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BIOLOGICAL CHARACTERISTICS OF SPAWNING POPULATION O F VENDACE
(COREGONUS ALBULAL.) FROM LAKE CHLOP (Ml EDZYRZECZ DISTRICT)

Summary

Results presented in this study were collectedimitie framework of a project aiming at the detevation of potential for
vendace colonisation and production in lakes ofterasPoland and as such they are a continuatioprefiously published
studies. The objective of studies carried out ih12@/as to investigate the most important biologtcaits of the population
of the vendace from Lake Chiop lying in the Lubaiskikeland and to compare the results to the liteeadata, including
those from the previously described Lakemskie. To achieve the objective of the resedretdllowing parameters were
studied: sex structure, growth rate, fish condititertility as well as biometric and meristic traiof the studied vendance.
At the same time, the most important physicochdmiater indices were determined to provide a chéegstic of the envi-
ronmental conditions. The status of water was di@ssas moderate, with the deterioration of thetavastatus caused by
the low oxygen saturation of the hypolimnion anghhtontents of chlorophyll a. The vendace fromitlrestigated water
body may be classified to the fish group of vergdggrowth rate and condition, only slightly inferitm the vendace from
LakeSremskie. In the third year of life this speciesale@s on average the total length of 22.0 cm, whilkon’s index of
fish condition ranged from 0.68 to 1.10 with a meaiue of 0.82We need to stress here markedly lower fecunditiieof
vendace population from Lake Chiop in comparisornhi population from Lakéremskie. Considering the quantitative
traits, the fish population of Lake Chiop differsmsignificantly regarding the body depth in theplations with a good
growth rate described by Bernatowicz. The meristiits of the studied population do not signifidgndeviate from the
values reported by other researchers, except fwafiion processes.

Key words vendacgCoregonus albuld..), Lake Chiop, ecological status, growth rate, fisimdition, fertility index, popu-
lation characteristics

CHARAKTERYSTYKA BIOLOGICZNA TARLOWEJ POPULACJI SIEL  AWY
(COREGONUS ALBUIA L.) Z JEZIORA CHLOP (POW. MI EDZYRZECKI)

Streszczenie

Przedstawione w pracy wyniki zgromadzono w ramaaiektu, magcego na celu rozpoznanie #liwosci bytowania

i produkcji sielawy w jeziorach zachodniej Polsii,zatem kontynuagjopublikowanych wcZriej badai. Celem przepro-
wadzonych w 2011 roku batlyto poznanie najwaiejszych parametrow biologicznych populacji siglayeziora Chtop,
lezqcego na Pojezierzu Lubuskim oraz poréwnanie uzyskamvynikow do danych literaturowych, w tym do \kgmi

z opisywanego wcimiej jeziora Sremskiego. Aby zrealizowacel bada okreslono struktue pici, wiek, tempo wzrostu,
kondycg, ptodna¢, a take cechy populacyjne (mierzalne i policzalne) badharsielaw. Réwnoc#eie oznaczono najwa
niejsze wskaniki fizykochemiczne oraz biologiczne wody, pozjgatascharakteryzowawarunkisrodowiskowe. Stan eko-
logiczny wad jeziora uznano jako umiarkowany, patami zantiajgcymi ocer byly niskie nasycenie hypolimnionu tle-
nem oraz wysoka zawastochlorofilu a. Sielawa z badanego zbiornika gldo grupy o bardzo dobrym wZode i kondy-
cji, nieznacznie tylko ugtujqc sielawie z jezioraremskiego. W trzecim rokycia osi;ga srednio 22,0 cm dtugi catko-
witej, wartai¢ wsk&nika kondycji Fultona dla catej préby wahatee 99d 0,68 do 1,1, przyredniej 0,82. Uwag zwraca
znacznie risza ptodngc sielawy z jeziora Chtop, w stosunku do populagjiziora Sremskiego. Pod wzglem cech mie-
rzalnych badana populacja nieznacznieniésie pod wzgédem wygrzbiecenia od innych populacji o bardzo gobwzro-
scie, opisanych przez Bernatowicza. Cechy policzabdanej populacji nie odstajpd wartgci podanych przez innych ba-
daczy, z wyjtkiem liczby wyrostkéw filtracyjnych.

