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BIOLOGICAL CHARACTERISTICS OF SPAWNING POPULATION OF VENDACE
(COREGONUS ALBULA L.) FROM LAKE SREMSKIE (MIEDZYCHOD DISTRICT)

Summary

The objective of studies carried out in 2011 was to investigate the most important biological traits of the spawning popula-
tion of the vendace from Lake Lake Sremskie lying in the Miedzychdd-Sierakéw Lakeland and to compare the results to the
literature data. The biological material was obtained in the autumn, immediately before spawning. To achieve the objective
of the research the following features were studied: sex structure, growth rate, fish condition, fertility as well as biometric
and meristic traits of the studied vendance. At the same time, the most important physico-chemical water indices were de-
termined to provide a characteristic of the environmental conditions. On the basis of physical and chemical indicators the
status of water was classified as good. The vendace from the investigated water body may be classified to the group of very
good growth rate (significantly above the average), reaching in the third year of life on average the total length of 22.4 cm.
Fulton’s index of fish condition ranged from 0.78 to 1.25 with a mean value of 0.89. The mean absolute fertility was 12714
eggs, while relative fertility was 11994 eggs per 100 g of body mass. Considering the quantitative traits, the fish population
of Lake Sremskie differs non-significantly regarding the greatest and the smallest body height from the populations with a
good growth rate described by Bernatowicz. The meristic traits of the studied population do not significantly deviate from
the values reported by other researchers, except for filtration processes.

Key words: vendace (Coregonus albula L.), ecological status, growth rate, fish condition, fertility index, population charac-
teristics

CHARAKTERYSTYKA BIOLOGICZNA (STADA TARLOWEGO) TARLOWEJ POPULACJI
SIELAWY (COREGONUS ALBULA L.) Z JEZIORA SREMSKIEGO (POW.
MIEDZYCHODZKI)

Streszczenie

Celem przeprowadzonych w 2011 roku badan bylo poznanie najwazniejszych parametrow biologicznych populacji sielawy z
Jjeziora Sremskiego, lezqcego na pojezierzu Miedzychodzko-Sierakowskim oraz poréwnanie uzyskanych wynikéw do danych
literaturowych. Materiat biologiczny pozyskano w okresie jesiennym, tuz przed rozpoczeciem tarla. Aby zrealizowac cel ba-
dan okreslono strukture plci, wiek, tempo wzrostu, kondycje, plodnosé, a takze cechy populacyjne (mierzalne i policzalne)
badanych sielaw. Rownoczesnie oznaczono najwazniejsze wskazniki fizykochemiczne wody, pozwalajqce scharakteryzowaé
warunki srodowiskowe jeziora. Na podstawie wskaznikow fizykochemicznych stan wod zbiornika uznano jako dobry. Siela-
wa z badanego zbiornika nalezy do grupy o bardzo dobrym wzroscie (znacznie powyzej Sredniej krajowej), osiagajac w
trzecim roku Zycia srednio 22,4 cm diugosci catkowitej. Wartos¢ wskaznika kondycji Fultona wahata sie od 0,78 do 1,25,
przy Sredniej 0,89. Srednia plodnosé absolutna wyniosta 12714 szt. jaj, natomiast plodnos¢ wzgledna 11994 szt. jaj na 100
g masy ciala. Biorqc pod uwage cechy mierzalne populacja Sremska nieznacznie rozni sie pod wzgledem wysokosci ciata od
innych populacji o dobrym wzroscie, opisanych przez Bernatowicza. Cechy policzalne badanej populacji nie odstajq od
wartosci podanych przez innych badaczy, z wyjatkiem liczby wyrostkow filtracyjnych.

Stowa kluczowe: sielawa (Coregonus albula L.), jezioro Sremskie, stan ekologiczny, tempo wzrostu, kondycja, plodnosé,
cechy populacyjne

1. Introduction

The vendace is one of the most valuable species in the
fishery economy among the species living in Polish lakes.
This results from the important biological and economic
attributes of the vendace, including its shoaling lifestyle,
rapid growth rate, as well as high nutritive and taste value
[1, 2]. The vendace being a planktonophagous species uses
food resources of the pelagic zone and it can contribute to
an increase of lake productivity, while at the same time re-
moving from the lake a significant amount of organic mat-
ter [3, 4].

