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INFLUENCE OF PHYSICAL WATER PARAMETERS ON THE
GROWTH AND ABUNDANCE OF VENDACE AND SMELT
UNDER NATURAL AND THERMOGRADIENT CONDITIONS

Birutë PERNARAVIÈIÛTË, Graþina BALKUVIENË

Institute of Ecology, Akademijos 2, 2600 Vilnius, Lithuania

Abstract. In the article, influence of some water parameters on the distribution and growth rate of the
stenothermic cold-water fish species vendace (Coregonus albula L.) and smelt (Osmerus eperlanus L.)
is discussed. The volume of cold-water mass as well as water trophic stage are of a great importance to
the functioning of populations of these species under natural conditions. Under thermogradient condi-
tions, changes in the populations are being resulted in by chemical and thermal water pollution.
Ichthyological research of many years has shown the volume of the thermal cold-water zone in a lake
as well as water trophic stage therein, which is exhibited by change in parameters of water colour and
transparency, to be essential to growth rate and age structure variations in smelt and vendace.
Key words: water temperature, transparency, colour, oxygen, fish growth

I NTRODUCTION

The stenothermic cold-water fish species vendace
(Coregonus albula L.) and smelt (Osmerus eperlanus
L.) belong to Salmoniformes. Vendace is an individual
of Coregoninae and smelt � of Osmeridae.
Vendace are wide spread in northern and central Euro-
pean waterbodies. In Lithuania, vendace are being found
in 75 lakes, their area totalling 30,000 ha of which 23%
belong to Lakes Drûkðiai and Dusia. Vendace are abun-
dant in Lakes Dringis, Baluoðas, Baltieji Lakajai, Asveja,
Tauragnas, Alauðas, Didþiulis, as well as other large,
deep, cold-water lakes. It is a typical planktophagous
short-living fish. It grows rather rapidly to reach its
maturity at the age of 1+-2+. Vendace spawn in autumn,
water temperature dropped to 4-5°C.
According to statistic data on commercial fishing for
1950-1983, vendace were fished for in 58 Lithuanian
lakes. Based on data of the Ministry of Environment
vendace made 6.1% of the total amount of the fish
caught during 1974-1985 (Bruþinskienë, Virbickas,
1988) and 15.9% of that during 1996-1999.
Vendace are fished for mostly in oligomesotrophic,
mesotrophic, thermo-deep and medium-deep lakes
where large volumes of cold-water mass with the wa-
ter temperatures physiologically optimal to vendace (t ≤
15°C) are being observed during the period of summer
thermal stagnation and where water colour is not above
XIV according to Forel-Ulle scale (Virbickas, 1987).

The distribution area of smelt (Osmerus eperlanus L.)
is similar to that of vendace: smelt are found in middle
and east European waterbodies. In Lithuania, the fol-
lowing smelt species are found: migratory smelt
(Osmerus eperlanus L.), living in the Baltic Sea and
spawning in the lower reaches of the Nemunas River,
and resident smelt (O. eperlanus m. relicta), observed
in the freshwater Curonian Lagoon (O. eperlanus m.
spirinchus) and lakes (O. eperlanus m. relicta). To resi-
dent smelt, optimal water temperature is 12°C and
water colour � ≤XVI (by Secchi) (Virbickas, 1987).
Accordingly, they, like vendace, inhabit only large, deep
and cold lakes. In Lithuania, they reside in approxi-
mately 50 lakes. In 1974-1985, smelt made 0.8% of
the total lakes catch and in 1996-1999 � 0.5% of it
(data of the Ministry of Environment).

MATERIAL  AND METHODS

Material was obtained during 1994-1999 from six natu-
ral lakes of different depth and the cooling reservoir of
Ignalina Nuclear Power Plant, Lake Drûkðiai.
Biological analysis of the fish was made and the fish
were aged using widespread methods (Pravdin, 1966;
Tchugunova, 1952). Fish lengths were measured us-
ing Smitt�s scheme, longitudo caudalis (l

c
), longitudo

totalis (L).
Water temperature in the lakes was taken during the
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period of summer thermal stagnation with deep-water
and electronic thermometers. On thermal research,
water transparency (T

m
) was estimated with Secchi

disc and colour (C
No.

