) 182 149 189 244 285 402 235  390 295 
PO4-P (µgP l-1) 3.8 4.1 8.5 5.0 2.5 2.2 8.2  4.8 1.5 
TP (µgP l-1) 7.1 14.7 17.6 7.1 4.7 5.0 10.9  9.1 6.8 
DRSi (mg Si l-1) 1.26 0.84 0.72 1.20 0.71 0.82 1.40  1.95 1.65 
N Ptotal

-1 (rel. units) 57.0 22.0 23.0 77.0 126.0 178.0 47.0  96.0 93.0 
N Pinorg

-1 (rel. units) 34.0 0.5 12.5 1.3 98.0 213.0 17.2  17.0 15.5 
Biological variables           
Chlorophyll-a (mg m-3) 0.48 1.52 2.30 13.14 1.12 0.53 7.34  2.03 2.06 
Bbact (mgC m-3) 19.70 26.40 23.20 36.10 29.20 26.00 31.87  1.05 1.03 
Bphyto (mgC m-3) 12.00 10.40 11.40 230.40 16.40 7.20 331.60  5.60 119.80 
Bzoo (mgC m-3) 46.85 115.85 25.90 46.05 77.85 68.35 4.00  36.00 9.00 
BzooBphyto

-1 (rel. units) 15.60 44.60 9.10 0.80 14.10 38.00 0.05  25.70 0.30 
ACVbact (µm3 cell-1) 0.093 0.080 0.095 0.098 0.117 0.096 0.318  0.95 0.112 
ACVphyto (µm3 cell-1) 3000 2600 136 472 1025 37 760  280 1000 
AIVzoo (106 µm3 ind-1) 78.6 146.0 4.7 65.9 132.7 88.6 10.6  193.8 34.3 
S. fontinalis 1** 0 0 0 1 0 1  0 0 
S. trutta f. 0** 1 0 1 0 1 1  1 1 
Ph. phoxinus 0 1 0 1 0 0 0  1 1 
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compared with all other available data, because top-
down and bottom-up influences along the food chain in 
such oligotrophic aquatic ecosystems could not be ex-
cluded in advance. The RDA analysis delivered two 
significant explanatory variables (Fig. 2). D. rosea was 
the zooplankton species which determined a high zoo-
plankton biomass and high transfer efficiency through 
the food web in three of the lakes (RI0009, RI0067, 
RI0070). On the opposite side we found the phyto-
plankton rich lakes (RI0011, RI0071). Anthropogenic 
influence seemed to be one of the reasons for the devel-
opment of bacterioplankton. The percentage of variance 
explained was high (66.5%) and was partitioned in fa-
vor of D. rosea (63%). The rest of the variance (37 %) 
was related to anthropogenic influence. This was further 
evidence that the top-down influence in such lakes 
might be important or even prevail. 

Figure 3 shows that the mean depth of the lakes and 
the occurrence of Schroederia setigera (Schrank) Lem-
mermann were the two explanatory variables accounting 
for 64.1% of the total variance related to the average 
size of bacterio-, phyto- and zooplankton organisms. 
The size of the three plankton components were pre-
sented in different ways: bacterio- and phytoplankton 

were described using the average cell size (biomass or 
volume, ACV). For zooplankton the average individual 
size (biomass or volume AIV) was given. 

All the lakes with the exception of RI0075 were ar-
ranged along the first main axis according to their mean 
depth. The ACVphyto and AIVzoo correlated with the first 
axis and with the mean-depth-gradient. On the other 
hand bacterial size correlated with the abundance of S. 
setigera. Both explanatory variables accounted for 
approximately half of the explained variance, parti-
tioned between the mean depth, with 52%, and S. 
setigera with 48%. 

3.3. Temporal changes 

3.3.1. Temporal comparison of chemical data 

The temporal comparison was based on published 
data for the periods 1993-1995 and 1995-1996, and 
original EMERGE data for the period 2000-2001. Only 
the chemical data from the first period referred to all 
nine investigated lakes, while the data from the 1995-
1996 period were restricted to the group of the Seven 
Rila Lakes. The sampling and analytical methodologies 
applied during the three periods differed considerably. 