The vendace has high environmental requirements and
is therefore an indicator species.
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The number of lakes, where vendace are found, fluctu-
ates greatly depending mainly on fish stocking. Coregoni-
dae retreat from the environment together with the pro-
gressing eutrophication process, while this phenomenon is
mainly connected with disturbances of natural fish spawn-
ing. The disappearance of spawning grounds in conse-
quence affects the population size of adult fish [1, 3, 5-7].

A very important factor is also connected with changes
in the species composition of the zooplankton, which is the
basic food of vendace [8].

Locally, especially in lakelands, vendace may be of
some economic importance, being a source of food with
high taste and health value. Dishes and preparations from
vendace, promoted as an environmentally friendly product,
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may be local culinary symbols of the region. Fishfarmers
with appropriate lakes and technical equipment, by promot-
ing valuable species such as vendace and whitefish, boost
their business competitiveness, thereby increasing profits.

Fishery management, carried out in accordance with the
principles of sustainable development, is in line with the
trend towards organic agriculture through production and
promotion of healthy food. Basic species of this trend in
terms of fishing potential should be first of all vendace and
whitefish.

To implement a new model of ecological fishery man-
agement on lakes it is necessary to know the exact environ-
mental status and food resources, as well as the structure of
fish fauna species and population parameters of key species.
Lakes differ in terms of numerous environmental factors,
resulting in considerable variability of biological character-
istics such as e.g. hatching survival, growth and fertility in
fish populations, including the vendace [8]. These differ-
ences result from local adaptability to environmental condi-
tions exhibited by a given population [7, 9-11]. At the same
time, inter-population differences may be the result of in-
tensive stocking and exploitation, as the intensity of fishery
production must be adapted to the nature and trophic condi-
tions of reservoirs and to the biological characteristics of
fish species that inhabit them.

Having this in mind, it was decided to explore produc-
tion capabilities of lakes in the Wielkopolska region, with
particular emphasis on vendace.

This paper presents the first part of research results,
concerning the vendace population of Lake Sremskie,
unique on the national scale and located in the Sierakow-
Migdzychdd Lakeland.

2. Study area, materials and methods

Lake Sremskie is located in the north-western part of

the Wielkopolska region, the Migdzychdod-Sierakow Lake-
land in the Sierakowski Landscape Park. The landscape
park comprises numerous postglacial lakes. Within the Park
there are 63 lakes with an area of min. 1 ha, the largest of
which is Lake Chrzypsko (304 ha), while Lake Sremskie is
the deepest (45 m).
In the direct catchment area of Lake Sremskie arable land
predominates occupying about 67% of the area, while for-
ests account for 28.4%. Built-up areas include two small
villages of Chalin and Srem occupying 1.4% of the surface.
The lake lies in a basin surrounded by high banks, with the
exception of its south side.

The surface water elevation of the lake is 39.3 m above
sea level, while the surrounding hills rise up to 70 m above
sea level. Lake Sremskie with an area of 117.6 hectares is
one of the largest water bodies of the Sierakowski Land-
scape Park. The maximum depth is 45 meters, classifying
the lake as the deepest in the Wielkopolska region. The bot-
tom of the basin is highly diverse with numerous depres-
sions and underwater elevations. Lake Sremskie is a dimic-
tic water body with relatively limited exposure to wind,
which affects the time and speed of water mixing and
epilimnion depth. The most important morphometric pa-
rameters are presented in Table 1.

In order to realize the objective of this study the follow-
ing traits of the investigated vendace were determined: sex
structure, growth rate, fish condition, fecundity, as well as
biometric and meristic traits. At the same time the most im-
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portant physico-chemical indices of water were determined
to characterize environmental conditions.