Stowa kluczowesielawa(Coregonus albuld..), jezioro Chitop, stan ekologiczny, tempo wzrostudioja, ptodnéé, cechy
populacyjne

1. Introduction

The vendace is one of the most valuable fish sgedcai
our ichthyofauna both in terms of its natural asdreomic
value. Due to its high environmental requirements ian
indicator species; unfortunately, as a result dfaahica-
tion progressing increasingly in the course of savdec-
ades this species is currently in decline in makg$[3, 5,
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7, 12]. Thanks to its high culinary and nutritivelwve, ven-
dace meat is considered as delicate. The specessxi-
ated with lake districts and in many regions oftnem Po-
land it is the most important fish species, treaésdan
iconic symbol of the regional cuisine.

Over the last 50 years the area of water bodiegding
suitable conditions for the vendace has considgrdet
creased [3, 5, 6, 16, 33]. In the 1970's the vemdasas
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found in approx. 500 lakes, while currently it igyin 200,
which accounts for around 30% of total area [2]. dhy
the 54 lakes in the Mdzychéd-Sierakéw lake district with
the total area of 2880 ha the vendace lives ireasds 13
with the total area of 1085 ha.

The above considerations indicate the urgent rieed
implement various measures to reverse this treoadsist-
ing in protection and reclamation of its habitatveal as
reintroduction. This may be guaranteed thanks & ri:
tional fishery management, executed following thisgd-
ples of sustainable development, consistent wighgihide-
lines for organic farming.

In order to implement the new model of fisherydak
management it is necessary to accurately deterihigie
ecological status and nutrition base, as well assthecies
structure of ichthyofauna and population parametéisey
species.

Results presented in this study were collectetiwithe
framework of a project aiming at the determinatafrpo-
tential for vendace colonisation and productionalkes of
western Poland. These results are a continuatiqorenfi-
ously published studies [29], concerning the veadampu-
lation in Lake Chiop located in the Lubuskie Lakela

2. Study area, materials and methods

Lake Chitop is located in the eastern part of thbuskie
region, the Lubuskie Lakeland in the Pszczewskid-an
scape Park. The Landscape Park is known for itigyjaasal
lakes, including 31 lakes with an area of min. H) the
largest and deepest of which is Lake Lubikowski®4(Ba,
35 m). Surface waters account for 11.8% of Landsdgrk
area.

Table 2. Quantitative and meristic traits and tkgimbols
Tab. 2. Cechy mierzalne i policzalne oraz ich ozra@

Lake Chtop is a ribbon lake extending from thetima@o
the south. It has a diverse shoreline with a narmeinding
harbour in its eastern part. Forests cover as raacii% of
immediate catchment of the lake, fields accountZb¥o,
while 5% is barren land. Lake Chilop is a stratifidomictic
water body with a slight openness index, whichuefices
water mixing rate and the depth of the epilimnion.

The most important morphometric parameters arergiv
in Table 1.

Table 1. Morphometric parameters of Lake Chtop
Tab. 1. Parametry morfometryczne jeziora Chiop

Parameter Lake Chtop

Height [a.s.1] 53.7
Area [ha] 227.8
Volume [thous. 20579.6
Max. depth [m] 23.0
Mean depth [m] 9.0
Max. length [m] 4150
Max. width [m] 975
Shore line length [m] 12350
Development of shore line 2.31
Exposure indicator 25.3

Source: /Zrodto: WIQS, IMGW

The study focused on the analysis of the followthagts
of the investigated vendace population: sex stractu
growth rate, fish condition, fecundity, as well @emetric
and meristic traits. At the same time the most irtgu
physicochemical indices of water were determinedrater
to characterise environmental conditions.