) with Forel-Ulle scale.
The thermal zones t ≤ 15, 10, and 8°C were deter-
mined using graphs of water temperature distribution
according to depth. Thereafter mean thickness (m) of
vertical water levels in corresponding thermal zones in
the lakes was estimated. Afterwards water volume (V)
of a corresponding thermal zone was estimated in rela-
tive (%) values using tables of lake areas and volumes.
In the article, the volumes of cold-water masses for
the lakes investigated by E. Þukaitë and parameters of
water colour and transparency (Þukaitë, 1990, 1991)
are used.

RESULTS AND DISCUSSION

1. Vendace and smelt growth peculiarities under
natural conditions
Ichthyological research into Lithuanian lakes has shown
vendace to reach their maturity at the age of 1+-2+.
Among the caught vendace the individuals which l

c

ranged 15-24 cm, Q � 50-100 g and age � 2+-3+ pre-
vailed. Borderline age of the vendace was 4+-6+, rarely
7+. Lake Asveja (Dubingiai) made an exception where
a fish aged 11+ with l

c
 = 27.5 cm and Q = 300 g was

caught in 1963. That was the only lake where that old
vendace was found (Orlova, Sinevièius, 1967;
Sinevièius, 1972). Vendace growth in Lake Asveja is
being greatly influenced by some factors determining
water quality. It is a thermo-deep (∆t ~ 0.3°C) lake
and its water trophic stage is mesotrophic (T

m
 ~ 6.0

m, C
No.

 ~ VIII-IX) (based on data for 1962-1964). In
the lake, volume of the thermal zone t ≤ 15°C, making
63.5% V, is very favourable for vendace in summer
time. The narrow and long form of Lake Asveja pre-
vents strong winds, thus mixing of the water mass is
weak resulting in decreased oxygen concentrations in
deep water layers. As a result of this, oxygen deficit
(1.07 mg/l) was found at a depth of 13.5 m (Hydro-
biological research into Lithuanian lakes, 1975).
Growth parameters for resident smelt, like for vendace,
varied with different cold-water lakes. In Lithuanian
lakes, smelt l

c
 fluctuated on average from 3.5 to 17.4

cm and Q from 0.2 to 50.3 g. In catches of spawning
smelt, 1+-2+-aged 6.0-6.5-cm-long individuals predomi-
nated as a rule. Water temperature most favourable
for their spawning was 5-6°C. Growth rate in resident
smelt compared with that in migrating smelt from the
Baltic Sea was rather low: 0+: l

c
 on average ranged

4.3-7.9 cm, Q � 0.5-2.6 g; 1+: 8.0-10.5 cm, 2.7-7.4 g;

2+: 10.5-12.6 cm, 8.3-13.5 g; 3+: 12.0-13.2 cm, 13.0-
18.7 g; 4+: 15 cm, 27.5 g; 5+: 17.4 cm, 45.4 g; 6+: 19.0
cm, 65.1 g (Miðtautaitë, 1972). The largest individuals
were caught in Lakes Asveja and Didþiulis where es-
pecially favourable conditions for the functioning of
the populations were observed: in Lake Asveja, the
thermal cold-water zone t ≤ 10°C made 52.8% V, and
in Lake Didþiulis � 54.6% V. In these waterbodies,
smelt reach their maturity aged 2+.
In scientific literature, vendace is divided into large
and small. It is a relative division, however, as growth
rate and age of vendace are subject to environmental
parameters.
Over the study period, l

c
 of vendace caught in natural

lakes was in the range 11.2-31.5 cm, Q � 10.5-406 g,
age � 0+-7+ (Table 1). In Lakes Tauragnas, Ûkojas,
Baluoðas, and Akmena, larger vendace were caught
compared with Lakes Dusia and Plateliai. The insig-
nificant fluctuation of parameters of mean length and
mass observed in age groups in different years of the
research had likely been conditioned by a variety of
meteorological conditions in different calendar years
as well as errors of calculation resulted in by different
numbers of the analysed fish in the samples.
High parameters regarding vendace growth were esti-
mated in Lithuania�s deepest lake, Lake Tauragnas.
It is a very thermo-deep lake (∆t = 2.0°C) with large
volume of cold-water zones t ≤ 15°C (65.1% V), t ≤
10°C (52.3% V). Its water optical parameters (T

m
 ~

5.6 m, C
No.