Table 1. Morphometric parameters of Lake Sremskie
Tab. 1. Parametry morfometryczne Jeziora Sremskiego

Parameter Lake Sremskie
Height [a.s.].] 39,3
Area [ha] 117,6
Volume [thous..m’] 23735
Max. depth [m] 45,0
Mean depth [m] 20,2
Max length [m] 1620
Max width [m] 1050
Shore line length [m] 4700
Development of shore line 1,22
Exposure indicator 5,8

Source: own work / Zrédlo: praca wlasna

Fish for studies were caught in mid-November 2011 us-
ing gill nets with a 22 mm mesh size. Water samples were
collected in the period of summer stagnation in the end of
August and during winter stagnation in the beginning of
February. In summer and in winter thermal and oxygen pro-
files were prepared to determine the stratification and oxi-
disation of waters. Also the visibility of the Secchi disc was
recorded. Furthermore, in the summer period water samples
were collected to determine the following physico-chemical
indices: pH, biochemical oxygen demand (BOD:), total
phosphorus, total nitrogen, proper electrolytic conductivity
and chlorophyll a contents.

Fish were stored frozen at —28°C in special plastic bags,
which prevented water sublimation from fish bodies. After
defrosting the mass of each fish was measured accurate to
0.1 g, A total of 25 body shape parameters were measured
(Table 2) and the most important meristic traits were re-
corded. Furthermore, for female fish the mass of gonads
was determined and on the basis of sampled gonad sections
their absolute fecundity and relative fecundity were de-
fined. In order to determine the age of fish, scales were
sampled along the lateral line of the body from the place
between the adipose fin and the dorsal fin [12]. Growth rate
of vendace was determined by the method of back calcula-
tions according to Lea [13].

On the basis of the measurements, Fulton’s coefficient
was calculated, which defines the correlation between
length and individual mass of fish [14].

Results of the above measurements are shown in tables
for their further analysis, which in effect will provide bio-
logical characteristics of the vendace population from Lake
Winnogora.

3. Results and discussion
3.1. Environmental conditions — physico-chemical indices

At the end of August marked lake water stratification
was observed, with the epilimnion thickness of 5 m, that of
the metalimnion being 4 m, while the hypolimnion started
from 10 m depth (Table 3). The temperature of the
epilimnion was slightly over 22°C, while that of the lower
hypolimnion was 5.5°C. The considerable water stratifica-
tion and low temperature of the bottom layers classify Lake
Sremskie as a deep, relatively static dimictic lake. Such
lakes are characterised by a lower primary productivity,
which has a positive effect on their water quality [15].
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Table 2. Quantitative and meristic traits and their symbols
Tab. 2. Cechy mierzalne i policzalne oraz ich oznaczenia

Quantitative traits Meristic traits
Symbol trait Symbol trait
§1 lateral head length PD
Xj preorbital distance PDT dorsal fin
X, eye dlar.neter. PD M PD hard rays
X postorbital distance PD soft rays
XZ head height PA
X head width PAT anal fin
X total fish length PAM PA hard rays
XZ caudal length PA soft rays
X0 body length PC
X predorsal length PCM caudal fin
X“ postdorsal length PC soft rays
X1z greatest body height PP
XB preanal length PPT pectoral fins
XM smallest body height PP M PP hard rays
Xls caudal peduncle length PP soft rays
X“’ caudal fin length PV
X” pectoral fin length PVT ventral fins
X18 ventral fin length PVM PV hard rays
XZ dorﬁl ﬁ}r: heilght PV ventral rays
anal fin height
§21 dorsal fin base length | llls i scale number on lateral line
X22 anal fin base length o scale no. over and under lateral line
z distance between pectoral fin and ventral fin no. of filtration processes
. Sp. branch.
Xos distance between ventral fin .
and anal fin RB number of subbranchial rays
Xos length of adipose fin

Table 3. Temperature and oxidisation in Lake Sremskie wa-
ters in the summer and winter periods

Tab. 3. Termika i natlenienie wéd w Jeziorze Sremskim w
okresach letnim i zimowym