Quantitative traits Meristic traits
Symbol Trait Symbol Trait

X1 lateral head length PD dorsal fin
X5 preorbital distance PDT PD hard rays
X3 eye diameter PDM PD soft rays
X4 postorbital distance
Xs head height PA anal fin
Xe head width PAT PA hard rays
X7 total fish length PAM PA soft rays
Xg caudal length
Xo body length PC caudal fin
X10 predorsal length PCM PC soft rays
X1 postdorsal length
X12 greatest body height PP pectoral fins
X13 preanal length PPT PP hard rays
X1a smallest body height PP M PP soft rays
X1s caudal peduncle length
X16 caudal fin length PV ventral fins
X7 pectoral fin length PVT PV hard rays
X1g ventral fin length PV M PV ventral rays
X1 dorsal fin height
Xog anal fin height Il scale number on lateral line
Xo1 dorsal fin base length l.L.s/i scale no. over and under lateral line
Xoo anal fin base length no. of filtration processes
Xo3 distance between pecto-  Sp.

ral fin and ventral fin branch. | number of subbranchial rays
Xoa distance between vern-

tral fin RB
Xos and anal fin

length of adipose fin
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Fish specimens for the analyses were caught in mid Oxygen conditions in the analysed lake are theany

November 2011, during autumn circulation, usindg géts
with a 22 mm mesh size. In turn, water samples weitected
at the end of August in the period of summer stigmaNater
stratification and oxidisation was established Basa the
thermal and oxygen profiles. Also the Secchi depts re-
corded. Furthermore, in the summer period waterpksm
were collected to determine the following physicarcical
indices: pH, total phosphorus, total nitrogen, sjpeelectro-
lytic conductivity and chlorophyll a contents.

Fish were stored frozen at —28°C in special piastigs
to prevent water sublimation from fish bodies. Afte-
frosting the mass of each fish was measured aecwitin
0.1 g. A total of 25 body shape parameters weresored
(tab. 2) and the most important meristic traits evee-
corded. Furthermore, the mass of gonads was detedmi
for female fish and on the basis of sampled gomatians
their absolute fecundity and relative fecundity evesstab-
lished. In order to determine fish age, scales vgarapled
from the lateral line of the body between the ad@din
and the dorsal fin [4]. Growth rate of the vendaes de-
termined by the method of back calculations acecgrdd
Lea [31].

On the basis of these measurements, Fulton’sicieeff
was calculated, which defines the correlation betwe
length and individual mass of fish [26].

Results of the above measurements are shownl@s tiaip
their further analysis, which in effect will proedbiological
characteristics of the vendace population from LGkipp.

factor resulting in a deterioration of water qualiFig. 1).
Within the entire hypolimnion anaerobic conditioase
found starting from the depth of 10 m.

Such conditions are typical of eutrophic lakes][22
which the area, where fish can live and feed instinamer
season is drastically limited, which may potengidave an
adverse effect on fish condition and their grovater Mul-
ler and Stadelman [25] stated that the criticalimal oxy-
gen content in a vendace reservoir should not dedpw 4
mg L. Such a value in Lake Chiop during the summer
stagnation period is maintained only to a dept8 of.

Based on the other physicochemical indices, water
that lake may be classified to water quality classvhich
corresponds to good ecological status (tab. 3)itAsas
mentioned above, the index deteriorating the folassifi-
cation was connected with oxygen saturation of the
hypolimnion. Also Carlson’s Trophic State Index fakes,
calculated based on phosphorus and chlorophylhteats,
as well as the Secchi depth, indicate relatively fertility
of the lake, equivalent to an early stage of edtication.

Table 3. Values of major physicochemical indicatesre-
senting water quality in Lake Chiop

Tab. 3. Wartéci najwaniejszych wskaikéw fizykoche-
micznych obrazygych jak@é¢ wody w jeziorze Chiop

3. Results and discussion

3.1. Environmental conditions — physicochemical indes

At the end of August a marked thermal and oxyge

stratification was observed in the lake, the epilon was 6
m in thickness, the metalimnion was 4 m thick, ehihe

Indicator Value Status

Mean oxygen saturation
of hypolimnion [%)] 0 below good
Protal [MGP*] 0.06 good
Niotal[MN*| _1] 0.99 good
Secchi depth [m] 2.6 good

' Conductivity S*cm’] 477 good
Chlorophyll “a”
content fig* Y] 193 below good
TSI 54.6

hypolimnion started at a depth of 10 m (Fig. 1)eTtam-

perature of the epilimnion was slighly over 23°Qiile that
of the lower hypolimnion was 6.5°C. Lake Chtop ione
parison to the previously investigated Lakemskie [29] is
characterised by a less marked thermal stratifinathigher
hypolimnion temperature and as a consequence htlglig
higher primary production. Higher lake productivibay be
connected with a deteriorated water quality [17].