 ~ IX) are typical of oligomesotrophic lakes.
Over the period of summer thermal stagnation oxygen
deficit (~2 mg/l) was observed in Lake Tauragnas deep-
water layers. Based on literary data, large vendace re-
sided therein in 1958. The length of the largest individual
caught l

c
 = 26 cm, Q = 225 g, and age � 5+. Vendace

growth rate was high: 1+: l
c
 = 15.1 cm, Q = 22.5 g; 3+:

24.5 cm, 159 g; 5+: 25.0 cm, 183 g (Bagdþius, 1961).
Large individuals have been caught in Lake Tauragnas
over the recent years, too. The length of the largest
vendace caught L = 31.0 cm, l

c
 = 29.0 cm, Q = 230g,

age � 6+. In the catches, 3+-4+ fish prevail (95.8% of
the vendace caught). Older vendace (5+, 6+) are few
(1.7%). They reach their sexual maturity at the age of
2+. Vendace growth rate is still high: 1+: l

c
 = 16.0 cm,

Q = 45 g; 2+: 20.0-22.1 cm, 61.0-112.2 g, etc. (Table
1).
Smelt growth rate in Lake Tauragnas was medium: 1+:
l
c
 = 8.8 cm, Q = 38.0 g; 2+: 11.6 cm, 8.9 g. Ageing 6+

the fish were up to 20.5 cm and 64.0 g. They reached
their maturity aged 1+. A mature Lake Tauragnas smelt
was 9-10 cm long (Miðtautaitë, 1973). Smelt body mass
in the catches over the recent years has been in the
range 12-36 g and mean mass 27.9 g.
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Table 1. Vendace (Coregonus albula L.) growth in Lithuanian lakes of different thermal regime

Lake Date Age, year
0+(1) 1+(2) 2+(3) 3+(4) 4+(5) 5+(6) 6+(7) 7+(8)

Tauragnas 1995 - 16.0 20.0 22.1 23.7 - -
45 84 121.7 145

1996 - - 19.5 22.7 24.3 - -
61 132 151

1997 - - 22.1 24.0 26.7 29 -
115.2 149.4 182 230

Ûkojas 1998 - - 23.8 26.4 29.5 35.7 -
122 201 302 438

Baluoðas 1997 - 15.6 19.6 22.4 23.7 25.0 -
32 76 115 143 157

1999 - - 16.8 - - 25.5 27.5 31.5
50.7 166 25.8 406

Akmena 1999 - 18.4 19.4 22.6 23.5 25.2 - -
55.3 66.6 104.8 115 141.2

Dusia 1994 - 13.3 18.8 20.3 21.6 - - -
20.4 55.8 66.8 73.2

1996 - 16.7 17.8 21.6 - 24 - -
45.8 55.7 75.8 129

1997 - - 18.8 20.1 - - - -
64.6 83.7

Plateliai 1995 11.5 12.8 16 - - - - -
15 20 42

1996 12.8 14.2 17.4 19.5 - - - -
15 20 41 59

1997 13.5 14.8 16.5 - - - - -
20 29.7 36

1999 11.2 15.0 16.6 - - - - -
10.5 27 37.6

Drûkðiai 1965-76 - 17.5 18.0 19.6 20.8 22.5 - -
52.5 65 80.1 97 140

1986 - 18.4 19.2 20.3 - - - -
82.5 93.2 114

1991 11.9 14.6 17.7 19 - - - -
16 28 53 69

1992 12.8 16.8 17.7 19.5 - - - -
17 47 55.2 72.9

1993 11.3 17.0 18.7 19.9 - - - -
14 49 67 81

1996 10.2 15.4 16.6 18.9 - - - -
8.9 32.7 40.9 61.0

l
c
 � fish length, cm; Q � fish mass, g

Based on the above data it could be stated that in Lake
Tauragnas, which features large volume of cold-wa-
ter zones (t ≤ 15°C � 65.1%, including t ≤ 10°C �
52.3%, and t ≤ 8°C � 46.0% V), stable conditions
favourable for the cold-water fish species vendace and
smelt and also for the cold-water hydrobionts that make