Source: own work / Zrodfo: praca wlasna

Table 4. Values of major physico-chemical indicators rep-
resenting water quality in Lake Sremskie

Tab. 4. Wartosci najwazniejszych wskaznikow fizykoche-
micznych obrazujacych jakosé¢ wody w Jeziorze Sremskim

Denth Summer stagnation Winter stagnation Indicator Value Status
ept Mean saturation of hypolimnion with 2% g00d
ml | °c | mgoy" | %0, | °C | mgo," | %0, oxygen [%]
Py [mgP*17'] 0.05 good
0 | 228 153 182 | 03| 108 77 Niogat [MENFI1] 1.07 good
1 22.6 14.3 169 | 2.9 10.7 82 Visibility of Secchi’s disc [m] 3.1 good
2 22.4 14.1 166 3.8 10.4 81 Conductivity [uS*Cm'l] 475 good
3 223 13.2 155 | 3.8 104 81 Chlorophyll “a” content [ug*1"] 4.70 good
4 22.2 13.3 155 3.8 10.3 80 . Good sta-
5 | 221 | 124 145 | 38 | 103 80 Final status tus
6 18.2 10.1 110 3.7 10.3 80 TSI 46.7
7 14.0 9.4 94 3.7 10.3 80 Source: own work / Zrodlo: praca wlasna
8 11.4 8.2 77 3.7 10.2 79
9 9.3 6.9 62 38 9.8 77
i(l) 7.7 5.7 19 3.8 9.7 77 Table 5. Age, sex and length of vendace from Lake Srem-
e
13 77 =3 16 37 55 66 ];?.b.. 5. Wiek, pte¢ oraz dlugosé sielaw z populacji Srem-
14 77 52 45 | 37 8.2 64 siey
15 7.8 5 43 3.7 8.2 64 S
20 | 68 | 42 36 |37 76 59 Number of | o o Stucure Length range
25 59 3.9 28 | 34 7.6 59 individuals 3 ? It [em]
30 55 2.7 21 3.4 7.6 59 3 1+ - 3 14.6-17.3
35 5.7 1.6 13 34 7.2 56 34 2+ 18 16 17.5-21.8
40 5.5 1.3 11 34 7.0 55 32 3+ 10 22 21.6 —23.7
4 4+ - 4 23.8-27.1
45 5.5 0.8 7 33 7.0 52 73 28 45

Source: own work / Zrédlo: praca wlasna
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Source: own work / Zrédlo: praca wiasna
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Aerobic conditions in the analysed lake may be consid-
ered as good, as indicated by the value of mean oxygen
saturation in the hypolimnion (Table 4). Up to a depth of 30
m the dissolved oxygen content in water exceeded 2 mgl”,
while only immediately above the bottom the value of this
parameter dropped to less than 1 mg. In terms of dissolved
oxygen levels Lake Sremskie is exceptional among the
other deep lakes in the region, in which already the upper
metalimnion level is frequently deoxygenated.

Such a situation is characteristic of eutrophic lakes [16].
In those lakes in the summer season the area, where fish
can live and feed, is drastically limited and this may have a
negative effect on fish condition and their growth rate. [17]
stated that the critical minimal oxygen content in a vendace
reservoir should not drop below 4 mg L. This value in
Lake Sremskie is maintained until 25 m deep. In the winter
period oxygen content from the surface to the bottom fluc-
tuated around 7 mgL™".

Based on 6 physico-chemical indices, water in that lake
may be classified to water quality class 2, which corre-
sponds to good ecological status (Table 4). Also Carlson’s
Trophic State Index for Lakes, calculated based on phos-
phorus and chlorophyll a contents and the depth of the Sec-
chi disc visibility indicate relatively low fertility of the lake
equivalent to mesotrophy.

In terms of fishery management the analysed water
body may be classified as a vendace lake with very good
habitat conditions for this species. Fish culture yield of such
lakes is approx. 34 kg ha™, including approx. 5.5 kg of ven-
dace [15].