Source: results of own studiegrbdto: wyniki bada wiasnych

In terms of fishery management the analysed water
body may be classified as a vendace lake with gegd
habitat conditions for this species. Typically fishlture

yield of such lakes is approx. 34 kg'hancluding approx.

5.5 kg vendace [13].
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Fig. 1. Temperature and oxidisation in Lake Chiggess during the summer stagnation
Rys. 1. Termika i natlenienie wod w jeziorze Clgogdczas stagnacii letniej
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3.2. Structure of the studied population

Studies on vendace population biology in Lake @hto
were based on the analysis of 120 specimens caughée
autumn period.

This analysis showed that in the catches fromrglis
with a 22 mm mesh size 2- and 3-year old specimeas
dominated, accounting for almost 100 % of the totdth
(tab. 4). Similarly as it was in Lakéremskie, only single
caught specimens were aged 1+ and 4+, while n@beojd
fish were found. Czerniejewski et al. [13], whodiad the
vendace population in three West-Pomeranian laksisg
gill nets with a 24 mm mesh size) found an overwiiag
dominance of 3-year old fish, amounting to 78 %.ah
other study concerning vendace from 6 West-Pomanani

Table 6. Fish condition coefficient and fish mass
Tab. 6. Wspoitczynnik kondycji oraz masa ryb

Fulton’s coefficient Mass [g]
Number of individuals 120
Minimum 0,68 36
Maximum 1,10 197
Mean value 0,82 107.3
Standard deviation 0,057 24.9

Source: results of own studiegrbdio: wyniki bada wiasnych

Table 7. Indicators describing fecundity of vendpopula-
tion in Lake Chiop

Tab. 7. Wskaniki opisugce ptodnéé populacji sielawy z
jeziora Chtop

lakes Czerniejewski and Filipiak [12] reported that Absolute fertility . o
. . Relative fertility | GSI
commercial catches specimens aged 2+ were markeely [number of spawn o
dominant eggs] [number/100 g] | %]
Number of
individual 71 71
Table 4. Age, sex and length of vendace from Lakeg [ !Ndividuals
population Minimum 5679 5107 1.73
- . Lo P Maximum 13487 12605 25.76
Tab. 4. Wiek oraz diu sielaw z jeziora Chto
. pte gac J P Mean value 9873 9227 15.21
Number of Age Sex structure Length range gtarldgrd 3359 2921 7.124
individuals 3 Q It [cm] eviation
9 1+ 5 4 13.5-17.1 Source: results of own studiegrbdio: wyniki bada wiasnych
49 2+ 16 33 16.5-21.0
55 3+ 10 45 21.1-227 It is of interest that among the caught venda@eth
7 4+ - 7 23.3-275 were many more females, with the ratio of malefeales
120 31 89 of 1:2.9. However, it must be stressed here thatesthe

Source: results of own studiegrbdio: wyniki bada wiasnych

catches came from the lake pelagic zone, it islitikely
that at the time of the catches the male fish vséaging in
the spawning zones near the shore. In contrastni{@ze

Table 5. Growth rate of vendace population from d.ak Jewski et al. [13] reported opposite results, relowy the

Chtop
Tab. 5. Tempo wzrostu populacji sielawy z jezionéofe

1+ 2+ 3+ 4+
Length I.t. [cm] 143 18.1 22.0 25.1
Length increment [%] 275 215 14.1
Mass [g] 45 81 123 177
Weight gain [%] 88 52 44

Source: results of own studiegrbdio: wyniki bada wiasnych

predominance of males at an 8:1 ratio.

The length of the studied fish ranged from 13.21®%6
cm, with the predominance of specimens of 16.5-2&h7%n
length. These lengths are similar to those given by
Ciepielewski [9, 10] who investigated the efficignof
vendace gill nets with mesh size of 18, 22 and 24. tm
his studies that author reported the greatesttbatggl1) of
22mm gill nets for fish with a mean length of 1%,
ranging from 16.6 to 22.4 cm.