a good and accessible nutrition base for these fish spe-
cies have formed (Grigelis, Balkuvienë et al., 1982;
Grigelis, Nainaitë, 1981).
In the thermo-deep Lake Ûkojas, the thermal zone t
≤ 15°C made 52.7%, including t ≤ 10°C � 39.4% and
t ≤ 8°C � 32.5% V. Optical parameters of water (T

m
 ~
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4.7 m, C
No.

 ~ X) were typical of oligomesotrophic lakes
(Þukaitë, 1991). In near-bottom water layers, high
concentrations of fused oxygen (2-7 mg/l) and low
concentrations of biogenic substances were observed
(Grigelis, Balkuvienë et al., 1982). A hydrochemical
and thermal regime in the lake made conditions
favourable for cold-water hydrobionts to live in and
for the life and growth of the stenobiontic cold-water
fish vendace and smelt.
In the lake, vendace l

c
 ranged 21.8-35.7 cm, Q � 108-

438 g, and age � 2+-5+. Fish growth rate was high: 2+

fish l
c
 = 23.8 cm, Q = 122 g. The length of the largest

individual caught L = 38.5 cm, l
c
 = 35.7 cm, Q = 438

g (Table 1).
The smelt l

c
 in the catch fluctuated between 12.1 and

16.7 cm, Q � 12-28 g, age � 2+-4+. Fish growth rate
was high: 2+: l

c
 = 13.7 cm, Q = 14 g; 3+: 14.8 cm and

20 g; 4+: 15.5 cm and 23 g.
Lake Baluoðas is attached to the group of thermo-
deep lakes. The zone optimal for vendace t ≤ 15°C
made 44%, while t ≤ 10°C and t ≤ 8°C � 28.4% and
19.1% V, respectively. T

m
 ~ 4.5 m, C

No.
 ~ XII-XIII.

Oxygen concentration in the near-bottom water layers
<2 mg/l (Grigelis, Balkuvienë, 1982).
Based on the literary data (Skorupskas, 1979), 10.0-26.5-
cm-long vendace were found during 1966-1970 in Lake
Baluoðas catches. They demonstrated high growth rate:
2+ fish l

c
 = 18.3 cm, Q = 56.9 g. The largest vendace

caught l
c
 = 26.5 cm, Q = 210 g, age � 7+.

On researching Lake Baluoðas in 1997 and 1999
vendace were caught which l

c 
ranged 14.8-32.0 cm,

Q � 28-416 g, and age � 1+-7+. Their growth rate was
just as high: 2+ fish l

c
 ranged 16.8-19.6 cm, Q � 50.7-

76 g. There were some large individuals in the catches,
their L ranging 34-35 cm, l

c
 � 31-32 cm, Q � 396-419

g, age � 7+.
Comparatively large smelt were found in the lake: their L
in the range 15.5-17 cm, l

c
 � 13.5-16 cm, Q � 16-32 g.

Near-bottom water layer temperature at the deepest
point of Lake Akmena was 7.4°C in summer and 2.2°C
in winter, ∆t � 5.2°C. It was a thermo-medium-deep
lake. Its thermal zone t ≤ 15°C made 48%, including t
≤ 10°C with 28.8%, and t ≤ 8°C with just 0.3% V.
In August 1999, l

c
 of the vendace caught was 17.5-27

cm, Q � 45-172 g, age � 1+-5+. Compared to Lakes
Ûkojas and Tauragnas, growth rate was lower and al-
most equalled that in Lake Baluoðas vendace: 2+ vendace
l
c
 = 19.4 cm, Q = 66.6 g. Growth rate was higher at

the age of 1+-3+, and then declined. The age of the
largest individual caught was 5+, L = 30 cm, l

c
 = 27

cm, Q = 172 g.
Lake Plateliai featuring relatively small cold-water
zones t ≤ 15°C and t ≤ 10°C making 29.3 and 26.6%

V, respectively, and better water trophic stage (T
m
 ~ 6

m, C
No.