3.2. Structure of the studied population

Studies on vendace population biology in Lake Srem-

skie were based on 73 individuals caught in the autumn pe-
riod.
Analysis indicated that in the catches from gill nets with a
22 mm mesh size 2- and 3-year old specimens predomi-
nated, accounting for over 90 % of the total catch (Table 5).
Only single caught specimens were aged 1+ and 4+, while
no S5-year old fish were found. Czerniejewski et al. [18],
who studied the vendace population in three West-
Pomeranian lakes (using gill nets with a 24 mm mesh size)
found an overwhelming dominance of 3-year old fish
amounting to 78%. Another study of Czerniejewski and
Filipiak [4] concerning vendace from 6 West-Pomeranian
lakes reported that in commercial catches specimens aged
2+ were markedly predominant.

It is of interest that among the caught vendace there
were many more females, with the ratio of males to females
of 1:1.6. However, it must be stressed here that the catches
came from the lake pelagic zone and therefore it is highly
likely that at the time of our catches the male fish stayed
near the shore in the spawning zones. Czerniejewski et al.
[18] reported quite different results recording the predomi-
nance of males at an 8:1 ratio.

The length of the studied fish ranged from 14.6 to 27.1
cm, with the predominance of specimens of 17.5-23.7 cm in
length. These lengths are similar to those reported by
Ciepielewski [19, 20] who investigated the efficiency of
vendace gill nets with mesh size of 18, 22 and 24 mm. That
author reported that 22mm gill nets showed the highest se-
lectivity (1) for fish with a mean length of 19.5 cm, ranging
from 16.6 to 22.4 cm.
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3.3. Growth rate

According to Radziej [21], fish growth depends on envi-
ronmental conditions. In the case of fish, in contrast to ho-
moeothermic animals, their body growth is continued even
after they reach sexual maturity, although it is at a signifi-
cantly slower rate. Vendace in lakes of the Baltic Sea
catchment area are characterized by a considerable variabil-
ity of growth rate.

The mean increments of the vendace studied in individual
years are shown in fig. 6. According to the division devel-
oped by Szczerbowski [22], the growth rate of vendace from
Lake Sremskie is very fast, much greater than the national
mean. In water bodies located in that area growth rate varies,
e.g. in Lake Winnogora [23] this species is characterized by a
medium growth rate, reaching in the 3" year of life the length
of almost 20 cm, while in Lake Gorzyn [24] the increments
are comparable to those in the population from Lake Srem-
skie. According to Fiszer et al. [10], vendace in the 4
Wielkopolska lakes analyzed in that study had markedly
slower growth rates than in this water body. Analyses of
growth increments for fish from 186 investigated Polish
lakes [25] showed that growth of vendace from Lake Srem-
skie is faster than the mean increment for all analyzed lakes
(Table 6). Vendace in most of these lakes in the first year of
life grew up to 12 cm, while in Lake Sremskie during the
same period the fish reached 15.1 cm. Also in the second
year of life analysed vendace grew faster than fish in most
Polish populations reaching on average 17.4 cm in compari-
son to 18.8 cm for the Lake Sremskie population. At the age
of 3+ differences in growth rate are still marked, as vendace
from Lake Sremskie reaches the length of 22.4 cm, while the
mean for the lakes analysed by Marciniak [1970] was 20.3
cm. What is of interest, Marciniak in the late 1960’s observed
in vendace from Lake Sremskie an even faster growth rate
amounting to 14.5, 20.9, 25.6, 27.7 and 29.0, which ranked
the analysed population as the first in Poland.

Table 6. Growth rate of vendace population from Lake
Sremskie

Tab. 6. Tempo wzrostu populacji sielawy z Jeziora Srem-
skiego

1+ 2+ 3+ 4+
Lenght 1.t. [cm] 15.1 18.8| 224| 255
length increment [%] 21.3 18.6 14.4
Mass [g] 53 88 128 182
weight gain [%] 66 45 42

Source: own work / Zrodlo: praca wlasna

3.4. Fulton’s coefficient of fish condition

Biological characteristics of vendace were also based on
the fish condition coefficient shown in Table 7.