Table 8. Meristic traits of vendace population frbake Chiop.
Tab. 8. Cechy merystyczne charakteryeejpopulact sielawy z jeziora Chtop.

Trait Numb. of ind. Mean Minimum Maximum Sta_nd_ard
value deviation
PDpr. T 120 3.07 2 4 0.282
PD pr. M 120 8.87 8 10 0.365
PC pr. M 120 22.77 20 26 1.041
PApr. T. 120 3.00 2 4 0.242
PA pr. M. 120 11.33 10 13 0.624
PV pr.T 120 1.00 1 1 0.00
PV pr. M. 120 9.86 9 12 0.416
PP pr. T. 120 1.00 1 1 0.000
PP pr. M. 120 13.93 13 15 0.480
RB 120 7.66 6 9 0.570
LI 120 81.97 72 90 3.870
LI I(s) 120 8.16 7 9 0.430
LI 2 (i) 120 7.16 6 8 0.410
Sp. branch 120 40.16 36 47 2.799
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Table 9. Biometric traits (% of x8) of vendace plapion from Lake Chtop
Tab. 9. Cechy biometryczne charakteryezajpopulag sielawy z jeziora Chiop

Trait Numb. of ind.| Mean valug Minimum Maximum Sta_nd_ard Coefﬂ_u_ent

deviation of variation
X4 120 20.63 19.22 23.21 0.729 3.49
X, 120 5.31 3.32 6.68 0.500 9.41
X3 120 5.23 4,51 5.96 0.288 5.51
X4 120 10.35 8.48 11.64 0.500 4.83
X5 120 10.79 9.18 12.21 0.566 5.24
Xg 120 8.56 7.51 9.61 0.405 4.74
X7 120 112.71 107.16 115.75 1.452 1.29
Xg 120 100 100 100 0.000 0.00
Xg 120 94.67 91.50 96.36 0.848 0.90
X10 120 48.67 44.64 52.54 1.531 3.15
X1 120 41.86 37.51 45,27 1.578 3.77
X1 120 21.11 17.67 23.61 1.157 5.48
Xi3 120 70.20 66.07 74.08 1.562 2.23
Xia 120 6.90 6.15 7.95 0.315 4.57
Xis 120 8.17 4.96 12.36 1.121 13.74
X16 120 23.28 15.13 26.81 1.600 6.88
X7 120 14.60 12.64 16.89 0.839 5.75
Xig 120 14.02 11.65 16.03 0.795 5.67
X19 120 13.64 10.79 16.16 0.863 6.32
Xop 120 9.34 7.73 11.67 0.749 8.02
X1 120 9.31 7.09 10.98 0.721 7.74
X 120 11.89 9.57 13.51 0.798 6.71
Xog 120 27.9 24.19 32.19 1.367 4.90
Xoa 120 2251 18.85 25.40 1.309 5.81
Xos 120 4.87 3.35 6.31 0.581 11.95

Source: results of own studiegrbdio: wyniki bada wiasnych

3.3. Growth rate

As it was stated e.g. by Radziej [28], fish growdi
pends on environmental conditions. In contrastdmbeo-
thermic animals, body growth in fish is continuecte af-
ter they reach sexual maturity, although it is adignifi-
cantly slower rate. A considerable variability abgth rate

is observed in vendace populations in lakes ofBh#tic tance in ichthyology. When the relation of body mas

Sea catchment area. X L
The mean body size increments of the vendace -spegOdy length is adequate, then the condition isstfiad as

mens studied in individual years are shown in fbAc- good, thus confirming a good nutritional statustef fish.

; A j The condition coefficient is most useful in relatito these
cording to the division developed by Szczerbows3Ri][the . . . . ; .