 ~ XII) was distinguished for small vendace
reaching their maturity at the age of 1+. Their life du-
ration was only 3+. At the age of 2+, Lake Plateliai
vendace l

c
 = 16.0-17.4 cm and Q = 36-42 g.

Ichthyological research carried out in the most
vendace-productive Lake Dusia over 1961-1973
showed the vendace growth evolution to change with
changing environmental factors (water temperature,
oxygen regime, zooplankton biomass, etc.). At the age
of 1+, vendace l

c
 changed on average 13.7 (1967) to

19.2 cm (1971), and Q � 27.1 to 72.1 g, while at the
age of 2+ � 19.1 to 20.8 cm and 63.4 to 94 g. An early
warm spring was estimated to induce while hot sum-
mer to reduce vendace growth. The lowest growth
rate was observed during the outstandingly hot sum-
mer 1967, while the highest � in 1971 when due to an
early and warm spring zooplankton biomass signifi-
cantly increased. At that time vendace growth rate in
Lake Dusia was higher than in any other Lithuanian
lake (Sinevièius, 1975). Despite Lake Dusia being at-
tached to thermo-medium-deep lakes (∆t ~ 7.5°C), its
thermal zone t ≤ 15°C made 43.2% V. The thermal
zone t ≤ 10°C was absent in the lake due to the strong
dynamic mixing of water mass reaching very deep
water layers. T

m
 ~ 6 m, C

No.
 ~ IX-X. Because of in-

tense water mass and oxygen mixing O
2
 = 7.4 mg/l

Lake Dusia was very favourable for hydrobionts.
The research of 1994-1996 has shown Lake Dusia
vendace growth rate to equal their low growth in 1967:
1+: l

c
 ranged 13.3-16.7 cm, Q � 20.4-45.8 g; 2+: 17.8-

19.0 cm, 55.7-64.6 g. In Lake Dusia, vendace reach
their maturity aged 1+. The caught smelt l

c
 was in the

range 7.0-16.0 cm, Q � 1-27 g, age � 0+-4+. At the age
of 0+ smelt l

c
 = 7.9 cm, Q = 1.0 g; 1+: 11.3 cm, 47 g;

2+: 12.6 cm, 12.4 g; 3+: 16 cm, 25 g. In the lake, smelt
reached their maturity at the age of 1+.

2. Vendace and smelt growth peculiarities under
thermogradient conditions
In oligomesotrophic, mesotrophic, and eutrophic lakes,
the regressive successions of fish communities resulted
in by changing environmental factors are best indi-
cated by change in dominating species and species
elimination, variation in vendace and smelt abundance
being among them.
Thermal and chemical water pollution, the impact of
which varies depending on the power of Ignalina
Nuclear Power Plant (INPP), has been one of the main
factors determining changes in populations of the
stenothermic cold-water planktophagous smelt and
vendace in Lake Drûkðiai.
The research into the age structure and growth rate in

The growth and abundance of fish
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Lake Drûkðiai vendace carried out after the launch of
the INPP demonstrated a great change in vendace
growth rate under changing ecological conditions in
the lake. The following periods could be distinguished
in the vendace growth dynamics: before the INPP
launch (until 1984) � a base state period; after the INPP
launch (1984-1989) � a period of thermogradient con-
ditions formation; 1990-1995 � a stabilization period;
1996-1997 � a period of decreased water quality.
Before the INPP exploitation, vendace growth param-
eters in Lake Drûkðiai were very similar to the mean
vendace growth parameters in Lake Dusia in 1967. In
1967, for example, Lake Dusia 3+ vendace l