The determination of fish condition is of significant im-
portance in ichthyology. When the relation of body mass to
body length is adequate, then the condition is good con-
firming a good nutritional status of the fish. The condition
coefficient is most useful in relation to fish, in which the
proportion between their body mass and body length
changes slightly with age.

Opuszynski [14] reported that in salmonid fish, Fulton’s
coefficient is close to 1. The mean value for the Sremskie
population was 0.89; in the case of significant fluctuations
it ranged from 0.78 to 1.25. Czerniejewski et al. [18] com-
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pared the condition of vendaces from the lakes in West
Pomerania and obtained significantly lower values. In Lake
Weltyn, where the authors found the best fish condition, the
condition indicator showed on the average the value of 0.79
within the range from 0.59 to 1.09.

Table 7. Fish condition coefficient and fish mass
Tab. 7. Wspotczynnik kondycji oraz masa ryb

Fulton's coefficient Mass [g]
Number of individuals 73
Minimum 0.78 44
Maximum 1.25 222
Mean value 0.89 113.4
Standard deviation 0.078 24.9

Source: own work / Zrodlo: praca wlasna

Table 8. Indicators describing fecundity of vendace popula-
tion in Lake Sremskie

Tab. 8. Wskazniki opisujqce plodnos¢ populacji sielawy z
Jjeziora Sremskiego

Absolute fertility Relative
. GSI

[number of fertility [%]

spawn eggs| [number/ 100 g] ’
Number of 37 37 37
individuals
Minimum 6916 5287 1.19
Maximum 18588 14574 3191
Mean value 12714 11394 16.53
Standard 4749 3346 8.198
deviation

Source: own work / Zrodlo: praca wlasna

In turn, in four lakes from the Wielkopolska region:
Dominickie, Strzeszynskie, Gorzynskie and Lubikowskie
[10], the mean values were almost identical to those in the
described water bodies.

3.5. Fecundity

Fecundity is an indicator indispensable for the rational
fishing economy. From the number of 73 vendace caught in
Lake Sremskie, 37 female spawners were used for fecun-
dity determination, as the others were already past spawn-
ing.
The mean absolute fertility was 12714 eggs, while rela-
tive fertility was 11394 eggs/100 g body mass. The gona-
dosomatic index was recorded at 16.53 %. It needs to be
stressed that there are significant differences between the
minimal and the maximal values, particularly in reference
to the GSI index (Table 8).

Vendace is a fish species with a relatively low fecun-
dity, which is partially compensated by the comparatively
early sexual maturity. According to Bernatowicz et al. [3],
depending on environmental conditions male individuals
are able to reproduce most frequently in the second year of
life, while females reach their reproduction maturity in the
third year of life. Many authors believe that in Polish lakes,
because of water temperature, both the males and females
are able to reproduce already at the age of 1+ [19, 20, 26,
27, 28]. Fish age most probably depends on the origin of
fish either from the eastern or the western part of the coun-
try. The collected research material, because of its homoge-
neity, permitted to determine fish fecundity only at the age
of 2+ and 3+.
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Vendace fecundity, as well as that of other fish species,
is subject to different fluctuations depending on environ-
mental and population factors [29]. Bernatowicz et al. [3]
believes that vendace in the lakes of West Poland is charac-
terized by a greater fecundity than those of the species
specimens found in the eastern part of the country. The
value of the gonadosomatic index depends primarily on the
age of fish, on fish body length and body mass, as well as
the environmental conditions. In Polish lakes this parameter
is highly variable. In the water bodies of West Pomerania
the size of gonads amounted to 14.63 up to 23.16 % body
mass [5]. A still wider range (9.5-33.2%) was reported by
Bernatowicz [30] for the Mazurian lakes.