- X fish species, in which the proportion between theidy

growth rate of vendace from Lake Chtop is fast,eexting mass and bodv lenath chanaes slightly with age
the national mean and being only slightly lowernthia , k.y 9 dgh 9 3{ 'd? h iton
Lake Sremskie. In water bodies located in that area the 2}3[_]32)&_5 '[|17] reporte rt] atin sa m(?m f's E;tons
growth rates vary. For instance in Lake Winnog@# this coefficient is close to 1. The mean value for thetop

species is characterised by a medium growth rasghing popu_lation was 0.82, in the case of signifjcantﬁhatipns_
in the 3 year of life the length of almost 20 cm, while in ranging from 0.68 to 1.10. When comparing the :

Lake Gorzy [21] the increments are comparable to those ir.?f vendaces from the lakes in West Pomerania Gzerni

. . ; jewski et al. [13] obtained significantly lower uals. In
the nggjrl;tr']%nst;mgslgzl:a;f rglsku[alg]n d \g:ggée in the 4Lake Welty, where those authors reported the best fish

Wielkopolska lakes analysed in their study had mdhk ;;?/l?ét'?;ﬁ tige f?:)?ﬁ% ;/gltjoelvgags 0.79, with the coieffit
slower growth rates in comparison to the data swdifor n turngingthe four. lakes f.ron.1 the Wielkopolslegion:
this water body. Analyses of growth increments fish - k" St kie. Gorzviskie and Lubikowski.e
from 186 investigated Polish lakes [23] showed ttest Dominickie, Strzeszyskie, NSKI : :
growth rate of vendace from Lake Chiop is fastamtlthe [18], the mean val_ues were almost identical to ¢hinsthe
mean increment for all the other analysed lakeshénfirst water bodies mentioned above.

year of life vendace in most of those lakes grevawerage
to max. 12 cm, while in Lake Chtop during the sgmeiod
the fish reached 14.2 cm. Also in the second yééfeathe Fecundity is the primary indicator required foe tinain-
analysed vendace grew faster than those in mosshPol tenance of rational fishing economy. From the tofaB9
populations, reaching on average 17.4 cm. At tied@+ female vendace caught in Lake Chiop, 71 spawners we

while the mean for the lakes analysed by Marcifa®
was 20.3 cm.

3.4. Fulton’s coefficient of fish condition.

Biological characteristics of vendace were alsseblaon
the fish condition coefficient shown in Table 6.
The determination of fish condition is of signifitampor-

3.5. Fecundity

differences in growth rate are still marked, as dame
specimens from Lake Chiop reached the length di 2&h,

Janusz GOLSKI, Stawomir RUNOWSKI, Mieczystaw GRZELAK, Wojciech ANDRZEJEWSKI
Jan MAZURKIEWICZ

121

used for fecundity determination, as the othersvedready
past spawning.
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The mean absolute fertility was 9873 eggs, wiela-r
tive fertility was 9227 eggs/100 g body mass. Theay

by many other authors [2, 5]. In the case of sofsrthe av-
erage number is 13.9, while Thienemann [32] repotie

dosomatic index was recorded at 15.21 %. We need toean number of 14 — 15 and Walczak [33] found 1f8 so

stress here a lower fecundity in comparison to L$ien-
skie as well as significant differences betweenrttigimal
and the maximal values, particularly in referercéhte GSI
index (tab. 7).

Vendace is a fish species with a relatively lowufe
dity, which is partially compensated by the compaedy
early sexual maturity. According to Bernatowiczaét[3],
depending on environmental conditions male indigldu
are typically able to reproduce in the second ydlife,
while females reach their reproduction maturitythia third
year of life. Many authors are of an opinion thatFolish
lakes, because of water temperature, both the nzalds
females are able to reproduce already at the age {8, 9,
10, 15, 24}. Fish reproduction maturity age mosibably
depends on the origin of fish either from the easte the
western part of the country. The collected researaterial,
because of its homogeneity, permitted to deterrfécen-
dity only for fish at the age of 2+ and 3+.

Vendace fecundity, as well as that of other fisaces,
varies greatly depending on environmental and pdjmu
factors [34]. According to Bernatowicz et al. [3Jndace in
the lakes of West Poland exhibit greater fecuntign the
species specimens found in the eastern part ofahatry.
The value of the gonadosomatic index depends pityrar
the age of fish, on fish body length and body masswell
as the environmental conditions. In Polish lakes fha-
rameter is highly variable. In the water bodiesVi@ést

rays in the pectoral fin.