c
 = 20.2

cm and Q = 74.7 g (Sinevièius, 1977), and Lake
Drûkðiai ones � 19.6 cm and 80.1 g, respectively
(Orlova, Sinevièius, 1967). The borderline age of Lake
Drûkðiai vendace was 5+ at that time. Their growth
rate differed from that in the rapidly growing Lake
Tauragnas vendace (Bagdþius, 1961) but surpassed the
one in Lake Plateliai (3+: 14.5-15.5 cm, 35-45 g in 1956
(Bagdþius, 1959)) (Table 2).
In the initial stage of the research in 1984-1986, sig-
nificant increase in vendace growth was observed.
Despite the fact that the thermal zone t ≤ 15°C de-
creased from 8.5% V in the base state to 6.8% V in
1986, the thermal cold-water zone t ≤ 10°C increased
for 0.4% V. T

m
 also increased for 0.4 m, as well as

oxygen concentration at the deepest point in the west

of the lake (≥30 m deep) from 1.15 mg/l in the base
state to 1.98 mg/l in 1986 (Bunikis, Salickaitë, 1992).
Water colour C

No.
 changed from XI in the base state to

XII in 1986.
Under increased water temperature in Lake Drûkðiai,
the vegetation period became longer and the nutrition
base of vendace improved. The research into vendace
growth in 1986 showed that under those conditions 1+

vendace l
c
 increased from 17.5 cm in the base state to

18.4 cm in 1986, and Q � from 52.5 g to 82.5 g,
respectively; 2+: 18.0-19.2 cm, 65-93.2 g; 3+: 19.6-
20.3 cm, 80.1-114 g. However, no 4+ years old indi-
viduals were caught in 1986 (Table 1).
Under the increased warm-water zone t ≥ 15°C since
1991 and diminished cold-water thermal zones and
under declined water optical parameters, vendace
growth rate became higher equalling that in the base
state. It should be mentioned that fluctuations in 0+

vendace linear growth rates synchronically reflected
the volume of the thermal cold-water zone ≤15°C,
while the increased oxygen concentrations in the near-
bottom water layer did not have significant influence
on their growth rates (Table 3).
Disappearance of the thermal zone t ≤ 8°C, marked
decrease of water transparency (from 5 m in the base
state to 2.8 m in summer 1997), changes in water
colour from X-XI in 1976 to XIII in 1994-1996 (in
1997 it was impossible to estimate water colour ac-

Table 2. Growth dynamics for four years old (3+) vendace in Lithuanian lakes

Drûkðiai Dusia Plateliai Tauragnas
Year 1965 1996 1967 1996 1956 1996 1991 1996
l
c

19.6 18.9 20.2 21.6 14.5-15.5 19.5 23.5 22.7
Q 80.1 61.0 74.7 75.8 35-45 59.0 140.0 132.0
t ≤ 15°C 8.5 (1976-83) 3.5 43.2 27.5 65.1 64.0
T

m
5.0 (1976-83) 3.6 6.8 5.7 5.6

C
No.

X-XI (1976-83) XIII IX-X XI IX-X

l
c
 � fish length, cm; Q � fish mass, g; t ≤ 15°C � thermal zone, %; T

m
 � water transparency, m; C

No.
 � water

colour (No.)

Table 3. Change in linear growth of one-year-old (0+) vendace in Lake Drûkðiai in 1991-1996