Czerniejewski and Filipiak [31], who studied the repro-
ductive potential of vendace from West Pomerania lakes,

found the highest absolute fecundity in the range of 6 900 —
22230 spawn eggs in specimens from Lake Drawsko,
while the smallest number (within 2610 — 4120) was found
in Lake Pefcz. The highest value of the gonadosomatic co-
efficient (on the average 20.3 %) was found by the above
mentioned authors in Lake Morynskie, while the lowest
value (14.9%) was recorded in Lake Drawsko. In the
above-mentioned four lakes of Wielkopolska, coefficients
were similar to the population from Lake Sremskie [10].

3.6. Population characteristics

Meristic traits are of considerable significance in the
identification of particular species or forms within a given
family [2].

The mean number of hard rays in the dorsal fin is 3,
while the mean number of soft rays is 8.6 (Table 9). These
values are characteristic of vendace and they are contained
within the ranges given by Thienemann [32], Berg [33],
Czerniejewski and Filipiak [31]. Also regarding the ray
number in the caudal, anal and ventral fins, the Sremskie
population does not differ from other Polish populations. In
the caudal fin on the average 22.8 soft rays were found,
while in the anal fin 3.0 hard rays and 11.1 soft rays were
present, whereas in the ventral fin it was 1.0 and 10.0 rays,
respectively.

Table 9. Meristic traits of vendace population from Lake
Sremskie

Tab. 9. Cechy merystyczne charakteryzujqce populacje sie-
lawy z jeziora Sremskiego

. Numb. Mean Mini- | Maxi- Stan('iard
Trait . devia-
of ind. value mum | mum .

tion

PDpr. T 73 3.07 2 4 0.312
PD pr. M 73 8.59 8 9 0.495
PCpr. M 73 22.81 21 25 0.753
PA pr. T. 73 3.00 2 4 0.297
PA pr. M. 73 11.17 10 13 0.513
PV pr.T 73 1.00 1 1 0.00
PV pr. M. 73 9.96 9 11 0.318
PP pr. T. 73 1.00 1 1 0.000
PP pr. M. 73 13.94 13 15 0.539
RB 73 7.77 7 9 0.519
LI 73 81.92 72 91 3.844
L11(s) 73 8.18 7 9 0.550
L12 (i) 73 7.19 6 8 0.576
Sp. branch 73 40.51 36 45 2.343

Source: own work / Zrodfo: praca wlasna
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The number of hard rays in the pectoral fin of the stud-
ied population was 1, thus it agrees with the value reported
by many authors [2, 3]. In the case of soft rays the average
number is 13.9, while Thienemann [32] reported the mean
number of 14-15. Walczak [5] found 13 soft rays in the
pectoral fin.

The number of subbranchial rays is on average 8.8,
ranging from 7 and 9, thus agreeing with the values re-
ported by other researchers [4, 5, 32].

The next meristic trait used for the studied population
was the number of scales in the transverse and longitudinal
rows. According to Radziej [21], the number of scales in
the lateral line in vendace ranges between 70 and 91; for the
Sremskie population the mean number of scales was 81.9.
Radziej [21] reported that in vendace found in Poland the
number of scales above the lateral line is 7-9, while below
the lateral line there are 6-8 scales. Fish from the investi-
gated population do not differ regarding this trait, with the
mean values of 8.2 and 7.2, respectively.

The final meristic trait identifying the studied popula-
tion was the number of filtering processes on the first left
branchial arch. This number may be used to differentiate
between related subspecies and even geographic popula-
tions.

In the case of the studied vendace a relatively small
number of filtration processes was found, i.e. 36 to 45, with
40 as the mean value.

The The number of filtration processes on branchial
arches is connected with the formation of filtration ability
of the branchial system [14]. Berg [33] found in his studies
a total of 36-54 processes, while Gasowska [34] reported
for the entire Polish population the range of 35-52, while
for the Mazurian lakes the number was 37-49. Czernie-
jewski and Filipiak [31] for the lakes Drawsko and Pelcz
Wielki gave an average of 40 with a range of 35-43. The

studied vendace shows a structure of the filtration appara-
tus, which matches the average variability of the species,
but within a smaller range. In the investigations conducted
by Fisher et al. [11] in the Wielkopolska lakes Gorzynskie
and Strzeszynskie vendace has a significantly lower number
of filtration processes, while in lakes Dominickie and
Strzeszynskie the average values are similar to those of the
Sremskie population.