The number of subbranchial rays is on average 7.7,

ranging from 7 and 9, thus agreeing with the valtes
ported by other researchers [11, 32, 33].

The next meristic trait used in the analyses efgtud-
ied population was the number of scales in thestrarse
and longitudinal rows. According to Radziej [28]etnum-
ber of scales in the lateral line in vendace rarigggieen
70 and 91, while for the Chtop population the meamber
of scales was 82.0. In turn, Radziej [28] reportieat in
vendace found in Poland the number of scales abimve
lateral line is 7-9, while below the lateral lifeete are 6-8
scales. Fish from the investigated population dodiffer
regarding this trait, with the mean values of &@ @.2, re-
spectively.

The final meristic trait identifying the studied gpdation
referred to the number of filtering processes anfitst left
branchial arch. This number may be used to difféaen
between related subspecies and even geographidapopu
tions. In the case of the studied vendace a relgtismall
number of filtration processes was found, i.e. @1, with
40.2 as the mean value. The number of filtratiomcpsses
on branchial arches is connected with the formatibfil-
tration ability of the branchial system [17]. Bfg found
in his studies a total of 36-54 processes, whijsd@ska
[20] reported for the entire Polish population tamge of
35 - 52, whereas for the Mazurian lakes the numiaesr37

Pomerania the size of gonads amounted to 14.63oup + 49. In turn, Czerniejewski and Filipiak [11] ftre lakes

23.16 % of body mass [33], while an even wider eaf®)5-

Drawsko and Pelcz Wielki gave an average of 40 ith

33.2%) was reported for the Mazurian lakes by Bernarange of 35 - 43. The studied vendace shows atstaeiof

towicz [2, 3].

Czerniejewski and Filipiak [11], who studied thepro-
ductive potential of vendace from West Pomeranieda
found the highest absolute fecundity in the rang@9®0 —

the filtration apparatus, which matches the avexagmbil-
ity of the species, but within a smaller rangetha investi-
gations conducted by Fisher et al. [19] in the Wbpblska
lakes Gorzyskie and Strzesagkie vendace have a signifi-

22 230 spawn eggs in specimens from Lake Drawskaantly lower number of filtration processes, whitelakes

while the smallest number (within 2610 — 4120) wes

corded for fish from Lake Pefcz. The highest vabfig¢he

gonadosomatic coefficient (mean 20.3 %) was founthb

above-mentioned authors in Lake Maskie, while the
lowest value (14.9 %) was recorded in Lake Drawshko.
the above-mentioned four lakes of Wielkopolskas¢heo-

efficients were higher than in the population frarake

Chiop [18].

3.6. Population characteristics

Meristic traits are of considerable significance the
identification of particular species or forms witha given
family [7].

Dominickie and Strzes#agkie the average values are simi-
lar to those of the investigated population.

In the presented work the meristic traits wereduse
characterise and define the shape and proportibrtheo
whole fish body and the fins in relation to the dallength.

The values of meristic features closely depeneori-
ronmental conditions, which primarily include awdility
and accessibility of food as well as water tempeeatn a
given water body. Forms of hungry fish are knowmrac-
terised by a distinctly big head and a small daaselhing of
the body, which significantly deviate from the cheteristic
body shape for a given taxon.

In the analysed population the mean number of hard The lateral length of the head ;jXfor vendace from

rays in the dorsal fin is 3.1, while the mean numifesoft
rays is 8.9 (tab. 8). These values are charadgtegftven-
dace and they are contained within the ranges ghsen
Thienemann [32], Berg [1] and Czerniejewski andpiak
[11]. Also regarding the ray number in the caudakl and
ventral fins, the Chiop population does not diffem other
Polish populations. In the caudal fin on the aver2§.7
soft rays were found, while in the anal fin 3.0chaatys and
11.3 soft rays were present, whereas in the vefitrélwas
1.0 and 9.0 rays, respectively.