-1.0 +1.0

-
1
.
0

+
1
.
0

Soil cover

Conductivity

pH

N/Pinorg

N/Ptotal

NO3-N

DN

K

TP

Cl 
SO4

Na
Mg

Si

NH4-N

Alkalinity

RI0070

RI0067

RI0009

RI0011

RI0010

RI0071

RI0008

RI0075

RI0076

 
Fig. 1. Variable correlation and lake ordination triplot with chemical variables as response variables and soil percentage cover as 
explanatory variable, obtained by RDA. ■ = Seven Rila lakes; ▲ = Mousala lakes; ● = Maritsa lakes. 
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Fig. 2. Variable correlation and lake ordination triplot with biomass of bacteria (Bbact), phytoplankton (Bphyto), zooplankton (Bzoo) 
and ratio Bzoo Bphyto

-1 as response variables and Daphnia rosea and Anthropogenic influence as explanatory variables, obtained by 
RDA. ■ = Seven Rila lakes; ▲= Mousala lakes; ● = Maritsa lakes. 
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Fig. 3. Variable correlation and lake ordination triplot with average cell volume of bacteria (ACVbact) and phytoplankton (ACVphyto) 
and average individual volume of zooplankton (AIVzoo) as response variables and Mean depth and Schroederia setigera as 
explanatory variables, obtained by RDA. ■ = Seven Rila lakes; ▲= Mousala lakes; ● = Maritsa lakes. 
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Fig. 4. Changes in some chemical variables in the pelagial of the high mountain lakes in the Rila Mountains during the period 1993-
2001. Mg2+ and NO3-N presentations were divided into two parts (c1, c2, d1, d2) because lakes RI0067, RI0070, RI0071, RI0075 and 
RI0076 were not sampled in 1993 and 1996, so that their combined presentation with other lakes would give an incorrect picture. 
 



R. Kalchev et al. 96 

The 1993-1995 samples were taken from the surface 
at a distance of 2 m from the lakeshore and all ions were 
analyzed by ion chromatography. During the 1995-1996 
period the samples were taken at the deepest point of the 
lakes, as they were in 2000-2001. In the former period 
the water chemistry was analyzed by classical methods - 
titration of Ca2+, Mg2+, colorimetric determination of 
pH, NO3-N, PO4-P (Botev 2000). Within the EMERGE 
project, NH4-N, TP, PO4-P and DRSi were analyzed 
colorimetrically; alkalinity was determined by Gran ti-
tration and all other ion concentrations by ion chroma-
tography. 

In 1995 four lakes were sampled almost simultane-
ously by the same research teams as those of the first 
two periods, which offered an opportunity for compar-
ing methods applied and results. However, only Mg2+ 
and NO3-N concentrations from the first two periods 
delivered similar values in that year. The third period 
also revealed similar values and proportions between 
the lakes for both ions (Figs 4c1, 4c2, 4d1 and 4d2). The 
variations of Mg2+ over the years were small, sometimes 
even smaller than the differences between the lakes or 
lake groups. Probably the major factor affecting Mg2+ 
concentration in the Rila Lakes was the geology of their 
bedrock.  

Geology might have the same affect on Ca2+, which 
showed small variations during the last two periods. The 
period 1993-1995 was omitted in figure 4b, because 
Ca2+ concentrations were 4 to 10 times lower. The small 
Ca2+ changes in years 2000 and 2001 were coupled 
negatively with pH. The year 2000 was extremely dry 
and had significantly higher pH values than 2001, 
probably due to high radiation and temperature, leading 
to high photosynthetic activity. As a consequence, the 
carbonate equilibrium led to lower Ca2+ concentrations 
in all nine lakes in 2000. Three of the four lakes showed 
a similar tendency in the 1995-1996 period, in which 
1995 was represented by summer samples and 1996 by 
autumn samples (Fig. 4b). The comparison between the 
periods did not show the same relation between pH and 
Ca2+, probably due to discrepancies in methodology. 

A direct comparison of NO3-N values measured in 
1995 within the first two projects showed good similar-
ity between them. The four lakes of the group of Seven 
Rila Lakes showed a slight maximum in 1995-1996 and 
a minimum in 2000-2001. The highest NO3-N values 
were observed in the Mousala Lakes, two of which are 
characterized by the highest altitudes. The minimum in 
year 2000 might have determined the recorded nitrogen 
limitation, as discussed previously. 

3.3.2. Temporal comparison of nutrient and biological 
data 

Since no data were available on such important ele-
ments as phosphorus and silica for the period 1993-
1995, they could be compared only over a shorter period 
– from 1995 to 2001. The quantitative phyto- and zoo-

plankton data for 1995-1996 were published by 
Beshkova (2000) and Naidenow & Beshkova (2000), 
respectively, and were obtained by practically the same 
methods as in 2000-2001. The year 1995 was repre-
sented only by summer samplings and 1996 only by 
autumn samplings. 