In the presented work the meristic traits were used to
characterize and define the shape and proportions of the
whole fish body and the fins in relation to the caudal length.

The values of meristic features closely depend on envi-
ronmental conditions, which primarily include availability
and accessibility of food and water temperature in the water
body. There are known forms of hungry fish with a dis-
tinctly big head and a small dorsal arching of the body,
which significantly deviate from the characteristic body
shape for a given taxon.

The lateral length of the head (X;) for vendace from
Lake Sremskie accounts for 19.94 % of the caudal length of
the fish body (Table 10). Analysis of this parameter shows
that among the studied vendace there are no fish with the
“hungry form”. According to Bernatowicz et al. [3], the
vendace is characterized by a relatively small head (consti-
tuting about 20 % of fish length). The studied population
has the lateral head length similar to the values reported by
other authors [4].

Values of the other features describing the shape of the
head, such as the preorbital eye diameter, head width and
head height, do not deviate from literature data referring to
the vendace population from other lakes.

Also the values of traits describing the shape of the trunk
range within the values quoted by researchers for the Polish
populations [2, 3, 11, 34-35]. No differences have been ob-
served in the shape, distribution and the length of fins.

Table 10. Biometric traits (% of x8) of vendace population from Lake Srems}de
Tab. 10. Cechy biometryczne charakteryzujqce populacje sielawy z jeziora Sremskiego

Trait | Numb. of ind. | Mean value | Minimum | Maximum | Standard deviation | Coeffiecient of variation
X 72 19.94 18.23 22.55 0911 4.57
X5 72 5.04 3.83 6.34 0.504 9.99
X3 72 4.59 3.85 5.92 0.367 7.99
X4 72 10.19 8.98 12.25 0.583 5.72
X5 72 10.26 8.85 11.84 0.615 6.00
Xe 72 8.12 7.34 9.41 0.45 5.51
X5 72 111.50 106.39 114.89 1.74 1.56
Xs 72 100 100 100 0.000 0.00
Xy 72 94.71 92.21 96.16 0.93 0.99
X0 72 47.77 43.47 51.89 1.76 3.70
Xy 72 43.60 38.29 47.74 1.91 4.38
Xin 72 21.14 17.42 24.44 1.50 7.08
X3 72 69.66 65.18 73.95 1.78 2.56
X4 72 6.75 5.91 7.78 0.42 6.23
Xis 72 8.64 6.48 12.73 1.15 13.92
X6 72 22.22 18.71 25.31 1.31 5.88
X7 72 13.95 11.57 16.29 0.89 6.36
Xig 72 14.04 12.28 15.99 0.79 5.60
X9 72 12.96 10.67 15.41 1.10 7.86
X 72 8.89 7.14 10.74 0.77 8.64
Xs1 72 9.47 7.98 11.53 0.76 8.06
X2 72 12.12 9.92 14.95 0.92 7.58
X3 72 29.03 25.51 33.83 1.93 6.65
Xoy4 72 22.79 18.70 27.05 1.76 7.72
Xos 72 5.08 3.85 6.72 0.57 11.15
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Source: own work / Zrédio: praca whasna
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4. Concluding remarks

1. Lake Sremskie is exceptional in terms of environmental
parameters among the other deep water bodies of the
Wielkopolska region. In this lake there are very good condi-
tions for vendace throughout its entire life cycle.

2. The tested population exhibits very good growth rate
and high fecundity.

3. Among population traits we need to stress a slightly
lower number of filtration processes in comparison to the
national mean, which predisposes the analysed population
to collect food of greater dimensions.

4. Gill nets of 22 or 24 mm mesh size are most suitable for
the economic vendace harvesting in the analysed water
body.

5. Running a sustainable fishery management taking into
consideration protection of valuable nature resources the
analysed water body may produce approx. 600 kg of ven-
dace annually.
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