Year 1991 1992 1993 1996
l
c

11.9 12.8 11.3 10.2
t ≤ 15°C 6.3 8.0 5.8 3.5
C

No.
XII XII-XIII XIII XIII

O
2

2.52 2.04 5.55 2.62

Note: l
c
 � fish length, cm; Q � fish mass, g; V � water volume, (106 m3); C

No.
 � water colour (No.); O

2
 � oxygen

concentration at a depth of 30 m, mg/l (O
2
 � based on Salickaitë and Bunikienë�s data)
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cording to Forel-Ulle scale because of intense water
bloom) resulted in deteriorated water quality in Lake
Drûkðiai. Interaction of thermal, chemical and meteo-
rological determiners conditioned lower growth rates
in vendace (Table 3).
Ichthyological research of many years showed the
mean body mass of 0+ vendace to be also directly de-
pendent on the volume of the thermal cold-water zone
t ≤ 15°C and lake water trophic stage in a correspon-
dent year. Growth of individuals of older age groups,
on the other hand, did not demonstrate that kind of
dependence, as their growth depended not only on lake
water quality parameters in a correspondent year, but
also on their changes in earlier calendar years. For in-
stance, 3+ fish growth was determined by changed
living conditions in the lake during their growth evolu-
tion in 1990-1993. It was also estimated that the de-
pendence between vendace growth, water transpa-
rency, and oxygen concentration was weak. Only un-
der significant decrease in Lake Drûkðiai water trans-
parency and under oxygen deficit in the deeper water
layers of the lake the impact of parameters determin-
ing water quality on decreased vendace growth was
observed (Table 4).
Compared with the base state, the borderline age in
Lake Drûkðiai vendace declined from 5+ to 3+ under
the impact of the INPP.
In the experimental catches, under the impact of the

INPP vendace l
c
 varied from 10.2 to 20.3 cm, and Q

from 8.9 to 114 g (Table 1). In the base state, indi-
viduals of six age groups (0+ to 5+) were found, their l

c

being up to 22.5 cm, Q = 140 g, age � up to 5+, and in
1996 individuals of four age groups (0+ to 3+) were
observed, the oldest vendace being as young as 2+.
After the launch of the INPP, Lake Drûkðiai smelt were
investigated in winter 1985 (January 23-30). The
caught smelt l

c 
ranged 6-11 cm, Q � 1.4-6-8 g, age �

0+-2+. In a catch of 2,627 individuals, 7-9-cm-long 1+

fish weighing 2.8 g prevailed, making 93% of the
caught smelt. Small individuals, up to 6-cm long and
1.4 g of weight, made 3.8%, while large � 3.2%, their
l
c
 being 10-11 cm, and Q � up to 6.8 g.

It was established that in summer 1984 the thermal
zone t ≤ 10°C in Lake Drûkðiai made as much as 2.6%
V, T

m
 increased up to 7.0 m, and C

No.
 remained similar

to that in the base state, i.e. XI. In addition, at the
deepest points in the lake no oxygen deficit was ob-
served. That water quality experienced during the first
years of the INPP exploitation was favourable for a
normal functioning of smelt.
The comparison of the smelt growth rate in Lake
Drûkðiai in 1985 with the mean smelt growth rate in
other 11 Lithuanian lakes in 1963-1970 (Miðtautaitë,
1972) revealed growth parameters for young-of-the-
year smelt to be almost similar. Growth rate in older
smelt was lower in Lake Drûkðiai (Table 5).

Table 4. Body mass growth dynamics in different age groups of vendace in Lake Drûkðiai

Fish age 1965-76 1986 1991 1992 1993 1996 1997
0+ - - 16 17 14 8.9 -
2+ 65 93.2 53 55.2 67 40.9 -
3+ 80.1 114 69 72.9 81 61 -
Thermal zone 1976-1983
t ≤ 15° C (V%) 8.5 6.8 6.3 8.0 5.8 3.5 8.4
C

No.
X-XI XII XII XII-XIII XIII XIII not

established
T

m
4.7 5.4 4.7 4.8 5.0 3.6 2.0

O
2

1.15 1.98 2.52 2.04 5.55 2.62 0.86

Note: C
No.

 � water colour (No.); T
m
 � water transparency, m; O

2
 � oxygen concentration (station 2) at a depth

of 30 m, mg/l (O
2
 � based on Salickaitë and Bunikienë�s data)

Table 5. Smelt growth in Lake Drûkðiai and other Lithuanian lakes

Lake Date Age (years)
0+ 1+ 2+

Drûkðiai 1985 6.6/1.6 8.1/3.2 9.8/5.5
Other lakes of Lithuania 1963-1970 6.1/1.6 9.3/5.1 11.6/10.9

Note: l
c
/Q: l

c
 � fish length, cm; Q � fish mass, g

The growth and abundance of fish
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In 1950-1970, smelt in the commercial Lake Drûkðiai
catches made up to 50% of ichthyomass, however
already at the time the INPP was under construction
the decreased population abundance was observed
(1979-1983).
After the second INPP energy block was launched in
1988 and water temperature increased on average for
2-3°C, the thermal zone t ≤ 10°C has disappeared, and
the thermal zone t ≤ 15°C significantly diminished to
make just 4.3% V (in the base state t ≤ 15°C made
8.5% V). T

m
 has also dropped from 7.0 m in 1984 to

5.4 m in 1987. Water colour has become XII. Despite
lake oxygen regime being favourable (0

2
 ~ 5.4 mg/l), due

to good lake aeration the smelt population began sudden-
ly diminishing because of increased water temperature.