The paired t-test showed that both total soluble 
phosphorus and phosphate phosphorus did not change in 
1995-1996, but decreased significantly after 1996 (Figs 
5a and 5b). A similar tendency has already been de-
scribed for NO3-N, for which significant differences 
were found in four of the Seven Rila Lakes in the 1996-
2000 and 1996-2001 comparisons. The DRSi concen-
tration showed the same decreasing tendency from 
1996 to 2001 (Fig. 5c). However, a statistically 
significant difference was detected only in 1996-2001 
(P = 0.027). 

This evident nutrient decrease was strongly sup-
ported by a higher average individual size of zooplank-
ton (Fig. 5d) in years 2000 and 2001. In 2000 in par-
ticular the AIVzoo (calculated from data of Naidenow & 
Beshkova 2000) was higher than in 1995 and 1996, and 
the difference between the two periods was significant 
(P = 0.05). The same was found for the zooplankton 
biomass, whose natural logarithm values in 2000 were 
significantly higher than in 1996 according to a paired t-
test. As a consequence the Bzoo and Bphyto ratio 
(calculated from data of Beshkova 2000, Naidenow & 
Beshkova 2000) in three of the four lakes was consid-
erably higher in years 2000 and 2001 than in 1995 and 
1996. There was no significant change in this ratio, in 
chlorophyll-a (unpublished data of R. Kalchev from 
years 1995 and 1996) and phytoplankton biomass (taken 
from Beshkova 2000) in the four lakes for the period 
1995-1996-2000-2001 (Figs 5e, 5f and 5g). 

The consequence of the combined bottom-up and 
top-down influence along the pelagic food web was a 
sharp increase in transparency as evaluated by Secchi 
disk in the three deep lakes after 1996 (Fig. 5h). 

4. DISCUSSION 

It is difficult to draw conclusions about the presence 
or absence of the remote atmospheric transport of nitro-
gen and sulfur oxide gases and about the origin of Cl- 
ions and their relation to Na+, because of the lack of 
analysis of chemical compounds in atmospheric deposi-
tion. However, the relationships between pH, Cl-, NO3-
N and SO4

2- on the pooled data of years 2000 and 2001 
gave some indirect insight. The strong correlation be-
tween Cl- and Na+ (RSp = 0.56, P = 0.015), the lack of 
correlation between Cl- and pH, and high Cl- values in 
high altitude lakes lead to the hypothesis that Cl- and 
Na+ deriving from atmospheric input were of marine 
origin and had no influence on pH. The positive relation 
between pH and SO4

2- shows that the sulfate ions did 
not contribute to acidification and did not come from 
precipitation but mostly from the weathering of rocks.  
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Fig. 5. Changes in some chemical and biological variables in the pelagial of four high mountain lakes from the group of Seven Rila
Lakes in the Rila Mountains during the period 1996-2001. 
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If we consider the relation of NO3-N to pH and its 
altitude distribution, it can be concluded that the main 
source of nitrate is atmospheric deposition. Further-
more, nitrate is probably the major cause of the slight 
acidification of some of the Rila Lakes. The years 1995 
and 2001 were distinguished by the highest nitrate con-
centrations. 

The chemical data in figure 1 show that the percent-
age of soil coverage in the catchment area determined 
the nutrient concentration in the lakes. Kopáček et al. 
(2000) drew the same conclusion for a large number of 
lakes in the Tatra Mountains. Their results were much 
more convincing due to their considerably larger data-
base. Phosphorus and nitrogen showed a strong negative 
correlation, while the N P-1 ratio was closely correlated 
with and determined by nitrogen compound concentra-
tions. 

The substantial changes in pH reported for the pe-
riod 1993-1995 (Stoyanova et al. 1995; Botova et al. 
1996), from 5.0 (year 1993) to about 7.5 (1995), were of 
doubtful validity. We therefore considered only the pH 
values reported for the period between 1995 and 2001, 
which ranged from approximately 6.0 to 7.0 (Fig. 4a). 
Thus, despite low alkalinity values, results for this pe-
riod did not reveal the occurrence of a substantial acid 
impact, in particular if we compare the pH values to 
those reported for other European lakes in the Alps 
(Honsig-Erlenburg & Psenner 1986; Camarero et al. 
1995) or in the Tatra Mountains (Fott et al. 1999; 
Kopáček et al. 2000). Only the RI0070 Ledeno Lake 
with its low alkalinity could be considered endangered. 
The low NO3-N concentrations and the drought in 2000 
led to higher pH values than in 2001. 