The number of hard rays in the pectoral fin of shed-
ied population was 1, thus it agrees with the vakported
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Lake Chtop accounts for 20.6 % of the caudal lemdtthe
fish body (tab. 9). Analysis of this parameter shavat
among the studied vendace there are no fish wéh'thn-
gry form". According to Bernatowicz et al. [2], tkendace
is characterised by a relatively small head (ctutstig
about 20 % of fish length). The studied populati@s the
lateral head length similar to the values repotigdther
authors [2].

Values of the other features describing the shdpthe
head, such as the preorbital eye diameter, heath \aiod
head height, do not deviate from literature dafarrimg to
the vendace population from other lakes.
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Also the values of traits describing the shapethaf from some Pomeranian lakes (NW Poland). Acta labithy
trunk range within the values quoted by researcfmrthe gica et Piscatoria, 2006, 31 (1), 65-72.
other investigated Polish populations [2, 5, 14, 28]. No [14] Czerniejewski P.: Biometric characteristics of verd{Co-
differences have been observed in the shape,ition or regonus albulaL.) from lake Léne. Acta Scient. Pol. Pis-

. caria, 2002, 1 (1).
the length of fins. [15] Demska-Zaks K., Dlugosz M.: Fecundity of vendace from two

lakes of Mazurian Lake district. Arch. Ryb. PoB95. 3, 1.
4. Concluding remarks [16] Elliott J.A., Bell V.A.: Predicting the potentiabig-term influ-
ence of climate change on vendaCerggonus albulphabitat in
. . . . . Bassenthwaite Lake, UK. Freshwater Biol., 2011 396:405.
1. Lake Chiop is characterised by inferior environmaént ;71 riiniak J., Trzebiatowski R., Sadowski J.: RybaztWlaterialy

parameters in comparison to Lakeemskie; however, in do éwiczer. Czé¢ | — Gospodarka na wodach otwartych. AR
relation to the other deep water bodies in the Kéigblska Szczecin, 1995,

region its water quality is classified as good. ditans  [18] Fiszer M., Przybyt A., Andrzejewski W., Mazurkiewid., Gol-
found in the lake are satisfactory and meet theirements ski J., Przybylska K., Runowski S.: Effects of ephication on
of the vendace for the entire life cycle of thishfispecies. vendaceCoregonus albuldL.). _II. Bi_ological characteristi_cs of
2. The analysed population exhibits very good grovatie r vendace from selected lakes in Wielkopolska. ARWI. Fish.,

2012, 20, 97-108.
irl[19] Fiszer M., Przybyt A., Andrzejewski W., Mazurkiewid., Gol-
ski J., Przybylska K., Runowski S.: Effects of ephication on

and high fecundity.
3. The markedly lower fecundity than that recorded
Lake Sremskie is a cause for concern.

. . vendace,Coregonus albula(L.). Ill. Seasonal morphological
4. Among the recorded population traits we need tesstr variability of vendace from selected lakes in Wogiglska. Arch.
a slightly lower number of filtration processesciompari- Pol. Fish., 2012, 20, 109-122.
son to the national mean, which predisposes th&/sath [20] Gasowska M.: Poréwnawcze, biometryczne studia sieli@oy
population to collect food of greater dimensions. regonus aIngaL.) z jezior.PoIski i niektorych krajowsoien-
5. Gill nets of 22 or 24 mm mesh size are most statédnl nych. Roczniki Nauk. Rolniczych, 1973, 95-H-1..
the economic vendace harvesting in the analysedrwat[21] Golski J., Przybyt A., Ludwiczak A., Mazurkiewicz Andrze-
body jewski W.: Growth rate, condition and fecundity toé fished

. . . . population of vendace Cpregonus albulal) from the
6. A sustainable fishery management ensuring protectio Gorzyaskie lake (Mgdzychdd district). Nauka Przyr. Technol.,

of valuable nature resources of the analysed wabeky 2010. 4. 3. 30.

may produce approx. 800-1000 kg of vendace annually  [22] Kajak z.: Hydrobiologia - limnologia. Ekosystemy svéddla-
dowych. Wydawnictwo Naukowe PWN, 1998.

[23] Marciniak Z.: Podstawa przyrodnicza gospodarkasielwej. W:
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