CONCLUSIONS

Research into growth rate in some stenothermic cold-
water fish in Lithuanian lakes in the context of chang-
ing water parameters (temperature, transparency,
oxygen) show the functioning of vendace and smelt
populations to be directly dependent on the volume of
cold-water (t ≤ 10-15°C) mass and the water trophic
stage of a lake during the vegetation period. The best
growth parameters for vendace and smelt were estab-
lished to be in thermo-deep lakes with the thermal zone
t ≤ 15°C making 60% of the total water mass volume
in the lake (V), water transparency (T

m
) being ≥5 m,

colour (C
No.

) being ≤X according to Forel-Ulle scale.
Thermo-medium-deep lakes with the thermal zone t ≤
10°C making ≤20% and the thermal zone t ≤ 15°C
making ≤30% V, T

m
 being ≤5m, and C

No. 
being ≥X dem-

onstrate lower vendace and smelt growth rates.
In Lake Drûkðiai, the cooling basin of the INPP,
vendace population growth under thermogradient con-
ditions was established to be dependent on the change
in the volume of the thermal zone t ≤ 15°C. After the
first energy block of the INPP was launched, during
the period of summer thermal stagnation in 1984-1986
under the almost unchanged thermal zone t ≤ 15°C,
changed C

No.
, T

m
 and O

2
, the prolonged vegetation pe-

riod, significant increase in vendace growth was ob-
served. After the launch of the second energy block
of the INPP and under the increased thermal zone t ≥
15°C and the decreased thermal zones t ≤ 15, 10°C,
under deteriorating optical parameters of lake water,
decreased growth of vendace was estimated, while
smelt was not found at all. Under the regulated power
of the INPP and stabilized regime of Lake Drûkðiai,
vendace age has diminished on average from 5+ to 3+

to compare with the base state. Due to increased wa-

ter temperature in the deep water layers and deterio-
rated water quality the smelt population in the lake has
become almost extinct.
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FIZIKINIØ VANDENS KOKYBËS RODIKLIØ

ÁTAKA SELIAVOS IR STINTELËS AUGIMUI

IR GAUSUMUI NATÛRALIOSE IR

TERMOGRADIENTINËSE SÀLYGOSE

B. Pernaravièiûtë, G. Balkuvienë

SANTRAUKA

Straipsnyje aptariama kai kuriø Lietuvos eþerø termi-
kos, vandens skaidrumo, spalvos ir deguonies átaka ste-
noterminiø ðaltamëgiø þuvø rûðiø � seliavos (Corego-
nus albula (L.) ir stintelës (Osmerus eperlanus (L.) �
augimui. Panaudota daugiametë (1956-1996 m.) me-
dþiaga. Nustatyta, kad minëtø þuvø rûðiø funkcio-
navimui natûraliomis sàlygomis didelës reikðmës turi
eþero ðaltavandeniø (t ≤ 10, 15°C) masiø tûriai bei van-
dens iðsivystymo lygis. Termogradientinëse sàlygose
(Drûkðiø eþere � Ignalinos AE auðintuve) seliavø ir
stinteliø populiacijos augimas priklauso nuo terminës
bei cheminës tarðos masto. Dël pakilusios Drûkðiø eþero
vandens temperatûros giluminiuose vandens sluoks-
niuose bei pablogëjusios vandens kokybës stintelës
populiacija eþere beveik iðnyko, o seliavø gyvenimo
trukmë po AE paleidimo lyginant su bazine bûkle
vidutiniðkai sumaþëjo nuo 6 (5+) iki 4 (3+) metø.
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