The trophic status of the lakes can only be guessed 
at, in the absence of measured data. Considering the 
concentrations of total dissolved phosphorus and nitro-
gen (Tab. 2), there is a risk of overestimating the trophic 
status of the lakes, because these values reflect the po-
tential rather than the realized productivity. According 
to Likens (1975), two lakes (RI0009, RI0010) in 2000 
were in the meso-eutrophic range. This was confirmed 
by the OECD approach (Vollenweider & Kerekes 
1982), which also attributed the two lakes, on the basis 
of their TP content, with greatest probability to the 
mesotrophy class. However, the corresponding DN val-
ues were unambiguously within the ultraoligotrophic 
ranges, and the N P-1 ratio values for inorganic com-
pound indicated nitrogen limitation. A similar situation 
was observed in those lakes where the nitrogen concen-
tration was in the most productive oligo-mesotrophic 
range (RI0067, RI0070, RI0075 and RI0076). The cor-
responding phosphorus values indicated the same or a 
lower trophic level. According to chlorophyll-a and 
phytoplankton biomass, only two lakes (with different 
characteristics from RI0009, RI0010) were in the mesot-
rophic range (RI0011, RI0071). The rest of the lakes 
were described as oligotrophic on the basis of chloro-

phyll values, or even ultraoligotrophic taking account of 
phytoplankton biomass values according to Likens 
(1975). Assuming the measured values of chlorophyll-a 
as maxima, according to the OECD approach we can 
identify with greatest probability one mesotrophic lake 
(RI0011), one lake between meso- and oligotrophic 
(RI0071), four oligotrophic (RI0009, RI0010, RI0075, 
RI0076) and three ultraoligotrophic lakes (RI0008, 
RI0067, RI0070). 

A further point to be discussed is the short, simple 
food web which usually characterizes mountain lakes 
(Callieri et al. 1999; Straškrabová et al. 1999b). In these 
oligotrophic aquatic ecosystems the top-down influence 
should prevail, according to McQueen et al. (1986). Our 
results of multivariate data analysis for the year 2000 and 
temporal changes in the period 1996-2001 showed that 
both bottom-up (nutrients, anthropogenic factor) and top-
down (D. rosea) influences occurred. If we assume that the 
variance partitioning (Figs 2 and 3) reliably represented the 
proportion between top-down and bottom-up variables, 
then each of them amounted to about 50%. 

The percentage of bacterial carbon with respect to 
total plankton carbon was very low (0.8-2.5 %) in the 
two Maritsa Lakes (RI0075, RI0076), despite their low 
productivity. The rest of the lakes (two of them mesot-
rophic) showed a bacterioplankton percentage ranging 
from 8.7 to 38.3%, with lower values in the mesotrophic 
lakes and higher values in the oligotrophic one. This 
confirmed the thesis of Straškrabová et al. (2000) about 
the increased share of bacterioplankton in low produc-
tivity aquatic ecosystems. 

Bacterioplankton of a size structure consisting of 
long bacterial filaments was accompanied by a similarly 
long-shaped phytoplankton species – Schroederia 
setigera as explanatory variable (Fig. 3).  

Most probably the connection between long 
bacterial filaments and long S. setigera cells is to be 
found in their equally successful survival strategies, 
based on their similar shapes and relation to 
zooplankton feeding. Many studies dealt with the 
survival and intensive development of filamentous and 
other types of large algal colonies (e.g. blue-green 
algae) and related them to their resistance to grazing 
(Benndorff et al. 1988; Havens 1998; Kalchev et al. 
2002). 

5. CONCLUSIONS 
All but two of the nine high mountain lakes investi-

gated in the Rila Mountains were oligotrophic or ul-
traoligotrophic. Their nutrient concentrations and other 
dissolved chemical compounds were influenced by the 
percentage of soil coverage in their catchment areas. 
The lakes with less soil coverage and at high altitudes 
were distinguished by high nitrogen concentrations and 
low pH values, which are closely related to each other. 
Only the highest lake, characterized by the lowest alka-
linity, was endangered by acidification, although with-
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out reaching alarming pH values. The tendency during 
the last 6-8 years has demonstrated a considerable nutri-
ent decrease at least in four of the largest lakes. This 
was accompanied by an increase in zooplankton size 
and in biomass. Both bottom-up and top-down influ-
ences acted in the direction of increasing water column 
transparency, i.e. of an improvement in the water qual-
ity of the lakes investigated during the 1995-2001 pe-
riod. 
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